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B Foreword

Almost 100 years ago, Richard Cabot of the Massachusetts General Hospital, in a
book titled Differential Diagnosis, discussed “long fevers,” which were found to be
most often caused by tuberculosis, typhoid fever, abscesses, and endocarditis (1).
Twenty years later, Alt and Barker of the Peter Bent Brigham Hospital added
tumors as an important cause (2). Thirty years after that, in 1961, Petersdorf and
Beeson, in the first prospective study, defined the criteria for fever of unknown
(or unexplained) origin and added collagen disease as another major cause, respon-
sible for 20% of their 100 cases (3). Their criteria—fever for at least three weeks,
reaching 1018F at least some of the time—remains the standard today, although
there are now different definitions for certain specific clinical subgroups.

Today, diagnosis in medicine is all too often a technologic challenge. Not so
with fever of unknown origin, which has always been and continues to be a chal-
lenge to the mind, with the two major diagnostic tools a meticulous history and a
very thorough physical examination, supplemented as indicated by appropriate
use of our technologic cornucopia. As Petersdorf noted in 1969, from the intellectual
point of view, the diagnosis of fever of unknown origin remains a challenge and is
“one of the things that make medicine fun” (4). In part, the satisfaction results from
the fact that the overwhelming majority of fevers of unknown origin are eventually
solved.

Because the fever of unknown origin is both challenging and rewarding, it has
attracted marvelous and adroit clinicians ever since it was first defined as an entity
in 1931. There is permanence to the approach to these vexing enigmas and, at the
same time, there are always substantial new developments—new diseases, new
patient subgroups, new supporting technologies. When I was in medical school
in the early 1950s, the lectures on fever of unknown origin were given by an extra-
ordinary diagnostician, Louis Weinstein, of Tufts Medical School, and, in large part,
they are wonderfully relevant to approaching the fever of unknown origin of today.

Another member of that pantheon of superb clinicians who devoted a great
deal of effort to fevers of unknown origin, Philip A. Tumulty, of Johns Hopkins
University School of Medicine, wrote in 1967 that “while laboratory, X-ray and
other procedures may be helpful, and I do not minimize the importance of labora-
tory tests, the mainstay of the clinical approach to the problem of the patient with
“Fever of Unknown Origin” remains an analysis of the data derived from an accu-
rate, complete history and physical examination, and hence, meticulous collection
of such data should be the primary concern of the physician . . . in obtaining the
history of the present illness, it is imperative to pay strict attention to even the smal-
lest details of the exact mode of its onset, for even trivial details may hold the
answer” (5).

Every clinician experienced in tackling fevers of unknown origin has personal
“pearls” or specific simple laboratory tests in which he or she is particularly inter-
ested. My own are: (i) the sedimentation rate, which may help separate benign from
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more serious entities, and may also support certain infections, brucellosis for
example, as the cause of the fever of unknown origin; (ii) the alkaline phosphatase;
if substantially elevated, an explanation must be sought and this often leads to the
diagnosis; (iii) the platelet count; if elevated, it suggests mycobacteria, lymphoma,
a few other tumors, and inflammatory bowel disease; and (iv) whether there are
nucleated red blood cells in the periphery which, in the absence of hemolysis,
suggests marrow-invasive disease.

In the end, after all the lists of entities and diagnostic approaches are com-
piled, fever of unknown origin is, to some extent, a series of instructive anecdotes
strung together to inform and help successive generations of physicians. With that
in mind, and to whet the reader’s appetite for this excellent and useful monograph,
I am going to share six instructive cases from my own experience. The first three
cases illustrate the importance of a careful history or, alternatively, of asking the
question in the correct way.

Case 1: A 24-year-old man was hospitalized with three weeks of fever and
shaking chills. The history and physical examination were unrevealing. He had
mild hepatic function test abnormalities and appeared to have a large right
adrenal gland. A tentative diagnosis of infected adrenal cyst was made, but, at
surgery, he was found to have a ruptured appendix with surrounding infection.
He had been asked whether he had abdominal pain at the time of hospital admis-
sion and also whether he experienced any pain at the onset of or a few days before
he developed fever and chills. He denied both. When the diagnosis was established,
he was asked if he had experienced abdominal pain in the weeks prior to the onset
of fever. He denied any pain “except for that one night.” He reported that, two
weeks prior to the onset of fever, he woke up at night with peri-umbilical pain,
which then moved to his right lower quadrant. He called his physician, who told
him to take a cathartic, assuring him the pain would disappear by the next
morning. It did indeed because, of course, he perforated. Annoyed at missing the
classic presentation of acute appendicitis, I asked him why in the world he had
not told us of this bout of pain two weeks prior to the ostensible onset of his com-
plaints. His prompt and apt answer was “Hey, doc, why didn’t you ask me?”

Case 2: A 42-year-old man was hospitalized with a six-month history of inter-
mittent fever. History and physical examination, both done repeatedly, were unre-
vealing, as were the laboratory tests. He had a very extensive world-wide travel
history, so an extensive and fruitless search was made for entities such as an
amebic liver abscess. Finally, I decided to take another history (the fourth I had
taken), starting with his hair and moving systematically towards his toes. Actually,
it didn’t take long to discover the problem. We had previously asked him about
pain in his neck at the onset of the fever, as well as before and after he became
febrile. He again denied any pain, but, when we asked what turned out to be
the correct question, namely, had he experienced discomfort on swallowing, he
remembered a 10-day period at the start of his illness when he did have relatively
mild pain on swallowing. This had been six months ago and had been so mild
he had completely forgotten about it until the question jogged his memory. That
was the clue we had been looking for. Thyroid function tests were not particularly
abnormal, but a thyroid biopsy showed clear and impressive evidence of subacute
thyroiditis.

Case 3: A 64-year-old woman was hospitalized with fever of six weeks
duration. History, physical examination, and laboratory tests were unrevealing.
We had done repeated histories and physical examinations, to no avail. We had
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repeatedly asked her if she had experienced diarrhea. She had not. We had asked
her how many bowel movements she had each day. The answer was one. Finally,
we asked a simple question that solved the diagnostic dilemma. We asked how
many bowel movements a day she used to have in the year before her fever
started. The answer was one every three days. This patient, with her single
bowel movement a day, was experiencing what, for her, was diarrhea. Subsequent
radiology studies showed what appeared to be mild ileoculitis, but a biopsy
showed florid disease.

Case 1 is an example of inadequate history taking. Cases 2 and 3 are more
subtle and show the value of taking repeated histories and changing or expanding
the way questions are asked. In Case 2, the difference between asking about neck
pain as opposed to discomfort on swallowing meant the difference between a con-
tinuing enigma and an easily established diagnosis. Case 3 is a perfect illustration of
the value of the Tumulty advice—pay attention to the smallest detail of the patient’s
history.

The next two cases illustrate the value of repeating the physical examination
as many times as needed and not overlooking subtle findings.

Case 4: In this case, we knew the microbial cause of the fever, but not the
origin. A 42-year-old man experienced three discrete episodes of enterococcal bac-
teremia over a six-month period, with interval intermittent fever. As a consultant
during each episode, I had performed a “thorough” physical examination, focusing
particularly on examining the heart for murmurs and listening for bruits that would
suggest an intravascular source of the bacteremia. Each of the examinations was
unrevealing. The third, comprehensive, physical examination, like the other two,
was quite negative. The patient, who had taken off his undershirt during my
cardiac examination, was sitting in bed, and, as I prepared to leave, I noticed a
small round lesion under his right breast that I had obviously overlooked. We
consulted a dermatologist, who elected to remove the lesion, which turned out to
be an epithelial tumor in the center of which was an enterococcal abscess. After
its extirpation, there was no more fever or bacteremia. That tiny superficial
lesion, easy to overlook, was the key to solving the case.

Case 5: A 72-year-old woman was hospitalized after six weeks of intermittent
fever. History and physical examination were unrevealing. Because, in this age
group, the biliary tract is often the site of infection, a biliary ultrasound was per-
formed, as was a computed tomography scan of the abdomen. Both appeared
normal, as were liver function tests. On the fifth hospital day, the third complete
physical examination was performed. For the first time, she felt mild, but reprodu-
cible discomfort during palpation of the right upper quadrant. That was enough
for surgical consultation and abdominal exploration which revealed empyema
of the gallbladder. In older persons, gallbladder infection is often an incredibly
treacherous disease. Even with no history suggesting gallbladder disease, no
leukocytosis, right upper quadrant pain or tenderness, and with negative scans,
gangrene or empyeme of the gallbladder is often found at surgery. In this case,
the third physical examination provided a subtle, but critical, finding.

The final case illustrates the importance of paying attention to the tempera-
ture pattern.

Case 6: A 64-year-old woman had been hospitalized with six weeks of fever of
up to 1048F to 1058F. At the time of the consultation, she had been in the hospital for
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10 days, with no diagnosis other than fever of unknown origin. Her temperature
pattern was striking, with a consistent daily maximum at 8 A.M. Before seeing the
patient, that information alone narrowed the likely diagnoses to: tuberculosis,
salmonellosis, periarteritis hepatic abscess, and endocarditis. The studies already
performed made salmonellosis, liver abscess, and endocarditis unlikely. Although
tuberculosis was a possibility, in this wealthy, suburban recluse, periarteritis made
much more sense. This seemed even more likely after I saw the patient and
observed muscle wasting. Actually, I talked myself out of that diagnosis and into
gallbladder disease, but, fortunately, the listing of periarteritis prominently in the
differential diagnosis prompted a muscle biopsy which showed florid vasculitis.

The daily fever pattern is often overlooked as a potential diagnostic clue; in
particular, the importance of reversal of the diurnal pattern is usually ignored or
its usefulness downplayed in infectious diseases texts and articles on fever. As
pointed out by one of the clinical giants in the field of fevers of unknown origin,
Theodore Woodward, of the University of Maryland School of Medicine, in an
article titled The Fever Pattern as a Clinical Diagnostic Aid (6), it can be enormously
helpful, as it was in this case.

Fevers of unknown origin are always challenging, they are fun and their
solution is rewarding. The bedrock of meeting that challenge is a combination of
a meticulous history, a thorough physical examination, and a thoughtful differential
diagnosis list followed by a specifically targeted set of laboratory studies and tests.
To that bedrock approach, the information in the chapters that follow should
markedly enhance the ability of every clinician to meet that challenge.

Donald B. Louria, MD
New Jersey Medical School,

Department of Preventive Medicine,
Newark, New Jersey, U.S.A.
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B Preface

Fever of unknown origin is one of the most challenging diagnostic dilemmas in the
field of infectious diseases. Since antiquity, fever has been a cardinal manifestation
of infectious disease. In ancient medicine, the early descriptions of fever were con-
cerned with acute, life-threatening infectious diseases. Through the ages, different
fever patterns have been recognized, and their associations with various infectious
disease disorders appreciated. The diagnostic significance of the relationship of
pulse to temperature has been studied and remains an important way to assess
the diagnostic significance of acute fevers. Yet, it was only during the 20th
century that prolonged, unexplained, febrile disorders were given the emphasis
they deserve in the medical literature. The fever patterns and characteristics of pro-
longed, febrile illnesses due to such infections as typhoid fever, chronic malaria,
tuberculosis, and so on were studied in great detail. Gradually, the notion of
acute versus prolonged fevers emerged in writings about the diagnostic approach
to patients with fever.

In the modern era, prolonged, unexplained fevers were first put forth by Elliot
Kieffer in his seminal work “Prolonged and Perplexing Fevers.” While the character-
istics of fevers and their associated infectious disorders had been well characterized
by Osler in his classical textbook in 1894, Kieffer was the first to dedicate an entire
work to prolonged fevers, which subsequently became known as fevers of
unknown origin, or FUOs. Petersdorf published his classic study of fevers of
unknown origin in 1961 and updated his findings 20 years later. Other important
individuals who specialized in and wrote about diagnosing fevers of unknown
origin included Weinstein, Wolff, and Louria. Medical as well as infectious
disease textbooks now include entire chapters on fevers of unknown origin. Prior
to the present volume, the most recent book was Fever of Undetermined Origin,
edited by Henry W. Murray, and was published in 1983. Murray’s accompanies
Kieffer’s as the only two textbooks devoted entirely to the subject of fever of
unknown origin. The distribution of infectious and noninfectious disorders
causing fever of unknown origin have changed as a result of an aging population,
devices associated with medical procedures, and sophisticated diagnostic tests and
radiologic procedures. While some newly recognized disorders presenting as fever
of unknown origin have been described, in the main, there is a difference in distri-
bution of disorders, both infectious and noninfectious that have been previously
described in the fever of unknown origin literature and books.

So what is the rationale for a millennium book on fever of unknown origin?
The answer is quite simple. There is a great need for a single sourcebook that
utilizes the newer diagnostic tests that are important in diagnosing fevers of
unknown origin. Not only has the distribution of disorders causing fevers of
unknown origin changed, but new entities presenting as fever of unknown origin
need to be addressed in a current treatise. This book on fevers of unknown origin
is current and written by clinicians for clinicians. Accordingly, its perspective is
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distinctly clinical. The clinical diagnostic approach is emphasized throughout, as
therapy has a minor role in the clinical approach to fevers of unknown origin.
The tried and true principles of a pertinent history and physical examination are
stressed, particularly a focused history and physical examination, which are
especially important in the fever of unknown origin patient. Laboratory tests
should not be ordered in a shotgun fashion, but selectively, and should reflect the
likely diagnostic possibilities, as well as the clinical clues ascertained from the
history, physical exam, or routine laboratory tests. Because fevers of unknown
origin are such a common clinical problem, today’s clinicians need an up-to-date
and comprehensive book length reference to assist them in their clinical approach
to patients. This book should become the standard reference text on fever of
unknown origin for clinicians and remain useful for many years.

Burke A. Cunha
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Section I: General Concepts

B1 Fever of Unknown Origin: Clinical Overview
and Perspective

Burke A. Cunha
Infectious Disease Division, Winthrop-University Hospital, Mineola, New York, U.S.A.

OVERVIEW

The term fever of unknown origin (FUO) was originally meant to describe perplex-
ing fevers of prolonged duration (1). Petersdorf, in his classic 1961 paper, was the
first to define criteria for the diagnosis of FUO. The criteria for classic FUO includes
a fever lasting three weeks or more, accompanied by temperatures that are .1018F
(38.38C) (2). This definition has been modified over the years to take into account
the change in diagnostic modalities and the proportion of patients evaluated for
FUO in the ambulatory versus the inpatient setting. Different definitions have
been put forward to describe the difference in length of diagnostic workup
taking into account the outpatient setting (3–10).

Because there is no general agreement on these new nonclassic criteria for
FUO, it is probably better, and certainly more clinically useful, to simplify the
current criteria for FUO. FUO at the present time should signify prolonged fevers
with temperatures of at least 1018F (38.38C), that remain diagnosed after a
focused and appropriate laboratory workup. This clinical definition is useful and
eliminates two of the major diagnostic problems in using the term FUO as a diag-
nostic term. Many clinicians diagnose patients with FUO who have had an
inadequate laboratory workup or who have not had prolonged, undiagnosed
fevers for three or more weeks.

Therefore, the workup should be focused and based on the clues provided by
the history, physical exam, and laboratory tests that suggest an organ system invol-
vement or category of disorder causing the FUO, such as collagen vascular disease,
malignancy, infection, and so on. It makes little sense to order tests for every con-
ceivable cause of an FUO when there is nothing to suggest the diagnosis in the
history and physical exam or basic laboratory tests (11–15).

CAUSES OF FUO

In the classic article on FUO by Petersdorf, infectious diseases were the single
largest category responsible for FUOs (2). Years later, Petersdorf again reported
on the relative incidences of disorders causing FUOs and found that neoplasms
had replaced infections as the most common category causing FUOs (9). Since
the 1990s, there have been further changes in the relative distribution of causes
responsible for FUOs. Differences in the literature on the proportion of disorders
ascribed to infection, noninfectious inflammatory disorders, malignancy, and so
on, vary according to the geography and demographics of the patients described.
Series that describe FUO in pediatrics have a very different distribution of disorders
than reviews of elderly patients with FUOs (16–20). The relative proportion of
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inpatients versus outpatients in a series also bears somewhat on the distribution.
Geography is also important, depending on the geographical location. Various dis-
eases associated with FUO, for example, Q fever, may be disproportionately rep-
resented in a series coming from areas where certain infectious diseases are
endemic. Therefore, in approaching the patient with FUO, the clinician must take
into account the different demographic and geographic factors in the literature
and adjust those for the particular locality where the physician is located (8,10,16).

The changes in the relative distribution of entities responsible for FUO are pri-
marily due to changes in diagnostic testing rather than to a major shift in the rela-
tive incidence of general categories, for example, infection, malignancy, collagen
vascular diseases, and so on. The biggest change in diagnostic categories is
related to a decrease in the relative proportion of collagen vascular diseases
causing FUO. The reason for this change is the increase in sophisticated serological
tests that render the diagnosis of collagen vascular diseases more accurate. Because
of accurate, early diagnostic testing for collagen vascular diseases, those
accompanied by fevers of prolonged duration do not remain undiagnosed, and
therefore do not fulfill the criteria of an FUO. The collagen vascular diseases that
have remained important causes of FUO are those for which no serological tests
are available, that is, polymyalgia rheumatica (PMR)/temporal arteritis, late onset
rheumatoid arthritis (LORA), and juvenile rheumatoid arthritis (adult Still’s
disease). Today, because of the tremendous increase in polypharmacy, the
number of medications patients are on make the diagnosis of drug fever as a
cause of FUO relatively more common. In addition, as the general population
ages, the relative incidence of malignancy increases with age, and this is reflected
in the series on FUOs (21–26).

Infectious disease causes that were important in early FUO series were suba-
cute bacterial endocarditis (SBE). At the present time, SBE is a relatively uncommon
cause of FUO because most patients seen by a physician with fever and heart
murmur have blood cultures drawn and/or cardiac echocardiography done,
thereby diagnosing SBE and eliminating this category as an FUO. Obscure intra-
abdominal abscesses remain an important component of the infectious category
in the FUO literature. Perforation of the retrocecal appendix, pericolonic abscess
resulting from a perforation from an otherwise unsuspected colon tumor, occult
liver or splenic abscesses, and prosthetic graft infections may easily be missed
and eventually present as an undiagnosed prolonged fever, fulfilling the criteria
of FUO (4,15,27) (Table 1).

FUO IN SPECIAL POPULATIONS

Aside from the classic definition of FUO, FUOs have been described in selected sub-
groups. Such FUO special populations include nosocomial FUOs, FUOs in HIV/
AIDS, FUOs in children, FUOs in the elderly, and so on. These classifications are
not substantially different from a classic FUO. Rather, it is that they recognize a
different distribution of disorders in different patient subsets. The disadvantage
of such a system is that it may create confusion that there is something special
about FUOs in a certain category, such as pediatrics or the elderly. Age difference
changes the relative distribution but does not affect the actual causes of FUO
(8,15). Similarly, in patients with human immunodeficiency virus (HIV), the distri-
bution is skewed by opportunistic pathogens as well as by geography. Visceral
leishmaniasis in endemic areas is a major diagnostic consideration with FUO,
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TABLE 1 Diseases Causing Classical Fever of Unknown Origin

Type of
disorder Common Uncommon Rare

Malignancy Lymphomas Preleukemias Atrial myxomas
Metastases to

liver/CNS
Hepatomas tumors

Hypernephromas Myeloproliferative
disorders

Pancreatic carcinoma

Colon carcinomas Multiple myeloma
Infections Miliary TB SBE Periapical dental abscesses

Extrapulmonary TB CMV Chronic sinusitis
(Renal TB, TB

meningitis)
Toxoplasma gondii Subacute vertebral

osteomyelitis
Intra-abdominal/

pelvic abscesses
Typhoid (enteric)

fevers
Listeria
Yersinia

Intra/perinephric
abscess

Brucellosis
Relapsing fever

Splenic abscess Rat bite fever
Chronic Q fever
Cat scratch fever
HIV
EBV
Leptospirosis
Blastomycosis
Histoplasmosis
Coccidioidomycosis
Infected aortic aneurysms
Infected vascular grafts
Trypanosomiasis
LGV
Permanently placed

central IV-line infections
Prosthetic device infections
Relapsing mastoiditis
Leishmaniasis (Kala-azar)

Rheumatologic Still’s disease (adult
JRA)

PAN SLE
Takayasu’s arteritis

Polymyalgia
rheumatica/
temporal arteritis

Rheumatoid
arthritis (elderly)

Felty’s syndrome
Pseudogout (CPPD)
Behçet’s disease
FMF

Miscellaneous
causes

Drug-fever
Cirrhosis

Granulomatous
hepatitis

Regional enteritis
Whipple’s disease
Fabray’s disease
Hyperthyroidism
Pheochromocytomas
Addison’s disease
Subacute thyroiditis
Cyclic neutropenia
Polymyositis
Wegener’s granulomatosis
Weber-Christian disease
Sarcoidosis (e.g., basilar

meningitis, hepatic
granulomas)

(Continued)
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whereas in nonendemic areas, visceral leishmaniasis should not be considered in
the differential diagnosis of FUO in HIV patients (27,28). Similarly, patients with
nosocomial FUOs have a higher incidence than do the classic FUO general popu-
lation of infected arteriovenous (AV) grafts, nosocomial endocarditis, obscure
abscesses, obscure procedure-related abscesses, and so on. The use of FUO
subsets has the advantage of focusing HIV doctors on the differential diagnosis
in their specialty, but serves little or no purpose in doctors not taking care of HIV
patients. Similarly, pediatricians do not need to be familiar with the causes of
FUO in the elderly, as it has little relevance in children and vice versa with
elderly patients (4,15) (Tables 2–4).

Therefore, the use of FUO subsets in various circumstances helps the phys-
icians seeing patients in the various FUO population subsets to adjust diagnostic
possibilities accordingly. FUOs in subsets are really a variation on a theme and
do not represent different causes responsible for FUO in the subset but rather a
difference in distribution of disorders seen in the general population (6,9,16).

Clinicians should use the frequency distribution of disorders causing an FUO
to guide their diagnostic approach in patients with prolonged, unexplained fevers
meeting the definition of FUO. Demographic/geographic considerations need to be
factored into the diagnostic approach to avoid needless or misdirected diagnostic
testing. With FUO patients, there are almost always one or, more clues from the
history and physical examination or nonspecific laboratory tests that suggest a
disease category in general, or more specifically, a number of diagnostic possibili-
ties. The diagnostic workup should be focused and directed by clues suggesting
a diagnostic category or a particular diagnosis. The point of the history, physical
examination, and nonspecific laboratory clues in the diagnostic workup is to
prompt the clinician to order further tests based on the pattern of organ system
involvement to make a definitive diagnosis (10–12,15,16,) (Table 5).

Empiric therapy of FUO should be discouraged except as related to very few
clinical entities. By treating the fever of an FUO, important diagnostic clues, that is,
fever curves, the relationship of pulse to temperature, and so on are eliminated,
depriving the clinician of potentially important diagnostic information. Decreasing
the fever may make the patient feel better, but it does not answer the fundamental
question of what is causing the patient’s prolonged, elevated temperatures. The
empiric therapy for FUOs is best limited to patients where the possibility of

TABLE 1 Diseases Causing Classical Fever of Unknown Origin (Continued)

Type of
disorder Common Uncommon Rare

Pulmonary emboli (multiple/
small)

Hypothalamic dysfunction
Habitual hyperthermia
Factitious fever
Pseudolymphomas
Kikuchi’s disease
Hyper IgD syndrome

Abbreviations: CMV, cytomegalovirus; CNS, central nervous system; EBV, Epstein-Barr virus; FMF, familial
Mediterranean fever; HIV, human immunodeficiency virus; JRA, juvenile rheumatoid arthritis; LGV,
lymphogranuloma venereum; PAN, periarteritis nodosa; SBE, subacute bacterial endocarditis; SLE, systemic
lupus erythematosus; TB, tuberculosis.
Source: Adapted From Ref. 15.
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TABLE 3 Fever of Unkown Origin in Special
Populations: Children

Infectious causes Noninfectious causes

Common Common
Chronic mastoiditis Leukemias
Chronic sinusitis Lymphomas
Subdiaphragmatic abscess JRA
CMV
EBV
Visceral larva migrans

Uncommon Uncommon
Perinephric abscess PAN
Renal abscess Neuroblastomas
Psittacosis

Rare Rare
Histoplasmosis Drug fever
Toxoplasmosis
SBE
Brucella
Leptospirosis

Abbreviations: CMV, cytomegalovirus; EBV, Epstein-Barr virus;
JRA, juvenile rheumatoid arthritis; PAN, periarteritis nodosa;
SBE, subacute bacterial endocarditis.
Source: Adapted from Ref. 15.

TABLE 4 Fever of Unknown Origin in Special Populations:
Neutropenic Fever

Infectious causes Noninfectious causes

Common Common
Invasive/disseminated fungal infections CNS metastases
Hepatosplenic candidiasis Hepatic metastases
Perirectal/ischiorectal abscess
Semipermanent central IV lines

Uncommon Uncommon
Bacteremia (fastidious organism) Drug fever

Abbreviation: CNS, central nervous system.
Source: Adapted from Ref. 15.

TABLE 2 Fever of Unknown Origin in Special Populations: HIV

Infectious causes Noninfectious causes

Common Common
Mycobacterium tuberculosis Drug fever
Mycobacterium avium-intracellulare Thrombophlebitis
Visceral leishmaniasis (Kala-azar)
Histoplasmosis

Uncommon Uncommon
Nontuberculous Mycobacterium Non-Hodgkin’s lymphoma
Pneumocystis (carinii) jiroveci pneumonia
Toxoplasmosis
Cryptococcus

Abbreviation: HIV, human immunodeficiency virus.
Source: Adapted from Ref. 15.
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TABLE 5 Organ-System Involvement in Classical Fever of
Unknown Origin

CNS Heart
TB meningitis SBE
Sarcoid meningitis Atrial myxomas
Tumors Takayasu’s arteritis
Chronic encephalitis
Brain abscess Kidneys
SBE SBE
Takayasu’s arteritis Hypernephroma

Intra/perinephric abscess
Neck PAN

Subacute thyroiditis Renal TB
Adult JRA HIV
Relapsing mastoiditis Lymphomas
Kikuchi’s disease SLE

Leptospirosis
Lymph nodes Brucellosis

Lymphomas
CSF Spleen
TB SBE
LGV Splenic abscess
EBV Lymphomas
CMV CMV
Toxoplasmosis HIV
HIV
Adult JRA Liver
Brucellosis Hepatoma
Whipple’s disease Metastatic carcinoma
Kikuchi’s disease Cirrhosis

Joints Liver abscess
Whipple’s disease Sarcoidosis
Rat bite fever Granulomatous hepatitis
Brucellosis Brucellosis
FMF Q fever
LGV EBV
Hyper IgD syndrome CMV

Small intestine Rat bite fever
FMF Adult JRA
Lymphomas Kikuchi’s disease
Regional enteritis Drug fever
Whipple’s disease

Pelvis No localizing signs
Pelvic abscess/tumors Preleukemias

Myeloproliferative diseases
Biliary tract SBE

Subacute cholangitis Miliary TB
PAN Brucellosis
Gallbladder wall abscess Q fever

Colon cancer
Bone marrow HIV

Lymphomas Lymphomas
Carcinomas Typhoid fever
Miliary TB Drug fever
Histoplasmosis Factitious fever
Brucellosis Infective aortic aneurysm
Typhoid fever

Abbreviations: CMV, cytomegalovirus; CNS, central nervous system; CSF, cat
scratch fever; EBV, Epstein-Barr virus; FMF, familial Mediterranean fever; HIV,
human immunodeficiency virus; JRA, juvenile rheumatoid arthritis; LGV,
lymphogranuloma venereum; PAN, periarteritis nodosa; SBE, subacute
bacterial endocarditis; SLE, systemic lupus erythematosus; TB, tuberculosis.
Source: Adapted from Ref. 15.
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miliary tuberculosis (TB) is high. Empiric anti-TB therapy in this setting is not only
justifiable but also reasonable and may be lifesaving. The other situation in which
empiric therapy may be useful in the FUO setting is in the treatment of PMR/tem-
poral arteritis. Low-dose steroids for PMR in the appropriate clinical setting may
confirm the diagnosis. If temporal arteritis is suspected and visual symptoms
appear, it is critical that high-dose steroids be given to prevent blindness.
The most common error in the therapy of FUO is to give prolonged courses of anti-
pyretics or antibiotics to the patient without a definite diagnosis. Such an approach
masks the problem, losing valuable time in the diagnostic workup, and does
nothing to determine the root cause of the patient’s FUO (10,12,15,30).
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B2 Fever of Unknown Origin: A Focused
Diagnostic Approach

Burke A. Cunha
Infectious Disease Division, Winthrop-University Hospital, Mineola, New York, U.S.A.

OVERVIEW

Disorders presenting as fevers of unknown origin (FUO) are varied and extensive
(1–11). Clinicians often order every conceivable test to try to diagnose all of the
myriad causes of FUO that are part of the differential diagnosis of FUO in
general, but are not sign/symptom-related. The main difficulty with diagnostic
testing in patients with FUO is that it is unfocused. All disorders have a specific
pattern of organ involvement. The pattern of organ involvement, in turn, deter-
mines the history, physical findings, and nonspecific laboratory abnormalities
associated with various diseases. In a patient with FUO, there are almost always
one or more clues from the history, physical examination, or nonspecific laboratory
tests that suggest a particular diagnosis or at least limit diagnostic possibilities.
History, physical, and laboratory tests are usually helpful in defining the pattern
of organ involvement as well as eliminating entire categories from further diagnos-
tic consideration. In a patient with a history of diverticulitis presenting with left
lower quadrant pain and FUO, it is not cost effective or clinically useful to order
tests for collagen vascular diseases, thyroid function tests, and so on, which have
no bearing on the clinical presentation (12–15).

FOCUSED DIAGNOSTIC APPROACH

After the history, physical exam, and nonspecific laboratory tests, further tests should
be based on localizing the disease process anatomically to determine its organ system
distribution, which in turn is critical in defining differential diagnostic possibilities.
With an FUO, general features of the disorder apparent from the history, physical,
and nonspecific laboratory tests usually suggest a general disease category, that is,
infection, malignancy, or rheumatic disease. The clinical presentation features
should suggest a particular category of disorders may be further refined by both non-
specific and specific laboratory testing, leading ultimately to a definitive diagnosis. If
an inflammatory noninfectious disorder is suspected, then the test battery for rheu-
matic disorders should be focused and complete. If the clinical presentation suggests
a malignancy, then diagnostic efforts should be directed to rule in or rule out a malig-
nancy with further focused testing or imaging studies. Similarly, with infectious dis-
eases, tests should be focused and based on the most likely diagnostic infectious
etiologies based on the patient’s age, geography, and clinical presentation (2,4,9,
10,12–15).

The greatest errors in FUO workup relating to the diagnostic evaluation are
related to overtesting and undertesting. Ordering tests that have no potential clinical
usefulness is wasteful and unnecessary. Alternately, too few diagnostic tests,
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particularly those that are necessary and appropriate, not relevant to the clinical
setting, prolong a misdirected diagnostic FUO workup. The key to the diagnostic
approach with FUOs is a focused and complete clinically relevant workup. Using a
focused approach, physicians can arrive at a definitive diagnosis more quickly, less
expensively, and less invasively than using the “shotgun” approach (9,10,15).

Clinicians often fail to appreciate the diagnostic significance of subtle or non-
specific findings in the history/physical examination and laboratory tests, which
often provide important clinical clues to the diagnosis. Sometimes, subtle findings
are the only clues that are available and must be pursued. Subtle clues often suggest
the pattern of organ involvement, which will further focus and direct the diagnostic
workup (14–19).

NONSPECIFIC LABORATORY ABNORMALITIES

Besides subtle abnormalities in nonspecific tests, certain tests are relatively under-
utilized in the FUO workup. For example, the erythrocyte sedimentation rate (ESR),

TABLE 1 Fever of Unknown Origin: Nonspecific Laboratory Clues as a Guide to Further
Focused Laboratory Testing

For all FUO categories
CBC
ESR
LFTs
Chest X ray
ANA
UA
Routine blood cultures

CBC
Leukocytosis! neoplastic and infectious panels
Leukopenia! neoplastic infections, and RD panels
Anemia! neoplastic, infections, and RD panels
Myelocytes/metamyelocytes! neoplastic panel
Lymphocytosis! neoplastic and infectious panels
Lymphopenia
Atypical lymphocytes
Eosinophilia! neoplastic, RD, and infectious panels
Basophilia! neoplastic panel
Thrombocytosis! neoplastic, infectious, and RD panels
Thrombocytopenia! neoplastic, infectious, and RD panels

ESR
Highly elevated! neoplastic, infectious, and RD panels

LFTs
" SGOT/SGPT! RD panel
" all phosphatases! neoplastic and RD panels

ANA
Increased ANA! RD panel
Increased RF! infectious and RD panels

Chest X ray
Any lung parenchymal abnormality/adenopathy/pleural effusion! neoplastic, infectious,
or RD panels

Blood cultures
Imaging studies

Abbreviations: ANA, antinuclear antibodies; CBC, complete blood count; ESR, erythrocyte sedimentation rate;
LFTs, liver function tests; RD, rheumatic disease; SGOT/SGPT, serum glutamic-oxaloacetic transaminase/serum
glutamic pyruvate transaminase; UA, urine analysis.
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if very highly elevated, that is, .100 mm/hr, quickly limits diagnostic
possibilities to relatively few disorders. Another commonly underutilized test is
the serum protein electrophoresis (SPEP), useful and may suggest a variety of
infectious disorders, common collagen vascular diseases, or even lymphoma
(15–20). SPEP is usually only thought of as useful to diagnose or rule-out multiple
myeloma, but clearly other abnormalities may be much more helpful in an FUO
workup (14,19) (Tables 1–2).

Perhaps the most underutilized test in FUO patients is serum ferritin levels.
Elevations of serum ferritin levels are often ignored or explained away as being
due to ferritin acting as an “acute phase reactant.” In a patient with FUO, by defi-
nition, the process is no longer acute, and elevations in the serum ferritin level take
on a very different significance. Elevated serum ferritin levels may suggest certain
collagen vascular diseases, for example, systemic lupus erythematosus (SLE),
juvenile rheumatoid arthritis (JRA), or temporal arteritis. Ferritin levels may
also be elevated in a variety of myeloproliferative disorders as well as with
any malignancy. Importantly, elevated ferritin levels in the FUO context strongly
argue against an infectious etiology (21–25).

The value of the nonspecific tests mentioned is enhanced when combined
with other history/physical examination findings to further direct the diagnostic
work up in the FUO patients. Nonspecific tests are often helpful in suggesting an
otherwise unsuspected diagnosis and are useful in eliminating entire diagnostic
categories from further consideration.

The diagnostic specificity of nonspecific laboratory tests is enhanced when
results are combined. For example, increases in a1/a2 on serum protein

TABLE 2 A Focused Diagnostic Approach

Infectious panel Neoplastic panel Rheumatic panel

Blood tests Blood tests Blood tests
Special blood cultures Ferritin DS DNA

( " CO2/6 weeks) SPEP SPEP
Q fever serology Radiologic tests Ferritin
Brucella serology CT/MRI abdomen/ pelvisa CPK
Bartonella serology Gallium scan ACE
Salmonella serology BM biopsy Radiologic tests
Viral serologies (if myelophthistic Head/chest CT/MRI

EBV anemia/abnormal Temporal artery biopsy
CMV RBCs/WBCs) (if ESR .100,
HHV-6 TTE (if heart murmur without alternate

Radiologic tests with negative diagnosis)
CT/MRI blood cultures) Low-dose steroids

Abdomen/pelvisa Other tests (prednisone 10 mg/day
Gallium scan Naprosyn test if PMR likely)
Panorex films of

jaws (if all else
negative)

Other tests
Naprosyn test
Anergy panel/PPD

aChest/head CT/MRI (if head/chest infectious etiology suspected).
Abbreviations: ACE, angiotensin converting enzyme; BM, bone marrow, CMV, cytomegalovirus; CPK, creatine
phosphokinase CT, computed tomography; DS DNA, double-stranded DNA; EBV, Epstein-Barr virus;
MRI, magnetic resonance imaging; PMR, polymyalgia rheumatica. SPEP, serum protein electrophoresis;
TTE, transthoracic echocardiography.
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TABLE 3 Focused Diagnostic Approach to Fever of Unknown Origin: Clues to Infectious Diseases

History
Fatigue (any chronic infection)
Weight loss (abscesses, HIV, TB, SBE)
Night sweats (abscesses, HIV, TB, SBE)
Headache (typhoid fever, TB, brucellosis, HIV)
Mental confusion (brucellosis, TB, chronic viral/parasitic CNS infections, HIV, CSF)
Sudden vision loss (SBE, brain abscess)
CVA (TB, SBE)
Tongue pain (relapsing fever)
Shoulder pain (subdiaphragmatic abscess)
Arthralgias (LGV, Whipple’s disease, rat bite fever, brucellosis, HIV)
Cough (TA, TB)
Heart murmur (SBE)
Back pain (TB, brucellosis, SBE)
Thigh pain (brucellosis)
Early satiety (brucellosis, splenic abscess, typhoid fever)
Animal contact (brucellosis, typhoid fever, Q fever, CSF, psittacosis, rat bite fever)
IVDA/blood transfusions (CMV, HIV)

Physical findings
Relative bradycardia (typhoid fever, leptospirosis, psittacosis, brucellosis, malaria)
Epistaxis (psittacosis, relapsing fever)
Conjunctivitis (TB, CSF)
Conjunctival suffusion (relapsing fever)
Subconjunctival hemorrhage (SBE)
Uveitis (TB)
Adenopathy

Localized (toxoplasma, CSF, HIV)
Generalized (HIV, EBV, CMV, TB, LGV, brucellosis)

Heart murmur (SBE)
Trapezius tenderness (subdiaphragmatic abscess)
Spinal tenderness (SBE, brucellosis, typhoid fever)
Hepatomegaly (relapsing fever, typhoid fever, Q fever)
Splenomegaly (TB, SBE, brucellosis, EBV, CMV, psittacosis, relapsing fever, typhoid fever)

Thigh tenderness (brucellosis)
Thrombophlebitis (psittacosis)
Epididymoorchitis (TB, brucellosis, leptospirosis, EBV)
Arthritis (rat bite fever, brucellosis, osteomyelitis, typhoid fever, Whipple’s disease)

Nonspecific laboratory findings
CBC

Leukopenia (HIV, TB, brucellosis, typhoid fever)
Lymphopenia (HIV, TB)
Lymphocytosis (TB, EBV, CMV, toxoplasmosis)
Monocytosis (SBE, TB, brucellosis, CMV)
Atypical large/bizarre lymphocytes (toxoplasmosis, CMV, EBV)
Thrombocytopenia (HIV, CMV, RSV, relapsing fever)
Thrombocytosis (abscess, osteomyelitis, SBE, TB)

ESR
Highly elevated ESR .100 mm/hr (abscess, osteomyelitis, SBE)

Rheumatoid factor
Increased rheumatoid factors (SBE)

SPEP
Polyclonal gammopathy (HIV)
Increased SGOT/SGPT (EBV,CMV, Q fever, psittacosis, toxoplasmosis, relapsing fever,

brucellosis)
Increased alkaline phosphatase (TB)

Abbreviations: CBC, complete blood count; CMV, cytomegalovirus; CNS, central nervous system; CSF, cat
scratch fever; CVA, cardiovascular accident; EBV, Epstein-Barr virus; ESR, erythrocyte sedimentation rate; HCV,
hepatitis C virus; HIV, human immunodeficiency virus; LGV, lympho-granuloma venereum; RSV, respiratory
syncytial Virus; SBE, subacute bacterial endocarditis; SGOT/SGPT, serum glutamic-oxaloacetic transaminase/
serum glutamic pyruvate transaminase; SPEP, serum protein electrophoresis; TA, temporal arteritis; TB,
tuberculosis.



electrophoresis (SPEP) plus an otherwise unexplained isolated explanation of the
alkaline phosphatase may be the only clue pointing to a lymphoma. Either finding
by itself would be not very helpful, even in the FUO context. The more nonspeci-
fic-test-abnormalities present in an FUO patient, the more likely it is that a specific
diagnosis will be suggested. For example, in a patient with an elevated ferritin
level and an ESR .100 mm/hr the differential is large and primarily related to neo-
plasms, but primarily restricted to the general categories of malignancy and collagen
vascular disease. If, in addition to an elevated serum ferritin level and a highly elev-
ated sedimentation rate, the patient also has basophilia, then collagen vascular dis-
eases are eliminated and the diagnosis is in the general category of a neoplasm
(12,15) (Tables 3–5).

TABLE 4 Focused Diagnostic Approach to Fever of Unknown Origin: Clues to Malignant Disorders

History
Fatigue (any neoplastic disorder)
Decreased appetite/weight loss (any neoplastic disorder)
Headache (primary/metastatic CNS neoplasms)
Cough (pulmonary neoplasms)
Night sweats (any neoplastic disorder)

Physical findings
Relative bradycardia (lymphomas)
Sternal tenderness (preleukemias, myeloproliferative disorders, lymphoreticular malignancies)
Pleural effusion (lymphomas, pulmonary neoplasms, metastases)
Heart murmur (atrial myoma)
Hepatomegaly (hematoma, metastases, lymphomas)
Splenomegaly (leukemias, lymphomas)
Ascites (peritoneal/omental metastases)
Lymphadenopathy (lymphomas, CLL)
Epididymoorchitis (lymphoma)

Nonspecific laboratory tests
CBC

Leukocytosis (MPD, CLL)
Leukopenia (lymphoreticular malignancies)
Anemia (any malignancy)
Myocytes/melamyelocytes/nucleated RBCs/ “teardrop RBCs” (neoplastic bone marrow

involvement)
Atypical (small/uniform) lymphocytes (CLL)
Eosinophilia (MPD, leukemias, lymphomas)
Basophilia (MPD, leukemias, lymphomas)
Thrombocytopenia (any malignancy with bone marrow involvement)
Thrombocytosis (any malignancy)

ESR
Highly elevated ESR .100 mm/hr (any neoplastic disorder)

LFTs
Increased alkaline phosphatase (hepatomas, lymphomas, liver metastases)

SPEP
Increased monoclonal gammopathy (multiple myeloma)
Increased a1/a2 globulins (lymphomas)

Serum ferritin
Increased ferritin levels (MPD, any malignancy)

Abbreviations: CBC, complete blood count; CLL, chronic lymphocytic lymphoma; CNS, central nervous system;
ESR, erythrocyte sedimentation rate; LFT, liver function tests; MPD, myeloproliferative disorders; RBC, red blood
cells; SPEP, serum protein electrophoresis.
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IMAGING TESTS

Imaging tests have an important role in the FUO workup, particularly in identifying
malignant versus infectious etiologies. Cardiac echocardiography is helpful in diag-
nosing endocarditis or atypical myomas (12,15). Gallium/indium scans can identify
only malignancy/infection.

As nonspecific laboratory tests should be combined to increase diagnostic
specificity, so can aspects of the history and physical examination. The key clinical
point is that a syndromic diagnosis based on combining key findings in the history,
physical examination, and nonspecific laboratory tests can direct the diagnostic

TABLE 5 Focused Diagnostic Approach to FUO: Clues to Rheumatic Disorders

History
Dry eyes (LORA, SLE)
Watery eyes (PAN)
Vision disorders/eye pain (Takayasu’s arteritis, TA)
Headache (temporal pain, TA)
Neck pain (jaw pain, adult JRA)
Dry cough (TA)
Abdominal pain (PAN, SLE)
Myalgias/arthralgias (PAN, adult JRA, FMF, LORA, SLE)

generalized
localized

Physical findings
Eyes

Band keratopathy (adult JRA)
Conjunctivitis (SLE)
Uveitis (adult JRA, sarcoidosis, SLE)
Dry eyes (LORA, SLE)
Watery eyes (PAN)
Fundi [“cytoid bodies” (SLE), “candlewax drippings” (sarcoidosis)]
Lymphadenopathy (Kikuchi’s disease, adult JRA)
Splenomegaly (SLE, LORA, sarcoidosis, Kikuchi’s disease)
Epididymoorchitis (PAN)

Nonspecific laboratory tests
Blood tests (all rheumatic disorders)
CBC

Leukopenia (SLE)
Lymphopenia (sarcoidosis/lymphoma syndrome)
Eosinophilia (sarcoidosis, PAN)
Thrombocytopenia (SLE)

ESR
Highly elevated ESR .100 mm/hr (all rheumatic disorders)

LFTs
Increased SGOT/SGPT (Kikuchi’s disease, adult JRA)
Increased alkaline phosphatase (PAN)

SPEP
Polyclonal gammopathy (SLE)
Increased a1/a2 globulins (SLE)

Ferritin
Increased ferritin levels (adult JRA, SLE, TA)

Abbreviations: ESR, erythrocyte sedimentation rate; FMF, familial Mediterranean fever; JRA, juvenile
rheumatoid arthritis; LFTs, liver function tests; LORA, late onset rheumatoid arthritis; PAN, periarteritis nodosa;
SGOT/SGPT, serum glutamic-oxaloacetic transaminase/serum glutamic pyruvate transaminase; SLE, systemic
lupus erythematosus; SPEP, serum protein electrophoresis; TA, temporal arteritis.
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evaluation and prompt specific and definitive testing to determine the cause of the
FUO. Computed tomography/magnetic resonance imaging (CT/MRI) scans can
provide further anatomical definition of abnormalities detected on gallium/
indium/positron emission tomography (PET) scans. Alternately, total body/
regional CT/MRI scans can identify/rule out malignancy/infection. Most causes
of FUO can be diagnosed by noninvasive means. Some causes of FUO require
tissue/pathological confirmation. Nonspecific tests indicate/locate the tissue to be
biopsied to arrive at a definitive diagnosis (26–32).
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Section II: FUO in Selected Groups

B3 Fever of Unknown Origin in Children

Leonard R. Krilov
Division of Pediatric Infectious Disease, Winthrop-University Hospital, Mineola,
New York, U.S.A.

Febrile illnesses are much more common in children than adults, but most episodes
of fever are short-term and resolve spontaneously, and/or are associated with a
detectable source of infection. Considerations of fever of unknown origin (FUO)
in childhood are loosely based on Petersdorf and Beeson’s 1961 definition in
adults of �3 weeks of illness with fever .1018F (38.38C) on several occasions per-
sisting without diagnosis, despite medical evaluation (1). Series of pediatric
patients with unexplained fever have used shorter duration (�8 days) of fever
without explanation after initial evaluation (2–6).

There are other, related fever syndromes in children that should be distin-
guished from FUO in that they present differently and require different approaches
to diagnosis and treatment. These include fever without focus, including occult bac-
teremia, and recurrent fever syndromes. In the former situation, studies suggested
that 5% to 10% of nontoxic young children (3 to 24 months of age) with acute
onset of fever [temperature .1028F (39.48C)], leukocytosis [white blood count
(WBC) . 15,000 mm3], and absence of localized findings may be at risk for bacter-
emia most often secondary to Streptococcus pneumonia or Hemophilus influenzae Type
b (Hib) infection (7,8). This is an acute illness and raises issues about the need for
empiric antibiotics in at-risk children. Since the introduction of conjugate Hib
and Streptococcus pneumoniae (Prevnar) vaccines into the routine childhood immu-
nization schedule, the incidence of this occult bacteremia syndrome has decreased
dramatically, suggesting the potential to avoid empiric antibiotic therapy in this
setting (9). The risk of these cases of occult bacteremia progressing to sepsis and/
or meningitis was low even in the preconjugated vaccine era.

Children with cyclical or recurrent fevers should also be defined separately
from FUO in that different diagnostic considerations apply, and hence, different
approaches to the evaluation are employed. Irregular episodes of febrile illnesses
raise issues of recurrent infections and possible immune deficiency syndromes,
inflammatory bowel disease, or systemic onset juvenile rheumatoid arthritis. Epi-
sodes of fever that occur in predictable cyclical intervals, with each episode typi-
cally ,8 days’ duration, might lead to consideration of FAPA (fever, abdominal
pain, pharyngitis, adenitis and/or aphthous ulcers) syndrome (10), familial Medi-
terranean fever (11), cyclical neutropenia (12), and hyper-IgD syndrome (13).
Although there are no definite diagnostic criteria for FAPA syndrome, episodes
usually occur in three- to four-week cycles that are so regular parents can predict
the timing of the next fever. Children with this diagnosis are entirely well
between episodes, and no one around them gets ill before or after them, as a
rule. This may be the most common recurrent-fever syndrome in otherwise
healthy children. The other recurrent-fever syndromes are much less common
and beyond the scope of this review.
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Evaluation of the child with prolonged fever or FUO begins with a detailed
history that includes information on duration of fever, height of fevers, pattern,
response to antipyretics, localizing symptoms, nonspecific findings (e.g., irritability,
lethargy, per orally intake), ill contacts, travel or visitors from abroad, animal and
insect exposures, sexual activity, and medication use.

Physical examination of the child with FUO begins with a definition and
documentation of fever. A rectal temperature of up to 101.38F (38.58C) in the
younger children, especially later in the day and/or after exercise, may be con-
sidered normal in the well-appearing child. In addition to a complete general phys-
ical examination, certain features of the evaluation should be specifically
emphasized in looking for a focus of inflammation. Examples include palpation
for a tender tooth, careful observation for oral ulcers, auscultation for a new
onset or changing heart murmur, and palpation for lymphadenopathy. A plotting
of growth parameters and a review of prior growth curves may also be revealing.
Serial examinations may also be helpful in detecting changes over time, as well
as in monitoring for weight loss.

In two pediatric studies, abnormal physical findings were reported to contrib-
ute to diagnosis in 60% of the cases of FUO analyzed (2,3). Cutaneous changes, sig-
nificant heart murmur, joint abnormalities, hepatomegaly and/or splenomegaly
were the findings that contributed to diagnosis.

Laboratory investigations in the child with FUO are aimed at assessing
general measures of inflammation and specific tests (often serologies and/or cul-
tures) are aimed at ascertaining a specific etiology (Table 1). The choice of serologies
and cultures may be determined in part by aspects of the history (e.g., travel,
animal, or insect exposure) or physical examination (e.g., new heart murmur,
swollen joint). General screening tests might include complete blood count
(CBC), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), renal and
hepatic profiles, urinalysis, and stool for occult blood and white blood cell analyses.

TABLE 1 Approach to the Laboratory Evaluation in the Child with Fever of
Unknown Origin

Screening tests
Complete blood count
Acute phase reactants (erythrocyte sedimentation rate, C-reactive protein)
Renal and hepatic profiles
Stool for occult blood and white blood cells
Urinalysis
Abdominal ultrasound

Tests for specific infections
Urine culture and sensitivity
Additional cultures (stool, blood)
Epstein-Barr virus serology; other viral agents
Mantoux tuberculin skin test

Additional tests based on history (e.g., travel, animal exposure), physical exam, laboratory screening
tests
Thick and thin smears (malaria, babesia)
Additional serologies (e.g., Lyme, HIV, bartonella)
Imaging studies (e.g., chest radiograph, CAT scans, MRIs, radionucleotide studies)
Biopsies (e.g., lymph node, bone marrow)

Abbreviations: CBC, complete blood count; HIV, human immunodeficiency virus; CAT, computed axial
tomography; MRI, magnetic resonance imaging.
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Imaging studies may be used to localize or better define an abnormality
appreciated on physical examination. In the absence of a suspected or detected
abnormality, however, routine radiographs are of low yield and are not routinely
useful in the evaluation of the child with FUO, with the possible exception of an
abdominal ultrasonogram (4). In the more severely ill child, on the other hand
additional invasive studies and scans may aid in the diagnosis (14). Computed
axial tomography (CAT) scans, magnetic resonance imaging (MRI), and/or nuclear
medicine scans should be performed judiciously and in consultation with a radiol-
ogist in this setting. Biopsies of bone marrow, abnormal masses, or lymph nodes
may be useful in this setting, although in the absence of an ill appearance or hemato-
logical abnormalities, bone marrow examination is not generally warranted (15).

The potential causes of FUO in children parallel those observed in series of
adults with this diagnosis (Table 2). The distribution, however, is somewhat differ-
ent in children, with viral infection being the predominant diagnosis in such cases
and spontaneous recovery being the usual outcome. Additionally, .50% to 60% of
pediatric FUO cases remain without definitive diagnosis. A long-term follow-up (5
plus years after presentation) study showed that these children remained well and
that their fevers resolved even in the absence of a specific diagnosis (16). Further-
more, in older studies, infectious diseases such as sinusitis, pyelonephritis, and
osteomyelitis were described. These are less common findings in more recent
series of pediatric FUO cases. With newer diagnostic modalities and identification
of new diseases, cat scratch disease, Epstein-Barr virus infection, and human immu-
nodeficiency virus (HIV) infection have been identified as causes of FUO in
children (5,6).

It is also important to consider age-related differences in diagnostic consider-
ations for children with FUO. In children .6 years of age, collagen vascular dis-
eases [most commonly systemic onset juvenile rheumatoid arthritis (JRA)] and
inflammatory bowel disease (Crohn’s disease and ulcerative colitis) are potentially
important considerations. In children with JRA, rheumatoid factor is often not
detectable on laboratory examination. Malignancies are less likely to present as
FUO in children than those reported in adult series, but consideration of leukemia,
lymphoma, neuroblastoma, and other cancers is warranted, especially in the pre-
sence of unexplained weight loss, anemia, masses on physical examination, or elev-
ated lactic acid dehydrogenase (LDH) or uric acid.

Thus, FUO in children, as in adults is a challenging condition for the clinician.
It is also a prime example of how careful attention to patient history, physical exam-
ination, and appropriate use of laboratory studies can be used to make the appro-
priate diagnosis or to offer reassurance in the absence of diagnosis that the
prognosis is generally good.

TABLE 2 Differential Diagnosis of Fever of Unknown Origin in Children

Infections
Systemic—tuberculosis, typhoid fever, viral syndrome (e.g., EBV infection), cat scratch disease
Focal—e.g., dental abscess, urinary tract infection, pyelonephritis, infectious endocarditis,
abscess (e.g., perirectal), osteomyelitis, sinusitis

Inflammatory bowel disease (Crohn’s disease, ulcerative colitis)
Rheumatologic (systemic onset juvenile rheumatoid arthritis, Kawasaki disease)
Drug fever
Unknown

Abbreviation: EBV, Epstein-Barr virus.
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B4 Fever of Unknown Origin in Cirrhosis

Ariff Admani and Leon G. Smith
Department of Medicine, Saint Michael’s Medical Center, Newark, New Jersey, U.S.A.

INTRODUCTION

Over 100 years ago, it was reported that fever could be directly attributed to cirrho-
sis of the liver. The concept of fever attributed solely to cirrhosis, however, has not
been universally accepted. Fever in a cirrhotic patient is often a matter of great
concern. Numerous diagnostic maneuvers, including cultures, blood tests,
imaging studies, and, on occasion, invasive procedures are employed to ascertain
the cause of fever.

Cirrhotic fever could be defined as fever of undiagnosed etiology occurring in
the patient with cirrhosis in the absence of an identified infection, malignancy, col-
lagen vascular disease, alcoholic hepatitis, pancreatitis, tuberculosis, fungal infec-
tion, or drug fever. Fever attributed to cirrhosis is often low-grade, protracted,
unaccompanied by focal signs and symptoms, and less likely to be associated
with tachycardia and tachypnea than in patients with infections. Biliary cirrhosis
and alcoholic cirrhosis tend to produce higher fevers (1).

The pathogenesis of fever of cirrhosis has not been fully elucidated. It may be
related to hepatic necrosis or inflammation and to altered hepatic metabolism of
steroids. Elevated levels of endotoxins and cytokines, for example, tumor necrosis
factor-alpha (TNF-alpha), interleukin-1-beta (IL-1-beta), and interleukin-6 (IL-6),
have also been demonstrated in patients with cirrhosis and may be involved in
the pathogenesis of low-grade fever observed in cirrhosis (1).

The first formal definition of FUO to attain broad acceptance was one
proposed by Petersdorf and Beeson four decades ago: “fever higher than 1018F
(38.38C) on several occasions, persisting without diagnosis for at least three
weeks in spite of at least one week’s investigation in hospital.” (2).

FUO is currently classified into four distinct subclasses: classic FUO, nosoco-
mial FUO, immune-deficient FUO, and human immunodeficiency virus (HIV)-
associated FUO.

FUO in cirrhosis is classified under miscellaneous causes of fever.
The initial evaluation of the patient with FUO typically includes a comprehen-

sive history, repeated physical examinations, and a host of laboratory investi-
gations. The first step in evaluating, the patient is to verify the presence of fever.
The importance of this step is self-evident and yet, all too often, overlooked.

Although fever patterns are rarely diagnostic, they may contain diagnosti-
cally useful information and should, therefore, be examined carefully. Cirrhosis
associated with a liver abscess maybe associated with a double-quotidian spike
(am and pm spike).

The prognosis of FUO is determined by both the cause of the fever and the
underlying disease or diseases on which the disorder is superimposed. The time
required to make the diagnosis is less important. Patients in whom FUO remains
undiagnosed after extensive evaluation generally have a favorable outcome,
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characteristically with resolution of their fever in four or more weeks without
sequelae.

CIRRHOSIS-CAUSING FEVER—NONINFECTIOUS

Fifty consecutive patients with fever and cirrhosis were prospectively studied to
assess if cirrhotic fever was a true clinical entity and to determine its characteristics
and outcome (1).

In 20% (10) of the 50 patients, an identifiable source of fever or infection was
not documented (these patients were defined as having cirrhotic fever). The
patients with cirrhotic fever were significantly less toxic, as indicated by lower
temperature, tachycardia, and tachypnea, but had a fever of longer duration than
did patients with infectious fever. Patients with cirrhotic fever were significantly
less likely to have focal signs or symptoms or a portal of infection confirmed by
culture as compared with patients with infectious fever. Outcome (at 30 days or
long term) was not different for patients with cirrhotic fever versus patients with
infectious fever or matched controls that did not have fever. Eight (80%) of the 10
patients with cirrhotic fever underwent transplantation: Fever did not recur after
transplantation in any of these patients.

Thus, fever in up to 20% of the febrile patients with cirrhosis may be attribu-
table to cirrhosis itself; such patients may be spared the ongoing diagnostic maneu-
vers and unnecessary trials of antibiotics.

INFECTIONS IN CIRRHOTICS

Infectious complications in cirrhotic patients can cause severe morbidity and mor-
tality. Bacterial infections are estimated to cause up to 25% of deaths in cirrhotic
patients (2). The most frequent are urinary tract infection, spontaneous bacterial
peritonitis, respiratory tract infection, and bacteremia. It has been said that cirrhosis
is the most common form of acquired immunodeficiency, exceeding even AIDS.
The specific risk factors for infection in cirrhotic patients are low serum albumin,
gastrointestinal bleeding, intensive care unit admission for any cause, and thera-
peutic endoscopy. Certain infectious agents are more virulent and more common
in patients with liver disease. These include Vibrio, Campylobacter, Yersinia, Plesiomo-
nas, Enterococcus, Aeromonas, Capnocytophaga, and Listeria species, as well as organ-
isms from other species (Table 1) (spontaneous bacterial peritonitis is a frequent,
severe, life-threatening complication in patients with ascites).

PERITONITIS IN CIRRHOTICS

Other entities that cause fever in cirrhosis include the following.
In adults, primary peritonitis has usually been reported in patients with cir-

rhosis and ascites (2). The prevalence of primary peritonitis in hospitalized patients
with cirrhosis and ascites has been estimated at 10% to 30%. In cirrhotic patients,
micro-organisms presumably of enteric origin account for 69% of the pathogens.
Escherichia coli is the most frequently recovered pathogen, followed by Klebsiella
pneumoniae, Streptococcus pneumonae and other streptococcal species, including
enterococci. In a review of 126 cases of primary peritonitis in cirrhotic patients
recorded in the literature, only eight patients (6%) had diseases caused by anaerobic
or microaerophilic bacteria, including Bacteriodes spp., Bacteriodes fragilis,
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Clostridium perfringes, Peptostreptococcus spp., Peptococcus spp., and Campylobacter
fetus. Polymicrobial infection was present in four of these eight cirrhotic patients
with peritonitis caused by anaerobes, in contrast to the relatively low frequency
of polymicrobial infection (only 10 of 118 cases of peritonitis) when aerobes were
involved. Occasionally, peritonitis may result from infection with Mycobacterium
tuberculosis, Neisseriae gonorrhoeae, Chlamydia trachomatis, or Coccidioides immitis,
but this is usually the result of disseminated infection or sometimes spreads from
adjacent foci of infection.

Cryptococcal peritonitis can present in two distinct patient groups:

1. Those receiving chronic ambulatory peritoneal dialysis, and
2. those with underlying liver disease and cirrhosis.

Fever in cirrhotics is also noted with hyposplenic function due to the follow-
ing organisms.

Streptococcus pneumoniae—Pneumococcus is singularly the most important
organism implicated in postsplenectomy sepsis (PSS), involved in 50% to 90% of

TABLE 1 Causes of Fever in Cirrhotics

Cirrhosis
Pathogens (systemic)
Cryptococcus especially

meningitis
Tuberculosis
Listeria sp.
Streptococcus pneumoniae
Escherichia coli—especially

cholangitis
Spontaneous peritonitis

Gramnegative bacteria
Listeria sp.
S. Pneumonae
Cryptococcus sp.,
Chlamydia
Mycobacterium sp.
Anaerobes sp.
Polymycrobial

With iron overload
Salmonella sp.
Yersinia sp.
Vibrio sp.

With hyposplenic function
S. pneumoniae
Hemophilus influenzae

Type B
Babesia
Varicella-Zoster
Neisseria sp.
E. coli
Capnocytophagia (DF2)

With portal hypertension
Esophageal lesions

Candida sp.
Herpes Simplex
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cases. Although common in all age groups, the percentage of pnemococcal PSS
cases increases with age. Antimicrobial drug generally tetracycline, and macrobial
resistance in S.pneumoniae is increasingly prevalent (3).

Hemophilus influenzae—Type b H.influenzae (Hib) is the second most common
organism related to PSS. Most Hib-associated PSS cases have occurred in children
less than 15 years old. Use of the conjugated Hib vaccine has dramatically decreased
the incidence of invasive Hib disease. Importantly, b-lactamase production by many
H. influenzae strains needs accounting for choosing empirical therapy (3).

Neisseria meningitides, the meningococus, is often cited as the third most common
cause of PSS. Meningococcemia does occur in the aspenic host. It is neither more fre-
quent nor more severe in splenic or hyposplenic patients than in healthy individuals.
Certainly, fulminant meningeal infection occurs in the normal host (3).

Capnocytophagia canimorsus, a fastidious gram-negative rod, formerly classified
as CDC group DF-2, is part of canine and feline oral flora. It is typically transmitted
to humans from dog contact, usually a bite. C. canimorsus infection does occur in
healthy immunocompetent persons but usually is relatively mild. Asplenia and
hyposplenic states seem to be predisposing factors in 80% of the reported cases.
Finding gram-negative bacilli in the buffy coat or peripheral blood smear or observing
an eschar at the bite site, manifesting one to seven days after the bite, suggests
C. canimorsus as the cause of PSS (3).

Salmonella species have been associated with PSS. Severe salmonellosis is
associated with the hyposplenism of chronic reticuloendothelial blockage in barto-
nellosis, and the infection is prominent in children with sickle-cell anemia associ-
ated with splenic dysfunction; despite these observations, the organism does not
play a large role in PSS (3).

Babesiosis—Most cases of morbidity and mortality occur in the asplenic host.
It is these splenectomized individuals who have a higher grade parasitemias, have
significant hemolysis, and require specific treatment for the infection. Babesiosis in
eusplenic persons is by and large mild or subclinical, not requiring therapy.

Ehrlichiosis—Human granulocytic ehrlichiosis, a tick-borne infection, has
been reported to be recurrent, prolonged, and/or more severe in asplenic persons.

IRON OVERLOAD ASSOCIATED WITH CIRRHOSIS

In cirrhotic patients, iron overload is fairly common. Of course hemochromatosis,
which produces cirrhosis, has severely elevated iron levels. There are three organ-
isms that thrive when the iron levels are elevated, namely, Salmonella, Yersinia, and
Vibrio species (2). These organisms can cause fever and remain hidden in foci such
as prostate, spleen, bone aneurysm, bowel, and other remote areas. Finding their
foci can be difficult, even with detailed modern screening.

PORTAL HYPERTENSION

Cirrhotic patients with portal hypertension and varice which can also be
accompanied by herpes simplex, often have severe esophagus lesions, which can
contain Candida species, herpex simplex. However it is extremely rare to have
fever from this source unless there is an erosive lesion present.

MENINGITIS IN CIRRHOTIC PATIENTS

Cryptococcal meningitis in cirrhotic patients presents with and without fever and
no stiff neck. The diagnosis is difficult. Tuberculosis meningitis can produce the
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same findings. In cirrhotics with FUO a spinal fluid examination is extremely
important. The serum and spinal fluid cryptococcal antigen is usually positive.
Listeria meningitis can also occur in cirrhosis.

CIRRHOSIS WITH CHOLANGITIS—CHARCOT’S FEVER

This is a rare event. Charcot’s fever with shaking chills is the most common presen-
tation. The common duct may be partially obstructed or dilated. Gallstones are
often present. E. coli bacteremia is the most common pathogen and process.

Vibrio vulnificus (2) is part of the normal marine flora and, in the temperate
zones, reaches sufficient concentration to cause clinical illness only in the warmer
months of the year. Nearly all oysters harvested in the summer from the Chesa-
peake Bay contain this pathogen, as do 10% of crabs. It is primarily associated
with a severe, distinctive soft-tissue infection and/or septicemia rather than a diar-
rheal disease. It may produce purpura fulminans.

Yersinia enterocolitica (2) is a gram-negative bacillus that thrives in conditions
associated with iron overload, and leads to the formation of multiple liver and
spleen abscesses. Liver biopsy reveals moderate fibrosis and early cirrhosis, with
large amounts of hemosiderin granules deposited in hepatocytes and bile duct
epithelium.

SUMMARY

Patients with cirrhosis who have fever present a challenge to the physician. The lit-
erature is sparse about the differential diagnosis of fever in such patients. This
article has compiled accumulated data and clinical experience on the subject.
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B5 Fever of Unknown Origin in Malignancies

Burke A. Cunha
Infectious Disease Division, Winthrop-University Hospital, Mineola, New York, U.S.A.

OVERVIEW

Malignancies have superseded infections as the most common cause of fever of
unknown origin (FUO). In Petersdorf’s classic paper on FUO, published in 1961,
infectious diseases were the most common etiology of FUO, and neoplasms consti-
tuted the second most frequent category. This shift from infectious to malignant
etiology as the most frequent cause of FUO is related to several factors. Firstly,
due to the widespread introduction of computed tomography (CT) and magnetic
resonance imaging (MRI), many intra-abdominal causes of infection are diagnosed
early and therefore do not meet the definition of prolonged fever required to make
the diagnosis of FUO. Secondly, radionucleotide imaging studies, that is, indium
scans, gallium scans, and bone scans, have been useful in identifying occult malig-
nancies undetectable by other means. Thirdly, transthoracic echocardiography
(TTE) and transesophageal echocardiography (TEE) have helped to identify those
cases of atrial myxoma presenting as FUO. Lastly, the population is aging, and
malignancies are more common in the elderly population. The combination of
these factors has resulted in malignancies becoming the most frequent overall
cause of FUO in adults (1–12).

PATHOPHYSIOLOGY OF FEVER WITH NEOPLASTIC FUOs

Most malignancies are not associated with fever: A few malignancies are associated
with acute or subacute fevers, and fewer yet are associated with prolonged fevers
that may present as FUOs. Malignancies may cause fever directly or indirectly.
Malignancies may cause fever indirectly by compression/obstruction of a hollow
viscus, with subsequent infection and an increase in temperature due to the infec-
tious component. Another way neoplasms cause fever indirectly is perforation of a
hollow viscus. Perforation of an intra-abdominal viscus results in peritonitis, the
severity of which is related to the size of the perforation and location in the gastro-
intestinal tract or pelvis.

Malignancies may cause fever directly via cytokine production. Infections
elicit a different cytokine response than do neoplasms, that is, interleukins are
released in infection, whereas tumor necrosis factor is the usual mechanism of
fever from neoplasms. Fever may also be multifactorial and due to the neoplasm
itself and/or indirect mechanisms. In the patients with FUO due to malignancies,
the innate ability of the neoplasm to produce cytokines is the most common etiol-
ogy. The fever generated by malignancies presenting as FUOs is either of the
prolonged, low-grade variety or it may be a high-grade spiking fever that mimics
infection (10–12) (Table 1).
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TYPES OF MALIGNANCIES PRESENTING AS FUO
Solid Tumors
FUOs due to malignancies that present as high-spiking fevers, resembling an infec-
tious process, have been classically associated with lymphomas. Fevers of the high-
spiking variety, that is, so-called “Pell-Epstein” fevers, were initially described in
lymphoma patients. Either B-cell or T-cell lymphomas may present as FUOs with
high-spiking fevers or low-grade, continuous fevers. Aside from lymphomas,
which may present with continuous low-grade fevers, selected lymphoreticular
malignancies or solid tumors are the neoplasms most likely to present as FUOs.
Of the nonlymphoreticular malignancies causing FUOs, the most common neo-
plasms are hepatomas and hypernephromas (renal cell carcinomas). Metastatic
disease of the liver or central nervous system (CNS) may also cause fever. Any
involvement of the preoptic nucleus, the intrahypothalamus by a primary or sec-
ondary neoplasm will result in fever because the anterior hypothalamus mediates
the febrile response. The primary hepatic tumors or metastases to the liver are also
frequently associated with fever. The liver is part of the reticuloendothelial system
and contains Küffer cells, which are capable of elaborating fever-producing cyto-
kines. Splenic malignancies presenting as FUOs should properly be considered as
lymphomas rather than as an histologically distinctive type of splenic malignancy.
Although other solid malignancies, such as inflammatory breast carcinoma, may be
associated with fevers, they do not present as FUOs because they are readily diag-
nosable and do not meet FUO criteria (10,11).

Pancreatic carcinomas are a rare case of solid tumors presenting as FUOs.
Most patients with pancreatic carcinoma present with painless jaundice because
most pancreatic carcinomas involve the head of the pancreas. In patients presenting
with pancreatic carcinoma and FUO, the tumor usually involves the tail of the
pancreas; in such patients, there is no jaundice to suggest the potential etiology.
Furthermore, unless patients with pancreatic carcinoma are complicated with
obstruction, that is, cholangitis, prolonged fevers are not a usual component of

TABLE 1 Fevers in Neoplastic Disorders

Commonly associated with fever Rarely associated with fever

High-grade fevers (.1028F) CML
Hodgkin’s lymphoma CLL
Non-Hodgkin’s lymphoma Multiple myeloma
Hypernephromas (renal cell carcinomas) Malignant melanoma

Gastrointestinal malignancies
Pancreatic carcinomas

Low-grade fevers (,1028F) Breast carcinomas
Hepatomas Adrenal tumors
Liver metastases (involving hypothalamus) Sarcomas
Inflammatory breast carcinoma CNS tumors
AML (mostly involving the hypothalamus)
ALL CNS metastases
Hairy cell leukemia Testicular tumors
Preleukemias Ovarian carcinoma
Myeloproliferative disorders Cervical carcinoma
Castleman’s disease Skin cancers

Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myelogenous leukemia; CLL, chronic lymphatic
leukemia; CML, chronic myelogenous leukemia; CNS, central nervous system.
Source: From Ref. 12.
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pancreatic carcinomas involving the head of the pancreas. Pancreatic carcinomas
involving the tail or middle portion of the pancreas are those that may rarely
present with fever as the only sign of the malignancy and present as an FUO
(10,13–16).

Another solid malignancy that rarely presents as FUO is atrial myxoma. Atrial
myxomas are more common in the left atrium than in the right atrium and are often
confused with subacute bacterial endocarditis (SBE) in patients with a heart murmur
and prolonged fever. Patients with atrial myxoma usually present with symptoms
similar to SBE or malignancy, that is, fever, weight loss, night sweats, and fatigue.
Laboratory abnormalities, for example, thrombocytosis, highly elevated erythrocyte
sedimentation rate (ESR) �100 mm/hr, also may mimic SBE or another malignancy .
As with SBE, atrial myxomas may present with embolic phenomena. Atrial myxomas
are rarely infected, therefore the possibility of atrial myxoma and SBE is exceedingly
rare. Metastatic disease of the heart usually presents with cardiac arrhythmia rather
than as prolonged, unexplained fever (17–20).

Lymphoreticular Malignancies
The group of lymphoreticular disorders most likely to present as FUO include
preleukemias secondary to acute myelogenous leukemia (AML) or preleukemia
as part of a myeloproliferative disorder (MPD). During blast crises, acute leuke-
mias are often associated with fever in the absence of infection. Because patients
with acute leukemias have systemic symptoms, they usually seek medical atten-
tion early, and the diagnosis is made on the basis of abnormal blast cells in the
peripheral smear or bone marrow aspirate. Such patients do not remain undiag-
nosed for sufficient time to present as FUOs. In contrast, patients with preleuke-
mia may present with fever as the sole manifestation of their underlying
preleukemic state. By definition, patients with preleukemia do not have blasts
in the peripheral smear, but, in some cases, immature cells, that is, nucleated
red cells or myelocytes/metamyelocytes may be present and are a clue to an
underlying myelocystic problem. A blast crisis is often the final common
pathway for many malignancies that have been previously treated with radiation
therapy or chemotherapy.

An AML blast crisis is a not an uncommon complication of malignancies
previously treated. Preleukemia preceding AML or MPD, are the most common
clinical scenarios in this population of patients presenting as FUOs. MPD itself
may also present as FUO. However, in patients with MPD presenting with
fevers, the diagnosis of AML preleukemia should be considered as a diagnostic
possibility (10,11,21–25).

Chronic leukemias, that is, chronic myelogenous leukemia (CML) or chronic
lymphatic leukemia (CLL), are not ordinarily accompanied by sustained fevers.
Patients with CLL or CML and fever should be suspected of having an infection
until proven otherwise. Patients with CLL in particular are predisposed to infection
due to impaired B- and T-lymphocyte dysfunction. Infections due to encapsulated
and intracellular pathogens frequently complicate CLL. In patients who have CLL
and without infection, the possibility of a lymphoma should be suspected. The
Richter’s syndrome or transformation refers to the malignant transformation in
CLL patients into a lymphoma. It is the lymphoma in Richter’s transformation
that produces the fever in CLL. Patients with CLL and Richter’s transformation
may present as FUO. Although Richter’s transformation is a rare complication of
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CLL, fever is a common accompaniment of CLL patients with Richter’s transform-
ation and lymphoma (26–30).

Multiple myeloma is a common lymphoreticular malignancy. Patients with
multiple myeloma are predisposed to intracellular pathogens because of impaired
B-lymphocyte function. Ordinarily, multiple myeloma is not accompanied by fever
and therefore is a rare cause of FUO. Patients with multiple myeloma presenting
with fever should be suspected as having an infection until proven otherwise. In
a myeloma patient, where infection has been eliminated as a consideration and
the patient presents with otherwise unexplained fevers, FUO should be considered
a diagnostic possibility. In such patients, plasma-cell leukemia should be ruled out
as a cause of fever. In patients with multiple myeloma who have not undergone a
malignant transformation to plasma-cell leukemia, or have a neoplasm secondary
to chemotherapy or radiation therapy, that is, lymphoma, FUO should be con-
sidered as a definite diagnostic possibility (11,22,23) (Table 2).

DIAGNOSTIC TESTS FOR PATIENTS WITH NEOPLASTIC FUO

In patients presenting with prolonged unexplained fevers, routine laboratory tests
and selected radiologic imaging studies can be helpful in suggesting a neoplastic
etiology or ruling out an infectious etiology. In FUO diagnosis, tests helpful in
suggesting a neoplastic etiology include a complete blood count (CBC) with a
manual differential count, ESR, serum ferritin level, serum protein electrophoresis
(SPEP), and imaging tests. Patients presenting with FUOs usually have had routine
radiologic tests including chest X-rays and abdominal films. A CT/MRI scan of the
abdomen and pelvis is an essential part of the FUO workup. A CT/MRI scan of the
head or chest or extremities is indicated if there are symptoms referable to these
areas. In FUO patients with no localizing signs, gallium or indium scanning may
be useful in localizing the pathological process responsible for the prolonged
fever. Abnormalities detected on gallium or indium scans should be further
studied using CT/MRI scanning of these areas. CT/MRI scanning of areas of
indium or gallium pickup will provide further anatomical definition and may
provide a clue to the nature of the underlying process. Bone scans are useful to
detect otherwise unsuspected osteomyelitis or neoplastic bone involvement.
Gallium scans are as sensitive and specific as bone scan, but indium scans have a
high incidence of false-negatives in osteomyelitis. Patients with FUO and heart
murmur should have blood cultures obtained for SBE and to rule out atrial
myxoma. TTE or TEE should be obtained in such patients to detect vegetations in

TABLE 2 FUO: Neoplastic Disorders

Common causes Uncommon causes
Hodgkin’s lymphomas CLL (Richter’s transformation)
Non-Hodgkin’s lymphomas Myelodysplastic syndrome
Hepatomas AML (preleukemia)
Hypernephromas Rare causes

(renal cell carcinomas) Pancreatic carcinomas
CNS/hepatic metastases Multiple myelomas

Arial myxomas

Abbreviations: AML, acute myelogenous leukemia; CLL, chronic lymphatic leukemia; CNS, central
nervous system.
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the case of SBE and to detect cardiac neoplasms, particularly atrial myxomas. Other
diagnostic tests are also helpful (10,11,31).

In FUO patients, the Naprosyn test is particularly useful in differentiating
infectious from neoplastic disorders. If, during the Naprosyn test, the patient
experiences a rapid drop in temperature, then the origin of the fever is neoplastic,
whereas a slight or no change in temperature suggests an infectious etiology of the
fever. The Naprosyn test is especially useful in patients who have an underlying
malignancy that predisposes into an infection, for example, multiple myeloma or
CLL, where the etiology of the fever may be due to the underlying neoplasm or
superimposed infection. The Naprosyn test helps in making this distinction and
is a noninvasive, simple, and reliable way to distinguish neoplastic from infectious
causes of FUO (32–35).

DIAGNOSTIC APPROACH

The diagnostic approach involves utilizing clues from the history and physical
examination or routine laboratory tests to narrow diagnostic possibilities that will
lead to a definitive diagnosis. Important clues are often overlooked with routine
laboratory tests. In the CBC, for example, a manual differential count should be
ordered and reliance not placed on an automated differential count. An automated
CBC is helpful in detecting leukopenia, monocytosis, anemia, thrombocytosis,
thrombocytopenia, relative lymphopenia, eosinophilia, and basophilia, all of
which are potentially indicative of an underlying neoplastic disorder in a patient
with FUO. None of these abnormalities, of themselves, are specific, but in concert
with other tests can point to a neoplastic etiology. For example, if the CBC
reveals a normal white blood cell count (WBC) with otherwise unexplained mono-
cytosis and thrombocytosis, differential diagnostic possibilities are quickly limited
to a chronic infectious disorder, such as osteomyelitis or SBE versus an occult neo-
plasm. Otherwise unexplained eosinophilia or basophilia should at least suggest
the possibility of malignancy in an FUO patient. If an infectious etiology can be
ruled out as a cause of the patient’s eosinophilia, that is, fungal disorders, particu-
larly coccidioidomycosis or histoplasmosis, then eosinophilia might suggest vascu-
litis, particularly periarteritis nodosum (PAN) or a neoplastic process. Allergic
reactions are not in the differential diagnosis because the presence of a rash with
a detailed drug history is usually readily diagnosed, and they do not present as pro-
longed, otherwise unexplained fevers. Basophilia in a peripheral smear should
immediately suggest a myeloproliferative disorder or a malignancy. Relative lym-
phopenia plus eosinophilia or basophilia further increases the probability that
the patient’s fevers are of a neoplastic basis. A manual CBC offers advantages
over an automated CBC in the detection of atypical lymphocytes and eosinophils.
Atypical lymphocytes rule out the presence of a malignancy, but are not to be
confused with abnormal lymphocytes, which indicate a malignancy. Atypical
lymphocytes, for example, Epstein-Barr virus (EBV), cytomegalovirus (CMV),
and human herpes virus-6 (HHV-6) are most often present due to a viral infection,
but they are not present in all viral infections. The atypical lymphocytes associated
with viral infections each have a different morphology, that is, no two lymphocytes
look the same. Atypical lymphocytes are “reactive viral” lymphocytes, and do not
resemble each other in their shape/morphology. In contrast, “abnormal lympho-
cytes” are exactly the same and have a monotonous morphological appearance.
Abnormal lymphocytes are always indicative of a lymphatic malignancy, for
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example, ALL or CLL. The presence of myelocytes/metamyelocytes or nucleated
RBCs in the peripheral smear immediately suggests a bone marrow problem and
a myelocystic process. A bone marrow biopsy should be obtained in these cases,
which will be diagnostic of the neoplastic process in the bone marrow in patients
with FUO. The ESR test is highly sensitive without being very specific. The diagnos-
tic usefulness of the ESR, as with other laboratory tests, depends upon its associ-
ation with other laboratory abnormalities, as well as the degree of ESR elevation.
The degree of any abnormality limits diagnostic possibilities. Although many dis-
orders are associated with an increased sedimentation rate, only six disorders are
associated with a very highly elevated sedimentation rate (�100 mm/hr), that is,
SBE, osteomyelitis, abscess, drug fevers, collagen vascular diseases, and malignan-
cies. It is usually relatively straightforward in an FUO patient to eliminate most of
these diagnoses with simple blood and radiologic tests.

Liver function tests are also useful in limiting diagnostic possibilities. In the
approach to the patient with FUO, if the clinician can localize the disorder to a
particular organ/organ system, then diagnostic possibilities are limited. The
pattern of organ involvement determines the differential diagnosis. Liver func-
tion tests are helpful in indicating infiltrative liver diseases characterized by mod-
erate to high elevations of the alkaline phosphatase and g-glutamyltransferase
(GGTP) associated with normal/near normal serum transaminases. Elevations
of the alkaline phosphatase/GGTP should suggest primary or metastatic liver
disease, as well as non-neoplastic infiltrative liver disease, for example, fatty
liver, hepatic abscesses, temporal arteritis, or biliary tract obstruction due to
any cause.

Other blood tests are helpful for the FUO patient suspected of having a malig-
nancy. SPEP abnormalities include a polyclonal gammopathy or a monoclonal
spike. A monoclonal spike on the SPEP suggests multiple myeloma or Walden-
ström’s maculoglobulinemia as the most likely diagnostic possibilities. A slight
monoclonal increase may be indicative of benign gammopathy of the elderly and
must be differentiated from multiple myeloma by the presence or absence of skel-
etal involvement, skeletal/renal involvement, and bone marrow analysis. Polyclo-
nal gammopathy suggests impaired T-lymphocyte function and secondary
reactive B-lymphocytes over reactivity manifested by excessive polyclonal
gamma globulin production. Polyclonal gammopathy in an FUO patient with a
murmur should suggest atrial myxoma and argues against endocarditis because
SPEP abnormalities are not a feature of SBE. There are other abnormalities in the
SPEP that may be useful in suggesting a malignancy. Increases in alpha I/alpha II
(or a1/a2) in the SPEP may indicate a collagen vascular disease, or, not uncom-
monly, are present in patients with lymphomas. Increase in a1/a2 are often dis-
missed as acute phase reactants, but it should be recalled that acute phase
reactants have long since disappeared in patients presenting with FUO, and, in
this setting, elevations of the a/b globulins have a different diagnostic significance.
The serum ferritin test is another extremely useful screening test for malignancy.
Serum ferritin is an acute phase reactant and minimal transient elevations of
the serum ferritin in an acute process are expected. However, highly elevated,
persistent, ferritin levels found in FUO patients are not on the basis of acute
phase reactivity. Highly elevated ferritin levels should suggest a collagen vascular
disease, particularly juvenile rheumatoid arthritis (JRA). If adult JRA can be ruled
out, then an otherwise highly elevated, unexplained, ferritin level should suggest
malignancy until proven otherwise. Once again, it is the combination of several
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nonspecific tests, which, when taken together, have increased diagnostic specificity.
For example, highly elevated serum ferritin level with no other findings is not as
diagnostically specific as an elevated ferritin level with relative lymphopenia,
myelocytes/metamyelocytes in the peripheral smear and a highly elevated ESR
(10,11). Urinalysis is helpful primarily in detecting microscopic hematuria. In a
patient with FUO with otherwise unexplained microscopic hematuria, the possi-
bility of a renal cell carcinoma should be considered if benign prostatic hypertrophy
and bladder tumors can be excluded.

Gallium or indium scans should be ordered early in the diagnostic workup to
localize the focus of the febrile disorder. If a focal abnormality is detected by gallium
or indium scanning, then a CT or MRI scan should be obtained to define the possible
pathology at the site of the increased uptake. The indium and gallium scanning focus
where the CT/MRI scans may be of benefit. Abdominal/pelvic CT/MRI scans should
be obtained in all patients with an FUO, because there are so many processes in the
abdomen/pelvis that are potentially responsible for most noninfectious and infec-
tious disorders presenting as an FUO. The differential diagnostic possibilities can
be limited if radiologic tests can localize the process to a particular organ, which in
turn limits diagnostic possibilities. The Naprosyn test is another test that can direct
the diagnostic workup by suggesting an infectious or neoplastic etiology in the
FUO patient. The Naprosyn test should not be applied to patients with acute
fevers but has proven as a useful way to determine neoplastic versus infectious
fevers in the FUO population. A positive Naprosyn test, that is, a rapid fall in temp-
erature during the three days of Naprosyn, should prompt the clinician to order a
gallium or indium scan as well as an abdominal/pelvic CT/MRI scan, if not
already ordered. Once the organ system is identified in the FUO process, definitive
diagnostic testing is relatively straightforward. Biopsy of the liver is indicated if
other laboratory tests indicate an infiltrative liver process. Renal biopsy is indicated
if hypernephroma is suspected. Bone marrow biopsy is needed when a myelocystic
process is identified or is suggested by immature cells in the peripheral smear. Mono-
clonal abnormalities on the SPEP should be followed up with a bone marrow aspirate
in FUO patients. Biopsy of an atrial myxoma may be necessary for a definitive diag-
nosis, and certainly any lymph nodes or masses should be biopsied to confirm a
pathological explanation for the FUO (10,11,36).
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OVERVIEW
Definitions, Epidemiological Features, Risk Factors
As the first cellular component of the inflammatory response and a key component
of innate immunity, neutrophils are the first line of defense against infection (1).
Nearly 40 years ago, Bodey et al. reported that the risk of infection increases signifi-
cantly when the absolute neutrophil count is reduced to ,500 cells/mm3 (2). Neu-
tropenia defined as neutrophils of ,500/mm3 remains the best characterized and
most prominent form of immunocompromise in patients undergoing treatment
for cancer, either solid tumors or hematological malignancies. It is the leading
cause of infectious complications in patients receiving antineoplastic chemother-
apy, accounting for the majority of chemotherapy-associated mortalities and com-
promising treatment outcomes by causing dose reductions and treatment delays.

Neutropenia blunts the inflammatory response to nascent infections, allowing
bacterial multiplication and invasion and compromising the mounting of clinically
apparent inflammatory responses, except from the presentation of fever (1). Sickle
et al. demonstrated early the lack of typical manifestations of infections in neutro-
penic patients. In their study, 84% of patients with pneumonia and an adequate
neutrophil count (.1000/mm3) produced purulent sputum, compared to only 8%
of those with pneumonia and severe neutropenia (,100/mm3) (3). In a prospective
study of 1001 cancer patients with febrile neutropenia, Pizzo et al. reported that only
45% of those with documented bacteremia had signs of infection other than fever (4).
When neutrophils were ,100/mm3, purulent exudates in patients with pharyngitis
were present in 22%; dysuria, frequency, and pyuria were present in 44%, 33%, and
11%, respectively, of patients with urinary tract infections, while clinical signs of
meningeal inflammation were absent in meningitis and fluctulence from perineal
abscesses (3,4). Fever can be the only sign of infection, and 60% of febrile episodes
in neutropenic patients are initially considered as FUOs. Since 70% of these FUOs
respond to empirical antimicrobial treatment, it is likely that many of these episodes
represent undetected infections, which, if left untreated, share a considerable
mortality, especially if they represent an occult gram-negative bacteremia (5).

Febrile leukopenia and, most precisely, febrile neutropenia represent a
syndrome comprising two components, as defined by the Infectious Diseases
Society of America (IDSA) (6) and the Immunocompromised Host Society (IHS)
(7). Fever is defined as an oral temperature of 1018F (38.38C) in a single measurement
or a temperature of 1008F (38.08C) lasting for �1 hour. IHS and other scientific
societies (8) add also as a criterion of fever the presence of an oral temperature of
38.38C¼1018F measured twice in 12 hours. Fever as a manifestation of infection or
inflammation is not blunted in neutropenic patients, because the proinflammatory
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cytokines necessary for its production are released from many types of cells (macro-
phages, lymphocytes, fibroblasts, epithelial, and endothelial cells) (9). In the context
of febrile neutropenia, every effort should be made to exclude fever related to unin-
fectious causes (drug fever, disease fever, transfusion related, etc.). Rectal measure-
ment of temperature should be avoided (along with other rectal-related procedures,
such as rectal examination, enema, or endoscopy), because it may serve as a portal of
entry for micro-organisms, especially in patients with mucositis (diarrhea is the
common presentation), hemorrhoids, or other topical lesions. Occasionally, the pre-
sence of fever can be blunted by immunosuppressive therapies (e.g., corticosteroids)
or in very old, or in patients in shock (10).

Neutropenia is defined as an absolute neutrophil count of either �500 cells/
mm3, or �1000 cells/mm3 initially, predicted to decline to �500 cells/mm3 in 24 to
48 hours.

The incidence, severity, and recovery of infection are inversely proportional
to the degree or depth of neutropenia (11,12). The Common Toxicity Criteria
of the National Cancer Institute delineates four grades of anticancer chemother-
apy-related neutropenia: grade 0 is within normal limits (�2000 cells/mm3) and
grades 1, 2, 3, and 4 are defined when the absolute neutrophil count is within the
ranges of �1500 to ,2000 cells/mm3, �1000 to ,1500 cells/mm3, �500 to
, 1000 cells/mm3, and ,500 cells/mm3, respectively (13).

Duration of neutropenia is another variable that bears a direct relationship to
the risk of infection (14). It has been estimated (12) that all patients with grade 4
neutropenia that is prolonged for three weeks will develop an infection. Duration
of neutropenia after the onset of a febrile episode also affects response to antimicro-
bial treatment and the incidence of complications. Neutropenia lasting seven days
or less leads to 95% response rates compared to 32% in patients with neutropenia
lasting more than 15 days (15).

The frequency of neutropenia is greatly influenced by the type and intensity
of the chemotherapy regimen used, the type and stage of the underlying disease
[high-dose chemotherapy, peripheral blood stem cells transplantation, and bone
marrow transplantation (BMT) procedures, induction chemotherapy for acute
myelogenous leukemia (AML)], the use of concomitant radiation therapy, the
phase of therapy (greater risk in the earlier cycles), the degree of bone marrow
involvement, and patient-specific factors such as age, performance status, and
comorbid conditions (16). The risk of febrile episodes is increased if the neutrophil
nadir at day 10 after cycle 1 of chemotherapy is ,500 cells/mm3 (Silber’s model of
prediction) (17).

Febrile episodes during neutropenic periods after antineoplastic chemother-
apy, either FUO or documented infections, affect overall survival, probably
due to substantial delays in treatment delivery or the need for dose reductions.
A study linking data from the National Cancer Institute with data from a survey
in patients with aggressive nonhodgtin lymphoma found a significant associa-
tion between the occurrence of febrile neutropenia, reduction in the number of
cycles of cyclophosphamide þ Adreamycin (hydroxydoxocubicin) þ Vincristine
(Oncovin) þ Predrizone delivered, and lower five-year overall survival (18).

Neutropenic patients may present with other factors that further increase the
risk and spectrum of potential complications, such as: (i) the damage of mechanical
barriers by chemotherapy-induced mucositis, bleeding disorders (low platelet
count) or due to the presence of invasive devices such as central venous catheters
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(CVC) (implanted or not), (ii) the alteration of patients’ own flora by multiple hos-
pitalizations and extensive use of antimicrobials and antifungals, (iii) organ func-
tion alterations caused by the underlying disease (e.g., kidney or liver failure),
and (iii) medications that affect other arms of the immune defense such as the
phagocytic function or the humoral response (monoclonal antibodies, fludarabine,
corticosteroids) (16,19,20–23). Recent studies point also at genetic factors that
might influence the risk of infection and response to treatment in patients with
neutropenia (24).

Patients with neutropenia not related to cancer, such as after a viral disease or
due to drug toxicity, do not have the same risk of acute infection, probably because
they retain mucosal integrity (25). Lower risk also characterizes patients with con-
genital neutropenia or aplastic anemia. HIV-positive patients with febrile neutrope-
nia have a possible infectious complication but with a lower relative risk compared
to those who are neutropenic after cytotoxic chemotherapy (25).

Febrile neutropenia for patients at high risk of infectious complications rep-
resents a medical emergency. In 50% of patients presenting with fever and neutro-
penia, an occult infection may be present, while in 20% of those with grade 4
neutropenia, bacteremia is present (26). Pseudomonal bacteremia, if untreated,
bears a grave prognosis, with a 33% to 75% mortality rate within the first 24 to 48
hours (27–29). This is the reason why, since 1971, empiric use of intravenous
broad-spectrum antibiotics has been introduced (30) and their initiation is immedi-
ately recommended (within the first hour after fever) in patients presenting with the
syndrome of febrile neutropenia (6). Schimppff et al. showed that using this strategy,
mortality from febrile neutropenia could be dramatically decreased from 60% to
70% in the 1970s to 4% to 6% in adults and 0.4% to 1% in children today (31–33).
During recent years, and with the introduction of growth factors, it was realized
that all febrile neutropenic patients were not the same. Patients with febrile neutro-
penia and a low risk for life-threatening infectious complications had a 70% chance
to be treated as outpatients, with reduced costs and increased patient comfort, by
orally administered broad-spectrum antimicrobial agents (16,34). Validated predic-
tion models have been developed to distinguish patients falling into different risk
categories, and they should be applied during the initial evaluation of the patient
with febrile neutropenia and FUO.

Patient Risk-Assessment Stratification
Talcott et al. were the first to develop a prospectively validated risk-assessment tool
(35,36). Before that only a variety of exclusion criteria for the prediction of patients
at low risk for serious infectious complications had been used in studies, such as the
presence of renal failure, shock, respiratory failure, HIV status, receipt of intrave-
nous supportive therapy, allogeneic BMT, catheter-related infection, coagulase-
negative Staphylococcus (CNS) infection or risk of death within 48 hours, postulated
by Kern et al. (37), or the following factors proposed by Freifeld et al: hemodynamic
instability, abdominal pain, nausea and/or vomiting, diarrhea, neurological or
mental changes, new pulmonary infiltrates, catheter-related infection, and kidney
or liver insufficiency (38). The clinical model by Talcott consisted of clinical
factors assessable within 24 hours of admission and involved four categories of
patients. Categories I, II, and III included patients at high risk: those being hospital-
ized at presentation of febrile neutropenia (I), outpatients who presented with
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serious acute comorbidity, which could have been the reason for hospitalization,
independent of fever and leukopenia (II), and patients without acute comorbidity
but with uncontrolled cancer (leukemia not in complete remission and other
cancers, which progressed during the last assessable chemotherapy regimen (III).
Complications in Groups I to III were .30% compared to 2% in Group IV, which
included patients not possessing risk factors present in the other groups (35,36).
Later, Klastersky et al. postulated a scoring system based on the Multinational
Association for Supportive Care in Cancer (MASCC) predictive model, which con-
sists of seven variables with a maximum score of 26 (39): (i) burden of illness with
moderate (score 3) or mild (5) or absent symptoms (score 5), (ii) absence of hypoten-
sion (scores 5), (iii) absence of chronic obstructive pulmonary disease (4), (iv) pre-
sence of solid tumor (4) or no history of previous fungal infection in case of
hematological malignancy (4), (v) outpatient status (3), (vi) absence of dehydration
(3), and (vii) age less than 60 years for adults (score 2). A score of�21 predicts a ,5%
risk for severe complications. Compared to the Talcott model, it offers increased sen-
sitivity (71% vs. 30%) and fewer miscalculations in the identification of low-risk
patients at a cost of lower specificity (68% vs. 90%) (39). A prospective survey is
now validating the MASCC index in a mixed population of patients with solid
tumors or leukemia who present with febrile neutropenia (40,41). It seems that
patients should be followed for 24 hours and considered low-risk if the index con-
tinues to have a value of � 21. FUO seems to be a benign presentation, most com-
monly present in low-risk patients (49% vs. 35% in high-risk patients). High-risk
patients are more often bacteremic with gram negatives (59% vs. 31%), and less
often with gram positives (38% vs. 62%). Bacteremic high-risk patients bear a
higher complication (68% vs. 24%) and mortality rate (28% vs. 2%). A 45% mortality
rate accompanies high-risk patients compared to no deaths in the low-risk group (40).
Differences are less impressive between high-and low-risk groups in the subpopu-
lation of patients with gram-positive bacteremia. High-risk febrile neutropenic
patients have a significantly longer duration of neutropenia and an increased inci-
dence of complications among patients not responding to the initial empiric
therapy, with no differences in complications or mortality between patients with
solid tumors and those with hematological malignancies. Patients in the high-risk cat-
egory (score�21) may not be identical: a score of 7 to 14 bears twice the mortality of a
score of 19 to 20. Efforts continue for the precise identification of patients at high risk
who would benefit from an aggressive therapeutic approach (40).

INITIAL PATIENT CLINICAL EVALUATION

Despite the fact that FUO, as a term, entails the absence of signs of a localized infec-
tion, clinical evaluation of the febrile neutropenic patient should be thorough and
repeated daily for the duration of the febrile episode. Although signs can be
minimal, it should be mentioned that the commonest sites of infection noted in
patients with febrile neutropenia, observed during the first consecutive European
Organization for the Research and Treatment of Cancer (EORTC) trials, are the
lungs (25%), mouth and pharynx (25%), soft tissue, skin and CVC sites (15%), the
perineum (10%), and, less often, the gastrointestinal and urinary tracts (5%) and
the nose sinuses (5%). The sites mentioned earlier serve also as portals of entry
for the offending pathogens (42).

During initial evaluation, any piece of information leading to the probable
occult infection must be gathered. From a patient’s history, bits include the type
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and timing of antineoplastic chemotherapy, environmental exposures, contact with
persons with viral diseases (common cold, chickenpox, measles, etc.), adminis-
tration of antibiotics or antifungals, either as prophylaxis or treatment of previous
infections, known allergies and drug interactions, and recent transfusion of blood
or blood products.

Physical examination should include careful search for potential sites of infec-
tion such as the oropharynx, skin and skin folds, the axilla, perineum, nails, eyes,
sinuses, vascular access sites, and the lungs. If febrile neutropenia presents as
FUO, physical examination initially is unrevealing, but it must be repeated daily,
searching for skin nodules, ulcers, ecthyma gangrenosum, black eschars, pain in
the perineum, facial or sinus pain, and swelling or eye redness, documenting clini-
cal infection of microbial or fungal etiology. Vital signs, urine output, respiratory
function parameters, and mental state should be evaluated and monitored, as
hemodynamic instability, hypoxemia, and confusion are signs of clinical deterio-
ration and life-threatening infectious complications (43).

LABORATORY EVALUATION

Laboratory evaluation of all patients with febrile neutropenia should include com-
plete blood count and biochemical tests and two sets of blood cultures. If a CVC is
present, a set of cultures drawn, one from a peripheral vein, and the others from
each CVC lumen, is obligatory to serve as a diagnostic criterion of catheter-
related blood stream infection, especially if differential time to positivity is used
as a diagnostic method (i.e., centrally drawn blood culture becomes positive
�120 minutes earlier compared to the peripherally drawn sample) (44); urine cul-
tures are recommended even if pyuria and dysuria are absent because neutropenia
blunts these signs of urinary tract infection. Expectorated sputum samples are pro-
cessed and cultured even in the absence of neutrophils in a Gram stain, for the
reason mentioned earlier. Cultures from other sites are sent if clinical suspicion of
infection is present. Screening of normal flora is not indicated because it has not
proved useful and cost effective in identifying early the causal pathogen.0 Screening
for multidrug-resistant (MDR) pathogens such as methicillin-resistant Staphylococcus
Aureus (MRSA), vancomycin-resistant enterococcus (VRE), or MDR gram-negative
pathogens is recommended only for infection control purposes (6).

A chest radiogram, though not expected to be abnormal even in the presence
of pneumonia, should be done initially for later comparison (45). It should be
repeated if FUO persists and should be accompanied by a high-resolution com-
puted tomography (CT) of the thorax, which can reveal early signs of fungal pneu-
monia (the “halo sign” in lung hyphomycoses) (46–48). Right-sided abdominal
pain and distention should prompt for a CT of the abdomen, which might reveal
bowel wall thickening (.4 mm), indicative of typhlitis or neutropenic enterocolitis
(49). An ultrasound or CT examination of the abdomen can be also useful in the case
of persisting FUO after neutrophil-count recovery to normal levels, where multiple,
hypodense lesions of liver and spleen are suggestive of chronic, disseminated can-
didiasis in the form of hepatosplenic candidiasis (a condition with no other symp-
toms and signs except fever, increased serum alkaline phosphatase, and negative
blood cultures, that necessitates administration of antifungal treatment for the dur-
ation of the chemotherapy cycles and for �6 months afterwards) (50).

Considering that acute bacterial infections, especially bacteremic infections,
have an increased rate of complication and mortality compared to FUO not
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representing an occult infection, it would be useful for the successful management
of the febrile episode in the neutropenic patient to have markers indicative, in the
case of FUO, of the infectious and bacterial origin of fever. Serum concentrations of
several acute-phase proteins (C-reactive protein, serum amyloid A), proinflamma-
tory cytokines [tumor necrosis factor-alpha (TNF-alpha), interleukin-1 (IL-1), Inter-
feron-gamma (IFN), interleukin-6 (IL-6), interleukin-8 (IL-8)], and soluble adhesion
molecules (soluble E-selectin, vascular cell adhesion molecule 1, intercellular
adhesion molecule 1) have been investigated as to whether these may contribute
to identifying infections as the cause of neutropenic fever. Unfortunately, at
present, the predictive values of all these parameters, based on the small and incon-
sistent amount of data available, are too low to influence the clinically based initial
treatment decisions in patients with neutropenic fever (51,52). More recently, pro-
calcitonin (PCT), a precursor of calcitonin, has been shown to increase in systemic
bacterial infection, especially if severe sepsis is present (53,54). In healthy humans,
PCT levels are almost undetectable (,0.1 ng/mL) (55). PCT was measured daily for
the whole duration of the febrile episode in patients with neutropenia and cancer in
several studies, and it was found that it increases in serious systemic infections
(values .5 ng/mL), with levels particularly elevated in patients with bacteremia
and severe sepsis, while in viral or localized infections its levels remain much
lower (�0.1 ng/mL) (56–59). In one of the studies (56), blood samples were
obtained from 115 patients with febrile neutropenia for determination of PCT
levels before onset of fever and daily until the resolution of fever. The rise in PCT
levels appeared early, with median values on the first day of fever of 8.23 ng/mL
in patients with bacteremia, compared to 0.86 ng/mL in patients with localized bac-
terial infections (p , 0.017), 2.62 ng/mL in patients with severe sepsis, and 0.57 ng/
mL in patients with clinically localized infections (p , 0.001). A dramatic decrease
in PCT levels was documented after resolution of the infection, while elevations
were noted when infections worsened, indicating that PCT may also serve as a
marker useful for the follow-up of patients during the febrile episode. Pronounced
PCT levels were also found in patients with fever of unknown origin who were
responding to antimicrobial chemotherapy (indicative of occult infection), com-
pared with those not responding to treatment with antibiotics (60). In other
studies, PCT levels were not found to rise during CNS bacteremia (60), while in
only one study, levels .3 ng/mL were reported in BMT patients with invasive
aspergillosis (IA) (61). For the moment, due to low sensitivity and specificity,
PCT adds little or no help to the diagnosis of invasive fungal infection (IFI) (62).
Accumulated data offer PCT a sensitivity range of 44% to 83% and a specificity
range of 64% to 100% depending on the severity of the underlying infection and
the cutoff value used. Most powerful is its negative prognostic value (NPV) for
the presence of bacterial infection when levels are ,0.5 ng/mL, which is .85%
(55). If PCT evaluation is to be used, serial measurements are more helpful than
an isolated determination. A relevant issue studied recently is the prospective
evaluation of PCT in the context of febrile neutropenia and the challenge of being
able to discriminate early between patients at low or high risk of complications,
and how this would be compared and combined with the Talcott and MASCC cri-
teria. Of particular interest would be the ability to identify low-risk patients effica-
ciously, without falsely including high-risk patients, and to offer outpatient
management confidently to this patient population. The addition of PCT to clinical
risk assessment scales, although not in a statistically significant way, appeared to
augment sensitivity but, more important, incremented the NPV for the detection
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of bacteremia or treatment failure up to 98%, a determinant factor in deciding
whether a patient can be discharged safely and treated on an outpatient basis (55).

C-Reactive Protein (CRP) is an acute phase protein that has proved less useful
in discriminating occult bacteria infection during an episode of FUO in febrile neu-
tropenic patients, correlating more with the course of fever than with that of infec-
tion (63), and its value can be affected by the underlying disease or the presence of
graft versus host disease (GVHD). It increases late in the course of infection (�3
days after the onset of fever) (64) and its normalization is also prolonged due to
a long half-life. It is reported that serial measurements of CRP can be of help
(64,65), with two consecutively low measurements bearing a good NPV for the pre-
sence of bacterial infection and stable, consecutively increasing values (levels
.200 mg/mL) in patients still febrile the fifth day of the febrile episode to be
strongly predictive of mortality (66). In a recent study, levels of PCT and IL-6
varied significantly between bacteremic and not bacteremic episodes of FUO and
neutropenia, while no differences were found in CRP concentrations, indicating
that PCT and IL-6 are more reliable markers than CRP for predicting bacteremia
in patients with febrile neutropenia (67).

IFIs, especially those caused by molds, have minimal signs and cultures are
often negative (except for a 60% probability of positive blood cultures in fusariosis).
The detection of specific antibodies or circulating fungal antigens or fungal metab-
olites is being investigated in order to lead to early or pre-emptive diagnosis of IFI.
Among the most promising are the Candida antigens and antibodies in combi-
nation, the Aspergillus galactomannan [a major constituent of Aspergillus cell
wall detected in bronchoalveolar lavage (BAL) and blood and recently in Cere-
prospinal Fluid (CSF)], and the polymerase chain reaction (PCR) for Aspergillus.

The recent advent of an improved, commercial-serum, enzyme-linked immu-
nosorbent assay (ELISA) for the detection of circulating galactomannan (GM) has
contributed to the diagnosis of invasive aspergillosis (IA) in many haematology
and transplant centres (68,69). The optimal threshold for positivity remains a
matter of debate, and measurements must be repeated consecutively on a twice
or thrice-a-week basis in patients with neutropenia. Decreasing the index cutoff
for positivity to 0.5 increases its sensitivity (with minimal loss of specificity) and
the duration of test positivity before diagnosis by clinical means (70). Sensitivity
is highest in patients who did not receive antifungal prophylaxis with mold-
active agents (87.5%) (71). A rabbit model demonstrated that the level of circulating
antigen correlated with the tissue fungus burden and a quantifiable response to
antifungal therapy (72).

A series of allogeneic stem-cell transplant recipients were monitored prospec-
tively, and the relationship between antigenemia and other diagnostic triggers for
initiation of antifungal therapy was analyzed. Antigenemia preceded diagnosis
on the basis of radiologic examination or Aspergillus isolation by eight and nine
days in 80% and 88.8% of patients, respectively, and initiation of therapy in 83.3%
of patients. Detection of GM was especially useful when patients were receiving
steroid treatment or when coexisting conditions masked the diagnosis of IA.
Prospective screening for GM allows earlier diagnosis of aspergillosis than do con-
ventional diagnostic criteria (68). Studies have shown a sensitivity range of 75% to
100%, a specificity of 80% to 98%, and a high NPVof about 95% (with a sensitivity of
81% and a specificity of 89% in the studies leading to its FDA clearance) (73). Phys-
icians still must be aware of the potential for false-positive and false-negative
results; the test does not replace careful microbiological and clinical evaluation.
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The following have been identified as causes related to false-positive results (false-
positive reactivity has been reported from 5% in adults to 83% in neonates) (72):
treatment with amoxicillin/clavulanate or piperacillin/tazompactam (74), early
after lung transplantation (first week) (75) or BMT (first 15–30 days) (76), in neo-
nates (because of the heavy colonization of the neonatal gut by the cross-reacting
Bifidobacterium spp.) (77), several cross-reacting food components such as milk,
rice, pasta, sogia, canned vegetables, food supplements rich in proteins (78), and
technical factors, such as specimen transportation or airborne contamination with
cross-reacting fungi (Penicillium sp., Paecilomyces variotii, Alternaria spp., etc.) (79).

In a prospective study including 205 treatment episodes in 165 patients, PCR
for Aspergillus was validated in comparison to GM and was found superior to GM
with respect to sensitivity rates. In patients at high risk for IA, positive results for
Aspergillus by PCR of blood samples are highly suggestive for IA and contribute
to the diagnosis (80).

Detection of Candida antigens and antibodies is still under study in the evalu-
ation of the febrile neutropenic patient at risk of candidiasis. In one study, circulat-
ing candidal antigens [mannan and (1–3) glucan] and immunoglobulin G subclass
antibodies to these cell wall antigens were analyzed in a limited number (14) of
intensive care unit (ICU) or surgical patients with systemic candidiasis and
cancer or diabetes. The (1–3) glucan antigen and the two subclass antibodies
appeared to be early, specific markers for the laboratory diagnosis of candidiasis,
while the kinetics of (1–3) glucan appearance in serum were found to assist in eval-
uating the therapeutic efficacy of antifungal treatment. Combined, they offered a
92% sensitivity and a 100% specificity and positive peredicitive value (81). In
another study, the Platelia Candida-specific antigen and antibody assays were
used to test serial serum samples from seven neutropenic adult patients with hem-
atological malignancies who had developed systemic Candida tropicalis infections.
High and persistent mannanemias were detected in all patients during the neutro-
penic period, confirming the value of the combined detection of mannanemia and
antimannan antibodies in individuals at risk of candidemia (82). Further studies are
needed to confirm these preliminary results.

In vitro fungal-susceptibility testing still needs to be clinically interpreted and
in vivo correlated with clinical outcomes. More solid and meaningful data exist
about the in vitro sensitivity of Candida sp. against fluconazole, itraconazole, and
flucytosine, using the standardized and clinically relevant methodology developed
by the National Committee for Clinical Laboratory Standards (recently Clinical and
Laboratorcy Standards). Breakpoints were developed from data derived from
patients with oropharyngeal or esophageal candidiasis (for fluconazole and itraco-
nazole) and from non-neutropenic patients with candidemia (for fluconazole only)
(83). Application and clinical relevancy of data in the setting of febrile neutropenic
patients with cancer is still under study, and indications exist that in vitro suscep-
tibility is a factor affecting outcome (84). Reliable and convincing interpretative
breakpoints are not available for amphotericin B, and meaningful data do not
exist yet for other compounds (echinocandins, newer azoles), although minimal
inhibitory concentration (MIC) data are available (85). Epidemiological studies
have shown that Candida species such as C. albicans, C. tropicalis, C. parapsilosis
should be considered susceptible to fluconazole0. Concern exists about the sensi-
tivity of C. glabrata for which resistance rates of 15% against fluconazole are
reported (86). Identification of Candida to species level is thus of paramount
importance, for antifungal-treatment selection and sensitivity testing is indicated
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in case of lack of clinical response after treatment initiation or when a change from a
parenteral agent to oral fluconazole is considered.

THERAPEUTIC CONSIDERATIONS
The Empirical Approach
Prompt administration of empirical antibiotic therapy is essential for patients with
febrile neutropenia and FUO, because underlying infections may progress rapidly.
Selection of proper empiric antimicrobial therapy should primarily be influenced
by the local epidemiology, drug-susceptibility patterns of bacterial pathogens at a
certain institution and exposure of the patient to previous antimicrobial therapy
(6). Initial empiric therapy is primarily directed against bacterial pathogens, since
fungal, viral, or protozoan etiology is rarely the initial cause of infection (87). The
local epidemiological data are subject to dynamic changes and are influenced by:
(i) Resistance patterns in the community and the use of chemoprophylaxis. In
environments where prophylaxis is not widely used, gram-negative pathogens
tend to predominate (88). If prophylaxis is extensively used with agents active
against gram-negatives, gram-positives consist of .65% of pathogens (89). In two
large trials including more than 1000 patients, prophylaxis was given to ,25% of
patients and gram-negatives remained the majority of isolates (89,90). In two
recent studies, the one using chemoprophylaxis in .90% of patients and the
second using nonabsorbable colistin for gut decontamination, gram-positives con-
sisted of 66% and 67% of isolates, respectively, with CNS predominating in the first
and Streptococci sp. in the latter (91,92). (ii) The type of chemotherapy. Intensively
cytotoxic and damaging-to-the-mucosa regimens increase the presence of Viridans
streptococci, Enterococci, and gram-negative pathogens (87). The type of pathogens
that prevail during certain periods must not rely on data extracted only from
blood isolates (93). Bacteremias are documented only in 25% of patients with
FUO and neutropenia (93). Infections at other sites are commonly due to gram-
negative pathogens or are polymicrobial, a pattern that is currently emerging in
23% and 31% of documented bacterial infections in patients with hematological
malignancies or solid tumors, respectively. In these polymicrobial infections, 80%
of pathogens are gram-negatives, and in 33% of cases, pathogens include only
gram-negatives (94). If data from all sites of infection are pooled together, gram-
positives, which, for the last 15 years, are mentioned to predominate in bacteremias
of febrile neutropenic patients, prove to have a prevalence of ,50% (93). Pseudomo-
nas aeruginosa rates are stable, being the second most common gram-negative
pathogen, at least at M.D. Anderson Cancer Center (18%), following Escherichia
coli (29%), and followed by Klebsiella sp. (16%) (95). It appears to be more prevalent
in warmer climates (96). Thus, the initial empiric antimicrobial regimen should
include coverage against negativegram-negatives, including P. aeruginosa, as tra-
ditionally is practiced since 1971, taking into consideration local resistance patterns
at each institution.

Today, a challenging issue is the emergence of drug resistance among noso-
comial pathogens, compromising the efficacy of the initial empiric antimicrobial
regimen. Resistance to methcillin among CNS is 70% to 90% and among S.
aureus is .50%. Rates of VRE are �30%, whereas 50% to 60% of S. viridans and
S. pneumoniae are resistant to penicillin (93,97). S. viridans can be the cause of ful-
minant bacteremia associated with adult respiratory distrese syndrome, renal
failure, and rapid death (98). vancomycin resistant enterococci (VRE) is reported
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as the cause of outbreaks of bacteremias in leukemic patients, associated with high
mortality (88). Unusual gram-positive pathogens, intrinsically resistant to vanco-
mycin are emerging as pathogens causing catheter-related blood stream infections
or other systemic infections (Leuconostoc sp., Pediococcus sp., Lactobacillus sp., Cor-
ynebacterium jeikeium). P. aeruginosa resistant to ciprofloxacin is a fact in many insti-
tutions, and nonfermenting, intrinsically drug-resistant bacteria are rising in
incidence (Acinetobacter sp., S. maltophilia, Alcaligenes sp., P. non-aeruginosa).
Extended Specture b-lactamases (ESBL) producing E. coli and Klebsiella pneumo-
niae, along with Enterobacter sp., renders problematic the use of cephalosporins.
Extensive use of carbapenems led to 15% to 30% rates of MDR P. aeruginosa
reported from different parts of the world, sensitive only to colistin, which,
because of suboptimal efficacy cannot be used as a single agent (99,100). Anae-
robes are rarely isolated in blood cultures of patients with febrile neutropenia
(,5%) for reasons that are not clearly defined (97,101), although their presence
should be suspected in perineal abscesses, periodontal infections, or neutropenic
enterocolitis.

Empiric antimicrobial therapy must be adapted to local epidemiology data,
according to the mentioned factors. Usually it consists of an antipseudomonal
cephalosporin (ceftazidime if ESBL do not prevail), piperacillin/tazobactam, cefe-
pime, or an antipseudomonal carbapenem (imipenem, meropenem), combined
with an aminoglycoside (6). The combination is used for spectrum extension and
rapid pathogen killing and not for synergy purposes, which could not be proved
in meta-analysis studies (102). Aminoglycosides, as drugs exhibiting a dose-
dependent pattern of Pharmacokinetics/Pharmacodynamics (PK/PD), can be
safely and effectively used in a once-daily dose regimen (103). It is essential that
if bacteremia or pseudomonas infection is not proved, the aminoglycoside is dis-
continued early (at 72–96 hours) (6). Otherwise, monitoring of kidney function
and drug levels is recommended.

Monotherapy with ceftazidime, cefepime, meropenem, and imipenem or
piperacillin/tazobactam was found in several studies to be equally effective with
the conventional combination of a b-lactam and an aminoglycoside (104–107).
When ESBL-producing pathogens prevail, cephalosporins may be problematic as
empiric treatment, and antipseudomonal carbapenems remain the first choice,
probably followed by piperacillin/tazobactam as an alternative. Aminoglycosides
clearly are not suitable as monotherapy (108), and the use of quinolones is discour-
aged in institutions where they are used as prophylaxis, although data are scarce
and contradictory (109). No universal guidelines can be applied. Clinicians
should be alert about the pathogen predominating in their institution.

Patients with intermediate or high risk must be hospitalized and receive Intra-
venous or Parenteral (IV) antibiotics. Patients falling in the low-risk category, after
24-hour evaluation at the hospital, can be either sent home on oral regimen or be
hospitalized until defervescence and sent home to complete therapy with an oral
regimen. An extensively used oral regimen is the combination of ciprofloxacin
plus amoxicillin/clavulanate. The newer quinolones (moxifloxacin) are under
study, with data limited stin about their potential use as monotherapy in low-risk
patients treated as outpatients (110). The decision to treat a low-risk patient on an
outpatient basis should rely or prerequisites like the patient’s ability to understand
the risk, to receive oral medication, to have a telephone, to reach a hospital within
one hour, to have help at home, and the ability to offer a 24-hour service seven days
a week (111).
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Addition of Vancomycin to the Initial Empirical Regimen
The increased predominance of gram-positive micro-organisms in bacteremias of
patients with febrile neutropenia has led during the last 15 years to the increased
use of vancomycin as part of the initial empiric antimicrobial regimen. Study V of
the EORTC in 1990 showed that the nonincorporation of vancomycin in the
initial regimen and its use only when indicated by the isolation of a gram-positive
micro-organism did not lead to increased morbidity and mortality rates, except in
patients with S. viridans bacteremia not receiving a carbapenem, pip/tazo, or
cefepime (112). In another study, the addition of vancomycin to imipenem did
not affect efficacy (113). A study by National Cancer Institute (NCI) confirmed
that the gram-positive pathogens are not quickly lethal (114). A recent meta-anlaysis
of randomized controlled trials comparing antibiotics with antigram-positive spec-
trum to control or placebo, in addition to the same baseline antibiotic regimen in
both arms (which included 13 studies with 2392 participants in total), concluded
that the use of glycopeptides can be safely deferred until the documentation of a
resistant gram-positive infection. Empirical antigram-positive antibiotics were
assessed for the initial treatment in 11 studies, and for persistent fever in two.
Glycopeptides were assessed in nine trials. No significant difference in all-cause
mortality and overall failure was observed, whereas adverse events were signi-
ficantly more common with the additional antibiotic, and nephrotoxicity was
significantly more common with additional glycopeptides (115,116). The IDSA, in
its latest guidelines and taking into consideration the emergence of VRE under
the selective pressure of vancomycin, recommends the addition of vancomycin to
the initial regimen: (i) in patients with hemodynamic instability (threat of septic
shock), (ii) when signs of or a documented gram-positive infection are present
(tunnel infection, soft tissue infection), and (iii) when high rates of S. viridans or
MRSA infections are prevalent in the institution, especially if the patient is known
to be colonized with MRSA (6). Considerations exist in some physicians for patients
with chemotherapy-related, substantial mucosal damage and history of quinolone
prophylaxis during the period of a febrile neutropenia. Sudden spikes of tempera-
ture .408C may be predicted of streptococcal sepsis (6). Ceftazidime in this case
should be avoided as empiric treatment because it lacks streptococcal activity.

Vancomycin remains the most widely used glycopeptide. Teicoplanin, widely
used in Europe, is not approved in the United States. It is administrated once daily,
rarely causes red-man syndrome, and is less nephrotoxic. However, drug fever and
thrombocytopenia should be a consideration. In vitro studies have shown strains of
Stapylococcus hemolyticus to be resistant to teicoplanin, whereas vancomycin retains
its activity against them. The activity of teicoplanin in cancer patients has been
proved in several open, comparative trials (117,118).

Linezolid, an oxazolidinone active against MDR gram-positive pathogens
(MRSA, VRE), has not been evaluated as empiric therapy in febrile neutropenia.
Hematological toxicity of the drug could be problematic (6). Quinopristine—
dalfopristin, also active against VRE, awaits further studies for evaluation in
neutropenic patients (6).

Empiric Antifungal Therapy
During the first week of neutropenia, efforts to evaluate fever primarily focus on the
search for a bacterial pathogen because, at point, bacteria account for the majority of
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infections during febrile neutropenia. With the administration of antibiotics and the
prolongation of neutropenia, the risk of fungal infection emerges. Candida spp. and
Aspergillus spp. are the most common fungal pathogens encountered. Candida
infections occur during the second or subsequent week of neutropenia and
Aspergillus infection later, during the third and subsequent weeks of neutropenia
(119). Therapies that cause short-term neutropenia, lasting less than a week, do
not meet the risk of fungal infection. BMT patients are the patients at highest risk
due to prolonged and deep neutropenia and the presence of other factors compro-
mising immunity as well (GVHD corticosteroids) (119).

Candida may be the cause of fungemia, acute- or chronic-, disseminated or
single-organ disease. Non-ablicans strains are emerging. Aspergillosis initially is
a lung or sinuses disease, to disseminate in 30% of patients, causing primarily
CNS disease with 90% mortality rate. Aspergillus resistant to amphotericin B,
such as A. terreus and A. flavus, have also emerged as pathogens. Numerous
other fungi are emerging as opportunistic pathogens: Fusarium spp. (sinopulmon-
ary infection, skin lesions, fungemia), Muror spp. (sinopulmonary or disseminate
disease), Scedosporuim spp., Acremonium spp., Trichosporon spp., and Alternarnia
spp., among others. They tend to present as breakthrough infections due to resist-
ance to many antifungals (120).

Reasons necessitating the administration of empirical antifungal therapy
include the high rates of morbidity and mortality associated with fungal infections,
the difficulty of diagnosing IFI early during the course of infection, and the ineffec-
tiveness of treatment when it is delayed.

Empiric antifungal therapy has been shown quite early (121,122) to
improve patient’s outcome. In the recent IDSA guidelines, the introduction of
antifungal therapy is recommended in neutropenic patients with FUO not
responding to �5 days of appropriate antimicrobial treatment. Decisions
could be individualized. For example, the appearance of lung infiltrates on
chest X-ray, suspicious mucosal skin lesions or eye/sinuses inflammation,
should prompt at any time point the initiation of antifungal treatment.
History of a documented IFI is an indication for the administration of antifun-
gal therapy as secondary prophylaxis, as soon as the patient is rendered neutro-
penic (and for the whole duration of neutropenia) (119). Amphotericin B, its
lipid formulations, and caspofungin have been shown equally effective as
empiric antifungal therapy in the management of neutropenic FUO (123–125).
Voriconazole has proved to cause less breakthrough fungal infections, but
failed to reach the noninferiority end point compared to liposomal amphotericin
B in the empiric antifungal treatment of neutropenic FUO (125). Its extensive
use nowadays as treatment or prophylaxis in patients with cancer is
accompanied by reports of an increase in invasive zygomycosis incidence at
the same centers (126,127).

The optimal duration of empirical antifungal treatment has not been clearly
established. If the patient is afebrile and the neutropil count has recovered
(.500/cells/mm3), treatment can be discontinued. If the patient is afebrile and
stable but neutropenia persists, treatment can be stopped after two weeks of admin-
istration. In an unstable, febrile, neutropenic patient, treatment should continue
until fever and neutropenia resolves (120).

In the future, empiric antifungal therapy may be transformed to pre-emptive
antifungal therapy, based on nonculture methods (GM, PCR) and risk stratification
efforts (119).
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FIGURE 1 Febrile neutropenia and initial empiric treatment. Abbreviations: MASCC, Multinational
Association for Supportive Care in Cancer; MRSA, methicillin-resistant Staphylococcus aureus.
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Strategy of Treatment During the Febrile Episode
The first time point for the evaluation of the initial, empiric antimicrobial treat-
ment is after 72 hours of treatment have been completed (Figs. 1–3). Elting et
al. found that the median time to clinical response in hospitalized patients with
cancer is five to seven days, while in low-risk patients, defervescence may be
achieved in only two days (128,129). If the patient is afebrile after 72 hours and
the episode was an FUO, in a low-risk stable patient without mucositis, treatment
will continue until at least seven days of treatment have been completed, or it
could also be stepped down to an oral regimen and the patient could be sent
home. For some clinicians, resolution of neutropenia before treatment discontinu-
ation may be preferable (6). If a pathogen has been identified, treatment can be
modified, but change of a broad to a narrow, spectrum therapy is not rec-
ommended because of the risk of breakthrough infections (130). For unstable
patients with mucositis and profound neutropenia, treatment should be continued
for at least two weeks and for as long the patient is unstable or neutropenia pro-
found (,100/ cells/mm3) (6).

If fever as FUO persists after five days, the patient needs to be reassessed for
occult fungal infection, a bacterial site of infection, for atypical opportunistic infec-
tions (viruses, mycobacteria), resistant organisms, suboptimal dosing of anti-
biotics, or noninfectious causes of fever (drug fever, underlying disease, GVHD,
phlebitis, transfusions, etc.). Removal of CVCs without clear-cut evidence in
case of FUO is not helpful (129). If no other causes of persisting fever are revealed,
the next step is the addition of empiric antifungal therapy, with or without
modification of the initial antimicrobial regimen (119). Simultaneous continuation
of the same antimicrobial regimen may be preferable for stable patients who are
expected to have a rapid recovery of neutrophils. Modifying by changing from
one broad-spectrum antibiotic to another (e.g., from piperacillin/tazobactam to
a carbapenem) may be done, epidemiology of resistance permitting, though is

 Duration of antimicrobial therapy

Defervescence after 3-5 days FUO Persists 

Neutrophils ≥ 500/mm3

X 2 concecutive days 

Noneutrophlis < 500/mm3

day 7 of treatment 

Discontinue
antibiotics if

patient afebrile
for 48 hoursa

 

Low-risk
patient and
clinically
stable  

- high risk patient
- neutrophils<100/mm3

- Mucositis present
- Patient clinically unstable  

 

Discontinue
antibiotics if

patient afebrile
for 5-7 days

Continue
antibotics

neutrophils ≥ 500/mm3 neutrophils < 500/mm3

Discontinue
antibiotics 4-5 days

after neutrophil
recovery 

 
Continue

antibiotics for 2
weeks and
reevaluate  

 

 Reevaluation Discontinue antibiotics
if FUO and patient
clinically stable  

 

a treatment duration of at least 5 days  

FIGURE 3 Duration of antimicrobial treatment.

48 Antoniadou and Giamarellou



not supported by published evidence. Discontinuation of antimicrobials is not rec-
ommended (119). Empirical addition of vancomycin is also not recommended,
because recent studies (116) have shown that the addition of a glycopeptide to
persistently febrile neutropenic patients without evidence of a gram-positive
infection is of no benefit. If a glycopeptide was a part of the initial regimen, it
should be discontinued in patients with persistent FUO or no isolation of a
gram-positive pathogen (6). If neutropenia and FUO persist, antimicrobial treat-
ment should continue for at least two weeks (6). If neutropenia resolves and
FUO persists, the patient must be evaluated for chronic disseminated candidiasis
or other fungal or viral diseases, and antimicrobial treatment may be discontinued
five days after neutrophil’s recovery (6).

Empirical antiviral therapy is not recommended at any time point (6). It could
be added in patients with oral lesions suggestive of herpes simple virus (HSV)
infection (acyclovir), in patients with esophagitis (acyclovir or gancyclovir), or in
patients with viral respiratory disease indicative of RSV (ribavirin), influenza, or
parainfluenza infections (amantadine). HSV can cause serious morbidity in neutro-
penic patients after BMT, during the first month after transplantation, through sys-
temic or CNS infection (131), while respiratory viruses can be the cause of serious
pneumonias or interstitial pneumonitis leading to respiratory failure.

OTHER CONSIDERATIONS INCLUDING PROPHYLAXIS

Colony-stimulating factors and granulocyte transfusions are not routinely rec-
ommended. They might be helpful in documented infections that are not respond-
ing to appropriate treatment, in severe uncontrolled fungal infections, and in
specific life-threatening infections such as pneumonia. They may be used as pro-
phylaxis in high-risk patients with expected long duration of neutropenia (�10
days) and with a high risk of a febrile episode (.40%). The use of colony-stimulat-
ing factors in patients with febrile neutropenia due to cancer chemotherapy does
not affect overall mortality, but reduces the amount of time spent in the hospital
and the neutrophil recovery period. It is not clear whether colony-stimulating
factors have an effect on infection-related mortality (132–134).

Routine use of antibacterial and antifungal prophylaxis for all patients with
afebrile neutropenia is not recommended in the latest versions of IDSA’s guidelines
(6). It may be beneficial in high-risk patients with expected prolonged neutropenia
(such as BMT patients) but it should be given for the shortest duration possible (6).
Two recent meta-analysis (135,136), published in 2005, come to doubt and reverse
what, during previous years, was established as evidence-based knowledge by pre-
vious meta-analysis (137,138) on which guidelines are based: that although oral
antimicrobial prophylaxis reduces Gram(2) and documented infections, the inci-
dence of febrile episodes and, subsequently, duration of hospitalization and days
of antibiotic use, it does not decrease overall, infection-related mortality, con-
tributing to the emergence of resistance and accelerated toxicity. The first meta-
analysis (135) (95 trials of, 52 were quinolone based) showed that in patients with
hematological malignancies, quinolone prophylaxis reduces overall and infec-
tion-related mortality, whereas the second (136) (22 trials) also confirmed a
reduction in infection-related mortality due to bacterial causes in a mixed popu-
lation of patients with solid tumors or hematological malignancies receiving
corimoxazole or a quinolone. How this will affect future guidelines is not yet
known, considering that studies have also shown that oral antimicrobials do not
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alter the protecting effect exhibited by growth factors in patients with chemother-
apy-induced neutropenia.

Prophylaxis against Pneumocystis jirovecii pneumonia (PCP) (cotrimoxazole)
should be given to all patients at risk [BMT, lymphoma, or chronic lymphatic lym-
phoma (CLL) patients, or patients treated with corticosteroids] (6).

Studies have shown the effective role of antifungal prophylaxis in the
reduction of superficial infections and in the need for empirical antifungal treat-
ment, in reduction of invasive fungal disease and with a trend for reduced mortality
(139). The effective role of fluconazole against prevention of superficial infections
and systemic candidiasis was shown in patients with BMT and is recommended
for this population until engraftment in the dose of 400 mg/day (140). Consider-
ations exist today about the narrow spectrum of fluconazole and the increasing inci-
dence of mold infections and infections due to fluconazole-resistant Candida
strains (141). New data have been added by studies using IV itrazonazole and lipo-
somal amphotericin B as antifungal prophylaxis. A reappraisal of this issue through
new recommendations is pending. New antifungal agents, such as the echinocan-
dins and the new azoles, are available and may have a potential role in antifungal
prophylaxis. Future studies should evaluate which strategy is more useful: prophy-
laxis or pre-emptive therapy (142).

High-efficiency particulate air (HEPA) filtration seems to be effective in
reducing mold infections. It is recommended in BMT patients along with positive
pressure rooms with .12 air exchanges per hour, especially in facilities under-
going construction and renovation. Debate exists about the effectiveness of the
laminal airflow systems, which are not generally recommended. All neutropenic
patients require careful barrier nursing, including strict hygienic practices
(gown, mask, sterile gloves), daily patient skin care and strict adherence to
hand hygiene rules, avoidance of plants and flowers, and dietary restrictions
that include raw vegetables and salads and everything that is not well cooked,
or boiled, or pasteurized. Visitors must be limited and without exposure to
viral diseases. Adherence to such procedures is the first step toward effective pro-
phylaxis (142,143).

Patients with febrile neutropenia, especially after BMT, who present with
respiratory failure or hemodynamic instability may need the support of a
medical intensive care unit (MICU). Admission of cancer patients with serious
medical complications to the ICU remains controversial primarily because of
the high short-term mortality rates in these patients. A number of studies (144–
148) have evaluated the risk factors for mortality and the differences between sur-
vivors and nonsurvivors among neutropenic patients admitted in the ICU.
Admission to the ICU worsens the prognosis substantially, but only the number
of organ system failures at admission (expressed as number, SOFA, or SAPS II
score) and respiratory failure [requiring intubation and mechanical ventilation
(19% survival rates in intubated patients vs. 66% in nonintubated)] remains pre-
dictive of ICU mortality, which is comparable to severely ill noncancer patients
(.47%). Septic shock among cancer patients admitted to the ICU has a mortality
rate similar to that reported for mixed populations (.50%) and is particularly
increased when hepatic or respiratory dysfunction develops. Neutropenia and
its duration and underlying disease progression is not associated with a worse
prognosis in terms of mortality, and general reluctance to admit cancer patients
to an ICU does not seem to be justified. In the ICU, CSF administration does
not seem to alter the clinical outcome (149).
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SUMMARY

Febrile neutropenia is a syndrome commonly anticipated in patients receiving
treatment for cancer. In 60% of cases and due to a blunted inflammatory reaction,
it presents as FUO and constitutes a medical emergency because of the high mor-
tality of occult gram-negative bacteremia that may be present. For the last three
decades, its management has included the prompt administration of empiric anti-
bacterial therapy, a tactic that resulted in a subsequent reduction in mortality. Chal-
lenges remain the administration of the most appropriate empiric treatment
regimen adapted to the evolving and changing epidemiology of infections in neu-
tropenic patients, the development of markers of early diagnosis of severe bacterial
or fungal infections, the risk stratification of patients, the establishment of targeted
empiric (pre-emptive) antifungal therapy criteria, and the containment of the anti-
microbial resistance that compromises effective treatment efforts through effective
antibiotic policies and implementation of infection control measures, especially
hand hygiene. The need for targeted antimicrobial or antifungal prophylaxis and
supportive strategies, such as the use of growth factors, awaits to be further
clarified.
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B7 Fever of Unknown Origin in
Rheumatic Diseases

Burke A. Cunha
Infectious Disease Division, Winthrop-University Hospital, Mineola, New York, U.S.A.

OVERVIEW

Fever of unknown origin (FUO) is uncommonly due to rheumatic or collagen
vascular diseases. Petersdorf, in his classic 1961 description of FUOs, described
the various etiologies of prolonged undiagnosed fever. At that time, infectious dis-
eases were the most common cause of FUO followed by malignancy, and the next
most common category was that of collagen vascular diseases. Since 1961, there
have been a variety of serological diagnostic tests helpful in the diagnosis of
most collagen vascular diseases. The result has been that collagen vascular diseases
are a relatively uncommon cause of FUO at the present time (1). Rheumatic diseases
such as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) are rare
causes of FUO because of the many serological tests currently available to diagnose
these disorders. The collagen vascular diseases that continue to be diagnostic pro-
blems, presenting as FUOs include those which are not readily diagnosable by
simple or specific diagnostic tests. At the present time, collagen vascular diseases
that are likely to remain undiagnosed after one month of fever and one week of
inpatient/outpatient diagnostic testing include Kikuchi’s disease, Takayasu’s
arteritis, late onset rheumatoid arthritis (LORA), polymyalgia rheumatica (PMR),
temporal arteritis (TA), vasculitides, for example, periarteritis nodosa (PAN), and
adult juvenile rheumatoid arthritis (JRA) also known as adult onset Still’s
disease (1,2).

Two collagen vascular diseases are special diagnostic problems, that is,
sarcoidosis and SLE. Patients with SLE presenting as FUOs are either those
initially clinically presenting with a flare, or fever because there is not an antece-
dent history of SLE and remain undiagnosed if the practitioner does not recognize
the possibility of SLE and order the appropriate serological tests to confirm
the diagnosis. The diagnostic difficulty is compounded in patients who have no
history of SLE and present with an FUO, with clinical features uncharacteristic
of SLE. Immuno-modulatory viruses, for example, cytomegalovirus (CMV), may
induce a flare of SLE or, rarely, may cause such immunological pertubation of
the immune system as to result in de novo SLE after following CMV infection (3).

Sarcoidosis is the other rheumatic disease that may be problematic. Sarcoido-
sis is basically an afebrile granulomatous disorder. There are three variations of
sarcoidosis associated with fever, that is, uveoparotid fever (Heerfordt’s syn-
drome), massive granulomatous involvement of the liver with granulomatous
hepatitis secondary to sarcoidosis, and sarcoid meningitis, which is a basilar menin-
gitis affecting the thermoregulatory center of the anterior hypothalamus. Excluding
these three sarcoid variants, sarcoidosis with fever should suggest two possibilities.
The first is that the diagnosis of sarcoidosis is incorrect and there is another disorder
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mimicking sarcoidosis responsible for the fever. Alternately, sarcoidosis may be
complicated by infectious and noninfectious disorders causing fever. If the
patient truly has sarcoidosis, and in addition has fever, this may present as an
FUO and be a difficult diagnostic problem. Sarcoidosis with pleural effusion and
fever should suggest superimposed tuberculosis as an explanation for the patient’s
prolonged fevers (1). Alternately, some patients with sarcoidosis undergo malig-
nant transformation resulting in a B-cell lymphoma, the so-called sarcoidosis-
lymphoma syndrome (4). Alternately, sarcoidosis can also undergo a malignant
transformation into chronic lymphatic leukemia (Richter’s transformation).
Although rare, sarcoidosis presenting as an FUO excluding uveal tract, hepatic,
and central nervous system (CNS) involvement, should suggest the possibility of
superimposed tuberculosis (TB) or malignancy, that is, B-cell lymphoma or
chronic lymphatic leukemia (CLL). Similarly, whereas SLE by itself is unlikely to
present as an FUO, SLE with CMV may rarely present as FUO (4) (Tables 1–3).

TABLE 1 Fever of Unknown Origin: Rheumatic Causes

Common
Adult Still’s disease/ juvenile rheumatoid arthritis (JRA)
Polymyalgia rheumatica/temporal arteritis (PMR)/(TA)

Uncommon
Late onset rheumatoid arthritis (LORA)
Periarteritis nodosa (PAN)
Systemic lupus erythematosus (SLE)

Rare
Sjogren’s syndrome
Familial Mediterranean fever (FMF)
Behçet’s disease
Pseudogout
Takayasu’s arteritis
Kikuchi’s disease

TABLE 2 Fever of Unkown Origin: Rheumatic Disorders—Physical Finding Clues

Anatomic region PE findings Rheumatic disorder

Eyes Band keratopathy Adult JRA
Dry eyes LORA

SLE
Watery eyes PAN
Conjunctivitis SLE
Uveitis SLE

Lymph nodes Lymphadenopathy Adult JRA
Kikuchi’s disease

Spleen Splenomegaly Kikuchi’s disease
Genitals Epididymo-orchitis PAN
Skeletal Arthritis LORA

SLE

Abbreviations: JRA, juvenile rheumatoid arthritis; LORA, late-onset rheumatoid arthritis; PAN,
periarteritis nodosa; SLE, systemic lupus erythematosus.
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FUO: THE MOST COMMON COLLAGEN VASCULAR DISEASE ETIOLOGIES
Polymyalgia Rheumatica/Temporal Arteritis
Polymyalgia rheumatica (PMR) is a collagen vascular disease of undetermined
etiology that is most common in the elderly. Clinically, polymyalgia presents
with fever, fatigue, and muscle stiffness in the limb girdle distribution. Importantly,
patients with PMR complain of muscle stiffness or soreness, but not muscle weak-
ness. This is confirmed by physical examination where PMR patients do not have
demonstrable muscle weakness. Because there are no localizing signs with PMR,
it can present as an obscure cause of prolonged fevers.

Temporal arteritis (TA) is a variant of PMR with involvement of the temporal
arteries. TA is also known as giant-cell arteritis and is an uncommon cause of arter-
itis of mid- and large-sized extracranial arteries of the head and neck. Patients with
temporal arteritis may present with headaches, either generalized or over any part

TABLE 3 Fever of Unknown Origin: Rheumatic Disorders—Laboratory
Test Clues

CBC Rheumatic disorders
Leukopenia SLE

Kikuchi’s disease
Monocytosis SLE

PAN
TA

Eosinophilia PAN
Lymphopenia SLE
Thrombocytosis PAN

ESR
Highly elevated (.100 mm/hr) Adult JRA

SLE
PMR/TA
PAN
LORA
FMF
Kikuchi’s disease
Takayasu’s arteritis

LFTs
" Alkaline phosphatase PAN
" SGOT/SGPT Adult JRA

Kikuchi’s disease
SPEP

Polyclonal gammopathy PAN
Takayasu’s arteritis

RFTs
Renal insufficiency SLE

PAN
Ferritin
" Ferritin levels Adult JRA

SLE

Abbreviations: CBC, complete blood count; ESR, erythrocyte sedimentation rate;
FMF, familial Mediterranean fever; JRA, juvenile rheumatoid arthritis; LFTs, liver
function tests; LORA, late onset rheumatoid arthritis; RFT, renal function tests;
PAN, periarteritis nodosa; PMR, polymyalgia rheumatica; SGOT/SGPT, serum
glutamic-oxaloacatic transaminase/serum glutamic pyruvate transaminase; SLE,
systemic lupus erythematosus; SPEP, serum protein electrophoresis; TA, temporal
arteritis.
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of the scalp, but classically located over one or both temporal arteries. TA may
accompany PMR. Because TA is an arteritis, there may be involvement of the
ophthalmic arteries in addition to the temporal arteries. Unilateral visual impair-
ment is a serious complication of TA and requires immediate therapy with steroids
to prevent permanent blindness. Not all patients with TA demonstrate tenderness
over the temporal arteries, and, in these patients, TA is a difficult diagnosis that
depends on demonstrating arteritis and a temporal artery biopsy. One of the few
clinical clues, if present, to TA is persistent dry cough. In addition to fever, patients
with TA may also present with anorexia, weight loss, and night sweats. Physical
findings include headache or scalp tenderness. Angle of the jaw pain may be
noticed by the patient during mastication (1,5).

There are no specific tests for PMR or TA, although nonspecific laboratory tests
may provide clues pointing towards the diagnosis of TA. The complete blood count
(CBC) may show anemia and thrombocytosis in TA. The anemia in TA is the anemia
of chronic disease. Thrombocytosis of TA is due to chronic inflammation. In an elderly
patient, the findings of anemia and thrombocytosis are often overlooked as poten-
tially useful diagnostic laboratory clues associated with TA. Anemia and thrombocy-
tosis are, of course, nonspecific, but, in an obscure case, take on added diagnostic
significance especially if found in conjunction with other laboratory or clinical find-
ings. Patients with TA may also demonstrate a mild increase in the serum transamin-
ases or alkaline phosphatase. The single most important laboratory test to suggest the
possibility of either PMR or TA is a highly elevated erythrocyte sedimentation rate
(ESR). The ESR, while nonspecific, is useful if highly elevated, that is, �100 mm/
hour. A highly elevated ESR should suggest the possibility of collagen vascular
disease, particularly PMR or TA, in an FUO patient with no other findings or localiz-
ing signs. Other nonspecific laboratory tests that may indicate TA or a variety of other
abnormalities presenting with FUO include the serum protein electrophoresis (SPEP).
Elevations of the alpha 1/alpha 2 globulins on the SPEP in an FUO patient should not
be ascribed as being acute-phase reactants, since, by definition, the patient has a
prolonged illness. Elevations of the alpha 1/2 globulins in the setting of FUO
should suggest the possibility of TA or lymphoma.

The other laboratory tests useful in patients with FUO, which, although non-
specific, may also be helpful in suggesting a diagnosis, are serum ferritin levels.
Elevated serum ferritin levels are often incorrectly ascribed as being acute-phase
reactants. Mild transient elevations of the serum ferritin level in an acute febrile
illness certainly indicate that the ferritin level is a manifestation of the acute-
phase reaction. However, in FUO patients, the onset and duration of serum ferritin
elevations, as well as the magnitude of ferritin levels, indicate that elevated serum
ferritin levels in this clinical context is an important diagnostic finding and
should not be considered as an acute-phase reactant. In the context of FUO,
highly elevated ferritin levels should suggest a variety of diagnostic possibilities.
In a patient with FUO and elevated ferritin levels, diagnostic possibilities that
should be entertained should include malignancies, that is, myelodysplastic
syndrome, lymphomas, solid tumors, lymphoreticular malignancies, adult Still’s
disease, and TA (1,5–7).

FUO: Adult Onset Juvenile Rheumatoid Arthritis
Arguably, adult onset juvenile rheumatoid arthritis (JRA) is the most important col-
lagen vascular disease cause of FUO. Adult JRA presenting as an FUO has a
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characteristic fever pattern. Fever patterns are helpful with selected infectious and
noninfectious disorders, and the more specific the fever pattern, the more likely the
finding is to be of diagnostic significance. Patients with adult JRA typically have a
“double quotidian” pattern. A “double quotidian” fever is one that has two fever
spikes each day, separated by lower, more normal temperatures, and is not artifi-
cially induced by antipyretics. Double quotidian fever occurs in relatively few
infectious-disease disorders, that is, right-sided gonococcal endocarditis, mixed
malarial infections, visceral leishmaniasis, and adult JRA. Of the infectious dis-
orders characterized by double quotidian fevers, only visceral leishmaniasis
(Kala-Azar) and adult JRA can present as FUOs (1,5).

Patients with adult JRA typically have a truncal, salmon-colored, evanescent,
maculopapular rash. Patients with adult JRA also demonstrate dermographia or
the Koebner phenomenon. Patients with adult JRA may complain of a migratory
polyarthritis or more commonly present with pauci or oligoarticular arthritis.
Adult JRA patients may also complain of visual symptoms. On physical examin-
ation, adult JRA patients typically have hepatosplenomegaly as the predominant
physical finding. Patients with fever, pauci articular arthritis, visual complaints,
and an evanescent rash with liver or spleen involvement should be considered as
having adult JRA until proven otherwise.

Routine laboratory tests are generally unhelpful in adult JRA. The CBC is
unremarkable. The ESR is moderately to highly elevated. Importantly, all of the
usual serological tests for RA, (rheumatoid factor, ANA) and SLE (ANA, anti
double-stranded DNA) are negative. In patients with hepatomegaly, the alkaline
phosphatase may be mildly elevated, but serum transaminases are usually
normal. An important nonspecific test that is frequently elevated in adult JRA is
the serum ferritin. Prolonged and highly elevated serum ferritin levels occur
with JRA and are a nonspecific clue to the diagnosis. In a patient with FUO, an elev-
ated ferritin level may suggest a variety of disorders ranging from malignancy to
TA or adult JRA. The magnitude of the elevation of the serum ferritin is pro-
portional to disease activity in adult JRA. Elevated serum ferritin levels in the pre-
sence of a double quotidian fever would be diagnostic of adult JRA (1,8).

Vasculitis
Although rare as a cause of FUO, the rheumatic disorders causing FUO are treata-
ble. The collagen vascular diseases presenting as FUO that are due to vasculitis may
be obscure (9,10). Takayasu’s arteritis, a rare cause of arteritis and FUO, presents
with diminished arterial pulses. The diagnosis of Takayasu’s arteritis is made by
biopsy. Takayasu’s arteritis is usually treated with steroids because of their anti-
inflammatory properties. The CBC in Takayasu’s arteritis is usually unremarkable.
Importantly, eosinophilia is not present. The ESR is typically elevated and there
may be some degree of thrombocytosis (1,10). One study indicates that Takayasu’s
arteritis may be amenable to treatment with minocycline.

Patients with adult Still’s disease present with pauciarticular and visual
symptoms commonly. The most important sign of adult JRA is the presence of a
double quotidian fever, which, in an FUO patient, is virtually diagnostic. Physical
examination may reveal an evanescent, truncal, salmon-colored rash. More com-
monly, hepatosplenomegaly is present in such patients. Nonspecific laboratory
tests include an elevated ESR, elevated serum ferritin levels; serum ferritin levels
are also an index of disease activity and an important diagnostic clue in adult
JRAs with FUO (1,5,8).
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B8 Fever of Unknown Origin in HIV Patients
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OVERVIEW
Importance
Fever of unknown origin (FUO) in human immunodeficiency virus (HIV)-infected
patients is a challenging test of the acumen of the physician. The characteristics of
FUO in HIV-infected persons have been published in several studies conducted
prior to the advent of the new HIV therapies and published from 1992 to 1999
(Table 1). In this chapter, we will review these series on FUO in HIV (19). Since
they have been reported, however, the introduction of highly active antiretroviral
therapy (HAART) has resulted in a dramatic reduction in various AIDS-related ill-
nesses that themselves cause FUO (10,11). In addition, newer manifestations of the
classic AIDS-associated opportunistic infections, the immune reconstitution inflam-
matory syndromes (IRIS), were first described shortly following the use of HAART
(12)]. This chapter will summarize the findings in the two series, which have eval-
uated the effect of potent antiretroviral therapy on the incidence and clinical mani-
festations of specific diseases that cause FUO in HIV-infected patients (13,14).

CLINICAL FEATURES
Fever of Unknown Origin in HIV-Infected Persons in the Pre-HAART Era
Prior to the HAART era, fevers �101ºF, persisting for .4 weeks as an outpatient or
four days as an inpatient without an obvious source (FUO) were not an infrequent
occurrence in the late stage of HIV infection. In the seven largest series published on
FUO in HIV-infected persons (Table 1), the mean CD4 cell counts were all ,100
cells/mm3 (range: 40–98/mm3). Thus, in HIV-infected persons, FUO tends to
occur in the late stage of HIV infection (1–9). In these reports, the incidence of hos-
pitalization for FUO among hospitalizations in HIV-infected persons was variable
(3.4–21%) (13). Nonetheless, they each note that several HIV-associated illnesses
may present with undifferentiated fever prior to the onset of specific organ-
related symptoms. Examples include lymphoma, Pneumocystis jirovecii pneumonia
(PCP), Leishmaniasis, infections due to cytomegalovirus, Cryptococcus neoformans,
Toxoplasma gondii, and Mycobacterium tuberculosis. Other illnesses, such as disse-
minated mycobacterium avium intracellulare (MAI) infection and histoplasmosis,
may present with constitutional symptoms alone in the absence of specific symp-
toms of organ involvement.
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Table 1 shows that infections are the most common cause of FUO, accounting
for approximately 90% of cases in which a diagnosis was determined. Mycobacter-
ial infections, both M. tuberculosis and M. avium, account for the majority of
these cases. The remaining infections are due to pyogenic infections, T. gondii,
P. jirovecii, C. neoformans, and Leishmania spp. Cytomegalovirus and HIV itself
account for a small percentage of FUO, approximately 4% each. In several of
these series, the cause of FUO was attributed to HIV alone when the diagnostic
evaluation did not reveal a specific etiology and when the patient defervesced
following antiretroviral therapy. The diagnosis remains unestablished in approxi-
mately 15% of cases.

The distribution of illnesses responsible for HIV-associated FUO in the United
States differs from that reported in European countries (Table 1). In the United
States, Disseminated mycobacterial avium infectious (DMAC) is the single most
common cause of HIV-associated FUO, whereas it occurs less frequently in series
from European countries. Other diagnoses that account for FUO more often in
the United States than abroad include PCP, infections due to cytomegalovirus, dis-
seminated histoplasmosis, and neoplasia. In contrast, M. tuberculosis is the most
common cause of FUO in foreign countries, whereas this infection accounts for a
smaller number of cases in series from the United States. Similarly, leishmaniasis
and toxoplasmosis more commonly cause HIV-associated FUO in foreign countries
than in the United States (Table 1).

Regional variations in the prevalence of these infections likely explain the
different contribution they make to HIV-associated FUO according to geographic
location. Tuberculosis in the general population, for example, is less common in
the United States than in France or Spain. Similarly, leishmaniasis occurs more
often in Spain, France, and Italy than in the United States. Moreover, toxoplasmosis
is more common in France than in the United States. It is more difficult, however, to
assess the influence that differences in patient risk behaviors between the United
States and foreign series make to the clinical spectrum of HIV-associated FUO.
Injecting drug use, for example, was the most common risk behavior in foreign
series, accounting for 57% to 82% of cases, whereas this behavior was noted in
only 10% to 22% of cases reported from the United States (7). Thus, the impact of
the different risk behaviors on the spectrum of diseases accounting for FUO
remains speculative.

Fever of Unknown Origin in HIV-Infected Persons in the HAART Era
The introduction of HAART has led to a decline in the incidence of HIV-associated
FUO. In a retrospective study performed in Spain between 1997 and 1999, among
4858 patients receiving HAART, the frequency of FUO was 0.6% as compared to
3% in 2787 patients not receiving HAART (14). In addition, HAART has resulted
in unique manifestations of the same illnesses reported to cause FUO in the pre-
HAART era. The following sections describe how these trends have affected the
patient population and the clinical manifestations of HIV-associated FUO.

Decline in Opportunistic Illnesses in the HAART Era
There has been an overall decline in opportunistic illnesses (OIs), which was
initially reported after the introduction of HAART in 1996 (10,11) and sustained
throughout 2002 (15). Nonetheless, some patients receiving combination antiretro-
virals remain at risk for developing new OIs (16,17). Studies have identified
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pretreatment CD4 count ,200/mm (18) as HIV RNA level .100,000 copies/mL
(19) as independent predictors of progression to AIDS and death. In addition,
inadequate CD4 (20) count increases and persistent viremia (21), measured after
starting HIV treatment, are predictors of disease progression. Thus, several
studies have shown that adequate CD4 and viral load (VL) responses to HAART
provide a clinical benefit by protecting against HIV disease progression (22).

Studies of HIV-associated FUO in the HAARTera have supported this data. In
the two published series, the mean CD4 count at the time of FUO was low [102
cells/mm3 (W), 68 cells/mm3 (L)] and was similar to those noted during FUO in
the pre-HAART era (13,14). Plasma viremia in these series differed, with one
series reporting a mean viral load of .300,000 copies/mL and the second a mean
HIV-RNA level of 1000 copies/mL. Larger studies are needed, but this data
suggest that poor CD4 count responses may be a greater predictor of the develop-
ment of FUO than level of viremia.

The inability to mount ample CD4 and HIV VL responses to HAART is not
uncommon for patients in the later stage of HIV infection (23)]. In one study, for
example, 21% of patients who started therapy with a CD4 count ,200/mm3

failed to achieve a CD4 count .200/mm3 at 173 weeks of follow-up, in contrast
to 0% of patients with baseline counts between 350 and 499 cells/mm3 (24). In
addition, a reduction in VL that cannot be maintained to low or undetectable
levels, in fact, is not uncommon for patients receiving HAART. For example, viro-
logic failure rates are especially high, varying from 20% to 70%, in those who are
either treatment-experienced or have low CD4 cell counts and high VL before start-
ing treatment (25).

Common Opportunistic Illnesses in the HAART Era That Are the Same
as in the Pre-HAART Era
Studies on AIDS events have shown that PCP and MAI remain the most frequent
OIs in the HAART era, as was the case in the pre-HAART era (26). For example,
one study demonstrated that chemoprophylaxis failure among those with the
most advanced immunosuppression was the most significant source of new PCP
cases (26). Additional studies have also shown that Kaposi’s sarcoma (KS) and
non-Hodgkin’s lymphoma (NHL) remain the major AIDS-associated malignancies
in the HAART era (27,28). In contrast, another study (29) has shown that cytomega-
lovirus (CMV) and cerebral toxoplasmosis now occur less frequently than reported
in the pre-HAART era.

These studies suggest that the most common OIs in the pre-HAART era are
unchanged in the HAART era. This appears to be true in HIV-associated FUO as
well (Table 2). In one U.S. study of 27 episodes of FUO after 1997, MAI and cryp-
tococcal infection were the most commonly diagnosed OIs, with single cases of
CMV, PCP, Candida infection, and herpes simplex virus (HSV). In this series,
however, pyogenic infections were responsible for nearly 50% of the infectious
etiologies of FUO. OIs were noted in only 36% of cases. This differs from reports
from the pre-HAART era (13). In Spain, M. tuberculosis, visceral leishmaniasis,
and MAI accounted for 69% of the infectious etiologies, again similar to the distri-
bution and frequency of OI noted in the pre-HAARTera in studies conducted in this
geographic region (14). Overall, in the two series, infections accounted for 85% to
100% of diagnoses, while neoplasms accounted for 4% and 0% of diagnoses.

As noted, in the pre-HAART era, FUO attributed to HIV itself was reported in
approximately 4% of cases and was diagnosed by rapid defervescence after
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initiation of antiretroviral therapy, without emergence of an alternate etiology. In
the HAART era, fever caused by HIV is reported in a single case described as an
acute retroviral rebound syndrome, which represents a new and different mani-
festation of fever caused by the virus than that noted previously (13).

Immune Reconstitution Inflammatory Syndrome: Newer Manifestations
of Classic Opportunistic Illnesses
Focal manifestations of opportunistic illnesses caused by a variety of organisms,
such as M. tuberculosis, M. avium complex, or C. neoformans, may occur in AIDS
patients with severe immune suppression who have an exuberant response to
HAART initiation (12). When reconstitution of the immune system occurs shortly
after the use of HAART, an inflammatory reaction can occur at sites of occult infec-
tion with a variety of pathogens (30–32). These abnormalities are the result of an
inflammatory reaction to the infecting organism as HAART restores cell-mediated
immune responses. The syndrome, referred to as the immune reconstitution inflam-
matory syndrome (IRIS), may reflect an unmasking of subclinical disease, or
worsen the intensity of an infection that was already apparent at the time of
HAART initiation.

Studies have identified IRIS as a focal inflammatory condition, which classi-
cally involves specific organ systems depending on the inciting organism.

TABLE 2 Reports of HIV-Associated FUO in the HAART Era

Report Lozano et al., 2002a Weissman et al., 2004

Country Spain U.S.A.
Mean CD4/VL 68/1,000 102/301,176
Mean time on HAART 349 d (15–810d) 10.8 monthsb

Total number of patients 32 26
Mycobacterium tuberculosis 12 0
Mycobacterium avium 4c 5c

Other mycobacteria 0 0
PCP 0 1
Cytomegalovirus 1d 1
HIV 0 1
Pyogenic infections 3e 9f

Lymphoma 2 0
Cryptococcosis 0 2
Leishmaniasis 6 0
Toxoplasmosis 0 0
Other diagnosis 0 8g

Unknown 4 5
More than one causative disease 0 5

aIncluded in table are only those on HAART.
b17 of 26 on HAART at presentation; of these mean time on HAART was 10.8 months.
cOne case in each series represents IRIS to MAI.
dCMV pneumonitis due to IRIS.
ePyogenic diagnoses include Q fever, pneumonia, and pancreatic abscess (1 each).
fPyogenic diagnoses include pneumonia (2) and C. difficile colitis, sinusitis with epidural empyema, pelvic
inflammatory disease, sacroiliitis, soft-tissue infection of the neck, urosepsis with small bowel obstruction, urinary
tract infection (1 each).
gOther diagnoses are: Candida esophagitis, HSV esophagitis, secondary syphilis, encephalitis, adverse drug
reaction to TMP/SMX (1 pt) and phenytoin (1 pt), polyclonal plasmacytic lymphoproliferative disorder.
Abbreviations: HAART, highly active antiretroviral therapy; HSV, herpes simplex virus; IRIS, immune reconstitution
inflammatory syndrome; MAI, Mycobacterium avium intracellulare; PCP, Pneumocytis jirovecii pnenmonia;
TMP/SMX, trimethoprim-sulfamethoxazole; VL, viral load.
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Manifestations most commonly occur within three months of initiating HAART
(75% of cases) (12). Furthermore, most patients have advanced immune suppres-
sion at the time of starting HAART (CD4 � 30/mm3) and a CD4 response to
HAART at the time of IRIS diagnosis (CD4 � 70/mm3). In these cases, focal invol-
vement of IRIS differs from the classic presentation of disseminated multiorgan
disease in patients with advanced immunodeficiency. For example, in IRIS due to
MAI, blood cultures taken from patients usually do not grow mycobacteria,
unlike in disseminated disease; rather, a biopsy of an involved focal organ, such
as lymph node, GI tract, or liver, may be required to establish a diagnosis (31). In
the two series published in the HAART era, four cases of IRIS (3 due to MAI, 1
due to CMV) were reported to cause FUO (7% of the total cases) (13,14).

DIFFERENTIAL DIAGNOSIS
Diagnostic Pitfalls
There are both similarities and differences in FUO in HIV-infected persons and the
general population. In both populations, conditions that may present with pro-
longed, undifferentiated fever prior to the onset of specific organ involvement
tend to account for FUO. PCP and infections due to cytomegalovirus, C. neoformans,
and Histoplasma capsulatum are examples of such diseases in HIV-infected persons,
while lymphoma and M. tuberculosis may result in prolonged undifferentiated fever
in either population. In addition, in either population, an unusual presentation of a
common disease is more likely to occur than a classic manifestation of more rare ill-
nesses. [In an HIV-infected person, for example, a variant presentation of PCP is
more likely to account for FUO than is Castleman’s disease]. In contrast, a feature
of FUO in HIV-infected patients—multiple etiologies accounting for a significant
number of cases 19% in one series (7), differs from FUO in the general population.
This feature has not been described in FUO series conducted in the general popu-
lation, but has been noted in one of the European reports on HIV-associated FUO
published abroad; multiple etiologies were responsible for 14% of cases in that
series (Table 1).

The laborious process of investigating FUOs is difficult to accomplish in
today’s medical environment. The process of carefully listening to and examining
a patient, contemplating the problem in a quiet environment, and collaborating
with others is an arduous task. Frustration, weariness, and impatience intervene
when a diagnosis is not promptly reached, and they render the physician vulner-
able to overlooking the appearance of a valuable new finding. The physician
must expect to devote a large amount of time to pacifying impatient relatives of
the patient and justifying the length of stay to responsible insurers and institutional
administrators who are desirous of a more expeditious solution. The physician
must pay attention to the patient’s fear of imagined diagnoses and assure the indi-
vidual’s compliance with the diagnostic plan. Despite such pressure, both external
and self-imposed, the physician will be rewarded by recognizing that the patient
has benefited from his/her approach: meticulous attention and logically pursuing
available diagnostic tests.

DIAGNOSTIC APPROACH
Value of Exposure History
In the evaluation of prolonged, unexplained fevers in HIV-infected patients, the
patient’s previous exposures, stage of HIV infection, and epidemiologic setting
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often provide important clues (1–9). For example, tuberculosis should be suspected
in any person who has had a recent or remote exposure to an infected individual or
who has resided in an endemic region. Similarly, histoplasmosis or coccidiomycosis
may occur in persons who have had an exposure to endemic regions within the
United States. Leishmaniasis should be considered in persons who have had
prior exposure to South America or the Mediterranean region. Infections due to
Penicillium marneffei should be considered in persons who lived in Southern Asia.
Also, extrapulmonic Pneumocystis may be identified in a patient who is in the late
stage of infections and has been receiving aerosolized pentamidine. Infections
due to Bartenella henselae should be considered in individuals who have had
exposure to cats; the organism may be identified by isolator cultures of blood.
Finally, lymphoma should be suspected in a patient without an exposure history
to a particular pathogen.

Value of Physical Findings
In the evaluation of prolonged, unexplained fevers, diagnostic testing in HIV-
infected patients is guided by notable findings on the physical examination or
abnormal values in a routine laboratory test. The careful evaluation of patients
necessary to reach a diagnosis cannot be replaced by the early use of new diagnostic
tests. One study in the general population showed that diagnosis required a mean
time of 19 days (range: 1 day to 8 months), 11 days of hospitalization (range: 3 days
to 5 weeks), and four outpatient visits (range: 0–11 outpatient visits) (33). Since an
average hospital length of stay of 19 days for FUO exceeds that which is federally
allotted by Medicare for this illness by 13 days (34), a substantial portion of the
evaluation must take place in an outpatient setting, if the patient’s condition
allows. This fact supports the revised definition of the diagnostic criteria for FUO
stipulating that the evaluation of a patient by a physician may be performed
outside of a hospital setting.

The approach to FUO in HIV-infected patients is influenced by whether
abnormal findings are present in the early or later stages of FUO. Several studies
in the general population have reaffirmed the paramount importance of protracted
study of patients in the evaluation of FUO for those cases in which no abnormal
findings are present in the early stages of the illness. Prolonged, meticulous obser-
vation yields crucial findings that do not become evident until a late stage of the
illness. In one series of classic FUO in 86 patients, repetition of the physical exam-
ination, selected laboratory tests, or observation after specific therapeutic interven-
tion led to a diagnosis in 28 of 86 cases (33).

Noninvasive Tests
Cultures of blood for bacteria, mycobacteria, and fungi using an isolator technique
are valuable diagnostic tests in the evaluation of FUO in HIV-infected persons. In
one report, isolator blood cultures had a sensitivity of 75% for disseminated
M. avium infection; other reports suggest a sensitivity of 64% to 85% for mycobac-
teria. Available technology of isolator cultures includes Bactec, Dupont Isolator, and
lysis-centrifugation systems; the comparative yield for each of these systems for
FUO in HIV-infected persons is unknown (35). In contrast, quantitative CMV
antigen testing or polymerase chain reaction (PCR) testing for cytomegalovirus
has not been proven to be a reliable test in establishing the diagnosis of dissemi-
nated cytomegaloviral infection, because patients may be viremic without having
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disease due to CMV infection (36). Diagnosis of CMV esophagitis, colitis, gastritis,
or pneumonia requires pathological evidence of the virus effects; retinitis may be
diagnosed by fundoscopic examination.

Serum and urine antigen techniques are useful in identifying certain fungal
and viral infections. The serum cryptococcal antigen is sensitive and specific for
detecting dissemination with C. neoformans, and is therefore a useful test for this
purpose (37). Detecting Histoplasma antigen in urine or serum is very sensitive
and specific in diagnosing disseminated histoplasmosis; serial antigen assessments
were also found useful to monitor response to therapy (38).

For the diagnosis of PCP, expectorated sputum is rarely diagnostic, as the
cough is nonproductive in most cases. Nebulizer-induced sputum is available as
a diagnostic aid in many cases because of the high number of organisms present
in alveoli (39). The technique involves centrifugation of liquefied sputum and stain-
ing the specimen with a direct fluorescent monoclonal antibody that reacts with the
cyst wall (40). This test may establish the diagnosis of PCP in a noninvasive fashion
and obviate the need to perform bronchoscopy for the diagnosis of PCP.

Thus, many cases of FUO in HIV-infected patients may be identified by a
variety of noninvasive tests, as was shown to be the case in one series (Table 3).
This table lists the diagnostic methods according to the number of times they
yielded the diagnosis that was taken from one series (7). Overall, in that series,
the diagnosis was established by noninvasive means as often as invasive

TABLE 3 Diagnostic Method According to the Number of Times
It Yielded a Diagnosis

Method Instances FUO identified no. (%)

Noninvasive methods
Blood isolator cultures 16 (22)
Respiratory specimena 7 (10)
Clinical course/exam 5 (7)
Noninvasive radiologic procedure 3 (4)
Blood smear 3 (4)
Stool culture 1 (1)
Serology 1 (1)
Total 36 (50)

Invasive testing
Respiratory specimenb 11 (15)
Bone marrow examination 5 (7)
Lymph node biopsy 4 (6)
Liver biopsy 4 (6)
Lung biopsy 3 (5)
Intestinal biopsy 2 (3)
Skin biopsy 2 (3)
Lumbar puncture 2 (3)
Esophageal biopsy 1 (1)
Brain biopsy 1 (1%)
Mediastinal biopsy 1 (1%)
Total 36 (50%)

aSpecimen obtained as a result of expectoration or induction of sputum.
bSpecimen obtained by bronchoscopy; includes brushings and bronchoalveolar
lavage.
Abbreviation: FUO, fever of unknown origin.
Source: From Ref. 7.
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methods. Several factors, including advances in diagnostic capabilities, may
account for this observation. As outlined above, blood cultures with use of the
lysis-centrifugation technique may identify mycobacteria and obviate the perform-
ance of a bone marrow aspiration. The demonstration that isolator blood culture
yielded the greatest number of diagnoses in one series (22%) (7) supports this
hypothesis. In other instances, available molecular techniques have supplanted
the need for pathologic analyses of surgically obtained tissue; for example, presence
of JC viral PCR in spinal fluid may establish the diagnoses of progressive multifocal
leukoencephalopathy and prevent the need to perform invasive procedures. In
some cases, serology has supplanted the need for pathologic analysis of surgically
obtained tissue as well, such as avoiding a brain biopsy in a patient with reactive
serologies to T. gondii or in a patient with multifocal enhancing brain masses (35).

It is possible that the number of cases of FUO diagnosed by noninvasive tech-
niques may increase in the future if new noninvasive diagnostic tests are introduced.
The development of potential adjunctive diagnostic assays, such as the polymerase
chain reaction for disseminated M. avium (MAI) infection, may further reduce the
need for invasive procedures by identifying the organism far in advance of the
time that is required to isolate it from blood cultures (35). Finally, advances in obtain-
ing expectorated sputum and analyzing it for the presence of P. jirovecii by PCR will
drastically reduce the need for bronchoscopy for the diagnosis of PCP in persons
with AIDS who have had prolonged fevers (35). Caution must be exercised when
interpreting results from newer technology, however. For example, PCR for
Epstein-Barr virus in the CSF has been promoted as obviating the need for brain
biopsy in patients with mass lesions in the brain by indicating a presumptive diag-
nosis of central nervous system (CNS) lymphoma. Additional data suggests that the
positive predictive value of this study was 29% in one series (41). Therefore, judi-
cious use of invasive procedures when the likelihood of obtaining a diagnosis is
high remains appropriate.

When the initial and subsequent evaluation for FUO has been unrevealing,
abdominal computed tomography (CT) scan occasionally proves to be a useful diag-
nostic tool (7,42). Occasionally, peritoneal masses or a group of enlarged retroperito-
neal lymph nodes may be identified on the scan; a directed CT-guided biopsy of
these abnormal areas on CT scan may reveal the cause of fevers. Gallium scans
and indium-labeled white blood cells (WBC) scans are frequently performed in
the setting of prolonged unexplained fevers (43), but the utility of these tests for
the evaluation of FUO in HIV-infected patients remains to be established; as many
as 50% of abnormalities detected in one study were unconfirmed. This high rate
of false-positive results, which may lead to unnecessary additional tests, diminishes
enthusiasm for these studies at present (44). Fluorodeoxyglucose (FDG)-positron
emission tomography (PET) scanning may be more promising, but additional
studies are needed. Brain scans in 23 patients with space-occupying lesions
showed a sensitivity and specificity of 100% for differentiating lymphoma from
infectious etiologies [progressive multifocal leukoencephalopathy (PML), toxoplas-
mosis] in one study (45).

Invasive Testing
Although sensitive, noninvasive tests for providing the diagnosis of many con-
ditions responsible for FUO in HIV-infected persons has reduced the need to
perform invasive procedures, some invasive measures continue to play a major
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role in identifying causes of FUO. For example, in one series, respiratory specimens
that led to a diagnosis were obtained invasively in 11 of 18 times (7). Other useful
diagnostic methods in that series included bone marrow examination (7%), and
biopsy of lymph node (6%) and liver (6%). Thus, procedures such as bone
marrow examination and biopsies of liver and abnormal lymph nodes continue
to play an especially important role when patients remain febrile despite a pro-
longed noninvasive evaluation.

The yields of bone marrow exam and liver biopsy have been addressed in
several papers, and, in HIV-infected patients, exceed the yield in FUO in the
general population (35). The yield of bone marrow examination has ranged from
32% to 42% (46–48). One series showed that in 86% of cases in which an etiology
for the fever was identified by base marrow exam (BME), the same diagnosis had
been established by a noninvasive diagnostic modality. This series also showed
that the diagnosis was made by BME as rapidly or sooner than other modalities
in 53% of cases and that the diagnosis was made exclusively by BME in 16% of
cases. The paper concluded that BME is indicated when a diagnosis is urgently
sought or when an evaluation with other diagnostic modalities has been unsuccess-
ful. The yield of liver biopsy has varied between 40% and 58% in evaluating FUO in
HIV-infected persons (46,49,50). Liver biopsy acid-fast stains and mycobacterial
cultures were able to identify seven of eight patients with mycobacterial disease
(46). Biopsy of enlarged lymph nodes has been reported to have a high yield (51).
In a high-risk population for HIV, the yield of lymph node biopsy for tuberculosis
was 57%. A thorough evaluation of FUO (outlined above), that may include a com-
bination of noninvasive as well as invasive tests, yields a diagnosis in most
(approximately 85%) cases. As outlined earlier, multiple causes for FUO will be
identified in 2% to 10% of cases—the feature that distinguishes FUO in HIV-infected
persons from those who are not infected with HIV.

Clinical Approach
An initial approach in the evaluation of FUO in HIV-infected persons should be
to discontinue medications, especially certain antiviral agents (such as abacavir)
and sulfa agents. Accompanying clinical features of opportunistic infections
causing prolonged fever often overlap with those associated with drug reactions—
cytopenias, elevation of liver enzyme tests. If there is no response after two to
three days, blood cultures using the lysis-centrifugation technique is a sensitive
method of identifying organisms that cause disseminated infections and are
located intracellularly (H. capsulatum, M. avium). However, because the mean
time for cultures to turn positive is 18 to 25 days for M. avium, other noninvasive
tests should be performed simultaneously. Induced sputum for P. jirovecii and
M. tuberculosis should be obtained, because prolonged fevers may precede the
onset of respiratory symptoms in PCP and tuberculosis respectively. Tuberculin
skin testing and antigen testing for H. capsulatum in serum and urine also should
be performed. If the serum cryptococcal antigen is reactive at a titer of .1:8, a
lumbar puncture should be performed even if the patient does not complain of
headache or demonstrate nuchal rigidity. A dilated ophthalmologic examination
should be performed to investigate retinitis due to cytomegalovirus.

The subsequent evaluation, indicated if the initial approach does not yield a
specific diagnosis, should include repeated physical examinations and routine lab-
oratory work. Because abnormal findings of diagnostic importance (skin nodules,
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asymmetric and enlarging lymphadenopathy, rapid and significant rise of alkaline
phosphates) may make their first appearance long after the onset of undifferen-
tiated fever, a biopsy of an abnormal organ—bone marrow, lymph node, skin, or
liver—should be performed as it may identify an organism by a special stain of
the organ. Other invasive procedures should not be performed while waiting for
an organism to be isolated from lysis-centrifugation cultures if the patient
remains stable, because cultures of material aspirated from bone marrow, lymph
nodes, or biopsied from the liver are not more sensitive than isolator blood cultures.
If cultures of blood remain negative in three weeks, a bone marrow examination
should be performed even if the patient is stable because the bone marrow exam-
ination may be the sole method of identifying an illness (5% of cases in one
series) when all noninvasive testing has been unrevealing.

THERAPY
Therapeutic Interventions
Blind therapeutic trials should also be discouraged in most instances. The purpose
of such trials is to establish a diagnosis by noticing defervescence following use of a
therapeutic agent, such as antibiotics, corticosteroids or nonsteroidal anti-inflam-
matory agents (NSAIAs). The empiric use of these agents may be misleading for
several reasons. Medical intervention would make it difficult to determine
whether a new finding resulted from the treatment of the underlying disease.
Also, fall of temperature may be fortuitous or result from the antipyretic effects
of steroids or NSAIAs. Improper use of antibiotics may lead to a false sense of
therapeutic and diagnostic security and only interfere with finding a diagnosis.
The spontaneous resolution of fever in stable patients is another reason against the
empiric use of therapeutic trials. Employing empiric antibiotics except in the
most urgent situation is to ultimately create more frustration, confusion, and
despair between the physician and the patient.

Prolonged empiric therapy may have multiple deleterious consequences
beyond unnecessary expense and inconvenience for the patient. When fever in
patients with self-limited illnesses coincidentally abates while receiving antimyco-
bacterial therapy for possible tuberculosis or mycobacterial infection, the patient
may be exposed to unnecessary iatrogenic complications resulting from the
adverse reactions of the intervention. In addition, complications resulting from
unnecessary interventions may confuse further diagnostic strategies based on
abnormalities in physical examination or laboratory findings. For these reasons,
therapeutic interventions should be discouraged in stable patients.

SUMMARY

This chapter reviews papers that describe the clinical features of HIV-associated
FUO; it occurs in late-stage HIV infection, multiple etiologies of FUO are present
in a significant number of cases, and MAI is the most likely infection in the
United States. In comparison with foreign series, MAI is present more often in
the United States, and leishmania and tuberculosis are more common abroad,
reflecting geographic variations in these infections in different locations. In
addition, noninvasive testing frequently leads to a diagnosis, supporting the
notion that invasive testing should be reserved for those who are unstable or in
whom no etiology has been identified. Indirect evidence reviewed in this article
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suggests that HAART has influenced both the incidence of FUO as well as resulted
in unique manifestations of illnesses causing FUO that were identified in the pre-
HAART era. However, whether decreases in AIDS-related illnesses resulting in
fever that are now observed as a result of the introduction of new antiretroviral
agents will persist remains to be seen.

Continued series investigating HIV-associated FUO in the United States and
other countries are indicated to determine how the clinical spectrum is impacted
by new therapies, available rapid diagnostic tests, and geographic location. It is
possible that new conditions, both infectious and neoplastic, may occur in
persons who fail treatment with the new active antiviral agents. Furthermore,
rapid tests, such as PCR for M. tuberculosis or M. avium, could possibly permit
the detection of these infections early in the course of fever and before FUO devel-
ops. Finally, additional papers conducted in locations such as Southeast Asia or
South America may identify illnesses endemic in those regions, such as P. marneffei
in Southeast Asia or Chagas disease in South America, as causes of HIV-associated
FUO. These papers will help clarify the shape that FUO, which will continue to be a
challenge for clinicians caring for HIV-infected patients, will take in future years.

REFERENCES

1. Bissuel F, Leport C, Perronne C, et al. Fever of unknown origin in HIV-infected
patients: a critical analysis of a retrospective series of 57 cases. J Intern Med 1994; 236:
529–535.

2. Miralles P, Moreno S, Perez-Tascon M, et al. Fever of uncertain origin in patients infected
with the human immunodeficiency virus. Clin Infect Dis 1995; 20:872–875.

3. Miller RF, Hingorami AD, Foley NM. Pyrexia of undetermined origin in patients
with human immunodeficiency virus infection and AIDS. Int J STD AIDS 1996; 7:
170–175.

4. Lozano F, Torre-Cisneros J, Bascunana A, et al. Grupo Andaluz para el Estudio de las
Enfermedades Infecciosas. Prospective evaluation of fever of unknown origin in patients
infected with the human immunodeficiency virus. Eur J Clin Microbiol Infect Dis 1996;
15:705–711.
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INTRODUCTION

Organ transplantation has been known for many years, but the introduction of drug
regimens using azathioprine and corticosteroids in 1960 and cyclosporine in 1980
meant a great expansion of the field. The advent of tracolimus, mycophenolate
mofetil (MMF), and a variety of therapeutic monoclonal antibodies has
revolutionized organ transplantation.

Fever is a common clinical manifestation in transplant patients, and it may be
due to many different reasons, including the underlying disease of the patient, the
surgical intervention, rejection episodes, drugs administered, or intercurrent
infections.

Our task is to review fever of unknown origin (FUO) in transplant patients,
but we must clarify that there is not a clear and widely accepted definition of
FUO for transplant patients. From the seminal work on FUO of Petersdorf and
Beeson (1), the practice of medicine has evolved enormously. Petersdorf and
Beeson required that fever was prolonged (�3 weeks) because, by the end of that
period, most common fevers have been identified or have self-resolved. This long
evolution period cannot be witnessed passively in many circumstances at present
and particularly in immunosuppressed transplant patients. The methodology of
diagnosis has also been speeded up and made more accurate not only for the
image diagnosis, but also for microbiology. This led Durack and Street (2) to offer
new definitions for different subsets of populations with FUO (Table 1) as
follows: Classic FUO, Nosocomial FUO, Neutropenic FUO, and HIV-associated
FUO. Most unfortunately, transplant patients were not included, and the situation
remains that way.

In our opinion, the term FUO in transplant patients should be used only for
prolonged fevers that do not result in an obvious cause after three consecutive out-
patient visits or after three days of hospital evaluation, provided that commonly
used image and microbiologic tests are reported negative by that time. In transplant
recipients, fever has been defined as an oral temperature of 37.88C or greater on at
least two occasions during a 24-hour period (3). Antimetabolite immunosuppres-
sive drugs, MMF and azathioprine, are associated with significantly lower
maximum temperatures and leukocyte counts (4).

Consideration should be given to the specific type of transplant patient, the
results of the physical examination, and the epidemiological antecedents. After
that, a syndromic approach, followed by an etiologically oriented differential
diagnosis, is pertinent in our opinion.
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INCIDENCE OF FEVERS IN DIFFERENT TRANSPLANT PATIENTS

The precise incidence of fever in different transplant patients is not well known. In a
prospective evaluation of febrile episodes in liver transplant recipients, Chang et al.
(5) reported that fever was due to infections in 78% of the episodes and to noninfec-
tious causes in 22%. The predominant sources of fever were bacterial (62%) and
viral infections (6%), while rejection accounted for only 4% of the episodes.
Nevertheless, 40% of the infections were unaccompanied by fever, particularly
fungal infections. Overall, six of the seven febrile viral infections were due to
viruses other than cytomegalovirus (CMV), of which human herpes virus-6
(HHV-6) was the predominant pathogen, a cause particularly prone to infections
fulfilling our definition of FUO in transplant patients. Episodes of fever in liver
transplant recipients were most likely to occur within 12 weeks (58%) or one year
(29%) after transplantation. In the latter case, 100% were due to episodes of
recurrent hepatitis, malignancy, or chronic hemodialysis.

In a later report by the same group of authors, the sources of fever in liver
transplant patients were due to infections in 87% of the cases admitted to the
intensive care unit (ICU) and in 80% of those occurring out of the ICU (6). The
main causes of infectious fevers included pneumonia, catheter-related bacteremia,
biliary tract, peritonitis, intra-abdominal or wound infections, Clostridium difficile-
associated colitis (CDAD), and other causes. Among the noninfectious episodes,
rejection, malignancy, adrenal insufficiency, drug fever, post-transfusion, and
postprocedural were the most common. The episodes presented as FUO only in 5
out of the 40 episodes occurring out of the ICU and in no single case of the 38
episodes of fever appearing during ICU admission.

TABLE 1 Diagnostic Criteria for Fever of Unknown Origin in Different Population Groups

Classic FUO
Fever 1018F (�38.38C) on several occasions.
Fever of more than three weeks duration.
Diagnosis uncertain, despite appropriate investigations, after at least three outpatient visits or

at least 3 days in hospital.
Nosocomial FUO

Fever 1018F (�38.38C) on several occasions in a hospitalized patient receiving acute care.
Infection not present or incubating on admission.
Diagnosis uncertain after three days despite appropriate investigation, including at least two days

incubation of microbiologic cultures.
Neutropenic FUO

Fever 1018F (�38.38C) on several occasions.
Patient has less than 500 neutrophils/mL in peripheral blood or expected to fall below

within one to two days.
Diagnosis uncertain after three days despite appropriate investigation, including at least two days

incubation of microbiologic cultures.
HIV-associated FUO

Fever 1018F (�38.38C) on several occasions.
Confirmed positive serology for HIV infection.
Fever of more than four weeks duration for outpatients or more than three days’ duration in

hospital.
Diagnosis uncertain after three days, despite appropriate investigation, including at least two days

incubation of microbiologic cultures.

Abbreviations: FUO, fever of unknown origin; HIV, human immunodeficiency virus.
Source: From Ref. 2.
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The incidence of infection after heart transplantation (HT) ranges from 30% to
60% (with a related mortality of 4–15%) and the rate of infectious episodes per
patient is 1.73 in a recent series. Infections are more frequent and severe than
those occurring in renal transplant recipients, but less frequent than those occurring
after liver or lung transplantation. We were unable, however, to find reports on the
incidence of febrile episodes in those patients and particularly on the frequency in
which febrile episodes present clinically as FUOs. In any case, episodes of pro-
longed fever or unknown origin are distinctly uncommon in heart transplant
patients. Reports include cases with infections such as visceral leishmaniasis (7),
intestinal tuberculosis (8), or respiratory syncytial virus (RSV) pneumonia (9).
Everolimus has been reported on one occasion as a presumptive cause of a long-
term fever in a heart transplant recipient (10).

In a report of 74 outpatient febrile episodes in 22 pediatric heart transplant
patients, only 22 episodes (30%) resulted in hospital admission. The duration of
fever was predictive of a more serious disease (11).

In kidney transplantation, fever is no longer a frequent presentation of rejec-
tion, and prolonged FUO episodes are uncommon. In a series of 61 renal transplant
patients, 90 acute rejection episodes occurred during the first six postoperative
months. The vast majority of them (83%) were not associated with fever. Of the
37 patients with episodes of fever in this series of patients, only 15 were ascribed
to acute rejection, 17 to infection, 11 to antibody therapy, and 4 to other causes.
Fever in the first 16 days was significantly more likely to be due to rejection than
to infection. Episodes of fever due to infection tended to occur after the first
month, coincident with the peak incidence of CMV infection. However, with the
exception of CMV disease, fever was not a reliable guide for the presence of infec-
tion, including septicemia (12).

Different infectious diseases can present with FUO in renal transplant
patients, including HSV with or without esophagitis (13,14), CMV disease, particu-
larly cases with ischemic colitis (15,16), bacillary angiomatosis (17), nocardiosis (18),
tuberculosis (19–22), visceral leishmaniasis (23–28), disseminated microsporidiosis
(29), and disseminated strongyloidiasis (30).

Noninfectious causes of prolonged fever in kidney transplant patients include
drug fever caused by mycophenolate (31) and systemic lupus erythematosus (16).

SYNDROMIC APPROACH TO TRANSPLANT PATIENTS WITH FEVER OF
UNKNOWN ORIGIN

Risk factors for infection should be carefully sought in all solid organ transplant
(SOT) patients. The pretransplantation history, for example, serological status
against microorganisms such as CMV, hepatitis virus, Toxoplasma, and so on, may
yield valuable information. Previous infections or colonization, exposure to tuber-
culosis, contact with animals, raw food ingestion, gardening, prior antimicrobial
therapy or prophylaxis, vaccines or immunosuppressors, and contact with contami-
nated environment or persons should be recorded (32,33). History of residence or
travel to endemic areas of regional mycosis (34) or Strongyloides stercoralis may be
essential to recognize these diseases (35). Exposure to ticks may be essential to diag-
nose entities such as human monocytic ehrlichiosis, which may be potentially lethal
in immunosuppressed patients (36).

Fever in most transplant recipients should be considered an emergency. In our
opinion, a basic tenet of the management of a SOT with fever is that physical
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examination data should be directly obtained by the ID consultant, not relying on
second-hand information. This may be more useful than many expensive and
time-consuming tests.

The oral cavity is frequently forgotten and may disclose previously unnoticed
herpetic gingivostomatitis or ulcers. Within the exploration of the thoracic area, the
consultant should visualize the entry sites of all intravascular devices, even if they
“have just been cleansed.” It should be remembered that the presence of inflamma-
tory signs is suggestive of infection, although their absence does not exclude
infection. Fever and sepsis, without local signs, may be the initial sign of post-
surgical mediastinitis in heart transplant recipients. Although unusual after SOT,
cardiac auscultation and echography may help to detect endocarditis (37) and
physical examination may occasionally disclose the existence of pneumonia or
empyema before abnormal radiological signs become evident.

The abdominal examination is always essential, especially in liver transplant
(LT) recipients. The surgical wound is also a common site of infection and a cause of
fever. Its presence requires rapid debridement and effective antimicrobial therapy
and should prompt the exclusion of adjacent cavities or organ infection. If ascites
is present, it should be immediately analyzed and properly cultured to exclude per-
itonitis. We recommend bedside inoculation in blood-culture bottles due to its
higher yield of positive results. Examination of the lower abdomen is particularly
important after kidney transplantation. Tenderness, erythema, and fluctuance or
increase in the allograft size may indicate the presence of a deep infection or rejec-
tion. Ultrasound or computed tomography (CT)-guided aspiration may facilitate the
diagnosis. The possibility of colonic perforation in steroid-treated patients or gastro-
intestinal CMV disease should always be considered in intra-abdominal infections.
It is important to remember that even very severe intestinal CMV disease may occur
in patients with negative blood antigen, especially in patients on MMF (38).

Finally, skin and retinal examination are “windows” through which the
physician may look to obtain quite useful information on the possible etiology of
a previously unexplained febrile episode. We have analyzed the value of ocular
lesions in the diagnosis and prognosis of patients with tuberculosis, bacteremia,
and sepsis (39,40). Cutaneous or subcutaneous lesions are a valuable source of
information and frequently allow a rapid diagnosis. Viral and fungal infections
are the leading causes of skin lesions in this setting. The entire skin surface
should be inspected and palpated in SOT recipient with unexplained fever. The
biopsy of nodules, subcutaneous lesions or collections may lead to the immediate
diagnosis of invasive mycoses and infections caused by Nocardia or Mycobacteria,
among others.

An aggressive diagnostic attitude is necessary when dealing with febrile SOT
patients. It has been proved that a high rate of infectious complications remains
undiagnosed in patients dying in the ICU in the transplant population. The
majority of the missed diagnoses were fungal infections. Several syndromic situ-
ations deserve a particular mention.

Pneumonia
Pneumonia accounts for 30% to 80% of infections suffered by SOT recipients and for
a great majority of episodes of fever (41). Pneumonia is among the leading causes of
infectious mortality in this population. The incidence of pneumonia is higher in the
early postoperative period, especially in the patients who require prolonged
ventilation.

82 Bouza et al.



The incidence of bacterial pneumonia is highest in recipients of heart–lung
(22%) and liver transplants (17%), intermediate in recipients of heart transplants
(5%), and lowest in renal transplant patients (1–2%). The crude mortality of
bacterial pneumonia in solid organ transplantation has exceeded 40% in most
series (42).

Singh (41) has recently analyzed 40 LT who developed lung infiltrates in the
ICU. The etiology was: pulmonary edema 40%, pneumonia 38%, atelectasias 10%,
acute respiratory distress syndrome (ARDS) 8%, contusion 3%, and unknown 3%.
The signs that suggest an infectious origin were: Clinical Pulmonary Infection Score
(CPIS) score .6 (73% vs. 6%), abnormal temperature (73% vs. 28%), and creatinine
level .1.5 mg/dL (80% vs. 50%) (41). Methicillin-resistant Staphylococcus aureus
(MRSA), Pseudomonas aeruginosa, and Aspergillus caused 70% of all pneumonias in
the ICU. All Aspergillus and 75% of MRSA pneumonias, but only 14% of the
gram-negative pneumonias occurred within 30 days of transplantation. Legionella,
Toxoplasma gondii, and CMV may also cause pneumonia in this setting (43,44).

Pneumonia is the most common infection, following HT. Gram-negative
pneumonia in the early post-transplant period is associated with significant mor-
tality. In a recent multicentric prospective study performed in Spain, the incidence
of pneumonia after HT was 15.6 episodes/100 HT (45). Most cases occurred in the
first month after transplantation. Etiology could be established in 61% of the cases.
Bacteria caused 91% of the cases, fungi 9%, and virus 6%. In another study, oppor-
tunistic microorganisms caused 60% of the pneumonias, nosocomial pathogens
25%, and community-acquired bacteria and mycobacteria 15% (46). Gram-negative
rods caused early pneumonias (median 9 days), gram-positive cocci (11 days), fungi
(80 days), Mycobacterium tuberculosis and Nocardia spp. (145 days), and virus (230
days). Legionella should always be included in the differential diagnosis (47–50).
Pneumonia increases the risk of mortality after HT (Odds ratio 3.7, IC 95%
1.5–8.1, P , 0.01).

Lung infections are very common in lung and heart–lung transplant recipi-
ents. In fact, the anastomosis is especially vulnerable to invasion with opportunistic
pathogens, including gram-negative bacilli (Pseudomonas), staphylococci, or fungus.
Lung transplant recipients with underlying cystic fibrosis may be prone to suffer
infections caused by multiresistant microorganisms such as Burkholderia cepacia.
Pathogens transmitted from the donor may also cause pneumonia in this setting.

Pneumonia is less common after renal transplantation (8–16%), although it
remains a significant cause of morbidity (51–54).

Postsurgical Infections
Complications in the proximity of the surgical area must always be investigated in
SOT patients with fever. In the early post-transplantation period, renal and
pancreas transplant recipients may develop perigraft hematomas, lymphoceles,
and urinary fistula. Liver transplant recipients are at risk for portal vein thrombosis,
hepatic vein occlusion, hepatic artery thrombosis, and biliary stricture formation
and leaks. Heart transplant recipients are at risk for mediastinitis and infection at
the aortic suture line, with resultant mycotic aneurysm, and lung transplantation
recipients are at risk for disruption of the bronchial anastomosis.

In LT recipients, intra-abdominal infections may be responsible of 50% of
bacterial complications and cause significant morbidity (55); they include intra-
abdominal abscesses, biliary tree infections, and peritonitis. In nonabdominal
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transplantations, intra-abdominal infections may be caused by pre-existing
problems such as biliary tract litiasis, diverticulitis, CMV disease, and so on.

Hepatic abscess is frequently associated with hepatic artery thrombosis (56).
Clinical presentation of hepatic abscess includes fever, but with nowadays image
technology it rarely becomes a cause of FUO. In fact 40% to 45% of the liver
abscesses are associated with bacteremia.

Ultrasonography or CT of the abdomen is the normal technique to identify
intra-abdominal or biliary infections. However, sterile fluid collections are exceed-
ingly common after liver transplantation, so an aspirate is necessary to establish
infection.

In heart and lung transplant recipients, the possibility of mediastinitis (2–9%)
should be considered. HT patients have a higher risk of postsurgical mediastinitis
and sternal osteomyelitis than other heart surgical patients (57). Mediastinitis may
initially appear merely as fever or bacteremia of unknown origin. Inflammatory
signs in the sternal wound, sternal dehiscence, and purulent drainage may
appear later. The most commonly involved microorganisms are Staphylococcus
spp., but gram-negative rods represent at least a third of our cases. Mycoplasma,
mycobacteria, and other less common pathogens should be suspected in
“culture-negative” wound infections (58,59). A bacteremia of unknown origin
during the first month after HT should always suggest the possibility of mediasti-
nitis. Risk factors are prolonged hospitalization before surgery, early chest re-
exploration, low-output syndrome in adults, and the immature state of immune
response in infants.

Urinary Tract Infections
Urinary tract infections (UTIs) are the most common form of bacterial complication
affecting renal transplant recipients (60,61). The incidence in patients not receiving
prophylaxis has been reported to vary from 5% to 36% in recent series (62).
However, it is not a common cause of FUO. Unless another source of fever is
readily apparent, any febrile kidney transplant patient with an abrupt deterioration
of renal function should be treated with empiric antibacterial therapy aimed at
gram-negative bacteria, including P. aeruginosa, after first obtaining blood and
urine cultures (63). Prolonged administration of antimicrobial therapy has been
classically recommended for the treatment of early infections, although no
double-blind, comparative study is available (60).

Gastrointestinal Infections
Gastrointestinal symptoms are present in up to 51% of HT patients in recent series,
although only 15% are significant enough to warrant endoscopic, radiologic, or
surgical procedures.

Peritonitis, intra-abdominal infections, and C. difficile colitis accounted for 5%
of all febrile episodes in OLT in the ICU (6). Abdominal pain and/or diarrhea are
detected in up to 20% of organ transplant recipients (64,65). CMV and C. difficile
are the most common causes of infectious diarrhea in SOT patients (66–69).

CMV may involve the whole gastrointestinal tract, although duodenum and
stomach are the most frequent sites involved (70), and they may occasionally
behave as an FUO or as gastrointestinal bleeding. Differential diagnosis should
include diverticulitis, intestinal ischemia, cancer, and Epstein-Barr virus (EBV)-
associated lymphoproliferative disorders. A particular gastric lymphoma called
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mucosa-associated lymphoid tissue (MALT) lymphoma may develop in renal
transplant patients. It usually responds to the eradication of Helicobacter pylori (71).

C. difficile should be suspected in patients who present with nosocomial
diarrhea and occasionally may present with fever and leukocytosis without
evident diarrhea (72–75). Most episodes of C. difficile-associated diarrhea in SOT
patients occur early after transplantation, but they fulfill criteria of FUO only anec-
dotally. In these cases, significant leukocytosis may be a very useful clue.

Immunosuppressive drugs, such as MMF, cyclosporine A (CSA), tacrolimus,
and sirolimus, are all known to be associated with diarrhea and occasionally
present with fever.

Focal Neurological Manifestations
The detection of central nervous system (CNS) symptoms in a SOT recipient should
immediately arouse the suspicion of an infection (76,77). Fever, headache, altered
mental status, seizures, focal neurological deficit, or a combination of them
should prompt a neuroimaging study. Some causes of CNS infections in these
patients, which are very uncommon in general population, can present as an
FUO (Table 2).

Noninfectious causes include immunosuppressive-associated leukoencepha-
lopathy, toxic and metabolic etiologies, and stroke and malignancies (77,78).

Most common cause of meningoencephalitis in organ transplant recipients is
herpes virus, followed by Listeria monocytogenes, Cryptococcus neoformans, and
T. gondii. In a recent review, HHV-6 encephalitis occurred a median of 45 days
(range 10 days to 15 months) after transplantation. Mental status changes,
ranging from confusion to coma (92%), seizures (25%), and headache (25%), were
the predominant clinical presentations. Focal neurologic findings were present in
only 17% of the patients. Only 25% of the patients had fever, occasionally reaching
408C, but the criteria of FUO is rarely fulfilled (79–86).

CMV infection of the CNS is quite uncommon in SOT recipients and rarely
fulfills FUO criteria if proper diagnostic methodology is used.

Among causes of encephalitis, West Nile virus has emerged as an important
cause of several outbreaks of febrile illness and encephalitis in North America over
the past few years, with particular incidence in SOT patients (87–97).

L. monocytogenes infections can occur at almost any time, although the most
common occurrence is two to six months post-transplant (98–103). Patients with
listeriosis commonly have fever but not a prolonged undiagnosed FUO, if proper
etiologic workup is performed.

Cryptococcosis is mostly a cause of meningitis, pneumonia, and skin lesions
in transplant recipients but rarely a cause of FUO (104–114).

Focal brain lesions may be caused by Listeria, T. gondii, fungi (Aspergillus,
Mucorales, pheohyphomycetes or dematiaceous fungi), post-transplantation
lymphoproliferative disease, or Nocardia (115–121), but modern technology and
approach avoid the evolution of these diseases as causes of FUOs.

Toxoplasmosis was more prevalent when prophylaxis with cotrimoxazole
was not provided (122,123). The incidence is higher in heart transplant recipients.
The disease usually occurred within three months post-transplantation, with
fever, neurological disturbances, and pneumonia as the main clinical features. It
may also behave as a prolonged FUO if not clinically suspected and proper micro-
biological tests are not performed (124–128). Diagnosis is established by serology
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and by direct examination, culture, or polymerase chain reaction (PCR) of biological
samples. In heart transplant recipients, the diagnosis may be provided by the
endomyocardial biopsy (129).

Other parasitic infections such as Chagas disease, neurocysticercosis, schisto-
somiasis, and strongyloidiasis are exceedingly less common (35,130–135).

Bloodstream Infections, Catheter-Related Infections, and
Infective Endocarditis
Bloodstream infections are common among SOT, particularly during their
postoperative period or during episodes requiring intensive care, but obviously
they do not constitute a cause of FUO. Infective endocarditis is a rare event in
HT population (1.7–6%), but it may be an underappreciated sequela of hospital-
acquired infection in transplant patients (37). The spectrum of organisms causing
infective endocarditis was clearly different in transplant recipients than in the
general population; 50% of the infections were due to Aspergillus fumigatus or
S. aureus, but only 4% were due to viridans streptococci.

FUO may be a form of presentation in patients with infective endocarditis
caused by microorganisms not easily recovered in blood, as is the case with
Aspergillus (37,136–140).

Toxoplasma and parvovirus B19 may cause myocarditis in this population,
and they may behave as FUOs.

Fever Without an Evident Portal of Entry
Undoubtedly, the most common alarm signal suggesting infection in SOT is fever.
The major difference with immunocompetent patients is that the list of potential
etiological agents is much longer and is influenced by time elapsed from transplan-
tation. CMV (as main offender or as co-pathogen) should be considered in practi-
cally all-infectious complications in this population. Accordingly, a sample for
CMV antigenemia (or PCR if available) should always be obtained. Other viruses
such as adenovirus, influenza A, or HHV-6 may also cause severe infections after
SOT and can be recovered from respiratory samples or blood. If indicated, invasive
diagnostic procedures should be performed rapidly and a serum sample stored.

Bacterial infections must always be considered and urine and blood cultures
obtained before starting therapy. The first steps for diagnosis of pneumonia should

TABLE 2 Pathogens and Clinical Syndromes in Transplants

Syndrome Common etiologies in transplantation

Acute meningitis Listeria monocyogenes
Acute chronic meningitis Crytococcus neoformans

Mycobacterium tuberculosis
Coccidioides immitis
Histoplasma capsulatum

Focal brain infection Aspergillus fumigatus
Nocardia asteroides
Listeria monocytogenes
Toxoplasma gondii

Progressive dementia Progressive multifocal leukoencephalopaty
(JC virus)
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include a chest X-ray and culture of expectorated sputum or bronchoaspirate
(submitted for virus, bacteria, mycobacteria, and fungus). A CTscan or ultrasonogra-
phy may also be ordered to exclude the presence of collections in the proximity of the
surgical area. Lumbar puncture and cranial CT (including the paranasal sinus) must
be performed if neurological symptoms or signs are detected. In case of diarrhea,
C. difficile should be investigated. Cultures and PCR for detection of M. tuberculosis
should be ordered for all transplant recipients with suspicion of infection.

Fungal infections should be aggressively pursued in colonized patients and in
patients with risk factors.

Parasitic infections are uncommon, but toxoplasmosis and leishmaniasis
should be considered if diagnosis remains elusive. Serology or bone marrow
cultures usually provide the diagnosis. HT recipients are more susceptible to
toxo-plasmosis, which may be transmitted with the allograft. The risk of primary
toxo-plasmosis (R-Dþ) in over 50% in HT, 20% after liver transplantation, and
,1% after kidney transplantation. Leishmaniasis is a parasitic infection that
should be excluded, although it is exceedingly uncommon after SOT. It may
present as fever, pancytopenia, and splenomegaly.

Multimodality imaging, such as the use of combined indium-labeled WBC
scintigraphy and CT, allowed the detection of infection within retained left ventri-
cular assist device tubing in a heart transplant recipient with a diagnosis of
FUO (142).

ETIOLOGIC APPROACH TO FEVER OF UNKNOWN ORIGIN IN
TRANSPLANT PATIENTS
Viruses
Most life-threatening viral infections occur within the first three months post-
transplantation. CMV is the most common pathogen after SOT. When no prophy-
laxis is given, 30% to 90% of patients will show laboratory data of “CMV infection”
and 10% to 50% may develop associated clinical manifestations (CMV disease).
CMV may involve the whole gastrointestinal tract, although duodenum and
stomach are the most frequent sites involved (49,70,143). Differential diagnosis
should include diverticulitis, intestinal ischemia, cancer, and EBV-associated
lymphoproliferative disorders. Fever is a common manifestation of CMV disease,
but nowadays a very uncommon cause of FUO (15,144).

Herpes simplex (145,146) and Varicella-Zoster-Virus (VZV) (may cause soft
tissue infections and pneumonia in the transplant population. HHV-6 has been
reported to cause diverse clinical symptoms, including fever, skin rash, pneumonia,
bone marrow suppression, encephalitis, and rejection. HHV-6 is a neurotropic ubi-
quitous virus known to cause febrile syndromes and exanthema subitum in chil-
dren. Less commonly, and particularly in organ transplant recipients, it may
cause hepatitis, bone marrow suppression, interstitial pneumonitis, and menin-
goencephalitis (79). Mental status changes, ranging from confusion to coma
(92%), seizures (25%), and headache (25%), were the predominant clinical presenta-
tions. Focal neurologic findings were present in only 17% of the patients. Twenty-
five percent of the patients had fever, occasionally reaching 408C (76). A growing
body of evidence suggests that the more important effect of HHV-6 and HHV-7
reactivation on the outcomes of liver transplantation may be mediated indirectly
by their interactions with CMV (147). HHV-6 viremia is an independent predictor
of invasive fungal infection (148).
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Due to the unawareness of HHV-6 and the unavailability of diagnostic
methods in many institutions, HHV-6 may present as prolonged or unexplained
fevers (80,82,149).

Both hepatitis B virus (HBV) and hepatitis C virus (HCV) are very common in
transplant patients but not a cause of FUO.

Community-acquired respiratory viruses, particularly influenza, parain-
fluenza, adenoviruses, and RSV and human metapneumovirus, are important patho-
gens in the transplant patient, but, again, almost never behave as FUOs (89,150–158).
Respiratory viruses may be associated with high morbidity, particularly in lung trans-
plant recipients, and may appear as “culture-negative” pneumonia.

In a recent report, 11 transplant recipients with naturally acquired West Nile
encephalitis were identified (4 kidney, 2 stem cell, 2 liver, 1 lung, and 2 kidney/
pancreas). Nine of eleven patients survived infection, but three had significant
residual deficits. This viral infection should be considered in all transplant recipi-
ents who present with a febrile illness associated with neurological symptoms.
Fever in this situation is usually transient (159–161).

Papovaviruses may be implicated in a variety of clinical syndromes in trans-
plant patients. Papillomaviruses may cause warts and squamous cell carcinomas of
the skin. JC virus causes progressive leukoencephalopathy, and BK virus causes
transplant nephropathy in kidney recipients (162–166).

Bacteria
Bacteria are the most common causes of infection in transplant patients, with a
pathogenesis and microbial etiology quite similar to that observed in general popu-
lation. Due to the acuteness of most bacterial diseases and the simplicity of bacterial
isolation, the vast majority of bacterial diseases in transplant patients do not present
clinically as FUOs.

M. tuberculosis is a well-known cause of FUO both in normal and in immuno-
compromised patients, including solid organ transplantation. In transplant patients
living in areas of high-level endemicity, it might reach up to 15% (167–169).
Although there is a huge regional variability, in general, SOT incidence is 20 to 74
times higher than in the general population, with a mortality rate of up to 30%.
The most frequent form of acquisition of tuberculosis after transplantation is the
reactivation of latent tuberculosis in patients with previous exposure. Tuberculosis
develops a mean of nine months after transplantation (0.5 to 13 months). Risk
factors for early onset are nonrenal transplant, allograft rejection, immunosup-
pressive therapy with OKT3 or anti-T cell antibodies and previous exposure to
M. tuberculosis. Clinical presentation is frequently atypical and diverse, with unsus-
pected and elusive sites of involvement. A large series of TBC in transplant recipi-
ents described pulmonary involvement in 51% of patients, extrapulmonary
tuberculosis in 16%, and disseminated infection in 33% (169). In lungs, radiographic
appearance may vary between focal or diffuse interstitial infiltrates, nodules,
pleural effusion, or cavitary lesions. Manifestations include FUO, allograft dys-
function, gastrointestinal bleeding, peritonitis, or ulcers. In transplant patients,
M. tuberculosis infection was also described in skin, muscle, osteoarticular system,
CNS, genitourinary tract, lymph nodes, larynx, adrenal glands, and thyroid
(169,170). Ocular lesions may be an early way to detect dissemination (39).

Fungal Infections
Fungal infections should be aggressively pursued in colonized patients and in
patients with risk factors. Early stages of fungal infection may be very difficult to
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detect (171,172). Isolation of Candida or Aspergillus from even superficial sites may
indicate infection and should be considered with caution. Retinal examination,
blood and respiratory cultures, and Aspergillus and Cryptococcus antigen detection
tests must be performed.

Different types of transplantations imply differences in fungal infections
(173). In a recent series prospectively collected in Spain, the reported incidence of
invasive aspergillosis in SOT recipients ranged from 0.3% in kidney transplant to
3.9% in pancreas recipients (174). In lung and heart–lung transplantation, the inci-
dence of fungal infections, most notably aspergillosis, ranges from 14% to 35% if no
prophylaxis is provided, but has significantly decreased since aerosolized ampho-
tericin B is provided to these patients (175).

In liver transplantation, Aspergillus infection is less common when compared
to lung or heart–lung transplant recipients, and is more commonly found than in
kidney transplant recipients. In liver transplant recipients, IA usually is an early
event and most patients were still in the ICU with evidence of organ dysfunction
when the disease was diagnosed (176,177).

Aspergillus brain abscesses usually occur in the early post-transplantation
period. Most of the patients present with simultaneous lung lesions that allow an
easier diagnostic way. Overall, disseminated Aspergillus disease has been described
in 9% to 36% of kidney recipients, 15% to 20% of lung recipients, 20% to 35% of heart
recipients, and 50% to 60% of liver recipients with IA (172,178).

Scedosporium and Blastoschyzomyces species are increasingly recognized as
significant pathogens, particularly in immunocompromised hosts. These fungi
now account for �25% of all non-Aspergillus mould infections in organ transplant
recipients (179–184).

Pneumocystic jiroveci (formerly P. carinii) is now rarely seen in SOT receiving
prophylaxis. Before prophylaxis, incidence was around 5%, although it has been
described to reach up to 80% in lung transplant recipients (51,185–187).

Incidence of cryptococcosis after organ transplantation is 0.3% to 6%
(109,114,188–190). Cryptococcus is mostly a cause of meningitis, pneumonia, and
skin lesions (105,107,108,111,113,114,191–193). However, more uncommon sites of
infection have been also described in immunocompromised patients, such as
hepatic cryptococcosis in a heart transplant recipient (108). Cryptococcosis is
usually a late disease after transplantation, although rare, fulminant, early cases
have been reported. Once more, fungal opportunistic infections rarely present as
FUOs in the SOT population.

Histoplamosis can present as a prolonged febrile illness with subacute
pulmonary symptoms in these patients, despite the absence or a regional outbreak
(194–197).

Parasites
Parasitic infections are uncommon, but toxoplasmosis and leishmaniasis should be
particularly considered in SOT patients. Serology or bone marrow cultures usually
provide the diagnosis. The possibility of a Toxoplasma primary infection should be
considered when a seronegative recipient receives an allograft from a seropositive
donor. HT recipients are more susceptible to toxoplasmosis, which may be trans-
mitted with the allograft, and occasionally requires ICU admission. The risk of
primary toxoplasmosis (R-Dþ) is over 50% in HT, 20% after liver transplantation,
and ,1% after kidney transplantation. Patients with toxoplasmosis have fever,
altered mental status, focal neurological signs, myalgias, myocarditis, and lung
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infiltrates. Allograft-transmitted toxoplasmosis is more often associated with acute
disease (61%) than with reactivation of latent infection (7%). Lethal cases associated
with hemophagocytic syndrome have been described (141). Disseminated toxoplas-
mosis should be considered in the differential diagnosis of immunocompromised
patients with culture-negative sepsis syndrome, particularly if combined with
neurologic, respiratory, or unexplained skin lesion (198).

Leishmaniasis is another parasitic infection that should be excluded, although
it is exceedingly uncommon after SOT. It may present as fever, pancytopenia, and
splenomegaly.

Chagas disease and other parasites infections are very uncommon (199).

Noninfectious Causes of Fever
Both infectious and noninfectious causes of fever should be considered when
approaching a febrile SOT patient. In a recent series, 87% of the febrile episodes
detected in OLT in the ICU were due to infections and 13% were noninfectious
(6). Rejection, malignancy, adrenal insufficiency, and drug fever were the most
common noninfectious causes.

Fever is common in the first 48 hours after surgery and after certain
procedures. If it is not persistent or is accompanied by other signs or symptoms,
it should not trigger any diagnostic action. Acute rejection accounts for 4% to 17%
of the noninfectious febrile episodes (5). It is usually related to an impairment of
the allograft function and requires histological confirmation. It is more common
in the first six months, especially in the first 16 days after transplantation in
one study (12). It is important to remember that severe graft rejection and
increased immunosuppression could stimulate cooperatively active CMV
(200,201).

Malignancy, mainly lymphoproliferative disease, is relatively common after
SOT and may initially present as a febrile episode (80%) (202). It usually occurs
later after transplantation (5). Acute adrenal insufficiency should be excluded in
SOT patients admitted to an ICU because of sepsis or surgery, mainly when
corticosteroids have been withdrawn and drugs that accelerate the degradation
of cortisol (phenytoin, rifampin) are administered (203).

However, although analytical adrenal insufficiency is frequent in SOT
patients, prospective studies suggest that supplemental steroids are not needed
in most cases even under stress (204,205). Another setting of potential adrenal insuf-
ficiency are renal transplants that return to dialysis (206,207). Occasionally, lympho-
proliferative disease may present with adrenal insufficiency after liver
transplantation (208).

Drugs such as OKT3, ATG, everolimus, antimicrobials, interferon, anticonvul-
sants, etc. may also cause fever in this population (10). The temporal relationship
with the drug is usually a diagnostic clue. New induction therapies, such as basilix-
imab, are related to fewer side effects and fewer CMV infections (209).

Other causes of noninfectious fever include thromboembolic disease, hema-
toma reabsorption, pericardial effusions, tissue infarction, hemolytic uremic syn-
drome, and transfusion reaction. Noncardiogenic pulmonary edema (pulmonary
reimplantation response) is a common finding after lung transplantation
(50–60%) and may occasionally lead to a differential diagnosis with pneumonia.
It conditions prolonged mechanical ventilation and ICU stay, but does not affect
survival (210).
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MANAGEMENT AND OUTCOME

Fever is not harmful by itself, and accordingly it should not be systematically elimi-
nated. In fact, it has been demonstrated that fever enhances several host defense
mechanisms (chemotaxis, phagocytosis, and opsonization) (65,211). Besides, anti-
biotics may be more active at higher body temperatures. If provided, antipyretic
drugs should be administered at regular intervals to avoid recurrent shivering
and an associated increase in metabolic demand.

After obtaining the previously mentioned samples, empiric antibiotics should
be promptly started in all transplant patients with suspicion of infection and a toxic
or unstable situation. They are also recommended if a focus of infection is apparent
in the early post-transplant setting in which nosocomial infection is very common,
or when there has been a recent increase of immunosuppression. In a stable patient
without a clear source of infections, further diagnostic testing should be carried out
and noninfectious causes considered.
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46. Cisneros JM, Muñoz P, Torre-Cisneros J, et al. Pneumonia after heart transplantation: a
multiinstitutional study. Clin Infect Dis 1998; 27:324–331.

47. Fraser TG, Zembower TR, Lynch P, et al. Cavitary Legionella pneumonia in a liver
transplant recipient. Transpl Infect Dis 2004; 6(2):77–80.

48. Singh N, Gayowski T, Wagener M, Marino IR, Yu VL. Pulmonary infections in liver
transplant recipients receiving tacrolimus. Changing pattern of microbial etiologies.
Transplantation 1996; 61(3):396–401.

49. Nichols L, Strollo DC, Kusne S. Legionellosis in a lung transplant recipient obscured by
cytomegalovirus infection and Clostridium difficile colitis. Transpl Infect Dis 2002;
4(1):41–45.

50. Horbach I, Fehrenbach FJ. Legionellosis in heart transplant recipients. Infection 1990;
18(6):361–363.

51. Gupta RK, Jain M, Garg R. Pneumocystis carinii pneumonia after renal transplantation.
Indian J Pathol Microbiol 2004; 47(4):474–476.

52. Renoult E, Georges E, Biava MF, et al. Toxoplasmosis in kidney transplant recipients:
report of six cases and review. Clin Infect Dis 1997; 24(4):625–634.

53. Renoult E, Georges E, Biava MF, et al. Toxoplasmosis in kidney transplant recipients:
a life-threatening but treatable disease. Transplant Proc 1997; 29(1–2):821–822.

54. Chang GC, Wu CL, Pan SH, et al. The diagnosis of pneumonia in renal transplant
recipients using invasive and noninvasive procedures. Chest 2004; 125(2):541–547.

55. Ho MC, Wu YM, Hu RH, et al. Surgical complications and outcome of living related
liver transplantation. Transplant Proc 2004; 36(8):2249–2251.

56. Stange BJ, Glanemann M, Nuessler NC, Settmacher U, Steinmuller T, Neuhaus P.
Hepatic artery thrombosis after adult liver transplantation. Liver Transpl 2003;
9(6):612–620.

57. Munoz P, Menasalvas A, Bernaldo de Quiros JC, Desco M, Vallejo JL, Bouza E. Postsur-
gical mediastinitis: a case-control study. Clin Infect Dis 1997; 25(5):1060–1064.

58. Thaler F, Gotainer B, Teodori G, Dubois C, Loirat P. Mediastinitis due to Nocardia aster-
oides after cardiac transplantation. Intensive Care Med 1992; 18(2):127–128.

59. Levin T, Suh B, Beltramo D, Samuel R. Aspergillus mediastinitis following orthotopic
heart transplantation: case report and review of the literature. Transpl Infect Dis 2004;
6(3):129–131.
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B10 Nosocomial Fever of Unknown Origin

Burke A. Cunha
Infectious Disease Division, Winthrop-University Hospital, Mineola, New York, U.S.A.

INTRODUCTION

The first work on prolonged fevers was by Keefer, entitled Prolonged and Perplexing
Fevers; it was the first compilation of infectious and noninfectious disorders charac-
terized by prolonged fevers (1). The term fever of unknown origin (FUO) was first
used by Petersdorf in 1961 to define prolonged febrile illnesses that were not easily
diagnosed. Petersdorf defined FUO as an obscure fever with a duration �3 weeks,
temperatures�1018F (38.38C) on multiple occasions during three weeks, remaining
undiagnosed after a week of hospitalization. These FUO criteria have remained
useful (2–5).

Some authors have tried to define FUOs in special populations, for example,
FUO in the HIV population, nosocomial FUO, FUO in travelers, and FUO in the
elderly. Bryan has suggested that instead of considering such patients as FUO sub-
types, they should really be considered as subsets of patients (3).

Nosocomial FUO was one of the four subtypes suggested by Durack and
Street in their 1991 article (6). The term prolonged, undiagnosed fevers in the hos-
pital may be preferable to nosocomial FUO (5,7).

NOSOCOMIAL FUOs

Prolonged fevers acquired in hospitalized patients may be due to a variety of non-
infectious and infectious disorders. The diagnostic approach to nosocomial pro-
longed fevers depends on the magnitude of the fever, the duration of the fever,
the fever pattern, the relationship of the pulse to the fever, and the presence or
absence of localizing signs. Many common noninfectious disease disorders
present as fever in the hospital, for example, pulmonary embolism/infarction, myo-
cardial infarction, acute pancreatitis, gastrointestinal hemorrhage, IV-line infec-
tions, nosocomial pneumonias, adrenal insufficiency, a flare of systemic lupus
erythematosus (SLE), or drug fevers. The noninfectious causes of fever may be
divided into those that may exceed 1018F (38.88C) and those that do not exceed
1018F (38.88C) (8–10).

The noninfectious causes of fever acquired in the hospital setting �1028F
(38.88C) include myocardial infarction, pulmonary embolus, gastrointestinal
hemorrhage, and acute pancreatitis. Noninfectious disorders with temperatures
�1028F (38.88C) include adrenal insufficiency and drug fever. Drug fevers may
also be present with temperatures �102 8F (38.88C) or may generate temperatures
�106 8F (41.18C) (9,10).

Infectious causes of hospital-acquired fever in the intensive care unit (ICU)
include nosocomial pneumonia, IV-line infections, Clostridium difficile diarrhea/
colitis, or postoperative abscesses. The height of the fever, that is, �1028F
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(38.88C), provides a good way to clinically approach infectious/noninfectious
fevers. Temperatures �1028F (38.88C) without an obvious explanation should
suggest the possibility of abscess in a postoperative surgical patient. Temperatures
are also �1028F with C. difficile colitis and IV-line infections. Phlebitis, uncompli-
cated wound infections, catheter-associated bacteriuria, and simple cellulitis do
not ordinarily exceed 1028F (38.88C).

Extreme hyperpyrexia, that is, temperature 1068F (�41.18C) virtually excludes
an infectious etiology. Central fevers following craniotomy, drug-induced malignant
neuroleptic syndromes, and drug fevers are disorders likely to present with
extreme hyperpyrexia (10–12).

Nosocomial FUO should convey to the physician that the cause of the pro-
longed fever is not apparent after a week in the hospital. Hospital-acquired
prolonged fevers are associated with relatively few disorders that can evade detec-
tion for a prolonged period and include nosocomial endocarditis (from central IV
lines, implanted pacemakers, or defibrillators), nosocomial sinusitis in patients
who have had prolonged nasotracheal intubation, fungemias or disseminated/
invasive fungal infections, postsurgical abscesses particularly of the pelvis or
abdomen, C. difficile colitis, ischemic colitis, central fevers, postperfusion syndrome
following open heart procedures, herpes simplex virus (HSV)-1 nosocomial pneu-
monia, adrenal insufficiency, fat emboli syndrome, and drug fevers (10,13,14).

FEVERS OF SHORT DURATION

As with prolonged fever, the challenge for the clinician is to differentiate infectious
from noninfectious disorders. Most febrile disorders are self-limited, for example,
fevers secondary to transfusion reactions of blood or blood products, cerebrovascu-
lar accidents (CVA) (not associated with massive intracranial hemorrhage), acute
attack of gout precipitated by stress, superficial phlebitis, deep vein thrombosis
(DVTs), acute flare of systemic lupus erythematosus (SLE), extremity gangrene of
the digits, Dressler’s syndrome, acute myocardial infarction, acute gastrointestinal
hemorrhage, acute pulmonary embolus/infarction, acute pancreatitis, and acute
adrenal insufficiency. These noninfectious disorders are usually readily diagnosable
from the clinical presentation combined with laboratory/X-ray findings. The
undiagnosed noninfectious disease disorders most likely to be confused with infec-
tious disorders include an SLE flare, acute adrenal insufficiency, and repeated
showers of small pulmonary emboli; fever from a CVA will decrease within days
after the embolic/thrombotic event. Gastrointestinal hemorrhage unless massive
and prolonged, will rapidly lose its febrile component. In acute myocardial infarc-
tion, the fever peaks two to three days after the event and the patient rapidly
becomes afebrile. The fever of acute pancreatitis usually lasts only a few days
unless complicated by infected pseudocyst or abscess (10–12).

Among the infectious disorders that are common in the hospital setting are
sacral decubiti with/without accompanying osteomyelitis. Sacral decubiti may
cause low-grade fevers that are not diagnostic problems. Septic thrombophlebitis
presents as phlebitis with temperatures �1028F (38.88C). The common causes of
prolonged fevers are septic thrombophlebitis, arteriovenous (AV) shunt infections,
central line infections, and procedure-related nosocomial endocarditis (15–18)
(Table 1).

102 Cunha



NOSOCOMIAL LOW-GRADE FEVERS

Most commonly encountered noninfectious disorders are essentially afebrile dis-
orders, but may be accompanied by low-grade fever, usually in the range of 998F
to 1008F (37.28C–37.78C). The temperatures associated with these disorders rarely
exceed 1028F (38.88C), and include catheter-associated bacteriuria (CAB), atelecta-
sis, dehydration, noninfectious (non-C. difficile) diarrhea, uncomplicated wound
infections, infected drain tube sites, infected ascites or pleural fluid, and tracheo-
bronchitis. Noninfectious and infectious disorders are usually accompanied by
some degree of leukocytosis. Because syndromic diagnosis is the primary means
of approaching clinical infectious-disease problems, it is important that the
correct associations should be made between various signs/symptoms before
ascribing them to a particular syndrome complex. The importance of the noninfec-
tious disorders mentioned is that they may mislead the clinician into believing that
fever/leukocytosis are due to these conditions, when they should prompt a search
for an alternate explanation for the patient’s fever, particularly if �1028F (38.88C)
(9–11) (Table 2).

FEVER OF UNKNOWN ORIGIN IN THE INTENSIVE CARE UNIT SETTING

Disorders that could present as FUO in the ICU are relatively limited. As with acute
fevers, the conditions potentially presenting as an FUO consist of both infectious
and noninfectious disorders. Among the disorders that often escape diagnosis
and persist long enough to present as an FUO include cholesterol-emboli syndrome

TABLE 2 Causes of Prolonged Low-Grade Nosocomial Fevers

Noninfectious causes Infectious causes

Atelectasis Tracheobronchitis
Dehydration Wound infections
Pleural effusion
Ascites

Sacral decubitus ulcers (grade III/IV/
chronic osteomyelitis)

Dry (ischemic) gangrene
Noninfectious diarrhea (non-Clostridium difficile)
Phlebitis
Deep vein thrombosis

TABLE 1 Causes of Acute Nosocomial Fevers

Noninfectious causes Infectious causes

Acute myocardial infarction Nosocomial pneumonia
Acute pulmonary embolus/infarction IV central line infections
Acute gastrointestinal bleed Septic thrombophlebitis
Transfusion reactions
Dressler’s syndrome
SLE flare
Acute gout flare
CVA/massive intracranial bleed

Abbreviations: CVA, cerebrovascular accident; IV, intravenous; SLE, systemic
lupus erythematosus.
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following open heart surgery, “postperfusion syndrome” due to cytomegalovirus
(CMV) following open heart surgery, sternal osteomyelitis, mediastinitis, and noso-
comial pneumonia.

Postperfusion Syndrome
Postperfusion syndrome due to CMV usually presents weeks after the surgery and
temperatures may persist for extended periods of time, presenting as an FUO
during recovery. Postperfusion syndrome was formerly known as “40-day post-
operative fever” because of its delayed incubation period after being acquired by
the host via multiple blood transfusions associated with open heart surgical pro-
cedures. The risk of acquiring CMV postoperatively is directly related to the
number of units transfused during the open heart procedure. Patients with postper-
fusion syndrome present with a CMV infectious mononucleosis-like syndrome fol-
lowing open heart surgery. The clue to the diagnosis is the finding of leukopenia,
thrombocytopenia, lymphopenia, or atypical lymphocytes in the peripheral
smear. Serum transaminases are minimally elevated. Unlike nonsurgically acquired
CMV infectious mononucleosis, such patients do not have a sore throat or periph-
eral adenopathy (9,10,19).

Postperfusion syndrome must be differentiated from Dressler’s syndrome
(postpericardiotomy syndrome). Dressler’s syndrome, in contrast to postperfusion
syndrome, occurs approximately two weeks after myocardial infarction or open
heart surgery. Dressler’s syndrome is a noninfectious disorder characterized
by autoimmune phenomena, for example, splinter hemorrhages, Roth’s spots,
shoulder pain, and increased erythrocyte sedimentation rate (ESR). Atypical lym-
phocytes and increase in serum transaminases are not part of Dressler’s syndrome,
nor are leukopenia, lymphopenia, or thrombocytopenia.

Cholesterol Emboli Syndrome
Cholesterol emboli syndrome occurs following open heart procedures secondary to
cholesterol embolization from clamping off major vessels to go on cardiopulmonary
bypass. Cholesterol emboli released into the circulation can result in multiorgan
manifestations and dysfunction. Emboli frequently go to the central nervous
system (CNS), the kidneys, the pancreas, the extremities, and, uncommonly, even
the coronary arteries. Patients present clinically with livedo reticularis of the lower
extremities and a peripheral eosinophilia accompanied by fever. The diagnosis is
clinical and is suggested by the time relationship between the open heart procedure
and the finding of otherwise unexplained multiorgan dysfunction, accompanied by
fever, eosinophilia, and a livedo reticularis extremity rash (10,20).

Invasive/Disseminated Fungal Infections
Patients in the ICU will receive corticosteroids for a variety of reasons. If the stay in
the ICU or the critical care unit (CCU) is prolonged and steroid therapy is continued
throughout the patient’s stay, then the possibility of invasive or disseminated
fungal infections should be entertained. Patients who are receiving broad-spectrum
antimicrobial therapy, steroids and/or who have undergone major surgical pro-
cedures, have additional risk factors for invasive/disseminated fungal infections.
If a patient has been maintained on prolonged broad-spectrum antimicrobial
therapy or corticosteroids that spike temperatures without explanation, the possi-
bility of invasive/disseminated fungal infection should be entertained. Patients
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with candidemia usually have positive blood cultures to suggest the diagnosis.
Invasive aspergillosis is not usually accompanied by positive blood cultures. Diag-
nosis is made by tissue biopsy of the affected organ, demonstrating tissue and
vessel invasion by Aspergillus or other fungi. Treatment is based on identifying
the organism in tissue biopsy/culture (10–12).

Nosocomial Sinusitis
Nosocomial sinusitis may rarely complicate extended nasotracheal intubation.
Such patients present without clinical signs relating to sinusitis, but with otherwise
unexplained fevers. Nosocomial sinusitis is a diagnosis of exclusion in patients
with prolonged nasotracheal intubation. Diagnosis is confirmed by obtaining a
head computed tomography (CT) or magnetic resonance imaging (MRI) demon-
strating sinusitis. Treatment is to remove the nasotracheal tube, which usually
results in sufficient drainage (21).

Intra-abdominal or Pelvic Abscesses
An intra-abdominal or pelvic abscess may complicate any surgical procedure/per-
foration. The possibility of an intra-abdominal or pelvic abscess depends on the
nature of the antecedent surgical procedure and a high index of suspicion.
Indium or gallium scans are unhelpful because postoperative changes cannot be
differentiated from infection. The best diagnostic technique is an abdominal/
pelvic CT or MRI scan to rule out postoperative pelvic or abdominal abscess. Treat-
ment is appropriate antimicrobial therapy to cover common coliforms and Bacter-
oides fragilis, and surgical drainage (9,11,18,22).

Arteriovenous Shunt Infections
Shunt infections, particularly peripheral shunts or hemodialysis catheter infections
can be difficult to diagnose if they are not thought of. The catheter entry site or the
graft site is not always tender and erythematous. The only clue to an otherwise
occult graft infection may be the intermittently or constantly positive bacteremia,
and prolonged, otherwise unexplained fevers. Diagnosis is made by indium or
gallium scan showing an uptake in the area of the graft or dialysis catheter (12,23).

Infected Implanted Pacemakers/Defibrillators
Some patients in the ICU have an implantable defibrillator or pacemaker inserted.
Persistent and otherwise unexplained fevers in the absence of another explanation
for the fever should suggest the possibility of an infected device. Diagnosis is made
by gallium or indium scanning, which may show uptake on the wire pacemaker/
generator or pocket. Cure usually requires removal of the pacemaker wire/genera-
tor or defibrillator (24).

Nosocomial Endocarditis
Nosocomial endocarditis may complicate/follow central IV-lines (PICC, short-term
central IV catheters) or Swan-Ganz catheter placement. Diagnosis is made by posi-
tive blood cultures and demonstrating a vegetation by echocardiography. Treat-
ment is to remove the IV device/line if still in place, and treat the endocarditis
with appropriate therapy.
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Clostridium difficile Colitis
Nosocomial diarrhea may be either infectious or noninfectious. The more common
causes of nosocomial noninfectious diarrhea are overzealous enteral feeds, drug-
induced changes in the patient’s microflora, or drug-induced intestinal peristalsis.
If the nosocomial diarrhea is infectious, it is invariably due to C. difficile. Patients
receiving enteral feeds are protected somewhat from getting C. difficile diarrhea.
Diarrhea due to enteral feeds may be eliminated by either decreasing the infusion
rate per hour, or by changing to another formulation. C. difficile diarrhea may result
from exposure to cancer-chemotherapeutic agents, or selected but not any anti-
biotics. Antibiotics differ in their C. difficile potential, and the antibiotics most
commonly associated with C. difficile include clindamycin and b-lactam antibiotics.
Quinolones are a less common cause of C. difficile diarrhea. Daptomycin, linezolid,
quinupristin/dalfopristin, polymyxin B, aztreonam, carbapenems, aminoglyco-
sides, and TMP-SMX, doxycycline rarely cause C. difficile diarrhea. Unrecognized,
untreated C. difficile diarrhea may progress to C. difficile colitis. C. difficile colitis in
a patient with C. difficile diarrhea is heralded by an abrupt increase in the white
blood cell count (WBC) (WBC 25–50 k/mm3) a temperature that �1028F (38.88C),
new acute abdominal pain, or an abrupt stop in diarrhea. In contrast, uncompli-
cated C. difficile diarrhea is associated with temperatures�1028F (38.88C). The diag-
nosis of C. difficile colitis may be confirmed by abdominal CT/MRI or
sigmoidoscopy. Rarely, C. difficile colitis may occur without preceding C. difficile
diarrhea. Such cases of C. difficile colitis without antecedent C. difficile diarrhea
may present as a nosocomial FUO. Treatment of C. difficile colitis is with metronida-
zole. The addition of oral vancomycin offers no benefit. In severe cases, partial or
total colectomy may be necessary (11,25).

Central Fever
Central fevers occur in patients following neurosurgical procedures or CNS
trauma. Clinicians unfamiliar with neurosurgical patients will have difficulties
diagnosing obscure fevers in such patients if they are not aware of the clinical fea-
tures of central fever. The diagnosis of central fever depends on having a CNS cause
for the fever, that is, hemorrhage, trauma, granuloma, tumor, and so on. Central
fevers characteristically are high, plateau-like, and may be accompanied by relative
bradycardia. Central fevers are relatively resistant to antipyretics. The clinical clue
to central fever is that the temperatures are not accompanied by perspiration. The
diagnosis of central fever requires analysis of CNS fluid, which usually shows
a pleocytosis and RBCs but no organisms on Gram stain or culture. Treatment is
supportive (8,11,12).

Drug Fever
Drug fevers are the sole manifestation of a hypersensitivity reaction to a medi-
cation. Drug rash is a hypersensitivity reaction that causes fever and is
accompanied by rash. There is no diagnostic difficulty when rash/fever are
present, but in the absence of a rash, the diagnosis of drug fever can be difficult.
Because most patients in the ICU have multisystem disease, multiple interventions
(surgically/medically), and numerous drugs, it is easy to overlook the possibility
that the patient’s prolonged fevers are due to a drug. Most medications are
capable of causing a hypersensitivity reaction, but the potential varies considerably.
Most drug fevers in the ICU setting are not caused by antibiotics but by common
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medications. Common causes of drug fever in the ICU setting include antiarrhyth-
mics, antiseizure medications, pain medications, or sulfa-based stool softeners.
Among the antibiotics, sulfa-containing antibiotics, for example, TMP-SMX, b-
blockers, calcium channel blockers, ACE inhibitors, or the b-lactams are the com-
monest causes of antibiotic-caused drug fever. Steroid, multivitamins, and digitalis
preparations do not cause drug fevers. Importantly, certain antibiotics rarely, if ever,
are the cause of drug fever, for example, quinolones, monobactams, carbapenems,
aminoglycosides, tetracyclines, macrolides, TMP/SMX, daptomycin, linezolid, qui-
nupristin/dalfopristin, antifungals, and polymyxin B. The diagnosis of drug fever
is a diagnosis of exclusion. With drug fever, blood cultures are negative, excluding
contaminants. Patients on sensitizing medications do not necessarily have an
atopic/allergy history. WBC count is usually increased with a shift to the left,
mimicking an infectious disease process. Serum transaminases are modestly/tran-
siently elevated early and such subtle changes are often missed by clinicians taking
care of ill individuals. Eosinophils are common in the peripheral smear, but eosino-
philia is uncommon.

Relative bradycardia regularly accompanies drug fever and is a clue to the
diagnosis. Relative bradycardia may also occur with tumors, central fevers, and a
variety of infectious diseases. Relative bradycardia is also present in febrile patients
on b-blockers (not with digitalis preparations, ACE inhibitors, or calcium channel
blockers). Therefore, an obscure fever occurring in the ICU accompanied by
pulse temperature deficit in a patient not on b-blocker medication should suggest
the possibility of drug fever.

With multiple medications, it is often difficult to determine which drug is
responsible for the drug fever. The most likely drug/drugs should be discontinued,
and if they are the offending agents, temperature will decrease to near normal levels
within 72 hours. Alternately, if clinically feasible, all nonlife-supporting medication
can be withdrawn and the patient observed for 72 hours. Patients may also have an
infectious disease and a drug fever due to one of the medications that the patient is
receiving. If the antibiotic being used to treat the infection is the cause of the drug
fever, then a hypoallergenic agent with the same spectrum and pharmacokinetic
profile should be substituted, for example, a carbapenem in place of a b-lactam.
Patients with drug fevers appear relatively well for the degree of fever. Drug
fevers often are between 1028F–1048F (38.8–408C), but may exceed 1068F

TABLE 3 Causes of Nosocomial FUO

Noninfectious causes Infectious causes

Relative adrenal insufficiency
Central fever

Endocarditis (28 to central IV lines,
Swan Ganz catheters, etc.)

Post craniotomy Infected pacemaker/defibrillator
(postperfusion syndrome) Invasive/disseminated fungal infections

Drug fever Clostridium difficile colitis
Postoperative intraabdominal/pelvic abscess
Postoperative heart surgery

(postperfusion syndrome 28 to CMV)
Cholesterol emboli syndrome
AV shunt infections
Nosocomial sinusitis

Abbreviations: AV, arteriovenous; CMV, cytomegalovirus; FUO, fever of unknown origin; IV,
intravenous.
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(41.18C). The main diagnostic difficulty with drug fever is failure to consider
the diagnosis. A second problem is failure to carefully review the medication
list, looking for nonantibiotic agents that are the most likely causes of drug fever
(12–14) (Table 3).
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OVERVIEW

Infections in older persons may present in atypical, nonclassical fashions. This is
important because of the high impact of infectious diseases on this vulnerable
population. Older persons are more susceptible to infections and, in turn, infectious
diseases are associated with higher morbidity and mortality rates compared to a
younger population. Multiple factors are thought to be responsible for the higher
incidence and elevated morbidity and mortality rates for infections in older
persons. These include decremental biologic changes with age, including changes
in renal and hepatic function, which alter the pharmacokinetics and pharmacody-
namics of drugs and comorbidities that diminish host defenses and mask the clini-
cal presentation of infections. The geriatric patient is likely to suffer from more than
one chronic disease and is usually taking multiple medications that may affect host
defenses and increase the risk of adverse drug reactions, including-drug induced
fever. An atypical presentation of an infection in the older patient may delay diag-
nosis and delay the initiation of empiric antimicrobial therapy in a patient who is
already compromised by aging and chronic diseases.

The most important clinical diagnostic clue to the presence of infection is
fever, and this cardinal sign of infection may be blunted or absent in up to a
third of infected older persons. Conversely, the presence of a fever and/or the
presence of a leukocytosis in a geriatric patient are more likely to be associated
with a serious bacterial or viral infection than it is in a younger febrile patient (1,2).

Fever of unknown origin (FUO) may occur in the elderly but differs signifi-
cantly in etiology. It is difficult to ascertain the incidence or prevalence of FUO in
the elderly. However, the prevalence of FUO in hospitalized patients is estimated
to be 2.9% (3), and in one prospective study of 167 hospitalized patients with
FUO, 28% of cases occurred in patients over the age of 65 years (4). The importance
of aggressively determining the etiology of FUO in geriatric patients is that FUO
in this population is often treatable.

The traditional definition of FUO is a fever .1018F (38.38C) on several occasions
over a period of at least three weeks, the etiology of which remains undetermined after
one week of intensive study in the hospital. Given the ready availability of diagnostic
tests and procedures in the ambulatory care setting, the last part of the definition
maybe generalized to one week of intensive study in any care setting. However, this
definition may not work as well for geriatric patients due to the blunted or absent
febrile response to infection observed in this age group (5). This is because, as noted
earlier, approximately 20% to 30% of infected geriatric patients will present with a
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blunted or even absent fever response (5–7). Studies looking at bacteremia (8,9), endo-
carditis (10–12), pneumonia (13–16), tuberculosis (17), and meningitis (18) demon-
strated that infected older persons may present with diminished fever compared to
younger adults. Based on these studies and careful studies done by Castle et al.
(19,20), fever in older persons should be defined as persistent oral or tympanic mem-
brane temperatures of �998F (37.28C) or persistent rectal temperatures of �99.58F
(37.58C) (5). Moreover, a change of temperature over a baseline of �2.48F (1.38C)
would also indicate that a fever is present.

In summary, given the above, the definition of FUO in the elderly should be
changed to reflect current understanding of fever in this population; instead of
1018F (38.38C) criterion for fever, an oral or tympanic membrane of 998F or a
rectal temperature of 99.58F should be considered to be a fever. Any change in func-
tional status associated with a change in temperature reinforces the significance of
this finding and increases the likelihood that an infection is present.

As mentioned earlier, FUO in older persons differs from FUO in younger indi-
viduals both in etiology and because a diagnosis can be made in a higher percen-
tage of cases. A precise etiologic diagnosis can be made in substantial majority of
cases (.80%) of older persons with FUO (21–23). Table 1 summarizes this compara-
tive data and supports aggressively investigating the etiology of FUO in older
persons since many of the causative diseases are treatable.

In many cases, FUO in older persons is due to atypical presentations of
common diseases (24). Similar to the frequency observed in young patients, infec-
tion is the most common etiology of FUO in older persons and occurs in 25% to 35%
of cases. There are differences in etiology of these infections, because tuberculosis
(TB) is much more likely to be a cause of FUO in older persons compared to the
young. TB, similar to endocarditis, may present particular diagnostic challenges.

TB is a more common disease in the older patient with FUO compared to
younger patients with FUO and was responsible for 50% of infections in the
older age group in the most recent FUO study comparing old and young FUO
patients (25). A more recent study of 94 FUO patients reported from Taiwan
found that TB was the cause in 23% of cases overall and was more likely to be

TABLE 1 Etiology of Fever of Unknown Origin in the Elderly vs. Younger Patients

Elderlya

n (%)
Younga

n (%)
Recent studies

(all adult ages) n (%)

Total patients 204 152 200b

Infections 72 (35) 33 (21) 54 (25)
Viral 1 (.05) 8 (5) 7 (3)
TB 20 (10) 4 (3) 4 (2)
Abscess 25 (12) 6 (4) 6 (3)
Endocarditis 14 (7) 2 (1) 5 (2)
Other 12 (6) 13 (9) 32 (15)

Noninfectious inflammatory
Diseases 57 (28)c 27 (17)c 52 (24)
Neoplasms 38 (19) 8 (5) 31 (14)
Miscellaneous 17 (8) 39 (26) 17 (8)
No diagnosis 18 (9) 45 (29) 66 (30)

aAdapted from the comparative study in Ref. 23 and includes subjects from the 1970s to the 1980s.
bAdapted from Refs. 4 and 25 and includes cases from the late 1980s to the early 1990s.
cIn descending order of frequency (23): Temporal arteritis, polymyalgia rheurnatica, Wegener’s granulomatosis,
periarteritis nodosa, rheumatoid arthritis, and sarcoidosis.

Abbreviation: TB, tuberculosis.

110 Norman and Wong



present in older patients with FUO (26). In a prospective comparison study of TB,
elderly patients were less likely to have fever, hemoptysis, cough, and a positive
response to 5TU purified protein derivative (PPD) but were more likely to have
disseminated disease (17).

Endocarditis in older patients presents with less severe clinical symptoms (e.g.,
blunted or absent fever) compared to younger patients and may present with vague,
nonspecific constitutional symptoms such as lethargy, malaise, anorexia, and weight
loss. However, transesophageal echocardiography (TEE) facilitates diagnosis and
reduces diagnostic delays caused by the differences in clinical presentation between
old and younger persons with infective endocarditis (11,12). Obviously, any heart
murmur in an older FUO patient should lead to the consideration that endocarditis
is present. Similar to endocarditis, intra-abdominal infections may present in a
nonspecific manner; even mild symptoms and findings (minimal tenderness and
distention) may indicate an intra-abdominal infection (27,28).

Human immunodeficiency virus (HIV) may occur in older persons and
should be considered if no other etiology of FUO is found, or if the history of
sexual activity becomes a potential diagnostic clue.

Noninfectious inflammatory diseases such as temporal arteritis, rheumatoid
arthritis, and polymyalgia rheumatica are second to infection as a cause of FUO
and are responsible for 25% to 31% of cases in older persons (29). A new localized
headache, temporal artery abnormality (decreased pulse, tenderness, or nodules),
elevated erythrocyte sedimentation rate, especially if �50 mm/hr Westergren, a
high C-reactive protein are potentially diagnostic clues that should lead to a
prompt, confirmatory, temporal-artery biopsy.

Finally, malignancies, usually hematological in origin, account for 12% to 23%
of cases of FUO in older persons (21,23). Rapid weight loss might suggest the
presence of a neoplasm but may also occur with depression, dementia, and any
systemic disease or adverse drug reaction in the elderly.

CLINICAL FEATURES

A thorough clinical history and physical examination is very important in establish-
ing the etiology of an FUO in the older patient and potential diagnostic clues should
be carefully elucidated. Historical data should be obtained from the patient, but
even if the patient appears to be cognitively intact, verification and supplemental
information should be obtained from caregivers and family, when appropriate.
Occupational exposures, pets, travel, family history, and prior medical illnesses
should be thoroughly explored. Medical records should be reviewed carefully,
and it is useful to have the patient bring in all of the medications he or she is
taking including over-the-counter medications and any herbal supplements.
Noncompliance with medications is common in older persons, and an attempt
should be made to review each medication with the patient to determine the
actual dosage and frequency of administration that the patient is using. The
patient should be queried about alcohol and drug use and a sexual-activities
history should also be performed. The widespread availability of drugs for the
treatment of erectile dysfunction makes the latter an important component of the
history. Inquiries should also be made about the presence of any implanted
devices such as artificial heart valves.

The physical examination is also very important and for older persons should
include a neurological examination and an assessment of cognitive function with
the Mini-Mental State Examination (MMSE) or its equivalent test. The temporal
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arteries should be viewed for swelling and palpated, feeling for thickening,
tenderness, and nodules. In the geriatric patient, careful attention should be paid
to the oropharynx; especially the condition of the dentition and the sinuses
should be examined for tenderness. The abdomen should be carefully palpated,
remembering that the elderly with intra-abdominal infections such as biliary tract
infection, diverticulitis, and intra-abdominal abscess may present with nonspecific
symptoms and blunted signs (27,28). Digital rectal examination should be per-
formed on male patients to determine whether or not the prostate is boggy, tender,
or has nodules. All immobile patients with fever should undergo a careful examin-
ation of the skin for infected pressure ulcers. Small, sacral ulcers in obese patients
maybe difficult to detect unless the patient is turned over and carefully examined.
The responsible clinician should not rely on the reports of others but should person-
ally examine the patient for skin ulceration himself or herself. Moreover, the lower
extremities should be examined, looking for the presence of deep venous thrombosis.
Examination of the muscles of the shoulder girdle for tenderness or observation of
pain on motion may indicate polymyalgia rheumatica, a disease commonly associ-
ated with temporal arteritis. Finally, the physical examination should be repeated
at intervals to determine if new signs developed over time (30).

The list of drugs capable of causing FUO is extensive, and it should be
assumed that any drug or drug combination is capable of causing FUO in older
persons. Pulmonary embolism may also be a cause of FUO and particularly
should be considered for immobile patients, especially those with chest pain.
Hyperthyroidism may rarely cause FUO and has a very different presentation in
the elderly versus younger persons. Older patients with hyperthyroidism may
present atypically with weight loss, depression, or “failure to thrive” symptoms.

DIAGNOSTICS

Patients with FUO have already undergone an intensive diagnostic work up, which
minimally would include basic laboratory testing and imaging. Supplemental tests
would depend on potential diagnostic clues, but if none are present, should include
laboratory testing for thyroid function, erythrocyte sedimentation rate, C-reactive
protein, and repeated blood cultures. Abdominal ultrasound would be the next
step and, if negative, computed tomography (CT) of the abdomen and chest
should be performed.

Transthoracic followed by TEE should be considered if diagnostic clues point
toward the possibility of endocarditis or after other tests are exhausted. It should be
noted that heart murmurs are a frequent occurrence in older persons and may
commonly be present, secondary to aging-related aortic valve sclerosis.

Nonessential drugs should be eliminated, and essential drugs discontinued
one by one. Usually the fever, if the drug is the cause, resolves within two
days (31).

Finally, one study determined that when potentially diagnostic clues are
found, certain nuclear medicine scans may be helpful in localizing inflammation
and should be considered (32). A recent FUO study found that a cause for the
FUO could be found in 12 of 19 patients (67%). Indium 111 labeled-granulocyte
scintigraphy was superior to fluorine-18 fluorodeoxyglucose (FDG) positron emis-
sion tomography (PET), because FDG-PETwas associated with a much higher false-
positive rate (33).
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Liver and bone marrow biopsy may be considered but are most useful when
diagnostic clues such as abnormal liver function tests or scans or abnormalities in
blood component counts point to pathology in these organ systems.

THERAPY

A trial of antibiotics is rarely indicated and only would be considered in patients
with rapid clinical deterioration. A trial of steroids may be considered even prior
to temporal artery biopsy where temporal arteritis is a strong consideration and
vasculitis complications such as visual loss are occurring. A trial of “watch and
wait” is indicated for stable patients. A prospective study of 61 FUO patients
discharged from the hospital without an etiologic diagnosis and followed for a
mean of 5.8 years, found that, in most patients, fevers resolved. The age range of
these study participants was between 16 and 75 years and a diagnosis was even-
tually made in 12 patients during the follow-up period, and all were successfully
treated. Although 10% of the cases died during the follow-up period, it was deter-
mined that only in two cases (3%) was death thought to have resulted from the
disease causing the FUO (34).
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B12 Postoperative Fever of Unknown Origin
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OVERVIEW

The original definition of fever of unknown origin (FUO), proposed by Petersdorf
and Beeson, includes fever 100.48F (�38.38C) on several occasions, with a duration
of fever for at least three weeks and an uncertain diagnosis after one week of study
in the hospital (1). This definition has been revised due to physicians’ current
capacity to perform thorough outpatient evaluations for this syndrome. Individuals
without a focus for fever �3 weeks, who have undergone one week of either inpa-
tient or outpatient evaluation specifically to address the fever, are considered to
have FUO (2).

The incidence of postoperative fever can range from 13% to 73%, depending
upon the patient population and type of surgery performed (3). Routine causes of
postoperative fever include both infectious and noninfectious etiologies and,
with proper investigation, are usually identified without significant difficulty.
The majority of fevers without an identifiable focus resolve without sequelae.
The development of postoperative fever that persists �3 weeks, with a minimum
of one week of inpatient evaluation or three outpatient visits specifically to investi-
gate the cause of the fever, meets the criteria for FUO. There is a paucity of data
regarding the occurrence of true FUO following surgery. Although the list of
common causes of FUO should be considered in treating the patient presenting
with this conundrum, the history of recent surgery makes certain disease processes
more likely in the differential diagnosis.

Although only minimal data are currently available to characterize differ-
ences, there is a theoretical possibility that patients who have developed FUO
after ambulatory/outpatient surgery will have a different differential diagnosis
than patients who remain hospitalized during recovery. Moreover, the possibility
still exists that diseases causing FUO are entirely unrelated to the surgical
history. Consequently, a comprehensive workup should be tailored to the patient
and should not exclude evaluation of nonsurgical diseases routinely known to
result in FUO; such an evaluation should be focused on performing a comprehen-
sive history, physical exam, and diagnostic studies that are guided by the surgical
site and type of procedure that has occurred. The focus of this review will be on the
evaluation of postoperative patients who develop FUO.

CLINICAL FEATURES
History
An evaluation of FUO in the postoperative patient should include a comprehensive
history of the patient’s medical condition prior to the operation. This approach
serves to account for any specific diagnosis that may present as fever but
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may be unrelated to the surgical procedure itself. The condition for which surgery
was required should also be investigated as a potential etiology for fever. This is
particularly relevant for patients with a history of malignancy or autoimmune
disease, as these entities are frequently the cause of FUO, in general patient popu-
lations. Talking to the surgeon who performed the operation is another vital
component of taking the patient’s history, since such a discussion may reveal irre-
gularities in the operative procedure, operative findings, or immediate postopera-
tive/recovery period. The effects of potential immunosuppression due to steroids
or adjunctive treatment, such as chemotherapy, should also be considered
because they could result in the reactivation of formerly acquired diseases.
Although transplant patients are more at risk for these diseases due to the degree
of their postoperative immunosuppression, the postoperative reactivation of tuber-
culosis and malaria after hip surgery and neurosurgery, respectively, has also been
evidenced (4,5). In addition, in treating any case of FUO, the physician should
review the patient’s medication list to determine whether the fever may be drug
associated.

With regard to the surgical procedure itself, placement of any type of pros-
thetic device, graft, or foreign body always increases the likelihood of infection at
that particular site. An investigation of perioperative instrumentation should be
thorough as this can lead to complications that result in infection and/or inflam-
mation. Intravenous access may result in a hematoma, phlebitis, and/or deep-
vein thrombosis (DVT). The use of epidural catheters to deliver anesthesia and/
or pain control has been reported to cause epidural abscesses (6). Additionally,
the medical record should be reviewed for blood product transfusion(s), because
exposure to allogenic blood products carries risk of transfusion-related transmission
of infectious agents such as hepatitis, cytomegalovirus (CMV), and Epstein-Barr
virus (EBV). The type of surgery and degree of manipulation of tissues and vascu-
lature can also help stratify the risk for DVT, particularly if the postoperative period
includes prolonged immobility or suboptimal DVT prophylaxis.

Physical Findings
A thorough physical examination should be performed to assess for signs of dis-
ease(s) that could cause FUO. This should begin with an accurate documentation
of the occurrence of the fever itself. The pattern of temperature elevation correlates
poorly with any particular disease process; however, disorders such as factitious
fever can be ruled out with proper measurement of temperature. In the case of fac-
titious fever, measuring the temperature of freshly voided urine will accurately
determine the patient’s body temperature (7).

The site of the recent surgery should be examined for any evidence of inflam-
mation or suppuration, fluctuation, or induration that would indicate infection
and/or hematoma. Examination of the skin may reveal a morbilliform rash consist-
ent with drug hypersensitivity. Stigmata such as Janeway lesions, Osler’s nodes,
splinter hemorrhages, and petechiae may be suggestive of a diagnosis of infective
endocarditis. Sites of recent catheter placement should be examined for indurated
cords or erythema indicative of clot or phlebitis. Sites of needle injections should
also be evaluated for hematoma formation. Close examination of dentition may
reveal dental trauma as a result of endotracheal intubation, potentially resulting
in dental abscess formation. Auscultation of the lungs may reveal asymmetric
breath sounds that result from pleural fluid due to pulmonary embolus (PE) or
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postpericardiotomy syndrome. A thorough cardiac exam should be performed to
evaluate for murmurs as a potential clue for infective endocarditis. Costovertebral
angle (CVA) tenderness may reveal retroperitoneal or perinephric abscess for-
mation as a result of genitourinary instrumentation or injury. The lower extremities
should be evaluated for asymmetry and inflammation that would suggest either
cellulitus from reduced lymphatic/venous drainage after surgical disruption or
the possibility of DVT. The neurologic exam should focus on any meningeal
signs and/or new deficits that could result from embolic phenomena after bactere-
mia or on contamination and/or malfunction of neurosurgical hardware or shunts.

Laboratory/Diagnostic Tests
There is no standard approach to initial diagnostic testing in the evaluation of FUO.
Multiple reviews consistently list various tests that are considered to be the
minimum of those that should be performed in the investigation of FUO. A
routine complete blood count (CBC) with differential assessment, routine blood
chemistry including liver enzymes, and urinalysis with microscopy are indicated
following a comprehensive history and physical. Blood and urine cultures should
also be performed (8). Ideally, the former should include three aerobic and anaero-
bic cultures performed within a 24- to 48-hour period with 20 mL of blood for each
culture. Adsorbent resins for antibiotics and dilution of blood in broth media (1:10)
will increase recovery of organisms from patients recently on antibiotic therapy (9).
Chest radiography and, in most circumstances, abdominal-computed tomography
(CT) are indicated in the absence of localizing signs or symptoms. Although non-
specific, elevated erythrocyte sedimentation rate(s) (ESR) and C-reactive protein
level(s) support the presence of inflammatory processes. Any abnormalities ident-
ified in the history and physical should subsequently be pursued with additional
specific testing.

DIFFERENTIAL DIAGNOSIS
General Postoperative Patients
Infection from Perioperative Instrumentation
Perioperative use of intravenous catheters may result in infection and transient
bacteremia, particularly if the catheterization time exceeds five to seven days (10).
Patients who present with a history of intravascular catheterization and FUO
should be evaluated for endocarditis and/or complications of transient bacteremia.
The risk for endocarditis is even more significant for patients with pre-existing
cardiac abnormalities, such as valvular heart disease. Focal neurologic signs indi-
cating embolic phenomena also support this diagnosis. Glomerulonephritis and
embolic-induced infarcts of other organs, including spleen, lung, and kidney
also occur. Splenic or renal abscess(es) may represent late sequelae of vascular
access-induced bacteremia. The patient’s medical record should be carefully
reviewed, particularly regarding the location and duration of vascular catheter
use in the perioperative period, and any complications with insertion (hematoma)
or discontinuation should be fully investigated.

The increasing use of epidural catheters for pain control and analgesia has
resulted in an increase of associated epidural abscesses. The true incidence of
catheter-related epidural abscess may be underestimated due to underreporting,
but it is believed to be higher than the occurrence of spontaneous epidural
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abscess. Symptoms of epidural abscess commonly include fever, back pain, and
neurologic deficits. However, early in the course of the disease, neurologic deficits
are absent, and back pain may occasionally be unimpressive or attributed to pre-
existing disease. The time between catheter insertion and development of symp-
toms can range from one to 60 days. Regardless of prior patient history of back
pain, this diagnosis should be considered for patients with a history of epidural
catheter placement, particularly if back discomfort is present (6).

Venous Thromboembolic Disease
Well-known risk factors for venous thromboembolic disease (VTE) include immo-
bility and recent surgery; additional risk factors are listed in Table 1. Because most
postoperative patients have an elevated baseline for risk factors (Table 2), an initial
investigation for VTE is warranted in every case of FUO unless other diagnoses are
strongly suggested. The signs and symptoms of DVT include lower extremity
edema, pain, and fever. When venous thromboembolic disease is suspected,
important components of the history include a thorough review of the adequacy
of prophylaxis used in the perioperative setting, any history of upper extremity
DVT or central venous catheterization in the upper extremity that could increase
the risk for upper extremity DVT, and the duration of central venous catheterization
at any site. An inquiry regarding signs or symptoms of PE (chest pain, dyspnea, and

TABLE 1 Risk Factors for Venous Thromboembolism

Increased age Prolonged immobility

Stroke Paralysis
Previous venous thromboembolic disease Cancer
Surgery of abdomen, pelvis,

lower extremities
Trauma—particularly hip,

pelvis, lower extremity
Obesity Varicose veins
Cardiac dysfunction Indwelling central venous catheter
Inflammatory bowel disease Nephrotic syndrome
Pregnancy/postpartum Estrogen use

Source: From Ref. 11.

TABLE 2 Venous Thromboembolism Level of Risk in Surgical Patientsa

VTE level of risk

Low Minor surgery in patients ,40 yr, with no additional risk factors
Moderate Minor surgery in patients with additional risk factors; nonmajor surgery in

patients aged 40–60 yr with no additional risk factors; major surgery in
patients, ,40 yr with no additional risk factors

High Nonmajor surgery in patients .60 yr or with additional risk factors; major
surgery in patients .40 yr or with additional risk factors

Highest Major surgery in patients .40 yr plus prior VTE, cancer, or molecular
hypercoagulable state; hip or knee arthroplasty, hip fracture, surgery; major
trauma; spinal cord injury

aA thorough description of minor, nonmajor, and major surgery categories is covered in the original source
referenced.

Abbreviation: VTE, venous thromboembolic disease.
Source: From Ref. 11.
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hemoptysis) is also necessary as the process of evaluation will differ based upon the
extent of the disease.

In the absence of signs and symptoms of pulmonary embolism, compression
ultrasonography of the lower extremities is routinely the initial diagnostic test. In a
study investigating the sole use of venous duplex imaging in a general population
of patients identified as having FUO, VTE was diagnosed in 6% of the 89 patients
studied. This percentage is likely an underestimate of patients with FUO in the post-
operative setting and may also reflect missed diagnoses of DVT, given the poor
sensitivity of ultrasound in asymptomatic individuals (12). The addition of D-dimer
to ultrasound testing may be helpful in low-risk patients. A negative D-dimer
(enzyme-linked immunosorbent assay method) with a negative ultrasound of the
lower extremities is sufficient to rule out VTE in low-risk patients. Patients who
are at high risk for DVT but who have only fever as a symptom are less likely to
have a positive ultrasound. In this circumstance, D-dimer cannot reliably be used
to rule out DVT. Contrast venography has been shown to be a specific test in this situ-
ation. However, due to its invasive nature, contrast venography is rarely used to
screen for DVT (13). Magnetic resonance direct thrombus imaging (MRDT) of the
lower extremities offers an alternative to contrast venography in the diagnostic
workup of DVT. MRDT imaging offers the advantage of maintaining sensitivity for
clots located below the knee and allows visualization of pelvic veins, a potentially
useful imaging modality for patients who have undergone pelvic/urologic surgery
or orthopedic intervention (14). The test performance characteristics of MRDT have
not been extensively studied in asymptomatic patients; therefore, contrast venogra-
phy may be required in select high-risk patients to rule out DVT effectively.

In patients with symptoms and signs suggestive of PE, diagnostic testing may
begin with thoracic imaging studies. Ventilation/perfusion (V/Q) scans are most
helpful in patients with a normal chest X ray and no pre-existing cardiopulmonary
disease. A normal V/Q scan will essentially rule out the diagnosis of PE; however,
nondiagnostic exams necessitate further testing of the patient. A high-probability
exam in the setting of a moderate- to high-risk clinical probability of PE establishes
the diagnosis. Contrasted spiral CT is routinely the first test ordered to evaluate for
PE. With advancing technology, multidetector scanners are able to identify smaller
and subsegmental clot(s), thereby increasing the sensitivity of this test. Chest CT
also offers the advantage of an imaging evaluation for other competing diagnoses.
However, chest CT exams that are negative for PE do not rule out the diagnosis in
high-risk patients. Certainly, negative compression-ultrasonography and a negative
D-dimer combined with negative chest CT comprise strong evidence against the
diagnosis of PE. However, in certain circumstances, pulmonary angiography is
required to establish or refute the diagnosis (15).

Transfusion-Related Viral Infections
The risk of acquiring transfusion-related viral infections has been reduced substan-
tially due to sophisticated testing that allows detection of viruses even in the early
periods of donor infectivity. However, the risk is not completely absent, particularly
for Hepatitis B, Hepatitis C, and CMV (16). The possibility of a transfusion-related
viral infection should always be considered in patients who received blood pro-
ducts during the perioperative period. CMV can cause “postperfusion syndrome”
in cardiopulmonary bypass graft (CABG) patients. This syndrome is due to
primary CMV infection and causes many of the same symptoms as mononucleosis,
including fever, malaise, hepatosplenomegaly, and lymphadenopathy. CMV IgM,
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a four-fold rise in CMV titers, and CMV antigen testing may be helpful in support-
ing a diagnosis of acute CMV infection (17).

Miscellaneous Causes
Drug fever can occur at any time during the postoperative period and stem from
virtually any type of medication. Even medications that the patient had been
taking prior to surgery are potential etiologic agents of drug fever. Characteristic
rashes and eosinophilia may be absent. Discontinuation of the drug may provide
the only diagnostic indication that the medication was indeed the source of FUO
(18). Sinusitis has been implicated as an FUO in postoperative patients, particularly
in patients who have had prolonged endotracheal and/or nasogastric intubation.
Facial tenderness, edema, and purulent nasal discharge support the diagnosis
but may be absent. Evaluation consists of dedicated sinus CT and nasal endoscopy.
CT is very sensitive but not specific due to the frequency of radiographic abnorm-
alities, such as mucosal thickening and fluid pooling that follow nasopharyngeal
instrumentation. Nasal endoscopy offers the advantages of direct visualization,
biopsy, and culture in supporting the diagnosis (19).

Factitious fever is a potential cause of FUO in any patient population. Individ-
uals will occasionally manipulate or fabricate their own temperature measure-
ments, or even ingest drugs, to induce hyperthermia. Factitious fever should be
considered when very high, brief episodes of fever are recorded and when corre-
sponding signs and symptoms of warm skin and tachycardia are absent during
febrile episodes. Some patients will also inject contaminated substances to induce
true infection and fever. Characteristic profiles of patients with factitious fever
include females with medical backgrounds (2).

Diagnoses Specific to Surgical Subtypes
Neurosurgery: Cerebrospinal Shunt Infection
Patients having undergone neurosurgical placement of a ventriculostomy or ventri-
culoperitoneal shunt who develop fever should be evaluated for cerebrospinal fluid
(CSF) shunt infection and meningitis. In a recent study, the incidence of shunt infec-
tion in a group of 2112 patients was 2.1%, and the range for shunt infection has been
reported to be between 2% and 22% (20). The most common features associated with
infection included fever, hydrocephalus, depressed consciousness, and seizure
activity. Abdominal discomfort was commonly noted in pediatric patients. Neuro-
logic abnormalities may be less obvious in patients with underlying neurologic dys-
function that preceded shunt placement. Additionally, patients receiving antibiotics
at the onset of fever are in danger of having their shunt infection overlooked; prior
antibiotic therapy may cause cultures to be negative and symptoms to be attenu-
ated. Fever that occurs in patients with these devices should prompt neuroimaging
and CSF analysis. Typical organisms include skin-, nasopharyngeal-, and auditory
canal-associated flora, and the potential exists for resistant nosocomial organisms if
the patient has recently been hospitalized. Treatment includes pathogen-directed
antibiotic therapy and usually requires shunt removal (20).

Cardiothoracic Surgery
Postpericardiotomy Syndrome
Postpericardiotomy syndrome results from injury that occurs with trauma to the
pericardium and/or myocardium, including the pericardiotomy required during
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CABG procedures. It is characterized by development of pericarditis, pericardial
and/or pleural effusion, fever, leukocytosis, and an elevated ESR. This syndrome
can develop one week to several weeks after bypass surgery. The concurrent
chest pain may often be ascribed to recurrence of angina or poststernotomy pain.
Even after treatment with nonsteroidal anti-inflammatory drugs, postpericardiot-
omy syndrome can continue to recur up to six months later (17).

Prosthetic Valve Infection
Patients with prosthetic cardiac valves who develop fever should always be
assessed for prosthetic-valve infective endocarditis (PVE). It becomes essential,
given the treatment implications and potential for morbidity and mortality, either
to establish the diagnosis of infective endocarditis (IE) or to identify and treat an
alternative diagnosis for persistent fever in this patient population. The rate of
PVE is highest in the first three months following placement, and the risk sub-
sequently declines six months postimplantation. The cumulative risk is estimated
to be 1.0% to 1.4% at 12 months and 3.0% to 5.7% at 60 months (21). Early infection
occurring within two months can often be traced to acquisition of the offending
pathogen either at the time of surgery or in the immediate postoperative period,
when invasive hemodynamic monitoring equipment and vascular access devices
are in place (21). The most common cause of PVE occurring within 12 months of
implantation is coagulase-negative Staphylococcus sp. (Table 3) (22). It is therefore
imperative to employ appropriate methods for acquiring blood cultures. False-
positive cultures due to improper technique may lead to inappropriate treatment,
and false-negative cultures due to too few cultures or too little blood volume can
delay appropriate therapy. While 90% of blood cultures in the setting of PVE are
positive, culture-negative endocarditis can occur, particularly after prosthetic
valves have undergone endothelialization. Culture and serology for common
causes of culture-negative endocarditis should be included in the evaluation of
the persistently febrile patient with a prosthetic valve. It is recommended that the
acridine orange test, a fluorescent stain able to identify live bacteria, be performed
on an aliquot from the blood culture to increase diagnostic sensitivity (23). In the
absence of positive culture, specific criteria that would establish the diagnosis of
endocarditis should also be sought. An established diagnosis of endocarditis and

TABLE 3 Microbiologic Features of Prosthetic Valve Endocarditis—Approximate Percentage
of Cases Listed

Early Intermediate Late
Pathogen ,60 days 60–120 days .12 mo

Streptococcus sp. 1 7–10 30–33
Staphylococcus aureus 20–24 10–15 15–20
Coagulase-negative Staphylococci 30–35 30–35 10–12
Enterococcus sp. 5–10 10–15 8–12
Gram-negative bacilli 10–15 2–4 4–7
Fungi 5–10 10–15 1
Culture-negative and HACEK organisms 3–7 3–7 3–8
Diphtheroids 5–7 2–5 2–3
Polymicrobial 2–4 4–7 3–7

Abbreviation: HACEK, Hemophilus sp., Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, Eikenella
corrodens, Kingella kingae.
Source: From Ref. 22.
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persistent fever in patients with prosthetic valves has serious implications in the
form of surgical therapy. Patients with infective endocarditis and persistent fever
despite appropriate therapy meet the criteria for valve replacement (21).

The Duke criteria are used to establish or reject a diagnosis in patients with sus-
pected endocarditis (24). There are two major criteria for diagnosis, the first of which
is positive blood cultures with organisms typical of infective endocarditis or persist-
ent bacteremia. The second major criterion includes new regurgitant murmur, endo-
cardial involvement, a positive echocardiogram for an oscillating mass, evidence of
abscess, or evidence of prosthetic valve dehiscence. Minor criteria include a predis-
posing cardiac condition or intravenous drug use; fever 100.48F (�388C); vascular
phenomena such as arterial emboli, pulmonary infarcts, and Janeway lesions; immu-
nologic phenomena such as Osler’s nodes, Roth’s spots, and glomerulonephritis;
echocardiogram consistent with endocarditis but not meeting major criteria; and
positive blood culture not meeting major criteria or positive serology/molecular
tests for a compatible microbe (24). Definite endocarditis is defined as positive his-
tology or culture from vegetation or the demonstration of two major criteria, one
major and three minor criteria, or five minor criteria. The diagnosis of infective endo-
carditis is rejected if a firm alternative diagnosis is established or if there is resolution
after four days or less of antimicrobial treatment (24).

Modification to the Duke criteria in the setting of PVE has been suggested by
Llamas and Eykyn (25). In a prospective study of 118 cases of pathologically proven
infective endocarditis, 18 cases of PVE were identified. The addition of several
minor criteria improved the diagnostic sensitivity from 50% to 89% without a
decrease in specificity. These additional minor criteria included newly diagnosed
clubbing, splenomegaly, splinter hemorrhages and petechiae, an elevated ESR,
elevated C-reactive protein, the presence of central nonfeeding lines or peripheral
lines, and microscopic hematuria. To enhance diagnostic sensitivity in the evalu-
ation for endocarditis, patients with fever following prosthetic valve implantation
should be evaluated for these findings in addition to the previously described
Duke criteria (25).

Surgical indications to remove prosthetic heart valves in the setting of endo-
carditis include the development of severe congestive heart failure, demonstration
of an unstable prosthesis, paravalvular extension or abscess formation, persistent
bacteremia despite adequate antimicrobial therapy, relapse after optimal therapy,
and large mobile vegetations (.1 cm). Two indications for valve removal are
specific for prosthetic valves; these include infection with fungi, Pseudomonas aeru-
ginosa, Staphylococcus aureus, or Enterococci in the absence of bactericidal therapy or
unexplained persistent fever with evidence for culture-negative PVE (26).

Mediastinitis
The incidence of poststernotomy mediastinitis has been reported to be ,1%;
however, the mortality associated with this complication can range from 14% to
47% (27). The time interval for the onset of poststernotomy mediastinitis can
range from three days to up to one year following surgery, with the majority of
cases occurring within two weeks of surgery (28). The typical symptoms and
signs of post-CABG mediastinitis include wound pain, purulent discharge, and
sternal instability in addition to fever and leukocytosis. On occasion, fever and leu-
kocytosis may be the only clinical findings, while pain and tenderness are attribu-
ted to postoperative pain. Risk factors for post-CABG mediastinitis include obesity,
bilateral, internal, mammary artery grafts in diabetics, prolonged operative time,
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and repeated blood transfusions in the perioperative period (27). Blood cultures are
indicated to rule out bacteremia, and chest CT is helpful in establishing the
diagnosis.

Vascular Surgery: Prosthetic Vascular Graft Infection
and Postimplantation Syndrome
Studies examining the incidence of aortic graft infection(s) report rates of 0.5% to
2% at five years (29). Early infection is associated with infection acquired at the
time of implantation, whereas late infection may be related to a procedure invol-
ving graft revision, enteric erosion, or transient bacteremia from an unrelated
process. Signs of graft infection maybe subtle and nonspecific; however, delays in
diagnosis maybe catastrophic, resulting in rapid deterioration due to sepsis or
hemorrhage. Typical findings in patients with aortic graft infection include pain,
gastrointestinal bleeding, a nonhealing wound, and persistent fever. Nonspecific
laboratory findings include an elevated ESR and leukocytosis. The mortality associ-
ated with infected prosthetic aortic grafts ranges from 25% to 70% (29). Graft infec-
tion must be distinguished from postimplantation syndrome, a syndrome of
fever, leukocytosis, and perigraft air that is normally seen within 10 days of
surgery. Given the time frame, postimplantation syndrome is less likely to meet
the criteria for an FUO and would only be considered after other etiologies of infec-
tious complications have been eliminated. With observation, this syndrome
resolves over time (30).

Abdominal/Pelvic Surgery
Intra-abdominal and Retroperitoneal Hematoma
Hematoma formation following intra-abdominal surgery is a potential cause of
FUO. Bleeding into the peritoneal cavity or retroperitoneal space may result in a
hematoma. Hematomas associated with vascular interventions, in which hema-
toma formation occurs within the wall of an arterial aneurysm or dissection, are
prone to catastrophic hemorrhage. In these cases, chest, abdominal, or back pain
may precede the development of fever and anemia (18). CT is helpful in identifying
fluid collections characteristic of hematomas. In the febrile patient, differentiating
hematoma formation from abscess formation remains challenging despite sophisti-
cated imaging techniques. Fine needle aspiration and culture are routinely required
to make this distinction and establish the diagnosis.

Intra-abdominal and Retroperitoneal Abscess
Patients who have undergone abdominal surgery have the potential to develop
intra-abdominal abscess(es) due to instrumentation or as a complication associated
with implantation of a foreign body. Retroperitoneal abscess may also develop
following abdominal surgery or genitourinary tract manipulation. Perinephric
abscesses have been reported following both abdominal surgery and urologic
surgery. Infecting organisms in such circumstances include skin flora arriving by
hematogenous route and via postoperative external drains (31). Following chole-
cystectomy, retroperitoneal abscess occurs due to gallstones dropped into the
peritoneal cavity, unbeknownst to the surgeon at the time of the operation (32,
33). The typical symptoms of intra-abdominal abscess include fever, nausea, vomit-
ing, abdominal pain, and diarrhea. Retroperitoneal abscesses present in a similar
fashion, but pain may localize to the costovertebral angle or flank on the affected
side (34).
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With the availability of CTs, intra-abdominal abscess is less frequently
reported as a cause of FUO (35). However, in postoperative patients, postsurgical
changes may interfere with the diagnostic accuracy of imaging studies. Addition-
ally, associated symptoms may be overlooked or attributed to routine surgical
incision pain. Elderly patients are particularly at risk for missed diagnoses of
intra-abdominal infection due to their atypical presentation(s) without nausea,
vomiting, diarrhea, or pain (36). Therefore, in patients with FUO after recent
abdominal surgery, a nondiagnostic abdominal CT should prompt further evalu-
ation for intra-abdominal abscess, which may involve sampling of any abnormal
fluid collection, nuclear medicine imaging, and/or potentially positron emission
tomography (PET) imaging.

Portal Vein Thrombosis
Portal vein thrombosis (PVT) in the postoperative period has been described in
patients having undergone splenectomy. Typical signs and symptoms include
fever and abdominal pain. The true incidence of PVT may be underestimated,
and many cases may be asymptomatic. In a study of patients undergoing laparo-
scopic splenectomy, 12 of 22 (55%) patients had a diagnosis of PVT. The diagnosis
was identified with surveillance CT performed between postoperative days 3
through 23. (37). The majority of patients were asymptomatic and fever was the
most common symptom reported, followed by abdominal pain. Previous studies
have reported rates of less than 10% for portal system vein thrombosis after
similar procedures. At this time, routine surveillance studies are not performed
to screen for PVT. Given the possibility of a higher incidence of PVT than was pre-
viously predicted, this diagnosis should be considered when encountering FUO in
patients with recent splenectomy (37).

Obstetric/Gynecological Surgery
Septic Puerperal Ovarian Vein Thrombosis
Septic puerperal ovarian vein thrombosis (SPVOT) is a rare complication following
either vaginal or cesarean delivery. The disease occurs in approximately 0.02% to
0.18% of all pregnancies, with most cases occurring within one to two weeks of
delivery (38) although presentation has been delayed as late as 70 days. Symptoms
and signs include fever, leukocytosis, lower-quadrant abdominal pain, and a tender
lower abdominal mass with predilection for the right side. The pain may, however,
be nonspecific and not associated with a palpable mass, leading to a prolonged dur-
ation of evaluation and treatment for other conditions resembling this diagnosis.
Disease mimics for which treatment and evaluation are usually initiated prior to
diagnosis include pyelonephritis, peritonitis, appendicitis, endometritis, pelvic
abscess, and adnexal torsion. Because ultrasound and CT are used when investi-
gating these disease entities, SPVOT is likely to be discovered. However, due to
the often difficult physical exam in obese patients and the bowel gas patterns
that complicate ultrasound imaging, the typical findings can often be missed. CT
offers the additional advantage of evaluating for competing diagnoses in this scen-
ario. However, due to poor contrast filling and visualization, the typical findings
associated with SPOVT syndrome may also be missed with CT. One study examin-
ing the test performance characteristics of CT in evaluating SPOVT reported a sen-
sitivity, specificity, and accuracy of 77.8%, 62.5%, and 68.0%, respectively (38). With
the appropriate clinical scenario and no competing diagnosis identified, magnetic
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resonance imaging (MRI) has been shown to be highly sensitive (100%), specific
(100%), and accurate (100%) in identifying or refuting the diagnosis (38).

Ureteral Injury
Ureteral injury may occur during laparoscopic gynecologic surgery and may go
unrecognized at the time of operation. The development of symptoms may occur
in the early postoperative period, but recognition of this injury has been reported
up to 33 days postoperatively. Signs and symptoms include fever, flank pain,
abdominal distension, and peritoneal signs. The extent of the injury determines
the time to presentation and severity of symptoms. Delayed detection of ureteral
injury can result in urinary obstruction and fistula formation. Risk factors for uret-
eral injury include endometriosis, adhesions, and laparoscopic approach for
removal of large uterine myomas. Diagnosis of ureteral injury can be made with
pyelography and excretory urograms. Treatment involves drainage if extensive
urine-associated ascites is present, ureteral repair, and usually ureteral stenting
due to stricture formation (39).

Orthopedic Surgery: Prosthetic Device Infection
The incidence of prosthetic joint infection ranges from 1% to 2%, depending upon
the joint involved. Infections presenting within three months of surgery generally
have signs referable to the joint involved. Infections that occur outside of the
three-month interval may have few localizing signs and symptoms of joint infec-
tion, and fever may be the only manifestation. In patients with prosthetic joints
and FUO, specific inquiry about recent procedures such as dental work, endoscopy,
or cystoscopy should be included in the history. These procedures may lead to tran-
sient bacteremia, resulting in seeding of the joint. Radiographic imaging may reveal
loosening and joint displacement. CT and magnetic resonance imaging are less
helpful in evaluation due to artifact from the prosthesis. Arthrography is useful
to demonstrate loosening and/or cystic changes consistent with infection.
Nuclear medicine imaging may also support the diagnosis, but the specificity of
increased isotope uptake for infection is reduced during the first year after
joint implantation. Bone scintigraphy should be combined with leukocyte- or anti-
body-labeled imaging to increase the specificity for infection during this time
interval (40).

DIAGNOSTIC APPROACH

An approach to the evaluation of postoperative FUO includes categorizing and
stratifying the risk of potential etiologies based upon clues from the initial
history and physical exam. The broad categories of differential diagnoses include
recurrence or persistence of the underlying disease requiring surgical therapy,
iatrogenic infection due to the procedure or supportive care, thromboembolic
disease, drug-related side effects and factitious disorders. A potential focus or
number of foci should be identified from the initial history and risk profile of the
associated procedure to guide the evaluation of FUO in the postoperative patient.
A simplified approach, based upon the signs, symptoms, and recent surgical
history, is given in Table 4.
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Laboratory Tests
Nonspecific
Elevations in leukocyte counts, ESR, and C-reactive protein (CRP) are nonspecific
markers of inflammation. An elevation of ESR without a concurrent elevation in
CRP may reflect a false positive, indicating that there is inflammation when none
is truly present. Serum CRP reflects a broader range of abnormalities and will
change more rapidly than ESR with concurrent fluctuations in inflammation. It
has been demonstrated that patients with a value of CRP .100 mg/L have bacterial
infections 80% to 85% of the time (41). Repeat testing of CRP may be useful to
monitor response to therapy or the inflammatory trend. Neither test, alone or in
combination, can differentiate infectious from noninfectious processes. Addition-
ally, ESR and/or CRP should not be used in isolation to determine the need for anti-
microbial therapy. Other nonspecific laboratory abnormalities that may provide
clues to FUO etiologies include eosinophilia as a result of medications, atypical lym-
phocytosis and elevated serum transaminases due to transfusion-related viruses,
and positive rheumatoid factor as a result of subacute bacterial endocarditis (42).

Specific Laboratory Testing
Cultures of normally sterile fluids, such as blood, CSF, and urine, should be
obtained based upon any clinical abnormalities revealed during the history and
physical. Patients with CSF shunts should undergo CSF fluid sampling to rule
out infection, even in the absence of symptoms. Any abnormal collections of
fluid, including pleural, peritoneal, or synovial fluid, should also be sampled for
culture and routine diagnostic studies to evaluate for other inflammatory con-
ditions. Patients who have received blood products should undergo testing for
transfusion-transmitted viruses, including Hepatitis B, Hepatitis C, CMV, EBV,
and human immunodeficiency virus (HIV). For patients suspected of having
VTE, a negative D-dimer (ELISA) test combined with negative lower extremity
ultrasound in patients with a low clinical probability for venous thromboembolic
disease can be sufficient to rule out this diagnosis.

Imaging Studies
Initial imaging studies in the postoperative patient include, at minimum, a chest
radiograph and an abdominal CT scan. Although routine lower extremity
Doppler ultrasound may not be cost effective in patients with FUO in general,
lower extremity Doppler ultrasound is a reasonable test to perform in the diagnos-
tic workup of this postoperative patient population (12). As previously noted, the
risk of DVT is increased in the surgical patient population, and without an alternate
underlying focus, these patients should be screened for DVT with lower extremity
Doppler ultrasound for DVT. For patients who have undergone pelvic surgery,
more sophisticated imaging of the pelvic veins and ovarian veins may be required.
In these cases, contrasted CT and magnetic resonance angiography will be more
conclusive (38).

The use of ultrasound for identifying intra-abdominal pathology is typically
not helpful and has been largely replaced by CT. Communication with the reading
radiologist regarding the type of surgery and any nonspecific clues that have been
revealed by history or laboratory testing may also be helpful in identifying a focus.
Any abnormalities, such as fluid collections or evidence of inflammation, should be
pursued further with additional testing, such as biopsy and/or aspirate culture.
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In addition to CT, nuclear medicine imaging may help identify a focus to investi-
gate further in FUO. In an evidenced-based review of diagnostic testing in FUO,
technetium-based nuclear scans were recommended as imaging studies of choice
in comparison to other types of tracers. Technetium scans have high specificity
(93–94%) but low sensitivity (40–75%). Indium-111-labeled leukocyte scans,
which have 78% to 86% specificity and 45% to 60% sensitivity as performance
characteristics (8), were also recommended for imaging, particularly for localizing
infectious processes.

Fluorodeoxyglucose-positron emission tomography (FDG-PET) is becoming
increasingly reliable in the evaluation of FUO and may surpass nuclear scans
as a method of choice for identifying inflammation. FDG-PET is routinely used in
localizing malignancy due to increased uptake of glucose by neoplastic cells.
Inflammation and infection also demonstrate increased uptake and are a frequent
source of false positives when evaluating for malignancy. Due to this characteristic,
FDG-PET can be very useful in identifying inflammatory foci in an otherwise
asymptomatic patient. The advantages of using FDG-PET are its high sensitivity,
high negative predictive value, and higher resolution imaging compared to
nuclear medicine studies. The disadvantages to PET scanning at this time include
cost and limited use in patients with poorly controlled diabetes mellitus (43).

THERAPY

Therapy is directed at the underlying cause of fever. Given the circumstances, infec-
tion leads the list of etiologies in the workup of postoperative FUO. Appropriate
cultures from all potential sources should be obtained prior to the initiation of
empiric antibiotic therapy. Therapeutic trials of antibiotics and/or corticosteroids
are not recommended unless definitive evidence suggests a diagnosis, the patient
is immunosuppressed, or the patient demonstrates rapid deterioration requiring
broad-spectrum antimicrobial therapy. Even in these circumstances, efforts to
obtain cultures from possible foci should be undertaken to maximize yield.
Empiric therapy outside of these circumstances serves only to delay the diagnosis
or confuse the clinical picture (44).

Specific Therapies
Antibiotic Regimens
A thorough review of antimicrobial therapy indicated in all infectious etiologies of
FUO in the postoperative setting is beyond the scope of this chapter. However, the
empiric treatment of two conditions, PVE and postneurosurgical meningitis, are
worth mentioning. Recommended empiric therapy for suspected PVE consists of
vancomycin, gentamycin, and rifampin (45). Empiric therapy should be converted
to specific therapy once a microbiologic agent is identified. Early identification of
surgical criteria and surgical consultation are essential to successful therapy (21).

Patients with meningitis who have undergone neurosurgery and/or cere-
brospinal shunt placement are at risk for infection with a different spectrum of
bacteria compared to community-acquired meningitis. In addition to routine patho-
gens, these patients have a predisposition for infection with S. aureus; coagulase-
negative Staphylcocci; aerobic gram-negative bacilli, including P. aeruginosa; and
Propionibacterium acnes. Therefore, empiric therapy in postneurosurgical patients sus-
pected of meningitis should include vancomycin plus either cefepime, ceftazidime,
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or meropenem. For patients with a CSF shunt and suspected staphylococcal infec-
tion, the addition of rifampin to one of the listed regimens is also recommended.
Every effort should be made to perform shunt removal in patients who develop
meningitis specifically from a shunt, as opposed to bacterial seeding. Additionally,
external drainage should be employed to facilitate continued treatment of hydro-
cephalus and more rapid resolution of ventriculitis. Intraventricular instillation of
antimicrobial therapy has been used in addition to conventional regimens for
patients who cannot undergo surgical treatment. There are no antimicrobials that
are approved by the Food and Drug Administration for delivery by intraventricular
route, nor are there specific indications to implement such therapy. A review by
Tunkel et al. covering the management of bacterial meningitis provides specific
antimicrobials and dosing regimens for intraventricular administration for select
patients (46).

Anticoagulation
If a strong suspicion for venous thromboembolic disease develops during the
evaluation and confirmatory testing has not yet occurred, anticoagulation should
not be withheld. This is particularly true for patients with reduced cardiopulmon-
ary reserve due to pre-existing heart and/or lung disease. Unfractionated heparin
or low-molecular-weight heparin are indicated for the initiation of treatment, fol-
lowed by administration of vitamin K antagonists (coumadin) once a therapeutic
partial thromboplastin time is reached (1.5–2.0 times normal). Once therapy is
initiated, diagnostic testing that confirms the diagnosis or rules it out with sufficient
certainty is needed to guide continued administration or discontinuation of anti-
coagulation (47).

Surgical Therapy
Identification of fluid collections or devitalized tissue in the postoperative patient
with FUO requires intervention. Percutaneous drainage can be both diagnostic
and therapeutic for collections of fluid identified during diagnostic imaging,
whereas devitalized tissue requires surgical removal. With rare exception, infected
hardware and prosthesis require surgical removal for definitive therapy. Exceptions
to this rule include early infection (,3 months after surgery) in orthopedic prothes-
tic hardware in which there is a stable graft and acute onset with symptoms lasting
,3 weeks. Even in this regard, treatment failure occurs with medical therapy alone,
and careful observation is required (40).
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B13 Recurrent Fever of Unknown Origin
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DEFINITION

Fever of unknown origin (FUO) is generally considered a major diagnostic
challenge because many diseases may cause this well-defined, rather rare, clinical
syndrome. The diagnostic criteria of classic FUO were delineated in the landmark
article of R. Petersdorf and P. Beeson in 1961 and subsequently modified by
D. Durack and A. Street in 1991 (1,2). Recurrent FUO is probably the most perplex-
ing and intriguing presentation that can be defined as a subtype of FUO, meeting
the classic criteria of FUO and characterized by at least two episodes of fever
with fever-free intervals of at least two weeks and seeming remission of the under-
lying illness (3). We realize that the proposed duration of the fever-free interval is
somewhat arbitrary, but, in cases of rare clinical syndromes, adherence to standar-
dized definitions is needed to permit comparison of groups of patients over time
and in countries and between different hospital settings. This symptom-free
period may vary from weeks to years, and we suggest this fever-free interval of
at least two weeks for several reasons. First, this time window allows exclusion
from the category of recurrent FUO those diseases that recur due to interruption
or tapering of an inadequate empiric therapy. Typical examples are incompletely
treated endocarditis (too short- and/or too low-dosed antibiotic therapy) and non-
infectious inflammatory disorders treated with nonsteroidal anti-inflammatory
agents or corticosteroids. Second, as long as fever persists, patients presenting
with prolonged fever remain prepared to undergo the whole battery of less or
more costly, invasive tests in order to reach a final diagnosis and get appropriate
treatment. However, when fever subsides spontaneously, they become reluctant
for further investigations in a few days, a week to 10 days, in our experience.
Third, physicians who are familiar with the good prognosis of unexplained FUO
stop the investigations when fever and symptoms subside and propose a watchful,
waiting outpatient follow-up (4).

We prefer the term recurrent or episodic FUO to the term periodic fever,
because the latter term is sometimes used for familial Mediterranean fever
(FMF), a common cause of recurrent fever also designated as “maladie périodi-
que,” a periodic disease, in the French literature. Periodic fever has also been
considered as a distinct clinical entity since the 1940s, mainly by the work of H
Reimann (5,6). It was included in a broader group of disorders of unknown
origin, named periodic disease and characterized by symptoms that recur with a
sometimes remarkable periodicity. Particular attention was paid to a specific
periodicity of 21 days, being a multiple of the biblical holy number of 7, or multiples
of these numbers. When fever was the prominent symptom, without other signs or
symptoms, the periodic disease was called periodic fever and analysis of the temp-
erature chart was the key diagnostic factor (6). This entity remained popular from
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the 1950s through the early 1970s, but this is no longer the case. The sole periodic
disease in adults with a rather fixed interval, about 21 days, is cyclic neutropenia
(7). PHAPA (periodic fever, aphtous stomatitis, pharyngitis, adenitis) or Marshall
syndrome is a pediatric disease with an individually predictable, sometimes clock-
work periodicity. The interval is mostly about 28 days at the peak of the disease
activity, but the interval may lengthen gradually before eventual, seemingly spon-
taneous remission. Persistence through adulthood is very rare (8).

EPIDEMIOLOGY

Recurrent FUO represented 22.6% of the cases in our first cohort of 199 patients
with FUO (9); 33.5% of 167 cases in the study of De Kleyn et al. (10); 18.6% in
one French study (11); and 36% of 290 cases with prolonged fever recently
studied in our center (12). It should be kept in mind that all these data are from ter-
tiary care centers and these centers can expect to see more patients with recurrent
FUO due to referral bias of these difficult cases.

A recurrent fever pattern has been found to be the strongest independent pre-
dictor of the diagnosis in FUO in several large studies. The overall chance of finding
the cause of recurrent FUO is no more than 50%. We were able to establish a final
diagnosis in only 49% of 45 patients with recurrent FUO versus 82% final diagnoses
in 154 cases with continuous fever (9). De Kleyn et al. reported similar figures, a
final diagnosis in 50% of 56 recurrent FUO versus a final diagnosis in 80% of 111
patients with continuous fever, although the required interval between two epi-
sodes was only 48 hours (10). In our second series, a diagnosis could be established
in 52% of 105 cases with recurrent FUO versus 74% of 185 cases with continuous
FUO (12).

Recurrent FUO remains a frustrating experience for both patients and inves-
tigators because many cases continue to evade a final diagnosis despite repeated
assessment. Recurrent FUO represents a subgroup of patients with very prolonged
disease duration, and it is known that the chance of reaching a diagnosis in cases
with fever lasting .6 months is relatively low. In the large series of 347 patients
with FUO lasting .6 months referred to the National Institutes of Health, United
States of America from 1961 to 1977, a cause could be identified in only 54% of
the cases (13). In a less well-defined population of 85 patients with recurrent
fever for .6 months, 40% remained unexplained (14).

CAUSES

Recurrent FUO may be caused by relapse of a partially treated disorder, by a disease
with a known course of spontaneous remission and relapses, or by repeated
exposure to pyrogens, whether micro-organisms or other substances. Typical
examples of this last category are extrinsic allergic alveolitis or hypersensitivity
pneumonitis caused by inhalational allergens (e.g., pigeon breeder’s disease) and
drug fever due to repeated intake of medications (e.g., nitrofurantoin for urinary
tract infection). Diseases with a typical, fluctuating course are Still’s disease, relap-
sing polychondritis, Behçet’s disease, mastocytosis, and the familial autoinflamma-
tory syndromes such as FMF and others.

The causes of recurrent FUO can be classified into four major categories: infec-
tions, tumors, noninfectious inflammatory diseases, and others or miscellaneous.
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The “Big 3” namely, infections, tumors, and NIIDs account roughly for only
20% of the causes. The miscellaneous group accounts for 30% and 50% remain
unexplained. In a review of the literature of FUO from 1961 to 1991, we were
able to identify 55 different conditions that met the criteria of recurrent FUO
among 179 reported causes of FUO. Of these 55 diseases, 33 belonged to the miscel-
laneous category (3). In a renewed search, up to April 2005, we could identify 70
different disorders as causes of recurrent FUOs, and 40 belonged to the miscella-
neous category. Numerous case reports of so-called recurrent FUO can be found
in the literature, but most of them do not meet our proposed criteria or represent
cases of partially treated infectious or inflammatory conditions. We do not consider
this overview of the literature as exhaustive and are well aware of the possible,
unexpected recurrent course of more than 200 diseases reported as causes of
classic FUO. A recurrent course with spontaneous remissions is indeed an unex-
pected one, yet well-documented for diseases such as giant cell arteritis and tuber-
culosis (15,16).

Infections
Only a limited number of infections cause recurrent FUO (Table 1). Typical bacterial
causes are prostatitis, cholangitis, and otitis media/mastoiditis. Cholangitis may
occasionally be a late manifestation of Caroli’s disease, a congenital segmental
saccular dilatation of the large intrahepatic bile ducts. The mechanism of fever is
intermittent seeding of bacteria from these silent foci with spontaneous resolution
of the fever.

Partially treated, deep-seated abscesses, endocarditis, septic jugular or subcla-
vian vein thrombosis, and osteomyelitis may present as so-called recurrent FUO.
The mechanism here is temporary suppression, but not cure, of infection in patients
who received antibiotic trials. In our experience, dental and sinus abnormalities are
frequently found in FUO patients, but they are rarely the cause of FUO, whether
classic or recurrent (9).

Some unusual bacterial infections should be kept in mind. Brucellosis may
cause a pattern of so-called undulating fever, characterized by episodes of higher
temperature and of less elevated temperature but, seldom, normal temperature.

TABLE 1 Infections Reported as Causes of Recurrent FUO

Chronic prostatitis
Recurrent cholangitis (Caroli’s disease)
Otitis media/mastoiditis
Brucellosis
Dental abscess
Sinusitis
Yersinia enterocolitica
Rat bite fever (Spirillum minor, Streptobacillus moniliformis)
Melioidosis
Q-fever
Relapsing fever (Borrelia sp.)
Trypanosomiasis
Whipple disease
Epstein Barr virus infection
Toxoplasmosis
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Persistent Yersinia infection has been reported as a cause of recurrent FUO, but the
final proof of persistent infection is difficult to yield and specificity of specialized ser-
ologic tests may be a matter of debate (3). Leptospirosis may present in a biphasic
pattern, but the interval between two phases is too short to meet the criteria of recur-
rent FUO. Melioidosis is a typical granulomatous, bacterial infection caused by
Burkholderia pseudomallei, endemic in Southeast Asia, that may cause repeated
bouts of fever during years. It may become symptomatic years after a stay in the
endemic area (17).

Relapsing fever, caused by either flee- or tick-transmitted Borrelia species,
mostly causes a distinct, recurrent fever pattern, with short fever-free intervals. It is
limited to well-described geographic areas, and travel history must be the clue (18).

The same holds true for malaria, particularly the nonfalciparum species such
as Plasmodium vivax and Plasmodium ovale, which can cause relapsing, repetitive
disease in patients who not receive liver-stage prophylaxis.

Viral infections nearly never cause recurrent FUO but might be a trigger for
the so-called macrophage activation syndrome or hematophagocytic lymphohistio-
cytosis, a nonmalignant, yet potentially fatal, immune dysregulation syndrome
(19). All members of the herpes virus group are notorious causes of FUO in HIV-
associated, nosocomial, and neutropenic FUO. Herpes simplex and herpes zoster
reactivate also in immunocompetent individuals but not as unexplained fever.
An unusual 13-year history of recurrent, persistent Epstein-Barr virus infection
has been reported in a child without immune deficiency (20). Human herpes
virus 6 and human herpes virus 8 are suspected to play a role in some of the atypical
histiocytic or lymphocytic proliferative disorders such as Rosai-Dorfman syndrome
and Castleman’s disease, respectively (21,22).

Tumors
All tumors may probably cause recurrent fever based upon the mechanism of
tumor necrosis, but this is especially the case in rather large tumors (Table 2). In
the past, cancer of the liver and the kidneys were typical examples, but, nowadays,
even the criteria of classic FUO are mostly no longer met, because these tumors are
readily detected by ultrasonography and computed tomography (CT) scan (9,23).

Particular attention should be paid to lymphoma, and not only Hodgkin’s
lymphoma, which may present as recurrent FUO, well-known in the literature as
Pel-Ebstein fever (24). Spontaneous remission of fever and even regression of enlarged
lymph nodes is a surprise for most physicians involved in the care of these patients.

Colon carcinoma remains a classic neoplastic cause of recurrent FUO. The
repeated bouts of fever are due either to recurrent infection in the ulcerated area
or to tumor necrosis.

TABLE 2 Neoplastic Diseases Reported as Causes
of Recurrent FUO

Hodgkin’s lymphoma
Non-Hodgkin’s lymphoma
Malignant histiocytosis
Angioimmunoblastic lymphadenopathy
Craniopharyngioma
Schnitzler syndrome
Artrial myxoma
Hepatocellular carcinoma

136 Knockaert



Schnitzler syndrome is a very rare disease but should be known by FUO
experts because intermittent fever is a cardinal feature. Other typical features
are chronic urticaria, bone pain, and bone densification on X rays and monoclo-
nal IgM gammopathy. It has a slow, chronic course without remissions and truly
malignant lymphoplasmocytic transformation has been documented in 20% of
the cases (25).

Cardiac myxoma is a benign tumor of endocardial origin that may cause fever
by silent distal embolization and by production of interleukin-6 by the tumor itself
(3,26).

Noninfectious Inflammatory Diseases
This third category represents a whole array of diseases designated as rheumatic
diseases, vasculitides, multisystem diseases, connective tissue diseases, collagen
vascular diseases, autoimmune diseases, and so on. The term noninfectious inflam-
matory diseases (NIID), as suggested by De Kleyn et al. from the Nijmegen group,
Netherlands, solves this semantic problem (10). Most of these entities are rather rare
diseases with which most physicians are not so familiar. Several of them have an
indolent course over years before the diagnosis is established because diagnosis
is based upon a number of criteria that must be fulfilled. Many patients get
empiric treatment with nonsteroidal anti-inflammatory drugs (NSAIDs) or corticos-
teroids and experience relapse of disease activity when the treatment is tapered.
These cases do not meet the criteria of recurrent FUO, because they have a fluctu-
ating course due to a disease that is suppressed by treatment. However, a seemingly
spontaneous remission of the inflammatory process, with relapse months or even
years later, is even typical for a number of diseases of this group, such as Still’s
disease, Behçet’s disease, and relapsing polychondritis, but very unusual for
others, for example, giant cell arteritis (16) and ankylosing spondylitis (3).

Still’s disease is by far the most common NIID, with a really classic course of
recurrent FUO with asymptomatic intervals that may last more than one year.
However, we plead for diagnostic stringency and strict adherence to the criteria
of Still’s disease, which, in our opinion, are too sensitive and not specific enough
(27). There is no single, true specific diagnostic test nor specific feature, and, in
our experience, many physicians too readily consider this diagnosis in case of
recurrent FUO, even in a first episode of fever accompanied with myalgia, arthral-
gia, and a rash. It is a disease to consider only in patients , 35 or 40 years of age,
although numerous case reports of so-called Still’s disease in older patients can
be found in the literature. We only establish the diagnosis as definite after exclusion
of other diseases and a prolonged follow-up or the presence of several of the most
typical features, such as very high fever, sore throat without pharyngitis, a typical
evanescent, macular, salmon-colored rash, diffuse lymphadenopathy, pleuritis or
pericarditis, markedly elevated erythrocyte sedimentation rate (ESR) or C-reactive
protein (CRP) value, neutrophil leukocytosis .15.109 cells/L and highly elevated
ferritin levels (28).

Behçet’s disease is another NIID with a tendency of recurrence and spon-
taneous remission. Its prevalence is high along the ancient Silk Road (the eastern
Mediterranean littoral, particularly Turkey, over the Middle East to Japan) but
very low in the United States and the Western countries (29). Recurrent aphtous sto-
matitis, genital ulcerations, and uveitis are the typical manifestations, which, when
present as a triad, allow immediate diagnosis. Thrombophlebitis is common, and
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aneurysm of the peripheral arteries and pulmonary arteries is a dreaded compli-
cation. It is a well-known cause of recurrent FUO in ethnic groups at risk for that
disease (30).

Relapsing polychondritis has also a fluctuating course, as suggested by the
name of the disease, and this rare diagnosis is easily missed in the early phase. It
is characterized by bouts of fever and inflammation of one or more of the cartilagi-
nous structures of the body (nose, external, and inner ear, larynx and trachea,
joints), the sclera, and the heart valves (31).

TABLE 3 Miscellaneous Conditions Reported as Causes of Recurrent FUOa

Addison’s disease
Aorta-enteric fistula
Brewer’s yeast ingestion
Castleman’s disease
Cirrhosis (68)
Cholesterol embolism
Chronic fatigue syndrome (2)
Crohn’s disease
Cryopyrin-associated periodic syndromes

Muckle-Well’s disease (urticaria, deafness, and ayloidosis)
Familial cold autoinflammatory syndrome (familial cold urticaria)
Neonatal onset multisystem inflammatory disease or

chronic infantile neurologic, cutaneous and articular syndrome
Cyclic neutropenia
Erdheim-Chester disease (58)
Drug fever
Fabry disease
Factitious fever
Familial Mediterranean fever
Periodic fever, aphtous stomatitis, pharyngitis (cervical) adenitis
Gaucher’s disease
Gout
Granulomatous hepatitis
Habitual hyperthermia
Hemolytic anemia (69)
HIDS (hyper IgD syndrome)
Hypersensitivity pneumonitis
Hypothalamic hypopituitarism
Hypertriglyceridemia
Idiopathic granulomatosis
Inflammatory pseudotumor of lymph nodes
Lung embolism
Mastocytosis (70)
Metal fume fever
Milk protein allergy
Poikilothermia
Polymer fume fever
Pseudogout
Ratke’s cleft cyst
Rosai-Dorfman syndrome (21)
Seizures
TNF-receptor-1-associated periodic syndrome (familial Hibernian fever)

aFor references, see Ref. 3 unless references given between parentheses.
Abbreviation: TNF, tumor necrosis factor.
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Miscellaneous
The miscellaneous category is the most important one, both in number and types of
diseases. It is said that FUO is more frequently caused by an unusual presentation
of common, well-known diseases than by rare, exotic diseases but this is not the
case with recurrent FUO. In this subtype of FUO, major attention should be paid
to the list of miscellaneous disorders that contains diseases with exotic names
many physicians never have heard of (Table 3).

Drug-related fever due to intermittent intake of drugs and factitious fever are
classic but frequently forgotten causes (3,32,33).

Factitious fever is more prevalent in young females, allied with health pro-
fessions but it has also been described in elderly patients (3). It was the cause in
9% of 343 cases with very prolonged FUO evaluated at the National Institutes of
Health, United States (33). Factitious fever must be suspected in case of unusual
fever patterns with very high or very brief spikes, loss of diurnal variation, rapid
defervesence without diaphoresis, lack of tachycardia or so-called pulse-tempera-
ture differential, absence of signs of inflammation, and good appearance despite
an impressive history. Polymicrobial bacteremia, the presence of a mixed bacterial
flora in blood cultures, suggests self-inoculation of saliva or fecal or other material
when the search for the classic sources of mixed bacteremia such as the gastrointes-
tinal or genitourinary tract and soft tissues remains negative (33).

Habitual hyperthermia was a very popular entity in the 1950s, and it was the
reason for R. Petersdorf to introduce the cut-off value of 1018F (38.38C) as a criterion
of FUO (1). Habitual hyperthermia displays some overlap with chronic fatigue syn-
drome and fibromyalgia (2). The main complaint is fever, particularly after physical
or intellectual exertion and in most cases also fatigue, but not as debilitating as in
chronic fatigue syndrome. Patients sometimes remember an acute infection,
mostly of the upper airways, as first manifestation, and they know that their
body temperature was normal before that acute event. In these cases, habitual
hyperthermia cannot be considered a normal variant with exaggeration of the
diurnal rhythm. Physical examination is normal, except an increased body temp-
erature, particularly at evening and after exertion. Laboratory tests and radiographs
are all normal and spontaneous resolution mostly ensues, but sometimes after one
or two years. Reassurance about the innocent nature of the elevated body tempera-
ture is more appropriate than an FUO investigation.

Crohn’s disease was an unexpected cause in four of our initially reported
45 patients. The lack of abdominal complaints and normal bowel habits were the
reason why bowel investigations were not done in the initial evaluation (3).

It is easily understood that hypersensitivity pneumonitis, also known as
extrinsic allergic alveolitis, may cause episodic FUO when exposure to inhaled
allergens is intermittent or when symptoms subside spontaneously during hospital
admission. Exposure may occur at home (e.g., pet birds, indoor molds, contami-
nated humidifiers) or it may be linked to certain occupations and hobbies
(farmers, mushroom workers, bakers, woodworkers, bird breeders, etc.). Diagnosis
will easily be established when respiratory symptoms dominate the clinical presen-
tation, yet missed when systemic symptoms such as fever overshadow other mani-
festations. The same reasoning holds true for lung embolism, an overlooked cause
of episodic FUO (3).

Several hereditary periodic fever syndromes are now grouped as familial
autoinflammatory syndromes (35,36). FMF is the most common worldwide and
best known. During the last decades, new but much rarer syndromes have been
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described, mostly in families from or originating from northern and western
Europe (Table 4). At first glance, these syndromes look similar with lifelong, spon-
taneously resolving periods of fever, inflammation, rash, and abdominal and mus-
culoskeletal symptoms. Specific clinical characteristics can be found, but genetic
analysis has yielded the final proof of the true identity of these initially clinically
defined syndromes. The advent of molecular genetic tools, indeed, brought a real
breakthrough in the diagnostic approach of recurrent FUO in certain ethnic
groups. The term autoinflammatory, rather than autoimmune, has been proposed
to define these disorders, because autoantibodies or antigen-specific T cells do
not play a role in the pathogenesis (36).

FMF is a typical episodic disease, autosomal recessive. It is by far and large
the most common hereditary periodic fever syndrome worldwide and highly
prevalent in Jews, Turks, Arabs, Armenians, and other people of Mediterranean lit-
toral origin (35,37). Its most prominent feature is short (one to three days), spon-
taneously resolving attacks of fever, mostly starting before the age of 20 years.
Fever, malaise, and inflammation may be accompanied by signs and symptoms
of serositis, particularly abdominal but also pleural and pericardial, arthritis fre-
quently confined to one large joint, and, less frequently, an erysipelas-like rash of
the distal lower limbs (37,38). The frequency of attacks varies considerably and
diagnosis is, in our experience, frequently missed during childhood in the case of
low-frequency attacks. These episodes are then considered as transitory viral infec-
tions. The genetic basis is a mutation of the MEFV gene on the short arm of chromo-
some 16 that encodes for a protein, named pyrin or marenostrin. That particular
protein is predominantly expressed in neutrophils and in monocytes. It has a
so-called PYD domain shared with other proteins that play a role in inflammation
and apoptosis. Numerous mutations of the MEFV gene have already been ident-
ified and the list continues to grow (36,37). AA-type amyloidosis is a dreaded
complication with a variable prevalence in different genetic populations. Colchicine
is the first-line treatment and essential in the prevention of amyloidosis.

Hyper IgD syndrome (HIDS), an autosomal recessive disorder has been
described in the Netherlands in 1984 by Van der meer et al. The majority of the
cases, collected in an international registry (www.HIDS.NET), originate from
western Europe and particularly the Netherlands and France (39). The genetic
basis is mutation in the gene encoding for mevalonate kinase, an enzyme of the
isoprenoid pathway with cholesterol, ubiquinone, and other substances as end-
products (40). This gene is located on the long arm of chromosome 12. It is not
known how this metabolic defect leads to inflammation, and the relation to the
characteristically elevated IgD level is unclear. Most patients develop fever epi-
sodes in the first year of life, and abdominal symptoms and (cervical) lymphadeno-
pathy are nearly always present. The attacks last a little bit longer than in FMF, three
to five days or more. Rash, arthritis, and oral and genital aphthous ulcers are not so
uncommon. No effective treatment is available, but provisional data from a trial
with simvastatin, an hydroxy-methylgluteryal coenzyme A (HMG-CoA) reductase
inhibitor, are encouraging (41).

Muckle-Wells syndrome, familial cold autoinflammatory syndrome (FCAS),
and neonatal-onset multisystemic inflammatory disease (NOMID), also known as
chronic infantile neurologic, cutaneous, and articular syndrome (CINCA), are
three clinically defined, autosomal dominantly inherited syndromes, caused by
mutations of the same gene (36,42–45). This CIAS1 gene (cold-induced autoinflam-
matory syndrome 1), also named NALP3 and PYFAP gene, is located on the long
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arm of chromosome 1. It encodes for cryopyrin, a protein that, like pyrin or mare-
nostrin, is predominantly expressed in neutrophils and monocytes. Its N-terminal
domain, called PYD, is similar to that of pyrin and it has a role in inflammation by
activating caspase 1, an IL1-converting enzyme, and NF-kB, resulting in release of
the proinflammatory cytokines IL6 and IL8 (44,45).

These three syndromes, originally described as distinct clinical entities and
now grouped as CAPS (cryopyrin-associated periodic syndromes) reflect actually
a spectrum of illnesses, ranging from the most severe, NOMID or CINCA, to
Muckle-Wells syndrome and FCAS, the mildest forms (44). The latter, also
described as familial cold urticaria, is characterized by very short bouts of fever,
joint inflammation, and urticaria-like rash, typically induced by exposure to mild
cold (cool breezes of air-conditioned rooms, for instance). The temperature required
to provoke symptoms is no lower than 228C and the interval between exposure and
attack is frequently ,1 hour. Conjunctivitis is a typical symptom for that syndrome,
and the attacks resolve spontaneously within 24 to 48 hours. Muckle-Wells syn-
drome has been described in 1962 as “urticaria, deafness, and amyloidosis” in an
English family. The typical distinguishing feature here is progressive neural deaf-
ness, occurring later in life. The correlation between cold exposure and onset of
symptoms is said to be absent (42,45) but this is contradicted by a recent study
(44). NOMID or CINCA, the most severe of CAPS, is a pediatric disease, character-
ized by very early onset, severe joint malformation, hearing loss, chronic aseptic
meningitis, and mental retardation.

The new insights in the pathogenesis of these rare disorders have already
resulted in a new therapeutic approach, anakinra (recombinant IL-1 receptor antag-
onist), shown to be effective in Muckle-Wells syndrome and in FCAS (42,44).

TNF-receptor-1- associated periodic syndrome (TRAPS) is an autosomal
dominant disorder originally described in 1982 as “familial Hibernian fever” in
an Irish family (46). The genetic basis is mutations in the gene of TNF-receptor
type 1, located on the short arm of chromosome 12, probably resulting in defective
shedding of the receptor (47,48). The age of onset of symptoms is variable and
attacks last several weeks. Centrifugal migratory erysipelas-like painful skin
lesions on distal upper limbs, but also on torso, unilateral periorbital oedema,
and testicular pain are the distinguishing features. Amyloidosis occurs rather com-
monly. Etanercept, a recombinant soluble TNF receptor, is a logical therapeutic
approach and found to be an effective treatment (47,49).

Gaucher’s disease and Fabry disease, lysosomal storage diseases, are also
hereditary diseases that occasionally present as episodic FUO (3,50–52). Cases
may remain undiagnosed until adulthood in the absence of a family member in
whom the diagnosis has already been established.

Another group of little known, rare disorders that arise as rather classic
causes of recurrent FUO, can be grouped as nonspecific reactive, autoimmune,
or infection-triggered lymphoproliferative or histiocytic disorders mostly present-
ing as pseudotumor or lymphadenopathy. This group encompasses Castleman’s
disease (20,53), Kikuchi-Fujimoto disease (54,55), Rosai-Dorfman syndrome (21),
inflammatory pseudotumor of lymph nodes (56,57) and Erdheim-Chester
disease (ECD) (58,59). Several other diseases resemble, at first glance, these entities
but they should no longer be included in this group for the following reasons.
Angio immunoblastic lymphadenopathy and Schnitzler syndrome are considered
neoplastic hematological disorders (Table 2) (25,60). Large granular lymphocyte
lymphocytosis is also a malignant, not a reactive, lymphoid proliferation in most
cases (61,62). The macrophage-activation syndrome, formerly described as
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hematophagocytic lymphohistiocytosis, may cause episodic fever but the course is
mostly fulminant, requiring early aggressive empiric treatment with corticoster-
oids and immunosuppressive drugs (19,63–65). PHAPA is a pediatric disease
that may occur in adolescents, but onset in adults has not been reported to our
knowledge (8,66).

Castleman’s disease is a lymphoproliferative disorder that presents with two
clinical subtypes, a localized or unicentric and a multicentric form. Histologically,
three variants can be discerned: hyaline vascular, plasma cell, and a mixed type.
These differences are important both for clinical presentation, and prognosis and
treatment. Fever and constitutional symptoms are rarely present in the hyaline vas-
cular type in contrast to the other histological variants. Increased IL-6 production,
possibly linked to human herpes virus 8 infection might play a role in the inflam-
matory response. The localized type can be cured by surgical resection, whereas the
multicentric form mostly requires treatment with corticosteroids and occasionally
chemotherapy (20,53).

Kikuchi-Fujimoto disease mainly affects young females; it is common in Japan
and other Asian countries, but it is reported from all over the world. It is a histio-
cytic necrotizing lymphadenitis, typically located in the cervical lymph nodes.
Cat scratch disease is the main differential diagnosis, which can be established by
appropriate serology and by the presence of a granulomatous type of inflammation.
Kikuchi-Fujimoto disease is easily recognized by clinicians and pathologists fam-
iliar with this benign self-limiting disease but it continues to be reported as cause
of FUO (54) and recurrent FUO (55).

Inflammatory pseudotumor of lymph nodes resembles histologically plasma
cell granuloma, also called inflammatory pseudotumor (56,57). This latter entity is a
benign mesenchymal proliferation, found in various extranodal sites throughout
the body. It is predominantly reported in children and young adults, frequently
without fever. Inflammatory pseudotumor of lymph nodes presents as lymphade-
nopathy and as episodic FUO, particularly when located in hidden sites such as the
mediastinum, the mesentery, or retroperitoneum (3,57,67). The histological picture
consists of a mixture of lymphocytic, plasmocytic, histiocytic, and myofibroblastic
cells (57). Surgical resection, mostly performed for diagnostic reasons, frequently
leads to cure. Corticosteroids suppress fever and inflammation and even nonsteroi-
dal anti-inflammatory drugs suffice in some cases (56).

Erdheim-Chester disease (ECD) resembles Langerhans-cell histiocytosis
(LCH) but the typical characteristics of Langerhans dendritic cells, a positive
stain for S-100 proteı̈n, and Birbeck granules or X bodies, are lacking. Moreover,
ECD causes osteosclerosis of long bones, easily pointed to by bone scintigraphy,
whereas LCH causes lytic bone lesions on standard radiographs (58,59). The lack
of plasma cells and presence of many foamy histiocytes allow the differential diag-
nosis with retroperitoneal fibrosis in case of perirenal localization.

All these reactive disorders present as lymphadenopathy or as extranodal
mass, a pseudotumor, frequently ill-delineated on classic imaging techniques. In
our experience, they are Gallium and fluoro-deoxyglucose avid and, hence, easily
detected in hidden areas such as the mediastinum and abdomen by appropriate
total body radioisotope scanning method (56,67). The definite diagnosis is based
on characteristic histological features but less experienced pathologists frequently
miss the diagnosis and they classify the findings as nonspecific reactive abnormal-
ities (56,57).

In Table 3, we summarize the difficult-to-classify cases of recurrent FUO that
came to our attention by careful analysis of the literature on FUO since 1961. Most of
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these disorders have been tabulated in our initial study (3) but for a number of
them, the existence as a separate entity has been questioned in the meantime. Etio-
cholanolone fever and periodic fever are no longer considered as disease, and, in
our opinion, granulomatous hepatitis is not a disease but a distinct histological
reaction caused by a broad array of infectious, neoplastic, and other conditions
(68). A number of these rare disorders have been better delineated, particularly
the hereditary periodic-fever syndromes, and renamed. Some authors tend to clas-
sify Crohn’s disease in the NIID group, but we prefer to reserve the term NIID for
the classic collagen vascular diseases.

Central nervous system abnormalities with lesions in the thermoregulation
zone of the brain stem mostly cause poikilothermia with episodes of hypothermia
and, very rarely, episodes of hyperthermia (69).

DIAGNOSTIC STRATEGY

The diagnostic strategy in case of recurrent FUO is different from continuous FUO
for several reasons. Although the approach to the patient should be individualized,
some general principles must be kept in mind and followed.

First, the spectrum of causative disorders is different, and the risk of life-
threatening infections or fulminant neoplastic disorders is low, particularly in
cases with duration of more than a half year (3,4). Second, starting an investigation
in an asymptomatic phase is not indicated except for a routine laboratory battery,
including complete blood count, liver tests, urinalysis, radiograph of the chest,
and abdominal ultrasonography. Third, lack of laboratory signs of inflammation
during a symptomatic phase points to either habitual hyperthermia, factitious
fever, or seizures, the latter being a very rare cause of recurrent FUO, well-described
in a number of older case reports (3). Fourth, an underlying disease will be found in
no more than 50% of the cases, and ordering multiple diagnostic tests in patients at
low risk for the tested conditions increases considerably the chance of false-positive
results (4,10–12).

Fifth, most patients remain in good health despite repeated episodes of fever
even for many years without a diagnosis (3,4). Patients with recurrent FUO are
therefore rarely inclined for another in-depth, in-hospital diagnostic round. They
mostly accept a watchful, waiting strategy in an outpatient setting that permits
the underlying disease to reveal itself during follow-up. Sixth, the initial diagnosis
in case of recurrent FUO is sometimes a probable one, established by excluding
other diseases, by the response to specific therapy, or by studying the course of
the disease.

Particular attention should be paid to the ethnic origin and family history, to
possible intermittent drug intake (e.g., quinine for occasional nocturnal leg cramps),
to travel history, and to occupation and hobbies, with possible exposure to inhala-
tional antigens causing hypersensitivity pneumonitis, such as pigeon breeder’s
disease, farmer’s lung, and so on.

A complete, repeated physical examination with particular attention to the
skin, looking for the typical Still’s disease rash, should be performed. In case of
suspicion of factitious fever, temperature measurement should be supervised,
and, in case of doubt, simultaneous body and urine temperature can solve the
problem (70).

Blood and other cultures should only be taken during a symptomatic phase,
and few serologic and immunologic tests are required in addition to the standard
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laboratory battery of the FUO patient (68). Undirected serologic and immunologic
tests have very poor predictive value in a setting of low prevalence of the screened
disorders. Even for tests with high specificity, the rate of false-positive results
remains high. Chest radiograph and abdominal ultrasonography belong to the
initial workup of patients with prolonged fever (68).

Abdominal and chest spiral CT should be performed in all cases, with both
oral and intravenous contrast, mainly to search for neoplastic and nonspecific his-
tiocytic or lymphoproliferative disorders. Additional appropriate CT modalities are
required in case of suspicion of lung embolism or hypersensitivity pneumonitis.
Colonoscopy belongs to the initial workup because colon cancer or Crohn’s
disease are two classic causes of recurrent FUO (3). Up to now, magnetic resonance
imaging (MRI) is only used to identify specific features of lesions detected by other
techniques.

In case of recurrent fever for more than one year, additional tests should be
guided by clues that point to the classic, very prolonged recurrent FUOs such as
Still’s disease, the hereditary periodic fever syndromes, and the atypical histiocytic
and lymphoproliferative diseases. Low white blood cell count suggests cyclic neu-
tropenia, large granular lymphocyte lymphocytosis, and macrophage activation
syndrome, and bone marrow biopsy is an essential procedure in these cases
(7,19,62). Serum ferritin concentrations .10.000 mg/L are typical for the active
phase of Still’s disease and also macrophage activation syndrome (27,64). In
other conditions such as acute liver necrosis, hemochromatosis, and some malig-
nancies, the values rarely exceed 3000 mg/L. Genetic testing allows confirmation
of FMF in more than 90% of the cases (37,38). These tests are indicated for atypical
cases of FMF, and they are widely available, in contrast to tests for the other
hereditary periodic fever syndromes (35).

After this standard assessment, we prefer a wait-and-see strategy or a whole
body FDG-PET scintigraphy in a symptomatic phase, mainly in search of neoplas-
tic, atypical reactive lymphoproliferative and histiocytic disorders, and inflamma-
tory bowel disease. We prefer FDG-PET to Gallium because FDG-PET takes less
time and it allows a better assessment of the abdomen. It seldom yields the diag-
nosis, but allows to detect focal abnormalities, which can be pursued with
directed radiologic, ultrasonographic, MRI, endoscopic, and surgical procedures
(67,68).

Periodic reassessment with complete physical examination is indicated but
repeating the standard assessment makes little sense. Renewed investigation
should be directed by new clues. Elevated alkaline phosphatase value is an indi-
cation for ordering a bone scintigraphy that may yield the first clue to mastocytosis,
Schnitzler’s disease, or ECD, all causes of bone densification on standard bone
radiographs (25,59,74). Increased LDH (lactic dehydrogenase) should raise suspi-
cion not only of a neoplastic disease but also of a hemolytic crisis and pulmonary
embolism. Measurement of lung diffusion capacity may be useful in selected
cases, pointing toward hypersensitivity pneumonitis or lung embolism. Venous
thromboembolism must be actively searched for in patients with predisposing
factors but D-dimer levels are nearly always increased in case of inflammation
and hence probably worthless.

Invasive procedures such as liver biopsy and exploratory laparotomy may
only be helpful when other features point to abdominal disease. Slight liver
abnormalities are so common in FUO patients that this sole finding does not
warrant liver biopsy (68).
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THERAPEUTIC TRIALS

Therapeutic trials make little sense and have very poor, if any, diagnostic value in
case of recurrent FUO because spontaneous resolution of fever is common. More-
over, defervescence following institution of a therapy, designed to treat a specific
disorder, may not be considered as proof of the diagnosis.

NSAIDs are more effective than paracetamol as symptomatic treatment
pending a definite diagnosis. However, according to our experience, attention
should be paid to liver toxicity of NSAIDs in this clinical setting and, particularly,
in case of possible Still’s disease. The antipyretic effect of naproxen is not specific for
neoplastic fever and the so-called naproxen test lacks differential diagnostic value
in unselected patients with a prolonged febrile illness (71). Sometimes corticoster-
oids may be required for symptomatic reasons. These therapeutic trials should be
interrupted as soon as the illness subsides, but a small percentage of patients
require a continuous low dose of corticosteroids (e.g., 4 to 6 mg prednisolone per
day) for suppression of fever and debilitating symptoms of inflammation (3,4).
In the 21st century, there is no longer room for empiric treatment with heparins
in the case of suspicion of venous thromboembolism as cause of recurrent
FUO. Appropriate imaging techniques, particularly, CT scan, allow to exclude
thromboembolic disease in these cases of prolonged illness.
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48. Dodé C, André M, Bienvenu T, et al. The enlarging clinical, genetic, and population spec-
trum of tumor necrosis factor receptor-associated periodic syndrome. Arhritis Rheum
2002; 46(8):2181–2188.

49. Simon A, Van Deuren M, Tighe PJ, van der Meer JWM, Drenth JPH. Genetic analysis as a
valuable key to diagnosis and treatment of periodic fever. Arch Intern Med 2001;
161(20):2491–2493.

50. Yosipovitch Z, Katz K. Bone crisis in Gaucher disease—an update. Isr J Med Sci 1990;
26(10):593–595.

51. Brady RO, Schiffmann R. Clinical features of and recent advances in therapy for Fabry
disease. JAMA 2000; 284(21):2771–2775.

52. Desnick RJ, Brady R, Barranger J, et al. Fabry disease, an under-recognized multisyste-
mic disorder: expert recommendations for diagnosis, management, and enzyme replace-
ment therapy. Ann Intern Med 2003; 138(4):338–346.

53. Lachmann HJ, Gilbertson JA, Gillmore JD, Hawkins PN, Pepys MB. Unicentric Castle-
man’s disease complicated by systemic AA amyloidosis: a curable disease. Q J Med
2002; 95(4):211–218.

54. Parappil A, Rifaath A, Doi SAR, Pathan E, Surrun SK. Pyrexia of unknown origin:
Kikuchi-Fujimoto disease. Clin Infect Dis 2004; 39(1):138–143.

55. Rezai K, Kuchipudi S, Chundi V, Ariga R, Loew J, Sha BE. Kikuchi-Fujimoto disease:
hydroxychloroquine as a treatment. Clin Infect Dis 2004; 39(12):e124–e126.

56. Knockaert DC, Schuermans A, Vlayen, et al. Fever of unknown origin due to inflamma-
tory pseudotumour of lymph nodes. Acta Clin Belg 1998; 53(6):367–370.

57. Moran CA, Suster S, Abbondanzo SL. Inflammatory pseudotumor of lymph nodes: a
study of 25 cases with emphasis on morphological heterogeneity. Hum Pathol 1997;
28(3):332–338.

58. Oliveira L, Moraes MF, Oliveira P, et al. A train driver with painful legs. Lancet 1999;
353(9169):2034.

59. Veyssier-Belot C, Cacoub P, Caparros-Lefebvre D, et al. Erdheim-Chester disease. Clini-
cal and radiological characteristics of 59 cases. Medicine 1996; 75(3):157–169.

60. Dogan A, Attygalle AD, Kyriakou C. Angioimmunoblastic T-cell lymphoma. Br J
Haematol 2003; 121(5):681–691.

61. Scott CS, Richards SJ, Sivakumaran M, et al. Transient and persistent expansions of large
granular lymphocytes (LGL) and NK-associated (Nka) cells: the Yorkshire Leukaemia
Group Study. Br J Haematol 1993; 83(3):504–515.

62. Lamy Th, Loughran Jr. Clinical features of large granular lymphocyte leukaemia. Semin
Hematol 2003; 40(3):185–195.

63. Reiner AP, Spivak J. Hematophagic histiocytosis. A report of 23 patients and a review of
the literature. Medicine 1988; 67(6):369–388.

64. Imashuku S. Differential diagnosis of hemophagocytic syndrome: underlying disorders
and selection of the most effective treatment. Int J Hematol 1997; 66(2):135–151.

65. Ramanan AV, Schneider R. Macrophage activation syndrome. What’s in a name! J
Rheumatol 2003; 30(12):2513–2516.

66. Long SS. Syndrome of periodic fever, aphthous stomatitis, pharyngitis, and adenitis
(PFAPA). What it isn’t. What is it? J Pediatr 1999; 135(1):1–5.

148 Knockaert



67. Blockmans D, Knockaert D, Maes A, et al. Clinical Value of [18F]fluoro-deoxyglucose
positron emission tomography for patients with fever of unknown origin. Clin Infect
Dis 2001; 32(2):191–196.

68. Knockaert DC, Vanderschueren S, Blockmans D. Fever of unknown origin in adults: 40
years on. J Intern Med 2003; 253(3):263–275.

69. MacKenzie MA, Hermus RM, Wollersheim HC, et al. Poikilothermia in man: pathophy-
siology and clinical implication. Medicine 1991; 70(4):257–268.

70. Murray HW, Tuazon CU, Guerrero IC, et al. Urinary temperature. A clue to early diag-
nosis of factitious fever. N Engl J Med 1977; 296(1):23–24.

71. Vanderschueren S, Knockaert DC, Peetermans WE, Bobbaers HJ. Lack of value of the
naproxen test in the differential diagnosis of prolonged febrile illnesses. Am J Med
2003; 115(7):572–575.

72. Singh N, Yu VL, Wagener MM, et al. Cirrhotic fever in the 1990s: a prospective study
with clinical implications. Clin Infect Dis 1997; 24(6):1135–1138.

73. Roth M, Blum U, Hellerich V. Rezidivierende hyperbilirubinämie und Fieber. Med Klin
1993; 88(12):699–700.

74. Lopez-Gomez M, Garcia JDM, Jimenez-Alonso J, et al. Systemic mast cell disease as a
cause of fever of unknown origin. Eur J Intern Med 1993; 4(2):171–175.

Recurrent FUO 149





Section III: Diagnostic Tests for FUO

B14 Nonspecific Tests in the Diagnosis of Fever of
Unknown Origin

Burke A. Cunha
Infectious Disease Division, Winthrop-University Hospital, Mineola, New York, U.S.A.

OVERVIEW

Fevers of unknown origin (FUOs) are caused by a limited number of infectious and
noninfectious disorders. The diagnosis of the various etiologies of infectious and
noninfectious FUOs depends on demonstrating the pathogen, which may involve
culture or tissue biopsy. The definitive diagnostic tests for FUO are discussed else-
where in this book. This chapter reviews the diagnostic significance of nonspecific
tests in the diagnosis of FUO. Nonspecific laboratory tests are important because
they may suggest an otherwise unsuspected diagnosis or increase/decrease the
diagnostic probability of a particular disorder. Nonspecific laboratory tests
should not be used in place of definitive tests but rather provide clinical clues to
diagnostic possibilities. Such abnormal test results should suggest a further diag-
nostic workup to include specific testing to make a definitive diagnosis (1–11).

IMAGING TESTS IN THE DIAGNOSIS OF FUO

The two most important imaging tests in the diagnosis of FUO are radionucleotide
scanning tests and computed tomography and magnetic resonance imaging (CT/
MRI) scans. The radionucleotide scans of most diagnostic usefulness in patients
with FUO include the bone scan, the indium scan, or the gallium scan (1,2).

The indium scan requires that blood be taken from the patient and tagged
with a radioisotope and given back to the patient. The radioisotope in the white
blood cells (WBCs) concentrates in areas of inflammation, infection, or malignancy.
A focal pickup on the indium scan localizes the pathology of the FUO to a particular
organ or organ system. Because each disorder has a particular pattern of organ
involvement, localization by indium scan to a particular organ helps narrow differ-
ential diagnostic possibilities. Further imaging tests or tissue biopsy may be done to
determine the nature and extent of the focal uptake determined by the indium scan.
Indium scans have a high false negativity in patients with osteomyelitis. Excluding
vertebral osteomyelitis, patients with osteomyelitis are not usually diagnostic pro-
blems, because their infectious process is readily recognizable before meeting the
definition of FUO (11–13).

Gallium scanning involves the injection of a radioisotope that concentrates in
areas of inflammation, infection, or neoplasm. Gallium scan is the preferred radio-
nucleotide scan in patients with FUO. Total body indium scan should be requested
to determine the focality of the infectious or noninfectious process. As with indium
scans, gallium scans are useful in determining the pattern of organ involvement
responsible for the FUO process. As with the indium scan, further imaging with
CT or MRI scans will further delineate the extent and nature of the pathology.
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Gallium scans, as with indium scans, should be used in concert with CT/MRI scan-
ning to provide the basis for further diagnostic testing, which usually requires
biopsy for definitive tissue diagnosis (14,15).

Computed Tomography/Magnetic Resonance Imaging
If there are symptoms or signs referable to the chest, abdomen, or pelvis, then CT/
MRI scanning of these anatomical areas should be part of the FUO workup. CT/
MRI scanning also has a role in FUO cases where the diagnosis is obscure and
there are no localizing findings. CT/MRI scanning of the chest, abdomen, and
pelvis may provide important positive or negative diagnostic information. As men-
tioned previously, CT/MRI scanning is usually used in concert with indium or
gallium scanning. The indium/gallium scans localize the abnormality, and the
CT/MRI scans provide higher resolution and detail in areas of increased uptake
on the indium/gallium scan. Otherwise unsuspected findings on the CT/MRI
scans in FUO patients include occult abscesses, retroperitoneal adenopathy,
hepatic/splenic masses, splenomegaly, hepatic, pancreatic, renal neoplasms, and
so on. After localization and characterization by CT/MRI scanning, biopsy of
some lesions may be warranted. Tissue biopsy by CT guidance in difficult-to-
reach areas may be helpful. With today’s imaging techniques, including PET
scans, exploratory laparotomy is rarely necessary in patients with intra-abdominal
signs or symptoms (11,16–18).

NONSPECIFIC LABORATORY TESTS
The Complete Blood Count
The complete blood count (CBC) is often helpful in pointing to the etiology of
prolonged fevers in FUO patients. The peripheral WBC count is the least helpful
diagnostic parameter in the CBC in patients with FUO. FUO patients rarely have
a marked leukocytosis, and the WBC count is often unremarkable. Leukopenia, if
present, may be drug induced, secondary to viral infection or collagen vascular
disease, or may be part of a myelophthisis bone marrow problem. Many patients
with FUO are elderly and not uncommonly have the anemia of chronic disease.
The anemia of chronic disease by itself is unhelpful, because elderly patients
often have a variety of chronic disorders that are responsible for the anemia of
chronic disease. The platelet count in the CBC is the most helpful of the CBC
parameters in terms of delineating the diagnosis of the FUO. Thrombocytopenia
may be on a viral, drug, or neoplastic basis. Thrombocytosis suggests a chronic,
inflammatory, or infectious process as well as the possibility of a myelodysplastic
syndrome or malignancy. In internal medicine in general, and in infectious
disease in particular, nonspecific diagnostic clues take on added diagnostic speci-
ficity in the context of associated findings. For example, if the patient with an
FUO has both leukopenia and thrombocytopenia, the most likely diagnostic possi-
bilities include a medication-related problem, a viral infection, for example, cyto-
megalovirus (CMV), or a neoplastic process. More helpful diagnostically is the
differential WBC count in FUO patients (19,20).

The WBC differential count can be helpful particularly if abnormal. Normal
WBC counts with a normal differential have little diagnostic value. More important
than leukocytosis, leukopenia, thrombocytosis, or thrombocytopenia are abnormal-
ities in the WBC count. Parameters with particular diagnostic importance are
eosinophilia, lymphocytosis/lymphocytopenia,atypical lymphocytosis,and basophilia.
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While abnormalities of these WBC elements are not always present, they are very
helpful in narrowing diagnostic possibilities when they are present. As with
other nonspecific diagnostic tests, their diagnostic specificity is enhanced when
combined with other abnormalities. Eosinophilia in a patient with FUO suggests
the possibility of vasculitis, for example, periarteritis nodosa (PAN), or a drug reac-
tion. Lymphocytosis is present with many chronic inflammatory and infectious dis-
eases, but lymphopenia is a more specific finding. Relative lymphopenia in a
patient with FUO suggests the possibility of malignancy or viral infection. The pre-
sence of atypical lymphocytes suggests the presence of viral infection, certain para-
sitic disorders, for example, toxoplasmosis, or a drug reaction. Basophils are an
uncommon finding in patients with FUO; however when present, basophilia indi-
cates a myeloproliferative disorder or a malignancy (20–30).

Liver Function Tests
Although there are no tests of liver function, liver function tests (LFTs) usually refer
to the serum transaminases, that is, serum glutamic-oxaloacetic transaminase
(SGOT) or serum glutamic pyruvate transaminase (SGPT), as well as the serum
alkaline phosphatase. Mild elevations in serum transaminases in FUO patients
may suggest a viral process, for example, CMVor drug-induced hepatitis. Increases
in alkaline phosphatase may suggest an obstructive process in the hepatobiliary
system, or may suggest a bone metastasis or temporal arteritis (20,31,32).

Serum Protein Electrophoresis
The serum protein electrophoresis (SPEP) is useful in confirming the diagnosis of
multiple myeloma or Waldenström’s macroglobulinemia, which are rare causes
of FUO. SPEP is also important in detecting elevations in the alpha 1 and alpha 2
globulin fraction, which may suggest lymphoma or adult Still’s disease. The
SPEP should be part of the FUO diagnostic workup when collagen vascular dis-
eases or neoplasms are in the differential diagnosis (20–25).

Serum Ferritin Levels
Serum ferritin levels are an underappreciated indicator of a variety of disorders that
may present as an FUO. Ferritin is an acute phase reactant when elevated slightly
and early in the course of an illness. Patients with FUO, by definition, have been ill
for a month or more with fever. Therefore, patients presenting with FUO and elev-
ated ferritin levels should not be ascribed to acute phase elevations. In patients with
FUO, diagnostically useful elevated serum ferritin levels have two characteristics.
The serum ferritin levels in the rheumatic diseases and neoplastic diseases are
persistently and highly elevated. A patient with an FUO and otherwise unex-
plained highly elevated ferritin levels should prompt diagnostic testing for a neo-
plasm. If the patient does not have a neoplasm, the case presentation should be
reviewed, looking for the features of adult Still’s disease (20,33–37).

Erythrocyte Sedimentation Rate
The erythrocyte sedimentation rate (ESR) is an invaluable test in the differential
diagnosis of infectious diseases. The ESR is highly sensitive but not very specific.
The key to its usefulness lies in its high sensitivity and interpreting it in the
context of other clinical or laboratory abnormalities. As with other laboratory
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TABLE 1 Fever of Unknown Origin: Laboratory Clues

Leukopenia Atypical lymphocytosis ESR (.100 mm/hr)
Miliary TB EBV Adult JRA
Brucellosis CMV PMR/TA
SLE Brucellosis Hypernephroma
Lymphomas Toxoplasmosis SBE
Preleukemias Drug fever Drug fever
Typhoid fever Thrombocytosis Carcinomas
Kikuchi’s disease MPD Lymphomas

Monocytosis TB MPD
TB Carcinomas Abscesses
PAN Lymphomas Subacute osteomyelitis
TA Sarcoidosis LORA
CMV Vasculitis Hyper IgD syndrome
Sarcoidosis Temporal arteritis SPEP
Brucellosis Subacute osteomyelitis Polyclonal gammopathy
SBE Hypernephroma Atrial myxoma
SLE Thrombocytopenia Alcoholic cirrhosis
Lymphomas Leukemias Sarcoidosis
Carcinomas Lymphomas PAN
Regional enteritis

(Crohn’s disease)
MPD
EBV infectious mono

HIV
Takayasu’s arteritis

MPD
Eosinophilia

Drug fever

Trichinosis
Vasculitis

" a1/a2 globulins

Lymphomas
SLE

Lymphoma

Drug fever
Rheumatoid factor

SLE

Addison’s disease
SBE

Monoclonals spike

PAN
Chronic active hepatitis

Multiple myeloma

Hypersensitivity vasculitis
Malaria

Increased serum transaminases

Hypernephroma
Hypersensitivity

vasculitis

EBV mononucleosis

MPD
Basophilia

Carcinomas
Lymphomas
Preleukemia (AML)
MPD

Lymphocytosis
TB
EBV
CMV
Toxoplasmosis
Non-Hodgkin’s lymphoma

Lymphopenia
Whipple’s disease
Miliary TB
SLE

Lymphomas
Multiple myeloma

LORA
Alkaline phosphatase

Hepatoma
Miliary TB
Lymphomas
EBV
CMV
Adult JRA
Subacute thyroiditis
TA
Hypernephromas
PAN
Liver metastases
Granulomatous hepatitis

Serum ferritin levels
Malignancies
SLE
TA
LORA
Adult JRA

CMV
Q fever
Drug fever
Leptospirosis
Toxoplasmosis
Brucellosis
Kikuchi’s disease

Abnormal renal tests
SBE
Renal TB
PAN
Leptospirosis
Brucellosis
Lymphomas
SLE
Hypernephroma

Myeloproliferative Disorders
Malignancies
SLE
TA
LORA
Adult JRA

Abbreviations: AML, acute myelogenous leukemia; CMV, cytomegalovirus; EBV, Epstein-Barr virus; ESR,
erythrocyte sedimentation rate; HIV, human immunodeficiency virus; JRA, juvenile rheumatoid arthritis; LORA, late
onset rheumatoid arthritis; MPD, myeloproliferative disorders; PAN, periarteritis nodosa; PMR, polymyalgia
rheumatica; SBE, subacute bacterial endocarditis; SLE, systemic lupus erythematosus; SPEP, serum protein
electrophoresis; TA, temporal arteritis; TB, tuberculosis.
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tests, elevations of the ESR have different diagnostic specificity depending upon the
degree of ESR elevation. Elevations of the ESR .100 mm/hour narrow differential
diagnostic possibilities to six clinical categories. An ESR .100 is found in relatively
few disorders, that is, endocarditis, osteomyelitis, drug fevers, abscesses, collagen
vascular diseases, and malignancies. All of these disorders that may be associated
with an ESR .100 may present as an FUO. However, it is relatively straightforward
to narrow this list even further by history, physical examination, and selected
laboratory tests, for example, osteomyelitis is easily ruled out with a plain film or
CT/MRI of the bone likely to be involved. Endocarditis can be ruled out with nega-
tive blood cultures, and a negative echocardiogram for cardiac vegetation. Abscess
can be ruled out with a CT/MRI of the appropriate anatomical region. Drug fever is
accompanied by its characteristic signs, and the patient must be on a sensitizing
medication. A highly elevated ESR does not differentiate among the rheumatologic
causes of FUO or the neoplastic causes of FUO. Other tests are necessary to make
the definitive collagen vascular disease- or neoplastic-specific diagnosis.

The ESR, if not elevated, has no exclusionary diagnostic value. The diagnostic
possibilities of an elevated sedimentation rate depend upon the degree of elevation
and the company it keeps. The ESR is found in concert with other history, physical,
and laboratory findings, which make certain diagnostic possibilities more or less
likely. Various disorders have certain ranges of sedimentation rate elevation,
which are helpful diagnostically, for example, even in advanced tuberculosis, the
ESR is rarely elevated .70 mm/hour. Lower intra-abdominal infections, for
example, pelvic inflammatory disease (PID), appendicitis, and diverticulitis are
associated with higher ESR ranges (50–80 mm/hr) than upper abdominal
disorders, that is, cholecystitis and gastritis, where the ESR does not usually
exceed 50 mm/hour. The ESR is also helpful at extremes of either very high or
very low values. An ESR that is within the normal range has no significance, but
an ESR approaching zero, that is, 1 mm/hour–3 mm/hour would suggest the
possibility of trichinosis in a patient with an FUO and myositis (20,38). (Table 1)

NONSPECIFIC LABORATORY TESTS IN THE DIAGNOSTIC APPROACH

Nonspecific laboratory tests are nonspecific when considered alone or in a clinical
vacuum. The diagnostic utility of nonspecific tests lies in their ability to suggest an
otherwise unthought of diagnostic possibility. Nonspecific tests also can increase or
decrease the likelihood of a particular diagnostic consideration. The diagnostic
specificity of nonspecific tests is enhanced if multiple nonspecific abnormalities
are present, for example, highly elevated ESR plus a serum ferritin has much
more diagnostic specificity than either an isolated elevation of the ESR or serum
ferritin level. While nonspecific laboratory tests are rarely nondiagnostic in and
of themselves, they often represent important and easily overlooked diagnostic
clues to an otherwise obscure diagnosis. In every patient with an otherwise unex-
plained FUO, this battery of nonspecific laboratory tests should be ordered (19,20).
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INTRODUCTION

Investigating a fever of unknown origin (FUO) is challenging. Even after complet-
ing a sound clinical evaluation and developing a differential diagnosis, obstacles
remain. Every potential etiology has its associated diagnostic quirks. Selecting
the right test at the right time impacts the accuracy of a fever investigation. This
chapter provides a practical summary of diagnostic tests for specific causes of
FUO. The diagnostic entities considered in this chapter are listed in Table 1.

This chapter will focus on testing that must be requested with a specific diagno-
sis in mind. We will assume that routine evaluations have already been completed,
including a history and physical, chest X ray, complete blood count (CBC), compre-
hensive metabolic panel, urinalysis, and routine cultures of blood and urine. Unlike
detecting hypernatremia on a serum chemistry panel from a confused elderly
patient, a test for a specific entity causing FUO often must be ordered with a diagnosis
in mind. The clinician’s differential diagnosis may need to be relayed directly to the
laboratory personnel doing the test, particularly in the case of microbiology speci-
mens, in order to insure that the most appropriate processing is performed. We
have attempted to provide the content for these discussions in this chapter. Although
we have tried to be thorough, this discussion is not intended to be exhaustive. More-
over, diagnostic imaging modalities are discussed in the next chapter.

This chapter has been organized by etiologic categories. We will first discuss
bacterial causes of FUO, focusing in particular on special culturing or testing con-
ditions required to identify certain bacteria. Next, the diagnostic challenges for
mycobacterial diseases will be investigated. Then histoplasmosis, a fungal infection
that may present as a FUO yet not be detected using routine cultures, will be
explored. We will continue by exploring some viral causes of FUO. Parasitic infec-
tions will constitute the last infectious category of FUO etiologies to be explored.
Finally, some noninfectious etiologies will be discussed.

BACTERIAL CAUSES OF FUO
Gram-Positive Organisms
Nocardia Species and Other Related Actinomycetales
Actinomycetales is an order of bacteria that includes aerobic and filamentous, often
branching, gram-positive human pathogens that may not be isolated using routine
laboratory cultures. Nocardia, Mycobacterium, and Corynebacterium are well-known
members of this order, but the following genera have also been implicated in
human infections: Actinomadura, Dermatophilus, Gordona, Nocardiopsis, Rhodococcus,

(Text continues on p. 163.)
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TABLE 1 Recommended Diagnostic Tests for Specific FUO Etiologies

Organism or syndrome Test(s) Comments

Bacteria
Gram-positive bacteria

Nocardia spp. Microscopy culture Long incubation time needed
Modified AFB-positive

Tropheryma whipplei PCR of infected tissues or
body fluids

Extra-duodenal PAS staining
not diagnostic

Actinomyces spp. Microscopy culture Use anaerobic media
Modified AFB-negative

Gram-negative bacteria
Salmonellae spp.
(Enteric fever)

Culture of blood, stool and
urine

If routine cultures negative,
may culture bone marrow or
rose spots

Bartonella spp. Serology
Peripheral smear

(B. bacilliformis only)

Prolonged incubation on solid
media may increase culture
yield

Brucella spp. Serology B. canis not detected using
routine serology

HACEK group Blood culture Incubate for two weeks
Legionella spp. Urine antigen Urine antitgen only detects

infections caused by
L. pneumophila
serogroup 1

Neisseria meningitidis Culture of blood Consider blind subculture
onto chocolate agar and
incubation in humid
environment with increased
carbon dioxide

Streptobacillus
moniliformis

Microscopy of peripheral
blood

Culture of blood

Use specialized enriched
media with increased
carbon dioxide

Intracellular bacteria
Chamydophila
(Chlamydia spp.)

Serology IgG seroconversion most
accurate. IgA may indicate
chronic, active infection

Mycoplasma
pneumoniae

Serology Negative IgM does not
exclude active infection

Rickettsial illnesses
Coxiella burnetii Serology

Microscopy of infected
tissues

Phase I antigen
seroconversion associated
with chronic infection

Ehrlichiosis Microscopy of Buffy coat
Serology

Serology only available for
HME

Spirochetes
Leptospira interrogans Serology IgG seroconversion is

standard. IgM specific but
not sensitive

Borellia spp. Microscopy of blood Yield greatest during febrile
episodes

Mycobacteria
Mycobacterium

tuberculosis
Culture Liquid media reduces

detection time

(Continued)
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TABLE 1 Recommended Diagnostic Tests for Specific FUO Etiologies (Continued)

Organism or syndrome Test(s) Comments

Disseminated MAI Culture of blood for AFB High yield with two separate
AFB blood cultures

Fungi
Histoplasma capsulatum Urine antigen Antigen can be used to detect

relapses
Viruses

EBV Serology Negative EBNA necessary to
attribute febrile illness to
EBV

Cytomegalovirus Virus detection in blood or
pathologic specimens

Shell vial culture is old
standard. Several
molecular techniques being
studied

HIV seroconversion Serology and P24 antigen
Viral load if P24 negative

P24 highly specific. Viral load
highly sensitive

Parasites
Plasmodium spp. Expert inspection of

peripheral blood smears
Rapid organism detection

tests available that require
little expertise but not as
accurate

Babesia spp. Microscopy of blood Serology available but
seroconversion may be
delayed and it cross-reacts
with P. falciparum

Leishmania spp. Microscopy of buffy coat and
serology

Biopsy, if above negative

Patients with impaired cellular
immunity more likely to
have false negative
serology. Patients in
endemic areas (non-
travelers) more likely to
have false positive serology

Toxoplasma gondii Pathology
Serology

Serology unreliable in patients
with impaired cell-mediated
immunity

Schistosoma spp.
(Katayama fever)

Microscopic inspection of
stool and urine

Serology

Serology reliable only in
sojourners because of high
seropositivity in patients
from endemic areas

Noninfectious causes of FUO
Temporal arteritis Biopsy of temporal artery Discontinuous lesions can

cause false negatives
Wegener’s granulomatosis Pathology þ/2 Anti-PR-3

(c-ANCA)
Necrotizing granulomas of

small to medium blood
vessels

Churg-Strauss syndrome Pathology plus eosinophilia
and/or atopy

Anti-MPO (p-ANCA)

Granulomatous inflammation
of smaller vessels with
eosinophils

Microscopic polyangiitis Pathology
Anti-MPO

Small vessels, necrotizing
vasculitis

Periarteritis Angiography
Pathology if mononeuritis

multiplex

Low prevalence of anti-MPO.
Significant minority
associated with Hepatitis B

(Continued)
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TABLE 1 Recommended Diagnostic Tests for Specific FUO Etiologies (Continued)

Organism or syndrome Test(s) Comments

Rheumatoid arthritis Anti-cyclic citrullinated
peptide antibody

More specific than rheumatoid
factor. Still not sensitive
enough to rule out RA

Systemic lupus
erythematosus

ANA � 1:160 Highly sensitive, but at best
90% specific. Peripheral or
nucleolar patterns more
specific for rheumatologic
disease

Kikuchi-Fujimoto disease Lymph node biopsy,
preferably excisional

Experienced pathologist
needed to exclude infectious
etiologies and SLE

Adult-onset Still’s disease Ferritin often dramatically
elevated

Diagnosis based on clinical
criteria

Inflammatory bowel
disease

Endoscopy with biopsy and
exclusion of infections

Autoantibodies may help
diagnose indeterminate
colitis

ASCA associated with
Crohn’s disease, while
p-ANCA (not anti-MPO)
associated with ulcerative
colitis

Behçet’s disease Pathergy skin test
Mucocutaneous biopsy

Diagnosis is clinical

Familial Mediterranean
fever

Genetic testing for known
MEFV gene mutations

Diagnosis is clinical when
gene test negative

Hyper-IgD syndrome Test for elevated IgD twice
over at least a month

Gene testing for mevalonate
kinase gene if IgD normal

Despite name, not all patients
have increased IgD

TNF receptor-associated
periodic syndrome

Genetic testing for known
TNFRSF1A gene
mutations

Family history often negative
because of incomplete
penetrance and
spontaneous mutations

Malignant causes of FUO
Primary illness due to
malignancy

Pathology Must exclude infection

FUO in patients with
known malignancy

Consider naproxen challenge
once infections excluded

Tumor fever still a diagnosis of
exclusion. Accuracy of
naproxen challenge in
modern health care setting
not established

Endocrine causes of FUO
Adrenal insufficiency Cosyntropin stimulation test

using 250 mg IM/IV
Any cortisol level �18 mg/dL

makes AI unlikely
Thyrotoxicosis TSH with Free T4 and T3 Free thyroid hormones more

accurate and easier to
interpret than total levels

Pheochromocytoma 24-hour urine collection for
catecholamines, VMA and
metanephrines

Plasma free metanephrines

False positives may occur
with certain medications,
renal failure or severe
systemic illness

Abbreviations: AFB, acid-fast bacilli; ANA, anti-nuclear antibodies; AI, adrenal insufficiency; Anti-MPO, anti-
myeloperoxidase; Anti-PR-3, anti-proteinase 3; ASCA, anti-Saccharomyces cerevisiae antibodies; c-ANCA,
cytoplasmic-antineutrophil cytoplasmic antibodies; CMV, cytomegalo virus; EBNA, Epstein-Barr nuclear antibody;
EBV, Epstein-Barr virus; FUO, fever of unknown origin; HME, human monocytic ehrlichiosis; Ig, immunoglobulin;
TS-aclcl: HACEK, Hemophilus sp., Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, Eikenella
corrodens, Kingella kingae; MAI, Mycobacterium avium intracellulare; p-ANCA, perinuclear-antineutrophil
cytoplasmic antibodies; PAS, periodic acid-Schiff PCR, polymerase chain reaction; stain; RA, rheumatoid arthritis;
SLE, systemic lupus erythematosus; TSH, thyroid-stimulating hormone; VMA, vanillylmandelic acid.
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Streptomyces, Tropheryma, and Tsukamurella (1–3). These organisms are difficult to
isolate because of their slow growth rate. However, with the notable exception of
Tropheryma whipplei, these organisms can be isolated in routine laboratories.

These pathogens can cause febrile infections involving the lymph nodes,
liver, brain, lungs or nearly any organ. If a tissue biopsy is performed during
the evaluation of a FUO, an attempt to isolate these bacteria should be made.
This is most important when evaluating FUO in a patient with impaired cell-
mediated immunity, as Nocardia spp. and other aerobic Actinomycetales are
important potential pathogens (4–9). Specimens can be transported to the lab
on routine or fungal media. The specimen should not be refrigerated, as this
can reduce the viability of some species. A Gram stain and a modified acid-fast
stain should be performed to make a presumptive diagnosis and guide further
isolation techniques. These organisms range from weakly gram-positive to
vividly so. Nocardia spp. may be suggested in the right context if delicate, branch-
ing, beaded, weakly gram-positive organisms are seen. Many of these genera,
excluding Mycobacterium, are weakly acid-fast. This property refers to the
“fastness” of carbolfuchsin dye to the bacteria if milder decolorizers, such as
1% sulfuric acid, are used for shorter durations than in traditional acid-fast
stains (1).

Actinomycetales will grow on most media; however, they are often isolated in
the mycology division of the laboratory. Fungal cultures are routinely held for at
least three weeks, affording time for detection of slow growing micro-organisms.
Most aerobic Actinomycetales will not be isolated in the mycobacterial lab
because they do not survive the decontamination phase of specimen processing
for acid-fast bacilli (AFB). Holding traditional bacterial media for at least three
weeks may be sufficient to isolate the organism. Alternatively, particularly for
Nocardia, a buffered charcoal-yeast extract (BCYE) agar with antibiotics that
suppress normal flora increases the yield (10). Molecular techniques for the dia-
gnosis of nocardiosis are being researched (11–14) but are not yet ready for
widespread use.

Tropheryma whipplei (Whipple’s Disease)
Tropheryma whipplei, the cause of Whipple’s Disease, cannot be cultivated in routine
laboratories (15–17). This organism is traditionally associated with lipodystrophy
of the small bowel causing diarrhea but often also causes a systemic disorder
(18–19). It can involve the central nervous system, eyes, joints, (20) lungs, and
heart (21,22). Tropheryma whipplei should be included in the differential diagnosis
for culture negative endocarditis (21, 23–25). Duodenal biopsy characteristically
reveals periodic acid-Schiff (PAS)-positive inclusions in large macrophages infiltrat-
ing the lamina propria. However, PAS stains of extraduodenal tissue are not con-
sidered diagnostic. Electron microscopic evaluation of tissues may help, but this
technique is not often readily available.

Polymerase chain reaction (PCR) and immunohistochemistry tests have been
developed to detect T. whipplei (26–27) in small bowel (28), synovial fluid (20),
lymph node, cardiac valves, vitreous humor, cerebrospinal fluid (CSF), (29–30)
feces (31), bone marrow (32), or peripheral blood (31,33). These tests are still
being standardized, and because of the potential for contamination, they may
result in false positives (26,34). They should only be considered diagnostic,
therefore, when other clinical or laboratory features of Whipple’s disease are
present. Associated laboratory features include evidence of malabsorption (with
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resultant malnutrition), lymphopenia, eosoinophilia, and IgM and IgA hypo-
gammuglobulinemia.

Actinomyces Species (Actinomycosis)
Actinomycosis is usually caused by anaerobic or facultatively anaerobic filamen-
tous gram-positive bacteria that belong to the genus Actinomyces. These organisms
can cause indolent, progressive infections in hosts with normal immunity (35). They
tend to violate tissue planes and anatomic barriers, and thus may be misdiagnosed
as malignancies (36–40). Because most species are quite sensitive to multiple anti-
biotics, it is important to obtain specimens prior to the use of any empiric therapy.

The key to diagnosis is to obtain sufficient material for laboratory evaluation
with the help of a surgeon or an interventional radiologist (41–43). The yield from
transbronchial biopsy has been questioned (44,45), and thus a negative broncho-
scopic evaluation should not preclude further study. Actinomyces spp. colonize
the oral cavity and genital tract (46); so mere isolation of this potential pathogen
does not establish a cause for a FUO. However, isolation of these bacteria is suffi-
cient for diagnosis if the specimen is obtained from a sterile body site or if there
is a compatible clinical syndrome.

Culture material in the form of tissue or purulent fluid should be transported
to the laboratory quickly, ideally in anaerobic transport media. The presence of
sulfur granules in the specimen increases the yield. Swab cultures should be
avoided, as they foster small sample size and limit viability. Although many organ-
isms causing actinomycosis are facultative anaerobes, they are best isolated on
special media under anaerobic conditions (47). These bacteria grow slowly; one
to four weeks may be required to detect growth. Selective media may increase
the yield if rapidly growing organisms are also present (48).

Microscopic evaluation of clinical specimens can help establish the diagnosis
of actinomycosis. In fact, especially after exposure to antibiotics, a simple Gram
stain may be more sensitive than culture for detecting these bacteria. Attempts
should be made to localize and examine sulfur granules in specimens. Sulfur gran-
ules occur only in vivo and represent tightly grouped microorganisms with sur-
rounding inflammatory cells. The bacteria can be visualized at the periphery of
the granule(47) and often appear as branching filamentous gram-positive bacteria.
They must be distinguished from other bacteria and fungi. Of note, hematoxylin
and eosin (H&E) stain, a routine stain used in histopathology, will not detect the
organisms (35,38). Gram, silver, or Giemsa stains are required. Actinomyces spp.
are unable to hold carbolfuchsin dye even when using modified acid-fast stains,
thus distinguishing them from Nocardia spp. When the diagnosis remains in
doubt despite culture and direct microscopy, immunofluorescence stains directed
at the more common species can be performed by the pathologist (35,47).

Gram-Negative Organisms
Salmonella Species (Enteric Fever)
Enteric fever, in addition to sustained elevation of body temperature, may result in
any combination of the following signs or symptoms (49): abdominal pain, head-
ache, pulse-temperature dissociation, rash, leukopenia, hepatitis (50), or splenome-
galy (51). This syndrome is traditionally caused by gastrointestinal infection with
Salmonella enterica, subspecies enterica serotype typhi (Salmonella typhi) (49), but
may also be caused by other Salmonella spp. Less frequently other pathogens,
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including Brucella spp., Yersinia spp., Campylobacter spp., and Francisella tularensis,
cause enteric fever.

Leukopenia in the absence of eosinophilia, although not entirely specific, is
suggestive of a bacterial cause of a patient’s abdominal pain, especially in
regions where invasive parasitic diseases are common. Microscopic examination
of the stool may reveal leukocytes with a predominance of mononuclear cells.
The mainstay of diagnosis, however, is by culture.

Unfortunately, stool cultures are insensitive for enteric fever, so alternate
means are necessary to make the diagnosis in about two-thirds of cases (52,53).
Culture of urine and blood should be obtained in every suspected case. Ultimately,
urine culture has limited sensitivity, so the diagnosis is most often made via blood
cultures. Multiple blood cultures should be taken, as the yield increases with each.
In addition, a relatively large volume of blood (10 mL–15 mL) should be used, as
the amount of blood inoculated also increases yield (49). The sensitivity of
routine blood cultures range from 73% to 97% depending on the volume of blood
inoculated, the number of cultures obtained and the prior exposure to antibiotics.
Some have suggested that culturing the blood clot after the removal of the serum
may increase culture sensitivity (54,55).

If cultures of blood, urine, and stool are not revealing, there are some alterna-
tives. Tissue from rose spots, if present, may be cultured and may be positive in
.60% of patients, even after prior antibiotic exposure (52). Culture of bone
marrow aspirates is more sensitive than blood culture (53,56) and in one series
was positive in 56 of 62 patients even after antibiotic exposure (52).

Salmonella typhi infection used to be diagnosed using the Widal test. This test
is designed to detect host antibodies to the surface polysaccharides and flagellar
antigens of S. typhi (57). Although a four-fold increase in acute and convalescent
titers drawn at least two weeks apart is diagnostic, this is not helpful initially. It
has been suggested that a single O-antigen antibody titer of at least 1:320 or a
single H-antigen antibody titer of at least 1:160 is sufficient to establish a diagnosis
without waiting for convalescent sera. Serologic studies, however, are of limited
value for the diagnosis of enteric fever. Because the Widal test is species specific,
many causes of enteric fever are missed. Despite its design as a species-specific
test, cross-reactions with other Enterobacteriaceae have been reported (49). Further-
more, even among the same species, such as S. typhi, the breakpoints for antibody
positivity should be altered based on the region from which the organism was
acquired (57,58). Moreover, false-positive tests have been documented because of
other infections, such as malaria (59). Given these limitations, we do not rec-
ommend relying on the Widal test to diagnose enteric fever.

Bartonella Species
Bacteria in the genus Bartonella are increasingly being determined to cause a wide
range of febrile syndromes that used to defy explanation. To date, there are at least
eight species that cause disease in humans, the most notable of which are B. henselae
and B. quintana. Specific syndromes attributed to Bartonella spp. include cat-scratch
disease, bacillary angiomatosis, bacillary peliosis hepatitis, culture-negative endo-
carditis (14), Oroya fever, verruga peruana, and trench fever. Because the signs
and symptoms of these illnesses are variable and significantly host dependent,
Bartonella infection is often included in the differential diagnosis of FUO. This
organism can cause very different syndromes in immune-compromised hosts.
Patients with impairments in cell-mediated immunity may have systemic illness
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with fever and less obvious exposure histories. One rule of thumb for FUO in HIV-
infected patients is to include bartonellosis in the differential diagnosis whenever
one considers disseminated Mycobacterium avium intracellulare (MAI) infection.

Bartonella spp. are gram-negative bacilli. Unlike rickettsial organisms,
Bartonella will grow on regular media, but is seldom isolated using routine lab pro-
tocols because it is fastidious and slow growing. Clinical specimens should be
processed as soon as possible after collection. If a delay is anticipated, specimens
should be frozen until processing is available (60). Bartonella grows best on solid
or semi-solid media, and thus may not be detected in a thioglycollate broth. The
optimum medium is rabbit-heart infusion agar, but blood and chocolate agars
will support its growth (60–62). Optimum incubation for most Bartonella spp. is
between 358C and 378C in a humid, carbon dioxide-enriched atmosphere (62). At
least seven days, but up to one month, of incubation is required to detect growth.
Colony morphology is unique, and can take on either a smooth or verrucous form.

When it comes to isolating Bartonella spp. from the blood, routine automated
cultures are limited by the use of liquid media, the short incubation period, and the
limited amount of detectable metabolic byproducts (60,63–65). In addition, broth
media used in automated systems often contain sodium polyanethol sulfonate
(SPS), which inhibits the growth of Bartonella (61). Adding agents to neutralize
SPS may help, but may not be practical in routine labs. Theoretically, lytic blood
culture systems may be useful because the hemolysis releases intracellular organ-
isms, whereas the freed hemoglobin neutralizes any SPS (60,61). Still, most
routine blood culture media will sustain viable organisms even if they fail to
detect growth. Thus blind subculturing to solid media after five to seven days of
routine incubation will likely increase the yield (65–67). Although not required
for cultivation, cell cultures using endothelial cells may detect growth in as little
as 72 hours (68,69). At least one research group has also developed a unique cell-
free media designed to detect Bartonella spp (70). However, endothelial cell
culture and special cell-free culture media for Bartonella are not available in most
laboratories.

Because of the above detailed difficulties in isolating Bartonella spp. in the
routine laboratory, alternative techniques are often used to make a diagnosis.
These techniques include direct examination of clinical specimens and serology.
Bartonella bacilliformis, the causative agent in Oroya fever, can be visualized on
Giemsa stains of peripheral blood (71). Other species, however, are usually not
present in the blood in high enough concentrations to make the peripheral smear
useful. H&E stain of pathologic specimens will show inflammation and prolifera-
tive changes, but will not demonstrate the bacteria. Instead, silver stain will
detect organisms, especially in early lesions (72). Organisms may be difficult to
visualize at all in more mature, granulomatous lesions but may still be detected
by electron microscopy. Alternatively, immunohistochemistry has been developed
(73–78).

Because culture and microscopy have limited sensitivity for bartonellosis;
diagnosic testing is often supplemented by serologic testing. Serologic tests have
been developed for B. bacilliformis (79), B. quintana, and B. henselae (80). These
tests are limited by the cross-reactivity with other species and the lack of a gold
standard to help define the predictive value of serology. Additionally, different
levels of disease activity and site of organ involvement are associated with variabil-
ity in the titers. Still, these tests do have clinical utility. In parts of South America
where Oroya fever is endemic, immunoblot or indirect fluorescent antibody (IFA)
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tests help establish a diagnosis (81). Serology in some endemic areas, however, is
limited by false positives (71). Indirect fluorescent antibody and enzyme immu-
noassay (EIA), usually designed to detect IgG, have been developed for B. henselae
and B. quintana. [Note: enzyme immunoassay (EIA) is a newer term referring to the
same lab technique as enzyme-linked immunosorbent assay; term EIA is used for
the remainder of this chapter.] Serology has been used to diagnose cat-scratch
disease and culture-negative endocarditis in the appropriate clinical settings.
Also, these tests have been used in HIV-positive patients with FUO. The sensitivity
ranges from 85% to 95% and specificity is again limited by cross-reactivity with
other Bartonella spp. and a low level of background seropositivy in healthy
control populations. When the cutoffs are increased to improve specificity, the tra-
deoff can be significant: the sensitivity in one series using EIA to diagnose cat-
scratch disease fell to 75% (82). While imperfect, serologic testing has replaced
skin testing as a way to detect host exposure to pathogenic Bartonella spp. PCR
tests have been developed and are accurate and useful (14,83–85). As they
become perfected, molecular tests may be used in the future as the standard by
which to calibrate serologic tests. However, such PCR is not yet widely available.

Brucella Species (Brucellosis)
The zoonotic infection brucellosis often causes FUO when it affects humans. The
signs and symptoms of illness are nonspecific and routine laboratory studies are
not diagnostic. Brucella spp. are gram-negative coccobacilli that grow aerobically
but may require supplementation with carbon dioxide for growth. These species
are cultivatable from blood, urine, bone marrow, liver, lymph node, and, occasion-
ally, CSF. However, the yield ranges from 15% to 90% (86) and depends on inocu-
lum, exposure to antibiotics, and laboratory techniques used (87,88). Because
brucellosis accounts for many of those infections acquired by specimen handling
in the microbiology laboratory (89,90), personnel should be alerted whenever bru-
cellosis is suspected. Lysis centrifugation blood culture technique may be superior
to routine blood cultures (87,91). Automated identification systems can be unreli-
able (92), and so results should be questioned if there is clinical suspicion that a
gram-negative isolate is a Brucella spp. but has been misidentified.

The diagnosis of brucellosis is often made serologically because, in practice,
the yield from culture is poor. IgG and IgM antibodies directed against Brucella
spp. are most often detected using serum agglutination tests (93,94). IgM antibodies
are useful for common causes of brucellosis: B. abortus (cows), B. suis (pigs), and B.
melitensis (goats). EIA is more accurate (95) but less widely available. Using any
available method, though, rising titers with a compatible syndrome or high titers
on presentation are usually sufficient for diagnosis. False positives may occur in
patients with prior infections. One major caveat to the use of serology to diagnose
brucellosis involves Brucella canis: this species is not detected using routine anti-
body assays (96,97). If the epidemiology suggests that exposure to dogs is the
source of illness, then specific serology for B. canis must be requested. Finally, mol-
ecular methods using PCR to detect Brucella DNA in blood samples are being
studied (98–102).

Hemophilus, Actinobacillus, Cardiobacterium, Eikenella, and Kingella Species
The HACEK group (Hemophilus, Actinobacillus, Cardiobacterium, Eikenella and
Kingella species) contains slow growing gram-negative organisms that are classi-
cally associated with culture-negative endocarditis. Modern blood culture media
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with automated continuous monitoring have improved the yield of these organ-
isms while following routine lab protocols (103). However, it is still advisable to
allow blood cultures to incubate for two weeks to maximize yield (104,105); one
must ask the lab to let the bottles continue incubating before they are discarded
in accordance with routine practice (usually after five days).

Legionella Species (Legionnaires’ Disease, Pontiac Fever)
Legionella spp., usually pneumophila, are well known to cause atypical community-
acquired pneumonia (106,107). However, these bacteria can cause a wide range of
febrile syndromes from Pontiac fever to culture-negative endocarditis (108) to meta-
static abscesses. Legionella spp. are gram-negative bacilli that grow slowly and are
fastidious. Uniquely, the media used to isolate these bacteria use protein as an
energy source instead of the usual sugars (109). Culture of sputum, blood or
other specimens is best performed on BCYE agar (110). This agar is buffered at a
pH of 6.9, which is optimal for Legionella growth. The charcoal is used to absorb
fatty acids that are toxic to these bacteria. Finally, BCYE agar contains several
unique nutrients including ferric pyrophosphate, vitamins, and amino acids. L-
cysteine amino acid is always present, as it is an essential growth factor for Legio-
nella. The plates are incubated at 378C for three weeks. Positive cultures from an
ill patient are highly specific; however, the sensitivity can be as low as 20%
(111,112). The yield depends on the severity of illness (more severe illness is more
likely to show culture positive) (113,114), prior exposure to antibiotics, the specific
culture medium used (115–117), and the expertise of the laboratory personnel.
Finally, growing the organism is the only way to detect infection due to a less
common species or serogroup (118,119).

Immunologic testing is often more sensitive and less cumbersome than
culture, but will only reliably detect disease caused by Legionella pneumophila
serogroup 1. The most convenient and widely available of such tests detects
L. pneumophila antigens in the urine. Similar to routine cultures, the likelihood of
test positivity correlates with severity of illness (120,121). Monoclonal antibodies
are used in card-based immunoassays for this test. The average sensitivity for Legio-
nella infection is between 70% and 80% (reported range 57% to 99%) (106), owing to
the less frequent species and serogroups that the test is not designed to detect (122).
The sensitivity in patients with impaired cellular immunity is likely to be lower
because such patients are at greater risk for acquiring less pathogenic and less
common varieties of these bacteria (123).

Serology may be used to make a diagnosis of Legionella disease retrospec-
tively. At best, however, these tests have a sensitivity of 75% for legionellosis
(124). Acute serology alone lacks accuracy, and thus convalescent sera must be
used. Most seroconversions will occur by four weeks, but as many as 20% will
occur between weeks five and twelve. Thus, multiple convalescent sera samples
are recommended.

Immunoflourescent microscopy or PCR of sputum may be helpful when
routine culture or urine antigen are not diagnostic (125,126). However, these tests
are neither well standardized nor widely available (127,128).

Neisseria meningitidis
Neisseria meningitidis causes well-known, acute illnesses and thus are not found on
most lists of FUO etiologies. However, in patients with complement deficiencies
who become infected with atypical, less virulent serotypes, a more subacute or
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chronic illness may ensue with less specific signs or symptoms (129–131)
Neisseria meningitidis may defy isolation from the blood by routine laboratory
means because the bacteria are fastidious and exquisitely sensitive to many
antibiotics (132–134).

These bacteria die if not kept warm, moist, and in neutral to acidic pH; thus
specimens should be transported and processed as quickly as possible (135). For
optimal isolation, specimens from sterile body sites may be plated onto chocolate
agar. Incubation should occur in a humid environment at body temperature, with
an atmosphere enriched with carbon dioxide. Routine blood cultures in most
centers will detect N. meningitidis. However, growth may be delayed because of
inhibition by SPS, which is often included in the broth media used in automated
blood culture systems. Options for overcoming this limitation include incubating
the cultures longer than the standard five days, blind subcultures to nutrient rich
media or direct inoculation onto solid media.

The fastidious growth requirements of N. meningitidis, along with the need for
rapid diagnosis in bacterial meningitis, have spurred the development of molecular-
based tests. Anticapsular antibodies in latex agglutination assays are widely used on
CSF (136). Although rapid and easy to perform, these tests lack sensitivity and thus
are limited in their clinical applicability (137). PCR has been developed, which is
most sensitive when a buffy coat is used (138). The sensitivity and specificity
depends on the specific assay used but is usually .90% (139,140). Prior antibiotic
administration in some series did not impact the accuracy (138,140). At this point,
however, such tests are not widely available.

Streptobacillus moniliformis and Spirillum minus (Rat-Bite Fever)
Rat-bite fever, an uncommon febrile illness, may be caused by Streptobacillus moni-
liformis or, particularly in Asia, Spirillum minus (141,142). Streptobacillus moniliformis
is a microaerophilic gram-negative bacillus that is part of the normal oral flora of
rats. It should be suspected whenever a history of rat exposure is obtained from
a febrile patient, especially if they have a rash or arthritis. These bacteria can be
visualized directly on Gram or Giemsa stains of blood smears. Definitive diagnosis
requires culture. Routine blood or broth cultures may fail to identify the organism if
they contain SPS (143). When growth in broth does occur, the bacteria appear as
white fluffy granules (144). Yield is optimized on heart infusion agar supplemented
with horse serum or rabbit blood and yeast extract. Incubation should occur at 368C
in a humid, carbon dioxide enriched environment. Most routine labs will need to
consult a reference laboratory. PCR has been developed to detect species specific
16S ribosomal RNA (145,146), but is not widely available for use in humans.

Intracellular Bacteria
Chlamydophila and Chlamydia Species
These bacteria are obligate intracellular organisms that lack peptidoglycan in the
cell wall. They can only be grown using cellular media (147), which is cumbersome,
dangerous, and lacks sensitivity. Chlamydophila psittaci, Chlamydophila pneumoniae,
and certain biovars of Chlamydia trachomatis can cause atypical febrile illnesses,
including culture-negative endocarditis.

If cell culture is attempted, sputum should not be used as a specimen source
as it is toxic to the cell lines used for culture. Alternatively, nasopharyngeal wash or
swab should be used. However, swabs should not contain calcium alginate, cotton,
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or wood as these materials interfere with the growth of these bacteria (148). If poss-
ible, the swab should be placed in specialized transport media that contains a buf-
fered solution. Special freezing protocols must be followed if the specimen will not
be processed for .24 hours (148,149).

Because of the difficulty inherent to cellular culture of these fastidious organ-
isms, molecular or serologic techniques are often the mainstays of diagnosis (150).
Serology using complement fixation is the most widely available and standardized
method, but does not distinguish among species (151,152). This is because anti-
bodies to a shared lipopolysaccharide antigen are detected. Species-specific IgG,
IgM, and IgA antibodies can be detected using IFA (151,152) and are becoming
increasingly available in reference laboratories. However, these tests have not
been completely standardized and are technically difficult (150). In addition, the
result depends on human interpretation of a pattern of immunofluorescence and
is somewhat subjective. False positives may occur in the presence of rheumatoid
factor, but these antibodies can be neutralized in vitro. Finally, EIA is available,
but it lacks species specificity and is not yet standardized (150).

Although a positive IgM titer suggests active infection, the sensitivity of this
isotype is limited (153) for two reasons. First, the appearance of IgM may be delayed
a few weeks into the course of an illness, and thus may be missed if serology is sent
early on. Second, because illnesses caused by Chlamydophila spp. often reflect rein-
fection following remote prior exposure, IgM may not be made for the current
illness. Thus, absence of IgM does not exclude chlamydiosis. Testing for IgG is
limited by the opposite problem: there is a high prevalence of positive IgG
among even healthy adults, reflecting past infection. Thus, acute and convalescent
sera must be compared to confidently establish the diagnosis. The rate of rise in the
titer depends on whether the patient has a history of prior infection. It ranges from
six to eight weeks for primary infection down to one to two weeks for reinfection.
Measurements of IgG antibody should be made between three to six weeks apart.
IgA antibodies are also being evaluated as a diagnostic tool for chlamydiosis.
Because the half-life of IgA is considerably shorter than IgG, positive IgA serology
is thought to correlate better with chronic, active infection. How clinically useful
this will be remains to be established.

Molecular-based detection techniques are becoming more widely available
and could greatly improve diagnosis. Molecular-based detection of organisms in
urogenital specimens has been standardized and is now a widely used method
for detecting sexually transmitted diseases. Attempts to use PCR for other specimen
types that contain C. psittaci or C. pneumoniae are being studied (127,153–156).
Finally, pathologists may use immunohistochemistry to localize disease-specific
antigens in tissue or sputum (155,157), but these methods are somewhat subjective
and not always practical or available.

Mycoplasma pneumoniae
Mycoplasma pneumoniae is a slow growing bacterium that lacks a cell wall. Thus, it is
not visible on routine Gram stain. Besides Legionella, M. pneumoniae is the only
common cause of atypical pneumonia that can grow on cell-free media. For as
long as one month into the course of illness, cultures of throat swabs or sputum
may be positive, even in the face of antibiotics. Culturing Mycoplasma is a special-
ized process that most labs are not used to doing (158). Transport media similar
to viral media are used and they contain peptides, albumin, and antibiotics.
Culture is usually done on SP-4 medium that, when positive, yields small spherical

170 Kosmin and Lorber



colonies with a mulberry-like morphology. Because growth is subtle, chromogens
are often exploited to detect Mycobacteria spp. The range of time needed to cultivate
M. pneumoniae ranges from five to 14 days.

Because of the complexity of culturing M. pneumoniae, serologic tests are often
used clinically. Cold agglutinins are classically associated with this infection (159),
but are usually detected only as a consequence of severe disease. These agglutinins
are oligoclonal IgM antibodies that react with altered red cell antigens in infected
patients (160). These antibodies are often present early in disease, peaking
between two and three weeks, and thus may help with diagnosis at the time a
patient presents for medical attention. Titers are determined by incubating a
patient’s serum with type O red blood cells at 48C. Visible clumping is considered
positive. The mixture is then serially diluted to determine the titer. A titer .1:64 is
suggestive of M. pneumoniae infection (158). A bedside version of this test may be
done using 1 mL of the patient’s blood in a tube containing an anticoagulant
(161). This test is considered positive if cooling the blood to 48C leads to aggluti-
nation that resolves when the blood is rewarmed to body temperature. Bedside
positivity has been shown to correlate with a titer of 1:64. The main drawback to
cold agglutinins is the lack of specificity. These antibodies are also present in
some viral illnesses, including Epstein-Barr Virus (EBV) (162) and cytomegalovirus
(CMV) (163), as well as lymphoma.

Several comparable methods have been used to detect IgG or IgM to
M. pneumoniae (164–166). Testing for both isotypes is complementary. Although a
positive IgM is good evidence of active infection, a significant number of adults
will mount only an IgG response. Furthermore detectable IgM responses may be
delayed by one to two weeks into the course of symptomatic illness (166). IgG serocon-
version, on the other hand, is accurate but will usually delay the diagnosis by at least a
month (166). False positives occur, most often with the widely available complement
fixation tests in the setting of acute systemic inflammation. Although not as widely
available, EIA serology for M. pneumoniae preserves sensitivity while being more
specific than complement fixation (167).

Molecular techniques are available for the detection of M. pneumoniae in naso-
pharyngeal specimens or sputum (168,169). Such tests can be performed rapidly
with .90% sensitivity (170). The sensitivity cited varies depending on sample
type (171) and whether seroconversion or culture is used as the reference standard
(125,168,169,172,173). Specificity is good (98% in one study) (172), but the negative
predictive value may be poor in patients with a low pretest probability of disease.
Although intriguing, these molecular techniques are not yet ready for widespread
clinical use.

Rickettsiales Bacteria
Most illnesses caused by bacteria in the order Rickettsiales have an acute, some-
times fulminant course, and thus are unlikely to be considered as causes of FUO.
Rocky Mountain spotted fever, for example, has a high (20%) mortality rate if treat-
ment is not instituted prior to laboratory confirmation. Testing methods include
acute and convalescent serology and molecular-based assays (174). Coxiella burnetii,
however, is well known to cause more prolonged febrile syndromes often without
obvious localizing signs or symptoms. Along with Bartonella spp or HACEK group
organisms, C. burnetii should always be in the differential for culture-negative
endocarditis (175,176).
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Coxiella burnetii (Q Fever)
C. burnetii is a gram-negative intracellular organism that is endemic to livestock.
Human infection occurs via aerolization of infectious particles from animal
excretions or soil contaminated by animal excreta (177). The organism progresses
through two entirely different antigenic phases in vivo, which complicates serologic
evaluation of infection. Still, diagnosis is usually made serologically. In general,
acute disease causes elevated antibodies to phase II antigens, whereas the more
chronic syndromes that cause FUO are associated with seroconversion to phase I
antigens. Antibodies are usually screened for using a cutoff titer of 1:50 by IFA.
Complement fixation assays are also available. Seroconversion, involving a four-
fold rise in IgG directed at phase I antigens, is diagnostic of chronic disease.
However, at the time of evaluation, seroconversion may already have taken
place, and thus a high initial titer is also diagnostic: IgG � 1:200 for complement fix-
ation (178) and IgG � 1:800 for IFA (179). The detection of abnormal levels of IgM
antibodies is variable and of undetermined diagnostic significance.

Coxiella burnetii can also be detected in infected tissues through special culture
methods, immunohistochemistry, and PCR. The organism can be cultivated from
blood (180), heart valves, and other tissues, but it is hazardous to do so in the
general laboratory (177). Biologic materials may be inoculated into fibroblast cell
cultures (181). Growth can be detected in as little as a week using shell vial tech-
niques. The organism can also be grown in chick embryos, but in vivo cultures
are more hazardous and cumbersome (177).

PCR can detect C. burnetii in blood or tissue (182), but is not widely available.
Rapid nested PCR assays have been developed to improve specificity and ease of
use and their performance is being evaluated. One such assay was tested in a
series of 191 patients with and without endovascular infections caused by C. burne-
tii and the specificity was outstanding (100%) (182). The sensitivity, however, was as
low as 64%. Prolonged storage of the serum samples prior to testing and markedly
elevated IgG titers were found to decrease the sensitivity of the test. PCR will be
most helpful in diagnosing Q fever infection when, relatively early in the course
of the disease, the serology may not yet be diagnostic (183).

Finally, the detection of C. burnetii in pathologic tissue can also establish the
diagnosis in a patient with a compatible febrile illness. Methods of detection
include electron microscopy, immunohistochemisty (184,185), and special stains
(176). Although helpful, these tests require invasive procedures to obtain tissue
and also depend on the pathologist’s interpretation of test results.

Ehrlichiosis
Ehrlichiosis is caused by bacteria that are tick-borne intracellular pathogens. Two
patterns of disease occur: human granulocytic anaplasmosis (HGA) and human
monocytic ehrlichiosis (HME) (186). The former is a result of infection with
Anaplasma phagocytophilum, the latter Ehrlichia chaffeensis (187). When faced
with a patient with a nonspecific febrile syndrome and a history of tick exposure,
a high index of suspicion is needed to prompt further testing for these illnesses
(188). Ehrlichia chaffeensis has been cultivated in the laboratory (189,190),
but such techniques are limited to specialized research centers. Microscopy of per-
ipheral blood, serology, and PCR are means by which to make the diagnosis in
clinical practice.

Microscopic examination of a Wright- or Giemsa-stained buffy coat may
reveal the intracytoplasmic inclusions known as morulae in neutrophils or
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mononuclear cells. Sensitivity of microscopy, a highly operator-dependent tech-
nique, ranges from 7% to 80% in different case series (188,191,192).

Serology using IFA is available for HME through state health departments
(193). A positive result is defined as a titer of at least 1:64 with a four-fold rise
between acute and convalescent sera. The need for repeat testing to confirm the
diagnosis limits the clinician’s ability to use serology for decision making in
the acute setting. Another drawback for IFA is that it is organism specific and
thus will not help with the diagnosis of HGA.

PCR for both HME and HGA are becoming increasingly available (194–199).
In small case series these tests have been highly accurate and afford diagnosis
in smear-negative patients at the time of presentation. Once standardized
(194), PCR will likely become the diagnostic method of choice for human ehrlic-
hiosis (197).

Spirochetes
Leptospira interrogans (Leptospirosis)
Leptospira interrogans and other pathogenic species of this spirochete can cause
febrile illnesses during warmer months ranging from flu-like symptoms to Weil’s
disease, a severe syndrome marked by hyperbilirubinemia, renal failure, and bleed-
ing. With effort these organisms can be grown from CSF, blood, peritoneal fluid, or
urine (200). Specimens must be processed as soon as possible, preferably within one
hour. Most routine laboratories will need to send the specimen to a reference labora-
tory for processing. These bacteria grow best in a semisolid albumin-polysorbide
media, which should be incubated at 308C for one to four months. Of note, organ-
isms can be cultured from the urine later in the course of the illness; thus, urine
culture may yield a diagnosis two to four weeks after onset of illness.

Direct visualization of Leptospira requires dark-field microscopy (201) or
special staining techniques, such as immunofluorescence, immunoperoxidase,
and silver stains (200). These methods lack sensitivity and also specificity
because of the difficulty in distinguishing true organisms from artifact (200,201).
A promising strategy that would allow early confirmation of infection is PCR on
clinical specimens (202–209). However, these tests are not available in most centers.

Most diagnoses of leptospirosis are made serologically. The reference stan-
dard is a microscopic agglutination assay, but this test is cumbersome and done
only in specialized facilities (210). Most centers use an indirect hemagglutinin
test, which detects total antibody (211). The accuracy of serology depends on the
species prevalent in the region where it is used (212–214). Although 90% of patients
will seroconvert within 30 days of becoming ill (215), it is customary to obtain acute
and convalescent sera to increase the yield of serology. False positives have been
associated with other spirochete infections (216), legionellosis, and autoimmune
diseases (215). An EIA test directed at IgM is available and, when positive, will
make the diagnosis sooner (217,218). However the false-negative rate ranges
from 21% to 48% depending on how early in the course of infection EIA for IgM
is done (219).

Borrelia hermsii and Borrelia recurrentis (Relapsing Fever)
Intermittent spirochetemia with Borrelia spp. leads to a relapsing fever syndrome.
This zoonosis can be tick-borne (B. hermsii and others) or louse-borne (B. recurrentis).
Borrelia spp. can be cultured either in vivo or in vitro, but these methods are not
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generally available (220). Diagnosis is often based on visualization of spirochetes in
the peripheral blood during febrile episodes (221). Routine thick and thin smears
using Wright or Giemsa stains can be used to detect the organisms. Darkfield
microscopy may also be used. The yield of microscopy is at best 70%, so the pro-
cedure may need to be repeated to confirm the diagnosis. Yield may be increased
by examining the buffy coat instead of whole blood or by using acridine orange-
stained smears (222). With central nervous system involvement these organisms
may occasionally be detected by direct smear of CSF.

Serological tests are available, but the relapsing nature of the illness, which is
based on antigenic variation (223), complicates the use of these tests (220). Serolo-
gical tests are used more for epidemiologic purposes and are not widely available.
False-positive Lyme or syphilis serology may occur with this infection (216). In such
cases, Western blot (Lyme) or antitreponemal serology (syphilis) may help interpret
the misleading test results. Glycerophosphodiester phosphodiesterase (GlPQ)
antigen is a promising target for future development of a clinically useful, relapsing
fever-specific serologic test (220,224,225).

MYCOBACTERIAL CAUSES OF FUO
Mycobacterium Tuberculosis Complex (Tuberculosis)
Tuberculosis (TB) can affect any organ system in both normal and immune-compro-
mised hosts worldwide, and thus should always be in the differential for FUO. Skin
testing is most helpful to determine the presence of latent disease in asymptomatic
patients. Delayed hypersensitivity to purified protein derivative (PPD), has limited
predictive power in the setting of a FUO for a myriad of host-dependent factors.
Thus, diagnosis of atypical presentations of tuberculosis requires culture confir-
mation or the direct detection of organisms in clinical specimens by other means.

Pulmonary, Smear Negative
Patients with FUO due to TB may have nonspecific radiographic abnormalities.
Although negative sputum smears for AFB are helpful in determining the need
for isolation, they do not exclude the diagnosis. Traditional culture systems start
by exposing sputum to chemicals to liquefy the specimen and kill other microor-
ganisms (226). Specimens from sterile body sites, however, do not require deconta-
mination. Solid agar, egg-based media, or liquid broth media may be used to
cultivate M. tuberculosis, a slow grower that can take up to six weeks to grow.
Liquid broth media with automated growth detection may shorten the isolation
time to two to four weeks. Once growth has been detected, DNA probes are
often available to expedite species determination.

Still, waiting weeks for culture to diagnose smear-negative TB is problematic.
PCR designed to detect M. tuberculosis DNA or RNA have been developed to diag-
nose smear-negative disease. These tests still are not as sensitive as culture, detect-
ing only about two-thirds of smear negative infections (227–232). Furthermore,
PCR for TB is not yet perfected; any PCR diagnosis should be followed by
culture confirmation if possible (233).

Extrapulmonary Tuberculosis
Extrapulmonary tuberculosis can involve any tissue or body site, causing persistent
fever. In general, examination of tissues is more sensitive than examination of body
fluids. This is why, for example, pleural biopsy is preferable to simple thoracentesis
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to make a diagnosis of pleural TB (234,235). Genitourinary or central nervous
system involvement can be diagnosed indirectly by examination of urine or CSF,
and may be preferable in these infections because of the risk associated with
biopsy. Extrapulmonary TB is usually diagnosed via histopathology and culture
of tissue obtained from biopsy. Pathologic examination should reveal granulomas.
If caseous necrosis is present along with AFB on special stains, a diagnosis of TB is
likely. Stains for fungi should also be included because they can cause similar find-
ings on histopathology. Even when granulomas are detected with AFB in the
absence of fungi, culture confirmation should be attempted whenever possible
because other mycobacteria are also pathogenic in humans. Although not as
well-studied in extrapulmonary TB, PCR has been tried on nonrespiratory speci-
mens, with promising initial results (229,236,237). The role, if any, for rapid
testing in extrapulmonary disease remains to be established.

Interestingly, elevated adenosine deaminase (ADA) activity is often present in
fluid specimens taken from patients with TB. ADA levels are measurable in cere-
brospinal, bronchial lavage (238), pleural, and pericardial fluids. In one series, for
example, ADA activity in pericardial fluid was significantly higher in patients
with confirmed or probable TB pericarditis than in malignant or normal controls
(239). Using an ADA activity cutoff of 40 U/L in this small study population, the
test had a sensitivity of 93% and a specificity of 97%. Sensitivity may be lower in
patients with military TB (240) and when applied to CSF samples (241). Moreover,
brucellosis can cause elevation in CSF ADA (242). Because determinations of ADA
activity are quick and relatively inexpensive, these tests are worth studying in
larger patient populations to help guide early empiric therapy for TB. Confirmation
of these results and determination of optimal cutoffs are needed prior to wide-
spread use of ADA testing for the diagnosis of TB. As PCR becomes less expensive
and more widely available, ADA, a simple biochemical test, will have to compete
with rapid molecular-based tests as well as routine clinical evaluation and
culture (241).

Miliary Tuberculosis
The term miliary tuberculosis is now used to refer to disseminated hematogenous
infection with M. tuberculosis (243,244), and thus classic radiographic findings may
not be present (240,245). Patients with impaired cellular immunity are at increased
risk for miliary tuberculosis (246), and such patients often will present with FUO.
These patients rarely (10% of the time) have a positive PPD (245). Diagnosis
depends on culturing multiple fluids and tissues because no one type of culture
is highly sensitive. Blood cultures in patients with AIDS, for example, have a sen-
sitivity of at best 60% (247,248). Other noninvasive culture sources include
sputum, urine, and gastric aspirates. Of note, urine cultures for mycobacteria
should not be sent in the general urine culture tubes because they are too small
and often contain preservatives, such as boric acid and sodium formate, which
prevent the growth of AFB.

Other, more invasive, options include biopsy and culture of lymph nodes,
liver, and bone marrow. Liver biopsy has the highest yield (240), but is also more
risky than lymph node or bone marrow biopsy. Bone marrow aspirates are most
likely to be positive in the setting of pancytopenia (240,249). Diagnosis of progress-
ive disseminated TB as a cause of FUO requires a balance between the aggressive
pursuit of a diagnostic specimen and due caution when subjecting a patient to
the morbidity of invasive procedures. Till date, there is no suitable gold standard.
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Mycobacterium Avium Complex
Disseminated Mycobacterium avium intracellulare (MAI) infection is a prevalent
cause of FUO in patients with advanced HIV disease, usually in those with a
CD4 count ,50/mm3. Isolation of MAI from a usually sterile body site in a
patient with AIDS and FUO is strong evidence of infection. Positive cultures
from a lymph node, liver or spleen, however, may occasionally represent localized
disease, and thus should be interpreted with caution. Isolation from a bone marrow
aspirate is strong evidence for disseminated disease; this procedure may help estab-
lish the diagnosis in the rare cases in which blood cultures are negative (249). MAI
can also be detected in sputum, urine, gastric or colonic tissue, or stool. Isolation
from one such site can reflect mere colonization. However, disseminated disease
becomes more likely as the number of sites from which MAI is isolated increases.

The most reliable way to diagnose disseminated MAI is by performing two
separate blood cultures for AFB (248,249). This method will detect systemic infec-
tion 99% of the time (250,251). Incubation in liquid media has shortened the interval
to detect growth, which often is ,2 weeks. Six weeks are still needed, however, to
finalize a culture as negative. Once isolated, DNA probes can be used to confirm
the organism as MAI. A direct blood smear for AFB has low sensitivity even in
advanced disease (249,252). Although a positive smear is suggestive, patients
with HIV are at risk for other disseminated AFB infections—for example, TB.
PCR tests have been developed to hasten the detection of MAI in blood cultures
and may be as accurate as blood cultures (253–255). In the future, as PCR
becomes more routine, this test may be preferred to blood cultures.

FUNGAL CAUSES OF FUO
Endemic Fungi
Most endemic mycoses, such as coccidioidomycosis or blastomycosis, occur with
localizing signs and symptoms that, when coupled with pertinent exposure his-
tories, suggest the diagnosis. With the notable exception of histoplasmosis,
endemic fungal infections are rare causes of FUO.

Histoplasma capsulatum (Histoplasmosis)
Histoplasma capsulatum is a dimorphic fungus that usually causes self-limited infec-
tions in normal hosts. However, in patients with impaired cell-mediated immunity,
H. capsulatum can cause progressive disseminated infection with significant morbid-
ity and mortality (256,257). Histoplasma capsulatum can be cultured from sputum,
blood, bone marrow (249) or other tissues; however, the yield is variable and depen-
dent on several host factors. Sputum or biopsy specimens can be cultured onto brain-
heart infusion agar with chemicals added to select out bacteria and saprophytic fungi
(258). Incubation will often yield growth in as little as one week, but the cultures
should be observed for at least three weeks. The organism can be isolated from peri-
cardium or pleura, but is seldom cultivated from pleural or pericardial fluid. CSF
from patients with central nervous system involvement can yield a positive
culture. It is important to note, however, that high volume samples of CSF increase
yield because the fungi have a predilection for the basal meninges (257,259).

Blood or bone marrow cultures have a sensitivity approaching 50% (260). Dedi-
cated fungal blood cultures using lysis centrifugation technique increases the yield.

Immunologic testing includes skin testing and serology. In the past,
skin testing was done in a manner analogous to PPD testing for TB, but is no
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longer available commercially. Skin test positivity is poorly correlated with
active infection due to the high prevalence of skin test positivity in endemic
areas. Moreover, those patients at highest risk for disseminated infection have
impaired cell-mediated immunity that may lead to false-negative skin testing
(261). Serology is available (261,262), but its role is limited to retrospective confir-
mation of histoplama infection in acute pulmonary syndromes. Seroconversion
often does not occur in patients with disseminated infection (261).

Detection of the organism in blood or other tissues is a highly specific means
of diagnosis (261). Dedicated inspection of Giemsa or Wright stained peripheral
blood smears will detect the organisms in some patients with disseminated
disease. Periodic acid-Schiff or silver stains of pathologic specimens will demon-
strate organisms when present, and thus can suggest the diagnosis.

Species-specific polysaccharide antigen can be detected from blood, CSF, or
urine using EIA. Urinary antigen detection is widely available and is the most
accurate and efficient method available for diagnosis of disseminated histoplasmo-
sis (260,263), with a yield approaching 90%. Moreover, unlike serological tests,
urine antigen tests can be used to detect relapses. These tests are very specific;
however, cross-reactions can occur with infections caused by Blastomyces dermati-
tidis, Paracoccidioides brasiliensis, or Penicillium marneffei. First-generation assays
were also susceptible to false positives owing to the presence of heterophile anti-
bodies (264,265). This problem has been largely eliminated in second-generation
assays.

VIRAL CAUSES OF FUO
Herpes Viruses
Epstein Barr Virus
Infection with Epstein Barr Virus (EBV) is very common and frequently asympto-
matic. Symptomatic disease may be mild and nonspecific, or can cause infectious
mononucleosis or even more severe febrile syndromes with atypical features.
Although the presence of atypical lymphocytes on a peripheral blood smear is sug-
gestive (266,267), the diagnosis is made serologically. Heterophile antibodies are
detected when a patient’s serum agglutinates red blood cells from another
species. When present in the context of an acute febrile illness, they are suggestive
of EBV (268). However, heterophile antibody production may be delayed such that
early false negatives often occur. Furthermore, their presence is transient. Thus
alternative serologic tests are often relied upon.

Viral capsid antibodies (VCA) are often used. Because clinical disease caused
by EBV has a long incubation period, by the time a patient is symptomatic isotype
class switching often has already occurred, leading to detectable IgG and undetect-
able IgM. Thus the presence of IgG can indicate either past infection or an acute,
more recent infection. Epstein-Barr nuclear antibody (EBNA), which occurs only
after resolution of infection, will help interpret a positive VCA-IgG test (269). Con-
sequently, the pattern of antibodies that would suggest EBV as the cause of FUO is a
positive VCA-IgG and a negative EBNA. The presence of heterophile antibodies or
VCA-IgM helps support the diagnosis but is unreliable (269–271).

Cytomegalovirus
Active cytomegalovirus (CMV) disease is notoriously difficult to diagnose.
Widespread seropositivity by adulthood, intermittent shedding of live virus
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even in healthy persons, and unusual serological patterns mar attempts at
establishing a diagnosis. CMV can cause a mononucleosis-like syndrome in
adolescents or adults and mild nonspecific illness in children. Occasionally
CMV can cause severe, persistent disease, most notably in immune-compromised
patients.

CMV IgG has little diagnostic value, as up to 60% of the population are ser-
opositive. Counterintuitively, CMV IgM does not correlate well with acute
disease and false-positive rates as high as 75% have been documented. Thus
routine serology has little if any role in the diagnosis of acute CMV disease (272).
A possible exception is retrospective diagnosis using IgG seroconversion.

Instead, the diagnosis of CMV must be made by detecting the virus itself.
Convincing evidence may come from the pathologist when characteristic cyto-
pathic changes are detected in affected tissues. Immunohistochemistry may
increase the yield from biopsy (273). Alternatively, the virus may be detected
from blood, saliva, or urine. Isolation of CMV from the blood, although not
perfect (274), does suggest active infection more than periodic shedding in the
nasopharynx, for example. Viral cultures, PCR, and antigen detection are
methods with varying availability. Most microbiology labs will culture CMV by
inoculating clinical specimens into human fibroblast cell lines (273). Detection of
virus has been hastened by using monoclonal antibodies to detect early antigens
well before cytopathic effects would be detected. These are the so-called “shell
vial” assays, which may detect virus in as little as 24 hours.

Alternatively, multiple assays have been developed to directly detect CMV
antigens or DNA in clinical specimens. The antigenemia test uses monoclonal anti-
bodies to detect pp64, a viral matrix protein, in peripheral blood polymorpho-
nuclear leukocytes (275). Antigen test results are reported as a ratio between the
number of cells positive to the total number of cells evaluated. Multiple PCR
tests have been developed that are highly sensitive. Ultrasensitive molecular tech-
niques are compromised by both the prolonged and intermittent presence of CMV
in humans, even in the absence of disease. Many of these assays are quantitative,
which is necessary because the mere presence of virion components can occur in
the absence of disease. Correlation with active disease or development of disease
has been studied (276–280). Currently these molecular tests need standardiza-
tion. Complicating standardization is the likelihood that every type of immune-
compromised host will need different cutoffs to attribute a febrile syndrome to
CMV. Research is being conducted to determine what breakpoints will be most
meaningful (275,278,281–285).

Human Immunodeficiency Virus
Acute seroconversion syndrome has protean manifestations and should be high on
the list of FUO for any patient with risk factors for human immunodeficiency virus
(HIV) acquisition (286–288). Patients are systemically ill, often with flu-like symp-
toms including fever, myalgias, and headache (289). Nonspecific rashes, lymphade-
nopathy, and meningeal inflammation may occur. The syndrome is caused by the
host’s initial immune response, and usually reflects high grade viremia with an
acute drop in T-lymphocytes (288). As the syndrome resolves the CD8 cells increase
more rapidly than CD4 cells. Symptomatic illness usually occurs within six weeks
of exposure to HIV. Clinical suspicion should prompt further testing, which needs
careful interpretation, but will usually establish a diagnosis. Uncommonly, patients
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with acute HIV infection may develop opportunistic infections; thus, illnesses more
often associated with advanced HIV disease should also be considered and tested
for when appropriate.

Enzyme Immunoassay with Confirmatory Western Blot
The currently employed third generation EIA test is more sensitive than earlier
assays. Cases of seroconversion syndrome that may have been missed by EIA pre-
viously will often be detected (288,290). Furthermore, a positive test may indicate
prior infection with HIV, thus altering the diagnostic evaluation of a patient with
FUO. Negative or indeterminate test results should prompt repeat testing up to
six months later (291). Other testing, outlined below, may help make the diagnosis
in the meantime.

P24 Antigen and Viral Load
HIV p24 antigen is a Gag protein and may be detected in up to 88% of patients with
acute seroconversion syndrome (288,292). This test is highly specific and will help
make the diagnosis in seronegative patients. The negative predictive value,
however, is unacceptably low given the stakes. So detection of viral RNA is often
used because of its high (100%) sensitivity (291). A high level of reported HIV
viremia (usually greater that 100,000 copies/mL) indicates acute HIV infection in
a seronegative patient. The drawback of using a viral load is the higher risk of a
false positive, with the attendant psychological distress and increased cost, when
compared with p24 antigen assays (292,293). False positives should be suspected
with low levels of reported viremia, usually ,10,000 copies/mL. Despite the
additional information these assays provide in the acute setting, any patient
tested for HIV should have a repeat HIV EIA with confirmatory Western blot
done up to six months later.

PARASITIC CAUSES OF FUO
Protozoa
Plasmodium Species (Malaria)
Infection with Plasmodium spp. usually causes fever, but the classic patterns of
periodicity that would suggest the diagnosis are often absent during the initial
course of illness. Malaria must be considered in anyone with FUO and a history
of travel to an endemic area, blood transfusion or needle sharing (294). Diagnosis
depends on examination of the peripheral blood smear by experienced personnel
(295). Thick and thin smears of peripheral blood should be performed and then sub-
jected to Giemsa staining. Thick smears are nearly forty times as concentrated as
thin smears and increase the detection rate of parasites. Thick smears, which can
also help quantify parasitemia, should be examined at high-power magnification
(�400) and under oil immersion for 20 minutes or until 200 high-power fields
have been examined. Thin smears, on the other hand, are used differentiate the
four human Plasmodium species. Mature forms of Plasmodium falciparum are seques-
tered in the microvasculature, and thus are seldom detected in samples of periph-
eral blood. Therefore, serial blood samples should be examined twice daily to detect
the immature forms, which can appear in the blood stream intermittently.

Rapid diagnostic tests for malaria are under development and are helpful
when experienced personnel are not available (296–299). These tests may also be
used when the diagnosis of falciparum malaria is still suspected despite initially
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negative light microscopy. One such test, in fact, is designed to detect P. falciparum.
It uses a monoclonal antibody directed against the histidine-rich protein (HRP) 2
found in this parasite. Unfortunately, some P. falciparum strains produce too little
HRP-2 to be detected. Still, the test is rapid, easy to perform, and sensitive. Its speci-
ficity can be limited by the fact that the antigen remains detectable for up to one
month after infection. Also, cross reactivity with rheumatoid factor can cause a
false positive test.

Another available rapid test can detect all four species of Plasmodium known
to infect humans (300,301). It relies on the detection of Plasmodium lactate dehydro-
genase. This test is as sensitive for P. falciparum as the HRP-2 based assay. Although
convenient, neither type of rapid diagnostic test is as accurate as serial peripheral
blood microscopy by an experienced technician (296,302–305). PCR assays have
been studied for the diagnosis of malaria (296,301,306–309); though accurate,
these tests are not yet available for widespread use. When used directly on blood
smears that are also used for microscopy, care must be taken not to contaminate
the slide leading to false-positive PCR (310).

Babesia Species (Babesiosis)
This tick-borne illness is caused by numerous Babesia spp. that infect human eryth-
rocytes and cause a febrile syndrome marked by hemolysis (311). Usually mild, this
illness can mimic malaria in its severity when immune-compromised hosts (311),
especially asplenic patients, are infected (312). Direct microscopic examination of
Giemsa-stained blood smears is the usual means of diagnosis (295,313). Organisms
are most commonly detected in ring forms that are similar in appearance to the ring
forms seen in falciparum malaria. Considerable expertise is needed to differentiate
the two and the following features of babesiosis may be used: (i) absence of hemo-
zoin; (ii) lack of schizonts or synchronous states; (iii) absence of gametocytes; and
(iv) presence of merozoite tetrads (so-called Maltese crosses) (312). Using in vivo
techniques, the diagnosis of B. microti can be made by inoculation of infected
blood into hamsters, whereas the diagnosis of B. divergens can be made using
gerbils. After inoculation into the peritoneum, two to four weeks is required for
the peripheral blood smears to turn positive in these animals.

Serologic tests for B. microti have been developed (313) but are often not
readily available. IFA titers of at least 1:256 are specific for acute infection, but
seroconversion may occur later in the course of illness (311,314–316). Somewhat
analogous to the diagnostic dilemma of the peripheral smear, IFA tests cross-
react with P. falciparum. EIA (317), immunohistochemistry (318), and PCR
(313,319–320) techniques are in development in the hopes of providing increased
accuracy and species-specific diagnosis.

Leishmania donovani and Other Species (Kala–Azar, Visceral Leishmaniasis)
Leishmania donovani and other Leishmania spp. can cause clinical syndromes ranging
from limited skin involvement to disseminated infection of the reticuloendothelial
system (321). The latter syndrome is called visceral leishmaniasis and is more likely
to occur in hosts with impaired cell-mediated immunity (322,323). However, even
normal hosts can develop disseminated disease with Leishmania spp. that have
increased tropism for visceral tissues. For example, unusually invasive strains of
L. tropica were found to cause visceral leishmaniasis in Americans who served in
the Persian Gulf War (321,324). Patients with FUO occurring within a year of
travel to India, Africa, South America, the Mediterranean, or the Middle East

180 Kosmin and Lorber



should be evaluated for Leishmania infection, especially if they have impaired
cell-mediated immunity.

Although the diagnosis can be made clinically in endemic areas, the diagnosis
in the United States depends on laboratory confirmation. Methods of diagnosis
include visualization of organisms, culture, and serology. Needle aspiration of
the spleen, bone marrow, liver, or lymph nodes (325) is often needed to establish
a diagnosis. The yield is greatest from the spleen (326,327), but this procedure
also has a higher risk of bleeding complications (328). Material obtained can be cul-
tured onto special media available from the CDC (329,330). The cultures should be
incubated at room temperature and, when positive, will yield motile promastigotes.
Growth may be detected in as little as three days, but it often takes several weeks.

Clinical specimens can also be subjected to Wright or Giemsa staining, which
allows detection of amastigotes, an asexual stage of Leishmania found in human reti-
culoendothelial cells (330). Amastigotes appear as small (3–5 mm) organisms with
blue cytoplasm and red, eccentrically located nuclei. Organisms may also be
detected in buffy coat smears, or atypically infected tissues, such as lung or gastro-
intestinal mucosa, especially in a patient with impaired cellular immunity (331).

Serologic testing is available using several methods including an EIA and a
dipstick test (322,332–335). In the former, specific antileishmanial antibodies are
detected. In the latter, reactions between host serum and a recombinant antigen
are detected. These tests are highly sensitive in immunocompetent patients and
are especially useful in patients who normally live outside of endemic areas.
False positives occur in the presence of some other infections, including cutaneous
leishmaniasis, leprosy, and Chagas disease. Patients with advanced HIV disease
often do not generate significant antileismanial titers, thus serologic testing has
low sensitivity in this high-risk population (336–338). To facilitate diagnosis in
resource poor locales, serological tests using urine are being developed (339–
342). PCR tests have been devised, but are not yet available for routine clinical
use (343–348).

A reasonable approach to diagnosis in nonendemic areas would be to inspect
smears obtained from a buffy coat and to check serology. If both of these tests are
negative, especially in a patient with marked cellular immunodeficiency, needle
aspirates of the spleen, liver or bone marrow should be obtained for culture and
pathologic examination. Biopsies of other organs, such as the lung, may be positive
if directly involved in advanced cases of leishmaniasis.

Toxoplasma gondii (Toxoplasmosis)
Toxoplasma gondii, despite its worldwide prevalence, rarely causes febrile illness.
This sporozoan parasite is acquired via ingestion of infected meat or through
direct or indirect contact with cat feces. Organisms may disseminate widely to
many tissues but are usually kept in check by the host’s immune system. Patients
with impaired cellular immunity are at increased risk for symptomatic acute infec-
tion or reactivation disease. We are used to thinking of toxoplasmosis in patients
with advanced HIV and brain lesions. However, disseminated toxoplasmosis can
be associated with fever and a myriad of signs or symptoms depending on the
organ system affected. In humans, T. gondii exists in either a tachyzoite or brady-
zoite form (349,350). The former replicates rapidly and detection of it in a sympto-
matic patient suggests active infection.

Diagnosis of infection may be made using various combinations of serology,
culture, molecular amplification or histopathology. T. gondii can be cultured (350)
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from tissue or blood in vitro using cell lines used in routine viral cultures; however,
this technique is done only at reference laboratories. Growth can be detected using
special stains within one week. In vivo culture using mice is more sensitive but is
slower and not readily available in most laboratories. Direct microscopic inspection
of biopsied tissues may yield a diagnosis (350). The presence of tachyzoites implies
active disease. Encysted bradyzoite forms most often reflect latent infection;
however, a heavy parasite burden with surrounding host inflammatory response
can also suggest active toxoplasmosis. Organisms may be visualized using
Wright or Giemsa stains or immunohistochemistry. In immunocompetent patients,
characteristic lymph node pathology, even without the direct visualization of
organisms, can establish the diagnosis (351,352).

PCR assays have been developed to detect T. gondii in clinical specimens.
Although highly specific, the sensitivity depends on the type of assay used along
with the quantity of parasite present in the fluid tested (353–362). PCR has been
used on CSF, whole blood, buffy coats, urine, ocular fluids, respiratory secretions,
as well as placental and fetal tissue. Sensitivity of PCR on blood from patients
with disseminated disease approaches 90%.

Serology can establish the diagnosis in immunocompetent patients. EIA and
IFA assays directed against IgM, IgG, and even IgE or IgA, antibodies, are widely
available (362–364). IgG seroconversion, with or without the initial presence of
IgM antibodies, establishes the diagnosis of acute infection in a symptomatic
patient (365). Patients with impaired cell-mediated immunity, however, usually
have reactivation disease, thus seroconversion cannot be relied upon for diagnosis.
In fact, a negative IgG titer makes the diagnosis of toxoplasmosis less likely in an
immune-compromised patient. Seronegative recipients of solid organ transplants
may acquire disseminated infection acutely. In this setting, early antibody levels
may either be too low for detection or may be detectable in the absence of clinically
significant illness; thus, the use of serology in transplant patients is problematic. In
short, although serology may establish a diagnosis of toxoplasmosis in normal
hosts, the diagnosis in patients with impaired cell-mediated immunity requires
direct evidence of infection via culture, PCR, or histopathology.

Flatworms
Schistosoma Species (Katayama Fever, Schistosomiasis)
Katayama fever occurs in a minority of persons with schistosomiasis and reflects
acute infection in patients exposed for the first time to Schistosoma spp., usually japo-
nicum or mansoni. Travelers returning from South America, Africa, or Asia are at
risk for this serum sickness-like illness (366). The incubation period is between
two to eight weeks after exposure to contaminated fresh water. The cornerstone
of diagnosis is the visualization of eggs on microscopic examination of stool,
urine, or infected tissues. Repeated exams or concentration of specimens may be
needed to detect the organisms (367). If stool and urine specimens are negative,
biopsies of rectal or bladder mucosa may be positive (366,368).

Serological tests are useful for Katayama Fever because patients, by defi-
nition, have not had remote prior exposure to Schistosoma antigens. Accordingly,
a positive serological test in a symptomatic traveler constitutes strong evidence
of disease. EIA is available in some commercial laboratories and is superbly
sensitive and specific for exposure to S. mansoni (369). However, its sensitivity for
S. japonicum is ,50%. Species-specific IFA or newer EIA and Western blot tests
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may be requested if infection by non-mansoni species of Schistosoma infections is
suspected despite unrevealing microscopic inspection and EIA serology (370–372).

NONINFECTIOUS INFLAMMATORY CAUSES OF FUO

A variety of inflammatory syndromes occur that have no known infectious etiology.
Some are archetypal autoimmune disorders, such as systemic lupus erythematosus.
For others, the host response is likely to be appropriate and directed at yet undis-
covered infectious agents: Kikuchi-Fujimoto disease is a noteworthy example.
Most of the following conditions are diagnosed through a combination of clinical
evaluation and judicious use of laboratory tests or pathologic examination of
biopsy specimens. Although specific tests that are associated with the following
conditions are discussed, their predictive value is limited in the absence of a com-
patible clinical syndrome.

IMMUNE MEDIATED
Vasculitis
Temporal Arteritis
Temporal arteritis (TA), also known as giant cell arteritis, is a systemic vasculitis
that is an important cause of FUO in the elderly. Some series report that as many
as 16% of FUO’s in elderly patients are caused by this disorder (373). Diagnostic
modalities include erythrocyte sedimentation rate (ESR), ultrasound of the tem-
poral arteries and arterial biopsy, all of which have pitfalls. Classically ESR is mark-
edly elevated in TA; in fact one of the five American College of Rheumatology
criteria for the diagnosis of TA is an elevated ESR (374), which is usually .50.
However, there has been a significant minority of well-documented cases with
mild or even no elevation in the ESR. In one series, nine of 167 biopsy-confirmed
cases had ESR ,40 (375). Causes of low ESR in TA include localized disease and
impaired serological immune response. Thus, ESR cannot be used to rule out this
entity.

Diagnosis of TA usually depends on pathology. However, the chief diffi-
culty with pathologic confirmation of TA is that the vascular abnormalities are
discontinuous. Thus sampling error may lead to false-negative results. Although
the diagnostic accuracy of ultrasound used alone is controversial (376,377), it
may be helpful when used to guide temporal artery biopsy. Some experts
advocate bilateral biopsies of large portions of the temporal artery (378). Patho-
logic evaluation, when positive, reveals granulomatous and lymphocytic inflam-
mation involving the wall of the temporal artery often with characteristic
giant cells.

Pauci-Immune or Antineutrophil Cytoplasmic Antibodies-Associated Vasculitides
Antineutrophil cytoplasmic antibodies (ANCA) have been associated with several
pauci-immune vasculitides. These conditions are called pauci-immune because no
immune complex deposition is visualized on pathologic specimens. ANCA are
directed towards antigens in neutrophil cytoplasm and may create either cyto-
plasmic or perinuclear patterns on immunofluroescence stains: hence “c”-ANCA
and “p”-ANCA (379). Specific antigens responsible for the staining patterns have
been identified. Proteinase 3 (PR-3) is an enzyme present in neutrophil lysosomal
granules and is the chief antigen responsible for c-ANCA. On the other hand,
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p-ANCA is less specific and may be directed toward multiple antigens, including
lactoferrin, elastase, and cathepsin-D. The most specific antibody causing this stain-
ing pattern is anti-myeloperoxidase (anti-MPO), which is more helpful than p-
ANCA alone for diagnosing pauci-immune vasculitis. Anti-PR-3 and anti-MPO
antibodies can be detected using EIA.

Wegener’s Granulomatosis
This systemic vasculitis is associated with granulomas (often necrotizing) of small
to medium blood vessels and classically involves the sinuses, lungs, or kidneys. The
sensitivity of anti-PR-3 antibodies or c-ANCA varies between 63% and 91% and
probably depends on the point in the course of disease when the tests are per-
formed (379). Sensitivity increases as the disease progresses. As serological tests
have low sensitivity, a negative test should not dissuade further workup. On
the other hand, these tests are over 90% specific for Wegener’s. Still, the positive
predictive value can be quite low if this test is not used judiciously because of
the rarity of this illness. In practice, most cases are confirmed pathologically
because of the high stakes associated with diagnosis: namely, treatment with
powerful immunosuppresants, such as cyclophosphamide.

Churg-Strauss Syndrome
Similar to Wegener’s, Churg-Strauss syndrome is a systemic pauci-immune vasculitis
associated with granulomatous inflammation. Peripheral eosinophilia, atopy, and
asthma are hallmarks of this syndrome. The sinopulmonary involvement is often
less destructive when compared with Wegener’s. Pathology reveals eosinophil-rich
inflammatory lesions both in and outside of vessels, with a predilection for smaller
vessels than Wegener’s. Anti-MPO are moderately specific for this condition, but
are also seen in microscopic polyangiitis (379).

Microscopic Polyangiitis
Microscopic polyangiitis (MPA) is a systemic vasculitis that, similar to Churg-
Strauss syndrome, is associated with anti-MPO antibodies in up to 70% of cases
(379). Unlike both Wegener’s and Churg-Strauss syndrome, MPA is not associated
with granulomas. This vasculitis affects small vessels and is often associated with
glomerulonephritis or alveolar hemorrhage (380). The diagnosis depends on patho-
logic findings on lung or kidney biopsy, which reveal necrotizing vasculitis with
little or no immune-complex deposition. Unlike periarteritis nodosa (discussed
later), MPA has a predilection for the smallest vessels and can involve veins as
well as arteries and capillaries.

Periarteritis Nodosa
Periarteritis nodosa (PAN) is another systemic pauci-immune vasculitis but tends
to involve larger vessels than does MPA (380). Another contrasting point for
PAN is the low prevalence of anti-MPO antibodies when compared to MPA. The
diagnosis of PAN is often made via mesenteric angiography, which reveals
characteristic microaneurysms, even in the absence of overt gastrointestinal symp-
toms. In patients with mononeuritis multiplex, biopsies of associated nerves and/or
muscles often can lead to a diagnosis as well. Pathologic evaluation reveals segmen-
tal vascular lesions, which tend to form at arterial branch points. Granulomas
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should be absent and varying degrees of intimal proliferation are seen, sometimes
with intraluminal thrombosis. PAN is associated with hepatitis B in up to 10% of
cases; so it is reasonable to exclude HBV with routine serological testing when
the diagnosis of PAN has been made (381).

Rheumatoid Arthritis
Incomplete or early presentations of rheumatoid arthritis (RA) may lead to a febrile
syndrome without a clear cause. Nonspecific markers of inflammation, such as,
ESR or C reative protein (CRP), are commonly elevated. Oftentimes clinicians
request a rheumatoid factor (RF) in the face of diagnostic uncertainty. RF represents
antibodies directed against other antibodies, classically IgM reacting to the Fc
portion of IgG (379). Unfortunately, the test characteristics leave something to be
desired. Many illnesses marked by systemic inflammation, such as endocarditis,
hepatitis, or tuberculosis, are also associated with RF. If applied to an unselected
population, the positive predictive value of RF ranges from 20% to 30%. Further-
more, especially early in the course of RA, RF may be absent and therefore
cannot be used to exclude this rheumatologic condition.

A newer serological test, anticyclic citrullinated peptide (anti-CCP), has
greater diagnostic accuracy than RF (382). Citrulline is an amino acid that is
created by enzymatic modification of arginine in synovial fluid. The resultant pro-
teins containing citrulline may be pathologic autoantigens in RA. Its sensitivity,
although greater than RF, is still at best 75%. The best feature of this test is its
improved specificity, which is at least 98%. Thus, though not diagnostic, a positive
test in the right clinical context should encourage careful consideration of RA or
other autoimmune conditions, such as Sjogren’s. Unlike RF, systemic infections
such as hepatitis tend not to produce anti-CCP.

Systemic Lupus Erythematosus
Systemic lupus erythematosus (SLE) is a systemic autoimmune disease with
protean manifestations, including fever. One of the diagnostic criteria for SLE,
which is, in fact, a hallmark of the disease, is the presence of antinuclear antibodies
(ANA) (383,384). These autoantibodies react to components of the cell nucleus
(379). They are detected via indirect immunofluorescence using human HEp2
tumor cells. Clinically, significant titers are�1:160. Laboratories also report patterns
of ANA immunofluorescence. Although speckled and homogenous patterns are
nonspecific, a nucleolar pattern is somewhat specific for SLE, but may also be
seen in systemic sclerosis or myositis. A peripheral staining pattern correlates
with anti-dsDNA antibodies, and thus is suggestive of SLE.

Antinuclear antibodies are almost universally present in SLE, with sensitivity
cited as high as 95% to 100%. In fact, controversy exists over whether ANA-negative
lupus even exists.

Because of the high sensitivity of ANA for SLE, it is reasonable to check for
ANA when evaluating a patient with FUO. If these antibodies are truly absent,
one has effectively ruled out SLE, especially if the presentation lacks clinical fea-
tures suggestive of lupus. The main caveat is that a positive ANA does not establish
the diagnosis of SLE in a patient with FUO. Several other rheumatologic conditions
as well as infections are well known to induce antinuclear antibodies.
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Inflammatory Disorders of Uncertain Etiology
Kikuchi-Fujimoto Disease
Kikuchi disease is a syndrome involving cervical lymphadenopathy (usually pos-
terior) often in association with fever or rash (385). It may be suspected when tests
for infectious mononucleosis are negative in young, otherwise healthy adults. Diag-
nosis relies on pathology and requires an experienced pathologist to exclude lym-
phoma or adenopathy associated with SLE (386,387). Pathology reveals chronic
inflammatory nodules, which may be confluent or patchy, with coagulative necrosis.
Neutrophils are seldom seen. Excisional biopsy of a lymph node is ideal, but the
diagnosis is made via fine needle aspiration as well (388). An ANA may be
helpful if the pathologist cannot exclude SLE through pathologic evaluation alone.

Adult-Onset Still’s Disease
Adult-onset Still’s disease can cause a prolonged febrile syndrome often with only
nonspecific signs and symptoms. Still’s disease is a clinical diagnosis because no
definitive serological markers or pathologic findings are yet available. Dramatically
elevated ferritin levels, however, are suggestive of this disorder.

Inflammatory Bowel Disease (IBD)
Both ulcerative colitis and Crohn’s disease may have atypical presentations in
which fever and extra-intestinal symptoms predominate. These idiopathic inflam-
matory disorders should be considered particularly when there is an abnormal
abdominal or rectal examination. Radiographic studies may suggest the diagnosis,
but direct inspection via endoscopy with biopsy is needed to confirm the clinical
impression and exclude other diseases (389,390). Endoscopically, ulcerative colitis
usually shows continuous inflammation of the large bowel mucosa, whereas
Crohn’s disease usually shows discontinuous inflammatory lesions with a predilec-
tion for the terminal ileum. Multiple biopsies should be obtained and subjected to
both pathologic and microbiologic studies. For example, tuberculosis can affect the
terminal ileum, mimicking Crohn’s disease; thus, mycobacterial cultures should be
done. Other mimics that should be considered include enteric fever, pseudomem-
branous colitis, radiation colitis, and ischemic colitis.

Traditionally the diagnosis of IBD has been made when a patient has consist-
ent radiographic, endoscopic, and pathologic findings, and other infectious and
noninfectious causes of bowel inflammation have been excluded. Autoantibodies
are being increasingly used to help diagnose indeterminate colitis (391,392). The
most widely used of these are anti-Saccharomyces cerevisiae (ASCA) antibodies and
atypical p-ANCA. Atypical p-ANCA occurs when the perinuclear staining
pattern is detected on immunofluorescence but is due to antigens other than
MPO resulting in a negative anti-MPO test (Terjung 2000) (393). Atypical p-
ANCA is associated with ulcerative colitis, whereas ASCA is associated with
Crohn’s disease. The diagnostic utility of autoantibodies to diagnose idiopathic
IBD is still under evaluation. These tests have not been studied from the perspective
of a FUO evaluation, and so should be reserved to help distinguish ulcerative colitis
from Crohn’s disease when other etiologies of fever and bowel inflammation have
been excluded.

Behçet’s Disease
Behçet’s disease is an idiopathic systemic illness with protean manifestations
of chronic vascular inflammation. A classic presentation (uveitis, arthritis, and
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marked mucosal ulceration) will suggest the diagnosis (394), but occasionally these
patients may undergo evaluations for FUO when more subtle presentations occur.
Tests for celiac sprue, SLE, HSV, IBD, cyclic neutropenia, and HIV should be con-
sidered early in the evaluation to exclude these entities. Diagnosis relies on
careful clinical assessments of skin, mucous membranes, and eyes (395). Pathergy
skin tests or biopsy of mucocutaneous lesions may help support the diagnosis.

The pathergy skin test is done on the volar aspect of the forearm using a sterile
20-guage needle. The needle should be inserted obliquely to the skin surface to a
depth of half centimeter. It is rotated slightly and removed. A physician then exam-
ines the site one to two days later. The test is considered positive if a red papule
(�2 mm) or a pustule is found at the sight of insertion. This test is most sensitive
during episodes of increased disease activity. For unknown reasons, patients with
Behçet’s disease from North America or northern Europe are less likely to have a
positive pathergy test (395).

Dermatopathology can also help support the diagnosis and exclude other dis-
eases. Early mucocutaneous lesions show neutrophilic inflammation of blood
vessels with edematous changes to the endothelium (396). Extravasation of red
blood cells and leukocytotoclasia are also seen. Fully developed lesions may demon-
strate leukocytoclastic vasculitis with or without fibrinoid necrosis of the vessels.

Periodic Fever Syndromes
Genetically acquired syndromes associated with recurrent fever have been ident-
ified. These disorders should be suspected when there is a chronic history of recur-
rent fever or FUO coupled with serosal, synovial, or cutaneous inflammation,
especially in a patient with a family history of a similar affliction. The diagnostic
options for some well-described syndromes are discussed in the following section.

Familial Mediterranean Fever
This autosomal recessive disease occurs in peoples of Mediterranean descent and is
marked by sporadic episodes of fever and serosal inflammation (397). The gene
mutations responsible affect MEFV, a gene located in chromosome 16p. Genetic
testing for all known mutations is available and will often help with the diagnosis.
However, as many as 45% of patients diagnosed with this illness in the United
States do not harbor a known genetic mutation (398). The diagnosis in these
cases is usually made clinically. Dramatic response to a therapeutic trial of colchi-
cine lends support to the clinical impression.

Some other confirmatory diagnostic tests have been explored. In one such test,
patients are challenged with metaraminol, a peripheral vasoconstrictor (399).
Patients with familial Mediterranean fever (FMF) are much more likely than con-
trols to develop a symptomatic episode. The fact that this disorder is thought by
some to be mediated via abnormal catecholamine metabolism provides a plausible
rationale for the increased sensitivity of FMF patients to metaraminol provocation.

Plasma level of dopamine beta-hydroxylase is another proposed diagnostic
test for FMF that relies on abnormal catecholamine metabolism (400). Dopamine
beta-hydroxylase activity was found in one series to be significantly elevated in
untreated patients whether or not they were symptomatic. These tests involving
catecholamine activity are not standardized nor relied upon in practice to make
the diagnosis of FMF. As more genetic mutations are identified, increasingly sensi-
tive genetic testing panels will probably obviate the need for other means of testing.
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Hyper-IgD Syndrome
This autosomal recessive disorder occurs in patients of northern European descent
and its hallmark is recurrent episodes of fever with lymphadenopathy (397). The
mutations responsible have been localized to chromosome 12q and affect the meva-
lonate kinase gene. The gene product is an enzyme needed for cholesterol and non-
sterol isoprene synthesis. Genetic testing helps establish the diagnosis, but is
unnecessary if a patient has a compatible clinical history with a repeatedly elevated
IgD. Two abnormal measurements at least one month apart will suffice. Despite
the name, not all symptomatic patients with the genetic defect have an elevated
IgD. Thus, genetic testing should be pursued when normal IgD levels are found
in a patient with a compatible syndrome.

TNF Receptor-Associated Periodic Syndrome
This autosomal dominant disorder may occur in multiple ethnic groups and is
characterized by prolonged recurrent episodes of fever often associated with pleur-
isy, arthralgias, myalgias, and migratory erythema (397). The disease is caused by
mutations in TNFRSF1A, a gene located on chromosome 12p that encodes a TNF
receptor. Because of incomplete penetrance and spontaneous disease causing
mutations, this illness should be suspected even in the absence of a family
history when faced with a suggestive clinical syndrome. Diagnosis relies on the
demonstration of a TNFRSF1A mutation in a patient with recurrent episodes of
systemic inflammation.

MALIGNANT CAUSES OF FUO

With increasing prevalence in older patients, cancer may present as a FUO. Hema-
tologic malignancies (particularly lymphoma), renal cell carcinoma, and hepato-
cellular carcinoma are the most prevalent cause of FUO due to undiagnosed
malignancies (401,402). Review of peripheral blood and bone marrow smears,
radiographic imaging, and biopsy are the modalities used to establish these
diagnoses.

Occasionally, patients with known malignancies will undergo evaluation for
FUO. Paraneoplastic fever, also known as tumor fever, is often in the differential,
but remains a diagnosis of exclusion. Tumor fever is mediated by inflammatory cyto-
kines, such as interleukin 6, interleukin 1, tumor necrosis factor, and interferon. These
cytokines may be produced by host macrophages or by the tumor itself in patients
with advanced cancer. Therapeutic trails with nonsteroidal anti-inflammatory
drugs (NSAIDS) are sometimes used to help with the diagnosis. NSAIDS constitute
a well-documented treatment option for tumor fever (403–406). One small study
of 22 patients with undiagnosed fever in the setting of a known malignancy
suggested that a fever that completely and rapidly resolves with naproxen may
help distinguish tumor fever from infectious and rheumatologic causes of fever
(406,407). In this series, 250 mg of naproxen was used twice daily; a rapid, complete
response was judged by absence of fever within 24 hours of the therapeutic trial that
persisted while on naproxen. Of note, these patients all had a high pretest probability
of tumor fever. It is not known how well this diagnostic test would perform today if
subjected to wider use, especially considering all the changes in cancer treatments,
nosocomial flora and available diagnostic modalities that have occurred in the last
20 years.
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ENDOCRINE CAUSES OF FUO

Because prolonged fever often prompts a search for potential infectious or rheuma-
tologic etiologies, simple testing for endocrine causes of FUO may be overlooked.
Adrenal insufficiency, thyrotoxicosis, and, rarely, pheochromocytoma have all
been documented to cause FUO.

Adrenal Insufficiency
Adrenal insufficiency should always be in a differential for FUO because it is easily
treated and potentially fatal if undiagnosed. Suspicion may be raised even further
when a patient has unexplained eosinophilia or a history of prolonged steroid use.
Because cortisol deficiency can occur without mineralocorticoid deficiency in sec-
ondary adrenal insufficiency, serum chemistries cannot be relied upon to exclude
this diagnosis. An elevated random cortisol level makes the diagnosis unlikely.
However, if there is any question, a high-dose cosyntropin stimulation test can be
done (408). In this test, 250 mg of cosyntropin is given parenterally and a cortisol
level is checked between 30 and 60 minutes later. A baseline level is not necessary
if a previous random cortisol level has already been checked; an incremental
increase in cortisol level is not as accurate as the absolute level post-stimulation.
A random or poststimulation cortisol level of at least 18 mg/dL excludes the diag-
nosis of clinically significant adrenal insufficiency.

Thryotoxicosis
Even as other signs and symptoms of excess thyroid hormone are usually present,
fever may be the predominant clinical finding in thyrotoxicosis. A low thyroid-
stimulating hormone (TSH) will suggest the diagnosis. However, in the rare case
of a thyrotopin-secreting neoplasm, serum levels of thyroid hormones are needed
as well (409). Free T4 assays have become widely available and are more accurate
and easy to interpret than testing that relies on total thyroxine levels and indirect
measurement of thyroxine binding proteins (410). Free T3 should also be checked
because of the uncommon syndrome of isolated T3 thyrotoxicosis.

Pheochromocytoma
Although often listed as an endocrine cause of FUO, true persistent fever constitu-
tes a rare presentation of this rare disorder. Still, it is reasonable to screen for this
condition if certain other features of pheochromocytoma, such as symptomatic par-
oxysms (headache, palpitations, diaphoresis, and pallor) or unexplained hyperten-
sion or tachycardia, are present. The standard test is a 24-hour urine collection for
catecholamines, vanillylmandelic acid (VMA), and metanephrines (411). False posi-
tives may occur in the face of severe illness, renal failure, or sympathomimetic
medications. Now that plasma-free metanephrines assays have become more
widely available, some experts have concluded that this test represents the ideal
balance between convenience and accuracy (412).
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INTRODUCTION

Diagnostic workup of patients with fever of unknown origin (FUO) remains a chal-
lenge. The spectrum of diseases traditionally recognized as the causes of FUO are
infectious, malignant, inflammatory, and undetermined. A good history and phys-
ical examination, and appropriate laboratory testing, are paramount in the assess-
ment of FUO. Deciding on the most appropriate imaging test or tests will be based
on one’s clinical suspicion. With many different imaging modalities available to
clinicians for the workup of FUO, it is useful to know about the different imaging
studies available. The literature regarding FUO and computed tomography (CT),
magnetic resonance imaging (MRI), and positron emission tomography (PET) is
limited. There are very few prospective trials comparing the usefulness and accu-
racy of these imaging modalities (e.g., whole body MRI versus PET, or whole
body CT versus MRI, or any of these techniques compared with more traditional
nuclear medicine techniques). In this chapter, we discuss the usefulness of
nuclear medicine, CT, ultrasonography, MRI, and PET in the evaluation of patients
with FUO.

NUCLEAR MEDICINE: TRADITIONAL IMAGING APPROACHES
Gallium
Historically, gallium-67 citrate was the first agent used for imaging inflammation by
scintigraphy (1) and it has been utilized in the detection of infections, tumors, and
inflammatory diseases for more than 30 years. Gallium is cyclotron produced with
a physical half-life of 78 hours, and decays by electron capture with four main
gamma emissions suitable for imaging. 67Ga citrate is an iron analog, which is
mainly transported in its ionic form or bound to transferrin, with approximately
90% of circulating 67Ga present in the plasma. Hyperemia and increased vascular
membrane permeability at sites of infection and inflammation result in increased
delivery and accumulation of radiogallium. 67Ga also binds to lactoferrin, which
is secreted in high concentrations by leukocytes at sites of inflammation or infec-
tion. In addition, siderophore production by bacteria at sites of infection may
play a role in the accumulation and retention of 67Ga citrate, as well as direct
uptake by certain bacteria, and direct binding to leukocytes (2,3). Approximately
10% to 25% of 67Ga citrate is excreted by the kidneys in the first 24 hours, followed
by excretion in the gastrointestinal tract, and the remainder of the radiopharmaceu-
tical distributing throughout the body, concentrating in the liver, spleen, cortical
bone, and bone marrow (Fig. 1A). Imaging is typically performed 24 to 72 hours
postinjection of 185 to 370 MBq (5–10 mCi). 67Ga citrate uptake is seen in a wide
range of inflammatory, infectious, and neoplastic processes, a sensitive but nonspe-
cific radiopharmaceutical. It is very useful in the evaluation of the chest (Figs. 1B
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and C). Diffuse gallium uptake in the lungs is commonly seen in bacterial pneumo-
nia, drug reaction (busulfan, cyclophosphamide, amiodorone, bleomycin), adult
respiratory distress syndrome, pneumoconiosis (silicosis, asbestosis), pneumocysti-
tis carini, and tuberculosis. The normal excretion of 67Ga citrate in the
gastrointestinal and genitourinary tracts diminishes the utility of radiogallium in
the evaluation of the abdomen and pelvis, including intra-abdominal abscesses,
which comprise approximately 32% of infectious causes of FUO (4). 67Ga
imaging also lacks sensitivity for the detection of inflammation involving the
pancreas, kidneys, mesentery/omentum, ovaries, spleen, uterus, small and large
bowel, and appendix. In a study of 145 patients examined by gallium scintigraphy
for FUO, 29% had abnormal gallium scans which were helpful in diagnosis, where
as 49% of abnormal gallium scans were diagnostically noncontributory (5). Prompt
diagnosis using 67Ga citrate is limited by the necessity for imaging at 24 and

FIGURE 1 (A) Normal gallium scan. (B) Gallium scan of a 28-year-old male with fever of unknown
origin reveals abnormal increased cardiac uptake (black arrow), which (C) no longer appears
following treatment with nonsteroidal anti-inflammatory medication for aseptic myocarditis.
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48 hours postinjection. In addition, the high dosimetry and limited resolution do
not favor the frequent use of gallium scintigraphy for infection imaging. Bowel-
cleansing preparations, serial imaging, single-photon emission computed tomogra-
phy (SPECT) imaging, and the development of SPECT/CT coregistration can be
used to improve localization (6).

Labeled Leukocytes
Radiolabeled white blood cell scintigraphy is the more commonly used nuclear
medicine imaging technique for the evaluation of FUO. White blood cells
migrate to sites of infection and inflammation, particularly when the inflam-
mation is acute. In general, labeled leukocytes are not sensitive in the evaluation
of viral and parasitic infections. There are fewer false-positive results with labeled
leukocyte imaging, which is more specific for infection than gallium scintigraphy.
The labeling process requires blood handling, and normally takes about two
hours. It can be performed in local pharmacies with pickup and delivery services,
or can be accomplished onsite within the laboratory if the proper facilities and per-
sonnel are available. FDA-approved radiopharmaceuticals for leukocyte labeling
are 111In-oxine or 99mTc-hexamethylpropylene amine oxine (99mTc HMPAO). Leuko-
cytes are separated in the buffy coat from the red blood cells by gravity sedimen-
tation and centrifugation before labeling (7). Approximately 50 cc of blood is
needed for labeling, and it is recommended that the white blood cell count be at
least 3000.

111Indium-Labeled Leukocyte Scan
111Indium-labeled leukocyte scanning involves a lipophilic metal-chelate complex,
111indium oxine, which binds and penetrates the cell membrane. Once inside the
cell membrane, the indium and oxine dissociate, the oxine freely diffuses out of
the cell, and the indium binds to nuclear and cytoplasmic proteins. The normal
physiologic distribution of labeled leukocytes is within the liver, spleen, and bone
marrow (Fig. 2). 111In has a physical half-life of 67 hours and decays by electron
capture to cadmium-111, with gamma emissions of 172 and 245 keV. The standard
injected dose of 111In-oxine labeled autologous white blood cells is 18.5 MBq (500
uCi), a small amount of radioactivity with limited imaging characteristics. The
dose is limited because the critical organ is the spleen, which receives an absorbed
dose of about 200 mGy/18.5 MBq (20 rad/500 uCi). The whole body dose is
3.7 mGy/18.5 MBq (0.37 rad/500 uCi). Standard, delayed imaging is performed at
24 hours, and early imaging can be performed at four hours. There is no renal or
gastrointestinal excretion, allowing evaluation of the abdomen and pelvis, a signifi-
cant advantage over gallium scintigraphy. Routine evaluation of the spleen is,
however, limited, although an additional 99mTc sulfur colloid liver spleen scan (or
a CT or sonogram) can be performed if there is a suspicion of a splenic abscess.
The sensitivity of 111In-labeled leukocytes ranges between 45% and 95% and the
specificity has been reported between 69% and 86% (8–12).

111In-labeled leukocyte scanning is very helpful and accurate for diagnosing
vascular graft infections, especially at hemodialysis-access sites, with sensitivities
reported greater than 90% and specificity between 85% and 88% (13,14). Morbidity
and mortality associated with prosthetic vascular graft infections are high, and
infection of prosthetic grafts occurs in approximately 2% of cases. In a study of
30 scans performed in 21 patients with vascular grafts evaluated for infection,
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13 were proven to have infected grafts at surgery, and all were positive on
111In-labeled leukocyte scans (14) (Figs. 3 and 4). 111 In-labeled leukocyte scanning
is also useful in the evaluation of line sepsis (Figs. 5–7) and abdominal and thoracic
infections such as abscess, empyema, and pneumonia (Figs. 8–10). Other potential
sources of FUO that can be detected include urinary tract infections (Fig. 11).

99mTc-Hexamethylpropylene Amine Oxine
HMPAO, an agent initially introduced for cerebral imaging, has been used to label
leukocytes as well. 99mTc HMPAO is lipophilic and penetrates the white blood cell
membrane. Once inside, it becomes hydrophilic and is trapped within the cell.
99mTc has a half-life of approximately six hours. 99mTc-HMPAO-labeled imaging
utilizes early and delayed imaging obtained at approximately 30 minutes and
three hours postreinfusion of the labeled leukocytes, allowing earlier diagnosis
compared to 111In-labeled leukocytes. Mountford et al. (12) found that the sensi-
tivity of the 99mTc HMPAO-labeled leukocyte scan was as high as the 24-hour
indium-leukocyte scan for localizing intra-abdominal sepsis. In addition, approxi-
mately 1110 MBq (30 mCi) of 99mTc HMPAO is used to label leukocytes, which is
60 times the 111In-oxine dose. This allows for better imaging characteristics with
99mTc HMPAO; however the physiologic bowel activity seen with 99mTc HMPAO
reduces the specificity over time (1), and the short half-life limits 24-hour imaging.

FIGURE 2 Normal 111In white blood cell scan; (A) anterior view, (B) posterior view. Note normal
uptake in the liver and spleen.
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Again, the drawbacks of 99mTc HMPAO, as with 111In leukocyte imaging, include
the need to handle blood for labeling the leukocytes.

In Vivo Leukocyte Labeling
111In-oxine- and 99mTc-HMPAO-labeled leukocytes are in vitro-labeling techniques,
which require blood handling and reinfusion, increasing the risks of transmittable
diseases and technical errors. Much research has been performed to develop in vivo
methods of labeling leukocytes, including labeling antigranulocyte antibodies, anti-
body fragments, and peptides. NeutroSpecTM (fanolesomab) is a murine mono-
clonal antigranulocyte antibody that labels leukocytes in vivo. This anti-CD 15
IgM antibody can be labeled easily with 370 to 740 MBq (10–20 mCi) 99mTc pertech-
netate and localizes human polymorphonuclear neutrophils (PMNs) at sites of
infection (15). Advantages of this agent are the ability to bind with high affinity
and specificity to PMNs in vivo at sites of infection, faster diagnostic interpretation
because imaging is performed after one hour, no increased pulmonary uptake, and
less exposure to the spleen, which is the dose-limiting organ, an estimated 0.064
mGy/MBq (18 rad/mCi). This radiodiagnostic agent had received FDA approval
for the diagnosis of appendicitis in patients �5 years with equivocal signs and
symptoms; however, it is not currently available for use in the United States at
the present time.

Another agent, a murine monoclonal antibody fragment of the IgG1 class that
binds to normal cross-reactive antigen-90 present on leukocytes, 99mTc-labeled anti-
NCA-90 FAB fragment (Leukoscan), has been investigated by Becker et al. (16),
specifically for the identification of osteomyelitis. The mechanism of uptake of

FIGURE 3 111In white blood cell scan of a 76-year-old man after
repair of an abdominal aortic aneurysm, who then developed
infection of the aortic graft.
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radiolabeled monoclonal antigranulocytes can occur by the migration of labeled
granulocytes to the site of infection or nonspecific uptake of free antibody due to
increased permeability at the site of infection (16). Leukoscan has been approved
for use in Europe and Canada; however, it is not available in the United States at
the present time.

Other agents, such as 99mTc BW 250/183 monoclonal antigranulocyte anti-
body for use in the diagnosis of endocarditis and abdominal abscesses investigated
by Meller et al. (17), and a murine monoclonal IgG1 (Granuloscint) that binds to
nonspecific cross-reactive antigen-95 on neutrophils, have been investigated;
however, they have not gained approval for use in the United States. Much work
still remains to find a radiodiagnostic in vivo agent for infection-imaging, which
is nontoxic, safe, specific, and rapid acting.

Occult Infection
A modified version of the 1961 Petersdorf and Beeson definition of FUO is an illness
at least three weeks duration, with repeatedly documented bouts of fever . 38.38C
and no diagnosis following initial inpatient or outpatient assessment (18). If no loca-
lizing signs are present, undetected sites of infection may be present in the
abdomen, skeletal system, cardiovascular system, or chest. In this setting, anatomic

FIGURE 4 111In-white blood cell scan of a 43-year-old
female with an infected left axillary-femoral
bypass graft.
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imaging studies have not proved sensitive or specific. Most hospitalized patients
with FUO have a significant past medical or surgical history, and the cause is
often due to occult infection (Fig. 12).

Peters described the importance of distinguishing classical fever of unknown
origin and occult infection, and the need to select the appropriate imaging modality
for patient workup (1). In the case of occult infection, the test of choice is a labeled
leukocyte scan. When the source of fever is unknown as in the classical case of FUO,
a sensitive but less specific test such as 67Ga scans may be helpful, although 67Ga
does not permit differentiation of FUO from tumor or infection, and lacks sensi-
tivity for an abdominal source of infection.

Often, patients with occult infections and FUO are treated with antibiotics
before a definite source of infection is determined. Datz et al. (19) reported a
sensitivity of 88.7% for 111In-oxine-labeled leukocyte scans in patients treated
with antibiotics, compared to 92.1% in patients not on antibiotic therapy,
indicating that antibiotic therapy does not significantly affect the sensitivity of

FIGURE 5 (A) 111In-white blood cell scan of a 63-year-old male with cutaneous T-cell lymphoma
with an infected right subclavian catheter (black arrow). Note increased WBC uptake in the
subcutaneous tissues associated with lymphoma. (B) Anterior view of the chest.
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111In-labeled-leukocyte scans (Fig. 13). Similarly, chemotherapy has been found to
have no effect on indium-labeled leukocyte scans.

Osteomyelitis
A common cause of occult infection, osteomyelitis often presents as an FUO. Bone
infection is commonly caused by hematogenous or contiguous spread of bacteria to
bone. Nuclear-medicine bone scans and MRI are two modalities that have high
sensitivity for osteomyelitis.

Three-phase bone scan is the classical study for the evaluation of osteomyel-
itis. The flow phase will reveal increased perfusion due to vasodilation and reactive
hyperemia, the blood-pool phase demonstrates the expanded extracellular fluid
space related to inflammation, and the delayed images performed at two to four
hours after the initial injection demonstrate the chemiadsorption to open bone
matrices present at sites of reactive bone turnover. The three-phase bone scan has
a sensitivity of .95% for osteomyelitis and is positive within 24 hours of onset
(20). However, specificity for osteomyelitis detection decreases when complicated
by bone remodeling as a result of fracture, bone contusion, tumor, orthopedic
hardware, chronic osteomyelitis, neuropathic joints, or pseudoarthrosis. An
111In-labeled leukocyte scan in conjunction with a three-phase bone scan is
helpful in increasing specificity (Fig. 14). Labeled leukocytes do not accumulate
in areas of bony turnover in the absence of infection; however, there can be
normal uptake in bone marrow, which can be distinguished from uptake secondary
to infection by performing concurrently a sulfur colloid bone marrow scan, which
demonstrates normal bone marrow.

Evaluation of prosthesis infections can be very difficult. Sensitivity and speci-
ficity can be improved with the combination of an 111In-labeled leukocyte scan and
a 99mTc sulfur colloid bone marrow scan (6), which can be performed simul-
taneously with multiple energy acquisitions (Fig. 15). Labeled leukocyte studies
have high false-negative results for vertebral infections, and gallium is more
useful for diagnosing vertebral osteomyelitis and discitis (Figs. 9 and 16).

FIGURE 6 (A) 111In white blood cell scan in a 74-year-old female after automatic implantable
cardiac defibrillator battery change (battery in left pelvis) reveals infection of the battery pocket
(black arrowheads) and infection along the leads (black arrows). (B) Infected pacing pads around
the heart are also seen (black arrows).
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FIGURE 7 111In-white blood cell scan of an 80-year-old
male with end-stage renal disease presenting with fever.
Linear uptake in right lower anterior neck (white arrow)
due to central venous catheter infection. Curvilinear
activity in abdomen (black arrowheads) may be due
to normal swallowed leukocytes, enteritis from any
etiology (inflammatory, infectious, or ischemic), active
gastrointestinal bleeding, or abscess outside of bowel.
Ascites is present, separating the liver and spleen from
the ribs laterally.
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FIGURE 8 111In-white blood cell scan of a 58-year-old
female with a pancreatic abscess (black arrow).
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COMPUTED TOMOGRAPHY, ULTRASOUND, AND MAGNETIC
RESONANCE IMAGING

CT has not traditionally been a first-line diagnostic tool in the assessment of FUO.
CT has been useful especially in the detection of intra-abdominal and intrapelvic
abscesses (Figs. 17 and 18). CT takes advantage of focal change in tissue attenuation
related to tumor, inflammation, or infection. CT of the thorax, abdomen and pelvis,
as well as of the rest of the body when appropriate (e.g., head and neck), has proven
to be useful for detecting occult disease in the critically ill patient (21). Quinn et al.
(22) reported a diagnostic yield of only 19% for abdominal CT evaluation of FUO.

FIGURE 9 Posterior image from 111In-white blood cell
scan in an 86 year-old-female with fever demonstrating
acute osteomyelitis of T8 and T9 vertebral bodies
(white arrow) and right empyema (black arrowheads).
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FIGURE 10 111Indium-labeled white blood cell scan
in a 69-year-old male with leukocytosis demonstrates
lingular pneumonia (black arrow).
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CT was also not sensitive in evaluation of the chest for FUO according to the study
by Quinn et al. (22). However, we believe that multidetector CT of the chest,
abdomen, and pelvis is appropriate in the workup of patients with FUO, as
thin-section images are sensitive (although not necessarily specific) for findings
consistent with infection, especially in immunocompromised patients. CT is not
sensitive for osteomyelitis, a well-known but uncommon cause of FUO.

FIGURE 11 A 57-year-old male with fever of unknown origin found
to have increased activity in the bladder (black arrow) on an 111In-
white blood cell scan, consistent with a urinary tract infection.
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Unfortunately, patients with FUO usually do not have localizing signs to direct CT
imaging, which, therefore, does not permit overall radiation dose reduction, as
large portions of the body need to be imaged.

Sonography is a good alternative without ionizing radiation, for the initial
imaging of the abdomen and pelvis in select patients with FUO (i.e., nonobese
patients). In comparison to nuclear imaging, it is fast and highly sensitive for the
detection of abnormal fluid collections, particularly in the abdomen and pelvis,
in experienced hands.

FIGURE 12 111In-labeled leukocyte scan of
51-year-old diabetic man with a fever and no definite
source of sepsis. There is abnormal uptake in the
midchest anterior to the heart, consistent with
endocarditis (white arrow).
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FIGURE 13 (A) An 111In-labeled white blood cell scan demonstrates uptake in the upper chest
retrosternally, consistent with a mycotic thoracic aortic aneurysm, in a 77-year-old male with
staphylococcus bacteremia and pneumococcal sepsis on antibiotics. (B) Computed tomography
scan shows the aneurysm (white arrow); however, it does not clearly demonstrate the site of
infection.

FIGURE 14 A 93-year-old female with osteomyelitis in the left ankle. Three-phase bone scan
demonstrates (A) increased flow, (B) increased soft-tissue uptake in the left lower leg on blood
pool image, and (C) increased bone uptake in the left lateral malleolus on the delayed image.
111In-labeled WBC scan (D) demonstrates increased, labeled leukocyte uptake in the left ankle.
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FIGURE 15 85-year-old male with bilateral hip replacements demonstrates (A) increased uptake
on the 111In-white blood cell scan around the left hip and femur (black arrowheads), which is
discordant with the (B) normal marrow uptake on the 99mTc sulfur colloid bone-marrow scan
compatible with a prosthesis infection. The photopenic defects in both hips (black arrows)
correlate with the bilateral hip prostheses.

FIGURE 16 (A) Computed tomography of the abdomen demonstrates probable osteomyelitis/
discitis (white arrow) in a 55-year-old male with back pain involving T9 and T10. (B) Posterior view
from a gallium scan reveals radiogallium uptake in T9 to T10 (white arrow).
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Interestingly, deep venous thrombosis has been reported to be the cause of
FUO in 2% to 6% of cases (6), and venous-duplex Doppler imaging has proven to
be useful in such patients (23). However, without a definite regional focus, lower
extremity sonography probably should not be the first-line choice when imaging
patients with FUO.

A combination of sonography, CT, and 111In-labeled leukocyte imaging (24)
can be a particularly effective diagnostic tool. In comparing the utility of CT, sono-
graphy, and 111In-leukocyte scans in the assessment of abdominal and pelvic
abscesses, it was determined that patients who were not critically ill and who
had no localizing signs should be first evaluated with an 111In-labeled leukocyte
scan (25). There is no recent literature, to our knowledge, which has prospectively
evaluated such a group of patients. Therefore, at present, it is still important to con-
sider whole body nuclear imaging as a first-line technique in patients with FUO

FIGURE 17 A 39-year-old male with fever of unknown origin. Computed tomography reveals a
pelvic abscess (white arrow).

FIGURE 18 A 75-year-old woman presents with occult fever. Computed tomography scan
demonstrates a heterogeneous collection in the left psoas, representing an abscess (white arrow).
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without localizing signs or symptoms, followed by CT evaluation if necessary, to
focus on a region of interest that may be a potential cause of FUO.

The role of MRI in FUO is not clear. There are limited studies, to our knowl-
edge, which document the sensitivity or specificity of MRI for this purpose. MRI is
the study of choice when the central nervous system is suspected as a potential
source for FUO. It is an excellent imaging study when evaluating for brain and
spinal cord tumors. It has proven to be an effective technique in detecting osteo-
myelitis (Fig. 19) or for further anatomic evaluation of suspected osteomyelitis
initially identified on nuclear medicine studies, as described earlier. Findings of
osteomyelitis on MRI typically include low-signal intensity on T1-weighted
images and high-signal intensity on T2-weighted images. The role of fast, whole
body MR sequences (such as breath-held T2-weighted, gradient-recalled echo,
and echo-planar sequences) for the evaluation of patients with FUO has not, to
our knowledge, been studied to date.

18[F]20-DEOXY-2-FLURO-D-GLUCOSE POSITRON EMISSION TOMOGRAPHY

18[F]20-deoxy-2-fluoro-D-glucose positron emission tomography (FDG-PET)
appears to be useful in infection imaging. FDG is a positron emitter that accumu-
lates in malignant tissues as well as in inflammatory processes. The spatial resol-
ution of current PET scanners is significantly improved and higher than 67Ga.
Meller et al. performed a prospective study comparing 67Ga scintigraphy versus
FDG for the detection of the source of an FUO in 18 patients (26). FDG imaging,

FIGURE 19 Sagittal T2-weighted
magnetic resonance imaging of
the thoracic spine in a 55-year-old
male demonstrates osteomyelitis/
discitis involving the T9 and T10
vertebral bodies (white arrow).

226 Trivedi et al.



performed on a double-head coincidence camera, demonstrated a sensitivity of
84% and a specificity of 86% in comparison to 67Ga SPECT, which yielded sensi-
tivities and specificities of 67% and 78%, respectively. The positive and negative
predictive values were 90% and 75%, respectively, for FDG (28). Zhang et al. (27)
evaluated 35 patients with FUO. Their study demonstrated a positive predictive
value of 87% and a high negative predictive value of 95%, for FDG-PET imaging.
Blockmans et al. (28) compared FDG-PET with gallium scintigraphy in a group of
40 patients with FUO, and found that all abnormal foci of gallium uptake were
also detected using PET. With the high sensitivity and specificity of FDG-PET
imaging, and the ability to combine PET data with CT anatomical data using the
new hybrid PET-CT scanners, we suspect that the diagnostic workup for FUO
will be even more accurate and efficient.

CONCLUSION

The diagnosis of FUO should begin with a thorough history and physical examin-
ation. The correct sequence of routine noninvasive laboratory studies should then
be performed based on potential diagnostic clinical clues (8,29,30). A whole body
labeled leukocyte scan has proven to be an effective first-line test to evaluate for
occult infection. If there is suspicion of a musculoskeletal or cardiac source of infec-
tion, gallium scintigraphy may prove useful. The sensitivity, specificity, and useful-
ness of gallium scintigraphy are significantly diminished by physiologic radiotracer
excretion via the genitourinary and gastrointestinal systems, necessitating further
delayed imaging, delaying definitive diagnostic interpretation. In the evaluation
of patients with known malignancy and FUO, the fever often results from the
tumor or chemotherapy. Labeled leukocytes are more specific for infection, and
therefore preferable to gallium scintigraphy in these patients. Further development
of new approaches to infection imaging needs to address dosimetry, lack of blood
handling, timely definitive interpretation, and improved sensitivity, specificity, and
accuracy.
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Section IV: Therapy

B17 Empiric Therapy in Fever of Unknown
Origin: A Cautionary Note

Lucinda M. Elko and Charles S. Bryan
Department of Medicine, University of South Carolina, School of Medicine,
Columbia, South Carolina, U.S.A.

Better a doubtful remedy than none at all.
— Celsus (25 B.C. –A.D. 50)

Throw out opium . . . a few specifics . . . wine . . . and the vapors which

produce the miracle of anesthesia, and I firmly believe that if the whole

material medica, as now used, could be sunk to the bottom of the sea, it

would be all the better for mankind—and all the worse for the fishes.

— Oliver Wendell Holmes (1809–1894)

Fever of unknown origin (FUO) amply illustrates the mot that “the three most
important principles of medicine are diagnosis, diagnosis, and diagnosis.”
Empiric therapy plays a limited role in FUO, if by FUO we mean prolonged FUO
(�3 weeks) (1). Cunha in 1996 recommended empiric therapy for only four situ-
ations: antibiotics for culture-negative endocarditis, low-dose corticosteroids for
presumed temporal arteritis, antituberculous drugs for suspected military tubercu-
losis in elderly patients, and naproxen (Naprosyn) for suspected neoplastic fever
(2). Our purpose is to review some general principles of empiric therapy and a
handful of specific indications. Elsewhere in this volume, various authors discuss
empiric therapy for specific subsets of patients with FUO.

The etiologies of FUO are discussed extensively elsewhere in this issue.
Infectious diseases, which predominated in early studies and still predominate in
the developing world, remain the most common cause in many, but by no means
all, recent studies. Infections now explain roughly 30% of cases in developed
countries, with the most common ones being intra-abdominal abscess (10%), tuber-
culosis (5%), and endocarditis (3). Most recent investigators have found the percen-
tage of undiagnosed cases to be much higher than the 7% reported by Petersdorf
and Beeson in 1961 (4), presumably because newer imaging, culture, and serologic
methods now unmask conditions that were previously much more elusive. In two
studies, long-term follow-up of patients with undiagnosed FUO revealed that fever
resolved without treatment in the majority of instances, and that only rarely did a
serious disorder declare its presence.

PRINCIPLES

Clinicians commonly address three questions: (i) What is wrong with the patient?
(ii) What can I do for the patient? (iii) What will be the outcome? Empiric
therapy, by definition, compromises the first of these desiderata. Recent studies
suggest that patients with FUO for whom no explanation is forthcoming after
extensive evaluation and prolonged observation have, in general, a favorable
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prognosis (5,6). Knockaert et al. reported in 1996 that no cause was established for
10% to 25% of patients evaluated for FUO. In their series of 61 cases, the mortality
attributable to FUO was only 3.2% during follow-up periods ranging from one
month to 10 years (mean 5.8 years) (6). Thirty-one of 61 patients became
symptom-free during the initial hospitalization or within weeks following dis-
charge. One patient was found to have tuberculous meningitis by repeat lumbar
puncture within two months of the initial evaluation. No single disease was
found to be a frequent cause of prolonged FUO. In another study, Knockaert et
al. described episodic FUO as fever meeting the classic FUO criteria defined by
Petersdorf and Beeson, but with a fluctuating pattern that included fever-free inter-
vals of at least two weeks. These patients were less eager to undergo extensive
testing when the fever subsided. Infections and multisystem diseases were less
likely in recurrent FUO as compared to persistent FUO. The infectious etiologies
in that series of recurrent FUO were prostatitis, mastoiditis, proteus sepsis
without a source, and toxoplasmosis (5).

Criteria for empiric therapy of FUO include a well-formulated hypothesis as
to the etiology, an endpoint for the therapeutic trial, an explanation to the patient as
to why treatment rather than expectant observation is being recommended, and
acknowledgment of the downsides of drugs, including potential toxicity,
masking the correct diagnosis, and mistaken diagnosis arising from post hoc,
ergo propter hoc, reasoning. This last point—the potential for mistakes—deserves
much emphasis. One of us, in preparing a textbook of infectious diseases for
primary care physicians, surveyed 600 fellows of the Infectious Diseases Society
of America (IDSA) with respect to the diagnoses in which mistakes were most fre-
quently encountered. The survey form asked recipients to check from a list of 23
diagnoses, those in which, in their experience, a mistake by a physician acting
in a primary-care capacity led to some combination of death, disability, or litiga-
tion (Table 1) (7). We are aware of no similar survey of mistakes made by infectious
diseases specialists, nor are we aware of any systematic study of mistakes made
during the course of diagnosis and treatment of FUO. A MEDLINE search for
the years 1966 through 2004, cross-referencing “fever of unknown origin” and
“empiric therapy,” disclosed no systematic studies or reviews of this subject. We
suspect, however, that many perhaps most, experienced infectious diseases con-
sultants have seen through the years occasional cases of FUO that, had they to do
it over, they would manage differently.

Case Report
An elderly retired dentist was seen by one of us (Bryan) in 1975 for evaluation of
prolonged FUO. Physical examination was unremarkable except for a systolic
murmur. He continued to be febrile with no diagnosis after two months of obser-
vation and numerous studies, including liver and bone marrow biopsies. His
fever seemed to respond to empiric therapy for cryptic miliary tuberculosis, but
recurred. His fever then seemed to respond to empiric therapy for culture-negative
endocarditis, only to recur again. Laparotomy revealed Hodgkin’s disease.

Empiric therapy of any kind should involve a series of structured questions.
What syndrome best describes the patient’s likely diagnosis? What are the most
likely etiologies? Is the patient at high risk of morbidity and/or mortality? The
answers to these questions should form the basis of a decision to treat empirically,
or to withhold therapy while observing the patient closely. If one elects to treat, one
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should re-evaluate the patient to determine the presence or absence of an apparent
response. With acute infectious diseases, a period of three days generally suffices
for the latter purpose, unless one is considering tuberculosis. For most conditions,
the patient will begin to show a response after three days if a response is to occur at
all. To our knowledge, there are few, if any, systematic data pertaining to what
constitutes an adequate therapeutic trial for a condition causing FUO.

SPECIFIC CONDITIONS SOMETIMES CALLING FOR
EMPIRIC THERAPY OF FUO
Culture-Negative Endocarditis
In 1996, Cunha stated that empiric antibiotic trials except for culture-negative
endocarditis have no place in the management of patients with FUO (2). Through
the years, between 2.5% and 31% of cases of infective endocarditis have been
culture negative in various series. More recent studies suggest that only about
5% of cases of endocarditis defined by strict criteria are culture negative. Optimum
management therapy for these patients, with the exception of injecting drug users,
remains controversial. There is, however, general agreement that the regimen
should cover enterococci, fastidious gram-negative bacilli of the Hemophilus,
Actinobacillus, Cardiobacterium, Eikenella, and Kingella species (HACEK) group,
and nutrient-variant streptococci. Most often recommended is a three-drug regimen
comprising penicillin or ampicillin plus gentamicin or streptomycin plus ceftriax-
one (8,9). The clinician should, however, weigh carefully the severity of the
disease, the risk factors for specific micro-organisms, and the balance between
efficacy against the most likely pathogens and the risk of side effects including

TABLE 1 Frequency of Diseases in Which Mistakes Made by Primary Care Physicians
Resulted in Serious Consequencesa

Condition
No. (%) of positive

responses Condition
No. (%) of positive

responses

Necrotizing soft tissue
infection

112 (64) Brain abscess 58 (33)

Spinal epidural abscess 96 (55) Toxic shock syndrome 58 (33)
Sepsis syndrome 95 (54) Asplenia (failure to vaccinate) 57 (33)
Endocarditis 94 (54) Rocky Mountain spotted fever 54 (31)
Meningococcal disease 89 (51) Travel-related problems 54 (31)
Tuberculosis 84 (48) Acute epiglottitis 35 (20)
Herpes simplex

encephalitis
82 (47) Pelvic inflammatory disease 32 (18)

Antibiotic toxicity 82 (47) Clostridial syndrome 31 (18)
Pneumonia 80 (46) Hemophilus influenzae

meningitis
29 (17)

Pneumococcal meningitis 80 (46) Sphenoid sinusitis 22 (13)
Intra-abdominal sepsis 59 (34) Cavernous sinus thrombosis 21 (12)
AIDS-related problem 58 (33) Miscellaneous 32 (18)

aFrom a survey sent to 600 fellows of the Infectious Diseases Society of America. The survey instrument listed 23
diagnoses (shown here) and asked the recipients to checkmark those diagnoses in which, in their experience,
mistakes made by a physician acting in a primary care capacity had led to death, disability, or litigation. The rate of
the response to the survey was 30%. These data do not indicate the actual incidence of mistakes made by primary
care (which, some data indicate, is relatively low). Rather, they indicate pitfalls in diagnosis and disease
management as seen from the perspective of infectious disease specialists, who are usually consulted on
especially difficult cases.

Source: From Ref. 7.
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drug toxicity and superinfection (2). In making this crucial decision, the clinician
would do well to study the insightful review by Broqui and Raoult regarding endo-
carditis due to rare and fastidious microorganisms (10). Polymerase chain reaction
(PCR) technology holds great promise in these cases especially for those that
require surgical intervention (11,12). Interestingly, a study of 52 patients with a
diagnosis of culture-negative endocarditis showed that 92% of patients who
became afebrile within the first week of therapy survived, whereas only 50% sur-
vived if fever persisted more than seven days (8).

Culture-Negative Pulmonary Tuberculosis and Cryptic
Disseminated Tuberculosis
Recent guidelines issued by the Centers for Disease Control and Prevention (CDC)
help clarify the problem of when to use drugs for presumptive tuberculosis in the
face of negative studies (13). Moreover, the new CDC recommendations suggest
beginning combination drug therapy for patients with a high likelihood of tubercu-
losis even before the results of acid-fast bacillus (AFB) smears and mycobacterial
cultures become available. Approximately 17% of reported new cases of pulmonary
tuberculosis have negative cultures (14). A diagnosis of tuberculosis can be strongly
inferred by clinical and radiographic response as determined by careful evaluation
after two months of therapy (13). If both the clinical suspicion of tuberculosis and
the severity of the disease are low, two approaches are acceptable: chemotherapy
with a standard four-drug regimen, or close observation without treatment while
awaiting the final results of cultures (which usually requires two months) (13).

Disseminated (miliary) tuberculosis is now uncommon in the United States
but should be considered in certain situations: elderly patients, in whom the pres-
entation may be that of a wasting illness without fever (15), patients with HIV/
AIDS; patients with rheumatoid arthritis treated with corticosteroids, methotrexate,
or infliximab (16), and recipients of solid organ transplants (17). The new CDC
guidelines are largely silent on the issue of when to treat for presumptive dissemi-
nated tuberculosis, and we are unaware of any controlled trials that address this
issue. Knockaert et al. found little or no relationship between prolonged FUO
and tuberculosis, but it should be noted that the results of their study, which was
carried out in Belgium, may not apply directly to certain populations in the
United States.

Cunha favored empiric therapy in elderly patients with suspected dissemi-
nated tuberculosis (2), and this recommendation should extend to other high-risk
populations with suspected severe disease. Drug toxicity and also drug interactions
when rifamycin derivatives are used in the regimen must be taken into account.
What constitutes an adequate duration of a therapeutic trial in this situation is
unclear. However, because the bacillary populations in the individual lesions are
substantially lower than those encountered in cavitary pulmonary tuberculosis,
a response should nearly always become apparent within two months unless the
disease is unusually extensive and/or caused by a multidrug-resistant strain.

Temporal Arteritis (Giant-Cell Arteritis)
As noted elsewhere in this issue, temporal arteritis is an important cause of FUO in
elderly persons and can cause permanent disability from cerebrovascular accident
or blindness. Treatment initiated after the onset of loss of visual acuity or central
visual field rarely restores these deficits, and then only when corticosteroids have
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been started within three to four days of the onset of visual symptoms (18). There-
fore, immediate therapy with steroids is recommended when temporal arteritis
with vision loss is suspected. Temporal artery biopsy remains highly desirable. It
has become generally accepted among clinicians that temporal artery biopsy
should be performed within two weeks from starting steroid treatment. In a
recent prospective study of 11 patients with presumed temporal arteritis, six of
seven temporal artery biopsies performed after �4 weeks of steroid therapy
revealed characteristic changes of the disease (19). From a retrospective chart
review, Nesher et al. concluded that combining steroids with low-dose aspirin
reduced cranial ischemic complications (20). Of the 166 patients qualifying for
that study, 36 (21%) had already been receiving low-dose aspirin (100 mg/day)
for ischemic heart disease. Ischemic complications occurred in 13% of patients
receiving only steroids but in only 3% of those receiving both steroids and
aspirin (P ¼ 0.02) (20). Pending confirmation of these findings, it would seem
prudent to add low-dose aspirin to the steroid regimen.

Naproxen Test for Differentiating Between
Neoplastic and Other Causes of FUO
In 1984, Chang and Gross reported the apparent usefulness of a “naproxen test” in
unexplained fever possibly due to neoplasm. A prompt, complete, sustained lysis
of fever occurred within 24 hours of the institution of naproxen, a nonsteroidal
anti-inflammatory drug (NSAID), in 14 of 15 cases of fever attributable to neoplasm,
but in none of five patients with fever eventually attributed to infection. The case
definition of FUO in their study was fever of .1 week as opposed to the usual
three weeks, and they required only one temperature reading �1018F. Fifteen of
the patients had previously received antibiotics, without response. They concluded
that “naproxen may be of great value in the differential diagnosis of infectious and
neoplastic fever. . . . It is safe and has very few side effects. . . . In addition, our pre-
liminary observation suggests that fever due to infectious disease of nonbacterial
origin also does not respond to naproxen” (21).

More recent investigators have questioned the usefulness of the naproxen test
(22,23). In 2003, Vanderschuren et al. described the effect of naproxen in 77 patients
who met the Petersdorf-Beeson criteria for FUO. They graded responses to
naproxen as complete, partial, or none in five categories of patients according to
final diagnosis: neoplasms, infections, noninfectious inflammatory disorders, mis-
cellaneous conditions, and cases that remained undiagnosed. The naproxen test
was positive in 55% of patients with neoplasms and 38% of patients with other dis-
orders. These investigators determined the naproxen test to be only 55% sensitive
and 62% specific for a neoplastic origin of FUO (22). Criticisms of earlier studies
of the naproxen test include definitions of FUO and selection bias that favored
patients likely to have tumor-associated fever. Moreover, there is still no satisfactory
explanation as to why neoplastic fever, but not fever due to other causes, should
respond promptly to NSAIDs (23).

CONCLUSIONS

Although the epidemiology of FUO has changed over the past 40 years, the advice
concerning empiric therapy has not. In 1963, Sheon and Ommen, after reporting
their observations in 60 patients, wrote: “One cannot overemphasize the value of
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expectant management. Many patients, while waiting for cultures, will become
afebrile with rapid return to normal health . . . this emphasizes the need for
caution in the interpretation of response to therapy . . . . The use of antibiotics on
an empiric basis in a patient with obscure fever may create as well as resolve diag-
nostic problems . . . . The best management consists of striving to make a correct
diagnosis” (24). In 1983, Hurley similarly concluded: “The patient with classic pro-
tracted FUO requires a methodical approach, and precision is of utmost import-
ance. Fortunately, such a patient is rarely desperately ill, so the physician has
time to perform the evaluation” (25). We heartily endorse these conclusions.
Empiric therapy for FUO should be restricted to highly selected situations, as dis-
cussed earlier and also by the authors of other articles in this issue.
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