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CASE REPORTS
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Infections due to Coxiella burnetii, the causative agent of Q fever, are uncommon in the United States. Cases
of chronic Q fever are extremely rare and most often manifest as culture-negative endocarditis in patients with
underlying valvular heart disease. We describe a 31-year-old farmer from West Virginia with a history of
congenital heart disease and recurrent fevers for 14 months who was diagnosed with Q fever endocarditis based
on an extremely high antibody titer against Coxiella burnetii phase I antigen. Despite treatment with doxycy-
cline, he continued to have markedly elevated Coxiella burnetii phase 1 antibody titers for 10 years after the
initial diagnosis. To our knowledge, this case represents the longest follow-up period for a patient with chronic
Q fever in the United States. We review all cases of chronic Q fever reported in the United States and discuss
important issues pertaining to epidemiology, diagnosis, and management of this disease.

CASE REPORT

A 3l-year-old farmer from West Virginia was admitted in
June 1995 because of recurrent episodes of fever as high as
39°C, night sweats, paroxysmal coughing, chest pressure, de-
creased appetite, fatigue, and an 11-kg involuntary weight loss
over the preceding 14 months. He had been treated several
times for presumed bronchitis with various antibiotics, but his
complaints had worsened since December 1994. His past med-
ical history was significant for congenital heart disease, includ-
ing dextrocardia, a double-outlet right ventricle, a ventricular
septal defect, and severe pulmonary stenosis. As an infant, he
had undergone operative placement of a right Blalock-Taussig
shunt, and at age 12, he underwent surgery for closure of a
ventricular septal defect and placement of a conduit between
the right ventricle and pulmonary artery. At age 26, he under-
went surgery for replacement with a 22-mm Hancock conduit.
He participated in birthing his calves, one of which was still-
born around the time of the onset of his illness. He was treated
empirically with penicillin, gentamicin, and vancomycin, and
his fevers resolved.

On physical examination, he was a thin, chronically ill-ap-
pearing white male. His vital signs were within normal limits,
and he was afebrile. Cardiac examination revealed a grade 3/6
harsh systolic ejection murmur heard maximally at the right
upper sternal border without radiation. The chest examination
was normal. There was no hepatosplenomegaly, enlarged
lymph nodes, or peripheral stigmata of endocarditis. Labora-
tory studies revealed the following results: hematocrit level was
41%; white blood cell count was 7.3 X 10° white blood cells/
liter, with a differential cell count of 35% segmented neutro-
phils, 5% bands, and 54% lymphocytes; platelets were aggre-
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gated and uncountable; electrolyte panel and urinalysis were
normal; erythrocyte sedimentation rate was 34 mm/h; and al-
kaline phosphatase, aspartate aminotransferase, and alanine
aminotransferase levels were elevated at 198 Ulliter, 244 U/
liter, and 196 Ulliter, respectively. Serologies for hepatitis A,
B, and C viruses were negative. The patient was positive for
human immunodeficiency virus by enzyme-linked immunosor-
bent assay, but confirmatory Western blot analysis was nega-
tive. Multiple blood cultures were negative for bacteria and
fungi. Tuberculin skin test was negative with a positive anergy
panel. Serology studies for Brucella species, Legionella species,
Borrelia burgdorferi, Chlamydia species, Blastomyces dermatitidis,
Coccidioides immitis, and Histoplasma capsulatum were nega-
tive. Coxiella burnetii phase 1 titers by microimmunofluores-
cence using antigens and the technique of the WHO Collabo-
rative Center for Rickettsial Reference and Research (D.
Raoult, Marseille, France) were 163,840 (immunoglobulin G
[IgG]) and 40,960 (IgM), and phase II titers were =327,680
(IgG) and 81,920 (IgM). A bone marrow biopsy (Fig. 1) and
liver biopsy revealed granulomas, and special stains for bacte-
ria, fungi, and acid-fast bacilli were negative. Routine bacterial,
fungal, and acid-fast cultures were negative. Immunohistolog-
ical staining of the bone marrow and liver biopsy specimens
were negative for C. burnetii.

Computed tomography of the chest, abdomen, and pelvis
were unrevealing. Transthoracic and transesophageal echocar-
diography revealed no evidence of intracardiac vegetation.
Doxycycline and rifampin treatment were initiated to treat
Coxiella burnetii infection, and the patient rapidly defervesced.
Ciprofloxacin was subsequently substituted for rifampin, and
the patient was advised that replacement of the conduit would
likely be required to achieve a microbiological cure. However,
he declined further surgery, and the antibiotic combination of
doxycycline and ciprofloxacin was prescribed indefinitely for
presumed Q fever prosthetic endocarditis.

During the 10 years following his initial diagnosis of chronic
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old farmer with chronic Q fever (hematoxylin and eosin stain; original
magnification, X100).

Q fever, he had seven transthoracic echocardiograms and three
cardiac magnetic resonance imaging studies, all of which were
negative for intracardiac vegetations. Early in his course of
therapy, the patient stopped taking ciprofloxacin and main-
tained variable adherence with his doxycycline regimen, dis-
continuing the antibiotic on average once to twice per year
between 1995 and 2005. Within several weeks after each
discontinuation trial, he developed persistent fevers, weight
loss, and generalized fatigue, which resolved with reinstitu-
tion of the medication. He refused to take hydroxychloro-
quine because of concern for ocular toxicity. The patient’s
C. burnetii titers during the 10-year follow-up period are
shown in Table 1.

Q fever is a zoonosis caused by Coxiella burnetii, a small
obligate intracellular gram-negative bacterium that is preva-
lent throughout the world. Domesticated ungulates, including
cattle, sheep, and goats, are considered the primary reservoirs
for human infection, but pets such as cats and dogs as well as
ticks and other arthropods may also transmit infection (23).
Infected mammals are typically asymptomatic but shed C.
burnetii in their urine, feces, milk, and birth products, and most
human Q fever infections are acquired through the inhalation
of contaminated aerosols, often generated during parturition
events (31). Therefore, persons at highest risk for Q fever
include farmers, veterinarians, abattoir workers, those in con-
tact with dairy products, and laboratory personnel working
with C. burnetii (23). C. burnetii is highly resistant to desicca-
tion and environmental degradation and can be disseminated
by wind (35). Thus, Q fever may occur in patients without any
direct contact with animals (4). Its highly infectious nature and
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aerosol route of transmission make C. burnetii a potential
agent of bioterrorism, and the organism has been classified as
a group B agent by the Centers for Disease Control and Pre-
vention (20). Human Q fever became a nationally notifiable
disease in the United States in 1999 (4).

Epidemiology of C. burnetii infection. The reported sero-
prevalence of bovine Q fever in the United States varies widely
from state to state, but seroepidemiologic studies suggest that
C. burnetii infection has increased in U.S. cattle during the last
several decades (12). The highest rates of infection have been
reported in California, where a 98% herd infection rate was
reported in the 1950s (18), and another survey in the 1970s
revealed that 100% of herds in 17 counties contained seropos-
itive cattle (82% of 1,052 specific cattle from the herds were
seropositive) (2). A survey of 787 herds of cattle in the Mil-
waukee area showed that the incidence of bovine Q fever
increased from 32% in 1957 to 61% in 1959 and 73% in 1962,
and a random sample of 50 C. burnetii-positive herds found
that 84% of the cattle were shedding the organism in their milk
(38). Recently, a real-time PCR assay targeting the 1S7777
sequence, which is unique to C. burnetii, detected the organism
in 94.3% of bulk tank milk samples from U.S. dairy herds
tested during a 3-year period (12), with little regional or tem-
poral variation, suggesting that C. burnetii infection in cattle is
very common and persistent throughout the United States.

Despite the rising prevalence of C. burnetii infection in U.S.
cattle, the passively reported prevalence of Q fever among the
United States human population remains exceedingly low.
Transmission of C. burnetii from cattle to humans may be
reduced by the pasteurization process of commercial milk, but
persons with significant contact with cattle and other domestic
animals remain at increased risk for infection. The first major
Q fever outbreaks in the United States were reported in 1946
and involved 55 stock handlers and slaughterhouse workers in
Amarillo, Texas (36), and 33 employees of a sheep- and calf-
killing department of a large packing house in Chicago, Illinois
(34). Between 1948 and 1977, 1,164 human Q fever cases were
optionally reported to the Center for Disease Control, with the
majority of cases (67%) occurring in California (5). Fewer than
30 cases were reported annually between 1978 and 1986 (33),
and 48 cases were reported to the Centers for Disease Control
and Prevention between 2000 and 2001 (4). A Q fever out-
break involving 15 family members who had attended a family
reunion and were exposed to a parturient cat occurred in 1989
in eastern Maine. Interestingly, parturient cats have also been
implicated in C. burnetii transmission in neighboring Nova

TABLE 1. C. burnetii serology of a patient with chronic Q fever

Microimmunofluorescence titer

Date (mo/day/yr) Anti-phase 1 Anti-phase 11
IgG IgM 1gG IgM
6/13/1995 163,840 40,960 327,680 81,920
4/25/1996 163,840 10,240 327,680 40,960
5/25/1996 81,920 20,480 163,840 40,960
11/21/1996 20,480 5,120 81,920 10,240
9/18/1997 10,240 640 81,920 2,560
4/18/1998 10,240 640 40,960 1,280
4/23/2005 3,200 50 6,400 100
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TABLE 2. C. burnetii serologies of patients with chronic Q fever”

Duration Valve r??it;)tr)gggl
Patient Yrof Age State of Direct  of iliness Under}ylng Clinical Embolic  Affected replgced titer Antlbody
. . Gender . farm before cardiac . . during titer
(reference) diagnosis (yr) residence . . manifestation phenomena  valve (phase I IgG) -
exposure diagnosis anomaly present at time of technique
(mos) illness di .
iagnosis
1(17) 2004 40 M MN N 2 Con, AVR CNE - A N 40,960 IFA
2 (4) 2001 49 M TN Y 6 Con CNE + A Y >512 IFA
3(4) 2000 90 M PA Y 4 CNE — A Y >524,288 IFA
4° 1995 31 M wv Y 14 Con CNE - NA N >327,680 IFA
5(23) 1984 65 M AL Y 8 MVR, AVR CNE - A Y 32,768 IFA
6 (21) 1977 39 M NA NA 1 CNE + A N¢ 324 CF
7(22) 1976 54 M OR Y 4 CNE + A Y 4,096 CF

“M, male; N, no; Y, yes; Con, congenital heart disease; AVR, aortic valve replacement; MVR, mitral valve replacement; CNE, culture-negative endocarditis; IFA,
immunofluorescence assay; CF, complement fixation; NA, not available; —, absence of embolic phenomena; +, presence of embolic phenomena; A, aorta.

b Current case.
¢ Patient died.
4 No phase reported.

Scotia, Canada (14, 15), suggesting a common wildlife reser-
voir, such as small rodents (19).

Clinical manifestations. The clinical manifestations of Q
fever vary widely. Up to 60% of infected individuals develop no
symptoms (31). Acute Q fever, which develops after an incu-
bation period of 2 to 5 weeks, is usually characterized by a
nonspecific febrile illness, pneumonitis, or hepatitis. Other less
common clinical manifestations of acute Q fever include myo-
carditis, pericarditis, skin rash, and meningoencephalitis (23).
Chronic Q fever may develop many months to years after
initial infection, manifesting as bacterial culture-negative en-
docarditis in up to 75% of cases (10). Chronic Q fever occurs
almost exclusively in patients with predisposing conditions,
including those with heart valve lesions, vascular abnormali-
ties, and immunosuppression (7). In addition to endocarditis,
chronic Q fever less frequently presents as vascular infections,
osteoarticular infections, chronic hepatitis, chronic pulmonary
infections, and chronic fatigue syndrome (23). Over 90% of Q
fever endocarditis cases occur in persons with underlying heart
disease, which may be congenital, rheumatic, degenerative, or
syphilitic or may involve prosthetic valves (23). Whereas C.
burnetii accounts for 3% of all endocarditis cases diagnosed in
England and Wales (26) and at least 5% of cases in France
(29), there have been only seven reported cases of Q fever
endocarditis in the United States, including the patient pre-
sented here (1, 4, 10, 13, 27). However, the true number of
chronic Q fever cases in the United States is unknown and is
likely underrepresented in the literature, since many cases may
have occurred prior to the advent of national reporting in 1999.
In addition, patients with endocarditis may have received mul-
tiple antibiotics prior to valve replacement, making isolation of
the organism from infected tissue less likely.

Demographic analysis of the chronic Q fever cases reported
in the United States reveals that 100% of patients (seven of
seven) were male (Table 2), consistent with the male predom-
inance reported in other countries, including France, where
the male-to-female ratio for C. burnetii infection is 2.45 in
adults (31). Their average age at the time of diagnosis was 53 *
20 years (median age, 49 years). This finding corroborates
observations that advanced age appears to be associated with
an increased risk of C. burnetii infection (31) and that patients
with chronic Q fever tend to be older than those who develop

acute Q fever (32). The duration of symptoms prior to diag-
nosis in patients with chronic Q fever in the United States was
5.6 * 4.4 months, ranging from 1 month (patient 6) to 14
months (our patient). Six of seven patients for whom informa-
tion was available had direct farm exposure, while the other
patient had no exposure to farm animals but hunted deer, bear,
and pheasant in Minnesota (10), which may have placed him at
increased risk for C. burnetii infection from a wildlife reservoir
(19). Three of seven patients, including our patient, had con-
genital cardiac anomalies, one patient had a history of mitral
and aortic valve replacements, and three of seven patients had
no evidence of cardiac anomalies. All seven patients were
diagnosed with culture-negative endocarditis, and six of the
seven patients had direct evidence of cardiac involvement by
either echocardiography or pathology. Our patient (patient 4)
did not have definitive evidence of cardiac involvement, with
repeatedly negative echocardiograms and cardiac magnetic
resonance imaging results, but he was presumed to have cul-
ture-negative endocarditis in the setting of congenital heart
disease and an intracardiac conduit. In all six patients, the
aortic valve was affected, requiring aortic valve replacement in
four cases. No patients had involvement of any other heart
valves. Our patient represents the only case of chronic Q fever
reported in the United States with documented pathological
involvement of extracardiac sites (bone marrow and liver).
Diagnosis of chronic Q fever. As witnessed in these seven
cases, the diagnosis of chronic Q fever may be delayed by many
months because of the lack of specific signs and symptoms.
Fever may be absent in more than 18% of cases, and vague
constitutional symptoms, congestive heart failure, or valvular
dysfunction may predominate (10). Peripheral manifestations
of endocarditis including digital clubbing, purpuric rash, hepa-
tomegaly, splenomegaly, immune complex glomerulonephritis,
and embolic phenomena are common (21). Cardiac vegeta-
tions are visible by echocardiography in as few as 12% of
patients (23), as these vegetations tend to be smaller and lo-
cated beneath endothelial surfaces (10). The organism may be
cultured under special conditions, but isolation of C. burnetii by
culture is generally not performed because of the high risk of
infectivity to laboratory workers and the lack of sensitivity of
the technique (25). Instead, serologic testing remains the most
widely used diagnostic method. The specific techniques com-
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monly used include complement fixation, indirect immunoflu-
orescence assay or microimmunofluorescence, enzyme-linked
immunosorbent assay, and microagglutination (23). C. burnetii
exhibits antigenic phase variation (phases I and II), which is
highly valuable in differentiating between acute and chronic Q
fever. Acute Q fever is characterized by antibodies against
phase II antigens, whereas chronic Q fever is characterized by
the presence of anti-phase I antibodies, usually in the presence
of anti-phase II antibodies (9). An IgG anti-phase I antibody
titer of =800 is considered diagnostic of Q fever endocarditis
(6, 32). High C. burnetii IgA titers were previously thought to
correlate with chronic Q fever endocarditis, but a more recent
study has shown that such reactions are not specific to this
form of the infection (23).

Recently, a molecular detection approach for testing of pa-
tient sera using a nested PCR assay demonstrated an optimal
sensitivity of 64% and specificity of 100% for the diagnosis of
chronic Q fever, but the assay’s sensitivity was dramatically
reduced if serum samples were stored at —20°C or if IgG phase
I titers were greater than 25,600 (8). Pathological features of
affected cardiac valves are nonspecific, characterized by signif-
icant fibrosis and calcifications, slight inflammation and vascu-
larization, and small or absent vegetations (16), although the
presence of foamy or “empty” macrophages may be suggestive
of C. burnetii infection (3). C. burnetii may be detected in cardiac
tissue by immunohistochemical analysis, culture, or PCR even
after prolonged antibiotic treatment (3, 9, 16, 24, 37).

Therapy and prevention of chronic Q fever. Chronic Q fever
is a severe illness for which the spontaneous death rate may
exceed 65% (23). With appropriate antibiotic therapy, chronic
Q fever-associated mortality may be significantly reduced, but
the organism is difficult to eradicate, and a prolonged course of
antibiotic treatment is necessary. In vitro data have shown that
the pH within the acidified phagosomal compartment in which
intracellular C. burnetii resides may be responsible for the lack
of bactericidal activity of many antibiotics (22). C. burnetii is
inherently resistant to B-lactam compounds and aminoglyco-
sides, but the organism is generally susceptible to tetracycline
derivatives, cotrimoxazole, rifampin, and the fluoroquinolones.
Monotherapy with each of these drugs may be effective in
reducing the symptoms associated with chronic Q fever, but
relapses are frequent upon cessation of antibiotics, prompting
the development of combination regimens (17, 30). Although
the combination of doxycycline and rifampin appears to be
more effective than doxycycline alone, the use of rifampin is
limited by drug-related interactions, especially with anticoag-
ulant agents, which are often prescribed to patients with car-
diac valve defects or prosthetic valves (28).

In a retrospective multicenter study involving 16 patients
with Q fever endocarditis treated with fluoroquinolones and
doxycycline, the combination regimen led to a statistically sig-
nificant difference in mortality compared to doxycycline mono-
therapy (17). However, based on clinical, serological, and valve
tissue culture results, neither therapy was able to cure Q fever
endocarditis within 2 years, and those authors recommended a
minimum duration of 3 years of therapy with doxycycline and
fluoroquinolones.

Hydroxychloroquine, an alkalinizing agent of phagolyso-
somes, in combination with doxycycline has been shown to
have in vitro bactericidal activity against C. burnetii (22). In a
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clinical study involving 35 patients with Q fever endocarditis,
the addition of hydroxychloroquine to doxycycline was found
to reduce the median duration of treatment by 2 years com-
pared to treatment with doxycycline and ofloxacin, and there
were no relapses after 18 months of therapy in the group that
received hydroxychloroquine-doxycycline (30). The mortality
rate for both regimens was 5%, and the major complication
associated with each regimen was hypersensitivity to sunlight.
Adverse effects of hydroxychloroquine include photosensitivity
and retinal accumulation, but only 1 of 21 patients in the
doxycycline-hydroxychloroquine group developed retinal tox-
icity that required the discontinuation of hydroxychloroquine
treatment (30).

Although the optimal duration of therapy is unknown, based
on these findings, the current recommendations for the treat-
ment of chronic Q fever are 100 mg of doxycycline by mouth
twice daily with 600 mg of hydroxychloroquine by mouth once
daily for at least 18 months. Serologic testing is recommended
on a regular basis during therapy, and the main predictive
criterion of clinical cure is a decrease of phase I IgG antibody
titers to <200 (28).

Because Q fever is an occupational hazard, vaccination has
been advocated for exposed populations, including livestock
handlers, abattoir workers, persons in contact with unpasteur-
ized dairy products, veterinarians, and laboratory personnel
working with C. burnetii (23). Although clinical data are lack-
ing, vaccination should also be considered for persons who are
not professionally exposed but who are at higher risk for de-
velopment of chronic Q fever, including those with cardiac
valve defects or prostheses, those with vascular aneurysms, and
immunocompromised patients. Currently available vaccines,
which are produced from phase I whole-cell C. burnetii isolates,
are effective in protecting humans against infection, but vacci-
nation of people with preexisting immunity can induce severe
local and occasional systemic reactions (39). Existing Q fever
vaccines for humans and animals are not commercially avail-
able in the United States.

For unclear reasons, C. burnetii infection is less commonly
recognized in the United States than in other developed coun-
tries, and cases of chronic Q fever are extremely rare. How-
ever, recent seroepidemiologic studies indicate that this infec-
tion is highly prevalent among U.S. cattle (12), and a recent
national survey of infectious disease experts reported that as
many as 75% of diagnosed Q fever cases are not reported, and
many cases are likely not diagnosed (10). Since Q fever became
reportable nationally in 1999, there has been a linear increase
in the numbers of human cases identified, with 21, 26, 61, 71,
and 70 cases in each year from 2000 through 2004 (11). As of
August 2005, 65 cases of Q fever were diagnosed in the United
States in 2005, extrapolated to 110 cases over the entire year.
Thus, it is likely that the prevalence of Q fever in the United
States is not dissimilar to that observed in other countries
where it is considered a significant and frequent cause of dis-
ease. Because affected patients may have nonspecific symp-
toms with no history of direct farm exposure and atypical
echocardiographic findings, the diagnosis of chronic Q fever
should be considered for all individuals with heart valve lesions
or immunosuppression who present with unexplained fever.
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