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Q fever is a worldwide zoonosis caused by Coxiella burnetii, a small 
and highly pleomorphic coccobacillus with a gram-negative cell 
wall that can survive inside the phagolysosome of the host 
cells. The most common animal reservoirs are cattle, sheep and 
goats, as well as ticks, but many other species, including pets, 
can be infected and serve as reservoirs for Q fever [1]. Infected 
animals secrete the organism in their urine, feces, milk, and birth 
products, where it can survive in its spore-like form for several 
months. Transmission usually occurs by inhalation of infected 
aerosol particles carried by wind or by direct contact with an 
animal product [2].

Q fever, the clinical disease caused by Coxiella burnetii, is 
conveniently divided into acute and chronic forms, which are 
two distinct entities that differ in their clinical course, serologic 

markers and therapy [2]. Acute Q fever, the primary infection, 
is usually a self-limited disease with several clinical presenta--
tions. About half the patients are asymptomatic [3], while many 
others have a non-specific flu-like disease. Only 2% of patients 
with acute Q fever are hospitalized, usually for prolonged fever, 
pneumonia or hepatitis. Other, though rare presentations of acute 
Q fever include neurologic syndromes [4], peri-myocarditis, and 
acalculous cholecystitis [5]. There are several populations at spe--
cific clinical risk for Q fever complications. Pregnant women with 
acute Q fever are at high risk for abortions, which may be related 
to the presence of antiphospholipid antibodies and placental 
thrombosis [6]. Patients with valvular disease or prosthetic grafts 
are at risk to develop endocarditis and graft infection [7]. Acute 
Q fever is diagnosed by the presence of immunoglobulin M and 
G antibodies directed against phase II organisms (organisms 
that lost certain surface antigens in culture) [1]. Chronic infec--
tion, which commonly involves infection of heart valves, vascular 
aneurysms or prosthesis, is characterized by high titer of IgA 
and IgG antibodies against phase I organisms (natural organisms 
found in infected animals and humans) [8].

In Israel, Q fever is an endemic disease that was first reported 
in 1949 [9]. Gross et al. [10] examined 400 pregnant women from 
southern Israel without a clinical history of Q fever and found 
that 21.3% of them were seropositive for Q fever. Yarrow and 
colleagues [11] examined the reported incidence of Q fever in 
Israel since it was first notifiable in 1951 and concluded that it 
is both under-diagnosed and under-reported. Between the years 
1981 and 1985 the Ministry of Health collected data on seroposi--
tive patients from two reference laboratories in Israel. During that 
time, 687 seropositive patients were identified. In contrast, in 
the previous years (1963 to 1980) only 62 cases were reported 
to the Ministry of Health, emphasizing that Q fever is indeed 
under-reported in Israel [11]. 

The clinical spectrum of acute Q fever in Israel has not been 
described in a large series of patients. In the present study, we 
retrospectively investigated the clinical manifestations and the 
laboratory abnormalities of 100 unselected patients hospital--
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ized in six medical centers with serologic evidence for acute Q 
fever. 

Patients and Methods
The records of the National Reference Center for Rickettsioses 
(Nes Ziona, Israel) were screened for positive serum samples for 
acute Q fever. Clinical data, contained in the medical records 
of such patients, were collected from six medical centers in the 
country – Soroka (in Beer Sheva), Kaplan (Rehovot), Meir (Kfar 
Saba), HaEmek (Afula), Poriyah (Tiberias), and Bnei Zion (Haifa) 
– using a uniform information sheet that included the patient’s 
medical history, physical examination, laboratory findings, clini--
cal course, and response to therapy. Since IgM antibodies may 
remain for a long time after an acute infection, patients were 
considered to have acute Q fever only when the serologic data 
were accompanied by a clinical course that was compatible with 
acute infection. Patients who had an alternative diagnosis were 
excluded from the study. The study protocol was approved by our 
local ethics committee. 

Serologic diagnosis
Serum samples were tested for IgG and IgM antibodies to phase 
I and phase II Coxiella burnetti antigens by the indirect immuno--
fluorescence assay as previously described [12]. Patients with 
high titer (≥ 1:100) for both IgG and IgM antibodies to phase II 
antigens were considered seropositive for acute Q fever [12]. All 
patients were diagnosed according to one tested serum. 

Results
Between the years 1986 and 1996, about 1500 sera samples 
obtained from 1500 patients were sent annually to the National 
Reference Center for Rickettsioses (Nes Ziona, Israel) for serologic 
evaluation of hospitalized patients with suspected diagnosis of 
acute Q fever. Of those 15,000 sera, about 1% was found to be 
positive for acute Q fever. We studied the medical records of 100 
hospitalized patients with serologic diagnosis of acute Q fever 
and found that all 100 had acute illness compatible with the 
diagnosis of acute Q fever. The mean age of these patients – 61 
males and 39 females – was 42.7 ± 17.3 years (range 0.8–87). 
The age distribution of our 100 patients with acute Q fever is 
demonstrated in Figure 1. As seen in the figure, most patients 
were of working age, and less than 5% were children (< 15 years 
old).

Acute Q fever occurred in Israel throughout the year. However, 
as shown in Figure 2, there is a seasonal distribution with a 
peak between April and September (64% of patients). During 
wintertime, November to March, the incidence of acute Q fever 
was much lower [Figure 2]. 

The clinical characteristics of our 100 patients with acute Q 
fever are summarized in Table 1. Most of the patients had no 
underlying disease, and only 24% of them suffered from any 
chronic disorder (e.g., heart or lung disease). More males than 
females were hospitalized for acute Q fever (1.6:1 ratio), and this 
male preponderance was observed in all age groups. In almost 
all our patients (98%) fever was the presenting symptom. Muscle 

pain, headache, shivering and cough were observed in 39%, 37% 
and 35% of the patients respectively [Table 1]. The mean length 
of symptoms before admission was 9.7 ± 6.0 days and total days 
of fever averaged 15.5 ± 8.6 days (range 3–41 days). The results 
of the physical examination at admission are summarized in 
Table 2. As shown in the table, physical examination was com--
pletely normal in about one-quarter of the patients. Abnormal 

Figure 1. Age distribution of 100 unselected hospitalized patients  
with acute Q fever in Israel

Figure 2. Seasonal distribution of acute Q fever in 100 
unselected hospitalized patients in Israel.

Table I. Demographic and clinical features 
of 100 unselected hospitalized patients 
with acute Q fever

Demographic features

Mean age (± SD) (yrs)

Male/Female

Mean duration of symptoms  

before admission (days)

Total days of fever (± SD)

Clinical features

Fever (> 38.0°C)

Myalgia

Headache

Cough

Chills

Nausea, vomiting

Prostration

Night sweats

Arthralgia

Dyspnea

Diarrhea

42.7 ± 17.3

1.6:1
9.7 ± 8.0

(range 2–20)

15.5 ± 8.6

98%

39%

37%

35%

34%

33%

27%

15%

7%

6%

5%
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lung auscultation findings, splenomegaly and hepatomegaly were 
detected in 26%, 23% and 16% of the patients, respectively. Most 
patients demonstrated a high sedimentation rate (in 70% of the 
patients at admission ESR was higher than 60 mm/hour), 33% 
of the patients had leukopenia (< 4,500/µl) and 45% had throm--
bocytopenia (< 150,000/µl). Almost all patients had a prominent 
shift to the left (89% of manual counts). Elevated liver enzymes 
were present in 67% of patients. Abnormal urinalysis was present 
in more than half the patients (64%), and included microscopic 
hematuria (50%), leukocyturia (38%), proteinuria (17%), and casts 
(7%). Rheumatoid factor was present in 7/16 tested patients 
(43%). In 10 patients, serum protein immunoelectrophoresis was 
performed which, interestingly, detected one or more monoclonal 
peak proteins in 5 of them (50%) (IgG kappa in 3, IgM kappa in 
2). 

Chest X-ray results were available in 73 of our patients. In 
27 of them (36.9%) some abnormalities were noted, which were 
evenly distributed between right and left lungs. Pneumonia when 
present was usually unilateral (22/27, 81%), and was more com--
mon in the lower lobes of the lungs (19/27, 70%). Only three of 
the patients with infiltrate had pleural effusion (12%). 

Seventy-one of our patients received at least one antibiotic 
with activity against Coxiella burnetii. Fifty of those patients were 
treated with tetracycline preparations (mostly doxycycline). 
Fourteen patients received macrolides and 7 received quinolones. 
Eight patients received antibiotics without activity against Coxiella 
burnetii (cephalosporin in 4, penicillin in 3, chloramphenicol in 1), 

ESR = erythrocyte sedimentation rate

and 21 patients recovered without any antibiotic therapy. Despite 
a protracted course in several cases, all patients with acute Q 
fever eventually recovered completely.

Discussion
We describe the clinical and laboratory characteristics of 100 
unselected hospitalized patients with acute Q fever, diagnosed 
by the presence in one sample of high titer for both IgM and 
IgG antibodies against Coxiella burnetii phase II antigens [12] as 
well as symptoms of acute disease without any other alternative 
diagnosis. Almost all patients had fever (98%), about two-thirds 
had elevated liver enzymes without jaundice, and a third of the 
patients presented with pneumonia. Characteristic laboratory 
findings included accelerated ESR, normal or low white blood 
count with many band forms, thrombocytopenia, and abnormal 
urinalysis. 

The serologic diagnosis of acute Q fever in our study was 
based on the detection by indirect immunofluorescence of high 
titers (> 1:100) for both IgM and IgG antibodies directed against 
phase II antigens [1,15] in one serum sample (see Patients 
and Methods). Since the sera were obtained from hospitalized 
patients with symptoms of acute illness that presented about 
10 days prior to their admission, we believe that our serologic 
results defined true illness of acute Q fever. Nevertheless, due to 
the absence of repeated sera testing we cannot completely rule 
out the possibility of false positive results (because of cross-
reactivity or remote infection).

The mean age of our patients (42.7 ± 17.3 years) is similar to 
other series from France and Israel [8,13] but is slightly higher 
than reported from Spain [14]. As observed in other series, chil--
dren are rarely affected [15] and there is a male preponderance 
among hospitalized patients with acute Q fever [8,14]. In contrast 
to a previous report from Israel [11], we found a seasonal dis--
tribution with a peak in the warm season [Figure 2], similar to 
reports from France and Spain showing that Q fever is more 
common during spring and early summer [2,14]. This peak may 
be due to the fact that during the warm season more infected 
aerosols are generated.

The clinical presentation, physical findings and laboratory 
abnormalities observed in our patients [Tables 1 and 2] are 
generally comparable to those described in previous series [1,2, 
8,14]. Prolonged febrile illness is the most common presenta--
tion [15,16]. The relatively low proportion (37%) of patients 
with documented headache in our retrospective study may be 
due to lack of documentation of this symptom in the medical 
files. Similar to previous series, about two-thirds of our patients 
also had elevated liver enzymes without jaundice. Cholestatic 
hepatitis with significant elevation of serum conjugated bilirubin 
is uncommon in patients with acute Q fever, although it has 
been observed in a few patients [8,16]. In all five patients who 
underwent liver biopsy in our study, granulomatous hepatitis 
was present. 

Community-acquired pneumonia is another major presentation 
of acute Q fever, though only 6% of patients with community-
acquired pneumonia have Q fever [13]. As in other reports, it 

Table 2. Clinical and laboratory findings at 
admission in 100 unselected hospitalized patients 
with acute Q fever

Clinical findings

Normal physical examination

Abnormal lung auscultation 

Splenomegaly

Hepatomegaly

Heart murmur

Rash or purpura

Lymphadenopathy

Neurologic findings 

Jaundice

Laboratory findings 

Accelerated ESR (> 20 mm/hr)

Leukopenia (< 4500/µl)

Leukocytosis (> 11,000/µl)

Shift to the left (> 6% band forms)

Average band forms

Thrombocytopenia (< 150,000/µl)

Elevated AST (> 35 U/ml)

Elevated ALT (> 35 U/ml)

Abnormal urinalysis

24%

26%

23%

16%

15%

9%

5%

2%

3%

94% (63/68)

33% (33/100)

7% (7/100)

89% (48/54)

15%±12

45% (45/99)

63% (60/96)

67%(64/96)

64% (51/80)

AST = aspartate aminotransferase, ALT = alanine amino-

transferase
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comprised about one-third of clinical presentations [2]. When Q 
fever presents as community-acquired pneumonia, it is probably 
impossible to differentiate it clinically from “atypical pneumonia” 
caused by other organisms. As demonstrated in previous publica--
tions [13], Q fever pneumonia is usually unilateral. In contrast 
to the recent series reported by Gikas et al. [17], who found 
predominant upper lobe involvement [17], the pneumonia in 
our patients was more common in the lower lobes. Moreover, 
multiple round opacities, which were reported to be characteristic 
of acute Q fever pneumonia [18], were not present in any of our 
patients. Pneumonia was usually mild and dyspnea was noted in 
only 6% of our hospitalized patients. 

 Mild and transient leukopenia and thrombocytopenia, remi--
niscent of viral disease, were more common in our patients than 
in previous reports [1,2]. Normal or low white blood counts with 
excess of band forms (> 6%) on peripheral blood film, which is 
only rarely mentioned in the literature [14,19], were present in 
89% of our patients and may serve as a clue for the diagnosis. 

Abnormal urinalysis, but with preserved renal function, was 
very common among our hospitalized patients with acute Q 
fever. Acute glomerulonephritis, although rare, is a well-known 
presentation of Q fever [20]. The high prevalence of abnormalities 
in urine analysis has not been previously reported and together 
with other clinical characteristics may help in clinical diagnosis. 
Due to the low number of patients who were tested for the 
presence of rheumatoid factor and monoclonal gammopathy, 
the significance of those abnormalities cannot be evaluated. 
Moreover, we cannot rule out that these abnormalities reflect 
cross-reactivity due to hypergammaglobulinemia.

Most hospitalized patients with acute Q fever, without pneu--
monia, present with a characteristic clinical picture that includes 
an acute febrile disease with few physical findings, normal or 
“viral” blood count with many band forms, accelerated ESR, and 
mild elevation of liver enzymes. It is interesting to note that 
despite such a non-specific clinical picture, appropriate empiric 
antimicrobial therapy was given to most patients (79%) before 
a definitive laboratory diagnosis was available. Patients with 
pneumonia routinely receive macrolides or doxycycline for their 
pneumonia, but many other patients also receive empiric therapy 
for “suspected rickettsial disease.” It seems that many hospital 
physicians in Israel tend to treat such hospitalized patients with 
empiric tetetacycline, macrolides or quinolones. The fact that 
only 1% of all suspected sera was found to be positive for acute 
Q fever also supports the high suspicion rate of Israeli physicians 
for the latter diagnosis. Eleven of our patients (11%) recovered 
without any treatment and another 10 patients recovered despite 
receiving antibiotics that are considered ineffective against Coxiella 
burnetti (e.g., beta-lactams) [21,22], suggesting that acute Q fever 
is a self-limited disease even among hospitalized patients. 

Twelve patients with acute Q fever also demonstrated low 
titer of antibodies directed against phase I antigens in their 
sera. None of them developed chronic Q fever and all of them 
recovered uneventfully. Such a serologic response was previously 
reported by Worswick and Marmion [23]. Antibodies against phase 
I antigens during acute Q fever are targeted against a different 

repertoire of antigens compared to the antibodies in patients 
with chronic Q fever and they slowly disappear with therapy [24]. 
Fifteen percent of our patients had a heart murmur. It is advised 
to search for a valve disorder in such patients, since the risk to 
develop Q fever endocarditis is high in this subgroup of patients 
with acute Q fever. A recent report emphasized the risk of devel--
oping chronic Q fever in patients with valvular heart disease and 
recommends that those patients be treated with a combination 
therapy of doxycycline 200 mg/day with hydroxychloroquine 600 
mg/day for 1 year [25]. 

Conclusion
Acute Q fever among Israeli hospitalized patients has a charac--
teristic clinical picture that includes an acute febrile disease with 
few physical findings, normal or “viral” blood count with many 
band forms, accelerated ESR, mild elevation of liver enzymes, 
and abnormal urinalysis without impaired renal function. The 
prognosis of acute Q fever in our hospitalized patients was excel--
lent. Despite a protracted course in a small number of patients, 
all recovered with or without antibiotic treatment.
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Electrically powered motor or actuators can serve as artificial 
muscles in robots or prosthetic limbs, but significant “down 
times” will likely occur if their power needs are met by re--
chargeable batteries. Ebron et al. demonstrate two alternative 
approaches that use fuel cells. In one approach, a catalyst 
containing carbon nanotubes acts as muscle, fuel cell electrode, 
and supercapacitor electrode in a hydrogen-fueled system. In 

the other approach that can be fueled by hydrogen, methanol, 
or formic acid, a shape-memory alloy is used; this artificial 
muscle achieves actuator stroke and power density comparable 
to that of natural skeletal muscle and generates stresses that 
are one hundred times greater.

Science 2006;311:1580
Eitan Israeli
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Artificial muscles

Kaposi’s sarcoma-associated herpes virus (KSHV) is responsible 
for causing the debilitating life-threatening lesions often observed 
in patients with HIV/AIDS. Kaleeba and Berger identify human 
xCT, the light chain of human cystine/glutamate transporter 
as a receptor for the virus necessary and sufficient for its 
entry into target cells. Recombinant xCT rendered otherwise 

non-permissive target cells susceptible to KSHV glycoprotein-
mediated cell fusion and to KSHV virion entry, and antibodies 
to CT blocked KSHV fusion and entry with naturally permissive 
target cells.

Science 2006;311:1921
Eitan Israeli
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Kaposi’s virus entry receptor

There are times when we must sink to the bottom of our misery to understand truth, just as 
we must descend to the bottom of a well to see the stars in broad daylight

Vaclav Havel (1936- ), former President of the Czech Republic, prominent playwright and poet, 
and one of the leading intellectual figures and moral forces in Eastern Europe. Havel’s role 
as a public figure has now somewhat overshadowed his record as a dramatist and political 
essayist. His works often deal with the power of language to interfere with clear thought. 
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