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Abstract

Although Q fever has been widely reported in the rural areas of China, there is a paucity of

data on the epidemiology and clinical characteristics of this disease in large metropolitan cit-

ies. In this study, we profile the epidemiology and clinical manifestations of Q fever from a ter-

tiary hospital in Shenzhen, a Southern Chinese metropolitan city with a large immigrant

population from other parts of China. A total of 14 patients were confirmed to have Q fever

during a nine-year-and-six-month period, five of whom were retrospectively diagnosed during

case review or incidentally picked up because of another research project on unexplained

fever without localizing features. Some patients had the typical exposure histories and clinical

features, while a few other patients had rare manifestations of Q fever, including one with

heart failure and diffuse intracapillary proliferative glomerulonephritis, a patient presenting

with a spontaneous bacterial peritonitis-like syndrome, and another one with concomitant Q

fever and brucellosis. Using a combination of clinical manifestation, inflammatory marker lev-

els, echocardiographic findings and serological or molecular test results, nine, three and two

patients were diagnosed to have acute, chronic and convalescent Q fever, respectively.

Seven, five and two patients were diagnosed to have Q fever by serological test, nested real-

time PCR and next-generation sequencing respectively. Diverse and atypical manifestations

are associated with Q fever. The incidence of Q fever is likely to be underestimated. Next-

generation sequencing is becoming an important diagnostic modality for culture-negative

infections, particularly those that the physicians fail to recognize clinically, such as Q fever.

Author summary

We describe the epidemiology and clinical manifestations of Q fever from a tertiary hospi-

tal in Shenzhen, a Southern Chinese metropolitan city in China. A total of 14 patients
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were confirmed to have Q fever during this study period. Notably, five of them were retro-

spectively diagnosed during case review or incidentally picked up because of another

research project on patients with unexplained fever. Interestingly, some patients had rare

manifestations of Q fever, such as heart failure and diffuse intracapillary proliferative

glomerulonephritis and spontaneous bacterial peritonitis. One patient had concomitant Q

fever and brucellosis. Half of the patients were diagnosed by traditional serological test,

while the other half by PCR or next-generation sequencing. Clinicians should have a high

index of suspicion of Q fever because of its diverse and atypical manifestations. The inci-

dence of Q fever is likely to be underestimated. Next-generation sequencing is becoming

increasingly important for diagnosis of culture-negative infections.

Introduction

Q fever is a zoonotic infection caused by a pleomorphic intracellular bacterium, Coxiella bur-
netii. Domestic animals, mainly sheep, goats and cattle, are the major source for human infec-

tion [1], with the bacterium present in the faeces, urine, milk and placenta of the infected

animals. In addition, C. burnetii can also be found in many other wild and domestic animals

such as horses, dogs, pigs, some birds, etc. [2]. The major route of transmission of C. burnetii
to human is through inhalation of contaminated aerosols and dust particles, and less com-

monly by handling and ingestion of infected meat and milk. Therefore, those who are in close

contact with the animals, such as farmers, abattoir workers and veterinarians are at highest

risk. Clinical presentation of Q fever can be acute or chronic. The acute form of the disease

usually presents as a self-limited non-specific febrile illness or atypical pneumonia, whereas

the manifestation of the chronic form is more variable, including endocarditis, hepatitis, men-

ingitis, encephalitis, osteomyelitis, etc. Notably, Q fever has become a notifiable disease in the

United States since 1999 due to its potential as a biological warfare agent [3]. Traditionally, Q

fever is diagnosed in the laboratory using serological test by detection of antibodies. Recently,

molecular tests such as polymerase chain reaction (PCR) amplification of specific targets have

also been employed for more rapid diagnosis of this condition [4].

Although Q fever has been widely reported in the rural areas of China [5], there is a paucity

of data on the epidemiology and clinical characteristics of this disease in large metropolitan cit-

ies. Since it is relatively uncommon in modern cities, diagnosis is often difficult as most clini-

cians may be unaware of the diverse manifestations of the disease. Often, the disease may be

treated without noticing the diagnosis through the prescription of empirical doxycycline for

atypical pneumonia or fever without localizing features. In this study, we profile the epidemiol-

ogy and clinical manifestations of Q fever from a tertiary hospital in Shenzhen, a Southern

Chinese metropolitan city with a large immigrant population from other parts of China. In

addition, the use of next-generation sequencing (NGS), the state-of-the-art and emerging tech-

nology in clinical microbiology, for laboratory diagnosis of Q fever as well as other culture-

negative infectious disease syndromes is also discussed.

Materials and methods

Ethical statement

Ethics approval and exemption on patient consent for this retrospective study were endorsed

by the Institutional Review Board of The University of Hong Kong—Shenzhen Hospital

([2021]161).
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Patients

This was a retrospective study conducted over a nine-year-and-six-month period (1 July 2012

to 31 December 2021) in The University of Hong Kong—Shenzhen Hospital. This 1,400-bed

multi-specialty hospital was established in 2012 and provides primary to tertiary medical ser-

vices to the residents of Shenzhen city in both inpatient and outpatient settings. Shenzhen is a

Special Economic Zone with an estimated population of nearly 18 million people including a

large migrant population from other regions in China. Geographically, it is located in the

Guangdong Province, immediately north to Hong Kong. Affected by the policy of the govern-

ment in mainland China, Shenzhen has been one of the fastest growing cities in the world dur-

ing the 1990s. The clinical details, laboratory data and radiological findings of all patients with

Q fever were retrieved from the hospital electronic record system and analysed. Clinical speci-

mens, including the sera for indirect immunofluorescence assay and blood samples for nested

real-time PCR and NGS analysis, were collected and handled according to standard protocols

[6]. The diagnosis of acute, chronic and convalescent Q fever was made based on a combina-

tion of clinical presentation, inflammatory marker levels, echocardiographic findings and sero-

logical or molecular test results. Endocarditis was diagnosed using modified Duke’s criteria

[7].

Indirect immunofluorescence assay

Q fever serology was performed in our laboratory since September 2020 using the indirect

immunofluorescence assay (Focus Diagnostics, California, USA) for detection of human IgM

antibodies to C. burnetii by a 2-stage “sandwich” principle, in which the wells of the slide was

coated with C. burnetii phase I/II antigen and the presence of IgM detected with fluorescein-

labeled antibody to IgM. The test was performed and results interpreted according to manu-

facturer’s instructions. A serum titer of�1:16 to both phase I and phase II antigens strongly

suggests recent C. burnetii infection, while that of<1:16 to both phase I and phase II antigens

argues against recent C. burnetii infection. During acute infection, the IgM titers to phase II

antigen are greater than those to phase I antigen; whereas during chronic infection or conva-

lescent phase, the IgM titers to phase I antigen are greater than or equal to phase II antigen.

Detection of IgG antibodies was not performed because of budget limitations.

Nested real-time PCR

Nested real-time PCR for C. burnetii was performed in our laboratory since August 2021 by

targeting the transposon-like repetitive region, IS1111 gene, according to a published protocol,

with modifications [8]. Briefly, total nucleic acid was extracted from 300 μL of plasma using

the MagaBio plus Virus DNA/RNA Purification Kit III (BIOER, Hangzhou, China). The

nucleic acid was eluted in 60 μL of RNase-free water and was used as the template for nested

real-time PCR. The primers and probe sequences of the nested real-time PCR assay were syn-

thesized by BGI (Beijing, China) (S1 Table). Real-time PCR was performed using the Quanti-

Nova Probe PCR Kit (Qiagen) and in a QuantStudio 5 Real-Time PCR Instrument (ABI,

Singapore). The master mix and cycling conditions are shown in S2 and S3 Tables.

Next-generation sequencing

Ethylene Diamine Tetraacetic Acid (EDTA)-treated blood was collected from the patients and

sent to the BGI PathoGenesis Pharmaceutical Technology Co., Ltd (Shenzhen, China) for

NGS analysis of pathogenic microorganisms.
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Results

Clinical characteristics

A total of 14 patients were confirmed to have Q fever during the study period (Table 1). Twelve

patients were males and two were females. The median age was 46.5 (range 20–65). Three had

high risk occupations (chef in case 6 and farmers in cases 10 and 11). Four (cases 2, 6, 10 and

11) had clear histories of recent exposure to goat, sheep or cattle and 4 others (cases 3, 8, 9 and

12) have recent visit to the rural environment. The remaining 6 patients (cases 1, 4, 5, 7, 13

and 14) denied any recent contact with livestock, although case 1 had recent unprotected sex-

ual intercourse, which has been reported to be a possible route of C. burnetii transmission [9].

The median interval between disease onset and hospital admission was 10 (range 6–90) days

and that between hospital admission and confirmation of the diagnosis of Q fever was 10.5

(range 3–600) days. All the 14 patients presented with fever and non-specific symptoms,

although cases 2 and 3 had very severe headache and were admitted to the neurology unit as

suspected meningitis. Case 6 presented with symptoms of heart failure and glomerulonephritis

(Fig 1) and case 9 presented with a spontaneous bacterial peritonitis-like syndrome (Fig 2).

Four (cases 1, 2, 6 and 9) and 9 (cases 1, 2, 3, 4, 6, 7, 8, 10 and 14) patients had hepatomegaly

and splenomegaly, respectively. Using a combination of clinical manifestation, inflammatory

marker levels, echocardiographic findings and serological or molecular test results, 9 (cases 1,

2, 3, 4, 5, 7, 8, 11 and 12), 3 (cases 6, 9 and 14) and 2 (cases 10 and 13) patients were diagnosed

to have acute, chronic and convalescent Q fever, respectively. All the 14 patients survived. For

the 10 patients (cases 1, 2, 3, 4, 5, 6, 8, 9, 12 and 13) who had fever on admission, the median

time to defervescence was 3.5 (range 1–7) days.

Laboratory findings

The laboratory findings of the 14 patients with Q fever in the present cohort are summarized

in Table 2. Three of the 10 patients (cases 1, 9 and 12) had increased peripheral white cell

count and neutrophilia. Five patients (cases 2, 3, 5, 6 and 10) had moderate thrombocytopenia.

Twelve (cases 1, 2, 3, 4, 5, 7, 8, 9, 10, 12, 13 and 14) had mildly to moderately elevated liver

parenchymal enzymes. The median (range) serum alanine transaminase and aspartate trans-

aminase levels were 103.2 (11.1–154) U/L and 54.9 (25–167.9) U/L respectively. The median

erythrocyte sedimentation rate (ESR) was 28 (range 5–111) mm/hour, with 6 patients (cases 1,

4, 5, 6, 7 and 11) having moderately raised ESR and one patient (case 12) with an ESR of>100

mm/hour. The median C-reactive protein (CRP) was 87.5 (range 0.45–219.2) mg/L with 13

patients having elevated CRP. The median activated partial thromboplastin time (aPTT) was

46.1 (range 33.9–82.3) seconds, with 10 patients (cases 1, 4, 5, 6, 7, 8, 9, 12, 13 and 14) having

prolonged aPTT. Lupus anticoagulant was checked in 9 patients and 6 (cases 1, 6, 7, 9, 12, and

14) were detected.

Echocardiography findings and endocarditis

Echocardiography was performed in all of the 14 patients, with 6 of them showing abnormal

findings (Table 1). According to the modified Duke’s criteria, 2 patients (cases 6 and 14) ful-

filled the criteria for infective endocarditis.

Microbiological findings and laboratory diagnosis of Q fever

Seven patients (cases 1, 6, 9, 10, 11, 12 and 13) were diagnosed to have Q fever by positive sero-

logical test (Table 2). Five patients (cases 4, 5, 7, 8 and 14) were diagnosed by positive nested
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real-time PCR and two (cases 2 and 3) were diagnosed by NGS. Ten patients had brucella

serology performed and was positive in one (case 13).

Discussion

In this study, we describe the diverse and some atypical manifestations of Q fever in a densely

populated metropolitan city. In the present cohort, some patients had the typical occupation,

Fig 1. Computed tomography of the thorax and abdomen and histology of renal biopsy for Case 6. (A) Bilateral

diffuse interstitial infiltrates pleural effusion. (B) Bilateral pleural effusion and mediastinal lymphadenopathy (arrow).

(C) Hepatosplenomegaly and ascites. (D) Symmetrically enlarged kidneys. (E) Diffuse intracapillary hyperplasia in the

glomerulus with neutrophil infiltration in the capillary lumen, and mild proliferation of mesangial cells and stroma in

focal segments of the glomerulus (PAS×400). (F) Focal renal interstitial fibrosis and edema with neutrophil,

lymphocyte and plasmacyte infiltration (H&E×200). (G) Granular C3 deposition in the capillary wall and mesangial

regions on immunofluorescent staining (×200).

https://doi.org/10.1371/journal.pntd.0010364.g001

Fig 2. Computed tomography of the abdomen for Case 9. (A) Plain film showing peritonitis (arrowhead) and

thickened capsule of the left kidney (arrow). (B) Contrast-enhanced image (arterial phase) showing peritonitis

(arrowhead) and thickened capsule of the right kidney (arrow).

https://doi.org/10.1371/journal.pntd.0010364.g002
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exposure history and manifestation. For example, cases 10 and 11 were a couple and they were

farmers with clear contact history with goats. At the same time, a few other patients have atypi-

cal and rare manifestations of Q fever. Case 9 was a 35-year-old man with underlying fatty

liver who presented with fever, chills and abdominal pain. Although the clinical diagnosis was

spontaneous bacterial peritonitis, chest radiograph revealed bilateral pleural effusion and atel-

ectasis and contrast computed tomography (CT) of the abdomen showed abdominal effusion,

thickening of parietal peritoneum and bilateral renal capsules (Fig 2). In addition, he had pro-

longed aPTT at 60.9 seconds and he failed to respond to empirical intravenous piperacillin-

tazobactam for the treatment of spontaneous bacterial peritonitis. Although trans-esophageal

echocardiography did not show any vegetation, Q fever serology was performed and revealed

high titers (both�1:1024) of IgM to both phase I and phase II antigens. In the literature, only

one other case of Q fever with a spontaneous bacterial peritonitis-like syndrome was reported

[10]. In that 55-year-old man with underlying type 2 diabetes mellitus, he presented with fever

and chills for 20 days but there was no abdominal pain. Only diffuse abdominal fullness with-

out tenderness was observed during physical examination. Similar to our patient, he also had

prolonged aPTT of 74.5 seconds and mildly deranged liver function test. CT of the abdomen

did not show any ascites but gallium scan revealed hepatomegaly with diffuse uptake in the

abdomen, suggestive of peritonitis or peritoneum carcinomatosis. Q fever serology subse-

quently showed high titers (both�1:2560) of IgG and IgM to phase II antigens. In addition to

this case 9 of Q fever presenting as spontaneous bacterial peritonitis, the manifestation of case

6 was also uncommon. Case 6 was a 62-year-old man with underlying hypertension and

congestive heart failure who presented with facial puffiness and bilateral lower limb swelling

for 5 days without fever. Serum creatinine was elevated and on increasing trend and there was

hypoalbuminemia and microscopic hematuria. CT of the thorax and abdomen showed inter-

stitial pulmonary edema, pericardial and bilateral pleural effusion, mediastinal lymphadenopa-

thy, bilateral enlarged kidneys and ascites (Fig 1A–1D). Q fever serology showed that the titers

of IgM to phase I and phase II antigens were 1:8192 and 1:512 respectively. Histological exami-

nation of the renal biopsy revealed diffuse intracapillary proliferative glomerulonephritis (Fig

1E–1G), which has been reported only once as a complication of Q fever [11]. Other reported

cases of glomerulonephritis associated with Q fever were mainly focal and segmental prolifer-

ative glomerulonephritis, mesangioproliferative glomerulonephritis, mesangiocapillary

glomerulonephritis and membranoproliferative glomerulonephritis [11–14]. In our patient,

the glomerulonephritis and renal function responded promptly to doxycycline treatment of

the Q fever.

The incidence of Q fever is underestimated. Failure to make a diagnosis of Q fever is mainly

due to the difficulty for the clinician to recognize the disease or lack of laboratory support to

confirm the diagnosis. In modern cities where farms are not commonly found and the inci-

dence of Q fever low, doctors are unfamiliar with the diverse presentations of this infection.

Moreover, the disease is often self-limited or if presented as atypical pneumonia, it may be

treated empirically with doxycycline without confirming the microbiological diagnosis

through ordering the appropriate laboratory tests. As illustrated in the present cohort, case 13

was a 56-year-old man presented with fever and back pain. As Brucella melitensis was isolated

from the patient’s blood culture and brucella serology was also positive, the patient was treated

with doxycycline and gentamicin for one week followed by doxycycline for five more weeks.

The patient responded and was discharged uneventfully. It was only during case review one

and a half months later that the diagnosis of Q fever was also suspected. The serum of the

patient was retrieved and Q fever serology showed that the titers of IgM to phase I and phase II

antigens were 1:128 and 1:16 respectively. In fact, co-infection of C. burnetii and Brucella spe-

cies has only been reported once in the literature [15]. In that case, the patient was a 30-year-
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old agricultural worker who presented with fever and non-specific symptoms. He worked in a

sheep farm and has consumed unpasteurized dairy products of sheep origin in Bosnia and

Herzegovina. Similar to our case 13, blood culture was positive for B. melitensis and brucella

serology was also positive. In addition, C. burnetii phase II IgM/IgG titers were 1:50 and

1:1024, respectively, confirming the co-infection. As the animal source of these two bacteria

are common, we speculate that C. burnetii and Brucella co-infection is also under reported, as

patients who are treated with brucellosis would have their Q fever treated automatically. In

addition to case 13, it is of note that four other patients (cases 4, 5, 7 and 8) were clinically diag-

nosed to have typhus-like illness during their admissions, although none of them was labora-

tory confirmed. Hence, doxycycline was empirically prescribed and they responded promptly.

Their diagnosis of Q fever was only incidentally confirmed by real-time quantitative PCR

when they were investigated retrospectively for unexplained fever without localizing features

in another research project. As for the lack for laboratory support, some microbiology labora-

tories are not equipped with tests for Q fever. For example, for the laboratory in our hospital,

serology test was only available since late 2020. This is indeed the reason why 70% of the Q

fever cases in the present cohort were made since this time. For case 1 which the diagnosis was

made in 2014, the laboratory test was actually carried out in Hong Kong when the diagnosis of

Q fever was suspected despite there was no obvious exposure histories to animals.

NGS is becoming an important diagnostic modality for culture-negative infections, particu-

larly those that the physicians fail to recognize clinically. When NGS technologies first

appeared in the market, they were mainly used for genome sequencing. With the advancement

of sequencing chemistries and computational capacity, NGS technologies have matured into

clinical applications in the recent years [16]. In the clinical setting for infectious diseases, NGS

is used most often for patients who have fever without localizing features or culture-negative

infections. We have recently reported its application in fungal diagnosis as well as confirming

the first case of listeria meningitis in a patient with autoantibody against interferon gamma

and another one with Mycobacterium marinum infection [17–19]. In the present cohort, case 2

and 3 both presented with fever and severe headache and were admitted to the neurology unit

as suspected meningitis. Lumbar puncture was performed but analysis of the cerebrospinal

fluid was negative. At that time, Q fever serology and real-time PCR test were not yet available

in our hospital. Hence, blood samples of the patients were sent for NGS, which revealed 211

and 1021 sequence reads of C. burnetii respectively, confirming the diagnosis of Q fever. In

our setting, the NGS was performed in a private laboratory with the cost of RMB 4,500 (~698

USD) per sample and the turn-around-time for these two cases were two days, making the use

of this robust technology pragmatic and affordable in the clinical setting. It is of note that Q

fever has been diagnosed a few times using NGS in the literature [20–22], including a recent

outbreak in southern China [21]. In that outbreak, plasma samples from 138 out of 2382

patients who had fever of unknown source were tested positive for C. burnetii sequences by

NGS and the outbreak was finally traced to goats and cattle in a slaughterhouse [21]. With its

low equipment cost, short turn-around-time and portable size, the recent invention of the

Oxford Nanopore Technologies’ MinION device and further improvement of its sequencing

accuracy will make the use of NGS within clinical microbiology laboratories feasible in the

near future.
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