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A B S T R A C T   

The diagnosis of Q fever is challenging due to nonspecific symptoms and negative standard blood culture results. 
Serological testing through immunofluorescence assay (IFA) is the most commonly used method for diagnosing 
this disease. Polymerase chain reaction (PCR) tests can also be used to detect bacterial DNA if taken at an 
appropriate time. Once the presence of bacteria is confirmed in a sample, an enrichment step is required before 
characterizing it through sequencing. Cultivating C. burnetii is challenging as it can only be isolated by inocu-
lation into cell culture, embryonated eggs, or animals. In this article, we describe the isolation of C. burnetii from 
a valve specimen in Vero cells. We conducted genome sequencing and taxonomy profiling of this isolate and were 
able to determine its taxonomic affiliation. Furthermore, Multispacer sequence typing (MST) analysis suggests 
that the infection originated from a local strain of C. burnetii found around northern Israel and Lebanon. This 
novel strain belongs to a previously described genotype MST6, harboring the QpRS plasmid, never reported in 
Israel.   

1. Introduction 

Q fever is caused by the highly infectious Coxiella burnetii, an obligate 
intracellular bacterium. C. burnetii has been found to infect both wild 
and domestic animals, such as reptiles, birds, and arthropods (particu-
larly ticks). Goats, sheep, and cattle are considered to be the primary 
reservoirs of this bacterium. C. burnetii is shed in large numbers in the 
birth products of infected animals and can also be found in milk during 
parturition [1]. People can become infected through inhalation of 
contaminated air that contains infectious organisms [2–4]. Human Q 
fever has a polymorphic clinical presentation [5–7] with two stages that 
are distinct in their antigenic phases of antibody response: acute and 
chronic stages. Symptoms of acute Q fever can range from asymptomatic 
to a flu-like self-limited illness or more severe symptoms such as pneu-
monia [8], granulomatous hepatitis, and, in rare cases, cardiac 
involvement [9]. The chronic disease (which occurs in a minority (<5%) 
of the cases) may manifest months to years after an acute infection and 

can be lethal if not treated appropriately. Chronic Q fever typically 
manifests as endocarditis caused by C. burnetii, primarily affecting the 
aortic and mitral valves as well as valvular prostheses [10]. Vascular 
infections are the second most common, persistent focalized infection 
after endocarditis [6,10,11]. It has been proposed that the clinical pre-
sentation, host type, and severity of Q fever may differ depending on the 
C. burnetii strain involved [12–15]. The first C. burnetii genome 
sequenced was in 2003 from the Nine Mile Phase I RSA493 strain [16]. 
In recent years, additional 14 genomes of C. burnetii strains were 
sequenced, generating data that facilitated comparative genomic ana-
lyses of this pathogen. Previously, it was thought that no pathotype 
specific gene was associated with Coxiella burnetii [17]. However, a 
recent publication demonstrates that there is a significant association 
between presence of plasmids and the clinical presentation outcome. 
Strains containing the QpRS plasmid were associated with persistent 
focalized infections (chronic Q fever) and were never found in acute Q 
fever [18]. In this paper, we present the diagnosis of C. burnetii in a 
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42-year-old male patient, who was admitted to the emergency room 
with a stroke. He was diagnosed with aortic valve endocarditis. The 
patient’s condition deteriorated rapidly, and he underwent open-heart 
surgery. Despite medical intervention, the patient passed away 18 
days after hospitalization. 

1.1. Clinical case 

A 42-year-old male with a congenital bicuspid aortic valve was 
admitted to several hospital emergency rooms (ER) presenting different 
symptoms such as rash, blurred vision, and myalgia. Due to a heart 
murmur, he had three sets of blood cultures, which were negative, 
therefore leading to his discharge. In his last admission, he presented a 
stroke and a fever. Echocardiography showed large vegetation on the 
aortic valve with moderate stenosis, moderate aortic regurgitation, and 
abscess formation. Serological tests by enzyme-linked immunosorbent 
assay (ELISA) showed positive anti-phase 2 IgM and IgG and anti-phase 
1 IgG. This result was confirmed by an indirect fluorescence assay (IFA) 
showing: Phase 2 IgM positive, Phase 2 IgG-3200, Phase 1 IgM positive, 
and Phase 1 IgG-3200. Following these results, the empiric treatment 
was directed with the administration of intravenous doxycycline and 
ciprofloxacin. On his sixth day of hospitalization, the patient underwent 
open-heart surgery. The aortic valve was inspected to be severely 
damaged with calcified vegetations and an abscess on the membranous 
septum. He underwent aortic valve replacement with a bioprosthetic 
valve and replacement of the root of the aorta. A sample of the aortic 
valve, as well as his blood sample, were tested by PCR for the presence of 
C. burnetii and were found to be positive (data not shown). The bacte-
rium was isolated from the positive valve sample. On day 21 post- 
isolation, the infected culture was harvested and homogenized. DNA 
was extracted for PCR analysis of C. burnetii-specific genes. PCR results 
were positive for hptA and IS1111 specific genes of C. burnetii. The 
cultured-grown bacterium was sequenced by Illumina short reads 
technology combined with ONT long reads technology to perform whole 
genome hybrid assembly. 

2. Methods 

2.1. Serologic diagnosis 

The serum sample was tested for IgG and IgM antibodies against both 
phase I and phase II antigens using an indirect immunofluorescence 
assay (IFA) as previously described [19]. 

2.2. C. burnetii isolate 

Blood and aortic valve tissue samples were collected shortly after the 
initiation of antibiotic treatment from a patient who had undergone 
heart valve replacement. The samples were sent to the Rickettsioses 
reference laboratory at the Israeli Institute for Biological Research for 
diagnosis of C. burnetii. After confirming as positive by PCR, pieces of the 
valve tissue were minced with 2%FCS-DMEM and inoculated into Afri-
can green monkey kidney fibroblasts (Vero, American Type Culture 
Collection, ATCC) which are routinely used for culturing of C. burnetii. 
Bacterial growth was monitored using an in-house IFA method and lasted 
about three weeks. C. burnetii were purified from host cells using dif-
ferential centrifugation and stored at − 80 ◦C. Bacterial isolation was 
carried out in a biosecurity level 3 facility according to the guidelines of 
the Israel Institute for Biological Research. 

2.3. DNA extraction for C. burnetii 

DNA was extracted from 200 μl of blood specimen using the QIAamp 
Blood Kit (Qiagen, Hilden, Germany), as described by the manufacturer. 

2.4. Whole genome sequencing 

Illumina short read sequencing: 1 ng of DNA was transferred to the 
library preparation step utilizing the Nextera XT DNA Sample Prepara-
tion Kit (Illumina Inc., San Diego, CA, USA). The standard manufacturer 
protocol was modified to optimize library preparation from clinical 
samples. For each sample, the 20 μl tagmentation (combined DNA 
fragmentation and tagging) reaction contained 5 μl of amplicon tagment 
mix (ATM), which includes the enzyme used for tagmentation, 10 μl of 
TD buffer, 1 ng of input DNA and 1 μl of 20 mg/ml bovine serum al-
bumin (BSA). The tagmentation reactions were incubated in a thermal 
cycler at 50 ◦C for 5 min. Subsequently, the tagmented DNA was 
amplified via limited-cycle PCR. The quality and quantity of the purified 
libraries were assessed using the high-sensitivity (HS) DNA kit on 
TapeStation (Agilent). The libraries were sequenced on an Illumina 
MiSeq,150 bp paired-end. 

Oxford nanopore technologies (ONT) long reads: 100 ng of DNA was 
transferred to the library preparation step of the Rapid sequencing kit 
(SQK-RAD004, ONT). The libraries were processed according to the 
manufacturer’s protocol and sequencing was conducted using an R9 
flow cell on a MK1B apparatus (ONT). 

2.5. Genome assembly and genotyping of Coxiella burnetii 

2.5.1. Reads quality control and host removal 
Reads from both Illumina and ONT sequencing were subjected to 

quality control and host removal. Reads that mapped to a reference of 
Vero cells (GCF_000409795.2) with over 90% were removed, as well as 
reads shorter than 50 bases, contained 10 “N”s or more, and had a 
fraction of mono-/di-nucleotide sequence > 0.85 of the read length. 
Unpaired Illumina reads were also discarded. Read mapping was per-
formed using BWA MEM [20]. Finally, reads were trimmed using FaQCs 
[21], with a quality threshold of q = 20 for Illumina reads and q = 7 for 
ONT reads. 

2.5.2. Genome assembly 
The filtered reads were used to build a hybrid assembly via Unicycler 

[22], utilizing default parameters. Essentially, Unicycler initially as-
sembles short reads using SPAdes [23], subsequently employing long 
ONT reads to bridge gaps, a strategy that results in fewer contigs and a 
more comprehensive assembly. To verify the assembly’s integrity, 
resequencing was performed on all filtered reads against the assembled 
genome using bowtie2 [24]. A total of 99.85% of the reads were mapped 
to the assembly, with an average coverage of 45x. This Whole Genome 
Shotgun project was named CBI_2022 and has been deposited at 
DDBJ/ENA/GenBank under the accession JASNNV000000000. The 
version described in this paper is version JASNNV010000000. 

2.5.3. Phylogenetic analysis 
C. burnetii assemblies were downloaded from NCBI RefSeq [25] Core 

genome alignment and phylogeny of the assemblies were performed 
using Parsnp [26] with default parameters, with respect to reference 
genome C. burnetii RSA 493 strain (GCF_000007765.2). Pairwise 
genome similarity was calculated with the average nucleotide identity 
(ANI) index [27]. 

2.5.4. Multispacer sequence typing (MST) analysis 
MST analysis of CBI_2022 was performed using the CoxBase database 

[28]. This platform included information on MST of 328 samples from 
29 countries, as of February 2023. 

3. Results 

A total of 85% of the reads were mapped to the Vero reference. The 
remaining 588,416 Illumina and 1845 ONT good quality reads were 
assembled de novo using the hybrid strategy, resulting in 47 contigs, with 
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N50 at 98,349 bp, a maximum contig size of 308,761 bp, and a total 
assembly size of 2,058,687 bp. The mean GC content was 43.65%, 
closely resembling the values of the validated RefSeq assembly of the 
RSA 493 strain (GCF_000007765.2). Aiming at profiling the taxonomic 
relation of the CBI_2022 strain, a total of 147 Coxiella burnetii assemblies 
were downloaded from NCBI RefSeq [25], including the curated refer-
ence RSA493 strain (GCF_000007765). Following core genome align-
ments and phylogeny analysis of all assemblies, a phylogenetic tree was 
constructed using the Parsnp tool, which extracts the core SNP infor-
mation derived from the alignments (Fig. 1). The closest strains to the 
CBI_2022 were found to be: CB111, CB1498, CB202, CB222, 
Leningrad-2. The average nucleotide identity (ANI) was calculated for 
each strain and a maximum ANI of 99.95% was found for the closest 
strain CB111, which was identified as originating from a human sample 
in France in 2013 (Supplementary Table 1). 

While a comprehensive phylogenetic analysis allows for the resolu-
tion of evolutionary relationships and comparison of genetic diversity, 
MST which is based on intergenic region sequencing subjected to lower 
selection pressure compared to adjacent genes, offers a standardized 
typing scheme, epidemiological surveillance capabilities and is widely 
used in epidemiological studies to investigate the spread and trans-
mission of microbial pathogens. Such regions enable epidemiologic 
tracking of strains with close geographic origin, disease manifestations, 
or hosts. This methodology was implemented using the CoxBase plat-
form, for typing Coxiella burnetii strains, the MST profile of CBI_2022 was 
determined for the following 10 intergenic regions: Cox2 [4], Cox5 [6], 
Cox18 [3], Cox20 [5], Cox22 [6], Cox37 [5], Cox51 [8], Cox56 [2], 
Cox57 (new), Cox61 [6]. A list of the closest MST profiles was compiled, 
including any sample harboring a profile with up to three different sites, 
yielding 22 samples in the database (Supplementary Table S2). Out of 
these, 14 samples were obtained from cattle, sheep, and goats in 
southern Lebanon. The extent of samples from Lebanon identified in the 
CBI_2022 sample is 64%, over 12-fold higher than its overall represen-
tation in the database (5%), reflecting a significant enrichment in the 
CBI_2022 sample. These findings may suggest that the infection origi-
nated from a local strain of Coxiella burnetii found around northern Israel 
and Lebanon. According to all these findings, the CBI_2022 strain 

corresponds to the MST6 genotype with the QpRS plasmid, thus asso-
ciated with persistent focalized infections (endocarditis, vascular 
infection and miscarriage [18]). Altogether, this suggests that MST6 is a 
geotype (a specific genotype that is associated with geography) endemic 
from Senegal to Saudi Arabia (all North Africa and Middle East), where 
it could be found in persistent focalized infection. The present report 
confirms that MST6 is not associated with acute Q fever (the patient did 
not report a symptomatic primary infection). 

4. Conclusions 

In this study, we successfully isolated C. burnetii from the aortic valve 
of a patient with chronic Q fever in Israel and confirmed the pathogen 
presence through PCR and sequence analysis. We sequenced and 
assembled it to a draft genome level and performed a phylogenetic 
analysis. This novel strain, which has never been reported in Israel, 
belongs to the previously identified genotype MST6, carrying the QpRS 
plasmid. This previously uncharacterized local strain may contribute to 
comparative pan-genomic analysis with worldwide C. burnetii strains. 
While genomic analysis provides valuable insights into C. burnetii 
epidemiology and correlation with clinical outcomes, further studies 
utilizing a wider range of clinical samples are needed to achieve a more 
comprehensive understanding, especially in severe and fatal cases. 
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Fig. 1. A phylogenetic tree constructed from all assemblies available at NCBI, and the location of CBI_2022 on it.  
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