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This study aims to detect Coxiella burnetii in one-humped female camels (Camelus
dromedarius) using ELISA and confirmation of infection by PCR with the phylogenetic
analysis of local isolates. The 91 adult female camels were selected for clinical examination
and blood sampling from different areas in Badra and Al-Numaniyah districts in Wasit

gefey""v‘;rrdS: governorate, Iraq, from February to April 2019. The prevalence of Coxiella (C.) burnetii
Camelus dromedarius was 19.8% and 4.4% by ELISA and PCR, respectively. Targeting 16S rRNA genes from
PCR three positive samples were documented in the Genbank-NCBI under accession numbers of
Sequence MN900579.1, MN900580.1, and MN900581.1. Clinical evaluation revealed insignificant
ELISA variation in temperature, pulse, respiratory rates, and lymph node enlargement among the
Correspondence: positive and negative animals. The findings also showed that camels of the Badra regions
A.A. Yousif have positive signs. burnetii compared to other regions, and the infection was increased

afaf.a@covm.uobaghdad.edu.ig significantly in April and March. In conclusion, our findings confirmed the prevalence of
C. burneth among Iragi female camels, suggesting that these animals might be a source of
the pathogen for humans and other animal species. Therefore, further studies are necessary
to provide more detailed data about the prevalence of C. burnetiito to improve effective

control measures.
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Introduction

The Coxiella (C.) burnetii is an obligate intracellular,
Gram-negative, non-motile bacterium belonging to the
Coxiellaceae family of Legionellales order, which causes a
highly contagious neglected zoonotic disease known as Q
(Query) fever (1). Many studies reported that this pathogen
is considered a potential agent for bioterrorism due to its
highly high infectivity (one bacterium may produce disease)
in humans and a wide range of domestic and wild animals
and its survival under harsh environmental conditions (2). C.
burnetii is an occupational pathogen of farmers,
slaughterhouse workers, and veterinarians and can be
transmitted by inhaling aerosolized contaminated dust, direct
contact with infected tissues and fluids, as well as by
arthropod bites (3). Multiple hosts can serve as the main
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reservoir for infection, particularly the infected females that
shed vast numbers of highly stable bacteria into their birth
products (amniotic fluids and placenta) and smaller amounts
in milk, feces, and urine which may continue over several
months (4-6). Worldwide, numerous studies investigate the
prevalence of Coxiella in camels such as the United Arab
Emirates (7), Egypt (8), Algeria (9), Saudi Arabia (10), and
Iran (11). These studies showed that the prevalence of C.
burnetii varies widely by geographical location, type of
management, and flock numbers. ELISA is the most
recommended and preferred diagnostic technique for Q fever
and other diseases for screening assays and epidemiological
studies because of its high specificity and sensitivity,
relatively low cost, and easier to use (11,12). For
confirmation, the isolation of C. burnetii by inoculation of
the yolk sac of 5-7 old chick embryos or in vitro tissue
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culture has been difficult, time-consuming, hazardous, and
requires biosafety level 3 laboratories (1). Molecular assays
are beneficial and safe methods with high specificity and
sensitivity and decrease the time for detecting targeted C.
burnetii DNA in suspected samples (4). Serological assays
and direct detection by PCR must be used as combinatory
methods to diagnose infection (5). In Iraq, the dromedary
camel (Camelusdromedarius) is one of the most important
domesticated animals in arid and semi-arid areas. It is a
source of milk, meat, wool, and leather, mainly for Bedouin
communities (13).

Nonetheless, there are no data or studies about the
detection of C. burnetii in camels. Furthermore, the
biological management and veterinary care for camels in
Iraq lag behind those for other animals such as sheep, goats,
and cattle; this may decrease productivity due to disease-
related morbidity and mortality. Hence, the present study
was designed to investigate the seroprevalence of C. burnetii
in adult female camels using the ELISA to detect the
bacterium by PCR for subsequence phylogenetic analysis.

Materials and methods

Ethical approval

Approval for the present study was obtained from the
College of Veterinary Medicine, University of Baghdad,
Baghdad, and the College of Veterinary Medicine, Wasit
University, Wasit, Iraqg.

Samples

Ninety-one adult female camels were selected randomly
from different areas in Badra and Al-Numaniyah districts in
Wasit governorate, Iraq, from February to April 2019. Each
animal was examined clinically, and the data regarding vital
signs (temperature, pulse, and respiratory rates), examination
of scapular and supra-mammary lymph nodes, tick’s
infestation, and reproductive status (number of pregnancies,
abortions, stillbirths, and milk production) were reported.
Additionally, 10 ml of jugular venous blood was drained
from each camel under aseptic conditions and divided
equally into without- and with-anticoagulant (EDTA) tubes
to be used for serology and molecular assay, respectively.
After centrifugation (3000 rpm / 10 minutes), the serum
sample of each animal was kept in a labeled Eppendorf tube.
Both sera and whole blood samples were stored frozen at -
20°C until analysis.

Serology

Camel C. burnetii ELISA kit (SunLong, China) was used
to detect the anti -C. burnetii 1gG antibodies according to
manufacturer’s instructions and protocols. The serum
samples were analyzed and read at 450 nm optical density
(OD) using an automatic plate reader (BioTek, USA). The
cut-off got 0.471, and it was at the mean of the negative OD
+0.15.
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Molecular testing

The genomic DNA of C. burnetii was extracted from
whole blood samples according to the manufacturer’s
instruction of G-spin total DNA extraction mini Kit
(iNtRON, Biotechnology, South Korea). The purity and
concentration of extracted DNA were measured using a
Nanodrop spectrophotometer (Thermo-Scientific, UK). The
PCR premix (Bioneer, South Korea) and the primer (4) [(F:
5-AGTACGGCCGCAAGGTTAAA-3") and (R: 5'-
CTCCAATCCGGACTACGAGC-3')] of 16S rRNA gene at
20 ul final volume were carried out to amplify C. burnetii
DNA at 425bp. The PCR reaction was performed by
Thermal-Cycler (Bio-Rad, USA) utilizing the following
optimized conditions: 1 cycle (95°C/5 min.) for initial
denaturation, 30 cycles comprised (95°C/40 sec.)
denaturation, (56°C/40 sec.) annealing, and (72°C/1 min.)
extension for each one, and followed by one cycle (72°C/7
minutes) for the final extension. Electrophoresis in 1.5%
agarose gel was examined the PCR products using 100-1500
bp of DNA ladder (Qiagen, Germany). The agarose was
stained with ethidium bromide (Biotech, Canada), and
electrophoresis was done at 100 V, 80 mA for one h. The
DNA bands were visualized by a UV trans illuminator (Clinx
Science, China).

Phylogenetic analysis

The amplified 16S rRNA gene of three positive samples
by the conventional PCR assay was sent for sequencing
(Macrogen, Korea) and analyzed using the MEGA-X
program (14) Based on the NCBI-BLAST data, Multiple
Sequence Alignment Analysis of 16S rRNA gene,
phylogenetic tree, and homology sequence identity were
made with the Genbank-NCBI strain/isolate.

Statistical analysis

All data were documented and analyzed using Microsoft
Office Excel and SPSS. Chi-square and t-test were applied
to detect significant differences in clinical, serological, and
molecular results at P<0.05 (15).

Results

The serological analysis showed that out of 91 serum
samples tested by ELISA, 18 (19.8%) (95% Confidence
limits 11.6-28.0%) were positive for C. burnetii. In addition,
OD values of seropositive camels were ranged 0.481-1.174
and having 0.782+0.042.

The molecular assay of whole blood samples showed that
4.4% (95.6% Confidence limits 0.08-10.2%) of 91 samples
were positive for the 16S rRNA gene of C. burnetii at 425 bp
(Table 1, Figure 1).

The phylogenic analysis of the three positive samples is
based on the 16S rRNA gene. It showed that the local C.
burnetii IRAQ/Camel No.1 reported a close relationship to
NCBI-BLAST C. burnetii ATCC: VR-615 strain-16s
ribosomal RNA gene (NR_104916.1) of USA strains. On the
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other hand, the local C. burnetii IRAQ/Camel No.2 and
IRAQ/Camel No.3 were showed a close relationship to
NCBI- BLAST CoxiellaburnetiiCB-30 strains
(LC464975.1) of Indonesia strains, at total genetic changes
(0.005%), the sequences findings were recorded in NCBI
under the accession humbers of MN900579.1, MN900580.1,

and MN900581.1, respectively (Table 2). Based on the
phylogenetic tree, the local C. Brunetti strains
(IRAQ/Camel-No.1, 2, and 3) showed a significant genetic
association to NCBI-BLAST strains of C. Brunetti strains at
total genetic changes of 0.005% (Figure 2).

Table 1: Prevalence of C. burnetii in female camels by ELISA and PCR

Total No. Test Positives Negatives Confidence level
91 ELISA 18 (19.8%) 73 (80.2%) 11.6-28%
PCR 4 (4.4%) 87 (95.6%) 0.08-10.2%

425hp

Figure 1: PCR product analysis of 16S rRNA gene (425bp)
of C. burnetii on agarose-gel electrophoresis. M: Ladder
marker (100bp); Lane 1 represents negative control; Lanes
2, 5,7, 8, and 9 represent negative samples; Lanes 3, 4, 6,
and 10; Lane 11 represents positive control.

MG722703.1:43-393 Coxiella bumetii Isolate Bulg-Demret 16S ribosomal RNA gene partial sequence (Russia)
MG722702.1:43-393 Coxiella burnedi isolate Bulg-Lume3 168 ribosomal RNA gene partial sequence (Russia)
MG722699.1:49-393 Couiella burnetii Isolate Bulg-Phtr 168 ribosomal RNA gene partial sequence (Russia)
MG640364.1:49-393 Couiella bumeii Isolate ixP-LO201 16S ribosomal RNA gene partial sequence (Russia)
MG640363.1:43-393 Coxiella bumedii Isolate 1xP-LO116 16S ribosomal RNA gene partial sequence (Russia)
MGB40362.1:49-393 Coxiella bumedii Isolate [xP-LOB3 16S ribosomal RNA gene partial sequence (Russia)
100| JX154095.1:42-384 Coxiella bumetii Isolate IXR-K32 16S ribosomal RNA gene partial sequence (Russia)
JX154094.1:42-383 Coxiella burneii Isolate ixR-K31 16§ ribosomal RNA gene partial sequence (Russia)
JQ740886.1:902-1246 Coxiella bumetii Strain At12 168 ribosomal RNA gene partial sequence (Argentina)
FJ787329.1:914-1258 Coxiella bumedi Strain Ammassalik 168 ribosomal RNA gene partial sequence (Denmark)
AY342037.1:933-1283 Coxiella bumetii Strain VR145 168 ribosomal RNA gene partial sequence (Korea)

Coxiella bumedi IQkut/Camel-No.2 Isolate 165 rRNA gene Partial sequence

97
9 "_L Coxiella bumetii strain ATCC VR-615 16S ribosomal RNA, partial sequence (USA)

Coxiella burnedii IQkut/Camel-No.3 Isolate 165 rRNA gene Partial sequence
L Coxiella burnetii IQkut/Camel-No 2 Isolate 165 rRNA gene Partial sequence
Coxiella burnesii CB-30 gene for 16S ribosomal RNA, partial sequence (Indonesia)

0.0050

Figure 2: Phylogenetic tree (UPGMA tree) of local isolates
and their association with some Genbank-NCBI isolates.

Table 2: Homology Sequence identity between local and NCBI-BLAST C. burnetii strains

Local C. burnetii isolate

NCBI-BLAST Homology Sequence identity (%)

Isolate Accession No. Isolate Accession No. Country Identity (%)
IRAQ/Camel-No.1 MN900579.1 ATCC: VR-615 NR_104916.1 USA 96.52%
IRAQ/Camel-No.2 MN900580.1 CB-30 LC464975.1 Indonesia 96.93%
IRAQ/Camel-No.3 MN900581.1 CB-30 LC464975.1 Indonesia 96.94%

The clinical examination of camels showed no significant
differences in positive camels' temperature, pulse, and
respiratory rates using the ELISA and PCR methods
compared to negatives (Table 3).

Pre-scapular and supra-mammary lymph nodes of all
camels were clinically normal at the time of sampling, and
no ticks were found in the study. According to the region of

Table 3: Results of vital signs of study camels

the study's camels, significant increases in positive results
were reported in areas of Badra by ELISA 42.9% and PCR
10.71% (Table 4).

An association of positive findings to the period factor
showed significant increases in the positive results by ELISA
and PCR methods respectively in April 23.3and 6.7% and
March 20.9 and 4.7% (Table 5).

Factor — ELISA - — PCR -
Positive Negative Positive Negative
Temperature 37.54+1.02 37.18 £ 0.69 37.91+0.83 37.33+0.45
Pulse rate 46.21 + 2.05 45.82 + 1.56 4593+ 1.22 45.61+1.04
Respiratory 9.25+0.88 9.64 £ 0.26 9.37+£0.51 9.79+0.34
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Table 4: Total positive results according to the region of study’s animals

Region No — ELISA - — PCR -
' Positive Negative Positive Negative
Al-Numaniyah 63 6 (9.52%) 57 (90.48%) 1 (1.59%) 62 (98.41%)
Badra 28 12 (42.86%) * 16 (57.14%) 3(10.71%) * 25 (89.29%)
* Significance at P<0.05.
Table 5: Total positive results according to the period of samples collection
. ELISA PCR
Period No. Positive Negative Positive Negative
February 18 2 (11.1%) 16 (88.9%) 0 (0.0%) 18 (100%)
March 43 9 (20.9%) * 34 (79.1%) 2 (4.7%) 41 (95.4%)
April 30 7 (23.3%) * 23 (76.8%) 2 (6.7%) 28 (93.%)

* Significance at P<0.05.
Discussion

Camels are considered multi-purpose animals of high
economic importance due to their milk, meat, leather, and
soft wool, especially in dry and hot areas (13). Formerly, it
was assumed that camels are resistant to many pathogens,
usually affecting other animals. However, numerous studies
reported that they are susceptible to other livestock
populations and act as reservoirs or carriers for several
pathogens (11).

In the present study, the anti-C. burnetii antibodies were
detected by ELISA in 19.8% of camels. The seroprevalence
of anti-C. burnetii in humans and many different animals
have been detected in Irag's neighboring countries such as
Saudi Arabia (10), Iran (11), Turkey (16), and Kuwait (17).
Our findings are primarily in line with many studies reported
in other countries such as Selimand Ali (8), who detected that
the seroprevalence rate was 22% in camel in Egypt;
however, our results were lower than detected 71.2% in
Algeria (18), 44% in Tunisia (19) and 40.7% in Egypt (20).

The molecular assay showed that the 16S rRNA gene of
C. burnetii was detected in whole blood samples of 4 female
camels with 4.4%. These results were lower than the
molecular detection in the camels recorded 15.9% in Saudi
Arabia (10) and (17.5%) in Egypt (21). The results of the
serological and molecular tests confirmed wide variations in
the prevalence of C. burnetii among the camel population
worldwide. The quarantine measures could influence these
variations, type, and sensitivity of diagnostic methods, type
of studied sample, age and sex of animals, poor hygienic and
sanitary conditions. The current study reveals significant
variations between the seropositive rate 19.8% of ELISA and
PCR 4.4%, this shows that only a fraction of exposed animal
carries the pathogen at a given time might be due to
continuous immunological responses of the infected host,
which leads to decrease and/or interrupted shedding of this
pathogen (5).
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The sequencing of the 16S rRNA gene of our isolates
revealed a significant genetic association to NCBI-BLAST
strains of C. burnetii strains at total genetic changes of
0.005%. Whereas the local C. burnetii IRAQ/Camel No.1
showed a close relationship to the USA (NR_104916.1)
strain, the local C. burnetii IRAQ/Camel No.2 and
IRAQ/Camel No.3 were showed a close relationship to
Indonesia (LC464975.1) strains. The 16S rRNA gene
sequencing analysis can be used to identify and differentiate
phenotypically aberrant, uncultivable, or poorly described
microorganisms such as C. burnetii (22-24).

In the clinical examination of the study's camels, there
are no statistical differences in values of vital signs
(temperature, pulse, and respiratory rates) and enlargement
in superficial lymph nodes of positive and negative camels.
This may be since the infected animals with C. burnetii
neither revealed the visible clinical signs nor apparent
pathological alterations in the tissues, milk, and meat.
Consequently, it is unlikely to diagnose this pathogen
according to the clinical or postmortem examination (25).
Consequently, definitive diagnosis of this disease is based on
a significant rise in antibody and molecular detection (25-
27). The decrease in pregnancy and/or milk production might
be attributed to the high susceptibility of C burnetii to the
placenta, amniotic fluids, and udder (8,18).

The season and geographical location are the main
factors that participated in a high prevalence of C. burnetii
infection. The significant increases in C. burnetii positive
camels at Badra compared to the Al-Numaniyah region may
be partly correlated with the local ecological factors, such as
type of management and practice, flock size, and drought-
related to low rainfall. Concurrently, this area has been
suffering from the dust arising from the regional countries,
which is named Middle Eastern Dust. The dust can be carried
and transport various pathogens for long distances (28). The
windy and dry environments play an essential role in the
transport of C. burnetii in numerous outbreaks. Worthwhile,
Badra is a town in Wasitgovernorate, near the Iraqi-
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Iranian border. In Iran, C. burnetii has been detected in
camels and other animal species, as mentioned above (11).
A comparison with Iranian strains could demonstrate cross-
border transmission.

Finally, the apparent high seroprevalence of C. burnetii
during the April and March months 23.3 and 20.9%,
respectively, might be attributed to the climatic changes and
the high wind activity during these months. These winds
commonly facilitate the transmission and inhalation of
contaminated dust with this pathogen (28). Furthermore,
increasing the activity of the ticks and other arthropods may
increase, which plays an essential role in transmitting this
bacterium during these months (29).

Conclusion

Our findings indicate that C. burnetii is prevalent among
female camels in different areas in Badra and Al-Numaniyah
districts in Wasit province, lrag. Additional molecular
studies targeting other genes must be performed to improve
the control measures of this highly contagious zoonotic
pathogen.
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