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Dromedary camels (Camelus dromedarius) play a major economic role in many countries in Africa and
Asia. Although they are resistant to harsh environmental conditions, they are susceptible to a wide range of
zoonotic agents. This study aimed to provide an overview on the prevalence of selected zoonotic pathogens
in blood and tissues of camels in central Iran. Blood, liver, portal lymph node, and brain were collected
from 100 apparently healthy camels at a slaughterhouse in Qom city to assess the presence of DNA of
Brucella spp., Trypanosoma spp., Coxiella burnetii, and Bartonella spp. PCR products were sequenced
bidirectionally and phylogenetic analyses were performed. Eleven percent of camels tested positive for
Brucella abortus (3%) and Trypanosoma evansi (8%). Coxiella burnetii and Bartonella spp. DNA was
not detected. Our data demonstrate that camels from Iran contribute to the epidemiology of some zoonotic
pathogens. Performing proper control strategies, such as vaccination of camels and humans in contact with
them, test-and-slaughter policy, and education of the general population is necessary for minimizing the
risk of zoonotic infection.

INTRODUCTION of Old World Camels (OWC; Camelus dromedarius, C.
. o ] ) bactrianus, C. ferus) and four species of New World
The Camelidae family is comprised of three species  Camels (syn. South American camelids, NWC; Lama

*To whom all correspondence should be addressed: Aliasghar Bahari, Department of Clinical Sciences, Faculty of Veterinary
Science, Bu-Ali Sina University, Hamedan, Iran; Email: aliasghar.bahari@basu.ac.ir; ORCID iD: https://orcid.org/0000-0001-8471-
4163.

Abbreviations: DNA, deoxyribonucleic acid; PCR, polymerase chain reaction; OWC, old world camelids; NWC, new world camelids;
Q fever, Coxiella burnetii infection; min, minute; sec, second; gltA, citrate synthase; rpoB, beta subunit of RNA polymerase; ITS,
internal transcribed spacer; APOL1, apolipoprotein L1.

Keywords: Bartonella, Brucella abortus, camel, Camelus dromedarius, Coxiella burnetii, Iran, One Health, PCR, Trypanosoma
evansi, zoonosis

Author Contributions: AB: Conceptualization; Supervision; Project administration; Funding acquisition; Review and Editing. AG:
Experiments; Data Analysis; Writing; Review and Editing. SA: Experiments; Data Analysis; Review and Editing. SK: Experiments;
Data Analysis; Review and Editing. SE: Experiments; Data Analysis; Review and Editing. BBC: Review and Editing. AS:
Conceptualization; Supervision; Project administration; Funding acquisition; Data Analysis; Writing; Review and Editing.

Copyright © 2021 249



250

glama, Lama guanicoe, Vicugna pacos, Vicugna vicug-
na). The world population of one-humped camels, also
known as dromedary (Camelus dromedarius), is on the
rise [1]. The dromedary camel is specifically adapted to
life in hot, arid areas of the world, notably Western Asia,
Africa, and India, with considerable (> 1 million individ-
uals) feral population in Australia, where they were in-
troduced in the 19th century [2]. Dromedaries are an im-
portant source of meat and milk in 47 countries, playing a
crucial role in their economy. Their importance as “food
security livestock™ is increasing with the ongoing earth’s
desertification. Evidence of this is that between the years
2008 and 2018, the world camel population increased by
21% compared to only 5%, 9%, 15%, and 4% for cattle,
sheep, goats, and pigs, respectively [1]. However, despite
being extremely resistant to harsh environmental condi-
tions, dromedaries can get infected with several zoonot-
ic pathogens, thus posing a public health risk [3,4]. An
overview of the most important zoonotic viral bacterial,
fungal, and parasitic diseases of camelids was performed
by Wernery and Rodriguez Caveney [5].

Brucellosis, a contagious disease caused by a zoonot-
ic bacterium of the genus Brucella, is of greatest concern,
not only because it is zoonotic but also causes severe eco-
nomic losses for farmers and ranchers across the world
in lost milk, reduced fertility, stillbirths, and abortions
[6,7]. Camels can be infected with different biovars of
either B. abortus and B. melitensis, both of which are the
main causative agents of human brucellosis [8]. Camel
brucellosis is endemic in all camel-rearing countries with
exception of Australia [9]. Human infection due to Bru-
cella from camels is known to occur mostly through con-
sumption of raw milk, but also through close contact with
camels [10,11]. Brucellosis has been diagnosed in some
camel herds and slaughterhouse workers in Iran [12-15].

Query (Q) fever (or Coxiellosis) is another zoonot-
ic infection with a global distribution with the exception
of New Zealand [16]. The causal agent, Coxiella bur-
netii, is an intracellular and pleomorphic Gram-negative
coccobacillus that affects mostly livestock and humans
[16]. Camels like ruminants acquire the infection most
frequently through inhalation of aerosolized bacteria that
are spread in the environment by infected animals after
delivery or abortion. However, C. burnetii is also pres-
ent in urine, feces, and milk of infected animals [17,18].
There is also growing evidence on the importance of ticks
in the epidemiology of Q fever [19,20]. Serological stud-
ies reported prevalence of up to 90% in dromedaries [21].
In studies that tested different animal hosts, antibodies
against C. burnetii were more prevalent in dromedaries
than cattle, sheep, and goats, suggestive of genetic sus-
ceptibility of camels to C. burnetii, or host preference
of tick vectors to camel [18,21-23]. Interestingly, a se-
rosurvey on pastoralists and their livestock revealed that
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camel breeders had a nine times higher risk of being C.
burnetii seropositive compared to the general public [22].
An overview of Q fever in camelids has been compiled
by Wernery et al. [24].

Bartonellosis is a globally emerging zoonotic bac-
terial disease. The genus Bartonella is comprised of
Gram-negative intracellular bacteria that infect the en-
dothelial cells and erythrocytes of mammals. These vec-
tor-borne bacteria are mainly transmitted through con-
taminated fecal materials of hematophagous arthropod
vectors [25]. Currently, more than 40 Bartonella named
and Candidatus species are recognized, several of them
being zoonotic [26]. There is limited information on cam-
el bartonellosis. However, DNA of zoonotic B. henselae
and B. rochalimae in addition to B. bovis and B. dromeda-
rii has been detected in the blood of camels and ticks col-
lected from them in West Asia and North Africa [27-29].

Camels are affected by several zoonotic Trypanoso-
ma species, such as 7. evansi, T. brucei, T. congolense,
and 7. vivax [3]. Trypanosoma evansi, the agent of “sur-
ra”, is the most pathogenic and economically important
protozoan parasite of camels in the world [30]. It affects a
wide range of domestic and wild mammals in Africa, Asia
and South America. Since this species can be mechanical-
ly transmitted by virtually all biting flies, its geographical
distribution is potentially unlimited [31]. This parasite is
now considered as an emerging zoonotic parasite. So far
human cases of 7. evansi infection have been reported
from India, Sri Lanka, Egypt, and Thailand [3,32,33].

An estimated 195,500 dromedaries are raised in 21
of the 31 Iranian provinces mainly for meat but also for
milk and wool production [1,34]. According to the lat-
est official reports 27,000 camels were slaughtered for
production of > 5,400 tons of meat in 2019 [35]. Giv-
en previous reports on the presence of brucellosis, Q fe-
ver, bartonellosis, and trypanosomosis in camels of Iran
[13,36-38], this study aimed to examine blood, brain, liv-
er, and lymph nodes of camels by molecular techniques
for the detection of these zoonotic pathogens.

MATERIALS AND METHODS
Study Area

This study was performed from January to June
2018 on 100 apparently healthy camels in a local slaugh-
terhouse in Qom (34.6416° N, 50.8746° E), a region
in the center of Iran characterized with a hot desert cli-
mate (K&ppen—Geiger BWh) (Figure 1). Two breeds of
dromedaries (Kalkooyi and Baloochi) are raised in four
villages of Qom, ie, Seyd-Abad, Kaj-Abad, Qom-Rood,
Kooh-Sefid. Camels were from both sexes (90 males and
10 females) and age ranged between 12-30 months (av-
erage=21 months).
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Figure 1. Samples were collected from Qom province in Iran.

Collection of Samples

Immediately after slaughter, jugular vein blood sam-
ples (10 ml) were collected in K,EDTA coated tubes for
DNA extraction. Also, from each camel tissue specimens
from brain, liver and portal lymph node were collected.
Tissue samples (approximately 1 x 1 cm) were stored at
—80 °C freezer until DNA extraction.

Ethical Approval
Not applicable.

DNA Extraction

Genomic DNA was extracted from 300 pl blood
and 10-20 mg of tissues ie, brain, liver and portal lymph
node of the camels using WizPrep™ (Wizbiosolutions,
Seongnam, South Korea) ie, WizPrep™ DNA Extraction
Kit for blood and WizPrep™ gDNA Mini Kit for tissues
according to the manufacturer’s instructions. Quantitative
and qualitative assessments were performed using Nan-
oDrop 2000™ (Thermo Scientific, Waltham, MA, USA)
and 0.8% agarose gels. All samples were used tested for
the presence of Brucella spp., Bartonella spp., Coxiella
spp., and Trypanosoma spp. DNA by using conventional
PCR (cPCR).

PCR Assay

For the detection of Brucella spp. after an initial
screening with B4/BS5 genus-specific primers [39] a com-
binatorial PCR which detects B. abortus, B. melitensis, B.
canis, and B. suis simultaneously was used [40]. Positive
controls were B. abortus strain RB51 and B. melitensis
strain Rev1 purchased from Razi vaccine and Serum Re-
search Institute, Karaj, Iran.

For the detection of Bartonella spp. three PCR pro-

tocols were used: i) primers BhCS.781p and BhCS.1137n
amplifying citrate synthase gene (g/t4) [41], ii) primers
1400F and 2300R amplifying beta subunit of RNA poly-
merase (rpoB) [42], iii) primers 325s and 1100as ampli-
fying 16S-238 ribosomal DNA internal transcribed spac-
er (ITS) [43]. Positive control was B. henselae Houston
1 strain.

Detection of Coxiella spp. DNA was performed us-
ing the primers Trans! and Trans2 targeting the trans-
poson-like repetitive region of Coxiella [44]. Positive
control was phenol-killed, purified, and lyophilized cells
of the C. burnetii Nine Mile, phase I, strain (RSA 493)
(Slovakia).

For the detection of Trypanosoma spp. primers Kinl
and Kin2 amplifying the /7S/ (a conserved regions situ-
ated between 18S and 5.8S rRNA genes of kinetoplastid
species) were used [45]. This PCR protocol can detect
and differentiate African livestock trypanosomoses eg,
T vivax, T. simiae, T. theileri, T. evansi, T. equiperdum,
T. brucei, and T. congolense in a single PCR [46]. Pos-
itive control DNA was 7. evansi isolated from diseased
camels in Yazd, Iran by the last author (GenBank® Acces-
sion numbers MW272927 and MW272928). All primers
and cycling conditions used for the detection of zoonotic
pathogens are summarized in Table 1.

All PCRs were performed with the Taq DNA Poly-
merase Master Mix RED® (Ampliqon, Odense, Den-
mark) in a SimpliAmp® thermal cycler (Applied Biosys-
tems, Waltham, MA, USA). The amplified products were
detected by electrophoresis on 2% agarose gels stained
with ethidium bromide (SinaClon, Tehran, Iran).

Sequencing and Phylogenetic Analysis

Purification and sequencing of PCR products were
performed with Applied Biosystems 3500 Genetic An-
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EF534310Brucella ovis - strain @19 (China)

AF268035 Brucella ovis - Ovis aries (France)

AY 903265 Brucella suis - Homo sapiens (USA)

MFO68953 Brucelia melitensis Ovis aries (Iran)
MFO66952 Brucella melitensis - Homo sapiens (lran)

AY008720 Brucella ovis - Ovis aries (France)

MWA182520 Brucella abortus - Camelus dromedarius (Iran)

MWA182621 Brucella abortus - Camelus dromedarius (Iran)

17
53
100
84
29
17
21

MWA182522 Brucella abortus - Camelus dromedarius (Iran)

MF098395 Brucella sp. - Hyalomma asiaticum (China)

Figure 2. Phylogenetic relationship of Brucella abortus in this study (in boxes) to other Brucella spp. based on a par-
tial sequence of the omp2 gene. The analyses were performed using a Neighbor-Joining method [47] and evolution-
ary analyses were conducted on 1000 bootstrap replications [48] in the MEGA7 software [49].

alyzer (Thermo Fisher Scientific, Waltham, MA, USA)
by Pishgam Biotech Company (Tehran, Iran). Sequence
reads were curated manually by removing all primer se-
quences and compared with those available in the Gen-
Bank® database using Basic Local Alignment Search
Tool (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

In order to investigate the phylogenetic relationships
between the omp2 gene sequences of Brucella spp. and
ITS1 gene sequences of Trypanosoma spp. obtained in
the present study and sequences from GenBank database,
we used Neighbor-Joining method [47] and evolutionary
analyses were conducted on 1000 bootstrap replications
[48] in the MEGA7 software [49]. Trees were drawn to
scale, with branch lengths in the same units as those of
the evolutionary distances used to infer the phylogenetic
tree. The evolutionary distances were computed using the
Maximum Composite Likelihood method [50] and were
in the units of the number of base substitutions per site.
Codon positions included were 1st+2nd+3rd+Noncod-
ing. All positions containing gaps and missing data were
eliminated.

RESULTS

Using B4/BS5 primers, Brucella spp. DNA was detect-
ed in three camels (3%) ie, blood of two camels (camels
Nos. 44, 73), liver and lymph node of one camel (camel
No. 12) (Table 2). All of the four specimens were positive
for B. abortus-specific primers targeting the BCSP31 and
omp2 genes. Nucleotide sequences of omp2 gene were
identical for all three camels, so only one was deposited

in GenBank® (accession number: MW 182522). The ML
tree that involved 12 nucleotide sequences supported iso-
lated B. abortus in a distinct separation of species-specif-
ic branch (Figure 2).

Trypanosoma spp. DNA was detected in specimens
from eight camels (8%) including six positive blood sam-
ples (camels Nos. 20, 32, 33, 43, 52, 94) and two posi-
tive liver samples (camels Nos. 46, 47), using Kin1/Kin2
primers (Table 2). Amplicons sized approximately 540
bp, suggestive for 7. brucei-group parasites ie, 7. evan-
si, T. brucei, and T. equiperdum. The sequences (Gen-
Bank® accession numbers: MW282046-MW282047,
three accession numbers under NCBI processing) were >
99.7% identical to 7. evansi isolates from camels in Iran
(KX898420— KX898421), camels in Egypt (AB551919—
AB551922), camels in Iraq (MH595480, MH571705),
buffalo in China (FJ712715), deer (AY912279), cat-
tle (DQ472705), and buffalo in Thailand (MN121259,
DQ472705, AY912270). The ML tree that involved 19
nucleotide sequences supported isolated 7. evansi in a
distinct separation of species-specific branch (Figure 3).

DNA of Bartonella spp. and Coxiella burnetii were
not detected in the examined specimens.

DISCUSSION

Camels are more resistant to a wide range of patho-
gens, but several studies have confirmed that they are
susceptible to various pathogens including zoonotic vi-
ruses, bacteria and parasites posing a risk to public health
[3,4,51-53]. In this study we detected the zoonotic bacte-
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Table 2. Demographic data of infected camels in this study.

GenBank Accession number

MW182522
MW282046

Infected organ

Detected pathogen

Breed

Area of origin

Kaj-Abad
Kaj-Abad
Kaj-Abad
Kaj-Abad

Sex

Camel ID Age (months)

12
20

Liver, lymph node

Blood

Brucella abortus

Kalkooyi

female

24
26

Trypanosoma evansi

Kalkooyi

male

Blood

Trypanosoma evansi

Kalkooyi

male

15
24

32
33
43

MW282047

Blood

Trypanosoma evansi

Kalkooyi

male

Blood

Trypanosoma evansi

Kalkooyi

Qom-Rood
Kaj-Abad
Kaj-Abad
Kaj-Abad

male

15
24
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MW 182521

Blood
Liver

Kalkooyi Brucella abortus

male

44
46
47

Trypanosoma evansi

Kalkooyi

male

12
27

MW519523
MW519524
MW182520
MW519525

Liver

Trypanosoma evansi

Kalkooyi

male

Blood

Trypanosoma evansi

Kalkooyi

Seyd-Abad
Kaj-Abad

male

18
15
21

52
73

Blood

Brucella abortus

Kalkooyi

male

Blood

Trypanosoma evansi

Baloochi

Sey-Abad

female

94

rium B. abortus and zoonotic protozoan parasite 7. evansi
in the blood and tissue of camels in the central desert of
Iran.

Three percent of the camels were infected with 5.
abortus. In the phylogenetic analysis, our isolates were
clearly distinct from B. melitensis, B. ovis, and B. suis.
Although, camel brucellosis is endemic in all camel-rear-
ing countries with exception of Australia [9], there is no
official policy for the control of camel brucellosis in any
of the major camel-raising countries [54]. In Iran, sev-
eral reports have been published since 1986 on the inci-
dence of Brucella infection in camels in various regions
using serological and molecular methods [36]. So far,
B. melitensis biovar 1 and 3, and Brucella abortus bio-
var 5 have been isolated from milk, lymph nodes, and
aborted fetuses of dromedaries [12-14]; surveys report-
ed seroprevalence of up to 43.5% [55]. In a recent study,
DNA of B. melitensis was detected in lymph nodes of
two seronegative camels highlighting the complementa-
ry role of PCR on different organs for a better screen-
ing of Brucella infection in camels [56]. In general, the
highest incidence of camel brucellosis is found when
camels are kept together with infected ruminants [7].
Hence, higher prevalence of B. abortus or B. melitensis
in camel herds in each region will depend on the mixed
farming of camels with large ruminants (cattle, buffalo)
or small ruminants (sheep, goat). Human brucellosis is
a very important health issue in Iran, with an average in-
cidence of 100 cases per 100,000 individuals, reaching
up to 276/100,000 in some regions [57]. However, the
role of camels in the spread of infection in the population
has not been evaluated in the country. In Western Asian
societies, it is generally believed that the boiling of milk
spoils the taste and removes the goodness of milk [58].
In such social context, it is necessary that health policy
makers implement prevention strategies such as livestock
vaccination and to educate the public about the risks of
drinking unpasteurized milk.

We found 8% of camels to be infected with 7. evansi.
Of note, livers of two camels tested positive while their
blood tested negative, suggestive of the value of multiple
organ testing in epidemiological studies. In the phyloge-
netic analysis our isolates grouped with other 7. evansi
camel isolates from Iran and Algeria, buffalo from India,
Thailand, and China, and white-tailed deer from Thai-
land. In Iran, Trypanosoma prevalence between 0 and
20% depending on the region and season of sampling has
been reported in dromedary camels [37]. For a decade, it
was hypothesized that human susceptibility to 7. evan-
si was linked to insufficient or missing levels of human
trypanocide apolipoprotein L1 (APOL1), a trypanocid-
al component of normal human serum [59]. However,
a report of infection in a Vietnamese patient with fever,
headache, and arthralgia in 2016 with no previous immu-
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56 ,—I MW519523 Trypanocsoma evansi - Camelus dromedarius (Iran) I
L FJ712715 Trypanosoma evansi - Bubalus bubalis (China)

KX898420 Trypanosoma evansi - Camelus dromedarius (Iran)

MW?282046 Trypanosoma evansi - Camelus dromedarius (Iran)

MW?282047 Trypanosoma evansi - Camelus dromedarius (Iran)

AY912279 Trypanosoma evansi-Odocoileus virginianus (Thailand)

MW272928 Trypanosoma evansi - Camelus dromedarius (Iran)

MT540000 Trypancsoma evansi - Camelus dromedarius (Algeria)

28

37

MT225591 Trypanosoma evansi - Bubalus bubalis (India)

MH247175 Trypanosoma evansi - Stomoxys calcitrans (Kenya)

MN121258 Trypanosoma evansi - Bubalus bubalis (Thailand)

30

L

- MW5138524 Trypanocsoma evansi - Camelus dromedarius (Iran)
| MW519525 Trypanosoma evansi - Camelus dromedarius (Iran)

71

100

=L
=

JX910378 Trypanosoma brucei - Bos taurus (Burkina Faso)
MH247166 Trypanosoma brucei - Camelus dromedarius (Kenya)
MH247139 Trypanosoma brucei - Glossina pallidipes (Kenya)
GQ258720 Trypanosoma cruzi - Rhodnius staii (Brazil)
AF362829 Trypanosoma cruzi - Homo sapiens (Brazil)

KT305857 Trypanosoma cruzi - Carollia perspicillata (Colombia)

Figure 3. Phylogenetic relationship of Brucella abortus in this study (in boxes) to other Trypanosoma spp. based on a
partial sequence of the ITS71 gene. The analyses were performed using a Neighbor-Joining method [47] and evolu-
tionary analyses were conducted on 1000 bootstrap replications [48] in the MEGA7 software [49].

nological risk, 2 wild-type APOLI1 alleles and a normal
serum APOL1 concentration did not support that hypoth-
esis [32]. The patient possibly contracted the infection via
a wound while butchering raw meat. This finding sug-
gests that 7. evansi is a true zoonosis with a risk of infec-
tion for the general population. Although “surra” is con-
sidered a debilitating disease, apparently healthy camels
have also been diagnosed infected with 7. evansi [30,60].
Hence, it is possible that farmers, slaughterhouse work-
ers, veterinarians, and stay-at-home parents can get in-
fected from asymptomatic camels and camel meat. While
occupational risk might be inevitable, further research on
the longevity of trypomastigotes in meat and other edible
tissues of camels is suggested.

In the present study, DNA of Bartonella spp. was not
detected in 100 camels from Qom province in the central
desert of Iran. Similarly, in another study on 200 cam-
els of two Iranian southern and south-eastern provinces
(Kerman and Sistan-va-Baloochestan) no case of bar-
tonellosis was detected [52]. However, 18 of 106 (17%)
dromedaries in the Iranian province of Fars were infected
with B. dromedarii [38]. Further research is warranted
to better understand the epidemiology of Bartonella in-
fection in camels in Iran and which vectors may be in-
volved. In Israel, nine of 51 (17.6%) dromedaries were
bacteremic with Bartonella spp. The bacterium was di-
agnosed as a novel species and was named B. dromedarii

[27]. Following that report, DNA from B. bovis and B.
rochalimae was detected in Hyalomma dromedarii ticks
collected from a single camel in Palestine [28]. However,
none of the 19 blood samples from camels were positive
for Bartonella spp. [28]. Recently, B. henselae was iden-
tified in the blood of 15 (3.6%) of 412 dromedaries in
Tunisia highlighting the importance of camels in the cir-
culation of zoonotic bartonellosis [29]. Further research
is needed to identify the vectors of B. dromedarii and if
there is a zoonotic risk for humans raising or caring for
these animals.

Similarly, Coxiella DNA was not detected in our
study, which could be due to limited bacteremia after
infection. Serological studies have reported high preva-
lence of 70, 80, and 90% in dromedaries in Egypt, Chad,
and Ethiopia, respectively [21-23]. Comparative studies
on different livestock species showed that antibodies
against C. burnetii were more prevalent in dromedaries
than in cattle, sheep, and goats [18]. However, so far
no clinical signs have been attributed to C. burnetii in
camels, possibly because it has not been systematically
sought [24,61]. In a study by Wernery et al. [62], no C.
burnetii organisms were found in fresh, unheated camel
milk by PCR although all tested dromedaries from which
the milk originated were serologically positive. However,
high antibody titers were more frequent in female camels
that had a history of abortion in a Tunisian study [63].
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Absence of reports regarding clinical disease and abor-
tion in camels in Iran associated with coxiellosis is partly
because camels mainly live in areas with limited access
to diagnosis and treatment services. In the first serologic
study of different animal species in Iran in 1951, antibod-
ies against C. burnetii were detected in the serum of 2 of
12 (16.7%) tested dromedaries [64]. In another study, C.
burnetii DNA was detected in the blood of 2.4% of test-
ed dromedaries while 28.7% of them were seropositive
[65,66]. In general, urine, feces, milk, and mainly birth
products of camels (C. burnetii has affinity to the udder,
placenta, and other female reproductive organs) represent
the most important source of human infection [17,18].
However, to our knowledge C. burnetii—induced abor-
tion in dromedary camels has not been evaluated so far.
In Chad, a serosurvey of pastoralists and their livestock
found that camel breeders had a nine times higher risk
of being C. burnetii seropositive compared to the gen-
eral public [22]. Further research should be assessed to
evaluate the role of camels in C. burnetii transmission to
humans keeping in mind that infection with C. burnetii in
humans is most often asymptomatic. Subtyping camel C.
burnetii strains might elucidate their role in the infection
risk to farmers, veterinarians, slaughterhouse workers
and other people in contact with camels. Testing the effi-
cacy of available livestock C. burnetii vaccines in camels
to reduce infection and environmental contamination is
highly recommended.

In conclusion, the herein reported data provide more
knowledge of zoonotic diseases in camels of Iran. Of the
detected pathogens, brucellosis is of great concern for its
pathogenicity to humans. Effective control strategies such
as vaccination of both camels and people in their close
contact, test-and-slaughter policy, and education of the
public is necessary for minimizing the risk of zoonotic in-
fection. Finally, although Brucella spp. and Trypanosoma
spp. produce diseases in camels, the epidemiological role
of camels in human societies need further investigation.
Also, it is completely unclear if and how C. burnetii is
excreted and if people are really at risk.
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