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Abstract

Salmonella is a Gram-negative Bacteria that is commonly found in most environments and organisms and is a
causative agent of disease. Salmonella spp. is one of the most common foodborne illnesses. Salmonellosis is
a common infectious disease in humans and animals that manifests with gastrointestinal or hepatic symptoms
and can lead to various clinical symptoms such as diarrhea in infants, fetal abortion, orchitis, pneumonia, and
septicemia. In the current study, 412 hard ticks were classified and identified to investigate Salmonella spp.
based on diagnostic keys. In total, 412 hard ticks, including 208 Hyalomma species and 204 Rhipicephalus
species, were identified. The samples were divided into 82 pools according to the tick genus, and DNA was
extracted from the ticks. Pathogens transmitted by ticks were diagnosed using PCR, and samples were
examined for the presence of Salmonella spp. bacteria. In the study, a total of 208 Hyalomma tick samples and
204 Rhipicephalus tick samples were collected and were separated by gender in pools of five. Out of these, 51
male pools and 30 female pools were identified. Rhipicephalus ticks had 27 male and 14 female pools, while
Hyalomma ticks had 24 males and 16 female pools. The study found that 8 out of 40 (20%; 95% CI: 10.5%-
34.76%) Hyalomma ticks, and 12 out of 41 (29.27%; 95% CI: 17.61%-44.48%) Rhipicephalus ticks were
carriers of the pathogens, indicating that these pathogens can be transmitted by different species of hard ticks.
Ticks and tick-borne diseases are a significant public health concern worldwide.
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Introduction

The family Enterobacteriaceae are Gram-negative
bacteria found in the digestive systems of humans,
animals, plants, insects, water, soil, and decaying
matter. Since the natural habitat of this family is the
intestines of humans and animals, they are also
referred to as enteric bacteria (Brown et al., 2005;
Orkun et al., 2014; Gruenberg et al., 2018). Some
members of this family, such as Salmonella,
Yersinia, and Shigella, are true pathogens, while
others, like some strains of Escherichia coli,

Proteus, and Klebsiella, are part of the normal flora
of humans and animals, and only cause disease
under specific conditions (Parola and Raoult,
2001).

Salmonellosis is a common infectious disease
between humans and animals that manifests with
gastrointestinal or liver symptoms and can lead to
various clinical symptoms, including diarrhea in
infants, fetal abortion, orchitis, pneumonia, and
septicemia (Yagoub et al., 2005). Various types of
Salmonella spp. play a role in such infections. Non-
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typhoidal Salmonella spp. infections have been
reported to cause urinary tract infections in
immunocompromised human patients. In general,
salmonellosis is caused by two species of
Salmonella, S. enterica and S. bongori (Allerberger
et al., 1992; Gordon et al., 2008; Teklu and
Negussie, 2011).

Ribosomal RNA gene 16 Svedberg (16SrRNA
gene) exists in all bacteria and has a constant
common region among all bacterial species. The
inclusive primers amplify the constant region in the
16 Svedberg ribosomal RNA gene sequence
(16SrDNA), which is constant in all bacteria
(Olwoch et al., 2007). Hard ticks are found in Asia,
Europe, and Africa, and there are 702 different
species across 14 genera. Ticks are the second most
widespread pathogen vectors worldwide, followed
by mosquitoes. The diseases caused by ticks are
increasingly threatening human and animal health,
besides causing economic losses (Enferadi et al.,
2023). They are important because they can spread
diseases to animals and humans, such as East Coast
fever, Anaplasmosis, babesiosis, and rickettsiosis
(Barker and Murrell, 2004; Olwoch et al., 2007).

Ticks feed on blood and can transmit various
harmful microorganisms, causing economic losses.
In Iran, there is a diverse range of tick species, each
capable of transmitting different infectious agents
that lead to diseases like Lyme disease (Prescott,
2002; Enferadi et al., 2023). This study aimed to
identify Salmonella spp. in hard ticks collected
from domestic animals in Zanjan.

Materials and methods

Study area

Zanjan province is one of the 31 provinces of Iran
(Figure 1), whose capital is the city of Zanjan. It is
a mountainous province of approximately 22,000
km? of land located in Iran's Region 3. The
livestock population of Zanjan province is
2,366,411 units. According to the data for the first
half of this year, the number of sheep and lambs in
the livestock sector of Zanjan province is 657,820.
This figure is equivalent to the number of livestock
units in another department. In terms of goats, the
province has 162,322 heads. (Kalantari et al.,
2021).

T

Fig. 1. Map of the Zanjan region in Iran where ticks samples were collected.

Sample collection
A total of 412 ticks were collected from sheep and
goats in various livestock environments in the

Zanjan region. The tick samples were fixed on 96%
ethanol and transferred to the parasitology
laboratory of the Faculty of Veterinary Medicine,
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the University of Urmia (Iran). After identifying
the genus and species of the ticks using diagnostic
keys under a microscope, they were transferred to
the microbiology department of the Faculty of
Veterinary Medicine. The DNA extraction
followed by PCR were performed to identify the
Salmonella spp. genus in the ticks.

DNA extraction

To extract DNA from tick samples, after air drying
the ticks, the samples were completely ground with
a scalpel and transferred to 2 mL micro tubs. Then,
a DNA extraction kit from tissue and blood
(Biotechnology Company, Tehran, Iran) was used.

To ensure the extraction method and evaluate the
DNA concentration, 10 samples were randomly
selected, and their absorbance was read at 260 nm
using NanoDrop 2000 (Thermo Scientific, USA).
The ratio of 260/280 (DNA/protein) was also
determined.

Polymerase Chain Reaction (PCR)

The 16SrRNA gene was used to identify the
Salmonella spp. genus. The primers were designed
using Amplifx version 1.5.4 software (France). The
list of primer pairs and PCR temperature programs
are provided in Table s1 and 2, respectively.

Table 1. Salmonella 16S rRNA gene primers sequence

Gene Primer name Primer sequence The length of the piece
16SrRNA F ATTTCTCACGCCAGGATTTG 641
R GATCGGCAAAGGTTAGGTCA

Table 2. Program and temperature cycles of 16SrRNA gene of Salmonella (PCR conditions C/ of S).

Gene First Denaturation Denaturation

Annealing

Extension Final Extension

16SrRNA 5mine/72°C 1mine/72°C

1mine/63°C

1mine/96°C 5mine/96°C

The PCR reaction was performed in a total volume
of 25 uL, containing 4 uL of template DNA, 1 uL
of each primer, and 12.5 pL of red master mix
(Ampligon, Denmark), and the total volume was
completed with sterile distilled water. The thermal
cycling and PCR program were defined in a

thermal cycler (Quanta Biotech, UK) according to
Table 2. The PCR products were electrophoresed
on a 2% agarose gel containing a safe stain (Labnet,
ENDURO, USA) and then visualized using Genius
Gel Documentation (Syngene Bio-Imaging, UK)
(Figure 2).

Fig. 2. Electrophoresis image of Salmonella 16srRNA gene in agarose gel, six marker
wells (50bp), wells 1 and 5 are negative samples, wells 2 to 4 are positive samples.

Phylogenetic analysis results
The nucleotide sequences of each species were
aligned for diversity positions in the same

direction. The sequences were uploaded to NCBI
to search for the most similar reference sequences,
and the COIl position was determined using
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BLAST available in NCBI. The COI nucleotide
sequences belonging to the Salmonella spp. genus
in the gene bank were used for phylogenetic
analysis. The alignment was manually edited to
eliminate any alignment errors using Clustal W and
exported as MEGA 11 (France) and FASTA format
files. All nucleotide sequences obtained were
deposited in GenBank with assigned accession
numbers. Then, the phylogenetic relationship was
constructed using the maximum likelihood (ML)
method through molecular evolutionary genetics
analysis software MEGA version 11. The DNA
sequence polymorphism analysis was estimated
using MEGA 11 version 7.0.1 and Blastn software
to determine nucleotide diversity.

Data analysis

The obtained data were calculated based on the
confidence interval of 95%. It calculates the lower
and upper limits of the 95% confidence interval for
a proportion (Table 3).

Results

In Zanjan Region, 412 hard ticks from animals like
sheep and goats were collected. The ticks belonged
to two different groups - 208 were Hyalomma
species and 204 were Rhipicephalus species. A
microscope was used to identify ticks by
examining their external features such as festoons,
uterine channels, anal shields, lateral shields, and
scutum color (Table 3). The study collected a total
of 412 ticks, 208 of which were Hyalomma ticks
and 204 were Rhipicephalus ticks. These ticks
were separated into pools of five, with 27 male and
14 female pools for Rhipicephalus ticks and 24
male and 16 female pools for Hyalomma ticks. In
total, 51 male pools and 30 female pools were
collected. After performing PCR, it was shown
that 9 out of 27 male pools and 3 out of 14 female
pools were positive for Salmonella spp. in
Rhipicephalus ticks, while six male and two female
pools were positive for Salmonella spp. in
Hyalomma ticks. The percentage and 95%
confidence interval of the presence of Salmonella-
positive bacteria are presented in Table 3.

Discussion

The species of Hyalomma and Rhipicephalus ticks
cause irritation, stress, and blood loss in their hosts
(Brown et al., 2005). While a few ticks are
generally not harmful to animals, a large number of
ticks (dozens or hundreds) can cause significant
harm, such as weight loss, reduced fertility, and
decreased milk production. Some tick species can
also spread diseases to animals and humans, and
since they feed on various hosts during their life
cycle, they have a higher chance of acquiring and
transmitting pathogens (Brown et al., 2005).

The Rhipicephalus species of ticks are the most
commonly found around the world, and they are
known to spread diseases to humans, cattle, and
sheep. They can be found both in urban and rural
areas and can live in human dwellings. These ticks
are active in tropical, subtropical, and temperate
regions (Dantas-Torres, 2010). They are an
important group of arthropod vectors, transmitting
various disease-causing microorganisms like
viruses, bacteria, and protozoa to both wild and
domestic animals, as well as humans (Uilenberg,
1995; Jongejan and Uilenberg, 2004). In our study,
Salmonella spp. bacteria were commonly isolated
from Rhipicephalus and Hyalomma ticks. This is
consistent with the findings of Mohanad and
Moaed (2012), who studied ticks collected from
sheep in Basrah, Irag, and found that they were
contaminated with Enterobacteriaceae bacteria
(Kirecci et al., 2015).

Another study conducted by Kirecci et al. (2015)
showed that Bacillus species were the most
common pathogens isolated from Hyalomma ticks
collected from turtles (Kirecci et al., 2015). In a
study conducted by Orkun et al. (2014), researchers
collected a total of 169 ticks from people in
different parts of Ankara, Turkey. They found that
the most commonly collected tick species were
Hyalomma and Rhipicephalus ticks (Orkun et al.,
2014).
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Table 3. The results of contamination of tick samples collected from the surface of goats and sheep in the Zanjan

region.
Ticks
No?:?cblfsr Ticks species No. pool Genus 16S rRNA (95%Cl)
7120(35%)
Rhipicephalus | | %° Male 7 (n=20; 35%; 95%Cl: 18.12%-56.71%)
sanguineus 2/9(22.22%)
1t 89 Female 2 (n=9; 22.22%; 95%Cl: 6.32%-54.74%)
. ; Viale 2/7(28.57%)
2 (n=7; 28.57%; 95%ClI: 8.22%-64.11%)
63 R.turanicus 26 5 Female 1/5(20%)
1 (n=5; 20%; 95%CIl: 3.62%-62.45%)
= ] ale 1/6(16.66%)
Hyaloma 1 (n=6; 16.67%; 95%CI: 3.01%-56.35%)
56 asiaticum 0/4(0.0%)
S Female 0 (n=4; 0%; 95%CI: 0%-48.99%)
51 10 Male 4/10(40%)
. 4 (n=10; 40%; 95%CI: 16.82%-68.73%)
82 H. aegyptium 216(33.33%)
8 6 Female 2 (n=6; 33.33%; 95%CI: 9.68%-70%)
i . Viale 1/8 (12.50%)
. 1 (n=8; 12.5%; 95%CIl: 2.24%-47.09%)
70 H. anatolicum 0/6(0.0%)
29 6 Female
0 (n=6; 0%; 95%CI: 0%-39.03%)
260 o1 Male 15/51(29.41%)
15 (n=51; 29.41%; 95%CI: 18.71%-43%)
152 2 6/30(20%)
Total Female 6 (n=30; 20%; 95%CIl: 9.51%-37.31%)
21/81(25.92%)
412 81 21 (n=81; 25.93%; 95%ClI: 17.63%-36.41%)

The current study collected a total of 412 hard
ticks, consisting of 208 Hyalomma and 204
Rhipicephalus ticks from sheep and goats in the
Zanjan region. The results showed that
Rhipicephalus ticks had the highest contamination
with Salmonella spp. Salmonella spp. bacteria, and
also, male ticks were more contaminated with
Salmonella spp. than female ticks, possibly due to
their higher frequency of blood feeding and greater
host diversity (Williams et al., 2005). In a four-year
surveillance study conducted in the United States,
66,000 tick species were identified, and Rickettsia,
an important pathogenic bacterium, was found in
these ticks (Merten and Durden, 2000; Orkun et al.,
2014).

Our study has revealed that Hyalomma and
Rhipicephalus ticks are capable of transmitting
Salmonella, a bacterium that can cause illness in
humans and animals. We conducted molecular
identification using PCR and sequencing, and the
results showed that the genetic makeup of the

Salmonella strains was most similar to those of
Salmonella enterica subsp. enterica, Salmonella
enterica subsp. enteritidis, and Salmonella
enterica subsp. typhimurium. This was confirmed
through phylogenetic tree analysis. (Parola and
Raoult, 2001; Chandra et al., 2007; Dantas-Torres,
2010).

Some previous studies revealed how hard ticks can
transmit diseases to humans, such as tick paralysis,
Lyme disease, and Crimean-Congo hemorrhagic
fever virus (CCHV), among others. Such studeis
did not investigate viruses or non-culturable
pathogens, but they found Salmonella spp. in these
ticks, which can cause gastroenteritis and other
infections in humans (Stromdahl and Hickling,
2012; Reifenberger et al., 2022).

With the increasing prevalence of zoonotic
diseases and global climate change, tick-borne
ilinesses are becoming more dangerous, and
preventive measures should be taken (Parola and
Raoult, 2001; Dietrich et al., 2011; Palomar et al.,
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2021). The results of this study are consistent with
a previous one conducted by Heaney in 2012,
which emphasized the importance of ticks in
transmitting diseases to humans and animals at all
stages of their life cycle (Heaney and Cannon,
2012). Firstly, they can feed on an infected host
animal and ingest the pathogen into their blood.
Secondly, ticks can transmit the pathogen through
their eggs for most diseases, meaning that the tick
mother can pass the disease-causing agent to her
offspring. Thirdly, simultaneous feeding or feeding
by multiple ticks on one host can cause infection.
Therefore, ticks can transmit diseases at any stage
of their life cycle. Each time they take a blood
meal, humans are at risk of contracting the disease
(Parola and Raoult, 2001; Sili, 2017).

Conclusion

Hard ticks are the most dangerous arthropods that
endanger the health of vertebrates or threaten them,
and they can transmit the greatest diversity of
pathogens to both humans and animals. Hard ticks
can transmit many pathogenic bacteria to
vertebrates, among which the most important are
the bacteria of the Enterobacteriaceae family. In
this study, contamination with the Salmonella spp.
a genus in hard ticks (Hyalomma and
Rhipicephalus genera) was identified and
sequenced using PCR.

Acknowledgments

The authors would like to thank the colleagues in
Department of Microbiology, Faculty of
Veterinary Medicine, Urmia University.

Conflict of Interests

The authors declare no conflict of interest.

Ethical approval

Not applicable.

References

Allerberger F. J., Dierich M. P., Ebner A., Keating
M. R., Steckelberg J. M., Yu P. K. & Anhalt J.
P. Urinary tract infection caused by
nontyphoidal Salmonella: report of 30 cases.
Urologia Internationalis, 1992, 48(4), 395-
400. doi:10.1159/000282362.

Barker S. & Murrell A. Systematics and evolution
of ticks with a list of valid genus and species

names. Parasitology, 2004, 129(S1), S15-S36.

doi:10.1017/S0031182004005207.

Brown N. F., Vallance B. A., Coombes B. K.,
Valdez Y., Coburn B. A. & Finlay B. B.
Salmonella pathogenicity island 2 is
expressed prior to penetrating the intestine.
PLoS Pathogens, 2005, 1(3), e32.
doi:10.1371/journal.ppat.0010032.

Chandra M., Singh B., Shankar H., Agarwal
M., Agarwal R. K., Sharma G. & Babu N.
Prevalence of Salmonella antibodies
among goats slaughtered for chevon in
Bareilly (Northern India). Preventive
Veterinary Medicine, 2007, 80(1), 1-8.
doi:10.1016/j.prevetmed.2007.01.008.

Dantas-Torres F. Biology and ecology of the
brown dog tick, Rhipicephalus sanguineus.
Parasites & Vectors, 2010, 3(1), 1-11.
d0i:10.1186/1756-3305-3-26.

Dietrich M., Gomez-Diaz E. & McCoy K. D.
Worldwide distribution and diversity of
seabird ticks: implications for the ecology
and epidemiology of tick-borne pathogens.
Vector-Borne and Zoonotic Diseases,
2011, 11(5), 453-470.
d0i:10.1089/vbz.2010.0009.

Enferadi A., Ownagh A. & Tavassoli M.
Molecular Detection of Borrelia spp. in
Ticks of Sheep and Goats by Nested PCR
Method in West Azerbaijan Province, Iran.
Vector-Borne and Zoonotic Diseases,
2023. doi:10.1089/vbz.2023.0039.

Gonzélez-Acufia D. & Guglielmone A. A.
Ticks (acari: ixodoidea: argasidae,
ixodidae) of Chile. Experimental &
Applied AScarology, 2005, 35147-163.
doi:10.1007/s10493-004-1988-2.

Gordon M. A., Graham S. M., Walsh A. L.,
Wilson L., Phiri A., Molyneux E., Zijlstra
E. E., Heyderman R. S., Hart C. A. &
Molyneux M. E. Epidemics of invasive
Salmonella Salmonella enterica serovar
enteritidis and S. enterica Serovar
typhimurium infection associated with
multidrug resistance among adults and
children in Malawi. Clinical Infectious
Diseases, 2008, 46(7), 963-9609.
d0i:10.1086/529146.

Gruenberg M., Moniz C. A., Hofmann N. E,,
Wampfler R., Koepfli C., Mueller 1.,
Monteiro W. M., Lacerda M., de Melo G.
C. & Kuehn A. Plasmodium vivax
molecular diagnostics in community




7 Babayi Khomaraki et al.

JZD, 2023, 7 (4): 385-392

surveys: pitfalls and solutions. Malaria
Journal, 2018, 171-10.
d0i:10.1186/512936-018-2201-0.

Jongejan F. & Uilenberg G. The global
importance of ticks. Parasitology, 2004,
129(S1), S3-S14.
d0i:10.1017/S0031182004005967.

Kalantari M., Zanganeh Shahraki S., Yaghmaei
B., Ghezelbash S., Ladaga G. & Salvati L.
Unraveling urban form and collision risk:
the spatial distribution of traffic accidents
in Zanjan, Iran. International Journal of
Environmental Research and Public
Health, 2021, 18(9), 4498.
d0i:10.3390/ijerph18094498.

Kirecci E., Wasan M., Metin T., Bawar A.,
Omer A. & Rizgar M. Isolation and
identification of tick-borne bacterial
pathogens in Turkey and Irag. African
Journal of Microbiology Research, 2015,
9(24), 1608-1612.
d0i:10.5897/AJMR2015.7549.

Kaboudari A., Aliakbarlu J. & Mehdizadeh T.
Production of viable but nonculturable
state  in  Salmonella isolates by
combination of acidity, osmotic pressure
and freezing. Journal of Zoonotic
Diseases, 2022, 6(4).
d0i:10.22034/jzd.2022.15563.

Merten H. A. & Durden L. A. A state-by-state
survey of ticks recorded from humans in
the United States. Journal of Vector
Ecology, 2000, 25(1), 102-113.
doi:10.1016/j.ttbdis.2020.101637.

Olwoch J. M., Van Jaarsveld A., Scholtz C. H.
& Horak I. G. Climate change and the
genus Rhipicephalus (Acari: Ixodidae) in
Africa.  Onderstepoort  Journal  of
Veterinary Research, 2007, 74(1), 45-72.
https://hdl.handle.net/10520/EJC86279.

Orkun O., Karaer Z., Cakmak A. &
Nalbantoglu S. Identification of tick-borne
pathogens in ticks feeding on humans in
Turkey. PLoS Neglected tropical diseases,
2014, 8(8), e3067.
doi:10.1371/journal.pntd.0003067.

Ostfeld R. S., Price A., Hornbostel V. L.,
Benjamin M. A. & Keesing F. Controlling
ticks and tick-borne zoonoses with
biological ~and  chemical  agents.
Bioscience,2006,56(5),383-394.
d0i:10.1641/0006-
3568(2006)056[0383:CTATZW]2.0.CO;2

Palomar A. M., Veiga J., Portillo A,
Santibafiez S., Vaclav R., Santibafez P.,
Oteo J. A. & Valera F. Novel genotypes of
nidicolous Argas ticks and their associated
microorganisms from Spain. Frontiers in
Veterinary Science, 2021, 8637837.
doi:10.3389/fvets.2021.637837.

Parola P. & Raoult D. Ticks and tickborne
bacterial diseases in humans: an emerging
infectious threat. Clinical Infectious
Diseases, 2001, 32(6), 897-928.
d0i:10.1086/319347.

Prescott L. M. 2002. Microbiology.
http://localhost:8080/xmlui/handle/12345
6789/518.

Reifenberger G. C., Thomas B. A. & Rhodes D.
V. Comparison of DNA Extraction and
Amplification Techniques for Use with
Engorged Hard-Bodied Ticks.
Microorganisms, 2022, 10(6), 1254.
doi:10.3390/microorganisms10061254.

Sadek J. R., Pergam S. A., Harrington J. A,
Echevarria L. A., Davis L. E., Goade D.,
Harnar J., Nofchissey R. A., Sewell C. M.
& Ettestad P. Persistent
neuropsychological impairment associated
with West Nile virus infection. Journal of
Clinical and Experimental
Neuropsychology, 2010, 32(1), 81-87.
doi:10.1080/13803390902881918.

Sili G. D. N. F. 2017. Species composition of
ticks and tick-borne pathogens in domestic
ruminants and dogs in Tchicala-
Tcholoanga Huambo Province Angola.
University of Pretoria.
http://hdl.handle.net/2263/67906.

Stromdahl E. & Hickling G. Beyond Lyme:
Aetiology of tick-borne human diseases
with emphasis on the South-Eastern
United States. Zoonoses and Public
Health, 2012, 5948-5964.
doi:10.1111/j.1863-2378.2012.01475.x.

Teklu A. & Negussie H. Assessment of risk
factors and prevalence of Salmonella in
slaughtered  small  ruminants  and
environment in an export abattoir, Modjo,
Ethiopia. American-Eurasian Journal of
Agricultural & Environmental Sciences,
2011, 10992-10999.
doi:10.36478/javaa.2016.24.32.

Uilenberg G. International collaborative
research: significance of tick-borne
hemoparasitic diseases to world animal



https://doi.org/10.22034/jzd.2022.15563
http://dx.doi.org/10.1016/j.ttbdis.2020.101637
https://doi.org/10.1080/13803390902881918
http://hdl.handle.net/2263/67906
https://dx.doi.org/10.36478/javaa.2016.24.32

8 Babayi Khomaraki et al.

JZD, 2023, 7 (4): 385-392

health. Veterinary Parasitology, 1995,
57(1-3), 19-41. d0i:10.1016/0304-
4017(94)03107-8.

Williams R. C., Sumner S. S. & Golden D. A.
Inactivation of Escherichia coli O157: H7
and Salmonella in apple cider and orange
juice treated with combinations of ozone,
dimethyl dicarbonate, and hydrogen
peroxide. Journal of Food Science, 2005,
70(4), M197-M201. doi:10.1111/j.1365-
2621.2005.tb07188.x.

Yagoub S. O., Awadalla N. E. & EI Zubeir° I.
North (Sudan) and Their SusCeptibility to
Antimicrobial Agents. Journal of Animal
and Veterinary Advances, 2005, 4(3), 341-
344. doi:10.4103/njcp.njcp_596 18.



http://dx.doi.org/10.4103/njcp.njcp_596_18

