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Abstract:
BACKGROUND: Heavy metal toxicity has been confirmed 

to be a critical threat to animals’ health. It has been proved 
that heavy metals can cause immunosuppression. Although, 
it is said that damage of immune function plays a contribut-
ing role in the increasing incidence of infectious diseases. 
The increasing use of rural habitats by jackals makes them 
suitable to monitor the anthropogenic activities impact on 
the health status of the animals. OBJECTIVES: We examined 
whether exposure to immunosuppressive heavy metals is as-
sociated with infectious disease in golden jackals (as repre-
sentative of wild canids). So mercury and lead concentra-
tions, frequency of CPV-2 infection and the relation between 
heavy metal concentrations and CPV-2 infection incidence 
were analyzed in golden jackals. METHODS: 30 Road-killed 
golden jackals were necropsied. Concentrations of Pb and 
Hg were measured by AAS in kidney and liver samples. VP2 
gene of the CPV genomic DNA was applied to detect CPV-2 
infection in fecal samples by PCR. RESULTS: Mean concen-
trations (mg/kg wet weight) of Hg and Pb were 0.15 ± 0.11 
and 0.25 ± 0.18 in kidneys, and 2.8 ± 0.91 and 4.7 ± 1.03 in 
livers. CPV-2 was detected in 8 (24%) samples. Mean con-
centrations of Hg and Pb were meaningfully higher in the 
jackals that were CPV-2 infected compared to non- CPV-2 
infected jackals. CONCLUSIONS: This pilot study has linked 
heavy metals bioaccumulation to viral infection. Further 
work is required to estimate the exact role of heavy metals in 
susceptibility of jackals to CPV-2 infection.
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Introduction

Environmental contamination by heavy 
metals is one of the most dangerous an-
thropogenic influences on living organisms 
worldwide. This is due to both the occur-
rence of high numbers of metals’ sources 
inside the earth’s crust and human activ-

ities (Langner et al., 2011; Markert et al., 
2011). Some of them (Hg and Pb) are very 
toxic for organisms even in low concentra-
tion and have a wide range of toxic effects 
on humans and animals (Lehmann, et al., 
2011). Toxic effects of heavy metals fre-
quently linked to chronic exposure include 
mutagenicity, carcinogenicity, teratogenic-
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ity, immunosuppression, poor body condi-
tion and impaired reproduction (Beyioers-
mann and Hartwig, 2008; Garcia-Leston et 
al., 2012; Lehmann et al., 2011).

The data related to adverse effects of 
heavy metals contaminations in the wild 
carnivores is rare. However, Hg and Pb are 
known to bioaccumulate and to magnify in 
some carnivores such as marine mammals, 
and have been introduced as a cause of great 
concern in terms of their general health 
(Larbi, et al., 2014). Moreover, adverse ef-
fects of non-essential heavy metals on the 
immune system of animals have often been 
stated (Jaishankar et al., 2014).

Moreover, it has been accepted that im-
pairment of immune function plays a con-
tributing role in the increasing incidence of 
infectious diseases in animals. Accordingly, 
nowadays pollution and pathogens repre-
sent a serious threat to the health of animals 
(Morley, 2010).

Golestan Province located in the north 
Iran is a very important region for conser-
vation of biodiversity in Iran. More than 
50% of the total Iranian mammals’ species 
is found in Golestan Province (Majnoonian 
et al., 1999). Golestan’s geographical situ-
ation and climate make it suitable for ag-
ricultural and industrial activities (Sharbati, 
2012). Hence, it suffers from a large extent, 
large scale  human activities and pollution. 

Despite the fact that many kinds of en-
vironmental changes, such as heavy metal 
contamination threaten the survival of wild 
species in Golestan Province, heavy metals 
contamination and their effects on occur-
rence of infectious diseases in wild animals 
have not been surveyed by researchers in 
Iran.

Canine parvovirus (CPV-2) is widely 
circulating in the global canine population 

and one of the important causes of mor-
bidity and mortality in wild and domestic 
canids (Goddard and Leisewitz, 2010). For 
example, it has been documented that CPV-
2 infection was one of the major factors in 
decline of the Isle Royale wolf population 
(Peterson and Krumenaker, 1989).

Golden jackal (Canis aureus) is the big-
gest and the only jackal species outside 
Africa. It is the most extensively dispersed 
canid species, occurring in Northern and 
Eastern Africa, Asia Minor, the Middle East, 
Central and Southern Asia, and South-east-
ern Europe (Jhala and Moehlman, 2004). 
Golden jackal is supposed to be adaptable 
species due to its omnivorous diet which 
mainly consists of small mammals, live-
stock remains and carcasses, and human 
refuse (Lanszki et al. 2010; Ćirović et al. 
2014; Markov and Lanszki 2012; Jaeger et 
al. 2007). Due to theirs opportunistic scav-
enging behavior, jackals are able to live  in 
different ecosystems, with high local den-
sities (Jhala and Moehlman, 2004; Šálek et 
al. 2014).

 Jackals’ population, being in close con-
tact with human made pollutant, can act as 
a suitable reservoir for pathogens (Ćirovi 
et al., 2015). In addition, they may play a 
role in  the risk of infection disease spill-
over from unvaccinated rural dogs to wild 
canids.

Golden Jackal has been introduced as one 
of the most abundant species of wild canids 
in Golestan Province (Ziae, 2008). Conse-
quently, it can be used as a sentinel of its 
ecosystem for scientific studies in North 
Iran. 

Animals respond in a different way to en-
vironmental pollution, and the presence of 
toxic materials in the environment and their 
increase in animal tissues need to be studied 
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for a better understanding of the effects of 
contaminants on each of the organisms of 
the ecosystem.

The main objective of this study was to 
survey the impact of anthropogenic activi-
ties on golden jackals through heavy met-
al contamination and frequency of CPV-2 
infection in golden jackals. So, Hg and Pb 
concentrations and CPV infection incidence 
were analyzed in road killed golden jackals 
to survey the relation between heavy met-
als concentrations and the susceptibility 
of golden jackals to CPV-2 infection inci-
dence.

Materials and Methods

Sampling: Fecal samples and liver & 
kidney tissues were collected from 30 road-
killed jackals from the main traffic road of 
Golestan Province which is located near 
numerous villages. Samples were used only 
from carcasses for which the close time of 
death could be evaluated as less than 12-24 
h. 

CPV-2 detection: Fecal samples were 
obtained in the form of a rectal swab, using 
sterilized swabs, and directly transferred to 
labeled sterile vials containing PBS. The 
samples were centrifuged at 10,000 rpm for 
5 minutes and supernatant was used in the 
PCR. Total DNA were extracted from the 
supernatant by use of Bioneer extraction 
kit. The custom manufactured forward (5’ 
GAAGAGTGGTTGTAAATAATA 3’) and 
reverse (5’ CCTATATCACCAAAGTTAG-
TAG 3’) primers specific for the VP2 gene 
of the CPV-2 genomic DNA were applied to 
amplify the DNA of 681 bp in length hav-
ing the following cyclic conditions. Initial 
denaturing temperature of 94 °C for 5 min 
for one cycle, 30 cycles of denaturation at 

94 °C for 30 sec, primer annealing at 55 °C 
for 2 min, 72 °C for 2 min, 30 cycles and 
final extension of 5 min at 72 °C (Pereira 
et al., 2000). The amplified products were 
electrophoresed on 1% agarose gel, stained 
with ethidium bromide and then visualized 
under the UV transilluminator against the 
100 bp DNA ladder.CPV-2 Vaccine strain 
and ultra-water were used as positive and 
negative control, respectively. 

Heavy metal analysis: To measure Hg 
and Pb concentrations in kidney and liver 
tissue samples, wet tissue weight was re-
corded. Then samples were digested with 
concentrated nitric and perchloric acid 
(1:1). After heating on a hot plate for 1 h, 
the digested samples were examined two 
times for measuring Hg and Pb concentra-
tions with an atomic absorption spectropho-
tometer using an air/acetylene flame (GBc I, 
Australia) (FAO, 1993).

Statistical analysis: SPSS 18 and Excel 
2010 software were used for statistical anal-
yses. Mean concentrations of Pb and Hg 
were represented in mean WW ± standard 
deviation. Differences in trace elements 
concentrations of different tissues and in-
cidence of CPV-2 infection were calculated 
by T-test. 

Results

Frequency of CPV-2 infection: There 
was no apparent clinical sign of CPV-2 in-
fection in road-killed jackals. VP2 partial 
gene was detected in 8 of 30 (24%) fecal 
samples (Fig. 1). There was no difference 
between female and male jackals in fre-
quency of CPV-2 infection.

Tissues Hg and Pb concentrations: 
Mean Hg concentrations in livers and kid-
neys of sampled golden jackals were 0.25 

Namroodi, S.

113-124



116 Iran J Vet Med., Vol 11, No 2 (Summer 2017),

± 0.18 and 0.15 ± 0.11 mg/kg, respectively. 
Although Pb concentrations in livers and 
kidneys of sampled golden jackals were 4.7 
± 1.03 and 2.8 ± 0.91 mg/kg, respectively, 
no significant difference was observed be-
tween levels of Hg and Pb concentration in 
male and female jackals. Livers Hg and Pb 
concentrations were higher than kidneys.

Correlation between levels of heavy 
metals concentrations and incidence of 
CPV-2 infection: There was a positive cor-
relation between CPV-2 infection incidence 

and levels of Hg & Pb concentrations in 
sampled golden jackals. Results of T-test 
revealed that mean concentration of the Hg 
and Pb was higher in CPV-2 infected jack-
als than CPV-2 negative jackals (Table 1 
and 2).

Discussion

There is limited data regarding heavy 
metals contamination, frequency of CPV-2 
infection and potential relationship between 

Heavy metal and parvovirus in jackals Namroodi, S.

Table 1. Group Statistics. 1= Kidney, 2= Liver.

Salembimar N Mean Std. Deviation Std. Error Mean
Hg K1 1.00 22 .1101 .08563 .01826

2.00 8 .2913 .05718 .02022
Hg L2 1.00 22 .1809 .09851 .02100

2.00 8 .4463 .21804 .07709
Pb K 1.00 22 2.4436 .66175 .14109

2.00 8 3.9637 .46325 .16378
Pb L 1.00 22 4.3155 .83583 .17820

2.00 8 5.8238 .68930 .24371

Table 2. Results of Independent Samples T-test between heavy metals concentration and CPV2 incidence. 1= Kidney, 2= 
Liver

Levene’s Test 
for Equality of 

Variances

t-test for Equality of Means

F Sig. t df Sig. 
(2-tailed)

Mean Dif-
ference

Std. Error 
Difference

95% Confidence Inter-
val of the Difference
Lower Upper

Hg K1    Equal variances 
assumed

.683 .415 -5.519 28 .000 -.18111 .03281 -.24833 -.11390

Equal variances 
not assumed

-6.649 18.886 .000 -.18111 .02724 -.23815 -.12408

Hg L2 Equal variances 
assumed

5.810 .023 -4.643 28 .000 -.26534 .05715 -.38241 -.14827

Equal variances  
not assumed

-3.321 8.063 .010 -.26534 .07990 -.44934 -.08135

Pb K Equal variances 
assumed

.292 .593 -5.956 28 .000 -1.52011 .25520 -2.04287 -.99735

Equal variances 
not assumed

-7.032 17.949 .000 -1.52011 .21617 -1.97437 -1.06586

Pb L Equal variances 
assumed

.002 .964 -4.557 28 .000 -1.50830 .33100 -2.18631 -.83028

Equal variances 
not assumed

-4.996 15.052 .000 -1.50830 .30191 -2.15160 -.86499
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heavy metals contamination and incidence 
of viral diseases in golden jackals. For this 
study, as for other surveys explained in the 
scientific papers, the obtained results were 
step by step compared to linked results re-
ported in the peer-reviewed scientific liter-
ature.

Frequency of Canine parvovirus infec-
tion incidence: Infectious diseases have 
been documented as important threats to 
wildlife population throughout the world 
and have been introduced in some areas  
where populations  of some species such as 
Africa wild dogs have been declining (Prag-
er et al., 2012). 

CPV-2 was detected in 8 out of 30 (24%) 
fecal samples by PCR which seems a high 
value. CPV-2 can persist in the environment 
for a long period of time, and  can also be 
spread not only by direct contact but also 
through vectors such as flies (Greene and 
Apple 2011). Therefore, this information 
together with the suitable climate situation 
of Golestan Province for CPV persisting in 
environment can also be part of the expla-
nation for high CPV-2 infection of sampled 
golden jackals.

Measurement of serum antibody titer can 
be a useful method to reveal the history of 

animals CPV-2 exposures. But it is not valid 
for determination of CPV-2 infection inci-
dence in canids (Greene and Apple 2011). 
Hence, in this study CPV-2 infection was 
surveyed in golden jackals to measure the 
actual CPV-2 contamination risk that gold-
en jackals are facing in Golestan Province.

With regard to CPV, detection of antibody 
titer to CPV-2 has been frequently used to 
analyze canids’ population.

There are very limited epidemiological 
surveys on CPV-2 infection in wild canids. 
One of the first reports of CPV-2 infection 
of wild canids was documented by Mech 
and Fritts (1987). They reported CPV-2 in-
fection led to the death of 11 wolf pups in 
a captive wolf colony in Minnesota (USA). 
Mech and Goyal (1993) explained that the 
small population of wolves has been signifi-
cantly affected by CPV-2 mortality.  

Results of serological studies which are 
not comparable with our study have shown 
high frequency of wild canids and free-liv-
ing dogs’ exposures to CPV-2 in some coun-
tries.

13 of 19 wolves’ serum from Montana 
(USA) were recorded as positive for CPV-2 
antibody (Johnson, 1984). 

Based on data achieved in this study, it 
cannot be concluded exactly whether CPV-
2 spill over from golden jackals to other 
wild canids species in Golestan Province. 
However, the presence of CPV-2 in sampled 
golden jackals suggests the possible danger 
of CPV-2 infection in other wild canids and 
the need for designing continues via moni-
toring plans for actively restricting this le-
thal disease through vaccination.

So, it seems that the government should 
be encouraged to vaccine rural dogs and 
also the golden jackals’ population in north 
Iran, to protect endangered species  from 

Namroodi, S.

Figure 1. PCR results: A= DNA Ladder, B= Positive con-
trol, C= Positive sample, D= Negative control.
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CPV-2 infection. 
Therefore, this study must be extended 

to include the testing of higher numbers of 
golden jackals in North Iran.

Pb and Hg contamination: Assessment 
of environmental contamination can be in-
directly surveyed by analysis of toxic ele-
ments concentration in living organisms. 

To the best of our knowledge, this is the 
first study that surveyed the concentrations 
of Pb and Hg in golden jackals, which are 
at the top of the food web and may  be very 
sensitive to any levels of non-essential 
heavy metals, in Iran.

Pb is a very toxic heavy metal that dis-
rupts numerous physiological processes and 
it does not have any  biological function in 
animals (Kalisinska et al., 2012, Najeeb 
et al., 2014). Lead toxicity can cause ane-
mia, impaired nervous system and kidney 
function, delayed healing of fractures and 
immunosuppression (Liu, 2003). There are 
many natural and anthropogenic sources of 
Pb in the environment. The chief causes of 
lead contamination are industrial activities, 
coal combustion, automotive industry, agri-
cultural activities (Najeeb et al., 2014).

Pb concentrations in livers and kidneys 
of sampled golden jackals were 4.7 ± 1.03 
and 2.8 ± 0.91 mg/kg, respectively.  Tox-
ic threshold of Pb concentration in golden 
jackals has not been surveyed. However, 
based on laboratory tests on rodents from 
the order Rodentia, it was found that Pb 
bone concentration near the level of 50 mg/
kg dw, could  lead to adverse effects of this 
metal on skeletal formations (Andrews, et 
al., 1989).

As there was no  data about the health sta-
tus of sampled road killed jackals, the toxic 
effect of Pb on sampled jackals cannot be 
concluded. Nevertheless this metal can be 

toxic for animals even at very low levels.
There are just two similar studies on gold-

en jackals in the world and most of the relat-
ed surveys have been done on foxes.

Ćirović1 and his colleagues (2014) sur-
veyed concentrations of seven trace ele-
ments (Pb, Cd, Zn, Cu, Fe, Mn, and Ni) in 
livers of 129 golden jackals from Serbia. 
The highest and lowest Pb concentration 
were recorded 23.00 mg/kg ww and 3.46 
mg/kg ww, respectively, with average range 
of 9.59 mg/kg. 

Markov and his colleagues (2016) detect-
ed Pb concentration of 6.88 ± 1.67 mg/kg 
dw and 4.03 ± 1.32 mg/kg dw in livers and 
kidneys of golden jackals from Bulgaria, re-
spectively, which seems lower than results 
of the current study.

Pb skin concentration in red foxes from 
Spain, Croatia and Poland has been doc-
umented 0.053 mg/kg, 0.043 mg/kg and 
1.445 mg/kg, respectively (Milla´n et al., 
2008, Bilandzic et al., 2010).

Hg is a well-known environmental tox-
icant and pollutant which causes severe 
changes in the body tissues and causes a 
wide range of adverse health effects such 
Gastro-intestinal disorders, respiratory tract 
irritation, renal failure, neurotoxicity and 
immunosuppression (Scheuhammer et al. 
2008). 

The chief sources of Hg contamination 
include anthropogenic activities such as ag-
riculture, municipal wastewater discharges, 
mining, incineration, metallurgy, burning 
coal and discharges of industrial wastewater 
(Liao et al., 2006).

Mean Hg concentrations in livers and kid-
neys of sampled golden jackals were 0.25 ± 
0.18 and 0.15 ± 0.11 mg/kg, respectively. 
To the best of our knowledge, there is not 
any report on golden jackals Hg contamina-

Heavy metal and parvovirus in jackals Namroodi, S.

113-124



119

Iranian Journal of Veterinary Medicine

Iran J Vet Med., Vol 11, No 2 (Summer 2017),

tion. So, we compared our results with other 
canids’ species such as foxes.

Hg poisoning in wild canids has been 
rarely documented. One known case was 
documented in a Swedish wild fox with 
Hg poisoning signs: running around, stag-
gering, apparently blind without olfactory 
sense. A mixed sample from the liver and 
kidney from that individual contained 30 
mg Hg/kg ww (Borg et al., 1969).

Although there were  a few previous re-
ports on Hg contamination in foxes as rep-
resentative of wild canids,  the Hg threshold 
value for wild canids (above which adverse 
effects happen) was not reported. Such data 
is accessible for the domestic dogs (Canis 
lupus) which also belong to the family Ca-
nidae. The laboratory tests performed on the 
dogs revealed that the typical concentration 
of Hg in the liver and kidney is <0.1 mg/kg 
wet weight, ww (~0.3 mg/kg dw), while 2.8 
and 3.3 mg/kg ww are introduced as lethal 
(9.3 and 11 mg/kg dw) (Farrar et al., 1994).

Generally, the effects of Hg contamina-
tion on sampled golden jackals in this study 
are not clear. However, as it can be toxic to 
cells in low concentration, the toxic effect 
of Hg on sampled jackals seems possible 
(Borg et al., 1969).

From the results of similar studies, start-
ing from the 1980s, red foxes and Arctic 
foxes were found to have kidney and liv-
er Hg levels not higher than 10 mg/kg dw, 
which is equal  to ~2.5 mg/kg ww (Kalisins-
ka et al., 2012).

In recent years, the highest Hg concentra-
tions in the liver and kidney of the red fox 
ranged from about 4.2 to 5.4 mgHg/kg dw 
and were observed only in single individu-
als in Poland and Spain. In both cases, the 
considerable Hg concentrations were due to 
unusual environmental conditions and diet 

(Cybulski et al., 2009, Millan et al., 2008).
Kalisinska and her colleagues (2012) de-

termined the concentrations of total Hg in 
samples of liver, kidney and skeletal muscle 
of 27 red foxes from northwestern Poland.

The median concentrations of Hg in the 
liver, kidney and skeletal muscle were 0.22, 
0.11 and 0.05 mg/kg dw, respectively. As it 
can be concluded, the results of this study 
are lower than the results of current study. 
Although when compared with the kidney 
and liver Hg levels reported by Cybulski et 
al. (2009) for the farmed silver fox (0.056 
and 0.082 mg/kg dw, respectively), golden 
jackals in this study had higher levels of Hg 
in the kidneys and livers.

Observed differences in noted results 
originate from many factors, including dif-
ference in diet of each species, habitat con-
dition, type of biological samples, and bi-
ological characteristics of each species of 
animals (Millan, et al., 2008).

Sources of Hg and Pb have not been di-
agnosed in this study. However, that con-
sumption of contaminated foods has been 
introduced as one of the major means of 
heavy metal contamination (Millan, et al., 
2008). Golden jackals usually feed on small 
mammals which can absorb trace elements 
from soil, water, plant, air and have been 
introduced as a potential source of contami-
nation for predatory animals inhabiting nat-
ural and agricultural ecosystems (Fritsch, et 
al., 2010).

So, Hg and Pb contaminations in sampled 
road -killed jackals are strongly correlated 
with rural and wild regions condition of Go-
lestan Province and indirectly show heavy 
metal contamination of rural and wild eco-
systems in this province.

In this study like most of the studies 
which have been done on tissues heavy met-

Namroodi, S.
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als contaminations of animals, higher con-
centration of heavy metals was observed in 
livers than kidneys (Kalisinska et al., 2012, 
Markov et al., 2016).

One main part of the explanation is liver 
tissue activities in detoxification of blood in 
the body of the animals. Conversely, Lopez 
et.al, detected a higher concentration of Hg 
in kidneys (0.053 mg/kg ww) than livers 
(0.032 mg/kg ww) in free living dogs.

There are conflicting results regarding the 
effects of gender on heavy metals contam-
ination in animals. Gender effect on heavy 
metals accumulation is assumed to be relat-
ed to  the biology of the species. The extent 
of golden jackal`s home range can be influ-
enced by food resource distribution, extent 
of human pressure, type of habitat, and is 
estimated to be in the range from 1.1 to 20 
km2 (Jhala and Moehlman, 2004).

Generally, male jackals have wider home 
ranges than females (Giannatos, 2004). Fur-
thermore, the removal rate of foreign com-
pounds per unit body weight in mammals 
decreases as body weight increases (Prater, 
1980). 

Thus, males being heavier and more mo-
bile are more prone to collecting contami-
nants, including heavy metals although the 
difference in level of metals between gen-
ders occurs, no significant sex-related dif-
ferences in heavy metals accumulation were 
found in this study. Similar results were re-
ported by Cirovicl et al. (2014) in golden 
jackals and Kalisinska et al., (2012) in red 
foxes.

Conversely, in the survey of Millán et al., 
(2008) on levels of heavy metals and met-
alloids contamination  in critically endan-
gered Iberian lynx and other wild carnivores 
from southern Spain, liver concentrations of 
Se, Cd, Pb and Hg were higher in females 

than in males.
Totally, results of the current study re-

vealed potential risk of heavy metal con-
tamination for wild carnivores and rural 
habitats in Golestan Province regions and 
also showed that golden jackals can be a 
good indicator for environmental pollution.

Relation between Hg and Pb contami-
nation levels and CPV-2 incidence: Pres-
ence of heavy metals in biological tissues 
reflects the chronic intake of heavy metals. 
Since there is no useful procedure for the 
removal of trace elements accumulation in 
various tissues, low levels of chronic intake 
can lead to harmful effects on long living 
organisms (Bilandzic et al., 2010).

The presence of Pb and Hg has been de-
tected in most tissues of mammals, and it 
has been proved that even minimum con-
centrations of them can cause metabolic 
disturbances, reducing physical efficiency, 
weakening immune and enzymatic process-
es, and leading to many diseases and some-
times death (Rittschof et al., 2005). For ex-
ample, the interactions between infectious 
diseases and pollutants in aquatic commu-
nities have become an increasing area of 
concern (Morley, 2010). In combination, 
these two types of stressors may potentially 
be synergistically harmful to affected popu-
lation. Interestingly, a noteworthy positive 
connection between CPV-2 infection inci-
dence and levels of Hg & Pb contamina-
tions was detected in our study. Jackals with 
high levels of Hg and Pb tissues concentra-
tion were also positive for CPV-2 infection. 

To the best of our knowledge, this survey 
is one of the principal epidemiological stud-
ies that provides evidence for a relationship 
between heavy metals contamination and 
incidence of viral disease in wild canids. 
The consequent immunomodulation by Pb 
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and Hg contamination may increase sam-
pled golden jackals susceptibility to CPV-2.

There are some studies with similar re-
sults which showed interactions between 
heavy metals contaminations and infectious 
and non- infectious diseases in humans and 
animals. 

Nguyen and his colleagues (2016) report-
ed a positive relationship between aerial 
heavy metals and itchy eyes and coughing 
in chronic cough patients.

Heavy traffic exposure, one source of 
heavy metals, has been associated with 
growth in the incidence and prevalence of 
childhood asthma and wheeze as well as 
allergic sensitization, bronchial hyper re-
sponsiveness and respiratory symptoms in 
children (Janssen, et al., 2003).

Bennett and his colleagues showed that 
long-term exposure to heavy metals, in-
cluding immunosuppressive metals, like 
mercury (Hg), is associated with infectious 
disease in wild cetacean.

Like the results of this study, they found 
that mean liver concentration of Hg was sig-
nificantly higher in the porpoises that died 
of infectious disease compared to healthy 
porpoises that died from physical trauma.

It has been documented that pretreatment 
of mice with Hg compounds enhances sus-
ceptibility to experimental infections with 
murine leishmaniasis or sporozoites.

Chou et al.(1998) used host-virus system 
to examine the effects of heavy metals (cad-
mium, copper, zinc, mercury) on clam sus-
ceptibility to viral infection. Introduction 
to virus followed by metals resulted in in-
creased clam mortalities compared to con-
trols of up to 52% after 5 weeks.

Liao et al. (2006) and Liao and Yeh (2007) 
showed that the immunomodulating effects 
of metal pollution is a significant factor in-

fluencing population dynamics of disease 
transmission, increasing susceptibility of 
molluscs to infection. However, size of host 
population, life stage or density and the way 
of stress exposure (virus +metal or metal + 
virus) are critical factors in disease dynam-
ics.

Nevertheless, a number of mammalian 
studies have demonstrated that chemical 
exposure can cause reactivation of latent 
viral infections or that viruses may modify 
the detoxification of other pollutants (Sattar 
et al., 2007).

It has been supposed that survival and 
transmission of free-living viral stages in 
polluted conditions are influenced by the 
specific contaminants present (Sattar et al., 
2007).

These studies, in line with the present 
study, suggest that heavy metal contami-
nation can affect susceptibility rate of ani-
mals to diseases. However, the correlation 
found between CPV-2 infection and levels 
of heavy metals concentrations in the pres-
ent study does not necessarily reveal a caus-
al relationship between these two factors. 
Indeed, other factors associated to habitat 
geographical conditions could have been in-
volved in occurrence of such a correlation. 
It is very likely that this correlation might  
also be enhanced by the habitat (sanitation, 
temperature, diet) of the golden jackals 
and further studies are needed to monitor 
long-term concentrations of heavy metals 
with long-term effect on immune system of 
golden jackals and also frequency of CPV-2 
infection.

Moreover, the survey points to the ne-
cessity of extra investigation using golden 
jackals as bioindicators of environmental 
capacity, and not only with respect to heavy 
metals. It shows the importance and neces-
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sity of assessment of the potential risk asso-
ciated with environmental pollution. 
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تجمع زیستی فلزات سنگین و ارتباط بالقوه آن با بروز بیماری پارواوریروس 
سگ سانان در شغال های طالئی، شمال ایران

سمیه نمرودی*  حسن رضایی  داوود میالنلو

گروه محیط زیست، دانشکده شیالت و محیط زیست دانشگاه علوم کشاورزی و منابع طبیعی گرگان، گرگان، ایران

 )  دریافت مقاله: ۸ آذر ماه 1395،  پذیرش نهایی: 21 اسفند ماه 1395(

 چکیده 
زمینه مطالعه: ثابت شــده اســت که فلزات سنگین تهدیدی حیاتی برای سالمت حیوانات بوده و می توانند باعث کاهش قدرت 
سیستم ایمنی شوند. همچنین گفته می شود که تخریب سیستم ایمنی، نقش کمکی مهمی در بروز بیماری های عفونی ایفا می کند. 
افزایش استفاده از زیستگاه های روستایی توسط شغال ها، آنها را برای بررسی اثرات فعالیت های انسانی بر سالمت حیوانات، مناسب 
می سازد. هدف: در این مطالعه ما به بررسی این موضوع که آیا تماس با فلزات سنگینی که باعث کاهش قدرت سیستم ایمنی می شوند، 
با بروز بیماری عفونی در شــغال طالیی، به عنوان نماینده سگ ســانان، ارتباط دارند پرداختیم. روش کار: 30 شغال تلف شده بر اثر 
تصادف جاده ای کالبدگشــایی شــدند. غلظت فلزات سنگین سرب و جیوه در نمونه های کبد و کلیه با استفاده از دستگاه جذب اتمی 
 ،PCR 2 در نمونه های مدفوع با استفاده از-CPV از ژنوم دی ان ای پارواویروس سگ سانان جهت شناسایی VP2 اندازه گیری شد. ژن
استفاده گردید. نتایج: متوسط غلظت )وزن مرطوب( فلزات جیوه و سرب بترتیب mg/kg  0/11±0/15 و mg/kg  0/1۸± 0/25 در 
کلیه و mg/kg  0/91± 2/۸ و mg/kg  1/03±4/7 در کبد بود. CPV-2  در ۸ )24%( نمونه شناسایی گردید. متوسط غلظت سرب و 
جیوه در شغال هایی که آلوده به CPV-2 بودند، نسبت به شغال هایی که آلوده نبودند باالتر بود. نتیجه گیری نهایی: این مطالعه مقطعی، 
تجمع بافتی فلزات سنگین را با عفونت ویروسی مرتبط ساخت. کارهای بیشتری جهت برآورد دقیق نقش فلزات سنگین در مستعد 

ساختن شغال های طالئی به آلودگی به CPV-2 الزم است.

واژه های کلیدی:  تجمع زیستی، فلز سنگین، شغال، پارواویروس، تلفات جاده ای 
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