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Abstract
Background: Paratuberculosis or Johne's disease, caused by Mycobacterium avium subsp.
paratuberculosis (MAP), is chronic infectious granulomatous enteritis of ruminants, which has a
worldwide occurrence. The most common symptoms of this disease in cattle are loss of milk production,
weight loss, and diarrhea and in sheep and goats are emaciation, anorexia and sever disability. The aim
of this study was to compare the seroprevalence of MAP in cattle, sheep and goats following the
detection of clinical cases in Southwest of Iran. Blood samples were randomly collected from 530 cattle,
568 sheep and 368 goats in Southwest of Iran. Sera were tested by a commercial ELISA kit for detection
of antibodies to MAP.

Results: Overall apparent and true seroprevalence rate of MAP was 6% (95% CI: 4.9 – 7.3 percent) and
11.36% (95% CI: 9.87 – 13.07 percent), respectively. Apparent and true seroprevalence of MAP were
4.34% (95% CI: 2.88 – 6.46 percent) and 7.59% (95% CI: 5.61 – 10.19 percent), respectively in cattle,
6.87% (95% CI: 5.05 – 9.27 percent) and 13.34% (95% CI: 10.78 – 16.4 percent), respectively in sheep, and
7.07 %( 95% CI: 4.82 – 10.18 percent) and 13.68% (95% CI: 10.52 – 17.58 percent), respectively in goats.
As a result, there was no signi�cant relationship between species and MAP infection. Moreover,
multivariate logistic regression showed that the infection rate is not associated with age, gender, and
geographical location in cattle, sheep and goats (P>0.05).

Conclusions: This study con�rms that the seroprevalence of MAP following the detection of clinical
cases is considerable in the cattle, sheep and goats in Southwest of Iran, although in cattle it is less than
goats and sheep. Therefore, preventive and control measures should be considered by animal health
authorities and meat and dairy processing units. 

Background
The Johne's disease (JD), which is a chronic infectious granulomatous enteritis of ruminants, is caused
by Mycobacterium avium subsp. paratuberculosis (MAP). This disease is unique to cattle; however, it
could be also seen in sheep, goats, and wild ruminants [1–3]. Given the economic importance of the JD in
the world, as one of the priorities of diseases, infections and infestations have been announced by the
OIE in 2020 [4]. The symptoms of this disease, in cattle, at the �nal stage include loss of milk production,
loss of weight, chronic and intermittent diarrhea, and anemia which �nally results in death [5]. In sheep
and goats the most common clinical sings are emaciation, anorexia and sever disability [6, 7]. This
disease is also important from the standpoint of public health because the cause of JD is related to the
Crohn's disease in human [8, 9]. In the same vein, positive and consistent associations between MAP and
Crohn’s disease have been reported by Waddell et al. (2015) in a systematic review and meta-analysis
study [10]. In fact, the transfer of MAP occurs both horizontally and vertically. More speci�cally, in young
animals, it is caused by drinking infected milk and colostrum and also eating food contaminated with
feces. It can also be transmitted from an infected pregnant animal to its fetus. The calves under thirty
days are more sensitive to this agent that remains silent in the body for almost six months to three years
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[11–15]. There are three groups of MAP strains which appeared to correlate with the host of origin and
were designated “Sheep-type” (type S), “Cattle-type” (type C) and “Bison-type” (type B). However, the
relationship between strain type and the host species was neither absolute nor always clear. For example,
type S strains are more frequent in New Zealand beef cattle than type C strains where these species are
frequently grazed together. Type C strains are isolated from a broad range of hosts and do not appear to
have a host preference. The evidence for inter-species transmission is compelling, but the risk of natural
transmission of type S strains from sheep and goats to cattle is low and occurs only when susceptible
animals are exposed to high doses [16, 17].

Due to the long incubation period of JD and the role of cattle, sheep and goats as incubatory carrier and
distribution of the MAP with no sings, identifying the infection is very important. In the same line, the best
strategy to prevent the infection is to identify and cull the infected animals. Therefore, diagnosis of
paratuberculosis is possible through molecular, culture and serology methods which are less sensitive;
thus, the infection rate is estimated less than true value and the iceberg phenomenon is seen in this
disease [15, 18, 19]. Moreover, the de�nite diagnosis is possible through time consuming culture; but, the
cheapest and fastest method is ELISA which is a suitable diagnostic tool for detecting antibodies against
this organism on a large scale [5, 20]. Due to the economic importance of paratuberculosis, many studies
have been conducted on its epidemiology in the world. In Iran, also, the prevalence of this disease varies
in cattle between 2–59% [21–30] and in sheep and goats between 0.96–37% [31, 32]. The JD has been
diagnosed in cattle, buffaloes, sheep and goats, in the hospital of Faculty of Veterinary Medicine in
Shahid Chamran University of Ahvaz, based on clinical signs, histopathology and molecular testing.
Despite the importance of issue, no epidemiological study on seroprevalence and risk factors of MAP
infection has been conducted in this area. Therefore, the present study is an attempt to identify both the
infection rate of MAP in cattle, sheep and goats and the role of the risk factors including species, age, sex
and geographical location. Apparently, identifying the prevalence rate in this chronic disease, the animal
health authorities will be able to use the information to follow the prevention policies and provide the
evaluation of control programs.

Results
      Seroprevalence of MAP

The overall apparent and true seroprevalence rate of MAP was 6% (95% CI: 4.9 – 7.3 percent) and 11.36%
(95% CI: 9.87 – 13.07 percent), respectively. Apparent and true seroprevalence rate of MAP respectively
was 4.34% (95% CI: 2.88 – 6.46 percent) and 7.59% (95% CI: 5.61 – 10.19 percent) in cattle, 6.87% (95%
CI: 5.05 – 9.27 percent) and 13.34% (95% CI: 10.78 – 16.4 percent) in sheep, and 7.07% (95% CI: 4.82 –
10.18 percent) and 13.68% (95% CI: 10.52 – 17.58 percent) in goats.

      The role of the species
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There was no signi�cant relationship between species and infection (χ2= 4.09, df = 2, P= 0.13). In
comparison with the cattle, the odds of infection in the sheep and goats were 1.63 (95% CI: 0.96-2.76,
P=0.07) and 1.68 (95% CI: 0.94-2.99, P=0.08), respectively; in this regard, 0.8% of �uctuation in infection
was justi�ed by species.

      The role of the age

The Chi-square test showed that the infection is not associated with age orders in cattle (χ2= 0.38, df = 2,
P= 0.83), sheep (χ2= 1.29, df = 2, P= 0.52) and goats (χ2= 0.18, df = 2, P= 0.92); however, it increases with
aging in cattle and in goats and decreases in sheep. The odds of infection between the age, based on the
year and disease in cattle and goats are 1.02 and 1.08, respectively, implying that the odds of infection
increased 2% and 8% with rising one year of age. Moreover, 0.4% and 0.3% of �uctuation in infection was
justi�ed by age in cattle and goats, respectively. In sheep, the odds of infection between the age, based on
the year and disease is 0.96 implying that the odds of infection decreased 4% with rising one year of age.
Furthermore, 0.1% of �uctuation in infection was justi�ed by age (tables 1, 2, and 3). The average age of
infected cattle, sheep and goats was 4.2, 3.8 and 3.5 years, respectively, whose difference was not
statistically signi�cant (χ2= 2.9, df = 2, P= 0.24). Besides, the difference between the average age of
infected/non-infected cattle (4.2/ 4.1 years, P=0.48), sheep (3.7/4 years, P=0.3) and goats (3.5/3.2 years,
P=0.37) was not statistically signi�cant.

      The role of sex

Although the prevalence of MAP infection in female cattle, sheep and goats was higher than males, there
was no signi�cant difference between these sex groups according to the chi-square test (in cattle: χ2=
0.42, df = 1, P= 0.52; in sheep: χ2= 0.95, df = 1, P= 0.33; in goats: χ2= 0.002, df = 1, P= 0.96). Obviously,
the odds of infection in female cattle, sheep and goats were 1.94, 3.45 and 1.19, respectively compared to
those of males. Furthermore, 0.3%, 1% and 0.1% of �uctuation in infection was justi�ed by gender in
cattle, sheep and goats, respectively (tables 1, 2, and 3).

      The role of the geographical location

The infection rates varied among different cities ranging from zero to 12.07 percent in cattle (χ2= 17.62,
df = 8, P= 0.02). However, chi square test showed that the infection is not associated with geographical
location in sheep (χ2= 5.59, df = 6, P= 0.36) and goats (χ2= 7.37, df = 5, P= 0.2). Moreover, 12.3%, 2.9%
and 4.9% of �uctuation in infection were justi�ed by geographical location respectively in cattle, sheep
and goats (tables 1, 2, and 3). Cramer’s V coe�cient between infection rate in cattle, sheep and goats in,
Ahvaz, Dezful, Hendijan and Susangerd was 0.19, 0.07, 0.11 and 0.15, respectively.

      Multivariate analysis

Multivariate logistic regression in cattle, sheep and goats showed that 12.4%, 4% and 5.3% of �uctuation
in infection were justi�ed by age, sex and geographical location, respectively. However, in backward
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stepwise logistic regression, none of them had a signi�cant effect on infection.

Discussion
The present epidemiological study was an attempt to evaluate and compare the seroprevalence of MAP
with ELISA method in the cattle, sheep and goats following the detection of clinical cases. Moreover, the
relationship between the infection with determinants such as species, age, gender and geographical
location was investigated. In MAP infection, there is a relationship between active infection and shedding
with high serum antibody titre [33–35]. Therefore, in this study, the results of ELISA indicated antibodies
in cattle, sheep and goats that might have active infection and possibly shed MAP in their faeces and
milk; however, animals with subclinical infection may be missed. Collins et al. (2005) showed that there is
a direct relationship between the magnitude of ELISA results and the odds of a cow shedding MAP [33].
The results indicated that following the detection of clinical cases, the apparent and true seroprevalence
of MAP respectively is 4.34% and 7.59% in cattle, 6.87% and 13.34% in sheep, and 7.07% and 13.68% in
goats. Thus, in an endemic area, the rate of infection is similar in cattle, sheep and goats and so the
species is not a risk factor for it. Also, Cramer’s V coe�cient showed that there is a very slight to slight
relationship in seropositivity rates between these species in 4 cities, including Susangerd, Ahvaz, Dezful
and Hendijan.

In addition, there are reports that indicate the prevalence of infection in herd and livestock in different
contries; however, because different methods have been used for detection of MAP antibodies and the
difference existing in host and environmental dereminants, it is di�cult to compare them with each other
[7, 36]. For example, the frequency of MAP infection in slaughtered cattle in Ahvaz abbatoir was 3% and
2% by ELISA and Ziehl-Neelsen staining methods, respectively [22, 29, 30] but in sheep and goats in the
same slaughterhouse by Ziehl-Neelsen staining, was 1.4% and 0.96%, respectively [31]. In other areas of
Iran, the MAP infection rate in cattle was 3.6–25% by ELISA, PCR, culture and Ziehl-Neelsen staining
methods which sera, milk, and feces were used [21, 23–28]. The prevalence of MAP infection in cattle
from other countries has been reported to be 2.31 to 70.4% [37–46]. The MAP infection rate in goats from
some area of Iran was 37% and 17.3% by PCR and culture methods, respectively [32] but it was 0.3–
45.1% in other countris [47–56]. The prevalence of infection in sheep has been reported as 2.4–21.1%
[48–50, 53, 57, 58]. A quick glance at the results of these studies shows that they are different. This may
be due to the difference in the sample size, sampling method, methods of examination, herd size and
managment, environmental and host determinants. In order to diagnose the infection to MAP, different
methods such as fecal culture, Ziehl-Neelsen staining (different parts of the intestine, lymph node of
ileocecal valve and other parts of intestine and fece), PCR, ELISA, CFT and AGID are used. Both the
sensitivity and speci�city of each of the above methods are different. That is why, the type of diagnostic
test used in the study of could be referred to as one of the basic reasons of the difference existing in the
frequency of infection to MAP. Moreover, scince the cattle in a herd infected by MAP are divided into four
groups as those: 1- exposing clinical symptoms and excreting the bacteria; 2- being subclinically infected
and excreting the bacteria; 3- being infected by MAP but not excreting the bacteria to the extent that it
could be traced; 4- not being infected [7], therefore, in addition to the difference in sensitivity and
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speci�city, the above categorization can also affect the general outcome of using a speci�c method. For
example, the sensitivity of fecal culture is different depending on the stage of disease. Different methods
of serology seem to be different from the standpoint of sensitivity and speci�city as follows: CFT 90%
and 70%, AGID 96% and 94% and ELISA 45% and 99%, respectively (Constable et al., 2017). In general,
studies show that the speci�city of the ELISA kit is very high, but the sensitivity is low [59, 60]. In
diagnosing the infection in young and newly infected animals, because of the lack of enough antibody
production, the ELISA has less sensitivity; thus, the diagnosis power of ELISA increases with
advancement of the disease and the increase of antibody production [61]. Juste et al. (2005) examined
the power of both ELISA and PCR in detecting MAP in cattle and sheep. They showed that out of 136
samples that had a positive result by ELISA or PCR, only 10 samples were positive by both methods,
whereas 70 samples were positive only by ELISA and 56 samples by PCR. Therefore, agreement between
the two tests was low. In fact, each method would detect different stages of MAP infection because their
respective targets (bacteria and antibodies) might not have parallel dynamics. The young animals were
more easily diagnosed by PCR than by ELISA, possibly because of the rapid recirculation of MAP-loaded
phagocytic cells from the intestinal lymphoid tissue into other lymphoid tissues after the infection,
reinfection, or reactivation [62]. This should be expected to be more frequent among young animals newly
exposed to MAP than in adults known to be more resistant to infection. In contrast, because of the
antibody response is slow to develop and highly dependent on the total number of mycobacteria, the
most advanced cases should have detectable antibody responses [63–64]. In general, microscopic
examination of feces and different parts of intestine mucus, using Ziehl-Neelsen staining method is not
reliable enough to trace the MAP [7].

MAP is mostly transmitted to susceptible animals via ingestion of contaminated milk, water, and other
feed products or uptake from the environment. With newborn calves being the most susceptible age
group for MAP infection, contaminated colostrum and milk are considered a primary source of infection.
MAP is introduced into milk and colostrum either via contaminated teats or direct shedding of the
organism into the colostrum/ milk. In the same line, infected cattle and other species excrete MAP directly
into the milk during at least the late disseminated stage of the infection. Therefore, there is resistance to
disease increases with age and older animals appear susceptible to infection but relatively resistant to
progression to disease. [65]. Experimental and �eld studies showed that infection becomes more di�cult
when calves are 4 months or older, and susceptibility to infection from 1 year of age on appears to be
similar to that of adult animals [7]. The age of all the three examined species was more than 6 months
old and had the same susceptibility to infection. For this reason, as results showed there was no
signi�cant relationship between age and infection in cattle, sheep and goats and most infections
occurred in the early stages of life. Besides, in this study, the average age of infected cattle, sheep and
goats was similarly about 4 years. In fact, the age of infection was the same in these species. Stau et al.
(2012) and Morales-Pablos et al. (2020) also proved that there was no relationship between age and
infection in sheep and goats [53, 58]. However, Cetinkaya et al. (1996), Woodbine et al. (2009), Weber et
al. (2010), Fecteau et al. (2010), Attili et al. (2011) and Karimi et al. (2012) showed that age was
signi�cantly related to infection [6, 26, 66–69]. This reported relationship may be due to bias types
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including, selection, information or measurement, confounders such as husbandry and management and
selected statistical method.

In this study, the relative frequency of positive cases in females and males was the same. Also,
Kimberling (1988), Anderson et al. (1992), Karimi et al. (2012), Stau et al. (2012), Constable et al. (2017)
and Morales-Pablos et al. (2020) showed that there is no statistically signi�cant relationship between
infection and gender [7, 26, 53, 58, 70, 71]. Generally, the MAP, not attending to a speci�c gender, infects
both males and females and infection is not related to sex determinants such as hormonal, occupational,
behavioral and genetic determinants.

The effect of geographical region on MAP infection rate might be due to the difference in animal
management such as herd size, health, feeding and stress. In this study, the relationship between
geographical location and infection in cattle, sheep and goats was not statistically signi�cant. However,
there was a signi�cant relationship between geographical location and infection in cattle by univariate
analysis, which might have appeared due to bias and confounding factors such as age. Therefore, this
reported spurious association was eliminated by controlling the confounding factors in multivariate
regression. In line with the results of the present study, Cetinkaya et al. (1996), Lombard et al. (2006), and
Morales-Pablos et al. (2020) indicated that there is no signi�cant relationship between geographical
location and infection [58, 66, 72]. However, Singh et al. (2014) proved that there is a signi�cant
relationship between the above mentioned variable [73].

Conclusion
The current study, as a merely serological survey, showed that true prevalence of MAP is considerable in
the cattle, sheep and goat populations in Southwest of Iran; although in cattle it is less than goats and
sheep. Because the studied animals are kept mostly together, it is not possible to give a de�nite opinion
about the interspecies transmission of MAP in these animals and a molecular study or culture of feces
needs to determine this purpose. Moreover, due to the fact that the relationship between strain and host is
not exactly clear and between the two major strains of MAP, type C was isolated from a broad range of
animals and thus did not have a particular host; also type S mostly infect sheep and goats and therefore
transmission from these species to cattle is low. So, it cannot be resulted that which type of MAP, C or S is
the main type in this area. To answer this question, more studies especially from molecular standpoint
are needed. So, perhaps more than considering the strain of MAP, serious attention should be paid to the
level of infection and economical damage caused by this infection. Therefore, control procedures such as
vaccination, keeping the newborn away from the infected mother and omitting and limiting the infected
animals should be seriously followed by the animal health authorities to prevent the economic losses. In
addition, the function of meat and dairy processing units with applying good hygienic practice and
pasteurization could be effective to prevent human contamination from MAP in Southwest of Iran.

Methods
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Area of the study
The current cross-sectional study was carried out in Khuzestan Province located in the Southwest of Iran.
The topographic elevations of this tropical province, located between 48°E and 49.5°E longitudes and
31°N and 32°N latitudes, with an area of 63213 km2 and 27 cities vary between 0 and 3740 m. The
climate of this area varies from arid to humid. The northern parts of the province experience cold weather,
whereas the southern parts experience tropical weather [74]. Therefore, to create regional differences in
the epidemiological determinants such as environment and management, Khuzestan Province was
divided into four different regions from which, one or three cities were randomly selected. In Khuzestan
Province, more than 300,000 cattle, 3.5 million sheep and 2.1 million goats whose breeding is mostly
traditional and somewhat semi-industrial are kept [75].

Sample Collection
Blood samples were randomly collected from 530 cattle, 568 sheep and 368 goats. The required
information on each sample, including species, age, sex and geographical location was documented.
Furthermore, the mean and standard deviation of the age of cattle were 4.12 ± 2.66 years, sheep 3.98 ± 
1.59, and goats 3.17 ± 1.73 years. Because of the pathogenesis of the MAP, the long incubation period,
seroconversion is unlikely in the young animals, so all of the examined animals were more than
6 months. The absolute frequency of samples based on independent variables was summarized in
Tables 1, 2, and 3.

Serological Analysis
The blood samples were transferred to the laboratory and centrifuged at 3000 rpm for ten minutes. Then,
serum was slowly removed from the outer layer of the tube by sampler and was transferred to a
microtube which was coded. After, microtubes were kept at -20 °C until the checking time by a
commercial indirect ELISA kit (ID vet, France) for anti-MAP antibodies. All the samples were tested
according to the instructions of company. Moreover, optical density (OD) of individual samples and
positive (PC) and negative (NC) controls was read by an ELISA reader (Accua reader, Taiwan) at 450
nanometer. Then, based on the S/P percentage, the results were interpreted.

Based on the above formula, the samples with 70% S/P or more were considered positive; with S/P higher
than 60% and lower than 70% were doubtful and with 60% S/P or lower were estimated negative.

Statistical analysis



Page 9/18

Statistical analysis of the data was performed using SPSS (Version 16.0; SPSS Inc., Chicago, USA). Also,
the association between species, age, sex, and geographic location was analyzed by the chi-square test
and bivariate and multivariate logistic regression (calculation of odds ratio). Moreover, the Mann-Whitney
U and Kruskal-Wallis tests were used to compare the age of infected and non-infected animals in one
species and between species, respectively. Cramer’s V coe�cient value was calculated to determine the
correlation between species and infection. Besides, the percentage of true prevalence (TP, the proportion
of truly infected animals with MAP) was calculated based on apparent prevalence percentage (AP, the
proportion of positive animals in ELISA) and sensitivity (Se) and speci�city (Sp) of ELISA kit using the
formula TP = (AP + Sp − 1)/(Se + Sp − 1). Also, estimation of con�dence intervals for proportion was
calculated by the Agresi-Coull method [36]. Also, α = 0.05 was considered as the statistical basis.
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Tables
Table 1. Prevalence of Mycobacterium avium subsp. paratuberculosis infection in cattle in Southwest of
Iran based on age, sex and geographical location determinants
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Category Groups Apparent prevalence
(Positive N./Total N.)

True
prevalence

Odds
Ratio

95% CI
for OR

P-
value

Age ≤2a 3.26%(3/92) 5.14%      

3-4a 4.31%(9/209) 7.52%      

≥5a 4.8%(11/229) 8.64% 1.02 0.88-
1.19

0.8

Sex Malea 2.38%(1/42) 3.14% 1 - -

Femalea 4.51%(22/488) 7.98% 1.94 0.25-
14.73

0.52

Geographical
location

Ramhormozb 0%(0/59) 0% - - -

Susangerdb 0%(0/60) 0% - - -

Dezfulab 1.92%(1/52) 2.09% 1 - -

Baq-Malekab 2.7%(2/74) 3.86% 1.42 0.13-
16.05

0.78

Shadeganab 3.45%(2/58) 5.57% 1.82 0.16-
20.69

0.63

Ahvazab 4.44%(2/45) 7.82% 2.37 0.21-
27.07

0.49

Shushtarab 6.98%(3/43) 13.59% 3.83 0.38-
38.18

0.25

Behbahanab 7.41%(6/81) 14.57% 4.08 0.48-
34.91

0.2

Hendijana 12.07%(7/58) 25.16% 7.00 0.83-
58.96

0.07

The different lowercase letters represent a signi�cant difference.

 Table 2. Prevalence of Mycobacterium avium subsp. paratuberculosis infection in sheep in Southwest of
Iran based on age, sex and geographical location determinants
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Category Groups Apparent prevalence
(Positive N./Total N.)

True
prevalence

Odds
Ratio

95% CI
for OR

P-
value

Age ≤2a 6.06%(6/99)         11.5%      

3-4a 7.65%(29/379) 15.11%      

≥5a 4.44%(4/90)       7.82% 0.96 0.78-
1.18

0.52

Sex Malea 2.22%(1/45) 2.77% 1 - -

Femalea 7.27%(38/523) 14.25% 3.45 0.46-
25.71

0.33

Geographical
location

Baq-Maleka 3.7%(3/81) 6.14% 1 - -

Ahvaza 4.42%(5/113) 7.77% 1.2 0.28-
5.19

1

Susangerda 5%(3/60) 9.09% 1.37 0.27-
7.03

1

Hendijana 6.52%(6/92) 12.55% 1.81 0.44-
7.5

0.62

Dezfula 7.69%(5/65) 15.2% 2.17 0.5-
9.43

0.49

Masjed
Soleymana

10.71%(9/84) 22.07% 3.12 0.81-
11.97

0.15

Gotvanda 10.96%(8/73) 22.64% 3.2 0.82-
12.56

0.15

The different lowercase letters represent a signi�cant difference.

 Table 3. Prevalence of Mycobacterium avium subsp. paratuberculosis infection in goats in Southwest of
Iran based on age, sex and geographical location determinants
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Category Groups Apparent prevalence
(Positive N./Total N.)

True
prevalence

Odds
Ratio

95% CI
for OR

P-
value

Age ≤2a 6.3%(8/127) 12.05%      

3-4a 7.43%(13/175)       14.61%      

≥5a 7.58%(5/66) 14.95% 1.08 0.86-
1.35

0.92

Sex Malea 6.15%(4/65) 11.7% 1 - -

Femalea 7.26%(22/303) 14.23% 1.19 0.4-
3.59

0.96

Geographical
location

Hendijana 2.67%(2/75) 3.8% 1 - -

Izeha 4.92%(3/61) 8.91% 1.89 0.31-
11.68

0.81

Dezfula 5%(3/60) 9.09% 1.92 0.31-
11.89

0.8

Ahvaza 8.06%(5/62) 16.05% 3.2 0.6-
17.11

0.3

Susangerda 10%(5/50) 20.45% 4.06 0.76-
21.79

0.18

Shushtara 13.33%(8/60) 28.02% 5.62 1.15-
27.53

0.04

The different lowercase letters represent a signi�cant difference.


