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Abstract

Paratuberculosis is a chronic infectious disease caused by Mycobacterium avium ssp. paratuberculosis 
(MAP). This study aimed at determining the presence of antibodies against MAP, and the association 
between the serological status of MAP and individual factors in goats and sheep in a flock in Antioquia, 
Colombia. We studied fifty-three goats and 6 sheep over two years old, and took blood samples to obtain 
serum and information on individual factors. The presence of antibodies against MAP was determined by 
ELISA, whereas the information was descriptively analyzed. ELISA did not detect any positive or suspect 
animal among the 59 tested animals, so an association between serological status to MAP and individual 
factors could not be established. This is the first and the fourth study reporting the search for antibodies 
against MAP in a goat and in a sheep population in Colombia, respectively. Several factors may explain 
the serological status of the sampled animals. It is necessary to continue with similar studies in other 
flocks of the region and the country to determine the current MAP infection status in small ruminants in 
Colombia.
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Resumen

La paratuberculosis es una enfermedad infecciosa crónica causada por Mycobacterium avium subsp. 
paratuberculosis (MAP). El objetivo de este estudio fue determinar la seroprevalencia de MAP y la asocia-
ción existente entre el estatus serológico a MAP y factores individuales en cabras y ovejas de un aprisco 
en Antioquia, Colombia. Se estudiaron 53 caprinos y 6 ovinos mayores a dos años de edad, de los cuales 
se tomó información sobre factores individuales y una muestra de sangre para obtener suero sanguíneo. 
La presencia de anticuerpos contra MAP se determinó por medio de una prueba de ELISA, mientras que 
la información se analizó descriptivamente. La prueba de ELISA no detectó ningún animal positivo o sos-
pechoso entre los 59 analizados, por lo que no se pudo establecer asociación entre el estatus serológico a 
MAP y factores individuales. Este es el primer estudio que reporta la búsqueda de anticuerpos contra MAP 
en una población caprina, y el cuarto en una población ovina en Colombia. Diversos factores pueden 
explicar el estatus serológico de los animales muestreados. Es necesario continuar con estudios similares 
en otros apriscos de la región y del país para determinar el estatus real de la infección en pequeños ru-
miantes en Colombia.

Palabras clave: enfermedad de Johne; paratuberculosis; pequeños rumiantes; perdida de peso.
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I. Introduction

Paratuberculosis, also known as Johne’s Disease, 
is a chronic granulomatous inflammation of the 
digestive tract caused by the microorganism My-
cobacterium avium ssp. paratuberculosis (MAP), 
which is an intracellular pathogen, acid-fast and 
facultative bacillus (1). Bovine paratuberculosis is 
widely distributed around the world, and has been 
well characterized especially in this species (2). 
Although it is generally assumed that the disease 
occurs similarly in all domestic ruminant species, 
there is sufficient evidence suggesting that para-
tuberculosis in small ruminants is different from 
the disease in cattle, both in the clinical form and 
the involved MAP strains; even among small ru-
minants, clinical forms and MAP infective strains 
substantially differ between sheep and goats (3).

In sheep, the clinical signs of paratuberculosis are 
limited to weight loss (4, 5), which may occur start-
ing at two years of age, with most animals between 
3 and 5 years old succumbing to the disease (4). 
Edema can occasionally occur, and in advanced 
cases animals may have hypoalbuminemia and 
hypocalcemia (4). Unlike cattle, most of the sheep 
that die from Johne’s Disease have normal fecal 
material, so diarrhea is not seen as a significant 
sign of paratuberculosis in small ruminants, except 
in the terminal stages of the disease (3-6). Paratu-
berculosis in sheep is widespread and is a serious 
threat to their production, because it tends to re-
main hidden, showing only indirect effects in the 
production (7). Although few studies exist, almost 
all of them from Australia, they clearly recognize 
that Johne’s Disease in sheep produces serious 
economic impacts. Two studies in Australia pro-
vided, for the first time, objective information on 
the economic impact of Johne’s Disease in sheep, 
revealing that the average of deaths caused by the 
disease was 6.2 % of adults in the flock every year, 
doubling the country’s acceptance levels (2-3 %) 
for all causes. In the same way, death rates in the 
flocks ranged from 2.1 to 17.5 % per year, being 
the disease responsible for 69 % of all deaths in the 
studied farms. Additionally, the studies determined 
that paratuberculosis infection resulted in an aver-
age reduction of 6.4 % in the expected profit mar-

gin in each farm, which included the direct costs 
associated to the disease, such as production costs 
due to animal death, and the cost of vaccination to 
reduce the disease transmission (8).

Paratuberculosis in goats is similar to sheep in 
many aspects (9). During the stage of subclinical 
disease, goats can become persistent fecal shed-
ders of MAP up to one year post-infection with no 
clinical signs (9, 10). During the clinical disease, 
the only consistent finding is weight loss, despite 
an apparent normal feed intake (5, 9). Contrary to 
what has been observed in cattle, diarrhea rarely 
occurs in goats (5). In this state, the bacterium is 
detectable in feces and animals usually have anti-
bodies against MAP. If the goats are not previously 
sacrificed, most animals pass to an advanced clin-
ical disease, in which they develop fragile skin, 
poor-quality hair, and eventually progressive ema-
ciation, dehydration, anemia, submandibular ede-
ma, and depression (9). Paratuberculosis has been 
a problem in goats, but has received less attention 
than in other species, probably due to the margin-
al contributions of its production in countries with 
a more developed cattle industry (7). Although 
the precise impact of MAP infection in goats is 
unknown, is well known that the disease causes 
considerable economic losses due to reduced feed 
efficiency, reduced milk production, and culling of 
infected animals (10). In addition, MAP subclinical 
infection has resulted in reduced fertility in goats 

(11). Several risk factors for paratuberculosis in 
goats have been determined (12). The results of 
experimental infections found that goats are nat-
urally less resistant to paratuberculosis than cattle 
or sheep (13).

The Colombian sheep industry has identified some 
sanitary demands with the objective of developing 
strategies that allow prevention, control, and treat-
ment of the sanitary problematic in this industry. 
Specifically, this demand seeks to know the region-
al and national status of diseases that can limit the 
marketing of meat and milk, both nationally and 
internationally (14). Paratuberculosis is one of the 
causes of the low development of sheep and goat 
industries, limiting meat and milk commercializa-
tion at national and international levels (14). For 
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this reason, it is appropriate to evaluate the extent 
of the disease. Furthermore, the producers are in-
terested in knowing the infection status of their 
flocks, in order to implement plans to control and 
prevent the disease, without ignoring the zoonotic 
potential of MAP because of its relationship with 
human Crohn’s disease (2, 15-17).

The antecedents of paratuberculosis in small rumi-
nants in Colombia are very rare; there have been 
reports of paratuberculosis in sheep mainly in the 
Cundiboyacense highland and the Bogotá Savan-
nah (18-20). The prevalence of paratuberculosis 
in sheep and goat populations in Colombia is un-
known. According to a recent systematic review 
for Latin America and the Caribbean, in which 
Colombian studies were included, the prevalence 
of paratuberculosis in sheep is 16 % at the animal 
level, and 4.3 % and 3.7 % in goats at the animal 
and at the flock level, respectively. The prevalence 
in sheep at the flock level was not reported (21). 
Unfortunately, there is no official program for pre-
vention and control of paratuberculosis in sheep 
and goats in Colombia.

The negative productive and reproductive effects 
of MAP in sheep and goats, the confirmed pres-
ence and circulation of MAP in cattle (22-26), the 
increasing consumption levels of goat milk, lamb, 
and mutton in Colombia, which in turn increases 
the potential human exposure to MAP, and the ab-
sence of plans, programs, or projects to prevent or 
control the disease make the initial estimate of the 
disease prevalence in the primary production cen-
ters of sheep and goats in Colombia vey necessary.

The aim of this study was to determine the pres-
ence of antibodies against MAP, and to explore the 
association of individual factors to MAP serologi-
cal status of sheep and goats in a flock of the pre-
montane rainforest in the department of Antioquia, 
Colombia.

II. Materials and methods

The type of this study is cross-sectional. The flock 
is located in El Hatillo district of the municipality 
of Barbosa in the department of Antioquia, Colom-
bia; it is located at 1540 meters above sea level in 

a premontane rainforest (bh-PM) zone according to 
the Holdridge life zones system, with an average 
temperature of 22 °C, an annual rainfall of 1800 
mm, and a relative humidity of 80 %. The flock 
was chosen due to its accessibility and availability 
of records and animals.

Blood samples were collected from all goats and 
sheep aged over 2 years (n=59) on one flock in 
October 2014. The inclusion criteria to select the 
animals participating in the study was the age. 
Blood samples for blood serum were taken from 
the jugular vein using Vacuette® tubes of 7 ml 
without anticoagulant (Greiner Bio-one, Krems-
münster, Austria), and a single 21G x 1½’’ caliber 
needle per animal after local cleaning and disinfec-
tion with antiseptic alcohol. After collection, the 
samples were allowed to stand at room tempera-
ture to allow clot retraction. Subsequently, each 
sample was centrifuged at 2000-2500 rpm for 3-5 
minutes to ease the serum extraction. The serum 
obtained was kept refrigerated until arrival at the 
Diagnostic Unit of the Facultad de Ciencias Agrar-
ias at the Universidad de Antioquia in Medellin, 
where it was frozen at -20 °C until processed by 
the ELISA test.

The presence of antibodies against MAP in the 
blood serum samples was determined by ELISA us-
ing a commercial diagnostic kit (IDVet Paratuber-
culosis Indirect Screening test, Grabels, France). 
This ELISA kit has a reported sensitivity (Se) of 
41.5 % and specificity (Sp) of 99.42 %. The test 
is an M. phlei absorbed ELISA detecting anti-MAP 
immunoglobulin G (IgG) (27). This ELISA kit was 
chosen as it displayed the highest overall accura-
cy of four commercial kits investigated by ROC 
analysis (27). The kit was used according to the 
manufacturer’s instructions and protocol. Briefly, 
the samples were diluted 1:12 with dilution buffer 
6 on a pre-dilution microplate, and incubated for 
45 minutes at 21 °C. 100 μl of the controls and 
samples were transferred to the ELISA microplates 
and incubated for 45 minutes at 21 °C. The mi-
croplates were washed three times with approxi-
mately 300 μl of washing solution. The 1X Con-
jugate was prepared, and 100 μl were distributed 
into the wells and incubated for 30 minutes at 21 
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°C. The microplates were washed three times with 
approximately 300 μl of washing solution. 100 μl 
of the substrate solution were distributed in all mi-
croplates and incubated for 15 minutes at 21 °C 
in the dark. Then, 100 μl of the stop solution were 
distributed and the optical intensity was read at 
450 nm. To establish the ELISA result, the Optical 
Density (OD) of the sample (ODsample), the mean 
value of the Positive Control OD (ODPC), and the 
mean value of the Negative Control OD (ODNC) 
were determined. Subsequently, the mean value of 
the ODPC and the mean value of the ODNC were 
obtained. The result obtained with these calcula-
tions determined the validity of the test. Each sam-
ple was tested only once due to budget limitations. 
For each sample, the S/P percentage was calculat-
ed by the formula S/P = OD sample - ODNC x 100 / 
ODPC - ODNC. Animals were assigned a MAP status 
(positive or negative) according to the kit manu-
facturer interpretation (‘kit-interpretation’), with 
serum results of S/P ≥ 70 % classified as positive.

To explore the association between individual 
factors and the MAP serological status of sheep 
and goats, information on breed, age, parity, sex, 
weight, body condition, and origin of each animal 
was taken at the time of sample collection.

The study was approved by the Ethics Committee 
for Animal Experimentation of the University of 
Antioquia (CEEA, Act 89 of May 29, 2014).

III. Results and discussion

The ELISA test did not detect any positive or sus-
pect animal among the 59 analyzed animals (53 
goats and 6 sheep).

A. Descriptive analysis of goat’s information

From the 53 goats, 51 %, 28.3 %, and 20.7 % be-
longed to the breed type Saanen, American Alpine 
(AAL), French Alpine (FAL), and British Alpine 
(BAL) and their crossbreeds, respectively. From the 
53 goats, 62.3 % (n = 33) and 37.7 % (n = 20) 
were ≥4 years old and < 4 years old, respectively. 
Regarding the origin of the animals, 52.8 % (n = 
28) of the goats was born outside the flock, while 
47.2 % (n = 25) was born in the flock (Table I).

B. Descriptive analysis of sheep’s information

From the 6 sheep, 50 % belonged to the Black 
Head Persian breed (BHP), and the other 50 % was 
camuros and their crossbreeds. Half of the popula-
tion was ≥ 4 years old and the other < 4 years old. 
Regarding their origin, 50 % (n=3) of sheep was 
born outside the flock, while the other half was 
born in the flock (Table I).

Table I. Information of sampled animals for the detection of antibodies against MAP in a premontane 
rainforest flock in Antioquia, Colombia.

Variable Goats
n= 53 n (%) Sheep

n= 6 n (%)

Breed Type

Saanen
Crossbreed
AAL, FAL, 
BAL

27 (51)
11 (20,7)
15 (28.3)

BHP
Camuro

3 (50)
3 (50)

Age ≥ 4 years
< 4 years

33 (62.3)
20 (37.7)

≥ 4 years
< 4 years

3 (50)
3 (50)

Sex Male
Female

8 (15)
45 (85)

Male
Female

2 (33.3)
4 (66.7)

Parity

≥ 4
2 – 3
1
0

21 (40)
4 (7.5)
3 (5.6)
17 (32)

2
1
0

1 (25)
1 (25)
2 (50)

Seroprevalence of Mycobacterium avium ssp. paratuberculosis in small ruminants in a flock in Antioquia, Colombia
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Variable Goats
n= 53 n (%) Sheep

n= 6 n (%)

Weight
> 40 kg
30-40 kg
< 30 kg

15 (28.4)
24 (45.2)
14 (26.4)

> 30 kg
20-30 kg

2 (33.3)
4 (66.7)

Corporal Condition

≥ 3.5
3
2.5
2
< 2

6 (11.4)
26 (49)
8 (15.1)
6 (11.3)
7 (13.2)

3.5
3
2.5

3 (50)
2 (33.3)
1 (16.7)

Origin External
Internal

28 (52.8)
25 (47.2)

External
Internal

3 (50)
3 (50)

AAL: American Al-
pine, FAL: French 
Alpine, BAL: British 
Alpine, BHP: Black 
Head Persian 
breed.

III. Results and discussion

In the present study, we determined the serological 
status of antibodies against MAP of a population of 
53 goats and 6 sheep belonging to a flock located 
in a premontane rainforest (bh-PM) in the munici-
pality of Barbosa, Antioquia, Colombia. According 
to the reviewed national literature, this is the first 
study reporting the search for antibodies against 
MAP in a goat population, and the fourth study 
reporting results in sheep in Colombia, after the 
studies of Murillo-Rondón (1981), Mogollón et al. 
(1983), and Mancipe et al. (2009). Consequently, 
the serological status of goats is the first national 
report of MAP in this species. The presence of sero-
negative sheep to MAP contrasts with the reported 
in previous studies that have found positive ani-
mals in the Cundiboyacense plateau (18, 19, 20). 
In the department of Antioquia, the presence of 
paratuberculosis in sheep and goats has been only 
suspected based on compatible clinical symptoms 
(Yadi M. Garcia, personal communication, Febru-
ary 15, 2015).

Ante-mortem paratuberculosis diagnosis is compli-
cated by the nature of the disease and some limita-
tions of the diagnostic tests. The clinical diagnosis 
in small ruminants is challenging, the symptoms 

are vague and nonspecific, and weight loss is pres-
ent, which also occurs in many other diseases. 
The disease can be diagnosed by pathology, mi-
crobiology (culture and PCR) and immunological 
methods (ELISA, AGID, complement fixation). The 
ELISA test, bacterial culture samples, and PCR are 
the most widely used diagnostic tests. However, 
none of these methods is highly sensitive, especial-
ly during the early stages of the disease (28-31).

The sensitivity and specificity of diagnostic tests 
vary significantly, and access to clear and reliable 
information about these features, product evalua-
tions, and systematic comparisons, is difficult. The 
main reasons are the diversity in study designs of 
comparison and evaluation, test components, and 
different pathophysiological states of animals used 
for diagnosis and evaluation of tests (9, 32). These 
limitations require to adequately define the pur-
pose of the diagnosis, in order to apply the most 
appropriate diagnostic procedures (29, 33, 34).

The selection of ELISA in this study was based on 
previous studies (35-37). As the culture of sheep 
strains of MAP using culture media (Herrold’s egg 
yolk medium) has been extremely difficult to per-
form, and the cost of PCR exceeds the study bud-
get, these tests were not performed. Among the an-
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tibody tests, ELISA is more sensitive than the AGID 
and CFT (38, 39); its performance is similar in 
cattle, sheep, and goats (40, 41), and can be used 
with comparable sensitivity for either milk or se-
rum samples. AGID test is considered less sensitive 
than ELISA and CFT (42). Since a strong humor-
al response does not occur until the later stage of 
paratuberculosis, the sensitivity of these three tests 
is the highest for animals with lepromatous lesions, 
those with clinical symptoms, or those that shed 
large numbers of bacteria (43). Therefore, the main 
limitation of these antibody tests is their inability to 
identify animals in early infection stages.

The absence of seropositive results in ELISA is sur-
prising compared to the initial expectations, and 
could be explained by the low circulation of MAP 
in the flock and in the studied region. No animal 
was observed displaying clinical signs of paratu-
berculosis at the time of sampling. However, it is 
possible that some animals may have been infect-
ed, but these animals were in the subclinical stage 
of the disease, in which case, ELISA would deliv-
er very low seroprevalence results (18). Another 
possibility is that many of the results correspond 
to false negatives due to the low sensitivity of the 
ELISA test; ELISA sensitivities of 63-84 % and 16-
44 % in asymptomatic goats and sheep, respec-
tively, have been reported in other countries (29, 
44). Additionally, the success of serological tests 
like ELISA in terms of sensitivity resides in the de-
gree of animal response against the test, the num-
ber of sampled animals, and the prevalence of the 
disease in the flock (44). The sensitivity of ELISA 
varies over a wide range: values of <10 % (during 
the subclinical stage of the disease) and up to 90 % 
(usually in advanced clinical cases) can be found, 
indicating a variability of the test due to the clinical 
stage and the distribution of the disease (44).

The absence of seropositive animals in ELISA is also 
surprising taking into consideration the individual 
factors of the animals, e.g., higher population of 
goats than sheep. Goats are naturally less resistant 
to paratuberculosis compared to sheep and cattle 

(13), and interspecies transmission in herds with 
extensive production systems is more common (2, 
45). The diversity of breed type is also striking be-

cause, although no studies have thoroughly exam-
ined if the different breeds of sheep are more or 
less susceptible to paratuberculosis, some previous 
studies have reported that local breeds of sheep 
(Nilagiri and Sandyno) in India were more suscep-
tible than exotic breeds (Dorset). In New Zealand, 
a significantly higher percentage of clinical para-
tuberculosis was observed in Merino or Merino - 
Romney crossbreed sheep compared to Romney 
sheep (46, 47).

The advanced age (mostly ≥ 4 years old) and sex 
(mostly female) are also surprising because, al-
though no study of the relationship between age 
or sex and susceptibility to MAP infection in sheep 
has been published (4), previous studies indicate 
that the paratuberculosis is commonly observed in 
sheep in the age group from 4 months to 10 years, 
being females more susceptible than males (46, 
48). Regarding parity (majority ≥ 4 and 0 births for 
goats and sheep, respectively), there are no reports 
of its relationship with the presence of antibodies 
against MAP in small ruminants. However, a previ-
ous study in dairy cows concluded that the highest 
probability of finding a positive result in the ELISA 
test was in cows with parity ≥ 5, which agrees with 
the chronic nature of the infection which implies 
that cows must age enough to show the symptoms 
of the disease (49).

Low body condition (several animals with body 
conditions ≤ 2.5), the lack of hygiene that expos-
es younger animals to feces from older animals, 
milk contamination, and inadequate feed supply 
are some of the conditions that predispose MAP 
infection (50). Many of the animals in both species 
came from external flocks. In goats, the seroprev-
alence of MAP has been associated with high re-
placement rates (51).

IV. Conclusion

In this study, antibodies against MAP were not 
found in a flock of sheep and goats located in a 
premontane rainforest (bh-PM) in Barbosa, Antio-
quia, Colombia. Several factors, such as low circu-
lation of MAP in the flock and in the region, ani-
mals in the subclinical phase of the disease at the 
moment of sampling, and false negative results due 
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to the low sensitivity of the ELISA test may explain 
the serological status of the sampled animals. It is 
necessary to continue with similar studies in other 
flocks of the region and the country to determine 
the actual status of infection in small ruminants in 
Colombia.
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