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ABSTRACT

With the objective of identifying the presence of Paratuberculosis (PTB), an infectious disease caused by
Mycobacterium avium ssp paratuberculosis (MAP), in sheep, through pathological studies, bacterial culture
and 1S900 PCR, as well as estimating seroprevalence to MAP. The present cross-sectional study, was
conducted in 16 different flocks, with the serum of 2415 adult sheeps, and analyzed by Enzyme-Linked
ImmunoSorbent Assay (ELISA); nine sheep were used with clinical signs suggestive of PTB, from which
samples were obtained for the identification studies; obtaining 51.3% of animals seropositive to MAP
(1239/2415), in 100% of the herds (16/16); Bacterial isolation and its identification by PCR 1S900 were
founded in five of the nine cases (5/9) corresponding to 31.25% of the herds (5/16). Confirming the presence
of Mycobacterium avium ssp paratuberculosis, and a high frequency of seropositive animals to MAP in
flocks of Aguascalientes.
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RESUMEN

Con el objetivo de identificar la presencia de Paratuberculosis (PTB), enfermedad infecciosa causada por
el Mycobacterium avium subsp paratuberculosis (MAP), en ovinos, a través de estudios
anatomopatolégicos, cultivo bacteriano y PCR 1S900, asi como estimar la seroprevalencia a MAP. El
presente estudio, de tipo transversal, se realiz6 en 16 diferentes rebafios con el suero de 2415 animales
adultos y analizados por Ensayo por Inmunoabsorcién Ligado a Enzimas (ELISA); se emplearon nueve
ovinos con signos clinicos sugerentes a PTB, de los cuales se obtuvieron muestras para la realizacion de
los estudios de identificacion; obteniendo un 51.3 % de animales seropositivos a MAP (1239/2415), en el
100% de los rebafios (16/16); el aislamiento bacteriano y su identificacion por PCR 1S900 en cinco de los
nueve casos hallados (5/9) correspondiendo al 31.25% de los rebafios (5/16). Conformando la presencia
del Mycobacterium avium subsp paratuberculosis, asi como una elevada frecuencia de animales
seropositivos a MAP en rebafios de Aguascalientes.
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INTRODUCTION

Paratuberculosis (PTB) or Johne's disease (JD), is a chronic infectious disease that
causes granulomatous enteritis in ruminants and eventually other species, with a wide
worldwide distribution; caused by Mycobacterium avium ssp. paratuberculosis (MAP)
(Coelho et al., 2010). Classified by the World Organization for Animal Health (OIE) as a
communicable disease, with socio-economic and public health impact, suggesting the
participation of MAP in Crohn's disease in humans (OIE, 2017; Balseiro et al., 2019;
Gioffré et al., 2015). Three different strains of MAP have been described: type | (Sheep),
type 1l (Cattle) and type IIl (Bison or intermediate), according to their preference for
infecting different species of ruminants and their different requirements for their bacterial
isolation (Begg and Whittington, 2010; Windsor, 2015). The disease is characterized by
signs of progressive emaciation, submandibular edema, and eventually the death of the
animals. The main route of infection is fecal-oral, with an incubation period that ranges
from one to four years, which is why signs of the disease can be observed from one year
of life (Chavez et al., 2004), once MAP enters the intestine, it lodges in macrophages,
constituting a granulomatous infection where variable amounts of bacteria can be
observed (Begg and Whittington, 2010; Windsor, 2015). The diagnosis, prevalence and
impact of the disease are scarce and inconclusive both in Latin America and in Mexico
(Chavez et al., 2004; Begg and Whittington, 2010; Fernandez et al., 2014).

In Mexico, the presence of PTB in sheep has been detected in various states of the
country, such as San Luis Potosi, Guanajuato, Querétaro, Mexico City, the State of
Mexico and Veracruz (Estévez et al., 2006). Particularly, in Aguascalientes State, the
activity of sheep farming, as in other states of the country, has grown since 1990 by more
than 100%, with a meat production of approximately 612 tons in 2018, being the Valle
area, made up of the municipalities of Aguascalientes, San Francisco de los Romo,
Rincon de Romos, Jesus Maria, Pabellébn de Arteaga and Asientos, where 85% of the
State's sheep meat production and livestock activity in general are concentrated (SIAP,
2018).

It is very important to highlight that in this region there are no records of the diagnosis and
identification of the diseases that are capable of affecting sheep herds and the adverse
effect that these can cause on productivity. In Aguascalientes State there are unquantified
cases of adult animals with progressive emaciation and mortality, however, a diagnosis is
not made and it is impossible to determine if there is PTB.

Therefore, the objective of this work is to identify the presence of MAP through
pathological studies, culture and PCR in sheep with a clinical picture suggestive of PTB,
as well as to determine the seroprevalence against MAP by means of ELISA in sheep
herds from the Aguascalientes Valley.
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MATERIAL AND METHODS

Study design

This descriptive-cross-sectional study was carried out in Aguascalientes State, Mexico,
with the herds and study animals selected according to the non-probabilistic method "for
convenience" (Trusfield, 2018). In this way, 16 sheep herds were selected with
populations ranging between 60 and 340 individuals, making up a total study population
of 2,415 animals (Figure 1 and Table 1), where the herd was required to have clinical
signs of chronic progressive emaciation suggestive to PTB in at least one specimen older
than one year; considering each herd as an experimental unit.

Sampling

Blood serum. 5 mL of blood were obtained by venipuncture of the jugular, which was
collected in tubes without additive for obtaining serum; later the samples were stored at -
20 °C until their use in the ELISA test.

ELISA. The previously obtained sera were analyzed by means of the indirect enzyme
immunoassay (ELISA) using the protoplasmic antigen PPA3 (Allied, Mo.), which has a
specificity of 75% and a sensitivity of 64% according to the protocol used by Garcia
(1992).

Obtaining samples for histopathological study and isolation of MAP. Taking Timoney
(1988) as a reference and observing the clinical course of the animals and the
epidemiological characteristics of the 9 herds, a presumptive diagnosis was established
in 9 animals; who presented signs of progressive emaciation, hair or hairy wool,
submandibular edema, lesions and loose stools. Thus, understanding that 56.25% of the
study herds presented at least one suggestive case to PTB.

Subsequently, the 9 animals were sacrificed with an overdose of sodium pentobarbital
(NOM-033-SAG/Z00-2014) according to the guidelines established in the “Ethics
Committee for the use of animals in teaching and research of the Autonomous University
of Aguascalientes”.

The confirmation of these cases was carried out through necropsy and identification of
lesions, thus ruling out the presence of possible lesions suggestive of differential
diagnoses of pseudotuberculosis (Corynebacterium pseudotuberculosis), digestive
alterations due to the presence of foreign bodies, neoplasms, chronic pneumonias and
severe parasitosis, (Straub, 2004; Windsor, 2014).

After that, samples of intestinal sections of the ileum and jejunum were taken, which
showed thickening of the intestinal mucosa that suggested lesions associated with
paratuberculosis. These sections were fixed in buffered formalin (pH 7.6) for subsequent
histological processing, using Hematoxylin-Eosin (HE) and Ziehl-Neelsen (ZN) stains, the
latter in order to demonstrate the presence of acid-fast bacilli (BAAR) (Estévez, 2006).
Similarly, samples for bacterial isolation were obtained from 30-cm sections of the ileum
and jejunum that showed lesions suggestive of PTB (Chavez et al., 2004; Dennis et al.,
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2011), being deposited in sterile plastic containers for its conservation at -20 °C until its
processing in the laboratory.

Bacterial culture from intestine. In turn, samples taken from the intestine were scraped
from the intestinal mucosa with a sterile scalpel, processing them for decontamination and
concentration of mycobacteria, according to the methodology described by Sanchez and
Guerrero, 2006. Later, the material from the interface obtained was inoculated in the
Lowentein-Jensen (L-Jm) culture media with mycobactin, placing three to eight drops of
each of the samples, distributing it over the entire surface of the medium. From each
sample, two different tubes were inoculated with L-Jm medium, one containing
mycobactin and the second without mycobactin. Later they were incubated at 37 ° C,
keeping them in an inclined position and without humidity. Bacterial growth was verified
every four weeks until week twelve, the media where no growth was observed, continued
in incubation until week 40 (De Juan et al., 2006; Whittington, 2010).

PCR 1S900. Molecular identification was carried out from the growth of the MAP colonies,
by means of endpoint PCR, using the primers IS900P3N (5'-GGG TGT GGC GTT TTC
CTT CG-3") and IS900P5N (5-ATTTCGCCGCCACCGCCACG-3") (Chavez et al., 2004).

Estimation of seroprevalence. The prevalence was estimated based on the proportion of
animals that were positive in the ELISA test, in relation to the total population of adult
animals in each of the herds. The information generated in the study was evaluated and
contrasted using Descriptive Statistics tests, using “Analysis for one variable”, with the
support of the “Statgraphics Centurion XV’ ™ package (Fernandez et al., 2002).

RESULTS

Seroprevalence. The mean seroprevalence percentage of the 16 herds was 51.3%, with
a minimum value of 4.8% and a maximum value of 91.33% with a 95.0% confidence
interval for the mean of: [32.7173, 62.3415]. The individual seroprevalence results for
each herd are described in Table 1. In the sixteen herds in which the ELISA tests (PPA-
3) were performed, positive cases were identified, obtaining a seroprevalence calculated
at “herd level” 100% (Table 1).

Anatomopathological study. In the 9 animals that were necropsied, they presented
emaciation, hairy wool or hair, submandibular edema (Figure 1), presence of ascites, fat
degeneration, as well as apparent thickening of the intestinal mucosa at the ileum and
jejunum (Figure 2), in addition to an increase in the size of the mesenteric lymph nodes
and their fusion, not finding evidence of alterations or lesions suggestive of another
differential etiology to cases of PTB. Through the histopathological study, it was possible
to observe in 8 of the 9 animals studied (88.8%), the presence of enteritis, granulomatous
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lymphadenitis with the presence of macrophages, giant cells and the presence of
countless Acid-Alcohol Resistant Bacteria (ABB) by staining from Ziehl-Neelsen (ZN).
Determined as multibacillary lesions (Figure 3). While in 1 of the 9 animals studied
(11.2%), the presence of multifocal granulomatous lesions with a low number of bacilli
(BAAR) inside macrophages was observed, coinciding with a paucibacillary lesion.

Table 1. Paratuberculosis seroprevalence results (ELISA), autopsies performed and bacterial
isolation results, by herd in the Aguascalientes Valley

Specimens with
Animals clinical signs Bacterial

Herd Seroprevalence Positive results . . . Location by
number % ELISA-PPA-3 older than suggestive of isolation and municipality
1 year PTB/Necropsy positive PCR
performed
Rincon de
14 91.3 168 184 +/1 -
Romos
6 84.4 287 340 +/1 + Aguascalientes
(south)
Rincon de
3 76.3 122 160 +/0 Nr
Romos
11 73.1 117 160 +/1 + Asientos
10 64.4 125 194 +1 - Jesls Maria
9 61.4 72 140 +/1 + Asientos
4 58.6 99 169 +/1 + Aguascalientes
(south)
San Francisco
+ -
° >0 %0 % " de los Romo C
13 54.5 36 66 +0 Nr Pabellén de
Arteaga
16 46.7 56 120 +0 Nr Aguascalientes
(center)
1 43.8 35 80 +/1 - JesUs Maria
8 28.3 17 60 +0 Nr Pabellon de
Arteaga
5 12.9 8 62 +0 Nr Aguascalientes
(Nte)
7 9.5 31 326 +0 Nr Aguascalientes
(south)
12 8.1 8 99 +0 Nr San Francisco
de los Romo
2 4.8 8 167 1 + San Francisco

de Los Romo
16 51.3 1239 2415 16/9 TOTAL

Nr: Not performed
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Figure 2. Macroscopic lesions corresponding to intestinal thickening characteristic of
granulomatous enteritis

Figure 3. Histopathological lesions of multibacillary ID, Ziehl-Neelsen stain 400X where
multiple BAARs are observed in intestinal mucosa
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Bacterial isolation. After 12 weeks of incubation, in 5 cases (55.5%), development of
yellow, creamy, convex and circular colonies characteristic of MAP were observed in L-
Jm media added with mycobactin. While in 4 of the cases (44.5%), no colony development
was observed until week 40. All the media that were not added with mycobactin did not
show growth.

PCR 1S900. From the five bacterial isolates obtained, amplification products of the 1IS900
sequence corresponding to 310 base pairs (bp) were obtained, thus confirming the
presence of MAP from these isolates obtained (Figure 4).

MPM C

»

Figure 4. Photograph of a 2% agarose gel stained with ethidium bromide. Where amplification products
with a size of 310 bp are observed, from DNA of bacterial colonies obtained from intestinal tissue, where
the molecular weight marker 100 bp, C + positive control, negative control lane 1 (water ), lanes 3 to 7
amplification product obtained from isolates 03, 04, 05, 06 and 09, which correspond to an 1S900 insert
fragment of MAP (*).

Thus, in 100% of the sample (16 study herds) MAP seropositivity was obtained; in turn, in
31.25% of the sample (5 herds) the presence of MAP was confirmed by bacterial isolation
and identification by PCR 1S900 from the animals that presented clinical symptoms at the
time of the study (Table 2).

Table 2. Results obtained "By herd" corresponding to the different diagnostic and identification
methods used

Seropositivity to MAP Animals with signs and necropsy lesions Bacterial isolation from lesions in the
suggestive of PTB small intestine and positive IS900 PCR
16/16 9/16 5/16
100% 56.25% 31.25%
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DISCUSSION

The mean seroprevalence obtained in the present study (51.3%) is reported to be high,
compared to other studies conducted to measure prevalence both in the country and
worldwide, considering that the disease internationally has a high prevalence in different
species of ruminants, with 20% and up to 40% (Whittington et al., 2019). In Mexico,
various studies indicate serological evidence for MAP such as those reported by Jaimes
et al., (2008) in San Luis Potosi, Mexico; where the seroprevalence results in sheep by
the Agar-gel immunodiffusion method was 44%. While in Nayarit state, 28.94% was
reported in sheep, through ELISA tests (Mejia et al., 2015). In Latin America, few studies
carried out in sheep show a wide variability in the prevalence of MAP, where prevalences
from an average 4.3% in sheep are reported (Fernandez et al., 2014), to 54.08% of
seroprevalence to MAP in sheep in Brazil, (Medeiros et al., 2012).

Given the few studies, and a wide variation in the methodology and diagnostic test used
to assess the prevalence of PTB, Espechit et al. (2017) and Whittington et al., (2019) point
out that this results in a great variability of the results, and consequently, an
underestimation of the presence and true impact of paratuberculosis.

Despite the high frequency results obtained, at the time of the study, only clinical cases
(9/16) were found in 56.25% of the herds studied, where all of them show multibacillary
or paucibacillary histopathological lesions, characteristic of the disease where if it is
considered that these occur in individuals older than one year of age, with a prolonged
time of infection coupled with the presentation of a characteristic clinical picture, highly
suggestive of PTB, they can be considered a definitive diagnosis of MAP individually,
hardly ruled out by other tests such as culture and PCR as mentioned by several authors
(Pérez et al., 1999; Dennis et al., 2011; Windsor, 2015; Whittingtong et al., 2019).

Considering that the nine animals that were necropsied presented lesions characteristic
of PTB, only in 55.5% (5/9) was bacterial isolation achieved despite presenting
multibacillary lesions in eight of the nine. The difficulty of isolating MAP, the culture
medium used considering the possible variation of the type of MAP present, "S" or "C",
which present a difference in nutritional requirements for growth (Elguezabal et al., 2011,
Whittington, 2011; Stevenson, 2015; Whittington et al., 2019), or at the time of the
bacterial decontamination process, where the number of viable bacteria for cultivation and
isolation can be reduced. The isolation and cultivation of the microorganism in sheep is
extremely difficult, being in sheep herds that fecal culture detects fewer than clinical cases
and requires more than 12 months for incubation, as reported by Windsor (2015), as well
as Whittington, 2010.

The subsequent confirmation and identification of the isolates obtained from MAP by
means of IS900 PCR, carried out from the five cultures obtained, confirmed the presence
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of MAP. Some authors currently suggest that the identification of the bacteria by PCR be
carried out from the samples obtained from the tissues, speeding up the time of the
results, without directly depending on the cultures obtained, since the diagnostic times are
prolonged by the characteristics of MAP isolation, indicating that this test has a similar
efficacy with cultures (Kawaji et al., 2007; Nilsen et al., 2008; Whittington et al., 2019).
According to authors such as Kumthekar, et al., (2013) and Konbon (2018), determining
the degree of infection of the disease in herds allows establishing adequate control
programs that significantly impact the cost-benefit; primarily considering test-scrap. Well,
given the infeasibility of discarding and considering the limited availability of some
producers for the vaccination of herds, the control measures must be framed towards a
strengthening of biosecurity.

Considering thus the early separation of the lambs and the elimination of animals with
initial clinical signs of the disease, it may be a measure that positively impacts the
reduction of the prevalence of the disease (Robee, 2011; Windsor 2015). Emphasizing
that professionals in the animal health sector and leaders of the productive sector have a
clear knowledge of the degree of presence and impact of the disease, both clinically,
economically and public health; thus achieving control proposals (Roche, 2015; Windsor,
2015; Wittington et al., 2019)

CONCLUSION

The presence of Mycobacterium avium ssp paratuberculosis is confirmed as an etiological
agent of the clinical disease, in addition to observing the high frequency presence of
animals seropositive to MAP, in herds of the Central Valley of Aguascalientes state,
Mexico which makes it a high-impact pathology in sheep production in the state.
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