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Abstract
Mycobacterium avium subsp. paratuberculosis (MAP) is an acid-fast, gram-positive bacillus. MAP is the
causal agent of paratuberculosis (PTB) or Johne’s disease, an infectious disease affecting domestic ruminants
and some wild species. Its importance as a potentially zoonotic agent due to its relation to Crohn’s disease (CD)
in humans is still under debate and investigation. The aim of the present systematic review is to summarize
original studies on MAP carried out in Colombia since 1924, as well as to establish strengths, weaknesses,
and future research opportunities in the country with emphasis on diagnosis and epidemiology. The initial
search for existing publications reporting original studies on MAP, PTB, and the relationship between MAP
and CD was carried out in the available databases and national libraries. After compilation of the available
studies (n = 20), the relevant data was extracted (year, province of report, species studied, diagnostic tests
used, study design, summary of results, and authors). Recommendations for future research opportunities on
MAP in Colombia are made.
Keywords: Buffalo, cattle, epidemiology, goats, Johne’s disease, sheep.
Resumen
Mycobacterium avium subsp. paratuberculosis (MAP) es un bacilo ácido resistente, gram-positivo. MAP
es el agente causal de la paratuberculosis (PTB) o enfermedad de Johne, una enfermedad infecciosa que
afecta rumiantes domésticos y algunas especies salvajes. Su importancia como agente zoonótico, debido a su
relación con la enfermedad de Crohn (CD) en humanos, está aún en debate y bajo investigación. El objetivo
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de la presente revisión es exponer los estudios originales sobre MAP llevados a cabo en Colombia desde
1924, así como establecer sus fortalezas, debilidades y oportunidades de investigación futura, con énfasis en
los puntos de vista diagnóstico y epidemiológico. La búsqueda inicial de las publicaciones existentes sobre
estudios originales realizados acerca de MAP, PTB y la relación MAP y CD fue realizada en las bases de
datos disponibles y en bibliotecas nacionales. Luego de la compilación de los estudios disponibles (n = 20),
los datos relevantes fueron extraídos (año, provincia de reporte, especie estudiada, prueba diagnóstica usada,
diseño del estudio, resumen de resultados y autores). Se hacen recomendaciones para futuras investigaciónes
de MAP en Colombia.
Palabras clave: búfalos, cabras, enfermedad de Johne, epidemiología, ganado bovino, ovejas.
Resumo
Mycobacterium avium subsp. paratuberculosis (MAP) é um ácido forte, bacilo gram-positivo. O MAP é o
agente causador da paratuberculosis (PTB) ou doença de Johne, uma doença infecciosa que afecta os ruminantes
domésticos e algumas espécies selvagens. Sua importância como um agente zoonótico por causa de sua relação
com a doença de Crohn (CD) em humanos ainda está em discussão e sob investigação. O objetivo desta revisão
é apresentar a estudos mapa original realizado na Colômbia desde 1924, e estabelecer pontos fortes, pontos
fracos e oportunidades para futuras pesquisas no país com ênfase no diagnóstico e epidemiológico pontos de
vista. A busca inicial da literatura sobre estudos originais sobre MAP, PTB e a relação MAP e CD foi feita nas
bases de dados disponíveis e bibliotecas nacionais. Após a compilação dos estudos disponíveis (n = 20), os
dados relevantes foram extraídos (ano, relatório província, espécies estudadas, teste de diagnóstico utilizado,
desenho do estudo, os resultados resumo e autores). Foram feitas recomendações sobre futuras oportunidades
de pesquisa em MAP em Colômbia.
Palavras-chave: búfalo, cabras, doença de Johne, epidemiologia, gado, ovelhas.

Introduction
Mycobacterium avium subsp. paratuberculosis
(MAP) is an obligate intracellular, gram-positive,
acid-fast bacterium, causing a persistent infection
of host macrophages leading to a strong immune
response (Harris and Barletta, 2001). This bacterium
has a remarkable tropism for the intestine, a
characteristic not seen in any other mycobacterial
species (Clarke, 1997), and can impact a wide variety
of domestic and wild species (Stief et al., 2012;
Sweeney et al, 2012; Carta et al., 2013; Kukanich
et al., 2013) and humans (Rani et al., 2010; Rosenfeld
and Bressler, 2010; Cossu et al., 2011; Chiodini et al.,
2012). Recent data from whole-genome comparison
studies support the classification of MAP isolates
into the two major strain types, I (Sheep type; S)
and II (Cattle type; C; Alexander et al., 2009). These
strains show differences related to the ease of primary
isolation, incubation time for primary growth on solid
and liquid media, and host preference or range, among
others (Stevenson, 2010a).
Paratuberculosis (PTB) or Johne’s disease (JD),
a slow-developing and incurable infectious animal

disease (caused by MAP) is characterized by chronic
granulomatous enterocolitis. This disease has a
variable incubation period from 6 months to over
15 years (Clarke, 1997). The PTB is transmitted
between animals by a fecal-oral route, but intra-uterine
and trans-mammary pathways occur (Sweeney, 1996;
Lambeth et al., 2004; Whittington and Windsor, 2009).
Animals from 0 to 6 months of age are thought to be
most susceptible (Windsor and Whittington, 2010).
Experimental infection studies have demonstrated
that goats are naturally less resistant to PTB compared
to sheep and cattle (Stewart et al., 2007). Chronic,
progressive weight loss and chronic or intermittent
diarrhea are the primary clinical signs of bovine PTB
(Clarke, 1997). Symptoms are vague and unspecific
in goats and sheep and, like many other diseases, are
only characterized by weight loss (Djønne, 2010).
Diarrhea is a common clinical sign in cattle but not in
small ruminants (Clarke, 1997; Begg and Whittington,
2010; Robbe-Austerman, 2011). The clinical disease
is most frequent among cattle 2-5 years old, although
younger and older cattle (0-13 years old) can be affected
(Nielsen and Toft, 2008). In other domesticated and
wild ruminants, the course of infection and clinical
disease are poorly described (Djønne, 2010). In sheep,
Rev Colomb Cienc Pecu 2018; 31(3):165-179

Paratuberculosis in Colombia

clinical signs are limited to weight loss, which can
occur from 2 years of age and animals succumb to
MAP infection from 3-5 years of age (Lugton, 2004;
Begg and Whittington, 2010). In goats, the clinical
development of the disease is similar to that in sheep
(Djønne, 2010; Manning and Collins, 2010; RobbeAusterman, 2011). Parturition, lactation, or other
stresses may provoke clinical manifestations (Clarke,
1997; Fecteau and Whitlock, 2010).
Several tests are used to diagnose MAP infection
in cattle, sheep, goats, and humans. The most
common are histopathology (on intestinal tissue
and regional lymph nodes using Ziehl Neelsen (ZN)
stain, enzyme-linked immunoassay (ELISA; in serum
and milk), microbiological (in tissues, feces, and
environmental samples), and the detection of MAPDNA by polymerase chain reaction (PCR; in feces,
milk, tissue, and blood). Less common tests include
interferon gamma (IFN-γ) assay and intradermal
Johnin test (IJT).
In all affected species, the necropsy findings are
commonly restricted to the ileum and the mesenteric
and ileocecal lymph nodes. In most cases, congestive
and “wrinkled” surfaces of the ileum, cecum, and
colon are observed (Manning and Collins, 2001;
Olsen et al., 2002).
The ELISA is the most widely used tests for
detecting an antibody response to MAP infection.
Several commercial ELISA kits for PTB diagnosis
are currently available and multiple studies have
compared their performance (Sonawane and Tripathi,
2013; Donat et al., 2014; Nielsen and Toft, 2014;
Lavers et al., 2014; 2015). The main advantages of
ELISAs are that they are inexpensive, rapid and easy
to perform (1-2 hours) and provide quantitative results
(Constanzo et al., 2012). A major disadvantage of
ELISA is its low sensitivity (Se) in subclinical animals
(7-15%; Gilardoni et al., 2012). It must be also
considered that ELISA results should be interpreted
given the different objectives for screening (e.g.,
identification of infected animals, identification of the
most likely to shed mycobacteria; OIE, 2011; Nielsen
et al., 2002; Nielsen and Toft, 2012).
Cultivation of MAP from feces and tissues is the
most reliable method of detecting infected animals
Rev Colomb Cienc Pecu 2018; 31(3):165-179
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(Nielsen and Toft, 2009; Fecteau and Whitlock, 2010).
Usually, its Se is 30-70% and its specificity (Sp) 98%
if the isolates obtained are confirmed to be MAP by
molecular methods such as PCR (Whittington et al.,
2011; Gilardoni et al., 2012). Although fecal culture
(FC) has many limitations, such as a long incubation
period, high costs, risk of contamination with other
mycobacteria or fungi, and time required to report the
results, it is still the most commonly used reference
test for the detection of MAP (Whittington, 2010).
Detection of MAP genes by PCR has shown
advantages (rapidity, identification of agent, lack
of contamination) and disadvantages (moderate
sensitivity, high cost, special equipment, and skilled
personnel required (Collins, 1996). However, due to
recent developments, PCR has been suggested for herd
screening (Collins et al., 2006; Anonymous, 2010b),
and it has been recently discussed as a possible new
reference test for PTB (Stevenson, 2010b). The PCR´s
Se is 70-97% and its Sp 95% (Gilardoni et al., 2012)
and, in contrast to a culture-based diagnostic, it is
rapid and no additional tests are required to confirm
the identity of the organism detected (Collins, 1996).
The PPD antigens used in the in vivo IFN-γ test and
in the IJT are crudely steam-sterilized mycobacterial
culture extracts containing many cross-reacting
antigens with other related bacteria (Stabel and
Whitlock, 2001). Unapparent infected animals do
not manifest weight loss or diarrhea but may have
an altered immune response with increased IFN-γ
production by T cells sensitized to specific antigens
and/or increased antibody response to MAP (Nielsen,
2010; Gilardoni et al., 2012). The IFN-γ (in vivo/in
vitro) Se is around 41% and its Sp 10% (Gilardoni
et al., 2012).
The lack of a perfect ante-mortem reference
test is a significant obstacle for PTB diagnostic test
evaluation (McKenna et al., 2006). Complicating
diagnostic test evaluations is the high degree of
variability among animals in their response to MAP
infections, some may produce antibodies (ELISApositive) years before consistently shedding MAP
in feces (culture or PCR-positive), while others will
be fecal shedders of MAP long before becoming
ELISA-positive (Kalis et al., 2002; McKenna et al.,
2006; Nielsen, 2010). Current diagnostic tests cannot,
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with a single application, discriminate between MAPinfected and uninfected animals at any age with 100%
accuracy, highlighting the need for improved tests
(Nielsen and Toft, 2009).
Dalziel (1913) described the clinical and pathologic
similarities between PTB in cattle and Crohn´s
disease (CD) in humans, which are both chronic
inflammatory bowel diseases. This report initiated
the controversy about the etiological role of MAP
in CD and implied a potential zoonotic behavior for
MAP (Uzoigwe et al., 2007; Sechi and Dow, 2015).
In agreement with this, MAP has been detected in the
tissues of CD patients (Di Sabatino et al., 2011; Tuci
et al., 2011; Wagner et al., 2013; Dalton et al., 2014).
The source, the route of infection, the persistence
mechanisms, and the consequences of MAP infection
in humans are unknown (Uzoigwe et al., 2007; Lowe
et al., 2008). Therefore, an association between CD
and PTB has been shown, but a causal relationship
remains to be demonstrated (Liverani et al., 2014;
Sechi and Dow, 2015).
The MAP-infected animals, whether clinically
normal or showing signs of disease, can shed live
bacteria in both feces and milk. If these animals
are farmed for food production, the safety of foods
derived from them becomes important because of its
impact on public health (Sweeney et al., 2012; Atreya
et al., 2014; Liverani et al., 2014).
Both MAP infections and clinical cases of JD
have been reported from all continents that have
ruminant populations in any degree of husbandry
(Barkema et al., 2010), and countries acquire the
infection by animal importation. Multiple studies on
the determination of the within-herd and betweenherd prevalence of MAP infections around the world
have been carried out (Nielsen and Toft, 2009; Salem
et al., 2013; Fernández-Silva et al., 2014). Intensive
farming systems, acid soils, low dietary intake, stress
related to transport, lactation and parturition, and
immunosuppression by agents such as bovine viral
diarrhea virus (BVDV) are reported as risk factors
worldwide (Lepper et al., 1989; Johnson-Ifearulundu
and Kaneene, 1998; Wells and Wagner, 2000; Dieguez
et al., 2008; Ansari-Lari et al., 2009; Tiwari et al.,
2009; Pithua et al., 2013; Benavides et al., 2016;
Correa-Valencia et al., 2016).

The apparent prevalence among cattle appears to
be at least 0 and 24% in several European  countries
(Nielsen and Toft, 2009). Between-herd prevalence
estimates appear to be >50% (Clarke, 1997; Nielsen
and Toft, 2009). Wells and Wagner (2000) reported
an apparent 3.4 and 21.6% at the animal and herdlevel, respectively, using ELISA to test US dairy
cattle herds in 1996. According to Manning and
Collins (2010) and Nielsen and Toft (2009), over
60% of dairy cattle herds in Europe and >50% in
North America are infected, respectively. According
to Fernández-Silva et al. (2014), prevalence studies
in Latin American and Caribbean countries revealed
an overall prevalence of 16.9 and 75.8% in cattle at
the animal and herd levels, respectively. In the same
report the prevalence was 16% in sheep at the animal
level, and 4.3 and 3.7% in goats at the animal and
flock levels, respectively. The prevalence reported in
small ruminants in several other countries is 73.7%
in sheep in Italy (Attili et al., 2011), 46.7% in sheep
in Portugal (Coelho et al., 2007), and 52% in sheep
and 50% in goats in Cyprus (Liapi et al., 2011). The
prevalence of infection tends to increase in countries
that do not have control programs (Salem et al., 2013;
Fernández-Silva et al., 2014).
The JD causes important economic losses in
infected flocks and herds (Nielsen and Toft, 2009) and
produces a 6-19% decrease in the production of meat,
milk, or both (Djønne, 2010; Kostoulas et al., 2006;
Marce et al., 2009). Ovine and caprine PTB causes
losses related to death, early culling, and reduced
milk production (Arsenault, 2001). Control of PTB
in farm ruminants by testing, culling, and herd/flock
management helps limiting the economic impact of the
disease and are used in control programs in the USA,
Australia, and Europe (Bakker, 2010; Kennedy and
Citter, 2010; Whitlock, 2010; Khol and Baumgartner,
2012). The lack of a fully functional immune system
renders neonatal ruminants more susceptible to MAP
infection than adult animals. Thus, control programs
are primarily focused on limiting opportunities for
MAP contamination of colostrum, milk, water and
feed by hygienic programs (Tiwari et al., 2009;
Whitlock, 2010; Khol and Baumgartner, 2012).
The aim of the present review was to summarize
original studies and abstracts on MAP carried out
in Colombia since 1924, as well as to highlight
Rev Colomb Cienc Pecu 2018; 31(3):165-179
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the strengths, weaknesses, and future research
opportunities for PTB research in the country with
emphasis on diagnostic and epidemiology.
Materials and Methods
The review of MAP/PTB original investigations
in Colombia was carried out by searching all
available reports published in scientific and
informative journals, as well as in theses or degree
works. Searching was done using electronic
databases (i.e. Scielo, Medline/Pubmed, and Virtual
Health Library), national libraries, institutional
repositories, and the Internet. Because the aim of
the review was to summarize only original studies,
publications not considered original by the three
authors of this report were excluded through
consensus and not further analyzed. The main
characteristics (year of publication, province of
report, species, diagnostic test used, study design,
and results) of selected MAP original studies were
extracted and analyzed.
Results
The review process produced 20 original studies and
abstracts on MAP carried out in Colombia (Table 1).
These studies refer to PTB and MAP detection. No
studies in Colombia attempted detection of MAP in
food or humans. One publication by Albornoz (1949)
comparing bovine PTB with human leprosy was not
available. Its significance as an original study could
not be evaluated, therefore it was not considered in
this review.
Thirteen publications not considered original
studies were not further analyzed or discussed in this
review, but they are of great value for the national
knowledge base about MAP. These reviews, case
reports, case series reports, and editorials demonstrate
the national academic concern about MAP and its
impacts in Colombia (García, 1957; Góngora and
Villamil, 1999; Calderón and Góngora, 2008; Zapata
et al., 2008; Villalobos et al., 2008; Anonymous,
2010a; de Waard, 2010; Peña et al., 2011; Ramírez
et al, 2011; Ramírez and Maldonado, 2013a; 2013b;
Fernández et al., 2014; Correa et al., 2015).
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The existence of MAP in Colombia was first
documented in 1924 by the Cuban veterinarian
Ildefonso Pérez Vigueras in cattle with PTB (reported
by Plata, 1931 according to Vega, 1947). This
documentation was the first confirmation of PTB in
the country and occurred in the municipality (primary
political division of provinces in Colombia) of Usme
(Cundinamarca) in imported cattle.
Most studies on MAP or PTB (60%, 12/20) were
carried out during the present decade (2010-2020). No
more than two studies on MAP or PTB in Colombia
were published in previous decades. Most studies
were carried out in the provinces of Antioquia (60%;
12/2) and Cundinamarca (30%; 6/20), Caldas and
Tolima (5%; 1/20), as well as in Nariño (5%; 1/20).
The original studies concerning MAP in Colombia
reported the results from cattle, sheep, goats, and
buffaloes. Studies on cattle were the most common
(80%; 16/20) compared to sheep and goats (15%;
3/20), and buffaloes (5%; 1/20). Other relevant species
in the country (wild mammals or humans) were not
found or cited in any original study reviewed.
The most common diagnostic test used to
investigate MAP in Colombia is ELISA (36.1%;
13/36), followed by microscopy on ZN-stained
samples (on feces, rectal mucosa scrapings, or tissues;
19.4%; 7/36), PCR (13.9%; 5/36), IJT (with bovine
and/or avian-PPD; 11.1%; 5/36), culture (from feces
or tissues, and individual or pooled; 8.3%; 2/36),
CF (complement fixation; 5.6%; 2/36), IF (indirect
immuno-fluorescence; 2.8%; 1/36), and CIE (counter
immuno-electrophoresis; 2.8%; 1/36).
The studies reviewed included cross-sectional,
diagnostic test comparisons, risk factor analyses,
and clinical trials (on treatments). Thus far, no cohort
or case and control studies have been published in
Colombia.
Discussion
This review summarizes for the first time the
original studies on MAP carried out in Colombia since
1924. In recent years, MAP presence and distribution
in the country, especially in farmed animals and
humans, have been reviewed (Góngora and Villamil,

Cundinamarca

Cundinamarca

Cundinamarca

Cundinamarca

Cundinamarca

Caldas and
Tolima

Antioquia

1954

1978

1983

1984

1999

2001

Province of
report

1947

Year of
publication

Bovine

Bovine

Bovine

Ovine

Bovine

Bovine

Bovine

Species
30 animals with different ZN-fecal staining
results (6 negative, 8 suspicious, and 16
positive) were inoculated with PPD. Body
temperature was taken three times before PPD
inoculation. Next day results were determined
and temperature was measured every 2 h

Study design

IJT - avian and
bovine PPD

ELISA

ZN and HEstaining; CIE

CF; ZN

ZN; CF; IF

3 farms from 3 municipalities were sampled:
San Pedro de los Milagros (n = 77), Gómez
Plata (n = 76), and Barbosa (n = 78). The study
population was 176 animals over 1 year of age

177 Normando animals from 3 farms were
serum sampled

94 older than 3 years Holstein, Normando, and
cross-breed cows and bulls were sampled. The
groups were designated according to presence
of diarrhea compatible with PTB: females with
diarrhea (n = 52) and without diarrhea (n =
18), males with diarrhea (n = 3), and without
diarrhea (n = 21)

Blood and fecal samples were taken from 480
adult sheep

2 groups of adult cattle (>2 years of age) were
sampled for serum and feces. Sixty-seven
Holstein and Normando clinically normal
animals, and 65 animals clinically compatible
with PTB were tested twice with 6 months of
difference

IJT - avian PPD; 9 medical cases were reviewed looking for
ZN
PTB. Administration of isonicotimilhidrazina
(orally) and cortisone (intramuscular) in
the treatment of AFB-related diseases was
performed

IJT- avian PPD;
ZN

Diagnostic test

Summary of results

Reference

11% (19/176) of animals were positive to bovine
PPD, all of them from San Pedro de los Milagros,
while 27.8% (49/176) were suspicious; 2% (1/49)
of suspicious was positive to avian PPD, and 2%
(1/49) was suspicious; four clinical animals were
confirmed by necropsy

Seroprevalence for each farm was 3.4% (2/59),
1.7% (1/59), and, 0% (0/59)

11.70% (11/94) of the animals were positive to
ZN and HE tissue staining; 6.38% (6/94) of the
animals were positive to ZN in rectal mucosa
scrapings; 9.57% (9/94) were positive to CIE in
serum samples

11.25% (54/480) of the serums were positive to
CF; 5.62 % (27/480) of the fecal samples were
positive to ZN. A necropsy was performed and
PTB was confirmed

3.51% (7/199) were positive to ZN; 2.02% (4/199)
serums were positive to CF; 5.52% (11/199)
serums reacted positively to IF

Ramírez et al.

Patiño and
Estrada

Góngora and
Perea

Mogollón
et al.

Isaza

AFB were confirmed in all the animals which were Huber
also negative to IJT; body temperature and weight
after treatment improved in 40% (4/9) of the cases

6 animals negative to the ZN were also negative
Vega
by IJT; 12.5% (1/8) of the animals were suspicious
and 37.5% (6/16) were positive by ZN and by IJT,
respectively

Table 1. Summary of published original studies on Mycobacterium avium subsp. paratuberculosis in Colombia, 1924-2016.
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Cundinamarca

Antioquia

Antioquia

Antioquia

Antioquia

2010

2011a

2011b

2013

Province of
report

2009

Year of
publication
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Bovine

Bovine

Bovine

Bovine

Ovine

Species

IS900 q-PCR

FC; F57/
ISMav2 PCR;
IS900 nestedPCR

Pre-absorbed
indirect ELISA
(C);

Non-absorbed
indirect ELISA
(A); Preabsorbed
indirect ELISA
(B); IS900
nested-PCR;
F5/ISMav2
q-PCR; FC

ZN; FC; IS900
q-PCR

ZN; IJT- bovine
PPD; ELISA

Diagnostic test

48 cows with compatible signs of PTB were
euthanized. Lymph nodes were cultured and
DNA from macrophages was extracted

5 herds previously tested by the authors,
referring to those that resulted ELISA and
PCR positive but FC negative for MAP, and
one additional herd not previously tested were
included in the study. The herds participated
with 384 cows (>2 years of age). Serum
samples (n = 329) and fecal samples (n = 386)
were taken from all animals in every herd.
Slurry samples of one herd (n = 3) and tissue
samples (n = 2) were also taken

14 dairy herds of 9 districts were fecal and
serum sampled. Only 1 herd had presented
sporadic clinical cases compatible with PTB
confirmed by PCR and histopathology

Reference

Macrophages from four cows were infected by
MAP; 8.51% of the cultures were positive and
confirmed by q-PCR

1.8% (6/329) results were positive to ELISA C,
97.5% (321/329) were negative, and 0.6% (2/329)
was doubtful, as well as positive results in 40%
(2/5) of the herds. The FC and nested and q-PCR
supported that 1/36 herds was positive to culture;
ELISA C results were confirmed by FC in only
one symptomatic animal of one herd; eight MAP
isolates were recovered

Del Río et al.

Fernández
et al.

10% (31/315), 87% (268/315), and 2.6% (8/315)
Fernández
of samples were positive, negative, and doubtful,
et al.
respectively, to ELISA A; 70% (10/14) of herds
were considered positive when having at least one
ELISA A-seropositive animal; 5.1% (2/39) positive
and doubtful samples in ELISA A were also
positive with ELISA B, 94% (37/39) were negative,
and none was doubtful; 19% (6/31) positive
animals with ELISA A were positive to nestedPCR. One positive animal to q-PCR were also
positive to nested-PCR; 19 and 6.5% of the ELISA
A-positive animals were positive to nested PCR
and q-PCR, respectively. The FC was negative in
all samples

Zapata et al.

4% (10/250) of fecal samples were positive to ZN; Mancipe et al.
animals between 2-6 years old presented AFB in
fecal samples, whereas animals older than 8 years
were all suspicious; 4.9% (16/250) were positive
to the IJT, and 1.1% (3/250) were suspicious;
0.8% (2/250) were positive to ELISA. Animals that
resulted suspicious and positive to intradermal test
were confirmed by ZN in fecal samples: 62.5%
(10/16) were positive to both (ZN and IJT), 18.8%
(3/16) were negative to both, and other 18.8%
(3/16) were positive to the IJT only

Summary of results

15 Holstein and BON x Holstein cows in a herd 56% (9/15) were positive to ZN to FC, whereas
20% (3/15) that were positive by PCR applied to
enzootic for PTB were sampled. Average age
of sampled cows was 6.7 years. Fecal samples positive FC
were individually taken from clinical healthy
cows and cows with diarrhea

250 female sheep (Black face, Cheviot,
Corriedale, Hampshire, Merino rambouillet,
Romney marsh, Mora, creole, and crossbreeds) aged between 1-9 years old were
sampled

Study design
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Nariño

Antioquia

2016

2016

Diagnostic test

Bovine

Bovine

Bovine

Bovine

Buffalo

Bovine

Bovine

Pre-absorbed
indirect ELISA

Pre-absorbed
indirect ELISA

Pre-absorbed
indirect ELISA

Pre-absorbed
indirect ELISA

Pre-absorbed
indirect ELISA

Pre-absorbed
indirect ELISA

Pre-absorbed
indirect ELISA

Ovine and Pre-absorbed
caprine
indirect ELISA

Species

3.6% (1/28) and 2% (14/696) of the herds and
animals were ELISA positive, respectively. Days
in milk between 100 and 200 days and over 200
days, and daily milk production between 20 to 40
L/cow and over 40 L/cow, were associated with
MAP seropositivity with OR of 4.42, 3.45, 2.53,
and 20.38, respectively

94% (15/16) of the farms with at least one positive
animal and 8% (77/958) of the cows were ELISA
positive; statistical association between ELISA
results and BCS was found

ELISA results were all negative

Correa et al.

Benavides
et al.

Tuberquia
et al.

Tuberquia
et al.

Jaramillo et
al.

17% (14/83) of animals were ELISA positive;
statistical association between ELISA results and
breed was found
4% (2/50) of the animals were ELISA positive

Hernández
et al.

Reference

ELISA results were all negative

Summary of results

Risk factors assessment was performed. Blood
samples were obtained from 19-25 cows,
(>2 years of age) randomly selected in 14 dairy
herds located in 9 districts of Belmira and San
Pedro de los Milagros

10.09% (31/307) of the animals and 70% (10/14)
of the herds were ELISA positive; OR for PTB
seropositivity increased 20% in cows with >1
parity; OR was 0.74 times lower in herds feeding
calves with pooled colostrum from several cows,
compared to herds feeding calves with colostrum
from their own dams

Fernández
et al.*

Blood samples from all animals in a farm in the 33.8% (51/151) of the animals were ELISA positive Vélez et al.
municipality of Caucasia (>2 years of age) (n =
151) were obtained

Risk factors assessment, related to
seropositive results from screening 696
randomly selected bovines in 28 dairy herds
located in 12 districts of San Pedro de los
Milagros was done

Blood samples were obtained from 958 cows
(>2 years of age) in 16 dairy farms

Blood samples from all animals in a farm in
Gómez Plata, (>2 years of age) (n = 21) were
obtained

Blood samples from all animals in a farm in
Gómez Plata, (>2 years of age) (n = 50) were
obtained

Blood samples from all animals in a farm at
San Pedro de los Milagros, (>2 years of age)
(n = 83) were obtained

Blood samples from all animals in a farm in
Barbosa (>2 years of age) (n = 53 goats and
6 sheep) were obtained

Study design

IJT: Intradermal Johnin test; PPD: Purified protein derivate; ZN: Ziehl-Neelsen; PTB: Paratuberculosis; AFB: Acid fast bacteria; CF: Complement fixation; IF: Indirect immuno-fluorescence; HE: Hematoxylin
and eosin; CIE: Counter immuno-electrophoresis; ELISA: Enzyme-linked immunosorbent assay; FC: Fecal culture; BON: Blanco orejinegro; PCR: Polymerase chain reaction; q-PCR: Quantitative, real-time
polymerase chain reaction; ELISA (A): Svanovir Para-TB Ab ELISA Kit (Svanova Biotech AB, Uppsala, Sweden); ELISA (B): ELISA paratuberculosis antibody verification (Institut Pourquier, Montpellier, France);
ELISA (C): ID Screen Paratuberculosis Indirect (IDVET, Montpellier, France); MAP: Mycobacterium avium subsp. paratuberculosis; BCS: Body condition score; OR: Odds ratios. *Refers to an analysis of the
information from the study done in 2011a by Fernandez et al.

Antioquia

Antioquia

2015b

2016

Antioquia

2015a

Antioquia

Antioquia

2015

2016

Antioquia

Province of
report

2015

Year of
publication
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1999; Calderón and Góngora, 2008; Zapata et
al., 2008; Fernández et al., 2014). However, no
review of the original studies has been undertaken.
According to several anecdotal reports, opinions
about the national -not even regional- distribution
of MAP or PTB in cattle and small ruminants are
not homogeneously defined or conclusive. Some
academics and producers consider MAP (especially
PTB) as a significant problem, while others claim
the absence or very low prevalence of MAP in
farmed animals.
The number of publications reporting original
studies on MAP, especially PTB, in recent years is
relatively low compared to other countries in Latin
America (Fernández et al., 2014), but is higher than
expected for Colombian conditions. This finding
suggests a growing interest about MAP research in
the country, as well as an increasing preoccupation
about this microorganism and its negative effects on
animal health, animal production, and its zoonotic
potential (public health impact) from academic and
productive perspectives.
Although PTB is a notifiable disease in Colombia
(ICA, 2015), it is not of major concern to animal
health authorities and its control is a responsibility
of the farmer (Anonymous, 2010a; Fedegán, 2010;
Fernández et al., 2014). This could explain the low
number of initiatives for the research, prevention,
and control in animals, as well as for the detection
of the microorganism in food, the environment,
and humans. In South America, only one countrywide PTB review has been published (Yamasaki
et al., 2013). According to this review, 35 studies
have been carried out in Brazil since its first report
in 1915. These studies were carried out in cattle,
sheep, goats, and buffaloes and using the same
diagnostic tests that have been used in Colombia
according to the present report.
The locations of most studies do not follow a clear
trend, but could be related to the high concentrations
of cattle in some of the provinces (i. e. Antioquia
and Cundinamarca; ICA, 2016), or to the interests of
academics, scientists, or cattle producers. Since the first
report in 1924, Cundinamarca has been a province with
common reports of PTB (Vega, 1947; Huber, 1954;
Isaza, 1978; Mogollón et al., 1983; Góngora and Perea,
Rev Colomb Cienc Pecu 2018; 31(3):165-179
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1984; Mancipe et al., 2009). This could be explained by
the long tradition of the Facultad de Medicina Veterinaria
of the Universidad Nacional de Colombia in Bogotá, the
oldest veterinary school in the country, where the first
studies in the early 20th century were carried out, most
of them being degree works. More recently, Antioquia
province has been publishing the majority of original
studies, all of them from academics at Universidad de
Antioquia and Universidad CES.
As expected, studies on cattle were the most
common, most likely due to the size of the population
in the country and to the production systems related to
milk and meat. In contrast, studies on sheep are less
common in the country probably due to its smaller
population (ICA, 2016).
The common use of ELISA, ZN-staining, IJT
using bovine and/or avian-PPD is not surprising given
their relatively low cost and availability of materials,
qualified personnel, and infrastructure for these tests
(Collins, 1996). However, the use of culture and PCR
is becoming more common and could be related to
the recent development of diagnostic capacities in
universities compared to national laboratories, and to
the expansion of the reagents and equipment supplies
for such diagnoses in the country.
The absence of cohort and case-control studies
is common in animal health research in Colombia.
These high-profile observational studies, as well
as experimental approaches, are more complex,
laborious, demanding and expensive, given the
microbiological and pathophysiological characteristics
of MAP. Nevertheless, the current MAP situation in
Colombia demands additional observational studies
in addition to surveys and case reports to enhance our
comprehension of the epidemiological situation and
to assess the true zoonotic threat.
Definitively, Colombia needs to cover some
knowledge gaps to get to a true understanding of the
disease. It is necessary to define the exact status of the
disease through well-designed prevalence/incidence
studies, considering that no whole national data is
available. In this regard, just some local estimates
are currently available (Patiño and Estrada, 1999;
Ramírez et al., 2001; Fernández et al., 2011a; 2011b;
Benavides et al., 2016; Correa et al., 2016).
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Harmonization of diagnostic methods, considering
the epidemiologic and biological behavior of MAP
under local agro-ecological, productive, and cultural
conditions are also needed. In addition, laboratory
infrastructure —mainly developed for foot-andmouth disease control— should cover other entities
with relevance for public health and international
trade such as PTB (Calderón and Góngora, 2008),
improving their testing capacity and the access to
diagnostic reagents.
It is also necessary to improve farmer training
highlighting the importance of disease control, not
only for PTB, but also other diseases that cause
economic losses and are considered of sanitary risk.
Only one previous study reported molecular
characterization of strains isolated in Colombia
(Fernández et al., 2011b), being this insufficient to
consider the definition of “indigenous strains” and the
ulterior design of vaccines. It would be necessary to
conduct studies on wider regions, considering infectionassessment on cattle and other-than-cattle susceptible
populations (even local wildlife) to generate prophylactic
strategies according to Colombian MAP molecular and
epidemiological diversity.
The relationship between MAP and CD has been
not discussed in the country, except for some sporadic
reviews (Góngora and Villamil, 1999; Calderón
and Góngora, 2008; de Waard, 2010). The zoonotic
potential of MAP has been debated for almost a
century because of similarities between JD in cattle
and CD in humans. Nevertheless, evidence of MAP
zoonotic potential has not been proven, but should not
be ignored (Patel and Shah, 2011). The CD has been
known in Colombia since the 1950s and the incidence
and prevalence rates are increasing (estimated point
prevalence of 77,000 CD cases), but no national
consolidated information about the disease is available
(Calderón and Góngora, 2008). According to some
researchers, efforts should be made to correlate
these two diseases in areas with high prevalence or
incidence of both.
In general, progress has been made on MAP
diagnosis and epidemiology as reported in the studies
covered in this review. However, unanswered questions
remain, offering many research opportunities.

Conclusion
In Colombia 20 original studies about MAP
have been carried out so far in four different animal
species, mainly using ELISA, and predominantly in
Antioquia and Cundinamarca provinces. In general,
the results reported by the original studies included in
this review are still insufficient to accurately reflect the
epidemiologic situation about MAP or its economic
and public health impact in Colombia. Although the
existence of MAP in Colombia has been confirmed
for almost a century, the small number of studies, as
well as several flaws in the published studies, limits
the evidence about the magnitude of MAP circulation
in animals, humans, the environment, and food in
Colombia.
It is imperative to improve the laboratory
diagnostic capabilities for MAP in the near future
and increase the number of studies dealing with the
microbiologic, immunologic, epidemiologic, and
economic aspects of MAP in several domestic and
wild animal species. Determination of at least regional
prevalence in domestic animal populations is of
high priority. It is advisable to initiate studies on the
detection of MAP in humans, the environment, and
in food for human consumption.
Acknowledgments
The authors acknowledge funding from Estrategia de
Sostenibilidad 2013-2014 at Universidad de Antioquia.
Conflicts of interest
The authors declare they have no conflicts of
interest regarding the work presented in this report.
References
Alexander DC, Turenne CY, Behr MA. Insertion and deletion
events that define the pathogen Mycobacterium avium subsp.
paratuberculosis. J Bacteriol 2009; 191(3):1018-1025.
Anonymous. Situación en Colombia de enfermedades bovinas
no sujetas al control oficial. Fedegan. Primera edición. Bogotá,
Colombia: Sanmartín Obregón & Cia; 2010a. 126 p.
Anonymous. Uniform program standards for the voluntary bovine
Johne´s disease control program. In: United States Department of

Rev Colomb Cienc Pecu 2018; 31(3):165-179

Paratuberculosis in Colombia

175

Agriculture-USDA, Animal and Plant Health Inspection ServiceAPHIS; 2010b. 40 p.

detection of paratuberculosis in cattle in the United States.  J Am
Vet Med Assoc 2006; 229(12):1912-1929.  

Ansari-Lari M, Haghkhah M, Bahramy A, Novin Baheran
AM. Risk factors for Mycobacterium avium subspecies
paratuberculosis in Fars province (Southern Iran) dairy herds.
Trop Anim Health Prod 2009; 41(4):553-557.

Collins MT. Diagnosis of paratuberculosis. Vet Clin North Am
Food Anim Pract 1996; 12(2):357-371.

Arsenault J. Prévalence et impact du maedi–visna, de la
lymphadénite caséeuse et de la paratuberculose chez les ovins du
Québec. [Thesis]. Québec, Canada. Université de Montréal; 2001.
Atreya R, Bülte M, Gerlach GF, Goethe R, Hornef MW, Köhler
H, Meens J, Möbius P, Roeb E, Weiss S. Facts, myths, and
hypotheses on the zoonotic nature of Mycobacterium avium
subspecies paratuberculosis. Int J Med Microbiol 2014;
304(7):858-867.
Attili AR, Ngu-Ngwa V, Preziuso S, Pacifici L, Domesi A, Cuteri
V. Ovine paratuberculosis: A seroprevalence study in dairy flocks
reared in the Marche Region, Italy. Vet Med Int 2011:782875.  
Bakker D. Paratuberculosis control measures in Europe. In:
Behr MA, Collins DM, editors. Paratuberculosis: Organism,
disease, control. First edition. Cambridge, MA: Editorial Cabi
International; 2010. p. 306-315.
Barkema HW, Hesselink JW, McKenna SL, Benedictus G,
Groenendaal H. Global prevalence and economics of infection
with Mycobacterium avium subsp. paratuberculosis in ruminants.
In: Behr MA, Collins DM, editors. Paratuberculosis: Organism,
disease, control. First edition. Cambridge, MA: Editorial Cabi
International; 2010. p. 10-7.
Begg D, Whittington R. Paratuberculosis in sheep. In: Behr
MA, Collins DM, editors. Paratuberculosis: Organism,
disease, control. First edition. Cambridge, MA: Editorial Cabi
International; 2010. p. 157-164.
Benavides B, Arteaga A, Montezuma CA. Estudio epidemiológico
de paratuberculosis bovina en hatos lecheros del sur de Nariño,
Colombia. Rev Med Vet 2016; 31:57-66.
Calderón J, Góngora A. Similaridades clinopatológicas entre
paratuberculosis y enfermedad de Crohn ¿posible vínculo
zoonótico? Rev MVZ Córdoba 2008; 13(1):1226-1239.
Carta T, Álvarez J, Pérez de la Lastra JM, Gortázar C. Wildlife
and paratuberculosis: A review. Res Vet Sci 2013; 94(2):191-197.
Chiodini RJ, Chamberlin WM, Sarosiek J, McCallum RW.
Crohn’s disease and the mycobacterioses: A quarter century
later. causation or simple association? Crit Rev Microbiol
2012; 38(1):52-93.
Clarke CJ. The pathology and pathogenesis of paratuberculosis in
ruminants and other species. J Comp Path 1997; 116(3):217-261.
Coelho AC, Pinto ML, Silva S, Coelho AM, Rodrigues J, Juste
RA. Seroprevalence of ovine paratuberculosis infection in the
Northeast of Portugal. Small Rumin Res 2007; 71(1-3):298-303.
Collins MT, Gardner IA, Garry FB, Roussel AJ, Wells SJ.
Consensus recommendations on diagnostic testing for the

Rev Colomb Cienc Pecu 2018; 31(3):165-179

Correa NM, Ramírez NF, Olivera M, Fernández JA. Milk yield
and lactation stage are associated with positive results to ELISA
for Mycobacterium avium subsp. paratuberculosis in dairy cows
from Northern Antioquia, Colombia: A preliminary study. Trop
Anim Health Prod 2016; 48(6):1191-1200.
Correa NM, Ramírez NF, Fernández JA. Diagnóstico de la
paratuberculosis bovina: Revisión. Rev ACOVEZ 2015; 44(1):12-16.
Cossu A, Rosu V, Paccagnini D, Cossu D, Pacifico A, Sechi LA.
MAP3738c and MptD are specific tags of Mycobacterium avium
subsp. paratuberculosis infection in type I diabetes mellitus. Clin
Immunol 2011; 141(1):49-57.  
Costanzo G, Pinedo FA, Mon ML, Viale M, Gil A, Illia MC,
Gioffré A, Arese A, Travería G, Romano MI. Accuracy assessment
and screening of a dairy herd with paratuberculosis by three
different ELISAs. Vet Microbiol 2012; 156(1-2):183-188.
Dalton JP, Desmond A, Shanahan F, Hill C. Detection of
Mycobacterium avium subspecies paratuberculosis in patients with
Crohn’s disease is unrelated to the presence of single nucleotide
polymorphisms rs2241880 (ATG16L1) and rs10045431 (IL12B).
Med Microbiol Immunol 2014; 203(3):195-205.
Dalziel TK.  Chronic interstitial enteritis. British Med J 1913;
2(2756):1068-1070.
de Waard JH. ¿Ordeñando micobacterias del ganado? Impacto
económico y en salud de tuberculosis bovina y paratuberculosis
en Colombia. Rev MVZ Córdoba 2010; 15(2):2037-2040.
Del Río D, Jaramillo L, Ramírez R, Maldonado JG. Amplificación
del genoma de Mycobacterium avium subespecie paratuberculosis
mediante qPCR a partir de tejido linfoide de bovinos con cuadros
clínicos compatibles con enfermedad de Johne. Rev Colomb Cienc
Pecu 2013; 26(Sup):408.
Di Sabatino A, Paccagnini D, Vidali F, Rosu V, Biancheri
P, Cossu A, Zanetti S, Corazza GR, Sechi LA. Detection of
Mycobacterium avium subsp. paratuberculosis (MAP)-specific
IS900 DNA and antibodies against MAP peptides and lysate in
the blood of Crohn’s disease patients. Inflamm Bowel Dis 2011;
17(5):1254-1255.
Dieguez FJ, Arnaiz I, Sanjuán ML, Vilar MJ, Yus E. Management
practices associated with Mycobacterium avium subspecies
paratuberculosis infection and the effects of the infection on dairy
herds. Vet Rec 2008; 162(19):614-617.
Djønne B. Paratuberculosis in goats. In: Behr MA, Collins
DM, editors. Paratuberculosis: Organism, disease, control.
First edition. Cambridge, MA: Editorial Cabi International;
2010. p. 169-178.
Donat K, Schlotter K, Erhardt G, Brandt HR. Prevalence of
paratuberculosis in cattle and control measures within the

176

Paratuberculosis in Colombia

herd influence the performance of ELISA tests. Vet Rec 2014;
174(5):119.  
Fecteau ME, Whitlock RH. Paratuberculosis in cattle. In:
Behr MA, Collins DM, editors. Paratuberculosis: Organism,
disease, control. First edition. Cambridge, MA: Editorial Cabi
International; 2010. p. 144-153.
Federación colombiana de ganaderos (Fedegán). Situación en
Colombia de enfermedades bovinas no sujetas al control oficial.
Primera edición. Bogotá, Colombia: 2010. 118 p.
Fernández JA, Abdulmawjood A, Akineden O, Bulte M.
Serological and molecular detection of Mycobacterium avium
subsp. paratuberculosis in cattle of dairy herds in Colombia. Trop
Anim Health Prod 2011a; 43(8):1501-1507.
Fernández JA, Abdulmawjood A, Bulte M. Diagnosis and
molecular characterization of Mycobacterium avium subsp.
paratuberculosis from dairy cows in Colombia. Vet Med Int
2011b; 352561.
Fernández JA, Correa NM, Ramírez N. Systematic review of
the prevalence of paratuberculosis in cattle, sheep, and goats in
Latin America and the Caribbean. Trop Anim Health Prod 2014;
46(8):1321-1340.
Fernández JA, Ramírez N, Correa NM. Factors associated with
Mycobacterium avium subsp. paratuberculosis in dairy cows
from Northern Antioquia, Colombia. Rev Colomb Cienc Pecu
2017; 30(1):48-59.
García A. Comprobaciones de la trichomoniasis bovina y
contribución al estudio de la paratuberculosis en el departamento
de Nariño. [Tesis]. Bogotá, Colombia. UNAL; 1957.
Gilardoni LR, Paolicchi FA, Mundo SL. Bovine paratuberculosis:
A review of the advantages and disadvantages of different
diagnostic tests. Rev Argent Microbiol 2012; 44(3):201-215.
Góngora OA, Perea J. Evaluación de tres métodos diagnósticos en
paratuberculosis bovina. [Tesis]. Bogotá, Colombia. UNAL; 1984.
Góngora OA, Villamil JC. La paratuberculosis bovina desde la
óptica de la salud pública. Holstein Colomb 1999; 147:44-48.
Harris NB, Barletta RG.   Mycobacterium avium subsp.
paratuberculosis in veterinary medicine. Clin Microbiol Rev
2001; 14:489-512.
Hernández JM, García YM, Fernández J. Seroprevalencia
de Mycobacterium avium subsp. paratuberculosis (MAP) en
caprinos y ovinos de un aprisco de bosque húmedo premontano
del departamento de Antioquia. Rev Colomb Cienc Pecu 2015;
28(Sup):103.
Huber G. La administración de la Isonicotimilhidrazina de
cortisona en la paratuberculosis bovina (enfermedad de Johne).
UNAL. 1954.
Instituto Colombiano Agropecuario (ICA). Consolidado nacional
bovinos 2016-Poblacion y Predios. In: Censo Pecuario Nacional,
2016. [Access date: August 20th, 2016]. URL: http://www.
ica.gov.co/getdoc/8232c0e5-be97-42bd-b07b-9cdbfb07fcac/
Censos-2008.aspx

Instituto Colombiano Agropecuario (ICA). Resolución 0003714
de 2015. [Access date: December 20th, 2016]. URL: http://
www.ica.gov.co/getattachment/3188abb6-2297-44e2-89e63a5dbd4db210/2015R3714.aspx
Isaza PF. Diagnóstico de paratuberculosis en bovinos por
los métodos de baciloscopia, fijación de complemento e
inmunofluorescencia. UNAL; 1978.
Jaramillo S, Uribe JS, Montoya MA, Ramírez NA, Fernández J.
Seroprevalencia de Mycobacterium avium subsp. paratuberculosis
(MAP) y exploración de factores asociados al estatus serológico en
un hato de lechería especializada en el altiplano norte de Antioquia,
Colombia. Rev Colomb Cienc Pecu 2015; 28(Sup):104.
Johnson-Ifearulundu YJ, Kaneene JB. Management-related risk
factors for M. paratuberculosis infection in Michigan, USA, dairy
herds. Prev Vet Med 1998; 37(1-4):41-54.
Kalis CHJ, Barkema HW, Hesselink JW, van Maanen C, Collins MT.
Evaluation of two absorbed enzyme-linked immunosorbent assays
and a complement fixation test as replacements for fecal culture in
the detection of cows shedding Mycobacterium avium subspecies
paratuberculosis. J Vet Diagn Invest 2002; 14(3):219-224.
Kennedy D, Citter L. Paratuberculosis control measures in
Australia. In: Behr MA, Collins DM, editors. Paratuberculosis:
Organism, disease, control. First edition. Cambridge, MA:
Editorial Cabi International; 2010. p. 330-341.
Khol JL, Baumgartner W. Examples and suggestions for the
control of paratuberculosis in European cattle. Jpn J Vet Res
2012; 60(Sup):1-7.
Kostoulas P, Leontides L, Billinis C. The association of subclinical paratuberculosis with the fertility of Greek dairy ewes
and goats varies whit parity. Prev Vet Med 2006; 74:226-238.
Kukanich KS, Vinasco J, Scott HM. Detection of Mycobacterium
avium subspecies paratuberculosis from intestinal and nodal
tissue of dogs and cats. ISRN Vet Sci 2013:1-4.
Lambeth C, Reddacliff LA, Windsor P, Abbott KA, McGregor H,
Whittington RJ. Intrauterine and transmammary transmission of
Mycobacterium avium subsp paratuberculosis in sheep. Aust Vet
J 2004; 82(8):504-508.
Lavers CJ, Barkema HW, Dohoo IR, McKenna SL, Keefe GP.
Evaluation of milk ELISA for detection of Mycobacterium avium
subspecies paratuberculosis in dairy herds and association with
within-herd prevalence. J Dairy Sci 2014; 97(1):299-309.
Lavers CJ, Dohoo IR, McKenna SL, Keefe GP. Sensitivity
and specificity of repeated test results from a commercial
milk enzyme-linked immunosorbent assay for detection of
Mycobacterium avium subspecies paratuberculosis in dairy cattle.
J Am Vet Med Assoc 2015; 246(2):236-244.
Lepper AW, Wilks CR, Kotiw M, Whitehead JT, Swart KS.
Sequential bacteriological observations in relation to cellmediated and humoral antibody responses of cattle infected with
Mycobacterium paratuberculosis and maintained on normal or
high iron intake. Aust Vet J 1989; 66(2):50-55.

Rev Colomb Cienc Pecu 2018; 31(3):165-179

Paratuberculosis in Colombia
Liapi M, Leontides L, Kostoulas P, Botsarisc G, Iacovoua Y,
Reesc C, Georgioua K, Smithd GC, Nasebye DC. Bayesian
estimation of the true prevalence of Mycobacterium avium subsp.
paratuberculosis infection in Cypriot dairy sheep and goat flocks.
Small Rumin Res 2011; 95(2-3):174-178.
Liverani E, Scaioli E, Cardamone C, Dal Monte P, Belluzzi
A. Mycobacterium avium subspecies paratuberculosis in the
etiology of Crohn’s disease, cause or epiphenomenon? World J
Gastroenterol 2014; 20(36):13060-13070.
Lowe AM, Yansouni CP, Behr MA. Causality and gastrointestinal
infections: Koch Hill, and Crohn’s. Lancet Infect Dis 2008;
8(11):720-726.
Lugton IW. Cross-sectional study of risk factors for the clinical
expression of ovine Johne’s disease on New South Wales farms.
Aust Vet J 2004; 82(6):355-365.
Mancipe LF, Sánchez L, Rodríguez G. Estudio de la
paratuberculosis en un rebaño de ovinos de la Sabana de Bogotá
mediante la utilización de tres técnicas diagnósticas. Rev Med
Vet 2009; 18:33-51.
Manning EJ, Collins MT. Epidemiology of paratuberculosis.
In: Behr MA, Collins DM, editors. Paratuberculosis: Organism,
disease, control. First edition. Cambridge, MA: Editorial Cabi
International; 2010. p. 22-26.
Manning EJ, Collins MT. Mycobacterium avium subsp.
paratuberculosis: Pathogen, pathogenesis, and diagnosis. Rev
Sci Tech. 2001; 20(1):133-150.
Marce C, Beaudeau F, Bareille N, Seegers H, Fourichon C. Higher
non-return rate associated with Mycobacterium avium subspecies
paratuberculosis infection at early stage in Holstein dairy cows.
Theriogenology 2009; 71(5):807-816.
McKenna SLB, Barkema HW, Keefe GP, Sockett DC.
Agreement between three ELISA´s for Mycobacterium avium
subsp. paratuberculosis in dairy cattle. Vet Microbiol 2006;
114(3-4):285-291.
Mogollón JD, Hernández AL, Tovar AL, Murillo BN, Peña NE,
Mossos NA. Prevalencia de paratuberculosis ovina en el altiplano
cundi-boyacense. Revista ICA (Colombia) 1983; 18:479-484.
Nielsen SS, Toft N. A review of prevalences of paratuberculosis
in farmed animals in Europe. Prev Vet Med 2009; 88:1-14.
Nielsen SS, Enevoldsen C, Gröhn YT. The Mycobacterium avium
subsp. paratuberculosis ELISA response by parity and stage of
lactation. Prev Vet Med 2002; 54:1-10.
Nielsen SS, Toft N. Ante-mortem diagnosis of paratuberculosis:
A review of accuracies of ELISA, interferon-gama assay, and
faecal culture techniques. Vet Microbiol 2008; 129(3-4):217-235.
Nielsen SS. Immune-based diagnosis of paratuberculosis. In:
Behr MA, Collins DM, editors. Paratuberculosis: Organism,
disease, control. First edition. Cambridge, MA: Editorial Cabi
International; 2010. p. 284-91.
Nielsen SS, Toft N. Effects of days in milk and milk yield on
testing positive in milk antibody ELISA to Mycobacterium

Rev Colomb Cienc Pecu 2018; 31(3):165-179

177

avium subsp. paratuberculosis in dairy cattle. Vet Immunol
Immunopathol 2012; 149(1-2):6-10.
Nielsen SS, Toft N. Bulk tank milk ELISA for detection of
antibodies to Mycobacterium avium subsp. paratuberculosis:
Correlation between repeated tests and within-herd antibodyprevalence. Prev Vet Med 2014; 113(1):96-102.
Office International des Epizooties (OIE). Manual of diagnostic
tests and vaccines for terrestrial animals 2011. Paris, France.
Olsen I, Sigurðardóttir ÓG, Djønne B. Paratuberculosis with
special reference to cattle. A review. Vet Q 2002; 24:12-28.
Patel A, Shah N. Mycobacterium avium subsp paratuberculosis—
incidences in milk and milk products, their isolation, enumeration,
characterization, and role in human health. J Microbiol Immunol
Infect 2011; 44(6):473-479.
Patiño DA, Estrada M. Determinación de la prevalencia de
paratuberculosis en tres hatos del Páramo de Letras. [Thesis].
Caldas, Colombia.  Universidad de Caldas; 1999.
Peña MA, Góngora A, Jiménez C. Infectious agents affecting
fertility of bulls, and transmission risk through semen.
Retrospective analysis of their sanitary status in Colombia. Rev
Colomb Cienc Pecu 2011; 24(4):634-646.
Pithua P, Espejo LA, Godden SM, Wells SJ. Is an individual
calving pen better than a group calving pen for preventing
transmission of Mycobacterium avium subsp paratuberculosis in
calves? Results from a field trial. Res Vet Sci 2013; 95(2):398-404.
Plata R. La paratuberculosis bovina en Cundinamarca. Rev Med
Vet. 1931 (cited by Vega-Morales A, 1947).
Ramírez R, Maldonado JG. Detection of macrophages infected
with Mycobacterium avium subspecies paratuberculosis in a cow
with clinical stage IV of the disease. A case report. Rev Colomb
Cienc Pecu 2013a; 26(3):219-225.
Ramírez R, Maldonado JG. Evasión molecular de la activación
del macrófago bovino por Mycobacterium avium subespecie
paratuberculosis. Rev MVZ Córdoba 2013b; 18(3):3897-3907.
Ramírez N, Gaviria G, Restrepo LF, Gómez C. Diagnóstico
epidemiológico referente a varias patologías de bovinos en
tres haciendas de la Universidad de Antioquia. (Unpublished
document), 2001.
Ramírez N, Rodríguez B, Fernández JA. Diagnóstico clínico e
histopatológico de paratuberculosis bovina en un hato lechero en
Colombia. Rev MVZ Córdoba 2011; 16(3):2742-2753.
Rani PS, Sechi LA, Ahmed N. Mycobacterium avium subsp.
paratuberculosis as a trigger of type-1 diabetes: Destination
Sardinia, or beyond? Gut Pathogens 2010; 2:1.
Robbe-Austerman S. Control of paratuberculosis in small ruminants.
Vet Clin North Am Food Anim Pract 2011; 27(3):609-620.
Rosenfeld G, Bressler B. Mycobacterium avium paratuberculosis
and the etiology of Crohn’s disease: A review of the controversy
from the clinician’s perspective. Can J Gastroenterol 2010;
24(10):619-624.

178

Paratuberculosis in Colombia

Salem M, Heydel C, El-Sayed A, Ahmed SA, Zschöck M, Baljer
G. Mycobacterium avium subspecies paratuberculosis: An
insidious problem for the ruminant industry. Trop Anim Health
Prod 2013; 45(2):351-366.

M, Bazzoli F, Belluzzi A. Fecal detection of Mycobacterium
avium paratuberculosis using the IS900 DNA sequence in Crohn’s
disease and ulcerative colitis patients and healthy subjects. Dig
Dis Sci 2011; 56(10):2957-2962.

Sechi LA, Dow CT. Mycobacterium avium ss. paratuberculosis
Zoonosis - The hundred year war - Beyond Crohn’s disease. Front
Immunol 2015; 6:96.

Uzoigwe JC, Khaitsa ML, Gibbs PS. Epidemiological evidence
for Mycobacterium avium subspecies paratuberculosis as a cause
of Crohn’s disease. Epidemiol Infect 2007; 135(7):1057-1068.

Sonawane GG, Tripathi BN. Comparison of a quantitative realtime polymerase chain reaction (qPCR) with conventional PCR,
bacterial culture, and ELISA for detection of Mycobacterium
avium subsp. paratuberculosis infection in sheep showing
pathology of Johne’s disease. Springerplus 2013; 2(1):45.

Vega A. Relación entre el diagnóstico de la paratuberculosis
bovina por el examen coprológico y de la prueba alérgica de
termorreacción con la tuberculina aviaria por vía subcutánea
[Thesis]. Bogotá, Colombia. UNAL; 1947.

Stabel JR, Whitlock RH. An evaluation of a modified interferongamma assay for the detection of paratuberculosis in dairy herds.
Vet Immunol Immunopath 2001; 79:69-81.
Stevenson K. Comparative differences between strains of
Mycobacterium avium subsp. paratuberculosis. In: Behr MA,
Collins DM, editors. Paratuberculosis: Organism, disease, control.
First edition. Cambridge, MA: Editorial Cabi International; 2010a.
p. 126-132.
Stevenson K. Diagnosis of Johne´s disease: Current limitations
and prospects. Cattle Practice 2010b; 18:104-109.
Stewart D, Vaughan J, Stiles P. A long-term bacteriological and
immunological study in Holstein- Friesian cattle experimentally
infected with Mycobacterium avium subsp. paratuberculosis
and necropsy culture results for Holstein- Friesian cattle, merino
sheep, and angora goats. Vet Microbiol 2007; 122(1-2):83-96.
Stief B, Möbius P, Türk H, Hörügel U, Arnold C, Pöhle D.
Paratuberculosis in a miniature donkey (Equus asinus f. asinus).
Berl Munch Tierarztl Wochenschr 2012; 125(1-2):38-44.
Sweeney RW, Collins MT, Koets AP, McGuirk SM, Roussel AJ.
Paratuberculosis (Johne’s disease) in cattle and other susceptible
species. J Vet Intern Med 2012; 26(6):1239-1250.
Sweeney RW.  Transmission of paratuberculosis. Vet Clin North
Am Food Anim Pract 1996; 12(2):305-312.
Tiwari A, Van Leeuwen JA, Dohoo IR, Keefe GP, Haddad JP,
Scott HM, Whiting T. Risk factors associated with Mycobacterium
avium subspecies paratuberculosis seropositivity in Canadian
dairy cows and herds. Prev Vet Med 2009; 88:32-41.
Tuberquia BC, Uribe F, Medrano MX, Ramírez NA, Fernández J.
Seroprevalencia de Mycobacterium avium subsp. paratuberculosis
y exploración de factores asociados en una población bovina del
municipio de Gómez Plata, Antioquia. Rev Colomb Cienc Pecu
2015a; 28(Sup):104.
Tuberquia BC, Uribe F, Medrano MX, Ramírez NA, Fernández J.
Seroprevalencia de Mycobacterium avium subsp. paratuberculosis
y exploración de factores asociados en una población de búfalos
del municipio de Gómez Plata, Antioquia. Rev Colomb Cienc
Pecu 2015b; 28(Sup):105.
Tuci A, Tonon F, Castellani L, Sartini A, Roda G, Marocchi M,
Caponi A, Munarini A, Rosati G, Ugolini G, Fuccio L, Scagliarini

Vélez M, Rendón Y, Valencia A, Ramírez N, Fernández J.
Seroprevalencia de Mycobacterium avium Subsp. paratuberculosis
(MAP) en una granja de ganado de carne de bosque húmedo
tropical en Caucasia, Antioquia, Colombia. Rev Colombiana
Cienc Anim 2016; 8(2):167-176.
Villalobos R, Hernández I, Tibata V, Rueda E. Diagnosis of
mycobacteria important for veterinary medicine in Colombia.
instituto colombiano agropecuario –ICA, laboratorio nacional
de diagnóstico veterinario (LNDV). First international congress
on mycobacteria: A challenge for the 21st century. Third meeting
of the SLAMTB; 2008; Bogotá, Colombia.
Wagner J, Skinner NA, Catto-Smith AG, Cameron DJ, Michalski
WP, Visvanathan K, Kirkwood CD. TLR4, IL10RA, and NOD2
mutation in paediatric Crohn’s disease patients: An association
with Mycobacterium avium subspecies paratuberculosis and
TLR4 and IL10RA expression. Med Microbiol Immunol 2013;
202(4):267-276.
Wells SJ, Wagner BA. Herd-level risk factors for infection with
Mycobacterium paratuberculosis in US dairies and association
between familiarity of the herd manager with the disease or
prior diagnosis of the disease in that herd and use of preventive
measures. JAVMA 2000; 216(9):1450-1457.
Whitlock RH. Paratuberculosis control measures in the USA.
In: Behr MA, Collins DM, editors. Paratuberculosis: Organism,
disease, control. First edition. Cambridge, MA: Editorial Cabi
International; 2010. p. 319-326.
Whittington RJ, Marsh IB, Saunders V, Grant IR, Juste R,
Sevilla IA, Manning EJ, Whitlock RH. Culture phenotypes of
genomically and geographically diverse Mycobacterium avium
subsp. paratuberculosis isolates from different hosts. J Clin
Microbiol 2011; 49(5):1822-1830.
Whittington RJ, Windsor PA. In utero infection of cattle with
Mycobacterium avium subsp. paratuberculosis: A critical review
and meta-analysis. Vet J 2009; 179(1):60-69.
Whittington RJ. Cultivation of Mycobacterium avium
subsp. paratuberculosis. In: Behr MA, Collins DM, editors.
Paratuberculosis: Organism, disease, control. First edition.
Cambridge, MA: Editorial Cabi International; 2010. p. 244-260.
Windsor PA, Whittington RJ. Evidence for age susceptibility of
cattle to Johne’s disease. Vet J 2010; 184(1):37-44.

Rev Colomb Cienc Pecu 2018; 31(3):165-179

Paratuberculosis in Colombia
Yamasaki EM, Brito MF, Mota RA, McIntoshe D, Tokarnia CH.
Paratuberculose em ruminantes no Brasil. Pesq Vet Bras 2013;
33(2):127-140.
Zapata MM, Arroyave O, Ramírez R, Piedrahita C, Rodas JD,
Maldonado JG. Identification of Mycobacterium avium subspecies
paratuberculosis by PCR techniques and establishment of control

Rev Colomb Cienc Pecu 2018; 31(3):165-179

179

programs for bovine paratuberculosis in dairy herds. Rev Colomb
Cienc Pecu 2010; 23(1):17-27.
Zapata MM, Rodas JD, Maldonado JG. Paratuberculosis bovina:
¿conocemos la situación real de la enfermedad en la ganadería
colombiana? Rev Colomb Cienc Pecu 2008; 21(3):420-435.

