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Abstract Latin America is the definition of the American
group, where languages of Latin origin are spoken, including
countries in South, Central, and North America.
Paratuberculosis is a gastrointestinal contagious chronic dis-
case that affects ruminants, whose etiological agent is the ba-
cilli Mycobacterium avium subsp. paratuberculosis (MAP).
Paratuberculosis is characterized by intermittent diarrhea, de-
creased milk production, dehydration, and progressive weight
loss and is possibly involved in Crohn’s disease, a human
intestinal disease. MAP is resistant to environmental factors,
pasteurization, and water disinfection, which coupled with the
subclinical-clinical nature of the disease, and makes
paratuberculosis a relevant socioeconomic and public health
issue, justifying the descriptive review of research on the dis-
ease carried out in Latin American countries. A survey of
articles, published until September 2016, on the Scopus data-
base, PubMed, Agris, and Science Direct, about detection of
the agent and the disease in Latin America, without restric-
tions to the date of the research was performed. The keywords
were as follows: “paratuberculosis,” “Mycobacterium avium
subsp. paratuberculosis,” “cattle,” “milk,” “wildlife,”
“goat,” “ovine,” “dairy,” and the name of each country in
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English. Studies found from nine of the 20 Latin America
countries, 31 related to Brazil, 17 to Argentina, 14 to Chile,
eight to Colombia, six to Mexico, two to Peru, two to
Venezuela, and one to Panama and to Bolivia, each. The agent
was detected in cattle, goats, sheep, domesticated water buf-
falo, and wild animals. Microbiological culture, PCR, and
ELISA were the frequent techniques. The small number of
studies may result in overestimation or underestimation of
the real scenario.

Keywords Paratuberculosis - PCR - ELISA - Dairy - Milk

Introduction

Latin America is the definition of the group of countries lo-
cated in America, whose native languages are of Latin origin
(Spanish and Portuguese). Argentina, Brazil, Chile, Bolivia,
Colombia, Ecuador Paraguay, Peru, Uruguay, and Venezuela
belong to South America; Costa Rica, Cuba, El Salvador,
Honduras, Nicaragua, Panama, Guatemala, and the
Dominican Republic, to Central America; and Mexico, to
North America, as described in Fig. 1.

Paratuberculosis or Johne’s disease is a contagious chronic
disease of the gastrointestinal tract that affects domestic and
wild ruminants, whose etiologic agent is Mycobacterium
avium subspecies paratuberculosis (MAP) (Chiodini et al.
1984; Clarke 1997; Ayele et al. 2001; Mota et al. 2010). The
disease is characterized by intermittent diarrhea, reduced milk
production, dehydration, and progressive weight loss (Wu
etal. 2007). Besides being a weakly Gram-positive bacterium,
MAP has the ability to resist an alcohol-acid discoloring stain-
ing methods, for which it is called acid-fast bacilli-resistant
(AFB) (Timms et al. 2011). This is due to its cell wall com-
position of free lipids and polypeptides, such as micolates
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Fig. 1 Map representing the Latin American countries * (neither French Guiana nor other countries are included since the language spoken is not
Spanish or Portuguese). Available in: http://www.mapsofworld.com/usa/usa-maps/united-states-and-latin-america-maps.html

trehalose and phosphatidylinositol mannoside (PIM), and its
glycosylated derivatives, lipomananas (LM), and
lipoarabinomananas (LAM). These compounds also favor
the ability to induce infection (pathogenicity) by mycobacteria
(Kaur et al. 2006). Such features allow the bacterium to re-
main within macrophages and inhibit the formation of
phagosomes, thus limiting the recognition of antigens by the
cells of the immune system, which results in chronic cases of
infection.

@ Springer

In addition to its infectious nature, the composition of MAP
wall is an important factor in resistance to the environment.
MAP can remain viable up to 55 weeks, under favorable con-
ditions of humidity and temperature, and can form “spore
like” structures when these become unfavorable to survival,
including soil and aquatic environments (Collins 2003;
Lamont et al. 2012). Research has shown that MAP can also
survive high temperatures and remain viable after pasteuriza-
tion (Grant et al. 2002; Carvalho et al. 2012a). Van Brandt
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etal. (2011) also demonstrated that rapid pasteurization is not
as effective in reducing MAP levels in raw milk as the slow
and turbulent flow pasteurization.

The disease was first described in Germany, when Johne
and Frothingham (1895) observed AFB in the intestine of a
cow with chronic granulomatous enteritis. After subsequent
taxonomic changes and genomic and phenotypic studies,
agent similarities with Mycobacterium avium complex were
demonstrated. Then, Thorel et al. (1990) proposed changing
the nomenclature to Mycobacterium avium subsp.
paratuberculosis, which was accepted and used to this day.

S4 et al. (2013) studied risk factors for infection in cattle
and found that annual higher birth rates are associated with the
occurrence of the disease. According to Zare et al. (2013), the
season and the age of the animals also have an effect on MAP
infection. A peak of infection in animals born during the sum-
mer was observed. Besides the effective contact between cows
and calves, the risk factors for infection (Hirst et al. 2004)
include the annual replacement rate within the herd, number
of infected cows, purchase of infected heifers, and neglected
quarantine for newly acquired animals. Sanitary management
and rainfall can also contribute to the onset of the disease,
since modified environmental conditions can enable or hinder
the spread of bacteria (Schroen et al. 2002).

The seriousness of MAP transmission and infection in
dairy cattle herds is mainly explained by the subclinical nature
of the disease. The animals may remain in this condition for
long periods, disseminating the agent, substantially reducing
the production of milk and meat (Johnson et al. 2001;
Losinger 2005), resulting in the animal’s disposal, and
impairing the well-being of such animals. Thus, economic
losses may vary considerably from country to country.

Latin America still does not have records on the amount of
the actual production losses caused by paratuberculosis.
However, in the USA, Ott et al. (1999) reported losses between
200 and 250 million dollars a year in herds of dairy cattle. In
Australia, Bush et al. (2006) identified the disease in small
ruminant flocks, with average losses above $ 13,000 per
farm/year.

Furthermore, paratuberculosis also affects wild animals
that can maintain and carry the bacteria between herds.
Research on wild animals carried out in Spain by Marco
et al. (2002) reported macroscopic and histopathological
findings consistent with paratuberculosis in 62.5% of deer
(deer fallow) free in nature. Diarrhea and positive results
for MAP cultivation were found and confirmed by PCR in
two animals. Also, Salgado et al. (2011) detected the
agent in wild hares in southern Chile. In 2009, the same
research group became the first to report MAP isolation in
wild guanacos in the country.

Besides the economic aspect, the association of MAP with
Crohn’s disease (CD) is a concern. CD is a chronic inflamma-
tion of the human intestine that often affects the ileum and the

colon (Crohn et al. 1932), but may compromise any segment
of the digestive tract. MAP is believed to be an infectious
agent related to CD, due to the clinical and histologic similar-
ities found in patients with the disease and animals with
paratuberculosis (ILSI 2004; Ormaechea et al. 2009), and
the frequent isolation of MAP in samples from patients affect-
ed by CD. This indicates a public health problem for the pop-
ulation exposed to animals with paratuberculosis and contam-
inated products (Bull et al. 2003; Wagner et al. 2011).

In Europe, Nielsen and Toft (2009) investigated the reports
of cattle paratuberculosis from 1990 to 2008 and found an
average prevalence of 20% in these animals. However, no
information about the disease in goats and sheep was reported
in the researched databases.

In Latin America, approximately 33 million people work in
the agricultural sector and only about eight million live in
urban areas. Together, they represent 25% of the economically
active population (David et al. 2000).

Latin American countries lack information about the circu-
lating strains that affect herds, which results in trade and eco-
nomic disadvantage, such as losses in production and failure
to comply with the sanitary standards for exporting their prod-
ucts. Many countries are demanding certification of the ab-
sence of MAP for the trading of animals and animal products
(Kalis et al. 2004).

Therefore, in Latin American countries, where agriculture
plays an important role in the economy, attention should be
paid to research and government programs focused on this
disease since it possibly affects not only the economy but also
public health.

Data on the prevalence of the disease in the entire Latin
America have not been found. Some countries have no data
about the disease at all, which justifies the gathering of the
data found in each country in this article, so as to provide a
broad overview of the occurrence of the disease in the region.

Although there is other review papers on the subject, there
are some features that also make the present article important,
complete, and up to date (Fernandez-Silva et al. 2014).

The present review did not present restriction on the animal
species surveyed or the dates of the researches, also including
MAP research in dairy foods.

Our approach included only Latin American countries,
speakers of Latin languages, and included detailed informa-
tion on the socioeconomic and geographic panorama, as well
as the up to date research articles.

With the broad approach, it was possible to discuss current
legislation on paratuberculosis control and prophylaxis pro-
grams in different countries.

In addition, the results and techniques of each work were
presented and discussed, providing an overview on the herds
and the circulation of MAP strains in these countries, where
there is frequent trade of animals and their products, increas-
ing the concern with the spread of this agent.
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Therefore, this review is relevant and gives a full follow-up
on paratuberculosis.

Methods

We researched all studies on agent detection, regardless of the
date of the publication (Fig. 2). Only articles published in
indexed journals were included in the review. Those from
local literature, also called “gray literature,” which were not
internationally indexed, were discarded. Data from govern-
ment agencies were considered for the characterization of
the countries.

The keywords for this survey were as follows:
“Paratuberculosis,” “Mycobacterium avium spp.
paratuberculosis,” “cattle,” “wildlife,” “goat,” “ovine,”
“dairy,” and the name of each country in English. The follow-
ing aspects were taken into account in each article: animal
species, number of animals in the study, the techniques used
in the study aims, and results (Figs. 3 and 4).

Results and Discussion

We found 82 articles, by August 2016 at Scopus, PubMed,
Agris, and Science Direct databases which address the detec-
tion of the agent and the extent of the disease in Latin
America.

Thirty-one articles were related to Brazil, 17 to Argentina,
14 to Chile, eight to Colombia, six to Mexico, two to Peru,
two to Venezuela, and one to Panama and Bolivia each. The

presence of the agent was demonstrated in cattle, goats, sheep,
domesticated water buffaloes, and wild animals, such as
sheep, lagomorphs, and guanaco.

Table 1 presents the research works included in the review.
The countries are displayed in descending order for the num-
ber of studies found in each of them.

Brazil

Brazil is the largest country in South America, with more than
8,515,767 kmz, located between latitudes 5° 16’ 19” north and
33° 45" 09" south and between the meridians 34° 45’ 54" and
73° 59" 32" west. Its coastline is bathed by the Atlantic Ocean
and its large territory borders ten countries. Except Chile and
Ecuador, all countries in South America share borders with
Brazil, which is the fifth largest country in the world. This
feature, associated with the tropical climate, favors the raising
of cattle in pastures and allows for increased productivity
strategies.

The survey on the number of animals in Brazil, conducted
between 2010 and 2011, showed significant growth for buffa-
loes (7.8%), cattle (1.6%), sheep (1.5%), swine (0.9%), and
goats (0.7%) (IBGE 2011).

According to international data provided by the United
States Department of Agriculture, in the end of the first half
of 2013, Brazil possessed the second largest herd cattle den-
sity in the world, which is one of the highlights of Brazilian
agribusiness worldwide. Brazilian cattle is sorted into two
main segments, namely, meat and milk productive chains.
Besides its meat production, Brazil stands out as the sixth
largest producer of milk.

Fig. 2 Flowchart of selection of [

All studies on agent detection ]

publications
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Fig. 3 Proportion of papers per studied species

As for imports, the country purchases insignificant vol-
umes of fluid milk from Argentina and Uruguay to supply
commercial demands.

In Brazil, paratuberculosis was identified in 1915 by
Octavio Dupont (1915) (Table 2). However, Dacorso Filho
et al. (1960) were the first to identify the disease in cattle born
and raised in Brazil. Then, in 2007, Ristow et al. (2006). were
the first to isolate the agent in a native dairy herd. This fact
prompted research to be carried out to detect MAP by poly-
merase chain reaction (PCR) on samples of raw milk for the
first time (Carvalho et al. 2009).

Most studies published in Brazil were done using serolog-
ical methods, followed by microbiological techniques. One
study evaluated the immunodiffusion test in agar gel (AGID)
in 48 serum samples from 1004 animals from 45 dairy herds
of the State of Rio de Janeiro. The use of AGID showed low
sensitivity (57%) and specificity (92.5%). Thus, this technique
is effective to confirm the positivity of suspect animals

molecular
techniques
9,8%

.

serology
29,3%

other
techniques

9,8%

—
culture and
molecular techniques
17,1%

Fig. 4 Proportion of papers per utilized techniques

(Ferreira et al. 2002b). However, an “in-house ELISA” tested
in 179 dairy cattle with paratuberculosis protoplasmic antigen
(ELISA PPA) proved suitable for use in the diagnosis of
suspected herds (Fig. 5) (Ferreira et al. 2002a). The combined
use of molecular and serological tools, associated with macro
and microscopic changes and histopathological techniques,
allowed the detection of MAP in herds of water buffalo in
southern Brazil in recent years. These species are reported as
less susceptible to infection than cattle. Out of 203 animals,
seven presented clinical pathological changes, 21 showed pos-
itive reactions by ELISA, and eight died. According to the
authors, it was possible to infer that the prevalence of this herd
was rated as high. The reason for this behavior is unknown,
but it is suggested that the nursing behavior of these animals,
associated with intensive management, can contribute to in-
crease positivity in animals (Dalto et al. 2012).

The methods to determine the actual reach of
paratuberculosis in Brazilian states are still based on different
methodologies and inaccurate results. However, studies have
shown prevalence of 37.9% in 40 animals tested in Sdo Paulo
(Fonseca et al. 1999); 30% in 128 cows in the state of Rio de
Janeiro (Ristow et al. 2007); 60.24% in 166 blood serum
samples, in Goidnia (Acypreste et al. 2005); 45.51% in Mato
Grosso do Sul (Rivera 1996) and in Espirito Santo. Costa et al.
(2010) performed a serological survey in 1450 dairy cows and
found positive results in 11.4% of them.

In spite of many studies on the distribution of MAP strains
in the country, it was observed that the polymorphic sequence
IS900 from different strains of MAP is highly preserved and
suitable for use in molecular diagnostics (Carvalho et al.
2012b). Accordingly, Faria et al. (2014) recently detected
the presence of MAP DNA in 10% (3/30) of the samples of
retail curd cheese in the city of Parnaiba-PI. A total of 3.3%
(1/3) of these samples yielded viable cells grown in HEYM.
These are outstanding findings for Brazil, since that was the
first report of MAP detection in cheese in the country, even
though proof of its viability in cheese was hard to achieve.

Oliveira et al. (2010) confirmed the presence of MAP in
naturally infected sheep and goats, in Northeastern Brazil, by
histopathology and acid-fast bacilli staining. Later, in that
same region, a serologic study revealed the percentage of
small ruminants infected, 44.96% of 734 serum samples from
goats, and 54.08% of 392 asymptomatic sheep, from 46 dif-
ferent herds (Medeiros et al. 2012a).

Similarly to bovine, goat and ovine paratuberculosis has
been little investigated in the country. Although the number
of studies has increased in recent years, Brazil still lacks sig-
nificant information about the damage in animals and the
strains circulating in the country. This situation leads to eco-
nomic and commercial disadvantage, since losses in produc-
tion and poor sanitary standards of Brazilian animals may
compromise the export of products of animal origin
(Schwarz et al. 2012).

@ Springer



Trop Anim Health Prod (2017) 49:1557-1576

1562

jeadoy

ynog
oy} Ul DA WO PAJe[ost awoudS JVIN

(S007) Te 1 ourwoy wapue], pue YDd ‘dI4Y ‘BoLLwWy Immn) ur (NYTA-YLNA) SNO0] Mau & Sulzidjoerey) *030 ‘dooys ‘syeod ‘ope) [1zeig
s[000301d oImy[NO [80J INOJ Ul N ATH
(9007) 'Te 10 mojsry amn) ({JO suone[NULIO} JUSIYIP 221y Surenjeaq i) izeig
AIMno pue
(LO0D) e 10 Moy A3ojoypedoisiy {(QIOV pue VSITH) £30]0108 9SBISIP A} JO Yeaiqno oy Juntodoy ameD izeig
(L007) 'Te 1o wnequayr| 030 YDd VSITH ‘@) 9SBOSIP o) SUIMAIAYY *030 ‘dooys ‘sjeos ‘oe)) nizeig
(6007) T 10 soS1eA ammno pue (VSI14) s1s9) A30[0108 VSI'TA U0 UInoIaqn) Jo 3099 ) Sunenjeaq i) 1zexg
eqrered Jo pIoy AIrep € ur uonIpuod
(L00T) T8 10 BION 2Imno pue A3o1oyredoisi [es13ojoyyed pue [eorwojeue ‘Tesrurfo Juniodoy AmeD lizexg
DIN-BSOJIA Ul
(6007) Te 10 oy[eAIe) Surouonbas aued pue YDOd spIay A1rep ur YA Jo douasard ayy SuneSnsoauy amed [izexg
s1oq
Aq pasned asoy) woxy JYIN Aq pasned
SUONOQJUT JJEHURIILIP 0) SISO} [eOIS0[0IdS
ur (€8edIN Pue 0LddIN) 51409 J Jo sutdjoxd
(0107) 'Te 10 Issere]y (VSI'13) ASoj0108 JUBUIQUIODI OM) JO AOUDIONJQ dy) Sunen[eaq ouiaog izeig
soSueyo [ear3ojoyyed
pue [eOIUI]D 9} SUIZLISORIEYO PUR JSEIYLION
(0107) 'Te 12 BIRAIO A3ojopedolsiy pue 3sa) UONORAI [RULISPRIU] oy ur sa10ads 9say ur 9ouaLMo0 oY) Funtodoy doays pue sjeon) nzeig
0oNqUIBLIdJ UI SI10ads STy
ADd pue s209) ur sagueyo [edr3ojoyped pue [estur[d si pue
(0107) T8 30 BION ur onbruyod) uas[EaN-[yorZ ‘A3o10ypedoisty siso[noroqmyered Surzusjoereyd pue SuneSnsoAu] soofegng [zexg
(VSI71)
£30[010S PUB A1STIOYI0ISIYOUNTITUT $159) [8130[010S ‘JVIN
(1102) Te 10 eznog 90UISAION[JOUNUILT “DIN[ND [[9)) urojoxd JueuIqUIODaI JO ASUSIDIIR Ay Sunen|eAq ame) Iizeig
[J-omaue[ op ory
(Z102) 'Te 10 son3upoy K3ojoypedoisiy pue (yVS1) A30[0108 ur sjewnue danisod daxy jo ASojoyped Suntodoy i) izeig
(wsrydiow&jod) soneurioyuroiq Uon00Jop [T MeI I0J Pasn ())6S] JO
(9Z102) 'Te 10 oyreare) pue Surouonbas onoudd Y YDd S00UaNbos JO UONBAIISUOD O1OUAT A SUISSISSY ameD 1izeig
sojdures [ [B1OIOUIIOD
(Z102) 'Te 30 oy[eAle) Surouonbas onouan) pue YHJ pAAseu ‘wmmn) ur JvIA Jo oouasaxd oy Sunesnsouy N[TW [BIOIOUIIO)) 1izeig
(VSIT3)
QSBOSIP A} JO ATOISIY JNOYIIM PUB [HIM
(9Z102) 'Te 10 SOIAPIA K3o[o108 SpIoY Ul UoNeS)SIAUI [E9130[0JOS SUIULIOLID ] i) izeig
eqrered Ul ‘S[ewiue
(BZ107) 'Te 30 SOIOPIN amy[no pue (VSI14) A30[0108 ur sarpoquue Jo Aouonbaiy ot Sunewnsy doays pue syeon) izeig
AnSTuayO0ISIYOUNTUUL
(Z102) Te 19 oeg pue YDd ‘mynd ‘(ySI1d) £30[0108 UOI3a1 UIAYINOS J UT JBAIQINO UL SUIZIIOBIRY)) sooregng izeig
arreuuonsanb Jd-sunyueIer) Jo [)3ed AIrep ur uondul
(€107) Te 10 ®S aAnegnsoAul ‘(ySITd) A30[0108 dVIA Jo syoadse [eorSojoropids oy Sunodoy AmeD [zexg
Anunods ay)
ul oseasIp A10je1oqe] pue [esr3ojoyyed-[eorurd
(€102) 'Te 10 Iyesewrex 010 “YDd ‘VSI'Td ‘@Imn) ‘eyep [ed1Sojorwopido Suroyren *030 ‘dooys ‘sjeod ‘oe) [1izeig
[endsoH Areurigjop
(€107) 'Te 10 ey SOSED [BIIUI[O JO [OIBISAI [EOLIO)SIH o) Je pasouTerp 9seasIp dANsaZIp Suntodoy] doays pue syeon) izeig
sioyny pasn sanbruyoa], Apmys oy Jo 2A19R[QO saroadg Anuno)
MOITADI SU) UL POPN[OUL SYIOM JU) JO ISIT [ J[qBL

pringer

Qs



1563

Trop Anim Health Prod (2017) 49:1557-1576

(Z102) 'Te 10 ZopuBuId| A3ojo108 Ame) BUNUOSIY
9SBASIP S,UYOID)

(L007) 'Te 10 auoa) MATAY pue pooJ ul JyIA Jo 2ouasaid ap Funoajeq ameD BUNUAZIY
siso[naraqmyered

(8007) T 10 93101 ADd @IM[NO ‘USS[OIN-[YIIZ JO SuSIs [BOTUI[O OISSE]O [JIm 35D B Jo uonduosaq BR[| BUNUASIY
Anunod ay ur 9[ped ur

(£007) Te 30 Tyo210Bg 989) uInoIqN YDJ ‘@Imyny) A30[019g uonodep JVIA 10J SPOYIOUT JUSIAPIP FuIssassy ameD BUNUASIY
urens Jvin

(6007) Te 10 21g01D) sIsAJeue [eonsne)s ‘oseajar NJ-A ‘A30j0195 unuadry ue woy paAuLRp urdjold e Sunenjeag ame) eUNUASTY

siso[noraqnyered [eoruroqns

pue [edrurd ‘dsuodsar sunwiul [erowny JVIA Jo sad£) Juatepip jo saSejueapesip

(2107) Te 10 TUOpIR[ID) ‘A3oroedolsty Tenodrow ‘sisouserp Jo2II( pue SaZejuUBAPE ‘SOOULIRPIP SwizATeuy ameD BUNUASIY

A3ojo108

(Z107) Te 12 ounuaIoL] ‘uoneururexa orsojoyred YD ‘mmn) Qi Js11J Ay} 10J SeoS Ul UONE[ost JVIA sjeon) BUNUASTY
‘sordures [

(Z102) Te 12 yod1j0Bg Surouonbas onoudd ‘armnd YDd pazundysed ur gy A Jo 2ouasaid ayp Junednsouy ame) BUNUASTY

(9007) Te 30 suoI) Surure)s USS[OIN-[IIZ pue dIm[n)) 505990 doays pue 1803 Ul JYIA Sunoded doays pue syeon) BUNUOSIY
sojduies Jo SIsAJeue [eoIUaYI0)SIOUNULUI

(6661) ‘T& 10 BIRIOI Ansruayoojsiyountuw ‘Jurure)s ‘oI Suruograd pue 19op Ul JYIA Sundaeg heklg] BUNUASIY
surens JyJA Jo sojdues

(S007) 'Te 10 ouewIOoy J14d aredwod 03 sanbruyoa, J 1Y SOy 199p pue ) BUNUAFIY
sjeod

(1¥61) yorqN Y[TW pUe S959J WO I[Ny Ul ou) JSITJ Y} J0J U0103ep JVIN o Suntodoy sjeon BUNUASIY
Anunods oy ur

(#661) 'Te 12 BIRIOIA sa1pmys snotaald £3oj010§ siso[nordqmered Jo sousreaard oy Sunesnsoauy ame) BUNUASTY

(9100) "[e 30 vZNOS VA Pue ¥Dd “Imyn)y dVIN 3ud4} pue Sumuopy S1e0D l1zeig
QoudeAdld [0A9[-pIoy
)M PIJBIOOSSE SI0J08J SLI SWAJNUSPI pue

(S107) 'Te 1 Ie[IA A3ojo108 uonodJul JVIA Jo sousfeaard ayp Sururueq ame) [1zeig

(9102) 'Te 10 oyg Sewre,] ADd pue A3ojoyredoisi siso[nosoqmered 10y oanisod suuey Juntodoy sooregng [1zeig
Huk

(9107) ‘T8 10 SIY-0[og MDd pue A3ojopedoisiy pUE SNIAN U JYIA JO uonodjep oy Suntoday sooregng zeig

(6661) Te 12 eoasuo J-ep-efuere| VSITd 9je)s uerizerq e ur juaSe o SunoRqg ameD zeig
LIS ueIIZRIg

(0107) Te 10 ©so) VSITd B UI p)onpuod AdAIns ) Jo judde ue Junfen ame) nzeig

(F107) Te 10 BLRy ADd pue amyny sojdures 95920 pIno Ul JYIA SundAeg 9529YD zeig
S[eWIuE PAJOAJE JO

(6661) 'Te 10 WAL amynd pue A3ojoyredoistq amord [esr3ojoped pue [eorurd oY) JuiquIsaq ameD [1zexg
OIIOUR[ 9P ONY UI SPIAY UI ASBISIP 3} 19)p

(82007) ‘T8 10 BIIOLID] (VSIT4) ASojo1og 0} 5159) [ea130[013s oY) Sunen[eAd A[eo13ojo1es ameD zeig
pIeY 2y ut Ayjiqeordde

(92007) T8 10 eHo1IS ] (@oVv pue ySITd) £50[0108 sit pue dnbruyoe) IOV Ay Sunenfeay omed [ze1g

(S007) ‘e 10 Issere |y (VSI14) £S0]0108 Anunos oy ur asn 10§ VS[Td Surziprepue)s omed [izeig

s1oyny pasn sanbruyday, Apmys oy Jo 2A19[IQO saroadg Anuno)

(ponunuod) 1 3[qeL,

pringer

Qs



Trop Anim Health Prod (2017) 49:1557-1576

1564

(S107) 'Te 10 soplaruag VSI'Td dmed BIquiojo)
BIQUIO[O)) Ul SIso[nd1oqnyered

(8007) 'Te 10 odonsay MIIAY JO 90UALINGI0 A} U0 MIIAI B SUNINPUO)) [eI0ADS BIQUIO[OD)

(9100) 'Te 10 opesies ALNA-NYIA PUe JDd ‘21mn) dVIA Jo ddoudsaxd ot SuneSusaAu] eoed[y gite}
[0A9]
[eNPIAIPUL Ue Je S[ed Ul 1409 J pue JVIN JO

(S102) 'Te 10 Jonaig MDd pue axmny UONOOJUIOd JOAR] ABUI JRU) SI0JOB) YSLI JUISSOsSy ameD Eliie)
PRIUAWNDOP SEM ISBISIP

(1107) ‘Te 30 oped[es am[no pue reaws ‘A3ojoypedolsiq S QU0 2IOUM SaIBY P[IM Ul JudSe oy} SUIAnuop| Sarey I EliUe)
9SBI[ONUOPUD POIUIDWNIOP SEM ISBISIP S,2UTO[ AIAYM

(6002) 'Te 10 opes[es UONOLGSAI PIM YDd YOd ImIN) uoI3a1 B UI JI[P[IM UT UONDAJUI JVIA Sunodaje( sooeUeNS plIp RIE)
Y[TW pue WIS Ul uonoap JvIN

(L00?) 'Te 12 opes[es myno pue (yYS[1H) £A30]0108 U1 389} YSITH Uk Jo AorInode ay) Sururudq sjeon) Elite)
QYD Ul sjeo

(9007) Te 10 9znry| Asdoxodu pue amn) ‘(ySI19) A3010108 A1rep 10J uone[ost JVIA YHm 2sed Is11) SWAJIoN sje0n) Ay
1591 VSI'Td Ue Jo uonepifea syj 10} vSITd
pue 21 No Aq UONOAAP JVIN JO SSOUIANILD

(9L007) 'Te 10 Teyos ueA ADd ‘emmyno AFojo1eg o uo stsATeue aAnereduiod Sunonpuo)) ameD D
dVIN JO uonosaep
ayp 10y sopdwres pojood pue [enprarpur

(BL00T) ‘Te 30 YIeyoS ueA amn) Surye; Jo 1500 pue AIpIfeA A Sunenjeaq ouraog oD
JVIA JO U0rd2)ap a3 10J sanbrutdd) JuSIJIp

(Z007) Te 10 030§ D ‘Ieaws ‘armynd ‘(VS[TH) A30[0108 Jo Aramisuas pue Ayrogioads ot Sunenjeaq oulaog oD

arey ueadomyg

(L007) Te 10 oznry] MIIAY S)e03 UBS[IYD) UI ISBASIP dY) SUIMOIAGY ‘syueuruniopnasd ‘syeon) Elite)
SpIoY 2[NS A
Ieau parnydeo sarey pue 9[)eo prim Surredwoo

(#102) e 10 opes[es ADd pue amyn) £q Ju93e 9y} JO 90UDLIND0 A} Funoeg SOIBY pUE JOog Eljie)
sodues [ yue) Surjood pue s

(€107) T8 10 9znry] 2Imno pue YDJ Jo sojdures [EJUSWIUOIIAUS UT JudSe dU) FundRq Joog AyD

#107) ‘Te 10 seuapeld sisATeue o1doosoroet pue Iedws “YDd ‘wire] 100D P21 JO SYO0[J Ul JVIN Sunoajeq 100 poyg Eljiie)
armno 0} pareduwod

(€102) '[e 10 opeses YDd-SINd pue uoneAnny ADd-dINLS Uy Jo 1omod uonosep oy Sunenjesy Jood o)
S[ewIueR POl A[[eorur]d siso[noraqmered
yum woy) Sutredwod pue saUIA0Q

(9107) 'Te 10 Afof ANSTWIAYO0)SIY pue VST ATeay ur S[OA9] proe oruoIn[eAy Sunenjeaq oameD BUNUASIY
ApanisuosiodAy s[opow
odAy pakelop pue Anowojko UOTJOJUI SUIAOQ OM) UO VA JO Sulens

(9102) 'Te 10 eIyo9AL[0) moyy ‘A3ojoyredolsty ‘ySITH ‘QIrmn)y JUSIHIP JO JOIARYDq [ed130[01q dU) Junen[eaq AmeD BUNUISIY
SUOTIPUOd PIYY
Jopun sojduwres i mod mer ul YNd dVIN

(9107) Te 12 uopIe[ID) MDOd pue ySI1d ‘mmn) 109)9p 03 21padoid sisouSerp & Suizipiepuelg ame) BUNUASTY

(S10T) Te 10 215010 ALNA-NAIA AysioAp urens JvN Supyg doays pue s1eo3 ‘ome) usliera
aseasIp
SQUUO[ YA S[1Ed PAdJUI-Vdd-VSITH

uonoRp sadArost D3] o[ped SurLIojdd
s1oyny pasn sanbruyday, Apmys oy Jo 2A19[IQO saroadg Anuno)

(ponunuod) 1 3[qeL,

pringer

Qs



1565

Trop Anim Health Prod (2017) 49:1557-1576

Qped ur Juae oy 10930p 0 sajdwes

(€£107) 'Te 12 23pLpoon) VSITa wnios pue sajdwes ewserd jo osn oyy Juuredwo)) ameD eUIBUR
dVIN Sutpnjout
(#007) 'Te 1° weg uolsnjipounuuy ‘sjude snowreA Jo doudsald oy Furssassy 1000 BIAT[OG
Ao
(9007) ‘Te 30 ZOpUo amno pue YDJ pazumaysed ur JyA Jo ooussord oy Surssessy ameD B[ONZOUSA
ADd pue A3ojorewdy
(6007) ‘Te 39 SOQO[B[[IA-ZoYduBS ‘“A3o1oyredoysiy ‘axmno {(ySI1q) £30[0108 9[1Ed 9[091)) SOIdUOW] Ul dFewrep oy} SuISsassy ameD B[ONZOUIA
god pue
(6007) 'Te ¥ zn10 (VSITd) A30j010s ‘uoneannd ‘Adoosojoeg Quum 3811 9} J0J NI Ul uone[ost Jy A Sunodoy ameDd nog
sanbruyo2) onsouserp ¢ 10} ewlr] Jo
(1102) ‘Te 30 Queweisng {,{{UBIAR JO JOOIJ UI[NOIOqN) [eULIdpenU] uo13a1 oy ur juae ay Jo oouasaxd oy Surknuapy ameD niog
SI0J0€J YSLI PAJEIO0SSE ) Pue d[NEed
(S107) 'Te 19 0zeng-UBIIA VSITH A1ep ur JvIA Jo aousfeadrdoras ayy Sururuoq med OJIXIN
S10J0€] YSLI [9AQJ[-[ewrue
QUIOS [} OSEASIP OY} JO UONBIOOSSE )
Suruuep pue AyAnisodoids JVIA JO 1090
(ST02) Te 10 ZounIeN VSITA uSISop puUE UONE[OLI00 PISY-ENUI 3y} Sunewnsy doayg OOTXOIN
(0107) 'Te 10 erewIn{-e[IAR] MDd {(VSITH) £30[010s ‘Uone[os] N ur YA Jo 9oudsaid oy Sunednsoauy syeo3 pue 9[pe) OJIXIIN
(€102) T 32 O[[IP2)-UQIOIA IeSe uorsnjjrpounuru [o5 pue JYDJ PAISON doays ur JyIA Jo @ouasaxd oty Sunednsoauy doayg OJIXIN
A10yeI0QE] © Ul SISOUSeIp
I0J POAIS0AI sIso[noreqmyeted 1203 pue ouIA0
(90027) 'Te 32 ZOpUSIN VSITd Jo sosed oy Jo sisA[eue 9A1dLIOSOp € SUIULIONO] doays pue syeon OOIXIN
(Z102) Te 30 LIOLOH ZOUIMEIN VSITd syeo3 Arep ur JyIA Jo ooussard oy SuneSnsoAu] Sjeon) OOTXOIN
synsa1 oAnIsod-y ST
)M PJBIOOSSE S10308] YSLI urew oy Sutiojdxa
(9107) T 10 BIOUS[BA-BALIO)) VSITd pue JVIA Jo doudjeaardoses oy Sururuooq amed BIQUIO[OD)
sonsueyoereyd uonendod o) Suipioode
uonnqLISIp 1oy} SUIqLIOSIP pue SuLIe) AIep ur
sarpoquue JyA-Iue Jo doussaid ayy Junenjeaqg
s1oyny pasn sanbruyday, Apmys oy Jo 2A19[IQO saroadg Anuno)

(ponunuod) 1 3[qeL,

pringer

Qs



1566

Trop Anim Health Prod (2017) 49:1557-1576

The important Brazilian position in the agricultural world
market should involve the use of effective health measures in
national herds and improved research on animal diseases in
order to ensure the quality of products.

Argentina

Argentina, within coordinates 34° 00'S, 64° 00" W, shares
borders with Brazil, Bolivia, Paraguay, Uruguay, and Chile.
It has the world’s fifth largest herd, with extensive production
of meat and dairy products, and the Pampa region has the
largest cattle population of the country. According to the
Servicio Nacional de Sanidad y Calidad Agroalimentaria
(SENASA), in recent years, Argentina’s livestock production
has undergone major crises both in international and domestic
markets due to adverse climatic events. Beef exports in
Argentina fell in 2012 about 29.1% for all targets, except
Chile, which showed a 4.8% growth in the imports of
Argentine meat (SENASA 2012).

The main importers of meat from Argentina are Israel,
Germany, and Chile. Towards the end of 2012, Argentina
totaled 11,450 tons of exported meat (SENASA 2012).

In addition to meat, in 2011, Argentina produced a
total of 11,600 million liters of milk and exported 2800
million of the product. The remaining 8800 1 supplied the
domestic demand. Argentina exports dairy products to
107 countries, including Brazil (22%), Venezuela (22%),
and Algeria (13%) (IPVCA 2012).

The economic losses in the province of Buenos Aires due
to paratuberculosis are estimated to be 22 million dollars for
beef cattle production and 6.3 million for dairy cattle (Moreira
et al. 1994; Moreira and Tosi 1995). The disease was first
reported in the country in 1994, as can be seen in Table 2.

Some regions of the country showed seroprevalence of
MAP ranging from 7 to 19.6% in breeding herds, according
to the Instituto Nacional de Tecnologia Agraria (INTA 2012).
The high prevalence of the disease in Argentina and its pos-
sible relation of the causative agent of paratuberculosis with
Crohn’s disease suggest the need for stricter sanitary measures
and testing of export and import of animals, even for those
apparently healthy.

According to Paolicchi et al. (2003), besides the gold
standard test for MAP detection in feces by HEYM cul-
ture, the ELISA serological test is highly sensitive to di-
agnose the disease. Thus, two or three tests must be con-
ducted in the same animal to detect the subclinical or
silent phase and determine the stage of the disease. This
would be crucial for the starting of disease control pro-
grams and the establishment of safety standards (Paolicchi
et al. 2012). This is necessary because at an early stage of
the disease, in subclinical form, MAP can be eliminated
through the milk, even if serological tests are negative
(Paolicchi et al. 2003).

@ Springer

Fernandez et al. (2012) tested the performance of isotypes
IgG immunoglobulins IgG1 and IgG2 in immunoassay
ELISA-PPA for several cattle at different stages of the disease.
However, there was difficulty in detecting antibodies specific
for MAP and detecting MAP in animals with the disease at
subclinical stage, when low concentrations of MAP were not
detectible in the feces. Nevertheless, the study showed that the
combination of IgG1 and IgG2 can improve MAP detection in
cattle at different stages of the disease.

In 2012, the report on the first MAP isolation and detection
from pasteurized commercial milk in Argentina was pub-
lished, which indicated the potential risk of its consumption
by the population (Paolicchi et al. 2012).

The first publication of MAP isolation and detection from
pasteurized commercial milk in Argentina was in 2012 by
using PCR and PCR-REA as molecular techniques and cul-
ture in Herold egg yolk (Fiorentino et al. 2012). Regarding the
presence of MAP in cattle and goat milk, Cirone et al. (2006)
highlighted the importance of maturing cheeses made with
cow and goat milk without heat treatment in order to reduce
contamination by MAP and other organisms and improve
food sanitary quality.

There was no other official data on the progress of studies on
paratuberculosis or Johne’s disease, in spite of the great scien-
tific advances in research on MAP carried out in Argentina.

Chile

Chile is located in southwestern South America, under the
geographic coordinates 30 00S, 71 00W. It shares borders
with Peru and Bolivia to the north and Argentina to the east,
besides the Pacific and Atlantic oceans.

Its economy is one of the most important of the continent.
According to the Ministry Of Agriculture Del Chile, the agri-
cultural sector provides jobs for much of the population and
accounts for a significant portion of its gross domestic product.

The cattle population in Chile is almost four million, while
goats are approximately 700 thousand head (Kruze et al. 2007).

Paratuberculosis is well documented in the country, where
it was first reported by Grinbergs and Caorsi (1958) in the
region of Valdivia in cattle and small ruminants, including
sheep (Zamora et al. 1975) in the same region. It was also
described in dairy goats in 2002 and 2006 (Kruze et al. 2007).

The study by Soto et al. (2002) analyzed 14 cattle herds,
totaling 250 animals, from which serum samples and feces
were collected and subjected to ELISA testing, microbiological
culture, direct microscopy (ZN) and confirmed by PCR. The
microorganism was isolated by the cultivation technique from a
total of 10 (71.4%) of the flocks and 16% of the animals, while
8% of the animals were positive, by ELISA. The number of
positive animals per herd ranged between 5 and 66.7%.

The study by van Schaik et al. (2007a) investigated the
presence of the agent in 600 animals from 12 Chilean cattle
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herds, from which feces samples were collected and submitted
to microbiological culture. They showed positive results in
83% of herds and 7% of the animals. In this study, the authors
also collected samples of culture in pools of five and 10 ani-
mals and found that the test for sensitivity to individual culture
was 46 and 48% and did not differ statistically for the pool
size. The cultivation of pooled samples is a useful tool for
reducing the costs of testing, but in flocks with low load of
the microorganism, it can cause a dilution effect, leading to
false-negative results. Another study was conducted by van
Schaik et al. (2007b) in 27 herds in southern Chile, totaling
1333 cattle, from which serum and feces were collected and
submitted to microbiological culture and ELISA. The positive
cultivation results were subjected to PCR to confirm the iden-
tity of the microorganism. There were 54 positive culture re-
sults, which corresponded to 4.1% of the animals tested in
37% of herds. With the use of serological testing, 86 were
positive, which corresponds to 6.4% of the animals.

Salgado et al. (2013) used fecal samples from cattle
and found 74.9% (263/351) of positive samples by
PMS-PCR and only 12.3% (43/351) by microbiological
culture.

Three studies addressing MAP detection in goat herds
in Chile were analyzed. One of them was carried out by
Kruze et al. (2006), which analyzed a herd of 41 ani-
mals, evaluated by ELISA and culture. Using ELISA,
22% of the animals, or nine serum samples, were posi-
tive, which was also found for five samples of milk,
corresponding to 12% of the tested goats. By culture,
MAP was isolated in six samples, or 14.6% of the ani-
mals. In a herd, an animal showing clinical signs consis-
tent with paratuberculosis was euthanized and submitted
to necropsy. The animal showed severe emaciation.
Histopathological analysis of mesenteric lymph node
and intestinal samples detected the presence of alter-
ations consistent with the disease, including granulomas
in mesenteric lymph nodes, but acid-fast bacilli were not
found.

Another study on goats was performed by Salgado
et al. (2007), in which samples of serum, milk, and feces
of 383 goats and eight sheep were also tested by culture
and ELISA. Out of the serum samples, 66 (16.8%) were
positive by ELISA, while 37 (9.4%) were positive for
milk samples, and 35 (9.4%), for samples that exhibited
MAP in the culture medium, detected in 50% of herds.
The ELISA results using serum differed from those using
milk. The sensitivity of the tested serum samples was
significantly higher.

Kruze et al. (2013) conducted a study using cooling tank
milk samples and environmental samples from the dairy cattle
facilities in the Southeast and calculated an average preva-
lence of 27% for environmental fecal samples and 49% for
the cooling tank milk samples.

Studies with goats confirm the presence, maintenance, and
circulation of the agent in the Chilean herds and highlight the
lack of programs for controlling and eradicating the disease.

The study of Pradenas et al. (2014) detected the presence of
the agent between herds of red deer, farmed for meat produc-
tion. The study included macroscopic and microscopic findings
of the disease, as well as microbiological culture and PCR.

In addition to the studies on MAP in ruminants, there are
reports of its detection in wild animals in Chile. Salgado et al.
(2009) presented the first report of MAP isolation in wild
guanacos, with a population of 86,000 individuals that
inhabited the Tierra Del Fuego island, where 501 animals
were analyzed by the microbiological culture, confirmed with
PCR and strains typed by PCR with restriction endonuclease,
which provided the characterization of the strain in bovine,
ovine, and intermediate origin. Upon cultivation, 21 (4.2%)
samples were positive, all from the same genetic group C-
type, typically isolated from cattle. Another important fact
highlighted by the study was that all cultivated isolates came
from continuous geographic areas or regions close to cattle
farms.

Salgado et al. (2011) detected MAP in wild hares in the
southern region of the country, where the animals are in
contact with herds known to be infected by the bacterium.
Animals of the species Lepus europaeus were captured
and had their feces, lymph tissue, and ileum collected
and subjected to culture, direct microscopy, and histopa-
thology. Histologically, the tissue presented normal ap-
pearance, without any sign of inflammation. However,
MAP was isolated from 48 (12.6%) tissue samples and
16 (4.2%) fecal samples. A prevalence of 14.1% of the
agent was calculated in the herd. These findings indicate
that European hares mainly act as vehicles of the micro-
organism, without developing the disease. Later, the same
group collected about 50 hares in each of the two regions
of dairy herds for a study. The agent was detected in hares
and animal herds. The results found a statistical associa-
tion between MAP-infected hares and the corresponding
herds (Salgado et al. 2014).

These studies did not explain when or how these animals
were infected. However, proximity to cattle herds known to be
infected or potentially exposed to the regions studied, where
wild animals live, and the identification of typical strains from
cattle, suggests that the introduction of the agent in these pop-
ulations of pseudoruminants and lagomorphs took place
through contact with domestic animals.

Although the results obtained in the study of hares do not
indicate the development of the disease in these animals, the
absence of control programs before the confirmation of the
presence of the agent in herds of cattle, sheep, and goats poses
a risk to exposed wildlife, when the development of the clin-
ical form of the disease has not been confirmed, but is likely to
occur.

@ Springer
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Colombia

Colombia, the second most populous South American coun-
try, with more than 45 million people, shares borders with the
Caribbean Sea, Venezuela, Brazil, Peru, Ecuador, and
Panama. Besides the continental territory located in the coor-
dinates 4 00 N, 72 00 W north of South America, the country
has two island territories, San Andrés and Measures in the
Caribbean Sea, and the island of Malpelo in the Pacific.

The economy of Colombia is based on mining and agricul-
ture. The country, a major producer of beef, was ranked at the
15th position in world production in 2003, according to the
Ministerio De Agricultura Y Desarollo Rural (Espinal et al.
2005; MADR 2012). Cattle population in the country was
estimated by the agency in 26.8 million head, concentrated
in the regions of Meta, Antioquia, and Cordoba, where about
30% of the animals can be found (Espinal et al. 2005; MADR
2012). Almost all meat production is intended for domestic
consumption, and exports account for less than 1% of the total
amount, while imports account for almost 0.4% of national
consumption (MADR 2012).

The country is almost self-sufficient in milk production and
imported about 18 tons of milk between January and August
2012, mainly from Argentina and Chile, according to the
Ministry of Agriculture. In turn, exports of milk in Colombia,
according to the Ministerio de Agricultura de Colombia
(November 2012), have presented a sharp decline and reached
66% in volume in 2011. Venezuela and Ecuador are the main
destinations of the product. According to the same source, from
January to August 2012, exports of the product reached 449
tons, which means a decrease of 9% in the volume exported
over the same period in the previous year (MADR 2012).

The disease was first reported in the country in 1924, as can
be seen in Table 2. Despite the outstanding national milk pro-
duction, Restrepo et al. (2008) report the lack of programs to
control and eradicate paratuberculosis in the country. They claim
that the disease was first diagnosed in the Colombian territory, in
1924, on the farm “El Hato,” in Usme. Since then, cases have
been reported by the Instituto Colombiano Agropecuario (ICA)
in Meta and Antiqua (Restrepo et al. 2008).

Despite the confirmed occurrence of the disease in
Colombian cattle, epidemiological studies on the incidence,
prevalence, and distribution of the disease are scarce, often
published in local newspapers, based on isolated clinical cases
and reduced samples. In addition, in spite of their relevance
for the development of a control and prophylactic program,
data on the immune status, genetic traits, sex, and age of the
animals have not been regularly documented. According to
Restrepo et al. (2008), these facts result from the absence of
public policies, support, and investment in research.

One of the studies on the detection of the agent in
Colombian herds, carried out by Fernandez-Silva et al.
(2011a), used 307 animals from 14 herds located in the

@ Springer

Andean region of Colombia, whose serum and stool samples
were subjected to serological (ELISA), molecular (PCR), and
microbiological (culture) tests. In this research, the samples
were subjected to ELISA-A test, which is based on
lipoarabinomannan detection. When the results were positive,
the samples were subjected to other tests. Out of the 307
samples, 31 were positive for ELISA-A, which corresponds
to 10% of the animals tested in 71% of herds. Out of the 31
positive results, only two were positive for the ELISA-B,
which relies on the detection of anti-MAP antibody antigens.
Six were positive for PCR and none for culture. The two
positive results for ELISA-B were obtained from different
livestock that belonged to the same owner and included traffic
animals, which confirms the highly contagious nature of the
disease.

Fernandez-Silva et al. (2011b) used the ELISA test, micro-
biological culture, PCR, and the multilocus short sequence
repeat (MSSR) test, for the molecular characterization of
MAP strains. Correlation between the results of the different
tests was considered low in this study and in the previous study
mentioned above. This study investigated 386 fecal samples,
329 serum samples from the same animals, and environmental
samples, collected from the milking parlor and facilities.
Tissue samples were also collected from an animal with symp-
toms compatible with Johne’s disease, which was eventually
euthanized. The cattle under study were from five herds. Six
animals (1.8%) were positive by ELISA, in 40% of herds and,
eight animals were positive for culture, four stool samples, two
for tissue samples, and two of environmental samples. All the
results obtained from culture and real-time PCR were consis-
tent with MAP. With respect to the molecular characterization
of isolates obtained from MSSR, it was found that fecal sam-
ples, environmental samples, and one of the tissue samples
corresponded to a certain type of strain, while another tissue
sample and the remaining environmental sample belonged to
the other. It corroborates the presence, maintenance, and circu-
lation of more than one agent strain in the herd.

Waard (2010) conducted a study using 55 cattle from the
herd of the Faculty of Veterinary Medicine of Cordoba in
Monteria, where the animals were tested by ELISA, which
provided positive results for 25% of them.

The intradermal test was used in the analyses of Ramirez
et al. (2011), combined with a retrospective study using data
collected between 2000 and 2008, from 105 animals of the
University Antioquia, in San Pedro de Los Milagros, where
five cases compatible with the disease were found. The data
analyzed included, besides the intradermal reaction test, infor-
mation on the autopsy, histopathological analysis, and clinical
changes. The animals presented chronic diarrhea, weakness,
and melena. The necropsies showed emaciation, mucosal
thickening, swelling, and congestion, besides the histopatho-
logical findings of granulomatous enteritis and lymphadenitis.
The histology and presence of large amounts of resistant acid-
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fast bacilli (AFB) in intracellular macrophages and giant cells
were observed in three animals. The analyses confirmed the
occurrence of paratuberculosis in the cattle.

The authors obtained low agreement between tests in most
studies. According to these studies, AFB detection by Ziehl-
Neelsen has only 86% specificity and may lead to underdiag-
nosis due to unequal distribution and possible low bacterial
load in infected animals.

Regarding ELISA, the authors also described discrepancy
between the results from different kits. This was potentially
the result of using different target detection tools, involving
the different types of immune responses that are present at
specific stages of infection or the presence of bacterial anti-
gens. The results of the skin test with avian tuberculin obtain-
ed in the studies showed that cross-reactivity may have oc-
curred when the animals were previously submitted to intra-
dermal test with bovine tuberculin for checking the status of
the establishment of Mycobacterium bovis infection, resulting
in false-positive data. It is worth remembering that the positive
result to the test of avian tuberculin does not specifically indi-
cate response to MAP infection, since other mycobacteria of
the Mycobacterium avium complex might have caused the
infection, or other condition could result in a false positive
as described above.

Thus, the studies described show the presence, mainte-
nance, and circulation of MAP in flocks in Colombia. They
also reveal concern for the lack of programs and investments
for the control, prevention, and eradication of the disease.

Mexico

Mexico is located in southern North America, under the coor-
dinates 23° 00 'N, 102 00'W. It is limited to the north by the
USA; to the south, by Guatemala and Belize; to the east, by
the Gulf of Mexico; and to the west, by the Pacific Ocean. Its
economy is the second largest in Latin America.

The livestock industry plays a significant role in Mexican
economy. It is extensive and more developed in the central
region of the country.

The disease was first reported in the country in 2008, as can
be seen in Table 2.

Martinez Herrera et al. (2012) conducted a sero epidemio-
logical survey on goats from five municipalities of the central
region of Veracruz, through indirect ELISA. The overall prev-
alence of paratuberculosis in cattle was 0.6% (1/182), which
shows low distribution of the agent in this Mexican region.

Méndez et al. (2009) conducted a descriptive analysis of
cases of ovine and goat paratuberculosis received for diagno-
sis in a laboratory in Mexico. In this study, 18% of the samples
analyzed (418) were seropositive.

Morén-Cedillo et al. (2013) analyzed the prevalence of MAP
infection in sheep using nested-PCR and agar gel

immunodiffusion. The tests were carried out in 211 asymptom-
atic animals. In AGID, the prevalence was 9.48% and in nested-
PCR, 7.58%.

Favila-Humara et al. (2010) found MAP in milk samples from
cattle and goat herds in the central region of the country. The
samples from 759 cattle and 371 goats were analyzed by ELISA,
culture, and PCR. Seroprevalence ranged between 8 and 24% in
cattle herds and between 8.29 and 9.67% in goats; and colonies
compatible with MAP were isolated in 10 samples of whole
cattle milk. The DNA was detected in the tank milk from all 14
herds but not in the individual samples. It indicates that the tank
and machines used for milking can be sources of contamination.

No programs for paratuberculosis control or prophylaxis
were reported from Mexico in the sources.

Venezuela

Venezuela is located in northern South America under the
coordinates 8 00 N, 66 00. It is limited to the north by the
Caribbean Sea, to the south by Brazil and Colombia and to the
west by Guyana. The country has a total area of 916,445 km?
and land area of 882,050 km>.

Venezuela has the 5th largest economy in Latin America,
coming after Brazil, Mexico, Argentina, and Colombia. It ex-
ports mainly oil to the USA (33.6%) and Brazil (11.7%)
(VENEZUELA 2014). Most animal products consumed in
the country are imported from Brazil (APEX-BRASIL 2011).

There are few studies available on paratuberculosis occur-
rence in Venezuela; the disease was first reported in the coun-
try in 2009, as shown in Table 2. A study in the state of Zulia
reported the presence of MAP in herds of Creole limonero
cattle, in which serological evaluation and PCR have demon-
strated the existence of infected animals with positive rates of
1.45% (3/207) and 5.19% (3/77) for samples of blood and
milk, respectively (Sanchez-Villalobos et al. 2009).

In addition, a second study conducted in Venezuela aiming
to grow MAP from commercial pasteurized milk samples re-
vealed that none of the 83 samples were positive for the agent.
However, in two samples from different properties, the growth
of six colonies identified as Mycobacterium bovis was ob-
served (Mendez et al. 2006).

The presence of positive animals in the country makes it
clear that immediate action must be taken to control the dis-
ease in the national herd.

Peru

Peru is located in the western South America, with latitude
and longitude 10 00 S, 76 00 W, limited to the south by Chile;
to the east, by Brazil and Bolivia; and to the north, by Ecuador
and Colombia, belonging to the Southern Hemisphere.
According to Milan and Ho (2014), the agricultural eco-
nomic sector in Peru employs 14.5% of the population (Milan
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and Ho 2014). The national cattle herd has five million ani-
mals, most of which confined on small farms for meat pro-
duction. According to the Instituto Nacional de Estadisticas e
Informacion (INEI 2012), the livestock industry in Peru grew
3.62% between January 2011 and January 2012, an increase
of 3.12% in meat production and 4.54% in milk production.

In the study carried out by Ortiz et al. (2009), the agent was
first isolated in the country from a 4-year-old male cattle with-
out any clinical symptoms. In this case, serum ELISA tests
were initially conducted and positive results obtained. Then,
feces were collected for culture, Ziehl-Neelsen and PCR,
which also were positive for the presence of MAP.

In a study by Bustamante et al. (2011), samples from 60
cows from 3 farms were tested in the region of Lima, using
two different ELISA kits, microbiological culture and intra-
dermal tuberculin test. The animals were submitted to sero-
logic testing and 22 presented positive results. Stool samples
were collected from these 22 animals, and then processed and
submitted to microbiological culture, with five positive re-
sults, confirmed by PCR. Significant agreement was observed
only between the two ELISA kits. According to the author,
such difference between the diagnostic methods may be due to
the type of detection from each agent (the detection of cellular
or humoral immune response) as discussed above.

By 2008, Peru was a country considered free of
paratuberculosis, but that status was revoked when the OIE
reported the detection of the agent in the country, without de-
claring which diagnostic method was used (Ortiz et al. 2009).
Thus, such studies draw attention to the need for the presence of
research on paratuberculosis in herds in that country.

Bolivia

The country is the 17th largest economy in Latin America and is
located between the geographical coordinates S 65° W and shares
borders with Brazil, Peru, Chile, Paraguay, and Argentina. Its
economy is based on the oil industry and agriculture.

In 2004, Deem et al. published an epidemiological survey
on various pathogens in gray deer (Mazama gouazoubira)
from the Gran Chaco region of Bolivia. These agents were
screened for the presence of MAP, but none of the 15 animals
tested by immunodiffusion in agar gel was positive.

In spite of the negative result, the disease is known to be
present in border countries, as previously described, which,
together with the relevant role of agriculture for the Bolivian
economy, reinforces the need for more research on
paratuberculosis in animals in the country.

Panama
Panama (900 N, 80 00) holds about 1.72 million cattle. In

2008, Brazil and Panama signed a health protocol for the
export of Cattle semen and embryos. In 2011, the two
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countries started talks on the expansion of bilateral trade
in this area, due to the threat of MAP entrance in the
country.

In partnership with researchers from Colombia and
Venezuela, Goodridge et al. (2013) developed a study where
49% of serum samples from Gyr and Jersey cattle were pos-
itive by the ELISA test, as well as 2% of Mestizo animals; this
was the first report of the disease in the country. Therefore,
further studies should be conducted to determine the presence
of the agent in herds.

Other countries and Overview

No research publications on MAP have been found for
Cuba, Guatemala, Dominican Republic, Nicaragua,
Honduras, El Salvador, Costa Rica, Paraguay, or
Ecuador in the consulted sources. This is striking, since
agriculture has increased or accounted for a significant
part in the GDP in some of these countries. Some of them
share borders with others where the agent was detected.
Coupled with the intense trade of animals and products, it
suggests that their flocks are also exposed to the agent.

As demonstrated in this study, animal husbandry plays
a fundamental socio-economic role throughout Latin
America, which highlights the importance of investigating
diseases, such as paratuberculosis, because they may af-
fect milk and meat production. The review presents the
current situation of the disease, which was first described
about 100 years ago (Fig. 5). Nevertheless, many coun-
tries have not started researching it despite their vast herds
of ruminants or pseudoruminants.

It is observed that different groups use different techniques
for agent detection, which hinders the comparison and analy-
sis of the results for their specificity and sensitivity.

Several authors reported the absence of government in-
vestments on research or implementation of measures for
the control and prevention of the disease. Nevertheless,
some governments have developed some strategies, which
are described in Table 2. They show that, although there is
much to overcome and improve in paratuberculosis re-
search, there is concern about the health and welfare of
animals on premises, which is the first step to controlling
the disease. Therefore, control and prevention programs
must be implemented to ensure healthy herds for the pro-
duction and trading of products considered safe for the
public.

Countries such as Brazil and Argentina have carried out
strong research and accumulated accurate reports on the
scenario of the disease in their territories. As a result, this
may affect the long-term development of strategies for the
control and prevention of paratuberculosis in these and
neighboring countries.
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Fig. 5 Importance of

paratuberculosis studies per
species over the years in Latin

America

Table 2 First description and
measures for the control and
prevention of paratuberculosis in

force in Latin America
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Country First identification ~ Description ~ OIE (2014)  OIE (1996)  Normative
Brazil 1915 Beef + 1993 QF, Te*
Argentina 1994 Beef + + * P Q,S, TV
Chile 1958 Cattle/PR + + Qf, Te
Colombia 1924 ++ + TV
Uruguay 1947 Bovine + + Qf
Mexico in 2008 Bovine ++ + PeruTe
Venezuela 2009 Beef + + * Qi S, sp., Te
Bolivia - - + 0 -
Panama in 2013 Bovine - + Qf
Guatemala - - 0 0 -
Dominican Republic ~ — - 0 0 -
Honduras - - 0 -
Nicaragua - - + + -
El Salvador - - 0 - -
Costa Rica - - + + -
Paraguay - - 0 -
Ecuador - - ++ 1994 Sp, TV

+: Declared at least one case;

++: Declared more than 5 cases in 2014;
+/-: Presence suspected, but rather confirm;
*: Mandatory Declaration;

QF: Quarantine border;

Qi: Quarantine for inner movements;

Q: Quarantine border and inside;

S: Sanitary Sacrifice;

Sp: partial sacrifice;

TV: Test volunteers;

Te; Follow-up.

WAHID, OIE 2015 Available in:.(http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home)
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Conclusions

Most research was conducted within Brazil, Argentina, and
Chile.

Most studies used culture, ELISA, and PCR techniques.
The use of different techniques may potentially change the
outcome of these results making comparisons between re-
search groups difficult.

MAP has been identified in countries that have carried out
a significant amount of surveys. Although the disease has
been reported in Latin America for nearly 100 years, no con-
solidated programs for adequate control and prevention of this
disease have been either implemented nor even appropriate
data collection. This leads us to infer that paratuberculosis is
prevalent.

These cases suggest that the disease has enzootic charac-
teristics in Latin America and surely and causes insidious
economic losses to livestock, which is likely to worsen if this
problem remains untracked.
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