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Abstract Mycobacterium avium subsp. paratuberculosis
causes paratuberculosis or Johne’s disease (JD) in domestic
ruminants and wild species. The aim of the present study was
to systematically review the prevalence of paratuberculosis
among farmed animals (cattle, sheep, and goats) in Latin
America and the Caribbean. The initial search for existing
publications reporting systematic reviews and primary studies
was carried out by searching the available databases. For the
final selection of studies, an initial screen for basic eligibility
and a detailed appraisal of quality were performed. Afterstudy
selection, the relevant data were extracted. The detailed ap-
praisal generated 24 publications that reported 52 studies, of
which 73.1, 11.5, and 15.4 % were from cattle, sheep, and
goats, respectively. Thirty-three (63.5 %) of the studies were
animal level studies, while 19 (36.5 %) were herd-/flock-level
studies. No flock-level studies on prevalence in sheep were
found. Studies in Latin American and Caribbean countries
revealed an overall prevalence.of 16.9 (95 % CI (confidence
interval) 13.2-20.5) and 75.8 % (95 % CI 50.1-101.5) in
cattle at the animal and herd levels; respectively; the preva-
lence was 16 % (95.% CI 7.9-24.1) in sheep at the animal
level and 4.3 % (95 % CI1.9-6.8) and 3.7 % (95 % CI 0.1-
7.4) in goats at the animal and flock levels, respectively. In
general, prevalence results reported by the studies were insuf-
ficient to accurately determine the prevalence of
paratuberculosis in farmed animals in Latin America and the
Caribbean. Several flaws in the design of studies limit the
quality of evidence regarding the prevalence of
paratuberculosis in the region.
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Introduction

Mycobacterium avium subsp. paratuberculosis (MAP) causes
paratuberculosis or Johne’s disease (JD), which is a slowly
developing infectious disease characterized by chronic gran-
ulomatous enterocolitis and regional lymphangitis and lymph-
adenitis, which typically causes progressive weight loss
(Clarke 1997). Paratuberculosis is best known as a disease
of domestic ruminants, but it also affects a wide range of other
domestic and wild (free-living or captive) species (Clarke
1997; Carta et al. 2013). Chronic progressive weight loss
and chronic or intermittent diarrhea are the primary clinical
indicators of JD in farmed animals (Chiodini et al. 1984;
Clarke 1997). However, the MAP strains that infect animals
and the characteristics of JD differ among cattle, sheep, and
goats.

MAP strains have been classified into two groups or strain
types: type I/III (sheep type or S type/intermediate type) and
type II (cattle type or C type), which are defined according to
their growth characteristics, host preferences or host range,
and pathogenicity (Collins et al. 1990; Stevenson et al. 2002;
de Juan et al. 2005; Alexander et al. 2009; Stevenson 2010a,
b). However, MAP strains can be isolated from a broad range
of species, and the species of origin is not necessarily an
accurate indicator of strain type (Stevenson 2010a). Type
/I strains have been isolated predominantly but not exclu-
sively from sheep and goats, suggesting a preference for these
host species. Type II MAP isolates have a very broad host
range and are commonly isolated from both domesticated and
wildlife species, including non-ruminants. Type Il is by far the
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most common MAP strain type isolated from cattle (Stevenson
2010a).

In cattle, the cardinal clinical signs of JD are chronic
progressive weight loss with chronic or intermittent diarrhea
(Clarke 1997). Clinical disease may be precipitated by partu-
rition, lactation, or other stresses (Chiodini et al. 1984). MAP
infection can be divided into four stages (“silent” infection,
unapparent carrier adults, clinical disease, and advanced clin-
ical disease) depending on the severity of clinical signs, the
potential for shedding organisms into the environment, and
the ease with which the disease can be detected using current
laboratory methods (Fecteau and Whitlock 2010). Worldwide,
paratuberculosis is less prevalent in beef cattle than in dairy
cattle (Roussel 2011).

In sheep, the clinical signs of JD are limited to chronic
weight loss (Begg and Whittington 2010; Robbe-Austerman
2011), which may occur from 2 years of age, with most
animals succumbing to disease at 3—5 years of age (Begg
and Whittington 2010). Diarrhea is not considered to be a
feature of JD in small ruminants, except in the terminal
stages of disease (Clarke and Little 1996; Clarke 1997;
Begg and Whittington 2010; Robbe-Austerman 2011).
Sheep paratuberculosis is widespread and is a serious threat
to sheep production because it tends to remain hidden,
showing only indirect production effects (Juste and Perez
2011).

In goats, the disease resembles that of sheep in.many
respect (Djonne 2010). During the subclinical stage of
infection, goats can become persistent fecal shedders ap-
proximately 1 year after infection without any clinical signs
of paratuberculosis (Storset et al. 2001; Djonne 2010).
During clinical disease, the only consistent finding is
weight loss despite apparently normal food intake (Djonne
2010; Robbe-Austerman 2011). Unlike cattle, diarrhea is
rarely seen in goats (Manning and Collins 2001; Robbe-
Austerman 2011). During this stage, bacteria are typically
found in the feces, and animals-usually have antibodies
against MAP. Most animals, if not culled, progress to ad-
vanced clinical/disease, during which animals develop
flaky skin and an unhealthy coat. Eventually, progressive
emaciation, dehydration, anemia with submandibular ede-
ma, and depression are observed. At this stage of infection,
diarrhea, or more usually fecal clumping, is observed
(Djonne 2010). Paratuberculosis has been a problem in
goats, but it hasreceived less attention than in other species,
most likely due to its more marginal numbers in countries
that have a more developed cattle industry (Juste and Perez
2011).

Antemortem diagnosis of paratuberculosis is challenging
because of the nature of the disease and the limitations of
diagnostic tests. Because of these limitations, the purpose of
diagnosis must be adequately defined so that the most appro-
priate diagnostic procedure can be applied (Collins et al. 2006;
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Nielsen and Toft 2008; Nielsen 2010; Stevenson 2010b). In
general, the design quality, implementation, and reporting of
test results for paratuberculosis have been generally poor
(Nielsen and Toft 2008). ELISA, bacteriological cultivation
of fecal samples, and PCR are widely used for the antemortem
diagnosis of paratuberculosis in cattle herds (Clark et al. 2008;
Nielsen and Toft 2008; Stevenson 2010b). Although ELISA is
the most widely used test, isolation of MAP from an animal by
culture is still considered the gold standard for JD diagnosis
(Chiodini et al. 1984; Collins 1996; Whittington 2010). In
addition, sampling all or a representative proportion of adult
cattle in every herd, environmental sampling, serial testing,
and the use of two to three diagnostic tests has been recom-
mended for herd screening and increasing the accuracy of
MAP diagnosis (Chacon et ‘al. 2004; Collins et al. 2006;
Stevenson 2010b).

The infection prevalence at the herd and animal level is
often a key issue when decision or policy makers determine
whether the infection should be considered important or not
and which measures to apply (Nielsen and Toft 2009). Ac-
cording to Barkema et al. (2010), MAP prevalence should be
assessed to determine the disease burden in a particular pop-
ulation and to determine the need for health services for those
animals particularly at risk of contracting the disease. Preva-
lence studies are also carried out to compare disease preva-
lence in different populations and to follow trends in preva-
lence or severity over time to better understand the epidemi-
ology of the spread of this disease (Barkema et al. 2010). No
country or region has published sufficient information to
claim freedom from MAP (Nielsen and Toft 2009; Manning
and Collins 2010).

Herd or flock prevalence in regions and countries is loosely
associated with their history of animal importation, the level
of industrialization, and the degree of economic concentration
in animal agriculture (Manning and Collins 2010). Since the
first recognition of JD in dairy cattle, a steady dispersion of
MAP over geographical space and host species has been
observed. The spread of this chronic insidious disease from
its first identification in Europe to herds of the New World
may have coincided with colonization and the subsequent
growth of domestic animal agriculture (Manning and Collins
2010). The only domestic animals in Latin America at the time
of the discovery of the Americas were camelids such as the
llamas, alpacas, vicufias, and guanacos, as well as guinea pigs.
All other animals were imported, mainly from the Iberian
Peninsula and North Africa, and underwent approximately
500 years of natural selection in diverse environments. From
the end of the nineteenth century, other cattle were imported
from mainland Europe, and Zebu cattle were imported from
India (Scholtz et al. 2011). Latin America and the Caribbean
region have the second largest population of bovines in the
world after East and South Asia and the Pacific regions; in
contrast, sheep and goat populations in Latin America and the
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Caribbean are the smallest in the world (Rosegrant et al.
2009).

Several European countries, USA, Canada, and Australia
have JD control programs (Kennedy and Citer 2010; Whitlock
2010; Bakker 2010). In contrast, Latin American and Carib-
bean countries lack of control programs, and the current
prevalences of paratuberculosis in these countries have not
been yet calculated. Published information on occurrence,
distribution, and prevalence of paratuberculosis often refers
to information reported from Europe, USA, Canada, and
Australia. Information on paratuberculosis for policy makers,
academics, producers, or consumers in Latin American and
Caribbean countries is mostly based on information produced
outside these countries. The aim of the present study was to
systematically review the occurrence/frequency/prevalence of
paratuberculosis among farmed animals (cattle, sheep, and
goat) in Latin America and the Caribbean.

Materials and methods

The present study was carried out following the procedures for
systematic reviews in health care (frequency and rate) sug-
gested by Glasziou et al. (2001).

Identification of relevant studies

The process of identifying relevant studies included
searching for existing systematic reviews, published pri-
mary studies, and unpublished primary studies. For this
purpose, a systematic approach was undertaken. The
search criteria were defined by all authors. First, the
question for the systematic review was defined. as the
following: How frequent or prevalent is paratuberculosis
in farmed animals (cattle,.sheep, and goats) in Latin
America and the Caribbean? Regardless  of the criteria
used in the studies included in-this review, the case
definition for individual animal infection in the present
review was defined as animals reacting to serological or
intradermal tests or animals positive by fecal culture or
fecal PCR for MAP. Infection in herds or flocks was
defined as premises in which infected farmed animals
(individual-animals reacting to serological or intradermal
tests or animals positive by fecal culture or fecal PCR for
MAP) were present or premises where MAP was present
in the environment or in bulk tank milk detected through
culture or PCR without necessarily having/reporting
reacting or positive animals.

The question was broken down into following compo-
nents: prevalence, paratuberculosis, cattle, sheep, goats, Latin
America, and the Caribbean. For each component (population,
study factor, outcome), synonyms were determined for every
question term: bovine, ovine, caprine, for populations;

Mycobacterium avium subsp. paratuberculosis, Mycobacteri-
um paratuberculosis, Johne’s disease, for study factor; and
occurrence, frequency, and proportion, for outcome. Thus, the
search terms used to find relevant studies in databases were
(diagnosis OR frequency OR prevalence OR occurrence)
AND (paratuberculosis OR Johne’s) AND (bovine OR cattle
OR sheep OR ovine OR goat OR caprine).

Publications including studies reporting prevalence, fre-
quency, or proportion of paratuberculosis in at least two herds
or flocks located in any of the following countries, indepen-
dent of the diagnostic technique, were included: Antigua and
Barbuda, Aruba, Bahamas, Barbados, Cayman Islands, Cuba,
Dominica, Dominican Republic, Grenada and Carriacou,
Guadeloupe, Haiti, Jamaica, Martinique, Puerto Rico, Saint
Barthélemy, St. Kitts and Nevis, St. Lucia, St. Vincent and the
Grenadines, Trinidad and Tobago, Turks and Caicos Islands
and Virgin Islands, Belize, Costa Rica, El Salvador, Guate-
mala, Honduras, Mexico, Nicaragua, Panama, Argentina, Bo-
livia, Brazil, Chile, Colombia, Ecuador, French Guiana, Guy-
ana, Paraguay, Peru, Suriname, Uruguay, and Venezuela
(Anonymous 2014).

The initial search for existing publications reporting sys-
tematic reviews-and primary studies was carried out by
searching the available databases as of January 2014. No time
or language restrictions were imposed. Only studies from
1990 to January 2014 were included. Studies conducted on
other farmed animal species or wild animals were excluded.
The following databases were searched for published primary
studies: Scopus (available at http://www.scopus.com),
PubMed (http://www.ncbi.nlm.nih.gov/pubmed), Redalyc
(http://www.redalyc.org/), and the Virtual Health Library
(http://bvsalud.org/en/). The proceedings of the 3rd, 4th, 5th,
6th, 7th, 8th, 9th, 10th, and 11th International Colloquia on
Paratuberculosis (ICP) held in 1991, 1994, 1996, 1999, 2002,
2005, 2007, 2009, and 2012, respectively, available at the
International Association for Paratuberculosis Web site
(http://www.paratuberculosis.info/) were manually searched
for existing systematic reviews and published primary
studies. Studies from these proceedings were included in the
systematic review only if they had not appeared in peer-
reviewed journals, which were preferred for eventual inclu-
sion. Database search was performed using criteria deter-
mined by one of the authors (J. A. F-S). The reference lists
of relevant papers were searched for additional systematic
reviews and published primary studies not found through
database searching (“snowballing” procedure). The
snowballing procedure was continued until no further studies
were found. Unpublished but cited primary studies were
searched using the same procedure. The term study was
defined as research that aimed the determination of the
paratuberculosis frequency in a population of a specific ani-
mal species tested with one test. In case of publications that
include both animal-level and herd-level estimates, each
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estimate was counted as one study. Reports where two tests
were used on the same population also counted as two studies.

Quality appraisal and final selection of studies

An initial screen for basic eligibility and a detailed
quality appraisal were performed for the final selection
of studies. Both processes were always performed inde-
pendently by the three authors. The decision for final
inclusion of a relevant study in the initial screen and in
the final selection was always obtained through consen-
sus. The initial screen for basic eligibility was carried
out using titles and abstracts of relevant studies found
through searching databases, ICP proceedings, and ref-
erence lists through the snowballing procedure for re-
ports that match the general inclusion criteria on popu-
lation, study factor, and outcome. After the initial
screen, detailed quality appraisal was performed. Full-
text versions of potentially eligible studies were evalu-
ated for three principal issues: minimization of selection
bias of animals or herds/flocks, adequate assertion of
final outcomes, and minimization of measurement or
misclassification bias.

Data extraction

After the final selection of studies, data on country and
region, study period, population, inclusion criteria, selec-
tion, diagnostic test, sensitivity and specificity used (if
available) for adjusting prevalence estimation, and.results
in terms of proportion were extracted. Studies from which
no crude numbers on frequency or proportion are included
were excluded unless the information provided allowed its
calculation.

Data analysis

Study results were analyzed according to animal species at
individual and the herd/flock level, as well as according to
the diagnostic test used to reduce the influence of different
test measurements. Microsoft Excel was used for data
analysis and the graphical representation of results follow-
ing the procedures described by Neyeloff et al. (2012). The
analysis included the calculation of the outcome (effect
size, es) and the standard error (SE), the computation of
variance (Var), the individual study weights (w), and each
weighted effect size (w*es). Additionally, the analysis in-
cluded the calculation of the O test for heterogeneity
among studies and the calculation of the /> quantity. Final-
ly, the analysis included the calculation of the appropriate
effect summary (es) model (fixed effects or random effect
model) according to the results obtained in the Q and P
tests (Neyeloff et al. 2012).

@ Springer

Results
General characteristics of selected studies

Searching databases and the proceedings of the ICP Colloquia
combined with the snowballing procedure generated 252, 28,
and 24 publication records matching the search terms, respec-
tively (Fig. 1). Nine of 24 publication records found through
the snowballing procedure could not be retrieved. After the
exclusion of duplicates, 119 records remained from which
titles and abstracts were checked for basic eligibility. The
initial screen of abstracts for basic eligibility generated 37
potentially eligible abstracts. Thirty-one of these abstracts
were from journals, three were.only published as abstracts in
any of the ICP Colloquia, and three were only published as an
academic degree work: PhD thesis; MSc degree work, and
veterinary medicine degree work. The detailed quality ap-
praisal of these 37 full-text potentially eligible publications
generated 24 publications that were included in the final
analysis.

The 24 selected publications included 52 studies: 38
(73.1 %) from cattle (21 at the animal level and 17 at the herd
level), 6.(11.5 %) from sheep (all at the animal level), and 8
(15.4 %) from goats (6 at the animal level and 2 at the flock
level, Tables I, 2, 3, 4 and 5). Thirty-three (63.5 %) were
animal-level studies, while 19 (36.5 %) were herd-/flock-level
studies. No studies on flock-level prevalence in sheep fulfilled
the inclusion criteria of the detailed appraisal. The studies
were carried out in Brazil 25 % (13/52), Mexico 21.2 % (11/
52), Chile 21.2 % (11/52), Argentina 13.5 % (7/52), Venezu-
ela 7.7 % (4/52), Puerto Rico 3.8 % (2/52), Grenada and
Carriacou 3.8 % (2/52), and Costa Rica 3.8 % (2/52). Only
half of the studies reported information on study period, and
these studies were carried out during the period from 1990 to
2011.

None of the selected studies provided complete and suffi-
cient information on the factors for the quality appraisal. All
studies were cross-sectional studies. Case definition was ab-
sent from all studies included in the final analysis. Therefore,
case definitions for individual animals and for herds/flocks
established in the present review (see identification of relevant
studies in Materials and methods) were taken into account to
select the studies included in the final analysis. Diagnostic
tests used in the selected studies to determine whether an
animal or a herd/flock were considered a case were very
diverse. ELISA (67.3 %, 35/52) was the diagnostic test most
commonly used, followed by fecal culture (individual or
pooled, 7.7 %, 4/52), skin test (7.7 %, 4/52), culture of
environmental samples (5.8 %, 3/52), AGID (3.8 %, 2/52),
fecal PCR (3.8 %, 2/52), individual milk culture (1.9 %, 1/52),
and bulk tank milk PCR (1.9 %, 1/52).

Only three studies reporting the use of ELISA (Se 0.59, Sp
0.95), culture of environmental samples (Se 0.6, Sp 1), and
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Fig. 1 Flow chart of selection of
relevant publications

Records identified
through database
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(n=24)
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Records after duplicates removed
(n=119)

Eligibility Screening

Included

bulk tank milk qPCR (Se 0.57, Sp 1) in cattle provided
information on the sensitivity and specificity used for preva-
lence adjustment or true prevalence estimation (Moreira et al.
1994; Kruze et al. 2013). The remaining studies provided only
apparent prevalence. No attempt to estimate the true preva-
lence was made due to limitations in the estimation of test
accuracies for the populations tested. Only 42.3 % (22/52) of
the studies reported information on-selection of animals or
herds/flocks included for MAP testing in the studies. In the
remaining studies, this information was absent. Random se-
lection of animals or herds/flocks was reported only in 23.1 %
(12/52) of the studies. However, studies that did not report the
sampling method or reported nonrandom sampling or conve-
nience sampling were kept in the study to summarize and
synthesize their results if animals or herds/flocks had no
previous diagnosis of paratuberculosis.

Prevalence in cattle at the animal level

Prevalence studies in cattle at the animal level (n=21) are
shown in Table 1. Regarding the location of the studies
included in the final analysis, Argentina and Brazil each
comprised 33.3 % (7/21), Chile and Venezuela each com-
prised 9.5 % (2/21), and Mexico, Puerto Rico, and Costa Rica

!

Records screened
(n=37)

Records excluded
(n=82)

A4

A 4

Full-text publications
excluded, with reasons
(n=13)

Full-text publications
assessed for eligibility
(n=237)

v

v

Publications finally
included
(n=24)

each comprised 4.8 % (1/21). Studies from Brazil (n=7) and
Costa Rica (n=1) were carried out in several regions of these
countries, whereas studies from Chile (n=2) and Argentina
(n=T) were carried out in two regions. The remaining studies
were carried out in only one region. Information on study
period was provided in only 52.4 % (11/21) of the studies. For
the six studies from the publication by Martinis Mercado et al.
(2014), the study period was provided, but the publication
date was not available. Population and inclusion criteria were
very variable among studies. Sample sizes ranged from 123
(Martinis Mercado et al. 2014) to 2,530 (Moreira et al. 1994)
animals. The majority of studies reported testing adult animals
(i.e., over 24 months of age). One single study reported testing
animals younger than 24 months of age (Medeiros et al.
2012).

Seventy-six percent (16/21), 9.5 % (2/21), and 9.5 % (2/21)
of the studies were carried out in dairy, beef (Moreira et al.
1994; Silva, E Bandeira da 2005), and dual-purpose (Alfaro
et al. 2006) cattle, respectively. Although no apparent differ-
ences between prevalence in dairy cattle and prevalence in
beef cattle were seen, prevalence results in dual-purpose cattle
in Venezuela (72 %; Alfaro et al. 2006) and in dairy cattle in
Brazil (60.2 %; Acypreste et al. 2005) had the highest preva-
lences in cattle at the animal level found in the present review.
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§ N g < (stratified and nonstratified), nonrandom sampling, and pro-
E f = i portional sampling were the selection procedures u§ed.. .
é % < = The type of diagnostic tests used to-detect cases (individual
Ei animals) in the studies was very diverse. Nevertheless, ELIOSA
< % was the most common diagnostic teSF used ( 16/21; 76..2 %),
% < 8 followed by skin test (avian and b0V1.ne purified protein de-
- ?_ é = rivative (PPD)) and commercial Johnin (3/21; 14.3 %; Mar-
2 E & b 4 :E\ % dé tinis Mercado et al. 2014; Alfaro et al. 2006), fegal culture
g é 'g % g % 5 % (1/21; 4.8 %; Martinis Mercado et al. 2014), and mllk' cglture
% < g & § 2 ) (1/21; 4.8 %; Martinis Mercado et a!. 20.14). The majority of
g % = 575 2 ELISA-based studies used commercial kits (12/16; 75 %). In
= ” - ET three studies (3/16; 18.8), the ELISA test used was prepared
g - - - '§ using individual reagents that were produced 1n-I.10}1se or were
2% ; 5? E’ E’ 3 commercially available (Dolz et al. 1999; Martinis Mercildo
§§ g £ ; Eé gé :»_ etal. 2014; Miranda Bandera 2005). In one'case (1/16; §.3 %),
= g 2 § 5E 2 ® B 2 the ELISA test used was not clearly desc?rlbed (Pantf)Ja et al.
% 'é % % }': E 8 E g § § ::) 2010). Information on fabricant and specific test dF:talls of the
2 g E % =0 §d: Q = = commercial ELISA test kit (Bratex Laboratorlestampo
B 2 § Grande, MS) used by Acypreste et al. (2005) was n.ot avail-
'%: Qé Té , § %‘ able. Only one study (Moreira et al. 1994) reported informa-
s E § § § § § r é tion on sensitivity gnd §pe01ﬁ01ty of the E.LISA testlu.se(i )
§ ‘% % :U f = g 2 ‘é‘ Prevalence studl.es in cattle at. the aplmal level in Latin
E 23 B \2 é g .éﬂ 2 American and Caribbean countries using a random effect
§ E g g j‘(} o Eo Bo ?g Z = model (Supplementary file 1) re\{ealed an overall pr.evglenzce
ARk 253 g “F 9 o :§ s of 16.9 % (95 % CI (confidence interval) 13.2-20.5; Fig. 2).
% :; £ 2 % 8= 22 = 2 5 = § Results of the studies that used ELISA and skin te(s)ts (random
£ 3 %é o = ':'3 § § g £ é ; b effect model) revealed prevalences of 19.5 % (95% CI15.4—
_é‘ g REST 3 Sl S ; £ 3 23.5) and 4.3 % (95 % CI 2.5-6.1), respectively. Heteroger.le-
= - - - s 2 i; ity of all studies (/*=80.1 %) and of the ELISA-based studies
g E E E (=81 %) was high. On the contrary, heterogeneity of results
i § é E g of the skin test-based studies (=0 %) was low. .
< 5‘3% 8 —.é_ z According to an arbltra.lry. categorization, the hlgheslt prev-
% i § % £ E alences of paratubercu%osm in cattle at the animal leve zuilr;}g
> | 8 o ; g Lg ELISA test were obtained in M,onagas. (Ve.nezuela) 72.1 %
E E N ; ; 2 «d; oy and in Goids, Sao Paulo, and Pard (Brazil) with prevalences of
B £ _% g 60.2, 38, and 35.4 %, respectively (Alfa.ro et al. 2096;
2 2 E g & Acypreste et al. ZOQS; Fonseca et al. 2000; Sllya, E.Ban.delra
§D §) f!oq z § da 2005). Intermediate preval.ences were ob.talned 111 Rlo.de
=) gﬁ ° % % o2 3 Janeiro (Brazil) 18.0 %, Corrientes (Argentlna) 7.3 % usglg
% g & 5 5 ] é §- § the Parachek® ELISA test, Buenos Alres (Argentina) 13.§ .A),
E g £ 5 § §_ = E‘ 3 Region X (Chile) 12.8 %, Costa Rica 11.9 %, .ar.ld Espirito
2 Lg) :5: § = 2 j? ; 5 Santo (Brazil) 11.4 % (Ferreira et al. 2001; Martinis Mercado
; Z g EJ :a) ;ZD etal. 2014; Moreira et al. 1994; Burgos 2011; Dolz et al'. 1999;
E § 2 ; EE Costa et al. 2010). The lowest prevalences were obtained in
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Table 2 (continued)

Reference

Results n/N (%)

Diagnostic test

Selection

Population/inclusion criteria

Study period

Study Country/Region

Skin test MAP PPD, National

Veterinary Services

Laboratories
ELISA (Serelisa)

Alfaro et al. 2006

100 % (8/8)

N.R

8 dual purpose herds

N.R

Venezuela/Monagas

N.R not reported, AHP apparent herd prevalence, THP true herd prevalence

#Results of proportion were absent from the publication but were calculated using the data on sample size and apparent prevalence

®In the abstract, the herd level apparent prevalencewas 96 %, while in the Results and Discussion sections was 82 %. However, crude numbers suggest that 82 % is the value obtained

¢ Random sampling of herds cannot be confirmed from the information provided in the publication

9 Proportional selection of herds according to the cattle population of each region cannot be confirmed from the information provided in the publication

Paraiba (Brazil, 10.1 %), Corrientes (Argentina, 9.8 %) using
the PPA-3 strain 18-ELISA test, Hidalgo (Mexico, 9 %),
Region VIII (Chile, 6.4 %), and Pernambuco (Brazil, 2.7 %,
Medeiros et al. 2012; Martinis Mercado et al. 2014; Miranda
Bandera 2005; Mundaca Verdugo 2012; Sa et al. 2013).

The highest prevalence as determined by using the skin test
was obtained in Corrientes (Argentina, 7.3 %) using skin test
avian PPD (DILAB/SENASA®), whereas an intermediate
level was obtained in Monagas (Venezuela, 4.2 %) using the
skin test MAP-PPD, National Veterinary Services Laborato-
ries® (Alfaro et al. 2006). The lowest level (3.3 %) was also
detected in Corrientes (Argentina) and in the same animals
using skin test bovine PPD (Instituto de Sanidad Ganadera®,
Martinis Mercado et al. 2014).. Two studies using fecal and
milk culture as a diagnostic test showed no positive results in
123 samples tested (Martinis Mercado et al. 2014). These
studies were not analyzed further.

Herd-level prevalence in cattle

Herd-level prevalence studies in cattle (»=17) are shown in
Table 2. Of the studies included in the final analysis, 35.3 %
(6/17) were from Brazil, 35.3 % (6/17) were from Chile,
11.8 % (2/17) were from Venezuela, and Mexico, Puerto Rico,
and Costa Rica each had 5.9 % (1/17). Information on the
study period was provided in only 35.2 % (6/17) of the
studies. Population and inclusion criteria were very variable
among studies. Sample sizes ranged from 8 (Alfaro et al.
2006) to 364 (Dolz et al. 1999) herds. A total of 82.3 (14/
17) and 11.7 % (2/17) of the studies were carried out in dairy
and dual-purpose cattle, respectively. The remaining study
(Dolz et al. 1999; 5.8 %) did not report the type of herds
sampled. Only 6 out of 17 studies (35.2 %) in cattle at the herd
level reported information on the selection of animals tested
for MAP. In these studies, random sampling (stratified and
nonstratified) and proportional sampling were the selection
procedures used.

Similar to studies at the animal level, the type of diagnostic
test used to detect herd cases was very diverse. ELISA was the
diagnostic test used in 64.7 % (11/17) studies, followed by
culture of environmental samples (17.6 %; 3/17; Burgos 2011;
Mundaca Verdugo 2012; Kruze et al. 2013), bulk tank milk
gPCR (Kruze et al. 2013), skin test (commercial Johnin;
Alfaro et al. 2006), and fecal culture (pooled samples; Salgado
etal. 2012), which each had 5.9 % (1/17). Commercial ELISA
kits were used in 72.7 % (8/11) of the studies. In two studies
(2/11; 18.2 %), the ELISA test used was prepared using
individual reagents that were produced in-house or were com-
mercially available (Dolz et al. 1999; Miranda Bandera 2005).
In one case (1/11; 9.1 %), the ELISA test used was not clearly
described (Pantoja et al. 2010). Information on fabricant and
specific test details of the commercial ELISA test kit used by
Acypreste et al. (2005) was not available.
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Table 4 Studies in goats at animal level

Study Country/Region Study period Population/inclusion Selection Diagnostic test Results n/N (%) Reference
criteria
1 Grenada/St. George, St. Between 260 clinically normal N.R ELISA (Pourquier) 0.38 % (1/260)  Kumthekar
David, St. Andrew, December animals of at least etal. 2013
St. John , St. Patrick, 2009 and 6 months of age
St. Mark Carriacou January 2011
2 Chile/south and central October 2004 to 383 female goats N.R Fecal culture 9.1 % (35/383)  Salgado et al.
regions January 2005 2 years old 2007
3 Chile/south and central October 2004 to 383 female goats N.R ELISA (Idexx, Serum) 16.8 % (66/394) Salgado et al.
regions January 2005 2 years old 2007
4 Chile/south and central October 2004 to 394 female goats N.R ELISA (Idexx, Milk) 9.4 % (37/394)  Salgado et al.
regions January 2005 2 years old 2007
5 Mexico/Veracruz Between March 559 females older than  Random ELISA (Pourquier) 0.54 % (3/559) Callejas and
2010 and July 3 months and all sampling Surit 2013
2011 bucks were
6 Mexico, Veracruz February to June 182 female goats older Random ELISA (Idexx) 0.54 % (1/182)  Martinez-
2010 than 3 months of age sampling Herrera
and all bucks etal. 2012
N.R not reported

Herd-level prevalence studies in cattle in Latin Amer-
ican and Caribbean countries using a random effect model
(Supplementary file 2) revealed an overall prevalence of
75.8 % (95 % CI 50.1-101.5; Fig. 3). According to the
type of diagnostic test used, study results that used the
ELISA and other tests (environmental culture, bulk tank
milk qPCR, pooled fecal culture, and skin test) using a
random effect model revealed a prevalence<of 74.0 %
(95 % CI 47.3-100.6) and 37.3 % (95 % CI 25.3-49.4),
respectively. Heterogeneity of all studies (2=0 %),
ELISA-based studies (=0 %), and environmental. cul-
ture, bulk tank milk qPCR, pooled fecal culture, and skin
test studies (*=0 %) was low.

The highest paratuberculosis herd-level prevalences in
cattle using ELISA wete obtained in ‘Goias (Brazil,
100 %), Monagas (Venezuela; 100.-%), Hidalgo (Mexico,
96.6 %), Sao Paulo_ (Brazil, 95 %), Region X (Chile,
95 %), Espirito Santo (Brazil, 87 %), Rio de Janeiro
(Brazil, 82 %), and Puerto Rico (82 %) (Acypreste
et al. 2005; Alfaro et al. 2006; Miranda Bandera 2005;

Table 5 Studies in goats at herd level

Fonseca ‘et al. 2000; Burgos 2011; Costa et al. 2010;
Ferreira et al.-2001; Pantoja et al. 2010). Intermediate
prevalences were obtained in Paraiba (Brazil) and Per-
nambuco (Brazil) with 58.3 and 47.4 % prevalence,
respectively (Medeiros et al. 2012; Sa et al. 2013). The
lowest prevalence was obtained in Costa Rica with
18.7 % (Dolz et al. 1999).

Regarding other diagnostic tests, the highest prevalence
was obtained in Monagas (Venezuela, 87.5 %) using a skin
test (MAP-PPD, National Veterinary Services Laboratories®;
Alfaro et al. 2000); intermediate prevalences of 50, 45, and
42.9 % were obtained in the regions XIV and X, and VIII in
Chile using bulk tank milk qPCR and culture of environmen-
tal samples, respectively (Kruze et al. 2013; Burgos 2011;
Mundaca Verdugo 2012).

The lowest prevalences of 27 and 25 % were found
in region XIV and in southern Chile using culture of
environmental samples and fecal culture of pooled
samples, respectively (Kruze et al. 2013; Salgado
et al. 2012).

Study Country/Region  Study period  Population/inclusion criteria  Selection Diagnostic test Results n/N (%) Reference

1 Mexico/Veracruz  Between 81 farms Random ELISA 3.7 % (3/81) Callejas and Surit 2013
March 2010 sampling (Pourquier)
and July
2011

2 Mexico/Veracruz ~ February to 26 flocks. Animals with a Random ELISA (Idexx) 3.85 % (1/26)  Martinez-Herrera et al.
June 2010 sample fraction of six sampling 2012

animals per flock was
estimated

@ Springer
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Fig. 2 Prevalence of Study Country Rate  (95%Cl)

paratuberculosis in cattle at ELISA )

animal level Mor§|r§ etal. 1995 Argentina 13.8 (12.3-15.2) | |
Martinis Mercado et al. Argentina 9.8 (4.2-15.3) ——
Martinis Mercado et al. Argentina 7.6 (6.6-23.8) ——
Laranja da Fonseca et al. 2000 Brazil 38.0  (31.9-44.0) ——
Costa et al. 2010 Brazil 11.4 (9.6-13.1) ]
Silva, 2005 Brazil 35.4 (30.3-40.6) ——
Medeiros et al. 2012 Brazil 10.1 (7.3-12.9) E
Acypreste et al. 2005 Brazil 60.2 (48.4-72.0) —a—
Saetal. 2013 Brazil 2.7 (1.1-4.3) n
Ferreira et al. 2001 Brazil 18.0 (15.4-20.7) E 3
Burgos-Garay, 2011 Chile 12.7 (10.4-15.1) =
Mundaca-Verdugo, 2012 Chile 6.4 (4.3-8.4) -
Dolz et al. 1999 Costa Rica 11.9 (9.3-14.6) E 3
Miranda-Bandera, 2005 Mexico 9.0 (7.6-10.5) | |
Alfaro et al. 2006 Venezuela 721 (61.3-82.8) ——
Subtotal (I? = 82%) 19.0  (14.9-23.5) do-
Skin test
Martinis Mercado et al. Argentina 73 (2.512.1) ——
Martinis Mercado et al. Argentina 3.3 (0.1-6.4) b
Alfaro et al. 2006 Venezuela 4.2 1.6-6.7) E 2
Subtotal (I = 0%) 43 (2.5-6.1) 'Y

Overall (I? = 80,1%)

Prevalence in sheep at animal level

Prevalence studies in sheep at the animal level (n=6) are
shown in Table 3. The studies included in the final analysis
were from Grenada and Carriacou and Mexico with 17 %
(1/6) and 83.3 % (5/6) of the studies, respectively. Only one
study provided information on study period (between Decem-
ber 2009 and January 2011) (Kumthekar et al. 2013). Popu-
lation and inclusion criteria in Mexican studies were relatively
homogeneous in terms of age, subclinical status,and sample
size (Moron-Cedillo et al. 2013; Jaimes et al. 2008). Sample
sizes ranged from 204 (Jaimes et al. 2008) to 479 (Kumthekar
et al. 2013) animals. The studies by Jaimes et al. (2008) and
Moron-Cedillo et al. (2013) reported testing adult.animals

169  (13.2-20.5) Y

0 10 20 30 40 50 60 70 80 90 100

(i.e., sheep older than 2 years), while the study of Kumthekar
etal. (2013) also included animals of at least 6 months of age.
Only two out of six studies in sheep at the animal level
reported. information on the selection of animals tested for
MAP. In these studies, convenience sampling was used as the
selection procedure. The type of diagnostic test used to detect
individual cases in the studies was diverse and included
ELISA, AGID, fecal culture, and fecal nested PCR. ELISA
was used in only one study (Kumthekar et al. 2013). In the
studies by Jaimes et al. (2008) and Moron-Cedillo et al.
(2013), the AGID test used a commercial reagent and a
protoplasmic antigen obtained from a sheep strain (MAP
3065), respectively. None of the studies reported information
on sensitivity and specificity of the test used.

Study Country Rate (95% Cl)

ELISA

Laranja da Fonseca et al. 2000 Brazil 95.0 (52.3-137.7) -
Costa et al. 2010 Brazil 87.0 (4.8-125.1) =
Medeiros etal. 2012 Brazil 58.3 (33.4-83.3) =

Acypreste et al. 2005 Brazil 100.0 (52.5-147.5) -
Saetal 2013 Brazil 47.4 (16.4-78.3) =

Ferreira et al. 2001 Brazil 82.2 (55.7-108.7) =
Burgos-Garay, 2011 Chile 95.0 (52.3-137.7) =
Dolz et al. 1999 Costa Rica 18.7 (4.2-23.1) =

Miranda-Bandera, 2005 Mexico 96.6 (60.8-132.3) »
Pantoja et al, 2010 Puerto Rico 82.1 (48.6-115.7) »

Alfaro et al. 2005 Venezuela 100.0 (30.7-169.3) u
Subtotal (I? = 0%) 74.0 (47.3-100.6)

Environmental culture, bulk-tank milk gPCR, pooled fecal culture, skin test

Burgos-Garay, 2011 Chile 45.0 (15.6-74.4) =

Mundaca-Verdugo, 2012 Chile 42.9 (8.6-77.1) »

Kruze et al. 2013 Chile 27.3 (19.0-35.7) — .

Kruze et al. 2013 Chile 50.0 (38.7-25.0) —

Salgado et al. 2012 Chile 25.0 (16.5-33.5) — -

Alfaro et al 2006 Venezuela 87.5 (30.7-169.3) - E—
Subtotal (I = 1,8%) 37.3 (25.3-49.4) —

Overall (I” = 0%) 75.8 (50.1-101.5) Y

Fig. 3 Prevalence of paratuberculosis in cattle at herd level
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Prevalence studies in sheep at the animal level in Latin
American and Caribbean countries using a random effect
model (Supplementary file 3) showed a prevalence of 16 %
(95 % C17.9-24.1; Fig. 4). According to the type of diagnos-
tic test used, study results that used serological tests (ELISA
and AGID) and direct methods (fecal culture and fecal PCR)
using a random effect model revealed prevalences of 17.9 %
(95 % CI 2.5-33.3) and 14.7 % (95 % CI 4.3-25.1), respec-
tively. Heterogeneity of all studies (=60 %) and of the
serological test studies (P=62.5 %) was moderate to high,
while heterogeneity in studies that used direct methods (/=
44.9 %) was moderate.

The highest paratuberculosis prevalence in sheep at
the animal level, determined using a serological test
(AGID; PPA-M3 Allied), was found in Guanajuato, Ja-
lisco, and State of Mexico (Mexico, 44.6 %, Jaimes et al.
2008). Low prevalences were obtained in San Luis
Potosi (Mexico, 9.5 %, Moron-Cedillo et al. 2013) and
in St. Andrew and St. David (Grenada) and from
Carriacou, 2.3 % using ELISA (Kumthekar et al. 2013).
No intermediate prevalences were obtained in sheep at
the animal level. Regarding direct tests, an intermediate
prevalence was obtained in Guanajuato, Jalisco, and
State of Mexico (Mexico, 29.9 %) using fecal nested
PCR (Jaimes et al. 2008), whereas low prevalences were
detected in Guanajuato, Jalisco, and State of Mexico
(Mexico) and San Luis Potosi (Mexico) with prevalénces
of 8.3 and 7.6 % using fecal culture and fecal nested
PCR, respectively (Jaimes et al. 2008; Moron-Cedillo
et al. 2013).

Prevalence in goats at the animal level

Prevalence studies in goats at the animal level (n=6) are
shown in Table 4. The studies included in the final analysis
were from Chile with 50 % prevalence (3/6), Mexico with
33.3 % prevalence (2/6), and Grenada and Carriacou with
16.7 % prevalence(1/6). In all studies, information on study
period was provided. Population and inclusion criteria of
studies were variable between countries but were similar

within the countries. Sample sizes ranged from 182 (Marti-
nez-Herrera et al. 2012) to 559 (Callejas and Surit 2013)
animals. The studies reported testing adult animals only (i.e.,
over 24 months of age; Salgado et al. 2007) or testing a
broader age group that included younger animals (at least
6 months or older than 3 months; Kumthekar et al. 2013;
Callejas and Surit 2013; Martinez-Herrera et al. 2012). Only
two of six of the Mexican studies (33.3 %) reported informa-
tion on the selection of animals tested for MAP. In these
studies, random sampling was the selection procedure used.
The type of diagnostic test used to detect cases in these studies
was relatively homogeneous. With the exception of the study
by Salgado et al. (2007), in which fecal culture was used, all
studies used commercial ELISA kits. None .of the studies
reported information on sensitivity and specificity of the
ELISA test used.

Prevalence studies in goats at the animal level in Latin
American and Caribbean countries using ELISA for diagnosis
and a random effect model (Supplementary file 4) for analysis
revealed an‘overall prevalence of 4.3 % (95 % CI 1.9-6.8;
Fig. 5). The study by Salgado et al. (2007), which was based
on fecal culture, was not included in the analysis. Heteroge-
neity of all studies (=79 %) was high. Low paratuberculosis
prevalence in goats at the animal level using serum and milk
ELISA was obtained in the south and central regions of Chile
16.8 and 9.4 % (Salgado et al. 2007). Very low prevalences
using serum ELISA were obtained in three studies: two in
Veracruz (Mexico) and one in St. Andrew (Grenada) with 0.5,
0.5, and 0.4 % prevalences, respectively (Martinez-Herrera
et al. 2012; Callejas and Surit 2013; Kumthekar et al. 2013).
No high or intermediate prevalences were obtained in goats at
the animal level.

Flock-level prevalence in goats

Flock-level prevalence studies in goats (#=2) are shown in
Table 5. The studies were both from Mexico. The studies were
carried during the period from February 2010 to July 2011.
Population and inclusion criteria differed between the two
studies. Sample sizes were 81 (Callejas and Surit 2013) and

Study Country Rate (95% ClI)

AGID and ELISA

Jaimes et al. 2008 Mexico 44,6 (35.4-53.8) —a—
Kumthekar et al. 2013 Grenada and Carriacou 2,3 (0.9-3.7) [ ]

Morén-Cedillo et al. 2013 Mexico 9,5 (5.3-13.6) -

Subtotal (I? = 62,5%) 17,9 (2.5-33.3) —T—
Culture and PCR

Jaimes et al. 2008 Mexico 8,3 (4.4-12.3) -

Jaimes et al. 2008 Mexico 29,9 (22.4-37.4) J—
Morén-Cedillo et al. 2013~ Mexico 7,6 (3.9-11.3) -

Subtotal (12 = 44,9%) 14,7 (4.3-25.1) 4
Overall (I? = 60%) 16,0 (7.9-24.1)

Fig. 4 Prevalence of paratuberculosis in sheep at animal level
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Study Country Rate (95% Cl)

Kumthekar et al. 2013 Grenada and Carriacou 0.4 (-0.4-1.1) |

Salgado et al. 2007 Chile 16.8 (13-21) -
Salgado et al. 2007 Chile 9.4 (6.4-12.4) b
Callejas-Garcia, 2013 Mexico 0.5 (-0.1-1.2) u
Martinez-Herrera et al. 2012 Mexico 0.5 (-0.5-1.6) u

Overall (I” = 79%) 43 (1.9-6.8)

Fig. 5 Prevalence of paratuberculosis in goats at animal level

26 flocks (Martinez-Herrera et al. 2012). Both studies reported
random sampling as the selection procedure used. The type of
diagnostic test used was commercial ELISA. The studies did
not report information on sensitivity and specificity of the
ELISA test used.

Flock-level prevalence studies in goats in Latin American
and Caribbean countries using a fixed effect model (Supple-
mentary file 5) revealed a prevalence of 3.7 % (95 % CI 0.1-
7.4; Fig. 6). Testing heterogeneity was not taken into account
due to the low number of studies, as suggested by Schriger
et al. (2010). Both ELISA-based studies showed very low
prevalences (3.7 and 3.9 %) for Veracruz (Mexico) using
two different commercial ELISA tests (Callejas and Surit
2013; Martinez-Herrera et al. 2012).

Discussion

Studies on MAP prevalence in Latin America.and the Carib-
bean were reviewed using a systematic methodology for the
first time. Our purpose was to recover all-available evidence
on the frequency or prevalence of paratuberculosisin the Latin
American and Caribbean region, assuming greater similarities
(production conditions, cattle breeds, historical processes,
climates, and idiosyncrasies) among countries of this region
compared to countries .of other regions of the world (e.g.,
North America, Europe, Australia, Asia).

The number of publications on paratuberculosis in the
Latin American and Caribbean region was higher than expect-
ed, which suggests a growing trend in paratuberculosis re-
search and an increasing interest in this disease and its nega-
tive effects. However, the number of publications and studies
dealing with estimation of prevalence or frequency of
paratuberculosis in more than one herd or flock was relatively

Study Country Rate (95% CI)
Callejas-Garcia, 2013 Mexico 3.7 (-0,5-7,9)
Martinez-Herrera et al. 2012 Mexico 3.8 (-3,7-11,4)
Overall (I = 0%) 37  (0,1-7,4)

Fig. 6 Prevalence of paratuberculosis in goats at flock level
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low but was similar to that of a previous review on the same
topic in Europe (Nielsen and Toft 2009).

The type of farmed animals included in the present review
was limited to cattle, sheep, and goats. Other relevant species
in Latin America and the Caribbean, i.e., deer, camelids, or
buffaloes, were excluded due to their relatively low popula-
tion compared to the farmed animals included. Nevertheless,
further studies on the frequency of paratuberculosis in these
species and their relationship to paratuberculosis in cattle,
sheep, and goats are needed. Unfortunately, several publica-
tions could not be. retrieved due to lack of availability in
databases; which indirectly shows the limitations of wide
access to animal health information produced in countries in
thisregion.

As expected, studies on cattle at the animal level were the
most.common;most likely due to the size of the population in
the region and the relative feasibility of this type of study
compared to herd-level studies, in which sample sizes require
more resources to be representative. In contrast, studies in
sheep and goat populations in the region are less common
and could be due to their smaller populations (Rosegrant et al.
2009). Surprisingly, no flock-level studies of sheep that ful-
filled the inclusion criteria were found without any plausible
explanation.

Also, as expected, the majority of studies were carried out
in Brazil, because paratuberculosis is present in almost all of
its regions (Yamasaki et al. 2013). However, no studies in
sheep and goats from this country were included in the present
review. Strikingly, studies from other Latin American and
Caribbean countries with significant farmed animal popula-
tions (e.g., Colombia, Peru, Paraguay, Uruguay, and Cuba)
were not included in the review. This fact could be explained
by the absence of studies on paratuberculosis, studies carried
out in one single herd, or by the lack of inclusion criteria.
Paratuberculosis is not a notifiable disease and is not an
animal health priority in many countries of the region.
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Therefore, government and institutional efforts are direct-
ed toward other animal diseases (e.g., foot-and-mouth
disease, brucellosis, rabies, and tuberculosis). The
Caribbean was clearly underrepresented in the review,
with only two publications from Puerto Rico and Grenada
and Carriacou. Farmed animal production on these islands
appeared to be not as significant as in continental Latin
America.

Absence of relevant information for study quality assess-
ment was also reported in Europe in a review of prevalence
in farmed animals (Nielsen and Toft 2009). In the present
review, case definitions as well as variability in diagnostic
tests and lack of random sampling for animal and herd/flock
selection were the main study flaws included in the final
analysis. Rejection of studies that do not completely fulfill
the selection criteria would have led to the exclusion of the
vast majority of studies. Instead, we decided to retain stud-
ies that minimized their selection bias by means of inclu-
sion of animals and herds without clinical cases or previous
diagnosis of paratuberculosis. Surprisingly, study period
reporting was absent in a significant number of studies
(50 %), although describing relevant dates and including
data collection has been widely recommended (von Elm
et al. 2007). This information is necessary because readers
need to know the setting and location to assess the context
and generalizability of a study’s results (Vandenbroucke
et al. 2007).

Diagnostic results were taken directly as reported in
the studies, and further calculation was necessary in only
a few cases to make comparisons possible. In contrast to
a European review (Nielsen and Toft 2009), calculation
of true prevalence was not attempted in_the present
review due to test variability and a lack of information
on sensitivity and specificity in the populations under
study. As expected, ELISA-was the most common test
used to determine prevalence in the studies, which can
be easily be explained by the relative low cost of the
test, easy adaptability to high-throughput testing (Nielsen
2010), and its availability even in low-income countries
of Latin America and the Caribbean. Interestingly, stud-
ies using< environmental samples, fecal PCR, and bulk
tank milk PCR are being carried out more frequently
than expected.

We calculated, assessed, and pooled overall and specific
prevalence according to type of test. Similarly, we included
subpanels by test type for ELISA and skin test in the graphical
representation. We determined that this approach was abso-
lutely necessary to give a better reflection of prevalence esti-
mations and to follow current recommendations (Schriger
et al. 2010).

Brazilian and Argentinean studies were heavily represent-
ed, which was expected because both countries have large
cattle populations, are major beef producers, and are large net

exporters of beef (over 35 % of the world trade in 2005;
Steiger 2006; Scholtz et al. 2011). In the Costa Rican study,
serum samples from several regions of the country were
included, more accurately reflecting the situation at a
national level. The strategy of testing samples from a serum
bank obtained previously for studies on other diseases was
rarely done in the selected studies. This strategy could be
very useful in countries with extensive production, huge
territories, and limitations of financial resources for
paratuberculosis testing.

As previously reported, studies on paratuberculosis preva-
lence in beef cattle are much fewer innumber, apparently due
to a lower awareness of paratuberculosis among beef cattle
producers than among dairy cattle producers. (Roussel 2011).
Similarly, differences in paratuberculosis prevalences between
dairy and beef cattle have been previously reported (Barkema
et al. 2010; Roussel 2011), but paratuberculosis is a major
health and production problem in some North American beef
herds (Roussel 2011). The extremely high prevalence reported
by the study of Alfaro et al. (2006) is very striking, but to the
authors’ (knowledge, this article is the first report of
paratuberculosis in dual-purpose cattle in the Americas, and
it is very difficult to make comparisons or to draw conclusions
based on these results. In any case, cattle type in terms of
production goal (dairy, beef) could be limited to describe the
complex production systems in some Latin American and
Caribbean countries, where dairy or beef production is com-
monly carried out in dual-purpose production systems either
with Bos taurus or Bos indicus breeds. In general, beef pro-
duction in Brazil is based primarily on B. indicus (Zebu)
breeds. Uruguay and Argentina base their beef cattle industry
on traditional British breeds (Scholtz et al. 2011). In some
countries, higher production volumes of dairy and meat are
obtained from dual-purpose cattle than from specialized dairy
or beef cattle. Therefore, we considered analyzing this aspect
based on cattle breed rather than on production purpose or
goal to be more appropriate. Unfortunately, information on
this feature was frequently omitted in the majority of studies,
which limited our analysis.

Overall paratuberculosis prevalence in cattle at the animal
level (16.9 %) was slightly lower than the prevalence estimat-
ed in Europe (20 %, Nielsen and Toft 2009). Animal-level
paratuberculosis prevalence in cattle based on ELISA results
(19 %) appeared to be higher than the regional and country-
wide prevalence of MAP infection (1.2-9.4 %) determined
using serum ELISA in dairy cattle in USA and Europe
(Barkema et al. 2010; Wells and Wagner 2000). Animal-
level prevalence in beef cattle in the present review based
on two studies (Moreira et al. 1994; Silva, E Bandeira da
2005) also appeared higher than the ELISA-based preva-
lences obtained previously for beef cattle in USA and
Canada (Dargatz et al. 2001; Scott et al. 2007; Waldner
et al. 2002; Roussel 2011).
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However, the results may not be comparable in all cases
because prevalences in the present review are not true preva-
lences. In our review, estimation and reporting of true preva-
lences (and the inclusion of Se and Sp of tests used) were
absent from all studies with few exceptions. Estimation of true
prevalences from the crude data found in the studies was not
done due to limited information on Se and Sp determined in
the population included in the studies. This detail could ex-
plain the fact that (true) prevalences in Europe were at least 3—
5 % in several countries, whereas in Latin America and the
Caribbean, apparent prevalences reported were rarely below
5 %. In the case of ELISA, multiple antibody ELISAs have
been evaluated, and Se and Sp estimates vary greatly within
and between tests (Nielsen and Toft 2008). Additionally, tests
should preferably be evaluated prior to their use in a specific
population (Nielsen 2010), which was not done in any study
included in the present review. Therefore, the prevalences
reported in these studies are very likely to lead to negative
or higher prevalences as reported in Europe (Nielsen and Toft
2008). Importantly, overall prevalence estimation for cattle at
the animal level in the European review was done irrespective
of the type of test, i.e., no separate analysis of direct methods
from indirect methods was performed (Nielsen and Toft
2009).

The skin test is still widely used in Latin America and the
Caribbean to test animals for tuberculosis and
paratuberculosis. The Johnin skin test for paratuberculosis,
which is interpreted as positive when skin thickness increased
>4 mm, is a specific and low-cost test for the earlydiagnosis of
paratuberculosis in the majority of dairy herds, although the
specificity of both tests is influenced by batch of PPD antigen
and varies among herds (Kalis et al. 2003). Although very few
studies (n=3) in the present review determined prevalences
using this type of tests, previous information from Brazilian
studies suggests that the intradermal tuberculin tests can in-
terfere in the reliability of ELISA (Lilenbaun et al. 2007,
2009; Varges et al. 2009) and that.serological testing for
PTB should be avoided for 90 days after PPD inoculation
(Varges et al. 2009). Studies on paratuberculosis in Latin
America and the Caribbean rarely reported tuberculosis status
or previous tuberculin tests before paratuberculosis testing,
which could suggest that results could be higher than reported.
However; single intradermal tuberculin has recently been
reported to have poor sensitivity to detect positive tuberculosis
cases in animals co-infected with advanced stages of
paratuberculosis (Seva et al. 2014). This evidence questions
the usefulness of the skin test to accurately diagnose both
tuberculosis and paratuberculosis.

Strikingly, the interferon gamma assay was absent from the
diagnostic tests used in Latin American and Caribbean for
paratuberculosis diagnosis. This test has been considered a
suitable in vitro alternative to the Johnin skin test or as a
method to confirm a diagnosis in skin test-positive animals
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(Kalis et al. 2003). Nonetheless, this method has been seldom
evaluated for paratuberculosis testing in cattle (Nielsen and
Toft 2008).

The high heterogeneity detected in overall prevalence esti-
mations could be easily attributed to high diversity in study
design or variable quality of measures. In our review, we tried
to keep a high standard of study selection. Nevertheless, we
chose to include studies with some design flaws to avoid
rejection of the majority of studies. Studies that clearly report
selection bias toward clinical animals or animals with a history
or diagnosis of paratuberculosis were excluded from the re-
view. The diversity of sample diagnostic kits used could
explain the high heterogeneity of results. from ELISA-based
studies. These tests can be very variable in terms of antigen
choice, which could not be determined in some cases due to
the unavailability of information on test fabricant. Addition-
ally, immunogenicity and cross-reactivity of MAP or MAA
antigens have been suggested to be geographically restricted,
due to different distributions of bacteria that could cause
cross-reactivity, such as MAA, from one area to the other
(Nielsen and Toft 2008). This variability could also explain
the high variation.

Finally, using ELISA to diagnose paratuberculosis in indi-
vidual ‘animals has been questioned because individual test
results can only be assessed when the true prevalence of the
disease in the herd is taken into account, and this characteristic
differs from herd to herd and is often unknown (K&hler et al.
2008).

Slightly fewer estimations of herd-level prevalence in cattle
were made than at the animal level, and most of these studies
were performed at the animal level and extrapolated to the
herd level. Apparently, overall prevalence estimations from
Latin American and Caribbean studies (75.8 %) were higher
than the estimated herd-level prevalence for cattle in other
countries (30-50 %) based on ELISA results from Belgium,
the Netherlands, Denmark, Canada, and the USA (Barkema
et al. 2010). However, a previous European review indicates
that herd-level prevalence estimations could be >50 % (Niel-
sen and Toft 2009), which would make prevalences similar on
both continents. Herd-level prevalence based on one or more
seropositive animals in beef cattle in the USA ranged from 34
to 76 % (Barkema et al. 2010; Roussel 2011).

In any case, these results may not be comparable due to
previously discussed reasons regarding animal-level preva-
lence estimation in cattle in the present review and critical
issues (very few studies providing interpretable estimates and
insufficient documentation of herd-level prevalence of MAP
in cattle) referred to in the European review (Nielsen and Toft
2009). Nonetheless, a simple comparison of apparent herd-
level prevalence results based on antibodies shows that prev-
alence is higher in Latin American and Caribbean countries
compared to those in Europe (74 vs 38-68 %; Nielsen and
Toft 2009). Similarly, a study detecting MAP through bulk
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tank milk qPCR (Kruze et al. 2013) showed a higher apparent
herd-level prevalence (50 %) than studies from Europe and
Iran using bulk tank milk PCR with prevalences of 822 and
3-33 %, respectively (Nielsen and Toft 2009; Barkema et al.
2010). Comparison of apparent and true prevalences on both
continents remains unavailable, due to critical issues reported
in Europe and lack of relevant information in Latin American
and Caribbean studies.

In sheep, paratuberculosis also has a worldwide distribu-
tion (Barkema et al. 2010), but MAP prevalence in domestic
sheep worldwide is unknown, as the disease is “not notifiable”
in many countries (Begg and Whittington 2010). This seems
especially true in Latin America and the Caribbean, where
paratuberculosis in sheep has been described, but the number
of studies reporting prevalences of MAP in sheep is even
lower than the number of studies reported for Europe (Nielsen
and Toft 2009). In Latin America and the Caribbean, studying
MAP in sheep is a relatively low priority compared to MAP in
cattle or the more strategically important mycobacterial dis-
eases such as tuberculosis and is most likely due to the high
costs involved in identifying the disease compared with the
low value of a sheep (Begg and Whittington 2010). According
to Begg and Whittington (2010), MAP prevalence in sheep
appears to differ markedly between countries and geographi-
cal regions within countries, which could be related to the type
of MAP strains (sheep or cattle) that infect sheep, which<in
turn varies with the predominant strain type in the geograph-
ical region and whether or not sheep cohabit with other
species.

The overall apparent animal-level prevalence in sheep in
Latin America and the Caribbean (16 %) was higher than that
in previous reviews of farmed animals in Europe (0.3-3.5 %)
when considering the results obtained for sheep and goats in
mixed sheep and goat production (Nielsen and Toft 2009). In
the present review, only one study included mixed sheep and
goat productions (Kumthekar et al. 2013), but results for both
species were analyzed ‘separately."When only the apparent
prevalences in sheep from Europe (0.3-0.6 %, Nielsen and
Toft 2009) are considered, Latin American and Caribbean
results appeared even higher. Compared to other studies using
different diagnostic tests from Canada (3 %; Arsenault et al.
2003), South Africa (0.13 %; Michel and Bastianello 2000),
and Australia (0.25 %; Barkema et al. 2010), the prevalence in
the Latin American and Caribbean regions also appeared to be
higher.

Similarly, apparent prevalences from studies in Latin
American and Caribbean using ELISA or AGID (18 %) and
fecal culture (14.7 %) were much higher than those in Europe
for ELISA (3.5 %) and culture (0.6 %; Nielsen and Toft 2009;
Barkema et al. 2010). However, ELISA results were similar
(14 %) to a recent small animal seroprevalence estimation at a
national scale in Germany (Stau et al. 2012), in which prev-
alence estimation is not comparable due to the sampling of

animals with the poorest body condition, which may overes-
timate the results. Surprisingly, although AGID has been
found to have an even lower sensitivity than the ELISA
(Gumber et al. 2006; Robbe-Austerman et al. 2006; Begg
and Whittington 2010), this method was used more often for
paratuberculosis diagnosis in sheep in several studies used in
the present review.

Infection prevalence in goats is difficult to estimate in any
region or country because of the uncertainty of diagnosis and
the fact that cases are only reported during specific surveys or
eradication programs (Djenne 2010). Apparent overall preva-
lence at the animal level in goats including mixed goat and
sheep populations in Latin America and the Caribbean (4.3 %)
was higher than apparent prevalences of 0.0-1.7 % from
Europe (Nielsen and Toft 2009) but were lower compared to
the recent small animal seroprevalence estimation of 21 % ata
national scale in Germany (Stau et al. 2012). However, the
results of this last.study are not comparable as explained
previously for sheep. Similar to animal-level prevalence in
sheep, Latin' American and Caribbean prevalences appeared
even higher than these from Europe (0.0-0.7 %, Nielsen and
Toft 2009), France (2.9 %; Mercier et al. 2009), and USA
(19 %; Pithua and Kollias 2012) if only goat apparent prev-
alences are considered.

In the present review, only two studies reporting flock-level
paratuberculosis prevalences were included. Apparently, both
studies were carried out by the same group and most likely
evaluated the same populations with some variation
concerning period of study, populations, inclusion criteria,
and commercial ELISA tests. Therefore, flock-level preva-
lence results in goats provided by these studies may not be
representative for Latin America and the Caribbean. Never-
theless, although the results were very homogeneous, they
were lower than previous estimations of >20, 36, 71, and
55.2 % in Europe, USA, Germany, and France, respectively
(Nielsen and Toft 2009; Mercier et al. 2009; Pithua and
Kollias 2012; Stau et al. 2012).

Conclusion

In general, prevalence results reported by the studies included
in this systematic review were insufficient to accurately an-
swer the question of how frequent or prevalent
paratuberculosis is in farmed animals (cattle, sheep, and goats)
in Latin America and the Caribbean. Several flaws in study
design limit the quality of evidence on paratuberculosis fre-
quency in Latin American and Caribbean countries. The main
weakness of these studies were the absence of clear definition
of cases, variability in selected populations and in inclusion
criteria for animals and herds, variability or lack of informa-
tion on type of diagnostic tests, variability or lack of informa-
tion on sensitivity and specificity of diagnostic tests, and lack
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of random selection of animals and herds/flocks. Neverthe-
less, adjustments such as analysis according to diagnostic
tests, analysis of heterogeneity, and the use of a random effect
model were applied to circumvent the variability of study
results. According to this review, the overall apparent preva-
lence for paratuberculosis in cattle in Latin America and the
Caribbean is approximately 17 and 76 % at the animal and the
herd level, respectively. The overall apparent prevalence of
paratuberculosis in sheep is approximately 16 % at the animal
level, whereas flock-level prevalence could not be determined.
The overall apparent animal-level prevalence for
paratuberculosis in goats is approximately 4.3 %. The overall
apparent prevalence for flock-level paratuberculosis in goats
is approximately 3.7 %, but the low number of studies includ-
ed in the review as well as their homogeneity makes this low
result unlikely to reflect the prevalence in Latin America and
the Caribbean.
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