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Abstract Eurasian wild boar (Sus scrofa) is widespread in the
northern third of Morocco, Northern Africa. We aimed to in-
vestigate the presence of Mycobacterium bovis infection in
wild boar and to generate information on the possible host
status in this region. M. bovis was isolated in six of 43 wild
boars. Culture-positive samples yielded spoligotype number
SB1627. Sixty percent of lung tissue specimens or tracheo-
bronchial lymph node samples yielded positive culture. Two
thirds (64 %) of the wild boar submitted for histopathology
revealed tuberculosis-compatible lesions. These lesions were
particularly frequent in lymph nodes (63 %) and in lung tissue
samples (43 %). Ziehl-Neelsen staining did not identify acid-
fast bacilli, indicating paucibacillary infections. Our results
confirm the presence ofMycobacterium tuberculosis complex
(MTC) infection in Moroccan wild boar. Regarding the host
status of wild boar in this region, the often generalized lesion
pattern suggests a possible role of wild boar as a component of
the MTC maintenance host community. However, our infor-
mation was limited to 43 wild boars from one specific region.

Thus, further research is needed to assess the host status of
wild boar in Morocco.
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Introduction

Animal tuberculosis (TB) is due to infection with
Mycobacterium bovis and other closely related members of
theM. tuberculosis complex (MTC). Globally, TB is relevant
for public health (mainly in developing countries), conserva-
tion (when it infects endangered species), and animal health
and production, since it causes severe economic losses to the
livestock industry (Gortázar et al. 2015). InMorocco, northern
Africa, bovine TB is endemic with 33 % of dairy cattle farms
infected with MTC, countrywide (FAO 2004), and an annual
average of 10,000 cases of bovine TB reported in slaughter-
houses (ONSSA 2013). In a cross-sectional survey in
Morocco, 23 % of the 79 MTC strains from humans were
M. bovis (Bendadda et al. 2003). Wild fauna TB in Morocco
is not well documented.

Multiple domestic and wild mammals can act as MTC
reservoirs (Mukundan et al. 2015). Among them, pigs and
their wild ancestor, the Eurasian wild boar (Sus scrofa) have
often been implicated in MTC epidemiology (Gortázar et al.
2015). However, wild boar and feral pigs can be maintenance
hosts or spillover hosts depending on the environmental con-
text. In New Zealand, for instance, a low proportion of feral
pigs displayed severe lesions and abundant epidemiological
information suggest that these pigs do not maintain MTC cir-
culation (Nugent et al. 2015). By contrast, wild boar from the
Iberian Peninsula and pigs from other geographic regions are
regarded as MTC maintenance hosts (Naranjo et al. 2008;
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Gortázar et al. 2015). In Spain, links between dry summer
months and increased TB prevalence have been reported
(Vicente et al. 2013).

Wild boars are widespread in the northern third of Morocco,
and damage to agriculture and road traffic has recently in-
creased. A total of 12,225 wild boars were harvested by hunters
in the season 2012–2013 (HCEFLD 2014). Hence, given that
Morocco is characterized by extremely dry summers, bovine
TB is widespread, and suitable wildlife reservoirs are present in
the country, we aimed to investigate the presence of MTC
infection in wild boar and to generate information to elucidate
the possible host status of wild boar in this region.

Material and methods

Between 2009 and 2011, TB suspect cases in wild boar were
investigated at the Department of Veterinary Pathology and
Public Health at Hassan II Institute of Agronomy and
Veterinary Medicine in Rabat, for histopathology and bacteri-
ology analyses. A total of 43 hunted wild boars were
necropsied in the field, in the northern cork oak (Quercus
suber) forest of Morocco (33°9´N, 6°7´E), by local veterinary
practitioners, during hunting legal seasons between 2009 and
2011. During necropsies, organs with macroscopic TB-
compatible lesions were selected and harvested.

Wild boars were subdivided into three age classes including
16.3 % yearlings (<1 year), 27.9 % sub-adults (1 to 2 years), and
55.8 % adults (>2 years). The sex ratio was evenly divided.
Percentage of sampled tissues included mandibular and tracheo-
bronchial the lymph nodes (25 %), lung (24 %), spleen (22 %),
liver (20 %), tonsil (5 %), and 4 % of other tissues including the
kidney, muscle, and a hock joint capsule. No detailed informa-
tion about distribution and size of lesions was provided.

A total of 161 tissue samples corresponding to 43 wild boars
were provided for a routine diagnosis activity without a pre-
established consensus about sampling process. Microbiology
was performed on 50 samples from 17 individuals. After decon-
tamination with NaOH, culture was attempted on Herrold and
Lowenstein Jensen media for a maximum of five months. Acid-
fast bacilli were confirmed by Ziehl-Neelsen staining of any

compatible colonies.Mycobacterium sp isolates were identified
by PCR and spoligotyping.

A total of 111 tissue samples from 33 wild boars, fixed in
10% neutral-buffered-formalin, were processed for histopath-
ological examination by paraffin-embedding standard
methods. Five-micrometer-thin paraffin sections were stained
with hematoxylin and eosin (H&E) and Ziehl-Neelsen stains.

Eight wild boars were subject to both histopathology and
mycobacteriology analyses.

Results

M. bovis was isolated in 6 of 17 wild boar (Table 1). All 13
culture-positive samples were confirmed as MTC by PCR.
Samples from 6 individual wild boar yielded spoligotype
n u m b e r S B 1 6 2 7 ( b i n a r y p a t t e r n
1101111101111110111101111111111111010100000).
Regarding the thoracic region, 60 % of thoracic samples pro-
vided, including lung tissue or tracheobronchial LN samples,
yielded MTC isolates.

Two thirds (64 %) of the wild boar submitted for histopa-
thology revealed TB-compatible lesions (Table 2). Sixty-three
and 43 % of individual wild boar showed TB-compatible le-
sions, respectively, in lymph nodes and in lung tissue samples.
A remarkable 19 % of the sampled wild boar showed TB-
compatible liver and spleen lesions. The single hock joint
capsule sample revealed TB-compatible granulomas. Typical
histopathological TB lesions consisted of granulomas with a
caseous necrotic center surrounded by a rim of epithelioid
macrophages, lymphocytes, and few Langhans giant cells.

Table 1 Number of culture-positive wild boar (Sus scrofa) tissue samples by number of individual wild boar sampled

Head region Thoracic region Abdominal region Total

Age Class Tonsils Mandibular LN Total Lung TB LN Total Spleen Liver Hepatic LN Kidney Total

<1 year ½ ¼ 1/4 2/2 1/2 2/2 0/2 0/2 0/2 0/2 3/4

1-2 years 0/1 1/6 1/6 0/3 1/3 1/3 0/3 0/3 0/2 0/3 1/6

>2 years 0/4 1/5 1/5 1/2 3/5 3/5 1/4 0/5 0/2 0/1 1/5 3/7

Total 1/7 3/15 3/15 3/7 5/10 6/10 1/9 0/10 0/6 0/1 1/10 7/17

LN lymph nodes, TB LN tracheo-bronchial lymph nodes

Table 2 Number of wild boar (Sus scrofa) tissue samples with
tuberculosis-compatible histopathology by number of individual wild
boar sampled

Age Class Tonsils Lymph nodes Lung Liver Spleen Total

<1 year 0 3/3 3/4 1/3 0/3 4/5

1–2 years 0 4/6 3/6 3/5 2/5 4/7

>2 years 0/3 11/18 7/21 1/18 3/19 13/21

Total 0/3 17/27 13/30 5/26 5/27 21/33
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These granulomas were associated with moderate to severe
fibrosis. Ziehl-Neelsen stains did not detect the presence of
acid-fast bacilli, indicating paucibacillary infections.

Discussion

Our results confirm the presence of MTC infection in
Moroccan wild boar. Regarding the host status of wild boar
in this region, the often generalized lesion pattern suggests a
possible role of wild boar as a component of the MTC main-
tenance host community. However, our information was lim-
ited to only 43 wild boars from one specific region. Thus,
further research is needed to assess the host status of wild boar
in Morocco.

A large proportion of the studied Moroccan wild boar (43–
60 %) had TB-compatible lesions or MTC-positive culture
from the thoracic region, suggesting a possible excretion of
mycobacteria. This figure is similar to those reported from
Mediterranean habitats of the Iberian Peninsula (57 %;
Martín-Hernando et al. 2007), and higher than figures reported
for regions were wild boar (or feral pigs) are not regarded as
MTC reservoirs like Atlantic Spain (Muñoz-Mendoza et al.
2013) or New Zealand (Nugent et al. 2015). Of the known risk
factors driving TB prevalence in native wild boar populations
(Vicente et al. 2013), dry summers are clearly present in the
study region. This could perhaps contribute to explain the high
proportion of wild boar with generalized TB recorded in this
study.

Since all samples were submitted to the laboratory by vet-
erinary practitioners, this material was most likely biased to-
wards animals showing visible lesions. Hence, prevalence es-
timations are not representative of the whole population.
Similarly, the absence of a growing prevalence through age-
class may be due to this sampling bias towards visible TB
cases. However, the proportion of organs affected and lesion
severity were of interest for assessing the possible epidemio-
logical role of wild boar in MTC maintenance in the study
region.

Results reported herein are relevant since there are no pre-
vious reports on wildlife TB in northern Africa. Although we
found no match with the human MTC isolate spoligotype
patterns reported in Morocco (Lahlou et al. 2012), our find-
ings are of relevance in a country with a still high proportion
of human TB due to M. bovis (Bendadda et al. 2003).
Although we cannot confirm the host status of wild boar in
the study region, this study confirmed that MTC is circulating
among this wildlife host, and that the lesion distribution and
lesion characteristics are compatible with excretion and even-
tual intra- and inter-species transmission. This is important for
animal health policy as it adds to the community of suitable
MTC hosts in the region. Furthermore, these findings could
have relevance for conservation, for instance if endangered

TB-susceptible species such as the Barbary lion (Panthera
leo) were exposed to infected wild boar, even in captivity
(Black et al. 2010).
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