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ABSTRACT

Tuberculosis (IB) is a widespread and endemic disease of ruminants in Algeria posing a significant threat to
public health. A retrospective abattoir study was conducted in Bejaia province (Algeria) from 2009 to 2018 to
estimate the prevalence of tuberculosis in cattle, sheep, and goats using detailed meat inspection procedure. The
overall prevalence of tuberculosis was 2.06% (4092/199 077) in cattle, 0.007% (11/168 796) in sheep, and 0.008%
(11/164 986) in goats. The annual prevalence rate of the disease showed intermittent increase in levels over the
ten years period of the study. However, monthly fluctuations of tuberculous lesions in slaughtered cattle were
recorded throughout the study period with detection rates ranging from 1.77% and 2.36%. In addition, the
variation in seasonal prevalence in cattle and goats is not significant (P > 0.05). Our analysis has revealed the
magnitude of TB in the study area and warrants further systematic investigation on the transmission of the
disease in Algeria.
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Cezayir, Bejaia'daki Mezbaha Verilerine Dayanan Tiiberkiiloz Hakkinda Ilk Rapor: Geriye Déniik 10
Yillik Bir Arastirma

oz

Tiberkiiloz (IB), Cezayir'de halk sagligt icin énemli bir tehdit olusturan ruminantlarin yaygin ve endemik bir
hastahigidir. Bejaia'da (Cezayir) sigir eti, koyun ve kegilerde tiberkilloz prevalansinin ayrintii bir et muayene
prosediirii kullanilarak tahmin edilmesi igin geriye déniik bir mezbaha c¢alismast yapilmistir. Ttberkiloz prevalanst
sigitlarda % 2.06 (2.092/199 077), koyunlarda % 0.007 (11/168 796) ve kecilerde % 0.008 (11/164 986) idi.
Hastaligin yillik yayginlik orani, calismanin on yillik dénemi boyunca araliklarla artmustir. Ancak, kesilen sigirlarda
aylik titberkiiloz lezyonlarindaki dalgalanmalar, ¢alisma stiresi boyunca % 1.77 ile % 2.36 arasinda degisen tespit
oranlarinda kaydedilmistir. Ayrica sigir ve kecilerde mevsimsel prevalanstaki degisiklik anlamli degildir (P> 0.05).
Analizimiz, calisma alanindaki TB'nin buytkligini ortaya ¢ikarmistr ve Cezayir'de hastaligin bulagmasina iliskin
daha fazla sistematik arastirmay1 garanti etmektedir.
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INTRODUCTION

Tuberculosis (TB) is a worldwide chronic and
debilitating zoonotic disease caused by the members
of the Mycobacterium  tuberculosis  complex. It is
characterized by progressive development of specific
granulomatous lesions (tubercles) in tissues especially
in the lungs, lymph nodes, liver, intestines, and kidney
where bacteria have localized (Shitaye et al. 2000).
Mycobacterium bovis and Mycobacterium tuberculosis are the
major causes of TB in a wide range of both domestic
and wild warm-blooded animals, and are the sources
of TB in humans (O’Reilly and Daborn 1995). Like
other mycobacteria, they are very robust in the
environment and can survive under extreme
environmental conditions (Courtenay et al. 2006; Fine
et al. 2011). Indeed, the close interaction between
humans and animals reported previously contributes
largely to the evolution and transmission of many
shared infectious diseases especially the tuberculosis
(Thoen et al. 2009). The pathogen can infect humans
and animals by ingestion of infected raw milk or
colostrum; through aerosol discharges, including
sputum, saliva, urine, and manure contact; and
through watering and feeding sites (De la Ruta et al.
2000, Silaigwana et al. 2012).

Tuberculosis is a widespread and economically
important disease of domestic animals. It negatively
affects agricultural activiies and causes severe
impacts on the productivity of the livestock industry,
leading to significant economic losses from livestock
deaths, additional processing costs for tuberculous
animals, and trade restrictions (De Garine-
Wichatitsky et al. 2013). In addition, infected animals
show decrease in milk and in meat production.
Tuberculosis is a serious chronic disease and
considered as well as a major zoonosis of public
health concern global, it is responsible for more
deaths than any other microbial disease ever today
(Thoen et al. 2016). In the annual reports of World
Health  Organization (WHO)  declared  that
approximately 10.4 million new Tuberculosis cases
were recorded in 2015 and about 1.8 million people
died globally (WHO 2016).

In Algeria, the livestock sector plays an important
role in the national economy and food security.
According to the satirical report of the Ministry of
Agriculture and Rural Development, the national
herd exceeds 34 million heads including sheep, goats
and cattle. Most of the tuberculosis surveys are based
on tuberculin skin test, bacteriology and post mortem
meat inspection in slaughterhouse that play an
important role for surveillance of the disease in many
countries as such Algeria. It is urgent to evaluate the
magnitude of occurrence of this pathology in animal
livestock. Furthermore, slaughterhouse surveillance is
the most economically efficient method of detecting
infection in herds with a high level of sensitivity and
contributes to the eradication of tuberculosis from

several  developed  countries.  Therefore, a
slaughterhouse can be a potential source of
information on the epidemiology of animal affected
for this disease (Shittu et al. 2013).

Currently, there is very few available data on animal
tuberculosis in slaughterhouses in Algeria especially
Bejaia province. For this reason, the objective of the
present study was to determine the prevalence of
tuberculosis infection based on the records from
different local slaughterhouse in Bejaia province from
2009 to 2018.

MATERIALS and METHODS

Study area

The study was conducted in Bejaia Province of,
(36°43’N, 5°04’E), which is located in the
northeastern of Algeria, and covers a total land mass
area of 3206.826-kilometer square (km?). The study
area treceives a mean annual rainfall of about 797.5
mm with mean annual minimum and maximum
temperature range of about 11.3 and 25.5 °C,
respectively. It experiences two main seasons: a dry
season from June to August, and a rainy season from,
September to May, with the greatest falls between
December and February. In Bejaia province, cattle,
sheep and goats are the most important livestock
species  (43,000; 115,000, 44,000 of head,
respectively).

Routine post-mortem procedures

A retrospective study was carried out using abattoirs
records for cases of TB in animals over a period of
ten years from January 2009 to December 2018. The
municipals abattoirs were under the supervision of
the Directory of Agricultural Services. Routine
abattoir inspection of carcasses for detection of
visible abnormalities including tuberculous lesions
was carried out by the assigned meat inspectors
(Veterinarians) based on procedures adopted by
Gracey et al. (1999). For this study, diagnosis of
tuberculosis in cattle was based on the visual
examination of organs such as lungs, liver, kidneys,
uterus, spleen, udder, intestines, pericardium, pleura,
peritoneum, and incision of tracheobronchial,
mediastinal,  apical, medial  retro-pharyngeal,
submaxillary, mesenteric, hepatic, inguinal, and supra-
mammary lymph nodes. Other lymph nodes and
organs are incised whenever lesions are detected in
one of these tissues. In detail, necropsy procedures
were based on gross detection of typical tubercle
which is whitish or yellowish in colour, yellowish
granulomatous caseated lesions or sometimes ‘gritty’
calcification in the mentioned tissues. The lymph
nodes were sliced into multiple thin sections using
knives and examined visually under a bright light
source for the presence of TB-like lesions. Diagnosis
of tuberculosis in sheep and goats was based only on
the visual examination of thoracic and abdominal
organs, pericardium, pleura and peritoneum because
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the tuberculosis of progressive generalization is
extremely frequent in these species; therefore,
tuberculous lesions atre visible on the parenchyma of
several organs and are similar to those seen in cattle
(Gracey et al. 1999).

Determination of prevalence

The overall prevalence for animal species was
calculated from data collected over a ten-year period
(2009-2018). Records of monthly and annual returns
from abattoirs were scrutinised with regard to the
number of animal slaughtered and the corresponding
number of infected animals as a result of infection
tuberculosis. The annual prevalence of tuberculosis
was calculated as the number of cattle with suspect
TB lesions divided by the number of animals
examined at post-mortem during that particular year
and expressed in percentage. The seasonal prevalence
was also determined by calculating the total umber of
found positive for tuberculous lesions recorded
during the rainy season (October, November,
December, January, February, Marsh), dry season
(April, May, June, July, August, September), divided
by the total number of animals examined at post-
mortem during that particular season and presented
in percentage.

Statistical analysis

All the data were entered, stored and calculated in
Microsoft Excel 2007. The retrospective data were
analyzed using Statview (Version 4.55). The data were
also presented using descriptive statistics in the form
of table. Mean were compared using the independent
samples ~test at 95% confidence interval. The values
were statistically different when the P-value was <
0.05.

RESULTS

Table 1 shows meat inspection data for the number
of slaughtered animal (cattle, sheep and goats) and
tuberculosis lesions detection for a ten-years petriod
(January 2009 to December 2018). A total of 181,450
cattle, 163,384 sheep and 145,048 goats were

—¢— Cattle
Sheep
—d— Goats

% Annual infected animals
(™)

0 —i il il il

slaughtered and inspected during a 10-year of study
period at Bejaia province. There were significant
differences (P = 0.05) in the mean numbers of
animals slaughtered per year during the indicated
period. The overall prevalence of tuberculosis
detected by post-mortem examination in cattle, sheep
and goats slaughtered during the study period was
2.06% (95% CI, 0.66-3.38), 0.007% (95% CI, 0-0.001)
and 0.008% (95% CI, 0-0.001), respectively. The
distribution of tuberculous lesions in slaughtered
cattle shows a significant difference when compared
to sheep or goats (P < 0.05).

A result of annual trends and monthly prevalence of
infected animals by tuberculosis during recording
period (2009-2018) is illustrated in Figure 1 and 2. In
cattle, the rate maximum of tuberculosis was 3.53% in
the year 2018; and a minimum of 0.58% in the year
2011, the overall annual prevalence rate of the disease
showed intermittent increase in levels over the ten
years period of the study. The maximum annual
prevalence at tuberculosis cases for sheep and goats
were 0.01% in the year 2014 and 2016, respectively.
The monthly prevalence of tuberculosis in
slaughtered cattle were recorded throughout the study
period with detection rates ranging from 1.77% and
2.36%. On the other hand, the monthly cumulative
prevalence rates of sheep and goats tuberculosis cases
recorded varied between 0% and 0.06%.

The seasonal variation in the prevalence of infected
animals due to tuberculosis is summarized in Table 2.
The prevalence rates recorded of infected cattle and
goats tuberculosis were slightly higher in rainy season
than in the dry season. However, this difference was
not statically significant. On the other hand,
prevalence of tuberculous lesions in sheep recorded
during the dry season (0.01%) is significantly higher
(P < 0.05) than in the rainy season (0.0%). The
overall prevalence of tuberculosis lesions recorded
during the rainy season (0.85%) is higher compare to
dry season and is not significantly different (P >
0.05).

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Period (Years)

Figure 1. Annual trends of infected animals in slaughtered cattle, sheep
and goats as a result of tuberculosis for the period 2009-2018 in Bejaia

province
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Figure 2. Monthly variations in proportions of infected animals for
tuberculosis in slaughterhouse during the year 2009-2018 in Bejaia
province

Table 1. Slaughter statistics Tuberculosis rates of infected animal between 2009 and 2018 in Bejaia province

Species slaughtered Cattle Sheep Goats Animal total
Number slanghtered 199 077 168 796 164 986 532 859
Mean £ SD 19907.7£2229 16879.624984.6 16498.6£5358.6 53285.919677.2
Min-Max 17196-23760 12695-28862 97719—0274389 40662-67657
Number with 4092 11 11 4114
tuberculosis lesions

Prevalence (%) 2.062 0.007> 0.008> 0.77

95% confidence interval 0.66-3.38 0-0.001 0-0.001 0.13-0.65

*b Values with different superscripts in the same raw are significantly different (P < 0.05).

Table 2. Seasonal prevalence rates (%) of tuberculosis in infected animal slaughtered between 2009 and 2018 in

Bejaia province

Species Season Number Number of infected
slaughtered animals by Tuberculum (%)
Cattle Rainy 87178 1979 (2.27%)
Dry 114033 2454 (2.15%)
Sheep Rainy 72713 0 (0%) *
Dry 106882 11 (0.01%) *
Goats Rainy 75099 10 (0.013%)
Dry 90143 1 (0.001%)
All Rainy 234990 1989 (0.85%)
Dry 311058 2466 (0.79%)

*Values with different superscripts in the same species between rain and dry season are significantly different (P < 0.05)

121



DISCUSSION

In Affrica, epidemiological studies of TB atre difficult
to perform due to cost and the lack of laboratory
techniques, therefore, many epidemiologic and public
health aspects of the disease remain mainly unknown.
However, the regular post-inspection monitoring of
carcasses remains the best option for monitoring
animal tuberculosis and can be a valuable soutrce of
information on the incidence of animal diseases and
conditions, some of which may be zoonotic. The
meat inspection data ate a potential source of
information and have an important role to play in
epidemiology and preventive veterinary medicine;
however, it is not being fully exploited in Algeria,
especially in Bejaia province. In this context, our
study aimed at determining the magnitude and
distribution of tuberculosis in Bejaia slaughterhouse
using a meat inspection procedure from January 2009
to December 2018. To our knowledge, this is one the
rare study conducting the prevalence of tuberculosis
diagnosed from slaughter in Algeria, especially Bejaia
area. However, routine abattoir meat inspection and
periodic intra-dermal tuberculin skin testing of cattle
from intensive dairy farms have already previously
revealed the presence of bTB in Algeria (Sahraoui et
al. 2009).

Based on detailed post-mortem inspection, the overall
prevalence of tuberculosis in cattle, sheep and goats
recorded in the current study (2.06%, 0.007% and
0.008%, respectively) is widely different compared to
several report. The tuberculosis prevalence of bovine
slaughtered in the present study (2.06%) is lower
compared to the previous works (Sahraoui et al. 2011)
who reported prevalence of 3.58% in four abattoirs in
the north of Algeria. Likewise, when compared with
the data recorded elsewhere in developing countries,
the prevalence recorded in this study was lower than
6.1% prevalence reported in Nigeria by Ahmad et al.
(2017), 5.5% in Ethiopia (Dejene et al. 2016) and
9.7% in Uganda (Nalapa et al. 2017). However, this
rate was higher than the earlier reports based on
abattoir post-mortem detection of tuberculosis-like
lesions from different regions; 0.78% (Sa’idu et al.
2017) in Nigeria, 0.48% (Carvelho et al. 2015) in
Brazil, and 0.18% (Asil et al., 2013) in Sudan. These
differences could be explained by many factors
including lower cattle density and housing of animals
in open areas, which are unlikely to favour the spread
of the disease, breed of animals that are slaughtered
in the abattoirs, differences in the disease status in the
animal populations, and various environmental
influences (Regassa et al. 2010). The transmission and
development of infection have been found to differ
significantly from place to place, and this difference is
most probably linked to the climatic conditions
affecting the stability of the agent in the environment,
type of the production system (intensive, extensive),
malnutrition, insufficient aeration system, over

stocking and herding of different herd groups
(Shitaye et al. 2000).

The tuberculosis prevalence of sheep slaughtered in
the present study (0.007%) is lower compared to the
previous works who reported prevalence over of
0.22% at two abattoirs in the central region of Algeria
(Sahraoui et al. 2012), and 2.85% in South Darfur
State during the period October 2015 to February
2017 (Aljameel et al. 2017). However, this prevalence
is higher than the 0.0% reported by Cadmus et al
(2009) at Bodija municipal abattoir in Oyo state of
Nigeria. The rate of caprine tuberculosis is revealed
lower (0.008%) than the 3.72%, 3.5%, and 1.68%
reported by Aljameel et al. (2017) in Sudan, Benti et
al. (2013) in Ethiopia and Luboya et al. (2017) in
Congo. In one survey conducted in four
slaughterhouses in the north of Algeria during the
year of 2007, the authors report a prevalence of
lesions of caprine tuberculosis of 6.03% (Sahraoui et
al. 2008). The low rate of TB in slaughtered sheep
and goats in Bejaia province might be attributed to
the housing of sheep and goats separately from cattle
at night, and to many factors such as animal source,
age, breeding management and hereditary resistance.
In addition, separate herding may have contributed to
a low contact rate between sheep and goats and the
other species of animals (Ghebremariam 2018).

The low percentage of TB in animals in Bejaia
province (Algeria) might be indicative of the success
of the TB eradication program in domestic animals.
Moreover, the majority of Algerian cattle are
registered and cattle movement control systems are
well established. Also, this may be due to technique
conducted by researchers such as microscopic
identification of the post mortem lesions of the
disease in the slaughtered and tuberculin test
technique which are more sensitive (Danbirni et al.
2009). The difference of tuberculosis prevalence
might be underestimated in tuberculosis animal
slaughtered because of undetected lesions in eatly
infection or because small lesions might be missed as
a result of difficulties in carrying out inspection
without pressure.

From the results of the epidemiological survey, the
tuberculosis  cases detected by post-mortem
examination in cattle (2.06%), was significantly higher
than sheep and goats (0.007%, and 0.008%) at
slaughterhouses of Bejaia province. This could be
attributed to many factors such as animal source, age,
breeding management and hereditary resistance.
These variations could be due to different control
practices, particularly the diagnose of the TB to
improve livestock production. The prevalence of TB
is different in various species due to environmental
and management factors (malnutrition, pregnancy
and concurrent infection) that may suppress the
immune responsiveness of animals. This situation
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could have potential impact on human health directly
and threat to human livelihood by compromising
food supply, income and social status.

The overall annual prevalence rate of the tuberculosis
in cattle showed intermittent increase in levels over
the ten (10) years period of the study. The reason for
this increasing trend in the prevalence of TB in cattle
was not clear. Thus, the increase in the bovine TB
detection rate in this study may not have been a real
increase of the disease state but is probably due to the
intensification of the slaughter/meat inspection
procedure. Meat inspection offers an effective means
of monitoring the level of TB and depends on the
work load, time, and diligence of the veterinary staff
conducting the examination (Shitaye et al. 20006). The
introduction of modern diagnostic techniques with
the intensification of meat inspection and tracing of
infected/suspicious cases to the herds of origin would
be necessary for effective surveillance of TB.
Tuberculous lesions in slaughtered cattle showed
monthly fluctuations throughout the study period
with detection rates ranging from 1.77% and 2.36%.
Therefore, TB lesions were not influenced by month
but it was higher during stressful periods when
slaughtering was elevated during religious feasts and
sociocultural ceremonies.

In general, the variation in seasonal prevalence in
cattle and goats is not significant (P>0.05), as such
there was no association between the occurrence of
TB and season in the state. These findings were in
concordance with other previous report of Awah-
Ndukum et al. (2010) in Cameron who reported that
the detection of TB lesions was not influenced by
season but was high during stressful periods such as
inter season and peak-season periods. Nwata et al.
(2011) showed that variation in seasonal prevalence
was not significant; they reported a prevalence of
13.2% during the rainy season and 12.5% during the
dry season. However, Pollock and Neill (2002) and
Ahmed et al. (2013) reported strong association
between season and tuberculous lesions but the
reason for the difference in the seasonal vatiations
and tuberculous detection observed in their studies
was not stated. During the dry season, prevalence of
tuberculous lesions in sheep was 0.01% while the
prevalence was lower during the rainy season (0.0%);
this may be due to the small number of infected
sheep, which does not lead to a significant result.

CONCLUSION

In conclusion, the findings of the present abattoir
study have provided a baseline data for monitoring of
the ruminant tuberculosis in Bejaia province (Algeria).
The results demonstrated that the prevalence of
bovine, ovine and caprine tuberculosis recorded was
relatively lower than that of some of the previous
reports from abattoirs in the same country. However,

we suggest that this disease should be investigated
turther in farms to determine the risks factors on the
prevalence in animals such as ages and breeds to
develop effective disease control strategies. Also,
standardization and intensification of slaughterhouse
detailed meat examination and proficiency testing of
meat inspections are suggested as essential and cost-
effective interventions to improve meat inspection
service in Algeria, with subsequent protection of
consumers' health. Measures to prevent infection
transmission among animals and to humans should
be the primary objective to be achieved with qualified
public health personnel, proper hygiene practices and
public education.
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