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Abstract

Background: The prevalence of bovine tuberculosis (BTB) in dairy cattle in the three major milk producing regions
of Eritrea was assessed by subjecting 15,354 dairy cattle, 50 % of Eritrea’s dairy cattle population, to the single
intradermal comparative tuberculin test (SICTT). Skin test results were interpreted according to guidelines of the
World Organization for Animal Health (OIE) with >4 mm as cutoff in skin thickness increase. In addition, we studied
the relation between ‘physiological” variables related to pregnancy and lactation, and the variable region’ on the

probability to be skin test positive.

Results: The BTB prevalences at animal and herd levels were: 21.5 % and 40.9 % in Maekel, 7.3 % and 10 % in
Debub, and 0.2 % and 1.6 % in the Anseba region, respectively. Overall, in the regions included, prevalence was 11.
3 % (confidence interval (Cl) 95 % Cl, 11.29 — 11.31 %) and 17.3 % (95 % Cl, 17.27-17.33 %), at animal and herd
level, respectively. Considering positive herds only, the animal BTB prevalence was 36.8 %, 30.1 %, and 1.8 %, in
Maekel, Debub and Anseba, respectively, and the overall animal prevalence within these herds was 32 %. In adult
dairy cattle the probability of positive reactivity in the SICTT test was highest in pregnant animals as compared to

the other categories.

Conclusion: This study reports persistent prevalence of BTB as defined by positive SICTT in the dairy sector of
Eritrea, especially in the regions of Maekel and Debub that are located in the central highlands of the country. To
our understanding this is the first report that has encompassed all the major dairy farms in Eritrea and it will be
instrumental in advocating future BTB control programs in the dairy sector.
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Background

Bovine tuberculosis (BTB) is a chronic, infectious and
contagious disease caused by Mycobacterium bovis
(M.bovis) affecting cattle and other species. The disease
in cattle appears both on intensive dairy farms and in
extensive pastoral systems [1-5]. The standard diagnos-
tic test used in our study and many others is the ‘single
intradermal comparative tuberculin test’ (SICTT). This
test has moderate to high sensitivity (68—95 %) and high
specificity (96-99 %) [6-9]. M. bovis is zoonotic, and
can be transmitted from animals to humans through
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consumption of raw milk, inhalation, and direct contact
with saliva. Beside its zoonotic importance, BTB affects
the livelihood of people in developing countries by com-
promising sustainable food supply, income and social
status [10]. In Africa, for example, BTB is ubiquitous:
about 85 % of the cattle and 82 % of human populations
live in areas where BTB is either not or only partly con-
trolled [11]. In 2004, BTB was reported by 26 of the 51
African countries who filed statistics with OIE [12].

BTB is present in Eritrea [13], where the integrated
farming system includes a dairy cattle population of
around 16,000 animals of exotic breed (Holstein Frie-
sians (HF)) and crossbreds, 13,000 cattle of the indigen-
ous Barka breed, and 1,500 animals of Sudanese breeds
(MOA, Kahsay Negash, personal communication, 2010).
BTB, first reported in Eritrea by Pirani in (1929), was re-
ported to be highly prevalent in the capital city Asmara
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(Maekel region) and its surroundings in 2001 [13]. The
BTB status in other regions of the country was never
addressed.

Thus, the current study focused on the major milk
producing regions (Maekel, Debub, Anseba), and its
samples included more than 50 % of the total dairy cattle
population of the country. It aimed to determine BTB
prevalence and its association with various animal
‘physiological statuses’ related to pregnancy and lactation
and ‘region’ in relation to positive reactivity in the
SICTT throughout Eritrea’s dairy sector.

Methods

Study area

Eritrea is located in the Horn of Africa and lies north of the
equator between latitudes 12°22’ N and 18°02’ N, and longi-
tudes 36°26' E and 43°13’ E. It has an area of 124,400 square
kilometres and is divided into six regions (zones) adminis-
tratively, namely: Maekel, Debub, Anseba, Gash Barka,
Southern and Northern Red Sea (Fig. 1), each of them com-
prising of several sub-regions. The country has diverse cli-
matic zones. The mean annual temperature ranges from
16 °C in the highlands (around the capital Asmara) to ex-
tremely high temperatures (31 °C) in the lowlands. In the
highlands, where the Maekel and Debub regions are lo-
cated, the hottest months are usually May to June with the
highest temperature reaching around 27 °C to 30 °C.
Whereas in the western lowlands, where the Anseba region
is located, the temperature ranges from 28 °C to 46 °C, ex-
cept in December month when the temperature falls as low
as 15 °C. The altitude ranges from 120 meters below sea
level to 2400 meters above sea level in the central high-
lands. Dairy farms in the highlands of Eritrea are mainly
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Fig. 1 Map of Eritrea and the study areas. The map shows the six
administrative regions of Eritrea and the three major milk producing
regions of the country where the study was conducted: Maekel (1),
Debub (2) and Anseba (3). Adapted from https.//commonswikimedia.org/
wiki/File:Eritrea_regions_blankpng (website re- visited: 06/05/2016)
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concentrated in the Maekel and Debub regions [14], and in
the lowlands the major dairy region is Anseba.

The livestock production system in the country is
divided into three parts: intensive urban and peri-
urban dairy husbandry system, extensive mixed crop-
livestock system, and extensive pastoral system. The
dairy farms are mainly located in and around the
major towns of the regions. In Maekel the dairy farms
are located in the capital Asmara and its environs.
Dairy farmers in this region have shortage of land for
housing, thus keep their dairy herds in confined areas
in small houses. Most of the houses lack windows for
adequate ventilation. In Debub, most of the dairy
farms are located outside the major towns with few
farms within the towns. The dairy farms outside the
towns have adequate space for housing and grazing.
Those dairy houses located in the towns have small
sizes but with windows for ventilation. In this region
dairy cattle are allowed to partially graze within the
compounds of the farms. In Anseba, most of the
dairy farms are located outside the major towns and
have adequate spaces for partial grazing and housing.
The dairy houses have adequate spaces and bigger
windows. During the day the dairy cattle spend most
of their time under shades outside the buildings.

In the mixed crop-livestock system, livestock are sed-
entary, kept in villages where grazing is communal. This
production system is practiced mainly in the highlands
(Maekel and Debub) and partially in Anseba (in the
highland areas). In the pastoral system, large mobile
herds are kept in the lowlands. Such husbandry system
is mainly practiced in the western and eastern lowlands
of the country, namely, in Gash Barka, Northern and
Southern Red Sea regions, and partially in Anseba
(Fig. 1). The herds in this production system come in
contact with other herds during their movement. The
largest proportion of the livestock (about 60 %) is kept
in the lowlands under traditional system. The cattle
population and its distribution in the six regions is
shown in Table 1. The livestock species in these regions
are predominantly small ruminants, cattle and camels.

Study population and skin testing

In 2011 a cross-sectional survey was conducted to assess
BTB prevalence in the three major milk producing re-
gions, Maekel, Debub, and Anseba, in Eritrea (Fig. 1).
All herds and all individual animals above six weeks of
age were included in the study within the selected re-
gions. The inclusion criteria were the same in all the re-
gions. In total 15,354 dairy cattle in 3,149 herds were
tested for BTB using the single intradermal comparative
tuberculin test (SICTT). The survey was organized and
coordinated by the Ministry of Agriculture, Eritrea.
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Table 1 Official cattle population in 10° in the six regions of
Eritrea (Anonymous, 1997)

Region Cattle population
Anseba 219

Debub 490

Gash Barka 917

Maekel 40

Northern Red Sea 178

Southern Red Sea 82

Total 1,927

The SICTT was used based on the guidelines of the
OIE [6]. Two sites on the left side of the mid-neck, 12
tol5cm apart, were shaved. The skin thickness was mea-
sured with a ‘Vernier caliper’ and recorded. The upper
site was injected with 0.1 ml containing 2,500 IU/ml
avian PPD (Instituto Zooprofilatico Sperimentale dell’
Umbria e delle Marche, Italia) using McLintock pre-set
automatic syringes. Likewise, 0.1 ml of 2,500 Ul/ml bo-
vine PPD (Instituto Zooprofilattico Sperimentale deli
Abruzzo e del Molise G. Caporale®, Italia) was injected
into the lower site. Bovine PPD (PPD-B) and avian PPD
(PPD-A) are defined as Purified Protein Derivatives of
M. bovis and M. avium, respectively. All animals were
ear tagged and their identities were confirmed at the
time of reading. After 72 h, the skinfold thickness at the
injection sites was re-measured by the same operator
and with the same calliper used before. A skin reaction
was considered positive when the skin thickness increase
at the bovine site of injection was more than 4 mm
greater than the reaction at the avian injection site. The
reaction was considered inconclusive when the increase
at the bovine site was between land 4 mm greater than
the avian reaction. The reaction was considered negative
when the increase in skin thickness at the bovine site
was less than or equal to the increase in the skin reac-
tion at the avian site of injection in the absence of
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clinical signs at the bovine injection sites. Moreover, in-
formation relating to age, sex, physiological status (re-
spectively, bull (castrated/entire), heifer empty, heifer
pregnant, lactating empty, lactating pregnant, dry preg-
nant) and region, was recorded for all the tested cattle
(Table 2).

Data entry and analysis

The data was first entered in an Excel spreadsheet and
checked for correctness by computing frequencies (pivot
tables) using SPSS IBM version 20 software. Analyses of
the association of the animals’ ‘physiological statuses’ on
the prevalence of BTB as assessed by SICTT were per-
formed using the statistical package R version 3.1.0 [15].
A ‘Generalized linear mixed model fit by maximum like-
lihood’ [16] was used with BTB as binary outcome (BTB
present: yes or no) and with herd as random effect to ac-
count for correlated observations within herd. Explana-
tory variables were ‘region (forced in the model),
‘physiological statuses’ and ‘age category’ (the latter vari-
able was included in the model on data of adult animals
as ‘age’ is highly correlated with ‘physiological status’). In
both models (on all animals and adult animals respect-
ively) the final model contains ‘region and ‘physiological
status.

The AIC (Akaike’s Information Criteria) selection cri-
terion was used to select the ‘best model’. The analysis
was performed in positive herds (at least one reactor
animal) with >5 animals only (Model 1 & 2) (Tables 3
and 4). The variable ‘physiological status’ included calf,
bull, heifer empty, heifer pregnant, lactating empty, dry
pregnant, lactating pregnant. The variable ‘age’ included
different age groups, namely; <3 years old, 3 to <5 years
old, and >5 years old (Table 2).

Results

Descriptive analysis

Opverall, 15,354 individual animals in 3,149 herds were
tested in the three regions. The highest proportion of

Table 2 Groups of cattle in different 'Physiological statuses’ and different age categories in the study (Eritrea, 2011)

Variables Description
Calf Young female/ male animal <2 years old
Bull Male animal (entire/ castrated) =2 years old

Heifer empty

Heifer pregnant
Lactating empty
Lactating pregnant
Dry pregnant

Age (three categories) <3 years old

3 to <5 years old

>5 years old

Young female animal 22 years old that hasn't calved and is not pregnant
Young female animal 22 years old that is pregnant and hasn't calved before
Mature 23 years old, lactating cow that is not pregnant

Mature 23 years old, lactating and pregnant cow

Mature >3 years old pregnant cow that is approximately 4 to 8 weeks from calving, and not lactating
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Table 3 Model 1 ‘Physiological status’ and ‘region” as potential risk factors for reactivity in the comparative tuberculin test on
positive herds with =5 tested animals (4,776 observations within 344 positive herds) and animals tested, number and proportion of
positive reactors in all positive farms (5269 observation). Estimated variance for herd: 1.118 on the logit scale

Physiological status and OR 95 % confidence interval Number and % tested and % positive reactors in positive farms
region Lower bound Upper bound Tested % tested % positive reactors
Calf (reference) 1.0 1613 306 14.6

Bull 52 33 83 147 28 306

Heifer empty 25 1.8 35 533 10.1 22.1

Heifer pregnant 58 4.2 8.1 460 8.7 344

Lactating empty 8.2 6.3 10.6 996 189 439

Lactating pregnant 108 84 139 1191 226 46.9

Dry pregnant 102 7.0 14.8 329 6.2 423

Anseba region (reference) 1.0 397 75 1.76

Debub region 85 19 37.1 1647 31.30 3012

Maekel region 130 30 46.1 3225 61.21 36.84

the cattle population under study was that of young
stock <3 years (60 %) followed by mature animals 3 - <
5 years (24 %). The prevalence of SICTT reactors was
11.3 % (95 % CI, 11.29 — 11.31 %) at individual animal
level and 17.3 % 95 % CI, 0.1727-0.1733) at herd level.
The individual animal prevalence would have increased
by 0.4 % had we used single intradermal tuberculin test
instead of SICTT. The number of individual animals and
herds tested in each of the regions were: Maekel (n =
5,667 and 927), Debub (n = 6,827 and 1,839), Anseba (n
=2,860 and 383), respectively. The region with the high-
est animal and herd BTB prevalence was Maekel (21.5 %
and 40.9 %), followed by Debub (7.3 % and 10 %) and
Anseba (0.2 % and 1.6 %). Considering only the positive
herds (n = 545) in the three regions, the total number of
animals tested was 5,272. These comprised 3,226 ani-
mals in Maekel, 1,647 in Debub and 399 in Anseba. The
BTB animal prevalence in the positive herds was 36.8 %
(n=1,188), 30.1 % (1 =496), and 1.8 % (n =7) in Maekel,
Debub, and Anseba, respectively. The reaction to bovine
tuberculin test was strong with differences in skin thick-
ness (PPD-B minus PPD-A) reaching 4.5 mm to 73 mm
(Additional file 1). The additional file shows the bovine

Table 4 Model 2'Physiological status’ as potential risk factor for
reacting to tuberculin testing in adult dairy cattle in positive
herds with 25 tested animals (2,356 observations in 326 herds)
in Eritrea-2011, corrected for region. Estimated variance for herd:
1.245 on the logit scale

Physiological OR 95 % confidence interval
status Lower Upper
Bull (reference) 1.00

Lactating empty 1.55 0.99 243
Lactating pregnant 2.24 143 350
Dry pregnant 2.01 1.19 340

versus avian immune reactivity in the skin test in dairy
cattle in Eritrea. This file will be useful as a baseline
document for further studies in the area.

Risk factors analysis

The highest prevalence of SICTT reactors was found in
‘lactating-pregnant cows (Table 3). In Table 3 the Odds
ratios (OR), with 95 % confidence interval, of BTB status
with animal group and region in positive farms with at
least 5 tested animals are presented. The category ‘calf’
(animals of <2 years age) was taken as a reference for
the ‘physiological status’ groups. Compared to calves ani-
mals in all different ‘physiological statuses’ groups were
significantly more at risk of being skin test positive, with
pregnant lactating cows being most at risk (Table 3,
Model 1). Animals in Maekel were most at risk to be
SICTT positive reactors, followed by those in Debub
when compared to the Anseba region.

The odds ratios of BTB statuses of 2,356 adult animals
in 326 positive herds with ‘physiological status’ as potential
risk factor in relation to positive skin test results, taking
‘region’ into account are presented in table 4 (Model 2).
Compared to bulls, as reference, females tend to have a
higher risk, with pregnant animals significantly so.

Discussion

The current study included more than half of the dairy
cattle population of Eritrea and reports an overall preva-
lence of BTB at animal (11.3 %) as well as at herd
(17.3 %) level. The individual animal BTB prevalence dif-
fered between the three regions included, ranging from
21.5 % in Maekel to 7.5 % in Debub and 0.2 % in
Anseba. The BTB prevalence in skin test positive herds
was not uniform; it was highest (37 %) in Maekel,
followed by Debub (30 %), and Anseba (2 %).
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The risk of having a BTB skin test positive animal was
13 times more likely in Maekel and ~9 times more likely
in Debub than in Anseba (Table 3, Model 1). Differences
in BTB prevalence may be due to risk factors varying
across regions, as geographical location is in general an
accepted risk factor. Herds and individual animal factors
[17] may be attributed to the presence or absence of
proper housing, adequate space for grazing and exercise,
the type of breeds kept, and differences in climate.

Apart from differences in climatic circumstances be-
tween the regions the dairy housing system differs as
well. In the highlands the farmers keep their animals in-
doors, in small houses with few or no windows [18], and
as reported poor ventilation and housing may facilitate
transmission of M.bovis [2, 19-21]. Close contact be-
tween animals is known to be a major risk factor as BIB
is mainly transmitted via the respiratory route [22-24].
Similarly, close proximity of dairy farms and fence-line
contact between animals, like in Maekel may be another
important risk factor [25, 26]. These might have contrib-
uted over time to the persistence and high prevalence of
BTB in the region, especially since no control program
is in place in Eritrea. In contrast, in Anseba the dairy
houses have adequate windows for ventilation and the
animals spend more time outside in shaded areas and
these factors might have contributed to the low number
of SICTT reactors in the dairy farms of the region.

Asmara and its surroundings (Maekel region) was the
first place in the country where exotic breeds were intro-
duced for dairying. It was also in this area that BTB was
reported for the first time in Eritrea, in 1929, and as
already indicated in the previous study [13] as well as by
the present study, the BTB prevalence is still on-going
with an increasing trend. This might indicate that BTB
has established in this region as it is likely for herd
breakdowns to occur repeatedly in the same areas [27].
It may also be reasonable to argue that the subsequent
development of an intensive dairy production system
contributed to the establishment of M.bovis in this pro-
duction environment as previously stated by various in-
vestigators [11, 28]. There is a good reason therefore to
suspect that Maekel region might be acting as a source
for M.bovis spread in the country, as it is a pioneering
region for commercial dairying and a source of stocking
and restocking of the dairy farms of the different regions
in the country.

A major limitation of the present study was that the
‘breed’ of the animals tested was not sufficiently re-
corded by the operators during the skin testing period
and thus could not be included in the analysis. However,
we assume that the different breeds kept in the different
regions of the country may have contributed to the rela-
tively higher BTB prevalence observed in Maekel and
Debub regions where the presence of the HF breed
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predominates at the farms as opposed to Anseba. Several
studies have shown indigenous zebu cattle to be rela-
tively tolerant to M.bovis infection as compared to exotic
dairy breeds [3, 13, 20, 28-30]. To address this import-
ant aspect a relevant study is currently underway.

The present study indicated that pregnancy and lacta-
tion were significantly linked with the reactivity in
SICTT. Lactating -pregnant cows were most at risk (OR
~11) to show positive reactions in the skin test com-
pared to calves, and 2 times more compared to bulls.
These results are in agreement with a similar study in
Ethiopia [20] that reported that among ‘physiological
status’ group, pregnant lactating animals had the highest
prevalence of BTB. Kazwala et al, [31] also reported
high reactivity in SICTT in lactating cows. Pregnant ani-
mals are reported to have two to threefold more severe
inflammatory lesions with a rise to miliary tuberculosis,
compared to non-pregnant young female adults [32]. It
is difficult to explain the strongly increased odds ratio
for SICTT positive responses in lactating-pregnant ani-
mals. Physiological alterations in immune responsiveness
during pregnancy and lactation might influence skin test
responsiveness and potentially lead to improved detect-
ability of skin test positive females.

A case control study has shown that susceptibility of
animals to BTB infection increases when they are fed de-
ficient rations [33]. Currently, the available animal feeds
in Eritrea are deficient quantitatively (inadequate in
amount) as well as qualitatively (inadequate in their con-
tents of carbohydrate, proteins, minerals, etc.)) [34].
Feeding on such feeds might have contributed to the
higher susceptibility to BTB in the pregnant cows as
they are more demanding in their nutrient requirement.

Our risk factor analyses showed that ‘physiological sta-
tus’ was strongly associated with SICTT positive reactiv-
ity (Table 4, Model 2). Since age and herd sizes have
been indicated to be associated with the prevalence of
BTB in several studies [13, 35-39], we included age and
herd size as risk factors in the model. When the variable
‘age’ (3 levels) was added to the adult animal model on
‘physiological status; age was not significant and did not
influence the model estimates (results not shown). In
the model with all age groups, calves clearly had the
lowest risk of being SICTT positive as expected. Besides,
including animals from all herd sizes, instead of only
herds of 5 animals and above, did not have an important
effect on the odds ratios of ‘physiological status’ vis-a-vis
BTB prevalence (results not shown).

When compared to calves, bulls were at higher risk
(OR ~ 5) to react to the skin test (Table 3, Model 1). The
increased risk of bulls to be skin test positive as shown
may be due to frequent contact of these animals with
other herds during breeding, as sharing of bulls is a
common practice in Eritrea [40], which is also
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considered to be a risk factor for BTB transmission be-
tween herds of animals [33]. In addition, in view of age,
the potential cumulative exposure time for bulls is
higher than for calves.

The overall results of the current study resemble those
of similar studies in Ethiopia [1, 41-43]. The prevalences
in Maekel were, however, higher than those reported by
a study conducted previously by Omer et al. in the same
region in Eritrea [10], which reported lower (14.5 %) ani-
mal, and comparable (41.7 % ) herd BTB prevalences. As
expected the animal prevalence was higher than in the
previous study since no BTB control measures were in
place. The slightly higher herd prevalence in the previ-
ous study [10] might be due to the fact that they only
considered animal herd sizes of >9 whereas in our study
herd sizes of >1 were taken into account. Smaller herds
have a lower prevalence [37, 39, 40].

In this study bacterial culture was not conducted due
to the fact that skin test positive dairy cattle were not
slaughtered after the disclosure of the results due to a
lack of a compensation scheme.

In order to get more insight in the importance of BTB
and its epidemiology in Eritrea, as a potential basis for a
control program, further investigations in dairy cattle as
well as in indigenous cattle, goats and camels kept under
traditional livestock production systems are underway.

Conclusion

The current study has brought to light the persisting
prevalence of BTB as well as some animal characteristics,
related to pregnancy and lactation, linked with SICTT
positive skin test in the dairy sector in Eritrea. The BTB
risk tended to vary by region and adult lactating-pregnant
animals were the most likely to be test positive.

Additional file

Additional file 1: Frequency of skin thickness (mm) after 72 h post
inoculation in both the avian and bovine sites and the differences within
the two (Bovine 72 h - Avian 72 h). The first two columns show the skin
thicknesses on the avian site of injection after 72 h of the PPD-A inoculation
and their frequencies (frg). The following four columns show the skin
thicknesses on the bovine site of injection after 72 h of PPD-B inoculation
and their frequencies. The following six columns show the skin thickness
differences on the bovine sites versus avian sites of injection after 72 h of
inoculations of both PPD-A and PPD-B (PPD-B minus PPD-A) and their
subsequent frequencies. (XML 30 kb)
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BTB, bovine tuberculosis; HF, Holstein Friesian; MOA, Ministry of Agriculture;
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OIE, World Organization for Animal Health; M.bovis mycobacterium bovis; PPD,
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single intradermal comparative tuberculin test.
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