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Abattoir-based prevalence of avian tuberculosis in 
chicken slaughtered at Poultry abattoir in Bishoftu, 
Central Ethiopia 

Gezahegne Mamo 

Department of Veterinary Microbiology, Immunology, Public Health, College of Veterinary Medi-
cine and Agriculture, Addis Ababa University, P.O.Box 34, Bishoftu, Ethiopia gezahegne.mamo@
aau.edu.et; Tel. +251-911-678195 

Abstract
A cross-sectional abattoir-based study was conducted in apparently healthy 
chicken in Bishoftu town, Ethiopia to estimate the prevalence of avian tuber-
culosis and isolate its causative agent. The occurrence of avian tuberculosis 
was investigated using postmortem examination, bacteriological culture and 
acid-fast staining methods. Of the total 648 chicken examined to detect avian 
tuberculosis, 42 tissue samples showing gross pathological tuberculous-like le-
sions were collected from liver, spleen and intestine. The overall prevalence 
of avian tuberculosis in poultry was 6.48% (42/648) (95%CI: 4.53-8.38) on the 
basis of detailed postmortem examination. Out of 42 tissue samples cultured 
on Lowenstein-Jensen medium, 14 (33.3%) were bacteriologically culture posi-
tive and showed growth of dough-shaped smooth colony characteristic and out 
of these 14 culture positive samples, 5 (35.7%) were acid-fast positive myco-
bacteria. Statistical significant difference was observed in the prevalence of 
avian TB among chicken with different body condition scoring (χ2 = 23.593, p 
=0.001). Multivariable logistic regression analysis for risk factors showed that 
body condition scoring has a high statistical significant association with the 
prevalence of avian tuberculosis in the study area (p<0.05). Poor body condi-
tioned chicken were more likely to show TB lesions (OR=4.45, 95% CI, 2.33-
8.52) than good body conditioned chicken. The present preliminary study on 
avian TB using postmortem lesion examination and microbiological methods 
revealed the occurrence of avian TB in low prevalence in  apparently healthy 
chicken originated from intensive poultry farms in Bishoftu area; hence detail 
poultry meat inspection should be practiced at poultry abattoirs in order to 
reduce the public health risk. 

Keywords: Abattoir, Avian tuberculosis, Postmortem examination, Poultry, 
Ethiopia 
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Introduction 
Ethiopia has large population of chicken, estimated to be 56.53 million, of which 
local breeds representing 94.31%, hybrid chicken 3.21% and exotic breeds of 
chicken 2.49% (CSA, 2017). As in most developing countries, in Ethiopia vil-
lage chickens raised under backyard production system make up the largest 
proportion, more than 95%, while chicken in commercial production system 
constitute the remaining small proportion of the national population (Dessie et 
al., 2003; Habte et al., 2017).  

Poultry sector has an important contribution in the provision of high quality 
protein food in the form of meat and egg to rural smallholder farming families 
in Africa (Sonaiya et al., 1999) and Ethiopia (Dessie and Ogle 2001). Even 
though the backyard poultry production system constitutes the majority of 
poultry production in Ethiopia, currently large and small-scale commercial 
poultry farms are expanding in urban and periurban areas of Ethiopia to meet 
the poultry meat and egg demand of the fast growing urban population of the 
country. However, this growing poultry sector is constrained by various factors 
including infectious diseases which directly or indirectly influence the produc-
tivity of the sector (Habte et al., 2017). 

Avian tuberculosis (Avian TB) is one of the important infectious diseases of 
various species of birds including domestic chicken, pet birds, free-living and 
captive wild birds, and it has also public health significance (Dhama et al., 
2011).  Avian tuberculosis in poultry is most often caused by Mycobacterium 
avium subsp avium. However, more than ten mycobacterial species includ-
ing Mycobacterium genavense, M. avium subsp. hominissuis, M. intracellulare, 
M. scrofulaceum, M. fortuitum and other potential pathogenic mycobacterial 
species have been reported to infect birds (Tell et al., 2003; Shivaprasad, and  
Palmieri, 2012; OIE, 2018). 

The oral route of infection appears to be the primary mode of transmission of 
avian TB in birds and majority of the lesions were detected in the intestine and 
liver (OIE, 2018). In most cases, infected birds show no clinical signs, but they 
may eventually become lethargic and emaciated. Many affected birds show 
diarrhea along with marked atrophy of breast muscle, and comb and wattles 
may regress and become pale. Under intensive husbandry conditions, sudden 
death may occur, often associated with severe lesions in the liver; such lesions 
are easily observed at post-mortem examination (Tell et al., 2001). Unlike TB 
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in animals and man, lesions in lungs of birds are rare. Tubercular nodules 
can be seen in liver, spleen, intestine and bone marrow. Granulomatous lesion 
without calcification is a prominent feature. If typical lesions of tuberculous 
are present at necropsy, demonstration of acid-fast bacilli in smears or his-
topathologic sections made from affected organs is regarded as sufficient for 
positive diagnosis (OIE, 2018). 

In Ethiopia, in spite of the existence of large population of chicken and poten-
tial future expansion of the poultry industry, infectious diseases such as avian 
TB has not been well studied. Few avian TB studies carried out so far on tradi-
tionally managed local chicken reported a prevalence of 6.3% in central Ethio-
pia (Tadesse et al., 2004) and 4.23% in Shashemene district of west Aris zone 
of Oromia Region (Abda et al., 2015). However, there is no published abattoir-
based avian TB study on slaughtered exotic chicken originated from intensive 
commercial production system in Ethiopia. Therefore, the present study was 
designed to investigate the occurrence of avian tuberculosis based on patholog-
ical lesions and isolation of its causative agents in apparently healthy chicken 
slaughtered at a poultry abattoir in Bishoftu, central Ethiopia. 

Materials and methods
Study Area

The study was conducted at Alema poultry abattoir located in Bishoftu town 
in East Shoa Zone of Oromia Regional State from October 2015 to June 2016. 
Bishoftu town is located at 47 kilometers south east of Addis Ababa. The area 
is located at 9°N latitude and 40°E longitude at an altitude of 1850 meters 
above sea level in central high lands of Ethiopia. In Bishoftu, there are few pri-
vate large scale commercial poultry farms and a number of small-scale poultry 
farm. Alema intensive poultry farms is the second largest commercial poultry 
farms in the country next to ELFORA poultry farm delivering nearly half a 
million broilers to Addis Ababa market each year (Abera, 2018). This farm 
supplies broiler chicken for slaughter to Alema poultry abattoir, which is one 
of the modern poultry abattoirs in Ethiopia and is producing chicken meat for 
local market mainly to supermarkets and hotels in Addis Ababa and its sur-
rounding. 
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Study animals

The study was carried out on exotic chickens which were brought for slaugh-
ter to Alema poultry abattoir. The chickens were apparently healthy raised 
under intensive commercial farming system supplied with formulated feed ra-
tion and the chickens obtained vaccination for major poultry diseases such as 
Newcastle disease and fowl cholera. The study animals were male and female 
of different body condition and the same age group.

Study design

A cross-sectional study design was carried out primarily to estimate the appar-
ent prevalence of avian TB based on the presence of suspected TB lesions dur-
ing postmortem examination of the slaughtered chicken in the poultry abattoir. 
The organs with suspected gross pathological lesions particularly liver, spleen 
and intestine were examined using detail postmortem examination method.

Sample size determination

The determination of sample size for this study was calculated by considering 
6.3% expected prevalence as reported in previous avian tuberculosis study in 
backyard chicken of central Ethiopia (Tadesse et al., 2004), 95% confidence 
interval and 5% required precision, and using the formula for estimation of 
sample size as given below according to Thrusfield (2007).

Where  n= required sample size, d= desired absolute precision, Pexp= expected 
prevalence  

Thus, the calculated sample size was 91. However, as the expected prevalence 
considered in the sample size calculation was from the previous study done 
on local chicken in backyard scavenging management system the author be-
lieved the existence of major differences from the present abattoir-based avian 
TB study which targeted on apparently healthy exotic breeds managed under 
intensive production system. Therefore, 50% expected prevalence was consid-
ered and the final calculated samples size was 384 and in order to increase the 
precision of the study a total of 648 animals were examined. 
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Sampling methods 

A systematic random sampling procedure was used to pick every sixth chicken 
slaughtered during the visit. The abattoir was visited for four days per week 
depending on the regular schedule of the abattoir to collect the samples until 
the sample size was fulfilled. During the study on average 200-300 chickens 
were slaughtered per day based on local market needs. Information about the 
flock of chickens slaughtered in each visit days with regarding age, breed, flock 
health status including vaccination history; farm of origin, management sys-
tem were recorded.

Study Methodology

Ante mortem examination 

Ante-mortem examination was done after the chickens were hung in shackles 
and before bleeding occurred and individual chicken was examined visually for 
general condition including the presence of visible abnormalities and super-
ficial lesions. Body condition scoring for each chicken was done as poor body 
condition (Score 0) and good body condition (Score 1) according to Gregory and 
Robins (1998). 

Gross postmortem examination and tissue sampling

A total of 648 chickens were examined for suspected gross pathological lesions 
and tissue samples were taken from chickens with suspected pathological TB 
lesions. Postmortem examinations were done on each chicken carcass to detect 
the presence of tuberculous lesion in different visceral organs with particu-
lar emphasis on liver, intestine and spleen. During post-mortem examination, 
gross lesions were sliced using separate sterile surgical blades and the lesion 
were described grossly on characteristic and distribution of the lesion. The 
suspected lesions were sampled and kept in labeled universal bottle containing 
phosphate buffered saline solution and transported in ice box under cold chain 
condition to Aklilu Lemma Institute of Pathobiology (ALIPB) laboratory for 
mycobacterial culture isolation.
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Tissue processing for Mycobacterium culture

Isolation of mycobacteria from tissues was done in accordance with OIE (2018) 
protocol. Approximately 3-5 grams of tissue samples from suspected TB lesions 
were sectioned into pieces using sterile blades, and then homogenized by pestle 
and mortar. The homogenate were decontaminated by adding an equal volume 
of 4% NaOH followed by centrifugation at 3000 rpm for 15 minutes. The super-
natant were discarded while the sediment was neutralized by 1% (0.1N) HCl 
using phenol red as an indicator. Neutralization was achieved when the color 
of the solution changed from purple to yellow. Thereafter, 0.1ml of suspension 
from each sample was spread onto a slope of Lowenstein-Jensen (L-J) medium. 
Duplicates of L-J were used; one enriched with 1% sodium pyruvate while the 
other was enriched with glycerol. Culture tubes were kept inclined with loos-
ened screw to facilitate the evaporation of excess moisture and inoculum fluid 
for one week. After one week the tubes were placed vertical with tightened 
screw and incubated aerobically at 37°C for 16 weeks or until macroscopic 
growth was observed while they were examined on a regular basis for colony 
growth. Cultures were first examined after 8th  week of inoculation and subse-
quently every week up to 16 weeks for the presence of any growth. No evidence 
of bacterial growth after this incubation period was considered as a negative 
result. A culture was considered positive when white spot colonies were seen. 
Growths of Mycobacterium avium colonies were confirmed by Ziehl-Neelsen 
(Acid-fast) staining and its long incubation period. Whenever, colonies were 
seen, sub-culturing and acid-fast staining were performed to confirm the pres-
ence of acid fast bacilli.

Acid-Fast Staining Technique

The colonies which grow on the L-J media were stained with Ziehl-Neelsen 
method for detection of acid-fast bacilli according to Quinn et al. (1994). 
Stained slides were observed using oil immersion of 100 x lens objective of a 
microscope. Each slide was examined for 30 minutes to detect acid-fast bacilli 
in the examined microscopic fields. The findings were recorded according to 
the bacteria appearance in which, observation of a bacilli with pink rod-shaped 
appearance taken as positive while if no acid-fast bacilli were observed, the 
sample was regarded as negative for acid-fast bacilli. 
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Data management and analysis

The data collected from abattoir and laboratory examination were entered and 
coded into Microsoft excel spread sheets and analyzed by STATA statistical 
software version 11 (STATA Corp. College station, TX). The association be-
tween different risk factors with the occurrence of avian tuberculosis suspect-
ed postmortem lesions were analyzed using chi-square (χ2) and multivariable 
logistic regression. A p-value <0.05 was considered statistically significant and 
in estimating the effect of different risk factors in terms of odds ratio (OR) with 
corresponding 95% confidence interval, statistical significance was assumed if 
the confidence interval did not include one among its values.

Results 
Prevalence of avian tuberculosis and associated risk factors

The prevalence of avian TB at Alema poultry abattoir was 6.48% (95% CI: 
4.58 to 8.38%) based on postmortem examination for the presence of suspected 
gross pathological TB-like lesions. The prevalence of the disease varies with 
different risk factors. From the total chicken examined in the abattoir, 56.2% 
were female and 43.8% were male. The multivariable logistic regression analy-
sis for the association between prevalence and various risk factors is presented 
in Table 1. The analysis showed that chicken with poor body condition were 
more likely to be positive for  avian TB suspected lesions as compared to chick-
en with good body condition  and the difference was statistically significant 
(adjusted OR=4.46; 95% CI: 2.33-8.53).  The association of other risk factor (sex 
of the chicken) with the prevalence of avian TB was not statistically significant 
(p > 0.05).

Table 1. Multivariable logistic regression analysis of the effect of different 
risk factors on the prevalence of TB in poultry.
Variables                 categories   Total No. 

of chicken 
examined    

Positive   
for TB 
   (%)  

Crude OR   
(95% CI)                                                               

Adjusted 
OR 
(95% CI)                                                                                                                                

p-Value 

Chicken 
sex Male 287 20(6.97%) 1 1 0.641

Female 361 22(6.1%) 0.88(0.43-
1.62)

0.86(0.45-
1.63)

Body 
condition Good 188 16(3.5%) 1 1 0.000

Poor 460 26(13.8) 4.45(2.33-
8.53)

4.46(2.33-
8.53)
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Antemortem findings 

Antemortem examination of all the 648 chickens showed no clinical signs of 
any diseases and the chicken were apparently healthy. Their live body weight 
was estimated to range from 0.6-1kg in which 460 chickens (71%) were in poor 
body condition status, and 188 chickens (29%) were in good body condition 
status. 

Gross pathological postmortem findings

During detail examination of the organs from the 648 chickens, gross lesions 
were observed in liver, spleen and intestine and more typical tuberculous le-
sions were seen in liver. The lesions were grayish-yellow to grayish-white, pin-
point to irregularly round, and few were nodules measuring up to 2mm in 
diameter were swollen above the surface of the affected organs. Calcification 
was not seen in the nodules. Spleen and liver with pathological lesion were 
enlarged in size. Grossly, the lesions on liver were characterized as small; mul-
tiple circular nodules with light-yellowish color with white spot appear up on 
dissection with no calcification seen in the nodules (Figure 1).

 
Figure 1. Small light yellowish nodular tuberculous-like lesions (yellow ar-
rows) on the liver of chicken found during postmortem examination.

Regarding the distribution of lesions in different organs, larger proportion 
(88.10%) of the lesions were observed in liver, followed by spleen (9.52%) and 
intestine (2.38%) (Table 2). In most of the chickens that have manifested gross 
lesions, more than one type of organs was affected. 
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Table 2: Association of gross pathological lesions of suspected avian tuber-
culosis with distribution of the lesions in different organs of the examined 
chicken
Organs Sample 

examined         
Sample 
positive          

      %                χ2 - value                 p-value

Liver 41    37                         88.10        10.43                     0.108
Spleen  35  4 9.52
Intestine 28   1                           2.38
Total 104      42                        100

 
Isolation of Mycobacteria from suspected TB-like lesions

From the 42 suspected TB-like lesions samples cultured for mycobacteria, 
growth of Mycobacterium was observed in 14 samples on pyruvate enriched 
L-J culture media after 3 weeks of incubation. The colonies were smooth, light 
yellowish and slightly raised colony. The origins of samples for the 14 isolates 
were liver, spleen and intestinal tissue. The culture isolates were further iden-
tified by conducting acid-fast staining and five isolates were confirmed to be 
acid-fast by Ziehl-Neelsen staining and they were stained bright red (pink) and 
had rod-shaped morphology (Figure 2). 

Figure.2 Detection of acid-fast bacilli of Mycobacterial culture positive sam-
ples from suspected avian TB chicken. The acid-fast bacilli were pink (indi-
cated by yellow arrow), straight or slightly curved rods, occurring singly or 
in small groups in stained smears examined microscopically (oil-immersion 
magnification 1000X).
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Discussion 
In the present study an attempt was made to estimate the prevalence of avian 
tuberculosis based on abattoir-based postmortem examination of suspected 
TB-like lesions and identify the associated risk factors in chicken slaughtered 
at modern poultry abattoir in Bishoftu town. The study showed that the preva-
lence of avian TB in slaughtered exotic breeds of chicken from intensive poultry 
farm was low (6.48%) based detection of suspected TB-like lesions and the re-
sult was in agreement with the finding of previous study (Tadesse et al., 2004) 
with 6.3% prevalence in Adama town from apparently healthy local chickens 
and (Abda et al., 2015) with 4.23% prevalence in local chickens at Shashemene 
district. So far, no published report of avian tuberculosis in abattoir based on 
postmortem examination of suspected TB-lesions in exotic chicken originated 
from intensive commercial poultry farms in Ethiopia. 

In the present study, the majority of the chickens infected had poor body condi-
tion and there was a significant association of avian TB prevalence with body 
condition of chickens and a number of studies indicated the association of poor 
body condition with avian TB prevalence (Dhama et al., 2008, Miguel, 2012; 
Abda et al., 2015). Thus, chicken with poor body condition in a farm or in an-
temortem inspection could be suggestive of avian tuberculosis. These studies 
indicated that chickens are constantly exposed to overcrowding (which may 
lead to stress), and unhygienic external environments may serve as sources of 
infection. Overcrowding within a flock can result a stressful condition for the 
chickens, which in turn could affect the nature and number of lesions occurring 
(Tell et al., 2001; Fulton and Thoen, 2003; OIE, 2018). Based on postmortem 
examination of the TB-like lesions, majority (88.10%) of the suspected gross 
TB-like lesions were localized in liver and the rest were localized in spleen and 
intestine which might suggest that the most probable route of infection was 
oral route through ingestion. The route of infection helps to explain the low in-
cidence of pulmonary lesions in birds when compared to mammals in which the 
lung is infected first (Gonzalez et al., 2002).The overall characteristics of gross 
lesions and its distribution in different organs which were found in this study 
were in line with the previous findings (Tadesse et al., 2004). The variation in 
size and number of lesions recorded in chickens could also be caused by succes-
sive episodes of reinfection from previously established lesions (Thoen, 1997). 

In mycobacteriological culture examination, fourteen isolates were identified 
as positive for Mycobacterium as suspected by colony morphology and growth 
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characteristics; and five of the isolates were acid-fast positive as confirmed 
by acid-fast staining of the bacilli. Typically, species like M. avium produces 
“smooth” colonies which are virulent for chickens while variants with smooth 
domed or rough colonies are avirulent (Fulton and Thoen, 2003; Dhama et al., 
2007). The recovery of Mycobacterium in culture growth was low in proportion, 
33.3% (14/42) and this could be due to the non-optimal condition of the culture 
medium for non-tuberculous mycobacteria species including M. avium as this 
study used the available L-J media for culture of the isolates. Similar studies 
have also reported a low culture recovery rate for non-tuberculosis mycobac-
teria isolation using LJ media (Mamo et al., 2011; Abda et al., 2015). On the 
other hand, the low culture positivity might also be due to the absence of vi-
able mycobacteria in necrotized TB-like lesion in which incompletely necrotic 
lesions, tubercle bacilli are dead and therefore no growth could be detected up 
on culture on LJ media (Quinn et al., 1994).

In the present study, analysis of tissues samples that resulted characteristics 
growth of colony of suspected Mycobacterium avium using acid-fast staining 
technique revealed that out of 42 samples only five (11.9%) were acid-fast posi-
tive. Even though, acid-fast staining method can be used for diagnosis of avian 
tuberculosis combined with clinical sign and mycobacterial isolation it has low 
sensitivity (Garg et al., 2003; Dhama et al., 2007; Zhu et al., 2018). Diseases 
causing nodular lesions such as leucosis, pseudotuberculosis and coligranulo-
mas can be considered as differential diagnosis in those samples with negative 
acid-fast staining results (Dhama et al., 2011). 

Limitation of the study
This study was carried out in abattoir setting where there might be a pos-
sibility of contamination from the environment as the group in M. avium are 
ubiquitous. The other main limitation of the study was the isolates were not 
further analyzed by molecular method to confirm the causative agent of avian 
TB, M. avium subsp. avium using molecular techniques.

Conclusion 
In general, in Ethiopia there is limited information on epidemiology of avian 
TB and its associated risk factors in exotic chicken reared under intensive com-
mercial poultry production system.  Hence, the present abattoir-based study 
revealed the occurrence of avian tuberculosis in apparently healthy exotic 
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chickens which originated from intensive commercial poultry farm in Bish-
oftu area and chicken with poor body condition were associated with the find-
ing of suspected TB lesions; hence, it seems appropriate to recommend during 
antemortem inspection chicken with poor body condition should be isolated 
and examined thoroughly. Moreover implementation of routine detailed poul-
try meat inspection procedures in poultry abattoirs is important to detect the 
pathological lesions and produce safe poultry meat for consumers. The finding 
of higher proportion of TB-like lesions which were negative in culture and acid-
fast staining warrants the need further investigation on the causative agents 
of the pathological lesions other than avian tuberculosis. 
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Abstract
The occurrence of brucellosis in different species of livestock has been reported 
from different parts of Ethiopia, however, the serostatus and risk factors of 
this disease in small ruminants is not well documented in southwestern parts 
of the country. This study was conducted from October 2016 to October 2017 
to investigate the seroprevalence and associated risk factors of brucellosis as 
well as its association with abortion in sheep and goats in selected districts of 
Jimma zone. A total of 804 small ruminants (402 sheep and 402 goats) were 
randomly selected and blood samples were collected for serological tests. The 
presence of antibody to Brucella was screened by Rose Bengal Plate Test and 
confirmed using the complement fixation test. Seroprevalence of 4.2% in sheep 
and 5.2% in goats was recorded in this study. An overall seroprevalence of 
4.7% was recorded in small ruminants in the study areas. Brucella seroposi-
tivity was observed more frequently among sheep and goats with a history of 
abortion (6.7%) than animals that have no history of abortion (3.7%), however, 
the difference noted was not statistically significant. Older age (OR 3.9, CI = 
1.43-9.94), pregnancy (OR 2.6, CI = 1.19-5.72), late term gestation (OR 2.4, CI 
= 1.54-3.78), mixed flock (OR 2.8, CI = 1.33-5.89) and larger flock size (OR 2.7, 
CI = 1.08-6.95) were noted to have more number of reactors. Hence, it is im-
portant to consider brucellosis as one of the diseases that needs attention and 
further study should be conducted to identify the circulating Brucella species 
and other causes of abortion in sheep and goats. Besides, this finding warrants 
the need for further investigation on its public health impact in the region.

Keywords: Brucellosis; Epidemiology; Sheep; Goat; Jimma Zone 
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Introduction
Ethiopia has a huge number of small ruminants with an estimated population 
of 30.7 million sheep and 30.2 million goats (CSA, 2017). However, the disease 
of reproduction is challenging to the rearing of sheep and goats in the country 
(ESGPIP, 2011). Infectious reproductive diseases of sheep and goats are part of 
the major flock health problems known to constrain the sector. These diseases 
usually manifest themselves through infertility, abortion, stillbirth and weak 
offspring (Radostits et al., 2007). Several infectious agents including, bacteria, 
viruses and protozoa are accountable for abortion in sheep and goats. Abortion 
is also caused by non-infectious factors such as toxic substances, metabolic, nu-
tritional and physical injuries. These causes also have a significant impact on 
the overall productivity of sheep and goats (Daniel and Marley, 2008; Mirkena 
et al., 2011). Among infectious causes of abortion, Brucella is one of the known 
bacterial pathogens causing tremendous economic losses (FAO, 2003; Tegegn 
et al., 2016).

Brucella melitensis and B. ovis are the two important Brucella species known 
to affect sheep and goats, however; B. abortus is also been incremented occa-
sionally in sheep and goats (Radostits et al., 2007; Akhvledian et al., 2010). The 
disease is manifested by late-term abortions, weak lambs and kids, stillbirths, 
infertility and characterized mainly by the retained fetal membrane (Radostits 
et al., 2007). Brucella infection in sheep and goats is a well-known disease 
worldwide. However, the disease is a serious problem in developing countries 
(FAO, 2003; Njeru et al., 2016; Shirima and Kunda, 2016). The prevalence of 
brucellosis is affected by several risk factors such as production system, host 
and environmental factors (Radostits et al., 2007). In sexually mature sheep 
and goats, brucellosis restricts to the reproductive tract and typically causes 
placentitis and abortion in pregnant ones. Brucella melitensis and B. abortus 
are zoonotic pathogens that cause disease in humans (Pappas et al., 2006; Ra-
dostits et al., 2007). 

Many developing countries with a limited resource like Ethiopia are facing 
other priority diseases and have not yet performed an aspect of brucellosis in-
tervention. The epidemiology, and control and prevention methods of brucello-
sis in sheep and goats were not well understood (McDermont and Arimi, 2002). 
As a result, brucellosis remains challenging in sheep and goat population and 
cause huge economic and public health problems in the country (Tegegn et al., 
2016; Mohammed et al., 2017). Brucellosis also causes reduce the foreign cur-



17Ethiop. Vet. J., 2020, 24 (1), 15-33

 
Tulu et al.,

rency earnings through rejection of export sheep and goats from international 
markets (LMA, 2005). 

Ethiopia has various agro-ecological zones that have contributed to the de-
velopment of different livestock production systems (Beruktayet and Mersha, 
2016). Production system, breed, and environmental factors greatly influence 
the spread of brucellosis among the causes of abortion (Tulu et al., 2018). Sev-
eral sheep and goats breed in Ethiopia are reared in different agro-ecological 
zones and production systems. The extensive production system of the country 
is responsible for the mixing of different livestock species for maintenance and 
transmission of brucellosis (Megersa et al., 2011b). Close animal-human con-
tact and traditional raw animal product consumption make zoonosis among 
the main public health hazards in Ethiopia. Hence, detailed epidemiological 
studies for the implementation of applicable control strategies were needed 
(Addis and Desalegn, 2018). Several studies were done on sheep and goat bru-
cellosis in different parts of the country (Teshale et al., 2006; Asmare et al., 
2010; Megersa et al., 2011b; Dabassa et al., 2013; Sintayehu et al., 2015). Nev-
ertheless, reports from south western part of the country are very limited. 
Therefore, this study aimed to estimate the seroprevalence and identify the as-
sociated risk factors of brucellosis. Besides it attempts to observe the associa-
tion of Brucella reactors with abortion in sheep and goats in selected districts 
of the study area.

Materials and Methods
Description of study areas

The study was carried out in Limu Seka and Chora Boter districts of the Jimma 
zone. Limu Seka district located about 463 km from Addis Ababa, the capital 
city of Ethiopia; and 109 km from Jimma town, the capital city of Jimma zone. 
The district covers an area of approximately 1,694 km2 and is divided into 38 
kebeles (the smallest administrative units). The agro-ecology of the district is 
characterized by highland (13%), mid-highland (55%) and lowland (32%). The 
altitude of the district is between 1,400-2,200 meters above sea level. Chora 
Boter district is located 466 km away from Addis Ababa, and 112 km from 
Jimma town, zonal capital. This district has 19 kebeles; and agro-ecologically 
it is characterized by highland, mid-highland, and lowland. The altitude of the 
district is between 1,100-2,200 meters above sea level and has an average tem-
perature of 220C. Chora Boter district has 228,846 head of cattle, 47,854 head 
of sheep, and 68,037 head of goats. Both districts have two distinct seasons. 
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The rainy season is starting in late March and ending in October, and the dry 
season is occurring from November to early March. 

Figure 1: Map of the study areas 

Study design and animals

A cross-sectional study was carried out from October 2016 to October 2017 
in selected districts of Jimma zone to investigate the seroprevalence and as-
sociated risk factors of brucellosis as well as its association with abortion in 
sheep and goats. The target population of this study comprises female sheep 
and goats in study districts, namely Limu Seka and Chora Boter. Sheep and 
goats older than three months (to exclude maternal immunity) were randomly 
selected and included in the study. Age was determined using dentition and 
categorized as < 1 year, 1 year to 2 years and >2 years (ESGPIP, 2009). The 
number of sheep and goats farmers own was categorized as small (<7 sheep/
goats), medium (8-12 sheep/goats) and large (>12 sheep/goats) flock sizes. Par-
ity number was categorized as nulliparous (zero parity), monoparous (parity 
one) and pluriparous (≥ two parities) (Margatho et al., 2019). Management 
systems were classified as extensive and semi-intensive based on the criteria 
adopted by Gizaw et al. (2015). Body condition scoring for sheep and goats 



19Ethiop. Vet. J., 2020, 24 (1), 15-33

 
Tulu et al.,

was conducted using the guidelines established by Langston University (Vil-
laquiran et al., 2007; Kenyon et al., 2014) and ESGPIP (ESGPIP, Technical 
Bulletin No. 8) guidelines for body condition scoring and for all sheep and goats 
under the study their body condition grouped into three groups (poor, medium 
and good). Abortion was defined as loss of fetus or fetuses before 140 days of 
pregnancy (Margatho et al., 2019). The gestation stage of abortion was catego-
rized as first trimester (<50 days), second trimester (51-100 days) and third 
trimester (101-154 days) (Bokko, 2011). Properly manage abortion materials 
when it was buried or burned whereas improperly manage was simply leave it 
on the ground or give to the dogs. According to the agro-altitudinal and agro-
climatology classification of Ethiopia, lowland falls between 500 and 1,500 and 
midland falls between 1,500 and 2,300 meters above sea level (Libeau et al., 
1995). 

Sampling techniques and sample size determination

The multistage sampling method was used to select sampling units from dif-
ferent flocks. Jimma zone and districts (Limu Seka and Chora Boter) were 
selected purposively based on the dominant of sheep and goats production 
system, while peasant associations and flocks were selected randomly. The 
sampling frame of peasant associations were obtained from respective districts 
agricultural office. A total of ten peasant associations were selected from two 
districts using a random sampling technique where six peasant associations 
were from Limu Seka and four of them from Chora Boter based on sheep and 
goats population. Since there is no previous study on breeding sheep and goat 
brucellosis in study areas, the sample size was calculated using formula de-
scribed by Thrusfield (2005) considering an expected prevalence of 50% and 
an absolute precision of 5% with 95% confidence interval. Substituted each 
gave 384 animals. Since two populations (sheep and goat) were included in 
this study, the sample size was double (768). However, a total of 804 small 
ruminants (402 sheep and 402 goats) were involved to increase the accuracy 
of the study. 

Blood sample collection 

Blood samples collected from the jugular vein, (3-5ml) aseptically using sterile 
plain vacutainer tubes and needle, were kept in a slanting position overnight 
(12 hours) at room temperature to separate the serum. Then sera were gently 
decanted into sterile screw cupped tubes, labeled and transported in ice packs 
to Jimma University, College of Agriculture and Veterinary Medicine micro-
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biology laboratory and stored at -20oC until screened and tested for antibodies 
against natural Brucella microorganisms. As there has never been a history of 
vaccination for brucellosis, all positive results were attributed to natural infec-
tion. Parallel to blood sample collection relevant information such as agro-ecol-
ogy, management system, flock size, species composition (mixed of sheep and/ 
goats with cattle), introducing new animals, species, management of aborted 
material, age (years), parity, body condition, reproduction status, abortion his-
tory and frequency, gestation period at abortion and history of retained fetal 
membrane were collected using separate format.

Serological test 

All serum samples collected were first tested using Rose Bengal Plate Test 
(RBPT) at the National Veterinary Institute (NVI), Debre Zeit, Ethiopia ac-
cording to the technique described by Alton (1990). The sera and RBPT reagent 
were taken from the refrigerator and kept at room temperature for at least 
30 minutes before the test was performed. A total of 30 microliters of serum 
sample was dispensed onto the plate and 30 microliters of RBPT antigen were 
dropped on the slide with sera. The interpretation of both positive and nega-
tive control results was done according to the degree of agglutination and the 
reaction was read in a good light source or by a magnifying glass when micro 
agglutination was suspected. The RBPT results were interpreted 0, +, ++ and 
+++ as has been described by Dohoo et al. (2009), where 0 indicates no aggluti-
nation, + indicates barely visible agglutination (using magnifying glasses), ++ 
indicates fine agglutination and +++ indicates coarse clumping. Those serums 
identified with no agglutination (0) were regarded as negative, while those 
with +, ++ and +++ were considered as positive. The whole positive serums 
were confirmed using the complement fixation test (CFT) using standard B. 
abortus S99 (KT153, UK). This test was also done at NVI. The preparation 
of the reagent was evaluated by titration and performed according to proto-
cols recommended by OIE (2009). Sera with a strong reaction, more than 75% 
fixation of complement (3+) at 1:5 dilution or at least with 50% complement 
fixation (2+) at 1:10 dilution and above were considered as positive and lack of 
fixation/complete hemolysis was considered as negative (OIE, 2004).

Data management and analysis

Data obtained from this study were recorded, coded and stored in Microsoft Ex-
cel for Windows 2010 and transferred to STATA version 11.0. Seroprevalence 
of brucellosis was calculated by dividing the number of seropositive samples 
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to the total of sheep and goats samples. Association between brucellosis and 
presumptive risk factors was analyzed using the logistic regression analysis. 
The variables with p-value less than or equal to 0.25 in univariable logistic re-
gression, after checking for multicollinearity using collinear matrix index and 
interaction effect using cross-product terms were taken forward for multivari-
able modeling. The model fitness was observed using the Hosmer-Lemeshow 
test. The model validate was also evaluated by using the ROC curve. For all 
statistical analysis, confidence intervals (CI) of 95% and p-value of 0.05 were 
used.

Results
Out of the total 804 sheep and goats sampled, 6.3% (n=51) of sheep and goats 
were tested positive on screening using RBPT. Further, confirmation using 
CFT identified an overall 4.7% (38/804) prevalence of Brucella antibodies in 
sheep and goats. Seroprevalence of 4.2% (17/402) and 5.2% (21/402) were re-
corded in sheep and goats, respectively. More seropositivity of Brucella anti-
body was observed among sheep and goats with the history of abortion (6.7%) 
than animals that have no history of abortion (3.7%). However, there was no 
difference (p>0.05). Likewise, sheep and goats from a large flock size category 
were almost three times more likely to be infected with Brucella organisms 
than small flock size (OR=2.8, p<0.05). Similarly, a statistically significant dif-
ference in seroprevalence of brucellosis was observed in animals herded with 
cattle (p<0.05). Mixed (sheep and/goats with cattle) species were almost three 
times more likely to be infected with Brucella organisms than those having 
close contact with cattle (OR=2.8). However, agro-ecology, species, introducing 
of a new animal, management system and properly manage of aborted mate-
rial were not able to explain seroprevalence of brucellosis (Table 1).
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Table 1. Univariable logistic regression of environmental-related putative 
risk factors in study areas
Variables Categories Total 

animals 
examined 

Total 
animals 
positive (%)

OR (CI; 95%) p-value

Agro-ecology Lowland (Ref.) 176 8 (4.55) - 0.143
Midland 628 30 (4.78) 1.7 (0.837-3.430)

Management 
system

Extensive 
(Ref.)

691 32 (4.63) - 0.218

Semi-
intensive

113 6 (5.31) 0.6 (0.269-1.349)

Flock size Small(<7) 
(Ref.) 228 6 (2.63) - 0.024

Medium(8-12) 241 7 (2.90) 0.9 (0.429-1.912)
Large(>12) 335 25 (7.46) 2.8 (1.154-6.956)

Species 
composition

Single species 
(Ref.)

419 11 (2.63) - 0.005

Mixed 385 27(7.01) 2.8 (1.37-5.72)
Introducing new 
animals

No (Ref.) 457 19 (4.16) - 0.893
Yes 347 19 (5.48) 1.1 (0.541-2.024)

Proper manage 
of aborted 
material 

Yes (Ref.) 247 8 (3.24) - 0.190
No 527 30 (5.39) 0.6 (0.266-1.302)

Species Sheep (Ref.) 402 17 (4.23) - 0.507
Goat 402 21 (5.22) 0.8 (0.416-1.542)

Ref. = Reference; OR=Odd Ratio; CI=Confidence Interval 

Similarly, Brucella seropositivity was significantly varied among sheep and 
goat age groups with older age categories are 2.7 times more likely to be Bru-
cella seropositive than younger age category (OR=2.7, p<0.05). The univariable 
logistic regression analysis shown that Brucella seroprevalence was a statisti-
cally significant difference with gestation stages, with the odd of seropositivity 
being 1.3 times higher in animal aborted in the third trimester than those have 
no history of abortion (OR=1.3, p<0.05). 
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Table 2. Univariable logistic regression of host-related putative risk factors 
in study areas
Variables Categories Total 

animal 
examined

Total animal 
positive (%)

OR (CI; 95%) p-value

Age 0.006
<1 year (Ref.) 236 5 (2.12) -
1-2 years 217 11 (5.07) 1.6(1.42-3.45)
>2 years 351 22 (6.27) 2.7(1.15-6.66)

Parity 0.136
Nulliparous (Ref.) 168 6 (3.57) -
Monoparous 207 8 (3.86) 0.7(0.32-1.77)
Pluriparous 429 24 (5.59) 1.6 (0.68-3.71)

Body 
condition

0.569
 Good (Ref.) 135 4 (2.96) -
Medium 463 24 (5.18) 0.6(0.19-1.64)
Poor 206 10 (4.85) 0.6(0.18-1.95)

Reproduction 
status

Non-pregnant 
(Ref.) 342 11 (3.22) - 0.087

Pregnant 462 27 (5.84) 1.9(0.91-3.82)
Abortion 
history 

Absent 536 20 (3.7) -

Present 268 18 (6.7) 0.5 (0.28-1.03) 0.064
Abortion 
frequency 0.104

None aborted 536 20 (3.7) - -
Once (Ref.) 199 15 (7.5) 0.5 (0.24-0.95)
≥2 69 3 (4.3) 0.9 (0.25-2.95)

Gestation 
period at 
abortion

0.008

None aborted (Ref.) 536 20 (3.73) -

First trimester 41 1 (2.43) 0.2 (0.09-0.68)
Second trimester  68 4 (5.88) 0.3 (0.14-0.82)

Third trimester 159 13 (8.18) 1.3 (1.41-2.60)

Retained 
placenta

Absent (Ref.) 673 29(4.31) - 0.922
Present 131 9(6.87) 1.0 (0.37-2.48)

Ref. = Reference; OR=Odd Ratio; CI=Confidence Interval 
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In multivariable logistic regression analysis, explanatory variables with a p-
value of less than or equal to 0.25 in the univariable logistic regression were 
included. This model showed that older sheep and goats were identified to be 
Brucella seropositive with the odds of positivity 3.9 (OR=3.9, CI; 1.43-9.94) 
times more likely than the younger ones. Similarly, this result also shows that 
sheep and goats that were from a mixed (sheep and/ goat with cattle) spe-
cies were more likely to be Brucella antibody seropositivity than those having 
no contact with cattle (OR=2.8, CI; 1.33-5.89). Furthermore, sheep and goats 
from large flock sizes were also found to be at higher risk of Brucella infection, 
than those from small flock size (OR=2.7, CI; 1.08-6.95). Likewise, sheep and 
goat aborting at the third-trimester stage were higher Brucella seropositiv-
ity (OR=2.4, CI; 1.54-3.78) than those have no history of abortion. Moreover, 
reproduction status is statistically significantly different in Brucella antibody 
seropositivity with pregnant sheep and goats are 2.6 times more likely to har-
boring Brucella infection than non-pregnant ones (OR=2.6, CI; 1.19-5.72). Hos-
mer-Lemeshow test (0.5) indicates that the model was fit data well. ROC curve 
(0.76) indicated the model was good predicting ability.



25Ethiop. Vet. J., 2020, 24 (1), 15-33

 
Tulu et al.,

Table 3. Final multivariable logistic regression model for brucellosis antibody 
seropositivity in study areas 
Variables Categories Total 

animals 
examined

Total 
animals 
positive

Adjusted 
OR (CI; 
95%)

p-value

Age(years) 0.003
<1 year (Ref.) 236 5 (2.12) - -
1-2 years 217 11 (5.07) 1.6 (1.36-

3.86)
0.040

>2 years 351 22 (6.27) 3.9 (1.43-
9.94)

0.007

Species 
composition

Single species 
(Ref.)

419 11 (2.63) - -

Mixed species 385 27 (7.01) 2.8(1.33-5.89) 0.007

Flock size 0.017
Small (<7) (Ref.) 228 6 (2.63) - -
Medium (8-12) 241 7 (2.90) 1.8 (1.35-

2.66)
0.039

Large (>12) 335 25 (7.46) 2.7 (1.08-
6.95)

0.034

Gestation 
period at 
abortion

0.045
None aborted 
(Ref) 536 20 (3.73) - -

First trimester 41 1 (2.43) 0.3 (0.11-
1.03)

0.056

Second trimester  68 4 (5.88) 0.5(0.18-1.27) 0.141
Third trimester 159 13 (8.18) 2.4(1.54-3.78) 0. 037

Reproduction 
status

Non-pregnant 
(Ref.)

342 11 (3.22) - -

Pregnant 462 27 (5.84) 2.6(1.19-5.72) 0.017
 Ref. = Reference; OR=Odd Ratio; CI=Confidence Interval

Discussion
In the present study, an overall 4.7% seroprevalence of brucellosis was re-
corded in female sheep and goats in study areas. The seroprevalence detected 
in this study is in line with the findings of Mengistu (2007), Wesinew et al. 
(2013) and Deddefo et al. (2015), who reported seroprevalence of 5.1%, 4.8%, 
and 4.6%, respectively. However, this result is higher than the findings of Tse-
hay et al. (2014) and Melese (2016), who reported a seroprevalence of 3.6% in 
eastern and 3.7% in southern Ethiopia, respectively. Higher seroprevalence 
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than the current study is reported by Yohanis (2012) 9.6% and Muluken (2016) 
7.5% in the Afar region. Seroprevalence of 5.2% in goats and 4.2% in sheep was 
estimated in the present study. This result is in agreement with the findings 
of Feyisa et al. (2007), Yohanis (2012) and Deddefo et al. (2015), who reported 
5.8% in goats and 4.9% sheep, and 4.9% in goats and 4.4% in sheep, respec-
tively. However, the current result is higher than the findings of Teshale et 
al. (2006), who reported a seroprevalence of 1.7% in goats and 1.6% in sheep. 
Similarly, Mengistu (2007) reported 3.2% and 1.6% seroprevalence of brucel-
losis in sheep and goats, respectively. This variation may be due to differences 
in environmental factors, breed of sheep and goats, management and produc-
tion system.  

A statistically significant difference was observed in the Brucella seropositiv-
ity of sheep and goat among different age groups (p<0.05). The odds of Brucella 
seropositivity in older sheep and goats were almost four times (OR=3.9) more 
likely than in the younger category. This could be explained by the fact that 
sexually mature animals are more susceptible to Brucella infection than sexu-
ally immature animals since sex hormones that encourage growth and mul-
tiplication of Brucella organism, probable increase in concentration with age 
and sexual maturity (Quinn et al., 2004; Radostits et al., 2007). Significantly 
higher seropositivity in older small ruminants than younger can be attributed 
to the practice of leaving younger around home premises when adult small 
ruminants were taken to a communal grazing area. This decreases the risk of 
younger’s being exposed to infection from common grazing and watering points 
(Kiputa et al., 2008). This finding is in line with the reports of Megersa et al. 
(2011a), Yohanis, (2012) and Muluken (2016), who reported a significant as-
sociation between age and Brucella seropositivity in sheep and goats. 

Reproductive status of sheep and goat is significantly associated with Bru-
cella seropositivity where pregnant sheep and goat were about three (OR=2.6, 
p<0.05) times more likely than in non-pregnant ones. This could be explained 
by the fact that susceptibility to Brucella infection is increased after sexual 
maturity and especially with pregnancy. This is due to Brucella organisms 
prefer uterus in which allantoic fluid factors such as erythritol could stimulate 
the growth of Brucella and elevate in the placenta and fetal fluid from about 
the second trimester of pregnancy (Coetzer and Tustin, 2004; Radostits et al., 
2007). This finding is in line with the report of Yohanis (2012), who stated that 
brucellosis was associated with the reproduction status of sheep and goats. 
Gestation period at abortion is significantly associated with Brucella seroposi-
tivity whereby seropositivity about two (OR=2.4, p<0.05) times more likely in 
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the third-trimester stage than those have no history of abortion. This can be 
explained by the presence of higher concentration erythritol produced natu-
rally by the developing fetus favors the multiplication of Brucella organisms, 
where it causes degeneration and necrosis of the cotyledons leading to abor-
tion from the last months of gestation (Smith et al., 2002; Coetzer and Tustin, 
2004). Besides, in highly susceptible nonvaccinated pregnant sheep and goat, 
abortion occurs in the last month of pregnancy is a cardinal feature of Brucella 
infection (Radostits et al., 2007). This finding was supported by the reports of 
Muluken (2016), and Coetzer and Tustin (2004), who indicated a significant 
association between seropositivity of Brucella infection and gestation stage in 
sheep and goats.

Species mix is also associated with Brucella seropositivity where sheep and/ 
goats kept together with cattle is almost three (OR=2.8) times more likely to be 
positive for Brucella antibody than a single species flock. Cross-species infec-
tion with other Brucella species, especially B. abortus, has been documented 
in sheep and goat as a cause of Brucella infection (Glenn and Karen, 2005). 
Multiple livestock species herding together, especially keeping of goat and 
sheep along with cattle has been reported as an important determinant risk 
factor of Brucella seropositivity (Abbas and Agabu, 2002). Keeping sheep in 
contact with Brucella infected goat, also a potential risk factor for brucellosis 
spread among sheep flocks (Radostits et al., 2007). However, this finding is not 
supported by the reports of Coelho et al. (2013), who stated herding of small 
ruminants with cattle were not risk factors for brucellosis. This difference in 
Brucella seropositivity of species composition recorded in the different study 
areas may be associated with the differences in agroecology, management sys-
tem and breed used in each study. 

Flock size is associated with Brucella seropositivity in sheep and goat with 
large flock size was about three (OR=2.7) times more odd of brucellosis than 
small flock size. Flock size has previously been reported as an important de-
terminant for transmission of Brucella organism between susceptible and in-
fected animals (Omer et al., 2000) and because of one positive animal was at 
least available in large flock size compared with small flock size (Al-majali, 
2005). This finding also related to a higher density of animals per flock. Keep-
ing a large flock allows greater contact among animals. This makes a higher 
bacteria load in the environment and as a result, the probability of brucellosis 
transmission will be increased. Moreover, grazing in the communal pasture 
may facilitate the contact between infected and none infected flocks (Kaba-
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gambe et al., 2001; Coelho et al., 2013). The association of flock size with the 
seropositivity in the present finding is confirmed with previous results (Ka-
bagambe et al., 2001; Al-majali, 2005; Coelho et al., 2007; Coelho et al., 2013; 
Tegegn et al., 2016;).

In the current study, no statistically significant difference (p>0.05) was detect-
ed in seroprevalence of Brucella antibody between aborted and none aborted 
sheep and goats. This suggests that brucellosis may not be associated with 
abortion in sheep and goat in study areas. This could be true as abortion in 
sheep and goat has multiple causes, infectious (Toxoplasma gondii, Leptospira 
spp, Listeria spp, Salmonellae spp, Coxiella burnetti) and non-infectious (heat 
stress, nutritional deficiencies, trauma, toxic substances, etc) other than bru-
cellosis. It is known that only seropositivity does not certainly associate with 
abortion in all conditions. It is important to identify the actual causes in the 
aborting sheep and goats and/ or in the aborted fetus or placental tissues to 
confirm the pathogen is accountable for abortion (Morris et al., 2018). This 
result is in line with the reports of Gebremedhin (2015) and Wubishet et al. 
(2017), who reported that the risk of Brucella seropositivity was not associated 
with abortion. However, this result is inconsistent with some previous studies 
in Ethiopia (Tassew and Kassahun, 2014; Asmare et al., 2013) that stated bru-
cellosis was associated with abortion in sheep and goats. This variation may 
be due to differences in agroecology, breed, management and husbandry condi-
tion in the area. This can also be differences between the study areas regard-
ing conditions that could favor the transmission of various causes of abortion 
(Radostits et al., 2007).

Conclusions 
In the present study, the high seroprevalence of brucellosis was recorded in 
sheep and goat. Older age, mixed flock, pregnancy, late term gestation, and 
larger flock size have been noted as the most important factors for recovering 
higher proportion of Brucella reactors in sheep and goats. The present study 
also indicated that the presence of higher brucellosis in sheep and goat with 
the history of abortion than those have no history of abortion. Hence, it is 
important to carry out further study to identify the circulating Brucella spe-
cies using molecular tools and other potential causes of abortion in sheep and 
goats. Besides, this study warrants the need for further investigation on Bru-
cella infection public health impact in the study area. 
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Abstract
Ticks limit the productivity of livestock through decreased production, repro-
duction, increased mortality, downgrading and rejection of hides and skin. A 
cross-sectional study was conducted to estimate the prevalence of tick infesta-
tion in ruminant while experimental study was used to evaluate the in-vitro 
acaricidal efficacy of methanolic extracts: Calpurnia aurea and Otostegia integ-
rifolia and the phytochemicals present in those extracts at different concentra-
tions (200, 100, 50, 25, 12.5 and 6.25 mg/ml) against Amblyomma variegatum. 
Adult immersion was used for the in-vitro acaricidal efficacy test and plant ex-
tracts were subjected to qualitative phytochemical screening for the presence 
or absence of secondary metabolites using standard procedures. Out of the 160 
goats, 152 sheep and 121 cattle, 23 (14.4%), 44 (28.9%) and 28 (23.1%) were 
found to be positive for tick infestation, respectively. The incidence of tick in-
festation was significantly different (p<0.01) among ruminants. Five tick spp. 
were identified: A. variegatum, A. gemma, R. decoloratus, R. evertsi evertsi and 
R. pulchellus. Extract of C. aurea and O. integrifolia was found to contain al-
kaloids, saponins, phlobatannin, steroids, phenolic, flavonoids, glycosides and 
tannins. However, both plants were found negative for triterpens. Extracts of 
C. aurea and O. integrifolia at 200 and 100 mg/ml concentrations showed a 
significantly higher (p<0.05) acaricidal activities compared to other treatments 
at 24 hrs post exposure. Mortality of ticks was increased with the increased 
dosage (concentration) and exposure time after treatment. Extracts of C. aurea 
showed a significantly higher (p<0.05) tick mortality (52%) compared to those 
of O. integrifolia (27%). This is a promising finding to have alternative means 
of treatment and to substitute the use of synthetic drugs which have a wide 
spread drug resistance especially in developing countries like Ethiopia.

Key words: Calpurnia aurea; in-vitro test; Otostegia integrifolia; Phytochemi-
cal screening; Tick infestation
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Introduction
Ethiopian cattle, sheep and goat population is estimated to be about 59.49, 
30.70 and 30.20 million, respectively (CSA, 2017), which plays a significant 
role in the socio-economic life of the people. Products and by-products of live-
stock such as milk, meat, cheese, and butter supply the needed animal protein 
that contributes to the people’s nutritional improvement. They also play an 
immense role in providing export commodities, such as meat, live animals, 
hides and skins to earn foreign exchange (Abunna et al., 2009). Even though 
livestock are important components of the Ethiopian farming system, their 
contribution to the sector are below the expected potential because they are 
constrained by poor feeding, poor managements and diseases (Ashenafi et al., 
2013). In Ethiopia, ticks are directly or indirectly involved in causing consider-
able financial losses to the livestock industry with an estimate of more than 
1-million-birr loss per year through rejection and down-grading of hides and 
skins which in turn affect the tanning industries of the country (Ashenafi et 
al., 2013).

The World Health Organization (WHO) estimated that around 80% of the 
population in Africa use traditional medicines and about 85% of traditional 
medicine involves the use of plant extracts (WHO, 2008). In Ethiopia, plant 
remedies are still the most important and sometimes the only sources of thera-
peutics for nearly 80% of human and more than 90% in livestock population. 
Estimated floras of 6,500 to 7,000 species of higher plants are of medically im-
portant and out of these medicinal plants 12% are endemic to Ethiopia (Giday 
et al., 2009).

Modern livestock health care is still at its immature stage in the country due 
to lack of adequate clinics and supply of drugs. Besides, most modern drugs 
are expensive and not affordable by the majority of livestock owners. As a 
result, people rely on their traditional knowledge, practices and locally avail-
able materials (mainly plants) in the management of diseases of their domestic 
animals. However, very little of the ethnoveterinary knowledge in Ethiopia 
in relation to the use of medicinal plants is so far properly documented and 
analysed (Yineger et al., 2008). In one hand, even though ticks are becoming 
the major health, productivity and breeding concerns in the farms of the Hara-
maya University and the surrounding district, very limited information exists 
or/and none at all. On the other hand, the cost of acaricides together with loss 
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of enzootic stability, residues in food, undesirable effects on the environment 
and development of resistance by ticks are some of the problems related to 
utilization of acaricides (De Castro, 1997). 

Calpurnia aurea and Otostegia integrifolia were reported to be used as a con-
trol means for livestock ticks, lice and flea infestation in ethno-veterinary prac-
tice (Teklay et al., 2013). In addition, the acaricidal activity of alkaloid C. au-
rea leaves extracts against A. variegatum was previously reported by Amante 
(2016). However, the in vitro effect of methanolic C. aurea and O. integrifo-
lia leaves extracts against A. variegatum was not investigated in the current 
study area. In addition, there is a need for scientific based research for test-
ing the acaricidal efficacy of these plants in order to assess alternative herbal 
remedies for tick and tick associated diseases. Therefore, the objectives of this 
study were aimed to estimate the prevalence of ruminant tick infestation and 
to identify ruminant tick species in and around Haramaya University farms 
and to evaluate the in vitro acaricidal activity of C. aurea and O. integrifolia 
methanolic extracts against A. variegatum.

Material and Methods
Description of the study area

Ticks were collected from Haramaya University (HU) farms and Haramaya 
district. The phytochemical screening test and the in vitro acaricidal efficacy 
test experiment was conducted at the laboratory of Haramaya University, Col-
lege of Agriculture and Environmental Sciences. Haramaya is located in Oro-
mia Regional State of Eastern Hararghe zone 508 km from Addis Ababa. It is 
located at an altitude range of 1800 to 2345 (an average 2047) m.a.s.l, 9o 26’N 
latitude and 42o 3’E longitude. The mean annual rainfall is 780 mm. The mean 
annual minimum and maximum temperatures are 8.5 and 24.4, respectively. 
According to the Haramaya District Rural Development and Agricultural Bu-
reau, the district has 63,723 cattle, 13,612 sheep, 20,350 goats, 15,978 don-
keys, 536 camels and 42,035 poultry.

Study animals 

Study animals were ruminants (160 goats, 152 sheep and 121 cattle). Small 
ruminants (n=214) and cattle (n=58) were used from HU farms while small 
ruminants (n=98) and cattle (n=63) were used from Haramaya district vet-
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erinary clinics for tick sample collection and identification. The husbandry 
system of dairy cattle is semi-intensive, where animals are allowed access to 
grazing typically in the evening. Small ruminants in the farms are kept under 
semi-intensive management systems which are allowed access to graze on free 
range land within the University both in the morning and late in the after-
noon. Study population were grouped by study area, species, sex, age, breed, 
body condition score (BCS) and production system. Conventional age catego-
ries were made. For cattle animals aged <3 years were considered as young 
and ≥3 years as adult. Sheep and goats were grouped as young (˂ 2 years) and 
adults (≥2 years) as stated by Gatenby (2002) and as cited in Tewodros and 
Dawit (2015). Body condition score categorization was done according to Nich-
olson and Butterworth (1986).  

Study design

A cross-sectional study was conducted from September 2015 to February 2017 
to estimate the prevalence of tick infestation and experimental study was car-
ried out to evaluate the in-vitro acaricidal efficacy test of C. aurea and O. inte-
grifolia methanolic leaves extract against A. variegatum. 

Tick collection and identification methods

Each animal was purposively sampled and subjected to physical and clinical 
examination and history, such as the use of acaricide treatment, concurrent 
disease and tick infestation associated signs including pain, lameness, and loss 
of appetite was recorded. Ticks were collected using forceps from the main 
body sites namely: head, dewlap, brisket, belly and back, udder or scrotum, 
anogenital, leg and tail. Adult ticks were collected and were maintained in 
universal bottles separately and then transported to the parasitology labora-
tory of College of Veterinary Medicine, HU for identification and in vitro acari-
cidal efficacy test. Date and place of collections, body sites of collection, and 
breed of host were recorded duly. Identification and recording of tick samples 
were taken place within few hours of collection. Ticks were identified using 
stereomicroscope following the standard identification procedures described by 
Walker et al. (2014). 

Plant material collection and extraction

The leaves of plant species C. aurea and O. integrifolia were selected based on 
the information obtained from botanical surveys (Teklay et al., 2013) in which 
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the community traditionally used those plants for the control of ticks. These 
plants were collected around from eastern Hararghe and identified and veri-
fied with taxonomical studies as reported by Zorloni (2008). The plant materi-
als (leaves) were spread out on paper sheets in the shade at room temperature 
separately to dry for two weeks. The dried plant material was crushed in an 
electric grinder to coarse powder consistency. One hundred gram (100 gm) of 
powder was soaked in 200 ml of methanol separately for each plant for 48 
hrs on an orbital shaker. Extracts were filtered using a Buckner funnel and 
Whatman (No 1 filter paper). Each filtrate was concentrated to dryness under 
reduced pressure at 40 °C using a rotary evaporator and the residue obtained 
was stored at 4°C (Eloff, 1999).  The extraction rate (%) was calculated as given 
below:
                                  Weight of extracts (gm) 
Extraction rate (%) =  Weight of the plant material (gm)  x 100 
                                                     before extraction 

Phytochemical screening of solvent extracts

The crude methanol extract was screened for the presence or absence of sec-
ondary metabolites such as alkaloids, saponins, phlobatannin, steroids, flavo-
noids, glycosides, phenolic compounds, tannins and triterpens using standard 
procedure (Tiwari et al., 2011). 

In vitro acaricidal efficacy test

Adult immersion test

The dried extracts of C. aurea and O. integrifolia were diluted in distilled water 
and 3% methanol respectively, at the concentrations required for the bioassays 
and six concentrations were prepared arithmetically viz. 200, 100, 50, 25, 12.5 
and 6.25 mg/ml by serial dilution based on FAO (2004). The in vitro tests were 
started within one hour after tick collection and identification. Ten active un-
sexed adult ticks and 3ml of each extract concentration were directly added in 
to each Petri-dish of the three replications. Petri-dishs were incubated at 27-28 
°C and 75-80% relative humidity for 24 hrs (Sanis et al., 2012). Distilled water 
and 3% methanol were used as negative control for C. aurea and O. integri-
folia, respectively whereas 0.1% diazinon 60 EC (Kat Relzayat Pesticides and 
Chemicals Co. Ltd, Egypt) was used as positive control (Jadhav et al., 2007). 
The test solutions, 0.1% diazinon 60 EC and distilled water were removed just 
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after two-minute contact time using Whatman filter paper No 1. Each tick in 
each Petri-dish was closely observed for death under stereomicroscope at 30 
minutes, 1 hr, 2 hrs., 3 hrs., 6 hrs., 12 hrs., and 24 hrs. time intervals (Nanaa 
et al., 2010). The criteria used for identifying tick death were extremely strict. 
If any minor signs of life such as movement of head part, gut cells or minimal 
legs movements were observed with stimulation by forceps, the ticks were cat-
egorized as alive. The ticks were judged as dead, if there were no vital signs at 
all (Jadhav et al., 2007). The plant extracts were compared with ticks treated 
by different extract dosage, controls and different time of exposure. The num-
bers of fatalities were recorded in prepared format. The percent mortality rate 
of the ticks was calculated based on Krishnaveni and Venkatalakshmi (2014).

    No. of mortality 
Mortality   %     =                   Total number of parasites   x 100 

Accordingly, acaricidal effect was classified as strong (mortality > 80%), 
moderate (60-80% mortality), weak (40-60% mortality), little or no activity 
(mortality < 40%). Mortality in the Petri-dishes treated with extract was cor-
rected to take account of control mortality using Abbott’s correction (Pamo et 
al., 2005).

Data entry and analysis

All data recorded in this study was entered into Microsoft excel and subse-
quently analyzed using STATA version 11.0 computer program. Chi-square 
test was used to determine the presence of association between the prevalence 
of tick infestation and study area, ruminant species, sex, age, breed, BCS and 
production system. Analysis of variance (one-way ANOVA test) was used to 
compare the means of tick mortality between treatments. The difference be-
tween treatments was considered significant at the (P <0.05) level. Descriptive 
statistics was also used to review the different tick species.

Results
Identification of tick species in domestic ruminants

A significantly different (p<0.01) incidence of tick infestation was observed 
among examined domestic ruminants (cattle, sheep and goat) and Body Condi-
tion Score (Table 1). A total of 1518 ticks were collected from infested animals. 
Three genera and 5 species of ticks were identified. Of which, A. variegatum 
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was the dominant tick species (Table 2). The prevalence of species level tick 
infestation in domestic ruminants also reported (Table 3). 

Table 1: Prevalence of ruminant tick infestation and associated factors
Variables Category Number 

examined
Number tick 
infested (%)

OR (95% CI) p-value

Source HUa 272 57 (20.9) Reference
HVCb 161 38 (23.6) 0.6(0.31-.62) 0.520

Species Goat 160 23 (14.4) Reference
Sheep 152 44 (28.9) 2.5(0.16-1.34) 0.013
Cattle 121 28 (23.1) 2.0(0.01-1.28) 0.046
Total 433 95 (21.94)

Sex Male 60 11 (18.3) Reference
Female 373 84 (22.5) 0.96(1.11-.38) 0.337

Age Young 96 17 (17.7) Reference
Adult 337 78 (23.1) 1.2(0.23-.29) 0.233

Breed Local 325 74 (22.8) Reference
Exotic 108 21 (19.4) 0.21(-.66-.54) 0.833

BCSc Poor 116 47 (40.5) Reference
Medium 229 38 (16.6) 4.6(-1.74-.71) 0.000
Good 88 10 (11.4) 3.9(-2.36-.79) 0.000

Farming 
system

Semi 
intensive

272 57(21.0) Reference

Extensive 161 38(23.6) 0.6(-.31-.62) 0.520
aHaramaya University, bHaramaya District Veterinary Clinic, cBody Condition Score

Table 2: Prevalence of tick species identified in the study areas
Tick genera                                                                                               Proportion
Amblyommavariegatum 971 (64%)
Rhipicephalus (Boophilus) decoloratus                                                                                                366 (24%)
Amblyommagemma 107 (7.5%)
Rhipicephalusevertsievertsi 53 (3.5%)
Rhipicephalus pulchellus                                                                                         21 (1.5%)
Total 1518 (100%)
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Table 3: Species-level tick infestation in domestic ruminants (cattle, sheep 
and goat)
Tick species Cattle 

(n=121) (%)
Sheep 
(n=152) (%)

Goat 
(n=160) (%)

Overall
prevalence

A. variegatum  14 (11.6) 20 (13.1) 12 (7.5) 46 (10.6)
Rh (B) decoloratus 6 (5.0) 13 (8.5) 8 (5.0) 27 (6.2)
A. gemma 4 (3.3) 6 (3.9) 3 (1.9) 13 (3.0)
Rh.evertsi evertsi 2 (1.7) 3 (2.0) 0 5 (1.2)
Rh. Pulchellus 2 (1.7) 2 (1.3) 0 4 (0.9)
Total 28 (23.1) 44 (28.9) 23 (14.4) 95 (21.9)

Physicochemical characteristics and yield of plant extracts

Methanolic crude extract of C. aurea (leaves) was green powder. The plants ex-
tract was soluble in organic solvents and fairly soluble in distilled water. The 
crude leaves extract of O. integrifolia was semi solid greenish brawn. Otostegia 
integrifolia extracts were soluble in 3% methanol (Table 4). Extract of C. aurea 
and O. integrifolia was found to contain different active ingredients (Table 5).

Table 4: Physical characteristics and percentage yield of C. aurea and O. inte-
grifolia different crude extracts
Scientific 
names 

Local 
name

Plant part 
extracted

Extraction 
solvent 

Colour of
 extract  

Yield (%)

C. aurea Degeta Leaf Methanol Green 17
O. 
integrifolia

Tunget Leaf Methanol Greenish brown 19.3

Table 5: Qualitative determinations of active ingredients in crude extract of 
C. aurea and O. integrifolia
Scientific names C. aurea O. integrifolia
Alkaloids + -
Saponin + +
Phlobatannin + +
Steroids + -
Phenolic Cpds. + +
Flavonoids + -
Glycosides + +
Tannins + +
Triterpens - -
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In vitro acaricidal activity of C. aurea and O. integrifolia against A. 
variegatum

Mortality of ticks was increased with the increased dosage (concentration) and 
exposure time after treatment. Extracts of C. aurea at 200 mg/ml and 24 hrs 
post exposure showed increased tick mortality (52%) compared to other expo-
sure times (6 and 12 hrs.) within the treatments and compared to the negative 
control. Calpurnia aurea extract at 200 and 100 mg/ml concentrations showed 
comparable acaricidal efficacy to the reference drug (Fig 1).

Figure 1: Mortality rate of ticks treated with different crude extract concentrations of 
C. aurea

Mortality of ticks was increased with the increased dosage (concentration) and 
exposure time after treatment. Extracts of O. integrifolia extract at 200 and 
100 mg/ml and 24 hrs post exposure showed increased tick mortality about 
(26%) compared to other exposure times (6 and 12 hrs) within the treatments 
and compared to the negative control (Fig 2).
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Figure 2: Mortality rate of ticks treated with different crude extract concentrations of 
O. integrifolia

The extracts of C. aurea at 200 mg/ml concentrations and 24 hrs after exposure 
showed a significantly (p<0.05) higher tick mortality than those of O. integri-
folia (Table 6)

.
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Table 6: In-Vitro acaricidal efficacy evaluation of C. aurea and O. integrifolia 
methanolic extracts at different concentrations and time exposure against A. 
variegatum

Dose
(mg/ml)

Mean mortality rate (%)

6 hrs 12 hrs 24hrs

C. aurea O. 
integrifolia

C. aurea O. integrifolia C. aurea O. integrifolia

200 5.3±5.3b 00±00b 16.3±9.5a 5.5±00a 51.5±5.5a 26.5±5.7a

100 16.3±.9.5a 00±00b 16.3±9.5a 00±00b  38.7±5.7b 23±5.7a

50 00±00c 00±00b 3.3±3.3d 00±00b 21.7±5.7c 16±00b

25 00±00c 00±00b 5.3±5.3c 00±00b 16±00a 5.3±5.3b

12.5 00±00c 00±00b 00±00e 00±00b 16±00b 00±00c

6.25
00±00c 00±00b 11±5.3b 00±00b

11±5.3c 00±00c

- control 00±00c 00±00b 00±00e 00±00b 00±00b 00±00c

+ control 5.3±5.3b 6.7±3.3a 11±5.3b 13.3±6.7a 33±3.6a 38.7±5.7a

Values are expressed as mean ± SD. Mean values with different letters in the same column are significantly 
different (𝑃<0.05)

Discussion
In this study 21.9% of the study animals were found infested by ticks. Similar 
finding was also reported by Tiki and Addis (2011) who found 25.64% tick in-
festation around Holeta. In contrary, higher prevalence of ticks was reported 
from different parts of the country including 81.25% (Getachew et al., 2014), 
74% (Meaza et al., 2014) and 65.5% (Wolde and Mohamed, 2014). The incon-
sistency among these studies could be attributed to a wide range of factors in-
cluding agro-ecological, animal health practice, or managemental differences 
within their respective study areas. 

The free-range nature of the animals most probably made significant differ-
ences of tick infestation in which cattle were two times more likely infested 
than goats. Whereas, animals with poor and medium body condition were more 
at risk for tick infestation than animals with good body condition. According 
to Manan et al. (2007), this could be due to the fact that poorly conditioned 
animals had low resistant to tick infestation and lack enough body capacity 
to build resistance whereas animals with good body condition had reasonable 
resistance to combat tick infestation. 
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Amblyomma variegatum was found to be the most abundant tick species found 
which accounts 64% of the total collected ticks. Similarly, prevalence data 
was also reported by Pawlos and Derese (2013). This finding is also in agree-
ment with that of Ayalew et al. (2014) in central Oromia and Yehualashet et 
al. (1995) at Haramaya University. This was probably due to the geographic 
location and its being relatively active throughout the year (Hussen, 2009).  
Likewise, several researches, which had been conducted in different parts of 
Ethiopia, indicated that A. variegatum is the most abundant tick species with 
the highest prevalence. This tick species is responsible for the greatest damage 
to the hide and skin, because of its long mouth parts (Solomon et al., 2001; Tes-
sema and Gashaw, 2010; Tiki and Addis, 2011; Ayalew et al., 2014). 

The methanolic crude extract of leaves O.integrifolia comparatively yielded 
higher percentage (19.3%) than C. aurea. This output was supported by the 
report of Zewdneh et al. (2015) who reported similar percentage of O. integrifo-
lia methanolic leaf extract. The difference on percentage yield of these extract 
products among the plants might be due to the difference on the nature of 
plant species and solvents used.

In order to know the active ingredients, present in crude extracts of the selected 
plants phytochemical screening test was conducted. Extract of C. aurea and O. 
integrifolia was found to contain alkaloids, saponins, phlobatannin, steroids, 
phenolic, flavonoids, glycosides and tannins. However, both plants were found 
negative for triterpens while O. integrifoliawas found negative for alkaloids, 
steroids and flavonoids. This finding is in consistency with Umer et al. (2013) 
who reported the presence of alkaloids, tannins, flavonoids and saponins in C. 
aurea crude extract. Other study showed extract of C. aurea leaves was found 
positive for alkaloids (Zorloni et al., 2010). 

This finding is in line with Zewdneh et al. (2015), who reported that metha-
nolic extract of O. integrifolia (leaves) was positive for saponins and phenolic 
compound while negative for alkaloids, steroids and flavonoids. Parts of plant 
extracted and solvents used for extraction are important to determine medici-
nally active portions of plant (Solomon et al., 2013). Because the use of a dif-
ferent part of plant and solvent can yield in a different way in their chemical 
metabolites as it involves the separation of medicinally active portions of plant 
tissues from the inactive/inert components by using selective solvents (Ncube 
et al., 2008). 
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The current results revealed that the average A. variegatum mortality 25.5% 
recorded within 24 hrs of exposure of all extract concentrations of C. aurea 
at higher concentrations of 200 mg/ml and 100 mg/ml was comparable to the 
reference drug (positive control).This finding is different from some previous 
studies that reported as higher and lower average mortality of ticks. Zorloni et 
al. (2010), reported 85% of tick mortality by acetone extracts of C. aurea leaf 
at 5% concentration while Regassa (2000), found 10% of tick mortality at 5 hrs 
exposure of the aqueous extracts of C. aurea leaf and bark. The differences 
among these studies might be due to the difference in solvent used for extrac-
tion as studies have shown that organic solvent extracts show greater biologi-
cal activity than the aqueous extract (Parekh et al., 2007). 

O. integrifolia showed average mortality of A.variegatum 12.3% at all concen-
trations. There is no available published scientific document on the effect of 
this plant against ticks. However, previous study showed the in vivo potent ac-
tivity of hydro alcoholic leaf extract of O. integrifolia against Plasmodium ber-
ghei, malaria parasite with a maximum percent of chemo suppression of 80.5 
at a dose of 600 mg/kg/day (Endale et al., 2013).  Zorloni (2008) also reported 
the mosquito repellency, antimicrobial, anti-hyperglyceamic and antioxidant 
activities of O. integrifolia leaf. 

Comparative in-vitro acaricidal activity of crude extracts of the plants revealed 
that C. aurea showed higher mortality of ticks (52%) than O. integrifolia (27%) 
after 24 hrs of exposure at 200 mg/ml concentration. The difference in mortal-
ity percentage of these plants might be due to variability in the amount of 
secondary metabolites among the plant extracts. The phytochemical analysis 
in this study showed that C. aurea had more secondary metabolites than O. 
integrifolia. In our study the relatively lower acaricidal activity of O. integrifo-
lia is might be due to lower quantity of secondary metabolites and the absence 
of alkaloids, which act synergistically with glycosides when present and gave 
anti-tick activity (Ghosh et al., 2015). Studies indicated that the presence of 
alkaloid, glycosides and phenol are important chemicals to initiate the mecha-
nism of in-vitro and in-vivo action causing tick mortality (Kumar et al., 2011). 

Conclusion
The prevalence of tick infestation was significantly different among ruminants 
and body condition. Five tick species were identified: A. variegatum, A. gemma, 
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R. decoloratus, R. evertsi evertsi and R. pulchellus. Amblyomma variegatum. 
Extract of C. aurea and O. integrifolia were found to contain alkaloids, sa-
ponins, phlobatannin, steroids, phenolic, flavonoids, glycosides and tannins. 
Crude extracts of C. aurea and O. integrifolia at the higher concentrations and 
exposure times showed a significantly higher acaricidal activities compared to 
lower concentrations, exposure times and negative control. Both plants had 
showed comparable acarcidal effect to that of synthetic drugs (0.1% diazinon) 
that have been routinely used in the country. We can conclude that this is a 
promising finding to have alternative means of treatment to substitute the 
use of synthetic drugs which has a wide spread drug resistance and associ-
ated risks on the animals and human. Further detailed study on the economic 
losses associated with tick infestation as well as designing efficient method of 
tick control would have great importance. More investigation needs on their 
safety and efficacy in vivo as well as cost effectiveness of the products that 
exhibited considerable acaricidal activity with a view of substituting the con-
ventional synthetic acaricide drugs. This also calls for further studies on char-
acterization of the active ingredients of the selected plant materials. A need for 
further studies should be initiated to evaluate the effect of plants that showed 
low acaricidal effect by using a different extraction solvent and on other tick 
species.
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Abstract  
Mastitis is one of the most economically important diseases in dairy farms 
worldwide. It is particularly important in Ethiopia where no routine preven-
tion and control practices are in place. This cross-sectional study was carried 
out between October 2017 and June 2018 to estimate the prevalence of mas-
titis, identify the associated risk factors and isolate bacterial causes in dairy 
farms located in southern Ethiopia using standard microbiological methods 
and questionnaire survey. A total of 686 lactating cows which were found in 
122 selected dairy farms were investigated by physical examination and Cali-
fornia mastitis test. The overall cow-level prevalence of mastitis was 54.2% 
(95% CI: 50.5 – 57.9%). Based on the study site, the prevalence was 55.7% 
in Hawassa, 54.3% in Arsi Negele, 52.6% each in Wondo Genet and Wolayta 
Soddo towns with no significant (p > 0.05) difference among the sites. The 
majority of mastitis cases were subclinical (48.1%) while the clinical mastitis 
was only 6.1%. Of the 122 herds tested, 109 (89.3%; 95% CI: 82.1 – 93.9%) 
had at least a cow positive for mastitis. The study showed that high parity 
number (OR = 1.6; p = 0.015), flat (OR = 4.5; p <0.001) and round (OR = 2; p 
<0.001) teat end shape, history of mastitis in preceding lactation (OR = 3.3; p 
<0.001), and slightly (OR = 3.5; p < 0.001), moderately (OR = 4.9; p < 0.001), 
and very dirty (OR = 9.2; p < 0.001) udder and legs were the major risk factors 
which are significantly associated with higher prevalence of mastitis. Based on 
the available media and reagents, the major bacteria isolated from subclinical 
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mastitic milk samples were Staphylococcus spp. (57.3%), Streptococcus spp. 
(18.6%), E. coli (17.3%) and Bacillus spp. (7.5%) in order of their abundance. 
The present study revealed a high prevalence of mastitis, particularly the sub-
clinical one, and the associated risk factors. Enhancing the awareness of dairy 
farmers, regular screening of cows for subclinical mastitis, proper treatment of 
the clinical cases, improving the hygienic condition of the cows, and culling of 
chronically infected cows are critically important to prevent and control bovine 
mastitis. 

Keywords: Mastitis, Prevalence, Risk factors, Southern Ethiopia

Introduction
Mastitis is an inflammation of the parenchyma of mammary glands character-
ized by physical, chemical and usually, bacteriological changes in milk and 
pathological changes in glandular tissues. The most important changes in the 
milk include discoloration, the presence of milk clots and large number of leu-
cocytes in milk (Radostits et al., 2007). It is a multi-etiological and complex 
disease resulting from the interaction of three major factors: infectious agents, 
host resistance, and environmental factors (Gera and Guha, 2011).

Mastitis is a global problem adversely affecting animal health, quality of milk 
and the economics of milk production (Sharma and Sindhu, 2007). It is the 
most widespread infectious disease in dairy cattle (Tiwari et al., 2000; Elango 
et al., 2010; Sharma et al., 2012). Mastitis can occur either in clinical or sub-
clinical forms. The clinical mastitis is characterized by changes in the udder 
and milk that are directly observable, whereas the subclinical mastitis is char-
acterized by an increase in somatic cell count in the milk and absence of visible 
clinical signs (Kivaria et al., 2004). 

Mastitis is of a particular concern for farmers in developing countries like 
Ethiopia. In Ethiopia, there are several bovine mastitis studies showing spa-
tial variations in prevalence and risk factors. According to most recent studies, 
the prevalence of mastitis ranges from 39.5 – 62.6% (Belayneh et al., 2013; 
Tolosa et al., 2013; Abebe et al., 2016; Birhanu et al., 2017). Since Ethiopia is 
a country with diverse agro-ecological conditions, it is obvious that mastitis 
prevalence and associated risk factors can vary from region to region. Thus, it 
is important to investigate the causes and risk factors of the disease in parts 
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of southern Ethiopia to formulate mastitis control program adapted to the spe-
cific local situation. The present study aims to estimate the prevalence of bo-
vine mastitis, associated risk factors, and identify the major bacterial causes 
of mastitis in dairy farms in southern Ethiopia. 

Materials and Methods
Study area

The study was conducted in small scale dairy farms located in Hawassa, 
Wendo Genet, Wolayita Sodo and Arsi Negelle towns which are high poten-
tial areas for dairy production in southern Ethiopia. The first three towns are 
found in Southern Nations, Nationalities and People’s Regional State (SN-
NPRS) whereas Arsi Negelle is in Oromiya Regional State. Hawassa is located 
275Kms south of Addis Ababa at 7º3´N latitude and 38º48´E longitude. It is 
situated at an elevation of 1708 meters above sea level. Hawassa receives an 
average annual rain fall of 900 mm and has mean annual temperature of 20°C. 
Wendo Genet is located at 30 Kms west of Hawassa. It is situated at about 
1723 meters above sea level, 7°5’N latitude and 38037’E longitude. The aver-
age annual rainfall of the town is 1372 mm while mean annual temperature is 
19 °C. Wolayta Sodo is situated at 6°54′N latitude and 37°45′E longitude, and 
has an elevation between 1600 and 2100 meters above sea level. The average 
annual rainfall of the town ranges from 450 mm to 1446 mm while the mean 
annual maximum and minimum temperature of the town are 26.6 0C and 11.4 
0C, respectively. Arsi Negelle is found in the West Arsi zone of the Oromia re-
gional state at a distance of 225 Kms from Addis Ababa. The town is situated 
at about 2043 meters above sea level at 7°21’N latitude and 38°42’E longitude. 
The average annual temperature of the area varies from 10 to 25 °C while 
rainfall varies between 500 and 1000 mm. 

Study population  

The study population covers lactating dairy cows raised under semi-intensive 
or intensive management system.  In intensive farms, cattle were kept indoors 
all the time and provided with roughages and concentrates. The semi-intensive 
farms are characterized by outdoor grazing at day time and provision of sup-
plementary feed in the morning and evening before milking. House construc-
tion design in the study areas also varied from farm to farm. In some of the 
farms, the wall was made of bricks while in others it was built from wood and 
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mud. The floors of houses were constructed from concrete, wood or soil com-
pact with or without beddings. In most of the houses, drainage system was not 
sufficient enough to remove slurry. Although it was difficult to get the actual 
figure, the approximate number of dairy farms found in the towns were 107 in 
Hawassa (Libiyos, 2018, unpublished data), 35 in Arsi Negelle (Teherku, 2018, 
unpublished data), 33 in Wolayta Sodo (Dema, 2018, unpublished data) and 
63 in Wendo Genet (Wendo Genet Wereda Livestock and Fisheries Develop-
ment Office, 2018, unpublished data). The size of the herds in the study towns 
ranged from 2 to 131 cattle with average herd size of 7 cattle per herd. 

Study design and sample size

The study employed a cross-sectional study design. The required sample size 
was determined using the recommended formula (Thrusfield, 2005) with 95% 
confidence interval, 5% absolute precision, 0.15 between cluster variance (Vc) 
and 62.6% expected cow level prevalence (Abebe et al., 2016).  Based on the 
given formula, the number of farms calculated was 122 and with predicted 
average number of five cows per farm, the minimum sample size was deter-
mined as 610 cows. The sample size was allocated proportionally to each of the 
study areas based on their dairy cattle population size.  Accordingly, a sample 
size of 305, 152, 135, and 94 dairy cows was allocated for Hawassa, Wolayta 
Sodo, Wendo Genet, and Arsi Negelle towns, respectively. The dairy farms 
were selected randomly but all lactating cows found in the selected farms were 
included in the study.

Clinical examination

A thorough physical examination of the udder and teats was conducted on 
all lactating cows for evidence of clinical mastitis. Clinical findings such as 
secretions, abnormalities on size and shape of the udder, its consistency and 
temperature were assessed by visual inspection and palpation. Then, the cows 
negative for clinical mastitis were subjected to California Mastitis Test (CMT) 
for detection of subclinical mastitis. CMT was carried out according to the pro-
cedure described by Quinn et al (2002). In brief, a squirt of milk, about 2 ml 
from each quarter, was placed in each of the four shallow cups in the CMT pad-
dle. An equal amount of CMT reagent was added to each cup. A gentle circular 
motion was applied to the mixtures in a horizontal plane for 15 seconds. The 
CMT result was scored as negative (0 and trace), 1 (weak positive), 2 (distinct 
positive) and 3 (strong positive) based on gel formation. 
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Bacteriological analysis

A total of 307 milk samples were collected from sub clinically affected (CMT 
positive) cows aseptically based on the procedure described in NMC (1999). 
The teats were wiped thoroughly with 70% ethyl alcohol and approximately 
10 ml of milk were collected into a sterile bottle after discarding the first 3 
milking stream. After collection, samples were transported in an icebox to Mi-
crobiology Laboratory, Faculty of Veterinary Medicine of Hawassa University. 
In the laboratory, samples were cultured immediately or stored at +4oC for a 
maximum of 24 hours until inoculated on a standard bacteriological media 
(NMC, 1999).

A loopful of the milk samples was streaked on blood agar base (Himedia, India) 
which was enriched with 5% sheep blood, and MacConkey agar (Himedia, In-
dia). Bacterial growths were identified and recorded after incubation for 24 to 
48 hours at 37ºC aerobically. Identification of bacterial isolates was done based 
on colony morphological features and hemolytic reactions (primary cultures), 
gram staining reactions and biochemical tests (INVIC, Catalase and Coagu-
lase tests) on pure cultures (Quinn et al., 2002). 

Questionnaire survey

During farm visits, a semi-structured questionnaire was used to collect data 
about herd and cow level variables thought to influence the prevalence of mas-
titis. The questionnaire was administered to farm owners/attendants through 
a face-to-face interview by four final year undergraduate veterinary students 
(one in each site) who were conducting research for graduation. Some of the 
variables were recorded by direct observation of the milking and husbandry 
practices. The data collectors had received training before initiation of the re-
search to ensure that recording was consistent. The herd level variables re-
corded were herd size, management (intensive or semi-intensive), floor type 
(concrete, wood or soil), bedding (yes or no), pre or post milking teat dipping, 
udder washing practices (whole udder or teats only), housing (stall barn or 
group barn), use of towel for drying (yes or no), whether mastitic cows milked 
last or not, culling chronically infected cows, and dry cow therapy.  Cow level 
data included  age, parity, stage of lactation, udder position (normal or pen-
dulous), teat end shape (pointed, round or flat), cow dirtiness (clean, slightly 
dirty, moderately dirty or very dirty), and previous history of mastitis. 



57

 
Abebe et al.,

Ethiop. Vet. J., 2020, 24 (1), 52-68

Data analysis

Data collected through questionnaire survey and CMT were entered into Mi-
crosoft Excel spread sheet and then exported to Stata 14.2 statistical soft-
ware (StataCorp, 4905 Lakeway Drive, College Station, Texas) for analysis. 
The prevalence of cow-level mastitis was calculated by dividing the number of 
mastitis-positive cows (clinical and subclinical) by the total number of animals 
tested while herd-level prevalence was determined by dividing positive herds 
by total number of herds. A herd was considered as positive if at least one cow 
tested positive for clinical or subclinical mastitis. Possible risk factors for mas-
titis were selected using univariable mixed effect logistic regression analysis 
with farm ID as a random effect to account for clustering at herd level. All 
variables having p-value <0.25 in the initial univariable analysis were fur-
ther checked for co-linearity using Kruskal gamma statistics before multivari-
able analysis, and those variables whose gamma value ranged between −0.6 
and +0.6 were considered in a multivariable logistic regression model. During 
multivariable mixed effect logistic regression analysis, all non-significant vari-
ables were removed sequentially by backward elimination where the model 
with the lowest Akaike Information Criterion (AIC) value was chosen as the 
best model. At every step during model development, the confounding effect of 
herd size was assessed by checking for changes in parameter estimates, and 
changes >25% were considered to indicate confounding (Dohoo et al., 2009). 
To compare differences in cow level prevalence in the four sampling towns, lo-
gistic regression with sampling town as a categorical variable and a farm as a 
random effect was performed. In all analyses, confidence levels were calculated 
at 95% and a p value < 0.05 was used for statistical significance level. 

Results
The overall prevalence of mastitis at cow level was 54.2% (95% CI: 50.5 – 57.9%). 
The majority of mastitis cases in the cows tested was subclinical (48.1%) while 
the prevalence of clinical mastitis was only 6.1%. No significant (p > 0.05) dif-
ference was noted in the prevalence of mastitis across the four sampling towns 
(Table 1). Among the 122 herds examined in the study, 109 (89.3%; 95% CI: 
82.1 – 93.9%) of them had at least a cow positive for mastitis. All the herds ex-
amined in Wolayta Sodo, 95.8% in Arsi Negele, 85.4% in Hawassa and 83.3% 
in Wendo Genet were positive for mastitis. The prevalence varied between 0% 
and 100% within a herd at an average herd prevalence of 52% (Table 2).
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Table 1. Prevalence of cow-level clinical and subclinical mastitis in dairy cows 
in the southern Ethiopia 
Sampling 
town

No 
examined

Clinical 
mastitis

Subclinical 
mastitis                   

Overall 95% CI

Positive (%) Positive (%) Positive 
(%)

Wendo Genet 135  17 (12.6)  54 (40) 71 (52.6) 44.1 – 60.1
Wolayita Sodo 152  4 (2.6)  76 (50) 80 (52.6) 44.7 – 60.5
Arsi Negele 94  10 (10.6)  41 (43.6) 51 (54.3) 44.1 – 64.1
Hawassa 305  11 (3.6)  159 (52.1) 170 (55.7) 50.1 – 61.2
Total 686  42 (6.1)  330 (48.1) 372 (54.2) 50.5 – 57.9

Table 2. Herd-level prevalence of mastitis in dairy farms in the southern Ethi-
opia
Sampling town Herds tested Positive herds Prevalence 

(%)
95% CI

Wendo Genet 36 30 83.3 66.5 – 93.0
Wolayita Sodo 21 21 100 80.8 – 100
Arsi Negele 24 23 95.8 76.8 – 99.8
Hawassa 41 35 85.4 70.2 – 93.9
Overall 122 109 89.3 82.1 – 93.9 

Out of the 2744 quarters examined, 111 (4.1%) were found blind and nonfunc-
tional. The frequency of blind teats was slightly higher on the hind quarters 
than front quarters, and the overall quarter level prevalence of mastitis was 
29.4% (Table 3).

Table 3. Proportion of blind quarters and prevalence of mastitis at quarter 
level in dairy cows in southern Ethiopia
Quarter No 

quarters
Blind quarters, 
n (%)

No quarters 
tested

No positive Prevalence 
(%)

RH 686 35 (5.1) 651 184 28.3
LH 686 24 (3.5) 662 203 30.7
RF 686 29 (4.2) 657 195 29.7
LF 686 23 (3.4) 663 191 28.8
Total 2,744 111 (4.1) 2,633 773 29.4

RF = Right front; LF = Left front; RH = Right hind; LH = Left hind; 



59

 
Abebe et al.,

Ethiop. Vet. J., 2020, 24 (1), 52-68

In the present study, various possible risk factors at cow and farm levels were 
evaluated for their effect on mastitis prevalence. Univariable mixed effect lo-
gistic regression was performed on age, parity, lactation stage, udder position, 
teat end shape, history of mastitis, cow dirtiness, herd size, milking mastitic 
cow, management (intensive/semi-intensive), floor type (concrete, wood or soil), 
bedding (yes or no), washing udder before milking (whole udder or teats only), 
housing (stall barn or group barn), use of towel for drying (no, separate or com-
mon) and sampling town (Table 4). Out of 16 possible risk factors analyzed, 
parity, lactation stage, udder position, teat end shape, history of mastitis, cow 
dirtiness, milking mastitic cow and herd size had p < 0.25 and thus selected 
for multivariable analysis. Co-linearity was checked between variables before 
multivariable analyses. Accordingly, age was dropped from further analysis 
due to co-linearity with parity (gamma = 1) and history of mastitis in preced-
ing lactation (gamma = 0.64). Parity was retained in the analysis due to its 
higher biological importance than age in relation to mastitis. The best fit model 
included parity, teat end shape, cow dirtiness, and history of mastitis as sig-
nificant factors associated with prevalence of mastitis in cows. The final model 
showed that higher parity (OR = 1.6; p = 0.018), history of mastitis in preceding 
lactation (OR = 3.4; p < 0.001), round (OR = 2.2; p < 0.001) and flat teat ends 
(OR = 4.6; p < 0.001), and slightly dirty (OR = 2.9; p < 0.001),  moderately dirty 
(OR = 3.2; p < 0.001) and very dirty (OR = 8; p = 0.001) udder and legs were sig-
nificant factors associated with cow-level mastitis prevalence (Table 5). Herd 
size showed no association with mastitis prevalence (p = 0.109). However, the 
role of herd size as a confounder was investigated by fitting models for mastitis 
prevalence with and without herd size included. None of the coefficients for 
the other variables changed substantially when herd size was excluded, so we 
concluded that any confounding effect of herd size was minimal.
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Table 4. Results of univariable mixed effect logistic regression analysis of po-
tential animal and herd level risk factors with mastitis prevalence 
Risk factors Category No cows 

examined
No cows positive 
(%) 

Crude OR (95% 
CI)

p-value

Age ≤ 8yrs 576 289 (50.2) 1

> 8yrs 110 83 (75.5) 3.1 (1.9 – 4.9) <0.001

Parity Primiparous 177 69 (40) 1

Multiparous 509 303 (59.5) 2.4 (1.6 – 3.4) <0.001

Lactation ≤ 4 month 209 102 (48.8) 1

> 4 to 8 month 335 185 (55.2) 1.3 (0.9 – 1.9) 0.127

> 8 month 142 85 (59.9) 1.6 (1.0 – 2.5) 0.038

Udder position Normal 569 287 (50.4) 1

Pendulous 117 85 (72.7) 2.7 (1.7 – 4.2) <0.001

Teat end shape Pointed 288 117 (40.6) 1

Round 331 199 (60.1) 2.5 (1.7 – 3.6) <0.001

Flat 67 56 (83.6) 8.1 (3.9 – 16.7) <0.001

History of mastitis No 458 196 (42.6) 1

Yes 228 176 (77.2) 4.7 (3.2 – 6.9) <0.001

Cow dirtiness Clean 229 81 (35.4) 1

Slightly dirty 285 176 (61.8) 3.5 (2.3 – 5.4) <0.001

Moderately dirty 149 97 (65.1) 4.9 (2.8 – 8.7) <0.001

Very dirty 23 18 (78.3) 9.2 (2.9 – 29.2) <0.001

Herd size ≤ 10 162 78 (48.2) 1

> 10 524 294 (56.1) 1.4 (0.9 – 2.0) 0.109

Management Semi-intensive 105 58 (55.2) 1

Intensive 581 314 (54) 0.97 (0.6 – 1.7) 0.920

Floor type Wood 17 6 (35.3) 1

Earth/soil 37 19 (51.4) 0.5 (0.1 – 1.95) 0.336

Concrete 632 347 (54.9) 1.1 (0.5 – 2.4) 0.750

Housing Stall barn 214 117 (54.7) 1

Group barn 472 255 (54) 0.95 (0.6 – 1.4) 0.803

Bedding Yes 136 72 (52.9) 1

No 550 300 (54.6) 1.0 (0.7 – 1.6) 0.927

Udder washing before 
milking

Teats only 46 22 (47.8) 1

Whole udder 635 348 (54.8) 0.76 (0.4 – 1.5) 0.430

Towel use No 152 75 (49.3) 1

Common 142 76 (53.5) 1.3 (0.8 – 2.0) 0.244

Separate 392 221 (56.4) 1.2 (0.7 – 1.97) 0.515

Milking mastitis cow 
last

No 270 139 (51.5) 1

Yes 416 233 (56) 0.8 (0.6 – 1.2) 0.268
CI = Confidence interval; OD=Odds ratio
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Table 5. Best-fit multivariable model for risk factors associated with cow-lev-
el mastitis prevalence using mixed effect logistic regression modelling with 
farm as random effect
Risk factors Category Crude OR (95% 

CI)
Adjusted OR 
(95% CI)

p-value

Parity Primiparous 1 1

Multiparous 2.3 (1.6 – 3.3) 1.6 (1.1 – 2.5) 0.018

History of mastitis No 1 1

Yes 4.5 (3.2 – 6.5) 3.4 (2.3 – 5.1) <0.001

Teat end shape Pointed 1 1

Round 2.2 (1.6 – 3.0) 2.2 (1.5 – 3.2) <0.001

Flat 7.4 (3.7 – 14.8) 4.6 (2.1 – 9.9) <0.001

Cow dirtiness Clean 1 1

Slightly dirty 2.9 (2.1 – 4.2) 2.9 (1.9 – 4.4) <0.001

Moderately dirty 3.4 (2.2 – 5.3) 3.2 (1.8 – 5.6) <0.001

Very dirty 6.6 (2.4 – 18.4) 8.0 (2.4 – 26.1) 0.001

Constant 0.1 (0.04 – 0.21) <0.001
CI = Confidence interval; OD=Odds ratio

Bacteria isolated

Bacterial examination was performed on 307 milk samples collected from cows 
with subclinical mastitis. However, due to lack of media and other facilities, 
isolation was limited to only certain bacteria. Accordingly, growth of different 
types of bacteria was observed in 299 (97.4%) of the samples cultured. Staph-
ylococcus spp. were the most prevalent bacteria isolated from 57.3% of the 
samples cultured. Streptococcus spp., E. coli and Bacillus spp. were the other 
bacteria isolated in decreasing order of their prevalence (Table 6).

Table 6. Bacteria isolated from mastitic milk samples (N = 307) 
Type of bacteria No isolates  Prevalence (%)

Staphylococcus spp. 176  57.3

Streptococcus spp. 57  18.6

E. coli 53  17.3

Bacillus spp. 23  7.5
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Discussion 
Mastitis is the most costly disease in the dairy industry worldwide. It is a 
complex disease that results from the interaction of many factors involving the 
host, agent and environment. This study investigated the prevalence, risk fac-
tors and certain bacterial causes of mastitis in four towns of southern Ethiopia 
known for their dairy cattle potential. Unlike most of the previous studies in 
the region, the information presented in this paper was derived from a large 
sample of 686 lactating cows found in 122 dairy farms. An overall cow-level 
prevalence of 54.2% and overall herd-level prevalence of 89.3% was recorded. 
The cow-level prevalence of this study is comparable to two previous studies in 
Ethiopia: 52.9% in and around Areka town (G/Michael et al., 2013) and 56.5% 
in Batu and its environs (Duro and Taddele, 2011). However, it is higher than 
those reported in other studies that used CMT viz.  23.18% in Doba district, 
West Hararghe Zone (Girma et al., 2012), 39.5% in Adama town (Belayneh et 
al., 2013), 46.9% in and around Gondar town (Alemu et al., 2013) and 40.1% 
in Bishoftu town (Birhanu et al., 2017). In contrast, the present prevalence 
is lower than a previous report of 66.6% in Asella (Abera et al., 2013), 64.3 % 
in Adigrat (Zenebe et al., 2014), 62.6 % in Hawassa milk shed (Abebe et al., 
2016) and 62% in North-West Ethiopia (Mekonnen et al., 2017). The first meta-
analysis of the prevalence of mastitis in dairy cattle in Ethiopia conducted 
by Getaneh and Gebremedhin (2017) indicated that the variation of mastitis 
prevalence between studies might be due to variation in the locality and period 
of study, number of animals sampled, breeds, stages of lactation, parity num-
ber, and management practices.  

In the present study, higher prevalence of subclinical mastitis (SCM) (48.1%) 
was observed compared to the clinical form (6.1%), a finding that is in line with 
previous studies (Debele, 2010; Moges et al., 2011; Abebe et al., 2016; Kebebew 
and Jorga, 2016). Risk factors including higher number of parity, history of 
mastitis in preceding lactation, flat or round teat end shapes in cows, and cow 
dirtiness were the likely attributable factors to the observed high prevalence of 
SCM. Furthermore, absence of mastitis prevention and control practices such 
as post milking teat disinfection, culling chronically infected cows and dry cow 
therapy by most of the dairy farms are the other possible reasons. Due to lack 
of mastitis monitoring program and absence of visible clinical signs, cows in-
fected with SCM remain undetected for a long time. This increases the prob-
ability of mastitis transmission from infected to uninfected cows within herds 
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by the hands of milker’s without the notice of the farmers (Radostits et al., 
2007). 

The odds of mastitis was 1.6 times higher in multiparous than primiparous 
cows. This finding is consistent with several previous studies (Abunna et 
al., 2013; Belayneh et al., 2013; Katsande et al., 2013; Zeryehun et al., 2013; 
Abrahmsén et al., 2014; Abebe et al., 2016). Higher prevalence of mastitis in 
multiparous cows might be ascribed to loosening of sphincter and patency of 
teat canal in older cows. Moreover, the median ligaments, which provide sup-
port to the teat, also get relaxed with age leading to hanging of udder and thus 
it makes more prone to mastitis (Boujenane et al., 2015; Bhat et al., 2017). 

In the present study, cows with flat teat ends (OR = 4.5) and round teat ends 
(OR = 2) were more likely to have mastitis compared to those with pointed teat 
ends. This is perhaps because flat or round teats have wider streak canals, 
which can give greater chance for the entry of infectious agents, than pointed 
teat ends (Appleman, 1970). A similar finding was also reported by other stud-
ies like Belayneh et al. (2013), Nakov et al. (2014) and Abebe et al. (2016). 

Cows with a history of mastitis in the preceding lactation were 3.3 times more 
likely to have mastitis than those without mastitis history. This finding is in 
agreement with previous studies (Houben et al., 1993; Berry and Meaney, 
2005; Abebe et al., 2016). According to Elmaghraby et al. (2017), the reason 
for recurrent mastitis can be a persistent infection of the mammary gland by 
a mastitis pathogen.

The odds of finding a cow with mastitis increased as the degree of cow dirtiness 
increased. It was noted that the likelihood of mastitis was 8, 3.2 and 2.9 times 
higher in cows with very dirty, moderately dirty and slightly dirty udder and 
legs as compared to those with relatively clean udder and legs, respectively. It 
is obvious that the dirtiness of udder and hind legs is the result of poor hygiene 
of the cow’s environment and facilities in the cows’ barn. As stated by Rajabi et 
al. (2017), poor cow hygiene can contribute to presence of mastitis pathogens 
on teat ends and increasing the rate of new infections. Similar to the current 
finding, other researchers have also reported a significant association between 
mastitis prevalence and poor udder and leg hygiene (Abrahmsén et al., 2014; 
Iraguha et al., 2015; Abebe et al., 2016; Mureithi and Njuguna, 2016)
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Various types of contagious and environmental pathogens have been reported 
to cause bovine mastitis in Ethiopia. However, only four types of bacteria were 
isolated in the present bacteriological study due to lack of the required media 
and reagents.  Staphylococcus spp. were the most dominant organisms iso-
lated followed by Streptococcus spp. As stated by Mdegela et al. (2009), the 
dominance of Staphylococcus spp. in bovine mastitis is possibly a result of 
poor milking hygiene. The predominance of Staphylococcus spp. particularly 
S. aureus has also been reported by several bovine mastitis studies in Ethiopia 
(Mekibib et al., 2010; Abera et al., 2013; Belayneh et al., 2013; Zeryehun et al., 
2013). 

Conclusions 
This study demonstrated a high prevalence of mastitis. Subclinical mastitis 
was the major form prevalent among the dairy farms in southern Ethiopia. 
Higher number of parity, history of mastitis in the preceding lactation, teat 
end shapes and cow dirtiness were important risk factors of bovine mastitis 
in the study area. The study also showed Staphylococcus spp., Streptococcus 
spp., E. coli and Bacillus spp. as possible causes of mastitis in the dairy farms. 
Therefore, raising awareness of dairy farmers, making the animals’ environ-
ment clean and dry as possible, post milking teat dipping and regular screen-
ing and culling chronically infected cows are recommended as feasible inter-
ventions. 
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Abstract
Contagious bovine pleuropneumonia (CBPP) remains a huge threat to cattle 
production in sub Saharan African countries in general and in Ethiopia in 
particular. A cross sectional study was conducted between November, 2017 
and June, 2018 to estimate the seroprevalence and associated risk factors of 
CBPP in the Gudeya Bila and Boneya Boshe districts of East Wollega Zone, 
Oromia Regional State. The study was conducted on 384 cattle with no history 
of vaccination against CBPP, using systematic random sampling technique. 
Blood samples were collected from the jugular vein of each animal and tested 
by competitive ELISA. Information on risk factors influencing the occurrence 
of CBPP was collected using questionnaire survey. Data obtained from both 
serological and questionnaire surveys were analyzed by using SPSS software 
version 20. Logistic regression was used to analyze the association of exposure 
variables with anti-mycoplasma mycoides subspecies small colony antibodies. 
The results indicated that, the overall seroprevalence of CBPP at individual 
animal-level and herd-level was 8.6% and 26.3%, respectively. There was a 
statistically significant association in the sero-prevalence of Mycoplasma my-
coides subsp. mycoides SC (MMmsSC) antibody (P< 0.05) with the poor body 
condition score, origin of animals (purchasing from outside of herd) and previ-
ous history of CBPP disease at individual animal and large herd size at herd 
level. This study showed that the overall prevalence of CBPP in study area was 
high. This warrants the implementation of appropriate preventive and control 
practice.

Keywords: Boneya Boshe, Bovine, CBPP, c-ELISA, Ethiopia, Gudeya Bila, 
Sero-prevalence
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Introduction
Agriculture is the backbone of Ethiopian economy. Livestock is very notable 
in their contribution to agriculture. They contribute 13-16% of the total gross 
domestic product (GDP), 30- 35% of agricultural gross domestic product (GDP) 
and more than 85% of farm cash income (Tsedeke and Endrias, 2011; Abera et 
al., 2016). Despite the fact that this magnificent figure is achieved from live-
stock sector and making the gap of economy very narrow thereby alleviating 
food insecurity, diseases of animals like contagious bovine pleuropneumonia 
(CBPP) is playing a principal role for not to achieve the real asset expected 
from this sector (Lesnoff et al., 2004; Adugna, 2017). Contagious bovine pleuro-
pneumonia is a highly infectious acute, sub-acute and chronic disease of cattle 
caused by Mycoplasma mycoides subspecies mycoides small colony (MmmSC). 
It is one of the diseases recognized by OIE that needs to be controlled or eradi-
cated through a national surveillance protocol (John, 2016; Dereje and Shawul, 
2017).

Although CBPP was worldwide in its distribution, it was eradicated from most 
continents, by the mid-20th century.  However, because of the economic and fi-
nancial difficulties that affected the ability of governments to adequately fund 
veterinary services, the disease is still widely distributed in sub-Saharan Af-
rican countries. Contagious bovine pleuropneumonia directly impacts econo-
mies through cattle mortality and morbidity (Dereje and Shawul, 2017) and 
also by being a barrier to trade and reduces the value of livestock and the 
income of value chain stakeholders in many African countries (Tambi et al., 
2006; Joerg, 2014). In recent years, CBPP has been reported from countries 
like Botswana,  where it was previously eradicated (Alemayehu et al., 2015). 
Contagious bovine pleuropneumonia is one of the major diseases in Ethiopia 
that hampering export of livestock and livestock products to the international 
markets since long time (Farmer, 2010). Among the exacerbating risk factors 
of contagious bovine pleuropneumonia in Ethiopia are; lack of knowledge of 
the disease by farmers, vaccine shortage, poor diagnostic assays, management 
system, limitation of epidemiological information about the disease, concentra-
tion of livestock at watering points and grazing area and difficulty to control 
of cattle movements are the principal things which have been cited by many 
literatures (Ebisa et al., 2015).

In western Oromia farming communities there are different animal diseases 
in which their etiological agent was not identified and affecting production and 
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productivity of livestock and threatening the livelihood of small scale farmers. 
East Wollega zone is one of west Oromia zone in which previously study based 
on food security was conducted and reported that feed shortage and massive 
cattle death was a main problem of the zone. The disease that caused massive 
cattle death at reporting time was tentatively diagnosed as pasteurellosis and 
it might be other respiratory disease like CBPP (Mersha, 2016). However, there 
was no systematic study conducted to investigate the status of this disease in 
the area, insufficient epidemiological information and limited resources to ap-
ply control measures; thus study was planned to determine seroprevalence and 
its associated risk factors CBPP in Boneya Boshe and Gudeya Bila districts.

Materials and methods
Description of the study area

The study was conducted in Gudeya Bila and Boneya Boshe districts of East 
Wollega zone. Gudeya Bila district is found in the East Wollega zone of Oromia 
Regional State, Western Ethiopia which is located at 274 km West of Addis 
Ababa, at 09º 17’363’’N latitude and 037º 01’460’’ E longitudes with an altitude 
ranging from 1876 -2092 meters above sea level. The area is characterized by 
humid tropical climate with annual rainfall that ranges from 1000-2200 mil-
limeter per annum with average temperature of 20ºC (CSA, 2017). The district 
has 121, 081 cattle population (GBLFRDO, 2017). The district has fifteen Peas-
ant associations (PAs). Boneya Boshe district is found in the East Wollega zone 
of Oromia State, Western Ethiopia which is located at 307 km West of Addis 
Ababa, at 08º 54’045’’N latitude and 037º 00’136’’ E longitudes with an altitude 
ranging from 1613-1641 meters above sea level. The area is characterized by a 
humid tropical climate with annual rainfall that ranges from 1000-1200 milli-
meter per annum with average temperature of 20.9ºC (CSA, 2017). The district 
has cattle population of 102, 917 (BBLFRDO, 2017). The district has ten PA’s 
(Figure 1).
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Figure 1: Study area map (CSA, 2017)

Study Design

A cross-sectional study was conducted using a systematic random sampling 
technique to select the study cattle. The size of the households’ and list of herd 
distribution were identified from PAs and then both blood sample collection 
and questionnaire survey were conducted. Pre-tested semi-structured ques-
tionnaire was used to collect information on factors influencing the occurrence 
of CBPP within or between herds by face-to face interview. Data on sex, age, 
origin of animal, herd size, previous infection history, body condition scores of 
animal, animal management, introduction of new animal, herd contact and 
herd contact area were recorded. The body condition scores of animals were 
scored according to DEFRA (2001).

Target and study population

The target populations in this study were all local Horo breed cattle above 
six months of age of both sexes with no history of vaccination in selected PAs 
of Gudeya Bila and Boneya Boshe districts of Oromia Regional State and the 
study populations in this study were all cattle selected for purpose of this study.
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Sampling strategy 

Four PAs form Boneya Boshe and 4 PAs from Gudeya Bila district were select-
ed based on cattle population and access to road facility and individual animals 
were selected by using systematic random sampling technique.
 
Sample size determination

The sample size was determined using the formula described by Thrusfield 
(2007) by considering an expected prevalence of 50% with an absolute preci-
sion of 5% with 95% confidence level.

   N= 1.962X Pexp (1-Pexp)
                    d2

Where N = sample size of the study population
             d = Absolute desired precision 
              p = expected prevalence in the study area 
N= 1.962X 0.5(1-0.5)   = 384
                 0.052

Therefore 384 cattle were selected from both districts (186 cattle from Boneya 
Boshe and 198 cattle Gudeya Bila) using proportional allocation based on the 
cattle population in each district.

Questionnaire survey

Ninety-five households were interviewed during sampling of study cattle. The 
questionnaire was covering information on the name of the owner, location, 
sex, age, origin of animal, herd size, previous infection history of contagious 
bovine pleuropneumonia, animal management, contact of herds with one or 
more animals or herds at grazing areas or watering points, introduction of new 
animals. This questionnaire was administered by face-to-face interview with 
the owner of animals using the local language (Afaan Oromo).
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Sample collection and Laboratory test (Competitive ELISA (c- ELI-
SA))

About 10 milliliters of blood samples were collected from the jugular vein of 
each cattle using sterile vacutainer tubes and needles by following aseptic pro-
cedure after  cattle restrained by owner and each sample was properly labeled 
(include all necessary information like owner name, species of animal, sex, 
age, breed, body condition etc.). The samples were kept protected from sun 
light in a slanting position for 6-8 hours. The serum was separated manually 
and transfered to a sterile tube and stored at -20ºC and analysis with Com-
petitive ELISA at Bedele Veterinary Regional Laboratory. The serum samples 
were tested by competitive enzyme-linked immunosorbent assay (c-ELISA) to 
detect MmmSC antibodies based on the manufacturer instruction. Competi-
tive ELISA is an OIE prescribed test and can be used for official CBPP testing 
(OIE, 2014).

Data analysis

Data obtained from both serological tests and questionnaire surveys were en-
tered and stored in Microsoft (MS) Excel spreadsheet program and analyzed 
using SPSS software programs version 20. The total seroprevalence of indi-
vidual animals was calculated by dividing the number of c-ELISA positive ani-
mals by the total number of animals tested and herd prevalence was calculated 
by number of herd positive to total number of herds tested. A herd was con-
sidered seropositive, if at least one animal in the herd was found seropositive. 
Individual animal risk factors like age, sex, body condition scores, history of 
disease and origin of animal and herd level risk factors like herd size, man-
agement, herd contact with other herds, contact area and introduction of new 
animal were analyzed.

Univariable logistic regression was used to select the exposure variables for-
ward for multivariable analysis. Factors were selected for final multivariable 
logistic regression analysis if the p-value was ≤ 0.25 (sex, age, body condition, 
disease history and origin at individual animal level and large herd size and 
management at herd level). The strength of association between the risk fac-
tors and the occurrence of the disease was assessed using Odds Ratio (OR). 
Pearson correlation coefficients were used to check the variables for co-linear-
ity. Then, multivariable analysis was conducted and non-significant variables 
were removed sequentially using backward elimination at p< 0.05. 
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Results
Prevalence

From the total animals of 384 examined 33 of them were found to be positive 
for anti-MmmSC antibody. The overall sero-prevalence of CBPP at individual 
animal-level was 8.6% (n=33/384) (95% CI: 5.8% -11.4%). From the total of 
95 herds examined 25 of them were found to be positive to CBPP antibodies 
with an estimated seroprevalence of CBPP at herd-level 26.3% (n=25/95) (95% 
CI: 17.5%-35.2%). The positive animal for MmmSC antibodies in the Boneya 
Boshe and Gudeya Bila were 10.8% (20/186) and 6.6% (13/198), respectively 
(Table 1).

Table 1: Sero-prevalence of contagious bovine pleuropneumonia in study area
Factor Categories No of 

examined
Prevalence 
(%)

95%CI

Lower Upper
Districts Gudeyabila 198 13(6.6) 3.1 10.0

Boneyaboshe 186 20(10.8) 6.3 15.2
Gudeyabila Harogudisa 50 1(2.0) 1.9 5.9

Henajawaja 52 5(9.6) 1.6 17.6
Jare 48 4(8.3) 0.5 16.1
Agalogidami 48 3(6.3) 0.6 13.1

Boneyaboshe Ejersagute 51 12(23.5) 11.9 35.2
Gala gore 43 5(11.6) 2.1 21.2
Bilo 45 2(4.4) 1.6 10.5
Jawis 47 1(2.1) 2.0 6.3

Risk factors

Animal- level risk factors

Male animals have high sero-prevalence 11.3% (17/151) than female 6.9% 
(16/233). Prevalence of CBPP in animals with age > 5 years 10.6% (19/180) 
were higher than animals with age < 5 years 6.9% (14/204). Animal with 
poor body condition score 12.1% (28/ 231) has high sero-prevalence than ani-
mal with good body condition score 3.3% (5/153) and significantly associated 
(p<0.05) with anti-MmmSC antibodies. Prevalence of disease among animal 
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with history of disease 13.3% (23/173) were higher than cattle with no disease 
history 4.5% (10/211) and statistically associated (p<0.05) ant-MmmSC anti-
bodies. Animal replacement from outside the herd was statistically associated 
with anti-MmmSC antibody where the herds with animals replaced was found 
to be higher 17.1% (9/52) sero prevalent than animal with own source origin 
7.2% (24/332) (Table 2 and 3).

Table 2: Sero-prevalence of CBPP antibody with potential risk factors 
Factor Categories No of 

exami 
ned

Preval 
ence (%)

95%CI
Crude 
OR 
(95% 
CI)

Univar 
iable anal 
ysis

p-value
Individual 
animal level

Sex Male 151 17(11.3) 6.2-16.3 0.4(0.2-1.0) 0.06

Female 233 16(6.9) 3.6-10.1

Age <5years 204 14(6.9) 3.4-10.3 1.7(0.7-4.1) 0.20

>5 years 180 19(10.6) 6.0-15.0

BCS Poor 231 28(12.1) 7.9-16.3 5(1.6-15.8) 0.09

Good 153 5(3.3) 0.5-6.1

Disease history Yes 173 23(13.3) 8.2-18.3 5.6(2.0-15.9) 0.001

No 211 10(4.5) 1.9-7.6.0

Origin Own source
Outside

332
52

24(7.2)
9(17.1)

4.4-10.0
7.0-27.6

12.4(3.0-
51.9)

0.001

 Herd level Herd size <36 herd 
size

64 12(18.8) 9.2 28.3

>36 herd 
size

31 13(41.9) 24.6 59.3 0.02

Management Extensive 67 19(28.4) 17.6 39.2 0.2

Semi 
extensive

28 6(21.4) 6.2 36.6

Herd contact

animal introduc-

tion

Yes 92 24(26.1) 17.1 35.1 0.60

No 3 1(33.3) 20.0 86.7

Animal 
introduction

Yes
No

46
49

10(21.7)
15(30.6)

9.8
17.7

33.7
43.5

0.90

Contact area Watering 28 9(32.1) 14.8 49.4 0.90

Water & 
grazing

61

3

15

1

13.8

20
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Table 3: Results of multivariable analysis of potential risk factors 
Factors Categories No of 

examined
Prevalence (%) Multivariable  

analysis
Adjusted  
OR(95% CI)

P-value

Bcs Poor 231 28(12.1) 4.6(1.6-13.2) 0.01
Good 153 5(3.3) *

Disease 
history 

Yes 173 23(13.3) 4.9(1.9-12.9) 0.01
No 211 10(4.7) *

Origin Outside 52 9(17.3) 12.5(3.1-51.0) 0.01
Own herd 332 24(7.2) *

*= reference

Herd level risk factors

Among the potential risk factors assessed at herd level prevalence of CBPP 
was higher in large herd size 41.9% (13/31) than lower herd size 18.8% (12/64) 
and significantly associated with anti-MmmSC antibodies (OR: 3.6 (1.3-10.3; 
p<0.05). Herds from extensive management system 28.4% (19/67) have high 
prevalence than herds found in semi extensive management system 21.4% 
(6/28). Herd with history of contact with other herds 26.1% (24/92) has lower 
prevalence than herds with no history of contact with other herds 33.3% (1/3). 
Prevalence of CBPP in animals with history of new animal introduction 21.7% 
(10/42) was lower than herds with no history of new animal introduction 30.6% 
(15/49). Herds which had contact with other herds at watering point has 32.1% 
(9/28) high prevalence than herds contact with other herds both at watering 
and grazing point has 24.6% (15/61) (Table 2).

Discussion
The overall seroprevalence of MmmSC antibodies was estimated to be 8.6%. 
Related result was reported by other investigators, 9.4% in Borena (Ahmed, 
2004), 8.1% by Mamo et al.(2018) and 9.7% in south western Kenya (Schnier 
et al., 2006). The higher seroprevalence was previously reported from different 
regions of the country and outside of the country by other investigators, 39% 
in Somali Regional State (Gedlu, 2004), 28.5% in western Oromia (Daniel et 
al., 2016), 28% in the Bodji district (Fikru, 2001), 25.3% in Sidama Zone (Ma-
licha et al., 2017) and 16% in Kajiado district of  Kenya (Matua-Alumira et al., 
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2006) and on the other hand the lower seroprevalence also previously reported 
by others investigator, 4% in and around Adama (Kassaye and Molla, 2012), 
6.14% in Southern Ethiopia (Asmamaw, 2003), 1.4% in Bale zone (Dereje and 
Shawul, 2017). The variation in prevalence of CBPP reported from different 
parts of Ethiopia and other countries might be due to differences in agro eco-
logical systems, cattle management and production systems, population den-
sity, sample size and the types of tests used to determine the seroprevalence.

In this study, poor body condition was found significantly (P<0.05) associated 
with anti-MmmSC antibodies which agrees with finding of Atnafie et al. (2015) 
in Bishoftu abattoir which reported that poor body condition was significantly 
associated (p<0.05) with occurrence of CBPP. This might be due to the fact that 
animals with poor body conditions are more susceptible to the disease due to 
low immunity to resist disease.

Animals with history of disease was significantly (P<0.05) associated with 
anti- MmmSC antibodies. This might be due to the fact that previous diseased 
animals are carrier of MmmSC in lung sequestra. There was no any suggestion 
on previous studies that is parallel with this finding.

The statistical significant (p< 0.05) association between the large herd sizes 
and sero-prevalence of anti- MmmSC antibodies was in agreement with study 
on bulls at finishing phase for export in East Shewa zone brought from Borena 
Pastoral Area of Southern Ethiopia in which there was significant associa-
tion between prevalence of the CBPP antibodies as herd size increases report-
ed (Alemayehu et al.,2015)  The statistical significant (p< 0.05) association 
between the large herd sizes and sero-prevalence of anti- MmmSC antibod-
ies was in agreement with report of Alemayehu et al. (2015) which reported 
that the number of seropositive animals increases as the herd size increases 
(p < 0.05) in both at herd and individual level, the highest CBPP prevalence 
was recorded in herd size >1000 and the difference was found statistically sig-
nificant (p < 0.05) in Borena pastoral area of Southern Ethiopia. This might be 
related to the health management of large herd size and risks of an individual 
animal become infected with disease increases as herd size increase due to 
overcrowding of animals.
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Conclusion 
The sero-prevalence of anti-MmmSC antibodies in the study areas at individual 
animal and herd level was relatively high as compared with different reports of 
the disease which indicated that the disease was prevalent in the study areas. 
Animals kept in these study areas are always at the risk of contracting CBPP 
because of their uncontrolled replacement of animals from outside origin and 
related management problem. 
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Abstract 
Bovine tuberculosis (bTB) is a serious infectious disease of cattle with signifi-
cant economic impact and public health risk. It is particularly important in 
Ethiopia where effective control measures are lacking. This cross-sectional 
study was carried out between April and July 2016 on 1038 cattle selected 
from 206 dairy farms in Adama city located in central Ethiopia to estimate 
the prevalence of bTB and identify the potential risk factors using compara-
tive intradermal tuberculin skin test. Accordingly, the individual animal level 
prevalence was found to be 2.1% (95% CI: 1.35 – 3.22). Of the 206 dairy farms 
included in the study, 7.3% (95% CI: 4.29 – 11.98) had one or more 15 cattle 
positive for the tuberculin test. Furthermore, 5.5% of the examined cattle were 
found reactive for atypical Mycobacterium. Among the risk factors considered, 
age and lactation status of the animals were significantly associated (p< 0.05) 
with the prevalence of bTB. It was noted that the apparent prevalence of bTB 
positive reactivity was greater in young and non-lactating cattle than their 
counterparts. In conclusion, the present study revealed 2.1% prevalence of bTB 
in the dairy farms investigated and culling of positive reactors is recommended 
as a feasible control intervention.

Keywords: Adama; Bovine tuberculosis; CIDT; dairy cattle; Ethiopia

Introduction 
Ethiopia has the largest cattle population in Africa which is estimated to be 
60,392,019 heads (CSA, 2018). The vast majority of the national herd is of 
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indigenous zebu cattle maintained in rural areas under extensive husbandry 
systems. However, in response to the increasing demand for milk products and 
the Ethiopian government’s efforts to improve productivity in the livestock 
sector, recent years have seen increased intensive husbandry settings hold-
ing exotic and cross breeds. This drive for increased productivity is however 
threatened by animal diseases that thrive under intensive settings, such as 
bTB (Firdessa et al., 2012).

Bovine tuberculosis (bTB) is a disease of zoonotic and economic importance 
caused predominantly by Mycobacterium bovis. The disease is transmitted 
between animals primarily by inhalation of aerosols although transmission 
through ingestion is also common in cattle grazing on pasture contaminated 
with M. bovis.The disease in cattle is characterized by the formation of granu-
lomas in tissues and organs, more significantly in the lungs, lymph nodes, 
intestine, kidneys and others. The economic loss of bTB in dairy cattle include 
reduction in productivity, movement restrictions, screening costs, culling of af-
fected animals, and trade restrictions (OIE, 2016).

Over the years several studies have been conducted in Ethiopia to show the im-
portance of bTB. Published studies revealed that the prevalence of bTBin the 
country ranges from 2 to 47% (Ameni et al., 2003; Ameni et al., 2007; Tschopp 
et al., 2010; Gumi et al., 2012; Firdessa et al., 2012; Nega et al., 2012; Mamo 
et al., 2013; Romha et al., 2014; Dejene et al., 2016). The studies have shown 
that bTB is an endemic disease in Ethiopian dairy farms due to lack of ef-
fective control programs and needs due attention. Although previous studies 
have indicated that the disease is endemic in the country, there is paucity of 
information about the status of bTB at Adama city where dairy farming with 
different levels of intensification is flourishing rapidly in response to a higher 
demand for milk and milk products. Therefore, this study was planned to esti-
mate the current prevalence of bTB in the dairy farms of the town and identify 
the potential risk factors.

Materials and Methods
Study area 

This study was conducted between April and July, 2016 in dairy herds found at 
Adama city, central Ethiopia. Adama is located at 8.54oN latitude and 39.27oE 
longitude and situated at an elevation of 1712 meters, 99 km southeast of Ad-
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dis Ababa. The city is situated along the road that connects Addis Ababa to 
Harar and Dire HYPERLINK “http://en.wikipedia.org/wiki/Dire_Dawa”Dawa. 
According to data obtained from Adama city Animal and Fisheries Department 
(ACAFD, 2016), there are about 10,000 dairy cattle in Adama and its suburbs. 
These animals are mainly cross-breed (Zebu X Holstein- Friesian) and kept 
under semi-intensive to intensive management system.

Study design and sample size

A cross sectional study design was followed throughout the course of the study. 
The sample size was determined according to Thrusfield (2005) considering 
13.50% expected prevalence based previous report from cross and local breed 
animals from central Ethiopia (Ameni et al., 2007), 5% absolute precision and 
95% confidence level. 

Adama town is divided into 14 kebeles (a kebele is the smallest administra-
tive district in Ethiopia. In Adama, there are about 500 dairy farms. In the 
current study, 10-20 dairy farms were selected from each kebele considering 
the number of dairy farms existing in each kebele; willingness of the owners 
and availability of the road for transport during the study period. Accordingly, 
206 farms were selected. Each selected farm has got 3-50 dairy cattle kept for 
milk production purpose mainly for family income. All cattle in the farm except 
sick and less than six months age have been tested. Most of dairy cattle were 
cross breeds and in each farm one local breed or no local breed was found, so 
breed differentiation was not reasonable. Based on above mentioned reasons a 
total of 1038 cattle were required for the study. These animals were obtained 
from 206 dairy farms found in the city. The sampling frame which represents 
the list of dairy farms in the city was constructed in collaboration with the 
veterinary department. All animals were included in farms with small herd 
size (≤10 animals) in the study, while at least 10% were sampled from large 
farms (>10 animals). The study animals were identified by their ID numbers. 
During sampling, information about animal and herd- level factors, such as 
breed, age, body condition score, herd size, pregnancy status, stage of lactation, 
and parity was collected on especially designed format. Based on herd size, 185 
(89.8%) herds were small and only 21 (10.2%) considered large. According to 
their lactation status the study animals were categorized as dry cows, lactat-
ing cows, and heifers and calves while in terms of parity they were classified 
in four categories (1-2, 3-5, ≥6, and calf + heifer) (Vanholder et al., 2015). Body 
condition scoring (BCS) was made using a method developed for Zebu cattle 
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(Nicholson and Butterworth, 1986). Accordingly, on the basis of observation of 
anatomical parts such as vertebral column, ribs, and spines, the study animals 
were classified as lean (1), medium (2) and good (3 & 4). Age of the study ani-
mals was determined by using the dental eruption and wear as described by 
de Lahunta and Habel (1986). Accordingly, animals were categorized in three 
age groups:  <2, 2-5 and ≥ 6 years. In all the farms, young animals under six 
months of age, cows in late gestation and those who had recently calved were 
not included in the study for fear of immune suppression that usually occurs in 
dairy cows starting from three weeks pre-calving to three weeks post calving 
(Radostits et al., 2001).

Tuberculin skin testing

Comparative intradermal tuberculin skin test (CIDT) was carried out by in-
jecting both bovine purified protein derivative (PPD) and avian PPD (Prion-
ics Lelystad B.V., The Netherlands). Two sites on the skin of the mid-neck of 
the cattle, 12 cm apart were shaved and skin thickness was measured with a 
caliper. One site was injected with an aliquot of 0.1 ml of 3000 IU/ml bovine 
PPD into the dermis, and the other was similarly injected with 0.1ml of 2,500 
IU/ml avian PPD. After 72 hrs., the skin thickness at the injection sites was 
measured and recorded. Results were interpreted according to the recommen-
dations of the Office International des Epizooties (OIE, 2009) at ≥ 4 mm cut-off 
and also at ≥ 2 mm cut-off (Ameni et al., 2008). Thus, at cut-off ≥ 4 mm, if the 
increase in skin thickness at the injection site for bovine PPD (PPD-B) was 
greater than the increase in skin thickness at the injection site for avian PPD 
(PPD-A) and PPD-B minus PPD-A was less than 2 mm, between 2 and 4 mm, 
or 4 mm and above, the animal was classified as negative, doubtful, or positive 
for BTB, respectively. At cut-off ≥ 2 mm, if the difference between B and A was 
greater or equal to 2mm, the animal was considered as positive, while if the 
difference is less than 2 mm, the animal was considered as negative. When 
the change in skin thickness was greater at PPD-A injection site, the animal 
was considered positive for mycobacterium species other than Mycobacterium 
tuberculosis complex. A herd was considered as positive if it had at least one 
tuberculin reactor animal.

Data analysis 

All the data collected were coded and entered into Microsoft Excel Spread-
sheet. All statistical analyses were performed on STATA version 11 (4905 
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Lakeway Drive, College Station, Texas) using survey command. The appar-
ent individual animal prevalence of bovine tuberculosis was calculated as the 
number of positive tuberculin reactors divided by the total number of cattle 
tested. Herd level prevalence was calculated as the number of herds with at 
least one-reactor positive animal divided by the total number of herds tested. 
Pearson chi- square was used to evaluate the statistical significance of the 
association between the independent variables (herd size, age, breed, BCS, 
pregnancy, parity and lactation) and dependent variable (tuberculin skin test 
result). Multivariable logistic regression analyses was performed to account 
for confounding effects and interaction between variables. P-value less than 
5% was considered statistically significant. 

Results 
A total of 1038 cattle were screened for bTB and all animals were followed up 
for the second reading after 72 hours. Based on single CIDT result, the appar-
ent individual animal prevalence of tuberculin reactors was 2.1% (95% CI:1.35 
– 3.22) using 2 mm cut-off point.  Of the 206 herds tested, 15 (7.3%, 95% CI: 
4.29 - 11.98) had one or more animals reactive to bovine PPD. The prevalence 
of bTB in individual herds ranges from 0 –55.6%. 

Of the 206 herds tested, 15 (7.3%, 95% CI: 4.29 – 11.98) had one or more ani-
mals reactive to bovine PPD. The prevalence of bTB in individual herds ranges 
from 0 –55.6% (Table 1). 

On the other hand the change in skin thickness was found greater at avi-
an PPD injection site than bovine PPD infection site in 5.5% (57/1038) cattle 
showing that these animals are positive for Mycobacterium spp. other than M. 
tuberculosis complex (Table 1).

Table 1: Apparent prevalence of bovine and avian tuberculin reactors in 
Adama dairy farms, central Ethiopia 
Tuberculin 
test type

No. of 
cattle 
tested

No. of 
positive
reactors

Preva 
lence 
(%)

No of 
farm 
tested 

No of 
positive 
(%)

95%  
Confi 
dence 
Interval

χ2 P

Bovine PPD 1038 22 2.1 206 15(7.3) 1.35 – 3.22
Avian PPD 1038 57 5.5 206 39(18.9) 4.32 – 7.22 17.2 <0.001
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In univariable analysis of the potential risk factors, age of the animals was the 
only variable significantly contributed to positive reactivity to bTB (P<0.05) 
(Table 2). 

Table 2: Univariable analysis of risk factors for bovine tuberculin reactors in 
Adama dairy farms using χ2–test 
Variables Category No of cattle 

examined
No of 
positive

Prevalence 
(%)

χ2 p- value

Herd size 2.5 0.116
Small (<10) 741 19 2.6
Large (≥10) 297 3 1.0

Age 8.0 0.018
<2 years 156 7 4.5
2-5 years 486 12 2.5
>5 years 396 3 0.8

BCS 0.14 0.934
Poor 5 0 0
Medium 105 2 1.9
Good 928 20 2.2

Pregnancy 
status

Non-
pregnant

993 22 2.2

Pregnant 45 0 0
Parity 0.94 0.816

1-2 448 11 2.5
3-5 273 4 1.5
>5 5 0 0
Calves and 
heifers

312 7 2.2

Lactation 5.3 0.070
Dry 68 4 5.9
Lactating 659 11 1.7
Calves and 
heifers

311 7 2.3

However, in multivariable analysis, age and lactation were found to be signifi-
cantly associated with tuberculin positive reaction (Table 3). 
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Table 3: Multivariable logistic regression analysis of risk factors for bovine 
tuberculin reactors in Adama dairy farms
Variable Odds Ratio (OR) Std. Err. Z-values p-values 95% CI for OR

Herd size 0.31 0.23 -1.56 0.118 0.07 – 1.34
Age 0.11 0.07 -3.43 0.001 0.03 – 0.38
BCS 1.35 1.03 0.39 0.695 0.30 – 6.04
Parity 0.68 0.23 -1.14 0.254 0.35 – 1.32
Lactation 0.32 0.18 -2.01 0.044 0.10 – 0.97
Cons 20.57 74.17 0.84 0.402 0.02 - 24100

Discussion 
Bovine tuberculosis is known to be endemic in dairy farms of Ethiopia. The 
present study has shown an apparent individual animal prevalence of 2.1% 
in the dairy farms of Adama city. This finding is comparable to a previous re-
port of 2% in Ethiopia (Gumi et al., 2012) and 2.4% in Tanzania (Katale et al., 
2013). However, it is considerably lower than the previous studies in Ethiopia, 
viz: 7.9% (Ameni et al., 2003), 13.5% (Ameni et al., 2007), 3% (Tschopp et al., 
2010), 30% (Firdessa et al., 2012), 7.1% (Nega et al., 2012), 18% (Mamo et al., 
2013), 4.3% (Romha et al., 2014) and 5.5% (Dejene et al., 2016). Out of the 206 
herds tested, only 15 (7.3%) had one or more tuberculin positive animals and 
the number of tuberculin reactors varied widely (0 – 55.6%) between the herds. 
The present herd-level prevalence was considerably similar range of estimates 
(12.5 - 56%) documented in the previous studies done by (Kemal et al., 2019) 
herd level prevalence of 51.2%; by (Abie et al., 2019) the herd prevalence was 
22.4% in Gondar, Hawassa and Mekelle; by (Dejene et al., 2016) herd preva-
lence of 46% in Awash national park and Afar regional state. The herd range 
variation in the prevalence of tuberculous reactors was thought to be attrib-
uted to differences in the herd size of the study animals. As the majority of the 
herds in the present study were small comprising less than 10 animals, man-
agement conditions favoring the spread of bTB, such as overcrowding and poor 
ventilation, were less likely to have influenced the prevalence of infection. In 
the present study, age of the animals was found to be significantly associated 
with positive tuberculin reaction. 

In the multivariable analysis of the risk factors considered, lactation status 
of the animals was another factor found to be significantly associated with 
tuberculin reactivity although this was not evident in the univariable analy-



89

 
Woldemariam et.al

Ethiop. Vet. J., 2020, 24 (1), 82-92

sis. The apparent prevalence was higher among dry cows than lactating cows 
or calves and heifers. It is difficult to give a plausible biological explanation 
for this finding and perhaps it might be due to the confounding effect of some 
other variables unnoticed. In contrast to the present finding, previous studies 
in Ethiopia that considered lactation status in their analysis did not find sig-
nificant variation in the prevalence of positive reactors between lactating and 
non-lactating cattle (Mamo et al., 2013; Romha et al., 2014; Zeru et al., 2014; 
Dejene et al., 2016). However, the present finding is consistent with Tschopp et 
al. (2010) and Admasu et al. (2014).

Previous studies in Ethiopia have shown that the native zebu cattle are more 
resistant to bTB than exotic breeds or their crosses (Vordermeier et al., 2012; 
Admasu et al., 2014; Sibhat et al., 2017). Consistent to this, the entire tubercu-
lin positive reactors in the current study were Holstein-Friesian X zebu cross 
breed while none of the local breeds were found reactive.  However, the number 
of local cattle included in the study was too small to compare with the cross 
breeds. Because the milk yield of cross breed is higher than the local ones, 
owners prefer to keep the cross breed animals for dairy farms. Therefore, the 
current evidence is not sufficient to declare breed differences in susceptibility 
to bTB.

None of the pregnant cows tested in the current study were positive for tuber-
culin reaction and the entire test positive animals were non-pregnant. How-
ever, previous studies have shown lack of significant difference between preg-
nant and non-pregnant cows (Romha et al., 2014; Zeru et al., 2014). Likewise, 
no significant association (p>0.05) was found between parity numbers and 
positive reaction to tuberculin test and this is consistent with previous studies 
(Romha et al., 2014; Zeru et al., 2014).

In the present study about 5.6% of the study animals were reactive for avian 
Mycobacterium PPD. This is much higher than a previous report of 0.7% in 
Ethiopia (Gumi et al., 2012). Reaction bias to M. avium PPD could be due to 
infection with Mycobacterium avium subsp. avium and Mycobacterium avi-
um subsp. paratuberculosis. The latter causes a chronic debilitating disease 
known as paratuberculosis in cattle, which are most susceptible to infection 
when they are young. Apart from its economic impact on cattle production, M. 
avium sub spp. paratuberculosis has a zoonotic significance (Radostits et al., 
2007).
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In conclusion the present study has shown a very low prevalence of bTB in 
the dairy farms studied compared to previous reports in the country. As the 
proportion of cattle affected with bTBin each herd was small, culling of the 
positive reactors could be a feasible control intervention. Thus owners of the 
positive herds need to be advised in this regard. Furthermore, the observation 
of atypical TB with a proportion higher than bTB warrants the need for future 
studies to focus on Mycobacterium spp. other than M. tuberculosis complex, 
particularly M avium sub spp. paratuberculosis due to its zoonotic and eco-
nomic importance.
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Abstract 
Many dog helminth parasites are endemic in many countries of the world pos-
ing public health threat. However, they were neglected and less studied in the 
developing countries such as Ethiopia. This cross-sectional study carried out 
from November 2016 to April 2017 in Bishoftu town aims at estimating the 
prevalence of major gastrointestinal tract (GIT) zoonotic helminth parasites 
of dogs and assessing dog owner’s knowledge and control practice against zoo-
notic dog parasites. Accordingly, the whole area of Bishoftu town was divided 
into 60 blocks, of which 10 were randomly selected for the study. A structured 
questionnaire was prepared in English, pretested and administered face to 
face to 140 dog-owning respondents using two local languages: Amharic and 
Affan Oromo. Fecal samples collected from 238 dogs after administration of 
ivermectin and praziquantel at recommended doses to increase sensitivity of 
detection and to get favorable cooperation of owners. For case detection flota-
tion technique is used for parasite egg identification and parasite morphology 
for parasites observed in the feces. Pearson’s Chi-square (χ2), p-values and 
95% confidence intervals calculated to measure association. Four zoonotic hel-
minthic parasites detected with combined infection prevalence of 59.24% (95% 
CI: 52.84-65.35). The prevalence of each was 33.61% (95% CI: 27.86 – 39.90) 
Ancylostoma (A.) caninum, 29.41% (95% CI: 23.93 – 35.56) Toxocara (T.) canis, 
19.75% (95% CI: 15.14 – 25.34) Dipylidium (D.) caninum, and 2.10% (95% CI: 
0.87 – 4.98) Echinococcus (E.) granulosus. The prevalence of A. caninum and 
T. canis was significantly higher than the prevalence of D. caninum and E. 
granulosus. Mixed infection with two parasites recorded in 13.87% whereas 
concurrent infection with three parasites registered in 5.88% of the dogs. Sta-
tistically significant association (p<0.05) was observed between overall infec-
tion prevalence and the sex of dogs, where infection prevalence of A. caninum 
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(p<0.001) and T. canis (p<0.001) were significantly higher in male than in fe-
male dogs. The questionnaire survey revealed that only 40% of the respon-
dents were aware of the transmission of zoonotic helminthes to humans while 
none know the route of transmission. Of all the respondents, 58.57% reported 
regular deworming of their dogs, at least twice per annum, whereas 47.86% of 
respondents clean and dispose dogs’ excrement with household garbage and 
88.57% of dog owners remove dogs’ excrement without using glove, facemasks, 
boots and/or coverall/gown for personal protection In relative terms high prev-
alence of zoonotic helminth parasites infestation was observed in owned dog 
population with poor awareness about route of transmission. Thus, it is advis-
able to create awareness of dog owners in waste management and use of Per-
sonal Protective Equipment’s (PPE).

Keywords: Ancylostoma; Bishoftu; Dipylidium; Echinococcus; Ethiopia; Toxo-
cara

Introduction
Man has had a close association with dog since long before the dawn of his-
tory (Morey, 1994). In the modern society, dogs are used for diverse purposes 
such as military functions, guiding the blind, guarding property and being 
companion often considered as part of the family by households (Westgarth et 
al., 2013). In Ethiopia, dogs are important animals in many urban and rural 
households mainly kept as house guards, but also sometimes kept as hunting 
and companion animals (Hailu et al., 2007). However, despite the benefits of 
pets to their owners, there are also health hazards to humans. Animal health 
professionals may also have high risks of exposure to zoonotic diseases includ-
ing parasites. A questionnaire survey conducted in Australia involving 344 
veterinarians revealed 44.9% contracting a zoonotic disease including para-
sites during their careers, 63.2% of these have worked in companion animal 
practice indicating the high risk of animal health professionals’ exposure to 
dog borne zoonosis (Dowd et al., 2013).

Thus, dogs are responsible for the spread of several zoonotic diseases having 
serious health consequences to humans. A number of parasitic infections that 
are capable of transmission from pets to humans include cutaneous larva mi-
grans, visceral larva migrans and ocular migrans caused by Ancylostoma spp. 
and Toxocara spp. (Gawor et al., 2008; Paul et al., 2009; Bowman et al., 2010; 
Finsterer and Auer, 2013). Dogs are definitive hosts for a number of cestodes 
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including Taenia hydatigena (Cysticercus tenuicollis), Taenia multiceps (Coe-
nurus cerebralis), Taenia ovis (Cysticercus ovis) and Echinococcus granulosus 
(hydatid cyst) that causes severe economic losses due to downgrading or con-
demnation of various visceral organs and carcasses of livestock (Macpherson, 
et al., 2005; Fromsa and Jobre, 2012; Elsheikha and Patterson 2013). Some of 
these zoonotic parasitic diseases of dogs are very important causes of human 
mortality and morbidity in developing countries due to the extensive existence 
of uncontrolled dog population in close proximity to increasing density of hu-
man population in both rural and urban environment (Dutta, 2002). Human 
infection with hydatid cysts can cause serious disease and death (Zajac and 
Conboy, 2012). The persistent occurrence and transmission of these diseases 
in the poorer countries attributed to poor level of hygienic conditions, lack of 
sufficient veterinary attention to parasitic zoonotic diseases of dogs and lack of 
awareness of the public about the presence and transmission of these diseases 
(Traub et al., 2002).

Gastrointestinal helminths may also have a serious impact on health of dogs. 
Parasitized animals may show a variety of symptoms depending on the infest-
ing parasite species and density. Severe cases such as heavy hookworm infes-
tation can cause severe anemia and death due to their voracious blood sucking 
habits (Barutzki and Schaper, 2003; Zajac and Conboy, 2012). Mild to moder-
ate cases of dog parasitism may impede the successful rearing of dogs due to 
lowered resistance to infectious diseases, retarded growth, reduced work and 
feed efficiency, and general ill health (Little et al., 2009).  

Several research reports have documented the prevalence of canine intesti-
nal parasites in various locations around Ethiopia and the world (Hailu et al., 
2007; Little et al., 2009; Zewdu et al., 2010; Joffe et al., 2011; Abere et al., 
2012; Getahun and Addis, 2012; Gebreselasie et al., 2013). However, due to 
regional variations in parasite prevalence, such information is often of limited 
value outside the specific study areas. Therefore, to devise a successful control 
program against any disease of public health importance, understanding epi-
demiology of the diseases as well as knowledge, practice and attitude of the 
community with regard to disease transmission route is crucial (Macpherson, 
2005). Identification of the knowledge gap and increasing the awareness and 
knowledge of the community based on the observed gap and deficiency is con-
sidered reliable for making informed intervention that will result in changing 
attitudes and practices of the society to minimize disease burden. 
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However, there is lack of sufficient information about the magnitude of zoonot-
ic parasitic disease prevalence among dogs. Little is known about the aware-
ness and practice of the dog-owning community of Bishoftu area with regard 
to the practice of regular dog deworming, prevention of the communal environ-
ment from contamination by zoonotic parasite laden dog fecal material and 
self-protection against potential zoonotic parasitic infection from their dogs 
(Hailu et al., 2007; Zewdu et al., 2010; Merga and Sibhat, 2015). To fill the 
existing information and knowledge gap, all relevant data and information 
should be collected including the prevalence of zoonotic parasites in dogs’ feces 
and habitual practices of dog owners in the management of their dog’s excreta. 
Therefore, this study conducted with specific objective to estimate the preva-
lence of major zoonotic helminth parasites in the feces of dogs and to assess the 
knowledge and practices of dog owners in Bishoftu Town.

Materials and methods
The study area

The study was conducted from November 2016 to April 2017 in Bishoftu town 
located southeast at a distance of 47.9 Kilometers away from the capital, Addis 
Ababa. The town of Bishoftu is situated at an elevation of 1978 meters above 
sea level and 8°35’ N latitude and 39°06’ E longitude experiencing a bimodal 
pattern of rainfall. The main rainy season extends from June to September 
contributing for 84% of the expected annual rainfall. A short rainy season oc-
curs from March to May with an average annual rainfall of 800 mm. The mean 
annual minimum and maximum temperatures are 12.3°C and 27.7°C, respec-
tively, with an overall average of 18.7°C. The mean relative humidity is 61.3% 
(Mengistu et al., 2002).  

Study design and area selection

The study design is cross-sectional. Google map of Bishoftu town downloaded 
from Google website: http://earth.google.com/streetview/. Then then the whole 
area of the town divided into non-overlapping approximately equal-sized 
blocks surrounded by wide asphalt or cobble stone roads on the map. Then 
each equal-sized adjacent block was marked using four different colors: green, 
red, yellow and light blue (Fig.1A). Accordingly, the whole of Bishoftu town 
divided into 60 blocks, each adjacent area having approximately equal size 
and marked with one of the four colors producing 15 blocks marked by each 
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color. The four colors were written on a piece of paper and entered for a pick 
by lottery system. By the lottery system, the green color was selected. Since 
there were 15 green color marked blocks of Bishoftu town and limited capac-
ity to cover all, 10 blocks reselected randomly by the lottery system (Fig. 1B). 
The selected areas were then visited to mark their boundaries on the ground 
using turning roads and fixed permanent posts such as hotels, buildings, and 
long fences as markers. Then all the households within the marked boundar-
ies of the selected blocks that are having one or more dogs were identified, the 
number of owned dogs counted and color marks were put on the outer door or 
fence of the dog-owning households (Fig.2). Accordingly, from 469 households 
located within the selected blocks, 334 households were marked as dog-owning 
households.  

Fig.1: Map of Bishoftu town, A) map divided into 60 approximately equal-sized 
non-overlapping blocks marked with four different colors. B) The randomly 
selected 10 green colored blocks and included in the study.

Fig.2: The outer fence door of dog-owning household marked with green color 
(open arrow) for ease of differentiating it from other households that do not 
have dog.  
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Fecal sample collection 

Each dog-owning household identified by color marks were visited and own-
ers were explained about the study and asked if they could agree to partici-
pate in the study and get their dogs dewormed with ivermectin at 200 μg/
kg and praziquantel at a dose rate of 10 mg/kg as an incentive to them and 
as a supplementary diagnostic tool for detection of helminth infection. When 
the households agree, then a dog is given the treatments based on estimated 
weight and fecal samples were collected the next day in the morning. The vari-
ables studied include age and sex recorded with similar identification numbers 
on both the sample vials and recording sheets. For the purpose of analysis, 
dogs were classified in to three groups based on age difference as puppies (≤ 
6month), young (6 months to 1 year) and adult (≥1 year of age) as applied by 
Zewdu et al., (2010).

From a total of 469 households registered within the 10 randomly selected 
blocks, 334 were dog-owning and all were considered for inclusion provided 
consent is given and collection of fecal sample is possible after deworming. 
Finally, fecal sample collection made possible only from 238 dogs. The remain-
ing excluded since obtaining fecal sample was impossible either due to lack of 
owners’ interest to participate or failure to submit fecal sample after deworm-
ing. For the 238 household dogs, the expelled adult parasites (Fig. 3d) and/
or approximately 6 grams of fresh fecal samples collected, either immediately 
after voided from target animal or directly from the rectum. Then, the samples 
labeled, preserved in 10% formalin and transported to Parasitology Laboratory 
of College of Veterinary Medicine and Agriculture, Addis Ababa University for 
processing. 

Laboratory test

At the laboratory, the fecal samples were examined using flotation techniques 
in saturated sodium chloride (NaCl; SG 1.18–1.20; to identify the eggs of nem-
atodes) and zinc sulphate (ZnSO4; SG 1.20 or sucrose solution (SG 1.27) for 
cestode egg detection (Mirzaei and Fooladi, 2013). Three grams of the sample 
measured and added to mortal then 42 ml of floatation fluid added to fecal 
sample contained in mortar then crushed well with pestle and mixed thor-
oughly. The solution sieved by using tea strainer into beaker to remove rough 
materials. The filtrate added to centrifuge tube and centrifuged at 3000 rpm 
for 3 minutes, then a top-up of floatation fluid was added until a cone shape is 
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formed at the top of the centrifuge tube, then coverslip was placed on the top 
of the tube and allowed to stand for 15-20 minute. The coverslip raised up gen-
tly and placed on the microscopic slide. The sample is positive when an adult 
parasite expelled and/or when at least one egg of the specific parasite is de-
tected (Lorenzini et al., 2007). The eggs were identified by observing the slides 
under 10x magnification of compound microscope using ova identification keys 
to the level of genera or species based on the key provided by Hendrix (2003) 
and adult parasites were identified based on the keys provided by Zajac and 
Conboy, (2012). Only the presence or absence of a given parasite is assessed 
to calculate prevalence; neither egg nor adult parasite count was performed. 
When an egg and/or adult parasite is seen, the case is recorded as positive, 
when both egg and adult parasite of any species is absent, the case is recorded 
as negative. For D. caninum, all case detections were based on morphologic 
characteristics of expelled adult parasites, except in two dogs in which eggs 
were also seen in fecal floatation. 

Questionnaire survey  

A structured questionnaire was prepared to gather information on dog owner-
ship, feeding, cleaning and deworming practices, the extent of awareness on 
zoonotic parasites of dogs, their transmission routes to human, and other re-
lated factors (Table 4). The questionnaire developed in English was translated 
either to Amharic or Oromifa and administered by members of the research 
team to gather information on dog ownership; feeding, cleaning and deworm-
ing practices; knowledge on zoonotic parasites’ routes of transmission and oth-
er related factors. The questionnaire administered in Amharic and Oromifa 
then translated back to English to record. The questionnaire was pretested be-
fore administration via a face-to-face interview with adult person responsible 
for the care of the dog/s at the household. The questionnaires included in the 
study analysis were those administered to 140 dog-owning residents, who gave 
their consent to participate and answered all questions.   

Data Management and Analysis   

The raw data were first entered into Microsoft excel database system and im-
ported to STATA statistical software version 13 (Stata Corp. 2013) for com-
putation of descriptive statistics such as percent prevalence and frequency 
distributions. Pearson’s Chi-square (χ2) used to measure association between 
parasite prevalence and age and sex of dogs. In all the analysis, the confidence 
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level was held at 95% and the results were considered significant when p-value 
was <0.05.

Results
Adult parasites and/or eggs of four intestinal zoonotic parasite species of dogs 
were identified and 141 (59.24%), (95% CI: 52.84-65.35) of dogs had ≥ 1 species 
of zoonotic parasite from a total of 238 canine fecal samples examined where 
the maximum number of parasites detected in mixed infection was three (Table 
1, 2). The prevalence of each was 33.61% (95% CI: 27.86 – 39.90) A. caninum, 
29.41% (95% CI: 23.93 – 35.56) T. canis, 19.75% (95% CI: 15.14 – 25.34) D. 
caninum, and 2.10% (95% CI: 0.87 – 4.98) E. granulosus. The prevalence of A. 
caninum and T. canis was significantly higher (p<0.001) than the prevalence of 
D. caninum and E. granulosus. Ancylostoma caninum was the most prevalent, 
while Echinococcus granulosus was the least detected in this study (Table 1).

Table 1: Intestinal helminth parasites of zoonotic importance identified in dog 
fecal samples based on expelled adult parasites and/or eggs in Bishoftu town 
Helminth parasites Number 

examined
Number (%) 
positive

SE (%)          95% CI

Echinococcus granulosus 238 5 (2.10) 0.93    [0.87 – 4.98]
Dipylidium caninum 238 47 (19.75) 2.59    [15.14 – 25.34]
Ancylostoma caninum 238 80 (33.61) 3.07    [27.86 – 39.90]

Toxocara canis 238 70 (29.41) 2.96    [23.93 – 35.56]

Total 238 141 (59.24) 3.19       [52.84 – 65.35]

Mixed infection with two parasites recorded in 13.87% whereas concurrent in-
fection with three parasites registered in 5.88% dogs.

Table 2: Prevalence of mixed helminths infection in dogs (dogs harboring zoo-
notic dog parasite infection with at least one detected parasites).
Number of parasites per 
infested dogs 

Number 
examined

Number (%) 
Positive

SE (%) 95% CI

One parasite 238 94 (39.49)   3.18 [33.44 – 45.89]

Two parasites 238 33 (13.87) 2.24 [10.00 – 18.90]

Three parasites 238 14 (5.88) 1.53 [3.50 – 9.72]

Total 238 141 (59.24) 3.19       [52.84 – 65.35]
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Although parasites detected in fecal samples of every age and sex groups of 
dogs examined in this study, parasitism more frequently detected in fecal sam-
ples of adult dog ≥ 1 year of age and in males than in females (Table 3, p < 
0.001). 

Table 3:  The prevalence of intestinal zoonotic helminth parasites in differ-
ent age and sex groups of dogs in Bishoftu town. 
Parasites  Risk 

factors 
Categories
(Groups) 

Frequency (%) χ2 p-value

E. granulosus
Age

Puppy (≤ 6 month)
Young (6 month-1 year)
Adult (≥1 year)

0
0

5(2.10)

1.7992 0.407

Sex
Male 
Female

5(2.10)
0

1.1584 0.282

D. caninum
Age

Puppy
Young
Adult

6(2.52)
4(1.68)

37(15.55)

0.7835 0.676

Sex Male 
Female 

35(14.71)
12(5.04)

1.9286 0.165

A. caninum
Age

Puppy
Young
Adult

12(5.04)
7(2.94)

61(25.63

0.3521 0.839

Sex
Male 
Female 

56(23.53)
24(10.08)

10.5988 0.001

T. caninum
Age

Puppy
Young
Adult

13(5.46)
7(2.94)

50(21.01)

0.3303 0.848

Sex Male 
Female 

48(20.17)
22(9.24)

11.0208 0.001

Overall Age  Puppy
Young
Adult

26(10.92)
10(4.20)

105(44.12)

11.3927 0.318 

Sex Male 
Female

105(44.12)
36(15.13)

2.2939 0.001
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a) Eggs of Toxocara canis detected in 
the feces of a local dog from Bishoftu 
(X10) 

b) Mixed infection with T. caninum 
and A. caninum (X10)

c) Eggs of A. caninum, in a single mi-
croscopic field, in 2 years old owned 
dog from Bishoftu town (X10)

 

d. Top) D. caninum, purged with fe-
ces after praziquantel treatment of 
8-month-old local owned dog. Bot-
tom) the parasite viewed under ste-
reomicroscope. 

Figure 3: The adult parasites and eggs of zoonotic helminths identified from 
dogs of Bishoftu.
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Questionnaire survey result

Ninety percent (90%) of the respondents keep dogs to guard them against 
thieves and wildlife whereas the remaining 10% keep dogs as companion an-
imals. From respondent households, who have dogs, 61.43% (86/140) had a 
single dog whereas 38.57% (54/140) had two or more dogs with 60% of the 
respondents reporting free roaming of their dogs outside their property. Of all 
respondents, 73.57% knew that dogs can have gastro-intestinal parasites and 
52.52% of them have observed parasites in their dog’s excrement. The charac-
teristics description given about the observed parasite by 34.29% of respon-
dents fits to tapeworms’ morphology (locally called “Yewusha Koso”). Out of the 
total respondents, 40% had information about parasitic diseases transmitted 
from dogs to human, but none of them has information about routes of expo-
sure for humans. About 37.14% of the respondents do let their dogs to defecate 
on the public fields whereas 47.86% of owners dispose dog’s feces with house-
hold garbage out of their compound. The questionnaire survey revealed that 
88.57% of dog owners clean and dispose their dogs’ excreta with household gar-
bage without using glove, facemasks, boots and/or coverall/gown for personal 
protection predisposing themselves for potential contamination and infection. 
Out of all the respondents, 58.57% reported deworming of their dogs at least 
twice per year. The assessment of the feeding practice of dog owners revealed 
that 83.67% (82/98) of the dog owners either feed uncooked offal from butcher 
house or back yard slaughter to their dogs or release them to search for their 
own feed with a potential access to infected raw condemned offal. (Table 4). 
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Table 4: Knowledge, and practice of dog owners regarding potential zoonotic 
parasitic disease of dogs in the Bishoftu town (N=140).
Variable Number (%) respondents SE (%) 95% CI

Dog ownership

   One dog 86 (61.43) 4.12 [53.02-69.21]

   Two and more dogs 54 (38.57) 4.12 [30.79-46.98]

Purpose of keeping

  Guard against theft 123 (87.86) 2.77 [81.23-92.36]

  Guard against wild animal 3 (2.14) 1.23 [0.68-6.51]

  As companion pet 14 (10.00) 2.54 [5.97-16.27]

Housing of dogs at night 

   In the cage 47 (33.57) 4.00 [26.16-41.89]

   In the house 2 (1.43) 1.00 [0.35-5.62]

   With the children 2 (1.43) 1.00 [0.35-5.62]

   Roam in and outside of the compound 84 (60) 4.15 [51.57-67.86]

   In the compound only 5 (3.57) 1.57 [8.37-8.37]

Feeding of dog/s  

   Uncooked offal/head from butcher house 15 (10.71) 2.62 [6.52-17.10]

   Uncooked offal/head from backyard slaughter 5 (3.57) 1.57 [1.47-8.37]

   Left over from family dish 23 (16.43) 3.14 [11.11-23.61]

   From all of the above three sources 85 (60.71) 4.14 [52.23-68.53]

   Roam and gets its own feed 6 (4.29) 1.71 [1.91-9.23]

   From all above sources 6 (4.29) 1.71 [1.91-9.23]

Usual place of defecation of dog/s

   In public field 52 (37.14) 4.09 [29.45-45.53]

   In their cage only 32 (22.86) 3.56 [16.57-30.63]

   In the compound 39 (27.86) 3.80 [20.98-35.95]

   In all of the above 17 (12.14) 2.77 [7.64-18.76]

Way of dogs’ excrement cleaning and disposal 

   Clean and bury in the ground 8 (5.71) 1.96 [2.85-11.09]

   Clean and add to the toilet 28 (20.00) 3.34 [14.11-27.54]

   Clean and dispose with house garbage 67 (47.86) 4.23 [39.61-56.21]

   Do not clean 37 (26.43) 3.74 [19.71-34.44

Use of protective equipment during cleaning

   Uses glove, facemasks boots and/or coverall/gown 16 (11.43) 2.69 [7.07-17.93]

   No use of glove, facemasks, boots and/or coverall/gown 123 (88.57) 2.69 [82.06-92.92]

Owners viewpoint towards dog parasites

  Knows that dogs can have parasites 103 (73.57) 3.74 [65.55-80.28]

  Observed a parasite in their dogs’ excrement 73 (52.52) 4.25 [44.12-60.77]

  Know parasites transmitted from dogs to humans 56 (40.00) 4.15 [32.13-48.42]

  Knows transmission route 0 (0) - -

  Deworm their dogs regularly 82 (58.57) 4.17 [50.14-66.52]
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Discussion 
Toxocara canis, Ancylostoma caninum, Dipylidium caninum, and Echinococ-
cus granulosus are well-known zoonotic parasites worldwide, resulting in high 
public health risks (Moskvina and Ermolenko, 2016). This study revealed the 
presence of four species of endoparasites with overall prevalence of 59.24% 
(95% CI: 52.84 – 65.35) in owned dog population of Bishoftu town. This rela-
tively high prevalence is recorded despite regular deworming at least twice per 
year being practiced as reported by 58.57% (95% CI: 50.14-66.52) of the inter-
viewed dog-owning households of the town. This indicates the inadequacy of 
twice-yearly treatments to control dog parasitism effectively in Bishoftu signi-
fying the need to increase treatment frequency. Comparatively, similar overall 
infection prevalence reported by previous studies conducted in Ethiopia (Hailu 
et al., 2007; Zewdu et al., 2010). The overall prevalence observed in this study 
is also in concordance with previous reports of other countries (Cardoso et al., 
2014; Quyen et al., 2015). However, the overall prevalence recorded in this 
study is much lower than the previously reported prevalence that ranged from 
73 to 90.7% in some parts of Ethiopia (Jones et al., 2011; Abere et al., 2012; 
Paulos et al., 2012; Gugsa et al., 2015; Merga and Sibhat, 2015; Tamerat et al., 
2015). A recent review on canine helminths in sub-Saharan Africa revealed 
high pooled prevalence of 71% (95% CI: 63–79%) across 36 studies (Chidumayo, 
2018). A study conducted in Canada reported an overall infection prevalence 
of 16.5% (Joffe et al., 2011). These differences might be attributable to local 
variations such as different climatic conditions; different population structure 
of studied dogs and sample size. Moreover, it might be due to different levels 
of public awareness on the effect of these parasites on the health of dogs and 
humans, ease of access to veterinary services, awareness about the availability 
of anthelminthic drugs to treat dogs and lack of knowledge in the transmission 
routes. Regional variation in the prevalence of canine intestinal parasitism 
was well documented (Little et al., 2009; Moskvina, and Ermolenko, 2016).

In this study, the recorded  prevalence of each of these gastrointestinal zoonotic 
helminths parasites of dogs were 33.61% Ancylostoma caninum, 29.41% Toxo-
cara canis, 19.75 % Dipylidium caninum, and 2.10% Echinococcus granulosus. 
The prevalence of Ancylostoma caninum and Toxocara canis was significantly 
higher (p<0.001) than the prevalence of Dipylidium caninum and Echinococ-
cus granulosus. There is no single diagnostic technique capable of detecting all 
kinds of parasitic species present in dog feces (Mateus et al., 2014). The lower 
detection of Dipylidium caninum and Echinococcus granulosus egg might be 
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due to the poor sensitivity of floatation technique for taeniidae egg detection. 
Using flotation technique, tapeworm eggs detected when free in the feces. 
However, tapeworm eggs passed from the host being contained in tapeworm 
segments and rarely found free in the feces. Therefore, fecal flotation tends to 
be a poor detector of tapeworm infection status (Zajac and Conboy, 2012). Less 
than 1% detection of Taeniidae and Dipylidium caninum eggs was reported in 
faecal samples analyzed using sedimentation/flotation techniques compared to 
higher than 7% detection of Ancylostoma spp. and Toxocara spp. (Mateus et al., 
2014; Kostopoulou et al., 2017). 

The infection prevalence of Ancylostoma caninum and Toxocara canis was sig-
nificantly higher (p<0.001) in male than in female dogs. This is in agreement 
with the previous reports (Ramirez-Barrios et al., 2004; Maria et al., 2006; 
Davoust et al. 2008; Zewdu et al., 2010). This could be attributable to hormonal 
factors and sex-associated behaviors such as roaming and aggressive tempera-
ment possibly due to testosterone (Kirkpatrick, 1988). Studies have also dem-
onstrated movement behavior frequently observed in male dogs. Androgens 
or male sex hormones, such as testosterone have a number of behavioral in-
fluences in adult males contributing to manifestation of sexually dimorphic 
behaviors, which are behaviors more common in one sex than in the other. 
Sexually dimorphic behaviors manifested in male dogs include roaming away 
from home, urine or scent marking, aggressiveness and fighting with other 
male dogs. Castration reduced roaming in 90% of dogs through reduction of 
testosterone production without affecting behaviors that are similar between 
males and females such as hunting, playfulness, house guarding and seeking 
affection (Hopkins et al., 1976). In a demographic study conducted on a stray 
dog population in India, higher prevalence of male stray dogs of >3 months old 
age group was observed yielding a male-biased sex ratio of 1.3:1 to 1.4:1 (Tot-
ton et al., 2010). The male-biased sex ratio in roaming dog population might be 
attributed to the choice of male dogs as pets by the society. Most people gener-
ally prefer male dogs for their aggressive temperament to be used as guardian. 
In contrary, most people tend to avoid having female dogs due to the nuisance 
of a bitch in estrus attracting groups of intact males and some people hate to 
deal with unwanted puppies (Totton et al., 2010; Cortez-Aguirre et al., 2018).

Ancylostoma caninum was the most prevalent intestinal helminth parasite of 
dogs identified in this study. The predominance of Ancylostoma spp in dog fe-
cal examination has been documented in prior studies reported from various 
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geographical locations in Ethiopia (Hailu et al., 2007; Zewdu et al., 2010; Abere 
et al., 2012; Getahun and Addis, 2012; Gebreselasie et al., 2013; Tamerat et 
al., 2015), USA and Canada (Little et al., 2009; Joffe et al., 2011). The reported 
prevalence by previous studies from different geographic locations of Ethio-
pia ranged from 40-70% in necroscopic study (Hailu et al., 2007; Zewdu et al., 
2010; Merga and Sibhat, 2015). Ancylostoma spp. were also among the most 
commonly identified intestinal parasites with reported prevalence of 2.5% in 
the United States (Little et al., 2009) and 0.81% in Canada (Joffe et al., 2011). 
These differences in prevalence of Ancylostoma spp. infection in dogs of dif-
ferent localities could be attributed to variations in the diagnostic technique 
employed, deworming practices, level of awareness and ecological factors. The 
studies that had reported prevalence of 50% and 70% from Ethiopia have used 
necropsy methods for diagnosis. 

Toxocara canis is the second most prevalent zoonotic helminth parasites of 
dogs found in 29.41% of 238 dogs examined in this study. This is in agreement 
with the reported prevalence (25-32%) from some parts of Ethiopia (Paulos et 
al., 2012; Gebreselasie et al., 2013; Abere et al., 2013; Tamerat et al., 2015)), 
but higher than the previous reported prevalence of 21% from Bishoftu (Hailu 
et al., 2007) and 11.72% from Adama (Merga and Sibhat, 2015). This indicates 
that the prevalence Toxocara canis has increased from the previous study con-
ducted 10 years earlier in Bishoftu. Similar prevalence (30.0-35.7%) with this 
study reported from Bangladesh (Shubhagata et al., 2012). Nevertheless, high 
incidence of Toxocara infection is reported from other developing countries 
(Dutta, 2002; Traub et al., 2002; Shubhagata et al., 2012; Fang et al. 2015). 
Toxocariasis is one of the most common parasitic zoonoses in the world ca-
pable of causing visceral and ocular larva migrans in humans, particularly in 
children. Routine year-round use of monthly anthelmintic to deworm regular-
ly dogs significantly reduces prevalence of these parasites (Little et al., 2009; 
Joffe et al., 2011).    

Dipylidium caninum is an intestinal parasite of domestic dog, domestic cat, 
wild carnivores and occasionally humans (East et al., 2013; Fang et al., 2015). 
D. caninum was the third most prevalent parasite purged from 19.41% of ex-
amined dogs after administration of praziquantel in this study. This result is 
in agreement with the prevalence of 22.4-23.7% reported from some parts of 
Ethiopia (Getahun and Addis, 2012; Merga and Sibhat, 2015). The prevalence 
of this parasite recorded in this study is much higher than the prevalence of 
6.56% reported from northern part of Ethiopia (Negash et al., 2014) and 2.3% 
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from Harar (Tamerat et al., 2015) indicating variation in the prevalence of D. 
caninum in different geographical areas of the country. This variation could be 
associated with variation in the diagnostic techniques used, the study popula-
tion and the geographical area affecting the distribution of flea intermediate 
hosts that may be present relatively in a higher density in feral dogs than in 
owned dog population. Although infections with D. caninum are rare, it is a 
zoonotic parasite and humans, especially children can acquire the infection by 
accidentally ingesting infected fleas due to their playing habits and proximity 
with pet dogs and cats (Jiang et al., 2017). 

Echinococcus granulosus was the least detected parasite in owned dog popula-
tion in this study. The recorded low prevalence of 2.10% (5/238) E. granulosus 
in this study might be due to the low sensitivity of the fecal egg detection 
method used in this study. Similar low prevalence (3.6-6%) reported by previ-
ous studies from Ethiopia using similar diagnostic method (Paulos et al., 2012; 
Gebreselasie et al., 2013; Gugsa et al., 2015; Merga and Sibhat, 2015). The 
prevalence E. granulosus is relatively low in reports from other parts of the 
world (Kostopoulou et al., 2017). This is partly associated with limitations of 
microscopic detection of E. granulosus eggs in fecal samples by routine copro-
logical methods that suffers from a low sensitivity (Deplazes et al., 1992) and 
even the sensitivity of arecoline hydrobromide purgation may be as low as 39% 
for E. granulosus (Ziadinov et al., 2008). The other factor that might have con-
tributed to the low detection rate of eggs is the intermittent release of eggs by 
the parasite (East et al., 2013). However, higher prevalence (17.3-61.5%) was 
reported using necropsy as a diagnostic method (Zewdu et al., 2010; Jones et 
al., 2011). Comparative study conducted in Brazil and Ethiopia showed vari-
ability in the sensitivity of diagnostic tests, necropsy being more sensitive than 
coprology (Hailu et al., 2007; Klimpel et al., 2010) attributed to inability of co-
prological technique to detect immature parasites that do not lay eggs. 

From a total of 469 households found registered within the territories of 10 
Bishoftu town blocks randomly selected for this study, 334 (71.2%) owned one 
or more dog. Of all households who responded to the questionnaire, 61.43% 
had single dog while the other 38.57% had two or more dogs. The questionnaire 
revealed 90% of the respondents keep dogs to guard them against thieves and 
wildlife whereas only 10% of the dog-owning population keeps dogs as compan-
ion animals. Dogs play a diversity of roles in different societies, cultures, so-
cial interests, religious convictions and occupation (Macpherson, et al., 2005). 
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Households keep dogs for a purpose and are over-concerned for their safety. 
In this study, some households that had a previous negative experience from 
regular practice of strychnine-baited killing of roaming dogs by town’s munici-
pality became suspicious of the drug given for deworming might be lethal and 
refused to participate. Some households agreed to deworm their dogs but failed 
to submit fecal sample due to releasing their dogs to free roam and inability to 
observe where their dog defecated.

Owners often observe tapeworm segments in the perianal area or in feces (Za-
jac and Conboy, 2012). Around half of participants in this questionnaire survey 
have also observed a parasite in their dogs’ excrement and knew that dogs can 
have parasites, but none of them has information about routes of transmission 
to humans indicating a need for public awareness creation to prevent poten-
tial exposure of people to dog borne parasitic zoonosis. Similar questionnaire 
survey conducted in Jimma reported that 19.4% (34/175) of the respondents 
of that study had noticed parasitic disease in dogs, but had no information 
whether it can be transmitted to humans or not. The dog-owning population 
included in this study has relatively better awareness about potential trans-
missibility of dog parasites to humans than the reported 0% from Ambo by 
Zewdu et al. (2010), 3% from Hawassa by Gebreselasie et al. (2013), 22% from 
Wondoganet by Jones et al. (2011) and 27.1% from Harar by Tamerat et al., 
(2015). The current study population has better awareness as compared to 
the lower level of awareness reported by previous studies conducted in other 
geographic areas of Ethiopia. This might be due to exposure to and existence 
of long years of veterinary services in Bishoftu town that might have created 
relatively better awareness about the importance of animal treatment and 
ease of access to anti-helminthic drugs used for treatment of dogs and other 
animal species. This is also partly attributable to the awareness of the popu-
lation about animal health and welfare created through National Veterinary 
Institute, Animal Welfare Projects and Veterinary Teaching Hospital of Addis 
Ababa University College of Veterinary Medicine and Agriculture as well as 
the existence of better access to formal education and relatively better living 
standard of the people. 

This study indicates the existence of serious environmental pollution due to 
contamination by dog fecal material.  More than one-third of dog owners either 
let their dogs to defecate in the public fields or dispose their dogs’ excreta out 
of their compound. Nearly 90% of the respondent’s clean dog excreta without 
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wearing glove, facemasks, boots and/or coverall /gown indicating high risk of 
exposure to potentially dangerous zoonotic parasitic infection such as E. gran-
ulosus. The assessment of feeding practice also showed that more than 80% 
of the dog owners either feed uncooked offal from butcher houses or backyard 
slaughter or release their dogs to search for their own feed with a potential ac-
cess to infected raw condemned offal. The practice of feeding raw or improperly 
cooked uninspected offal to dogs may increase the risk of public exposure since 
it could serve as a source of infection and perpetuate many parasitic zoonoses.  

Limitations of the study

We have used flotation techniques for parasitic egg detection and collected fe-
cal materials as well as expelled adult parasites 24 hours after treatment with 
ivermectin and praziquantel. All D. caninum detections except in two cases 
were based on expelled adult parasite, but we did not have record and do not 
remember the numbers of parasite-based detection versus egg-based detection 
separately for others parasites. The reported detection of E. granulosus egg 
solely based on egg detection might be an underestimation of the true preva-
lence. The questionnaire response rate was around 59% and needs caution to 
generalize the interpretation as those who declined to respond may vary from 
those who responded in wealth status and educational level.  

Conclusion and recommendations
The finding of this study revealed that zoonotic intestinal helminth parasites 
remain common in owned dogs of Bishoftu town. This indicates the existence of 
potential threat to the health of affected dogs and the public as well. Despite the 
zoonotic importance of these parasites, the dog-owners awareness and practice 
to protect themselves and the society from potential zoonotic infection of these 
parasites is at low level. Therefore, it is recommended to conduct a systematic 
study of these parasites on humans and the free-roaming dog population to 
elucidate the true extent of the problem in the dog population and the public to 
take appropriate actions towards awareness creation of dog-owning population 
and promote dog-deworming programs and to reduce the public’s exposure. 
Following treatment with anthelminthic drugs used in this study, many dogs 
expelled adult parasites in their feces except for E. granulosus. Thus, future 
research needs to objectively evaluate the importance of anthelminthic treat-
ment in improving diagnostic sensitivity to helminthic infection in dogs.
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Abstract
A free-roaming wild olive baboon (Papio anubis) was caught in the compound 
of a hospital and kept in captivity pending reintroduction to the wild. The ani-
mal had a sporadic dry cough but was TB negative on the blood-based assay 
PRIMAGAM (IFN-γ test). Six years later, the animal was found dead without 
any prior clinical signs. The lungs were severely affected. Laboratory analy-
sis included Ziehl-Neelsen staining, GenExpert, culture, deletion typing and 
spoligotyping.  M. tuberculosis was isolated. The spoligotype was SIT 53 (lin-
eage 4) and no Rifampicin resistance was detected. This case report raised 
challenges on accurate  diagnosis of TB in Non-Human Primates in Ethiopia, 
the question of latency in baboon and the lack of spread of a highly virulent TB 
strain in the Non-Human Primate colony. It also highlighted the potential role 
of TB transmission between Non-Human Primates and people in Ethiopia with 
impacts as well on public health as on primate conservation.  

Key words: Baboon; diagnostics; Ethiopia; Mycobacterium tuberculosis; tu-
berculosis

Introduction 
TB remains worldwide a leading cause for morbidity and mortality. Ethiopia 
has a high TB burden, ranking third in Africa and eighth globally among the 
22 countries with highest TB prevalence (WHO 2018). Moreover, Multi-drug 
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resistant TB (MDR-TB) has been increasingly observed in Ethiopia, with prev-
alence ranging from 3.3 and 46.3%, providing additional challenges to the na-
tional TB control program (Biadglegne et al., 2014). 

Non-human primates (NHP), like their human counterparts, can get infected 
with TB and show identical disease epidemiology (e.g. transmission, immunol-
ogy, type and course of disease) hence they are often used as model for hu-
man TB (Gormus et al., 2004; Scanga and Flyn 2014). Old world monkeys are 
considered to be the most susceptible species for TB among all NHP species 
(Montali et al., 2001). NHP are primarily affected by M. tuberculosis but M. bo-
vis infections have also been observed. The disease does not exist naturally in 
free-ranging NHP (Montali et al., 2001). However, TB becomes a major health 
risk for NHP when they are exposed to humans with TB (Fourie and Odendaal 
2003) or when they consume BTB infected meat (Tarara et al., 1985; Thorel et 
al., 1998; Keet et al., 2000). TB in captive NHP colonies has major health and 
economic implications (human exposure, animal losses, and cost for disease 
control and staff therapy) but also in terms of conservation (risk of TB to wild 
populations during reintroduction programs). Animals with active TB may be 
symptomless for weeks and months while they transmit the disease (Gibson 
1998). Latent TB, although not infectious can be reactivated at any time of the 
animal’s life. Latent TB is not detected by traditional screening methods such 
as the skin test (Lerche et al., 2008). Therefore, early TB detection in captive 
NHP is crucial. Unfortunately, there is currently no diagnostic gold standard 
test for TB. Traditionally, NHP are tested by skin test (eye-lid or abdominal 
skin PPD skin injections). This can be stressful for the animal, and requires 
two anesthesia within 72 hours. In addition, the skin test lacks specificity (84-
87%) and sensitivity (84%), does not always account for high environmental 
TB and does not detect latency (Garcia et al., 2004; Lerche et al., 2008; Lin et 
al., 2009). Rapid blood based in-vitro assay such as the PRIMAGAM test offer 
an alternative, with relatively good sensitivity (68%) and excellent specificity 
(97%) and able to detect TB at a very early stage (Garcia et al., 2004). PPD an-
tigens are presented to lymphocytes in whole blood culture and the resulting 
production of interferon-γ (IFN-γ) by the TB-exposed lymphocytes is detected 
using a monoclonal antibody-based sandwich enzyme immunoassay (EIA). 
Lymphocytes of non-infected animals does not produce any IFN-γ. We present 
here a case of M. tuberculosis detected in a captive wild caught olive baboon, 
who tested negative with the blood-assay TB-PRIMAGAM test and discuss the 
TB diagnostics challenges in NHP in Ethiopia. 
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Material and methods
History

A juvenile female olive baboon (Papio Anubis) was roaming freely on the prem-
ises of a large hospital in Addis Ababa, was then captured by the Ethiopian 
Wildlife and Conservation Authority and kept in captivity in a large enclosure 
close to Addis Ababa, Ethiopia before considering a potential release into the 
wild. Upon arrival, the animal underwent quarantine. She looked healthy with 
normal body condition. No visible clinical signs were observed with the excep-
tion of a very sporadic dry cough that would persist over the following years. 
The animal was housed with other rescued olive baboons. The large enclosure 
was on natural ground (shrubs, dirt ground, grass and rocks) surrounded by a 
meshed cage. Diet consisted on scattered mix of various fresh fruits and veg-
etables as well as supplemental grass and acacia tree branches with pods or 
flowers. All animals were screened shortly after arrival for tuberculosis (TB) 
using the commercially available primate interferon-γ test (Primagam® blood 
essay; Prionics AG). All tested animals were negative to the TB test. Six years 
later, the baboon was found dead in the enclosure without showing any prior 
signs of disease except a very sporadic dry cough that she kept throughout the 
years. 

Post-mortem examination

A standard post-mortem examination was carried out within 2 hrs. of death. 
Specimens of lung tissues were collected into sterile containers (one third with-
out transport media, which were frozen at -80°C, one third contained 10% for-
malin solution and one third contained PBS (phosphate buffered saline) and 
brought to the laboratory at the Armauer Hansen Research Institute (AHRI), 
Addis Ababa within 15 minutes of collection. 

Laboratory diagnosis

Suspicion of TB lead to follow all diagnostic procedures according to the in-
stitute and national TB SOP’s (TB program quality assurance) (e.g. use of 
P3-TB lab for all diagnostic procedures; wearing of face masks and gloves). 
Smears from lung tissue samples were prepared followed by Ziehl- Neelsen 
(ZN) staining and observation for acid fast bacilli under the light microscope. 
Mycobacterium culture was done on Lowenstein-Jensen (LJ) medium following 
the procedure described in Mycobacteriology Laboratory Manual (Global Labo-
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ratory Initiative, 2014). Tissue sample was homogenized with 3 ml phosphate 
buffered saline (PBS) using sterile mortar and pestle. Mycobacterium culture 
was done on Lowenstein-Jensen (LJ) medium. Digestion-decontamination of 
tissue sample was performed by N-acetyl L-cysteine /Sodium Hydroxide meth-
od (NALC/NAOH) with a final NaOH concentration of 1%.  An equal volume 
of standard NALC/NaOH solution was added to tissue sample and incubated 
for 15 minutes. After neutralization by PBS and centrifugation (15 minutes 
at 3000g), the sediment was re-suspended in 1ml sterile PBS. Finally, 200μl 
of sediment was used to inoculate on two LJ slants. The remaining sediment 
was used for smear preparation followed by Ziehl- Neelsen (ZN) staining, and 
examined for acid-fast bacilli (AFB) using regular light microscopy (Federal 
Democratic Republic Ethiopia Ministry of Health, 2014). The AFB grading was 
done according to WHO smear grading scale for ZN staining (WHO, 1998). 
Culture was checked daily during the first week, then weekly thereafter. Colo-
nies from positive culture were removed from the surface of LJ medium and 
suspended in 300 μl of Molecular grade water and the mixture heated at 80°C 
for 1 hr. in water bath. After centrifugation, the supernatant was collected and 
used for RD9 deletion typing and spoligotyping.   

RD 9 Deletion Typing 

Mycobacterial species was identified using polymerase chain reaction (PCR) 
based region of difference (RD9) typing as described by Brosch et al. (2002) 
using previously published RD9_FlankF, IntR and FlankR primer sequence 
(Berg et al., 2009). PCR was performed on heat-killed cells. M. tuberculosis 
H37Rv, M. bovis, and Qiagen water was used respectively as positive and neg-
ative controls.

Spoligotyping

Spoligotyping was performed following the method described by Kamerbeek et 
al. (1997).The spoligotype pattern was entered in an Excel spreadsheet, com-
pared with those in the International Spoligotyping Database (SITVITWEB) of 
the Pasteur Institute of Guadaloupe (http://www.pasteur-guadeloupe.fr:8081/
SITVIT_ONLINE/), and a spoligotype international type (SIT) was assigned.
 
In addition, for the sake of diagnostic speed, 0.5 ml of homogenized tissue 
sample was subjected for GeneExpert analysis by mixing with the supplied 
sample reagent in a 1:3 ratio, vortexed and incubated for 15 minutes. Two ml 
of the reagent-sample mix was then transferred to an Xpert cartridge using a 
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pasteur pipette and the cartridge loaded onto Expert machine. The GeneXpert 
automates all following steps, including sample work-up, nucleic acid ampli-
fication, detection of the target sequence and result interpretation (Geleta et 
al., 2015). 

Further investigation of personnel

Four primate animal personnel, who had close physical contact to the TB posi-
tive animal over the years but showed no clinical signs of TB, wished to be 
tested for TB as well following the result of the animal. The gamma interferon 
test (QuantiFERON-TB Gold Plus) was used. Four ml of venous blood was 
drawn into lithium-heparin tubes and processed within 2 hours at AHRI. One 
ml of blood was dispensed into each QFT plus tubes (Nil, TB1, TB2, mitogen) 
followed by mixing by inversion and incubation at 37°C for 20 hrs. After in-
cubation, the tubes were centrifuged at 3000 RPM for 10 minutes, the super-
natants removed and the amount of IFN gamma measured by ELISA. IFN-γ 
ELISA was performed according to the QFT-Plus protocol and the result was 
interpreted using the software supplied by the manufacturer. 

Results
The animal showed a normal to thin body condition based on the body scor-
ing system by Clingerman and Summers (2005). No external changes were 
observed with the exception of hyperaemic conjunctivae. Superficial lymph 
nodes were normal. Intra-abdominal examination showed that all organs were 
hyperaemic without other visible pathological abnormalities. Lungs were se-
verely enlarged and abnormally shaped, having entirely lost their normal lung 
shape, with hard bumpy sections and ballooning. The lungs filled the entire 
thorax cavity with fibrous adhesions to the pleura that made extraction from 
the thorax cavity difficult. The lungs were removed en-toto using sharp and 
blunt dissection. The lung texture was hard fleshy for most part of the organ 
with hardly any normal looking lung tissue left. Granulomas, soft in texture 
could be felt throughout the lungs. Upon dissection, the lungs were entirely 
filled with various sized cavities (from 1 to 5 cm in diameters) sometimes co-
alescent/confluent filled with little liquid creamy looking pus and ill-defined 
walls (Figure 1). When pressure was applied to the lungs, pus would ooze out 
from everywhere, including bronchi. No calcifications were observed. Lung 
lymph nodes could not be identified. The heart was enlarged with pericardial 
fluid. 
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Figure 1. Macroscopic close-up of a dissected lung lesion in an olive baboon 
(P. anubis)

Laboratory results

Baboon sample

Ziehl-Neelsen staining of three slides (direct lung smear) and one slide with 
colonies from culture were graded as +++, implying the presence of more than 
10 Acid Fast Bacilli per field. The result of the GenExpert was positive for M. 
tuberculosis and no rifampicin resistance was detected. Results from culture 
showed colony growth within two weeks of inoculation that were creamy white 
dry, rough, raised, irregular with wrinkled surface and confluent growth was 
observed.  Figure 2 shows the results of RD9 deletion typing. The isolate had 
an intact RD 9 region identifying it as M. tuberculosis. The spoligo pattern was 
M. tuberculosis SIT 53, belonging to Lineage 4. 
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Figure 2. Electrophoretic pattern of the amplified element of PCR products, 
Lane=100bp ladder; Lane 2= H37Rv (M. tuberculosis positive control), Lane 3= 
Qiagen H2O (negative control); Lane 4 = M. bovis (positive control); Lane 5= 
DNA from heat killed culture 

Human samples

One out of 4 people were positive to the quantiferon test, hence making M. 
tuberculosis infection likely. However, due to the limitation of the test, defini-
tive diagnosis of whether the infection is active or most probably latent since 
the person did not show any signs of active TB, requires further combination 
of epidemiological, historical, medical and complementary diagnostic findings. 
Furthermore, the study could not link with certainty the infection in the ani-
mal and the person due to the lack of M. tuberculosis isolation in the sampled 
people. 

Discussion 
This case-study highlighted two major issues regarding TB in NPH, namely: 1) 
poor detection of TB by the blood-based assay PRIMAGAM and 2) the unusual 
very long disease course and lack of further spread. In hindsight, we assume 
that the animal had likely already an active TB, when he was tested 6 years 
ago considering the chronic cough she had. Animals with active TB can be 
symptomless for weeks to months (Gibson, 1998). However, although TB can 
be a chronic debilitating disease, having an active TB for so many years has, 
to our knowledge not been observed. Furthermore, the animal kept his good 
body condition to the end and no disease outbreak occurred in the colony. TB 
is usually described as highly contagious within a NHP colony. All primates 
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underwent monthly health checks during these 6 years (assessment of body 
condition, cough, appetite etc). Furthermore, autopsies were performed as a 
standard procedure on several NHP during these 6 years that died from any 
cause. No visible lesions suggestive for TB were ever observed, and smears of 
samples collected routinely from autopsies were ZN negative. In addition we 
know that the isolated strain belonged to a virulent most commonly found lin-
eage in Ethiopia (modern lineage), which makes it more surprising for not hav-
ing spread fast. It is well possible that the animal was already in an advanced 
state of anergy during the testing. However, it would be unlikely she would 
have survived another 6 years. TB latency is a growing concern in the NHP 
TB epidemiology. Studies have shown that a latent TB can be reactivated for 
example by a pregnancy and develop quickly into a fatal active TB (Martino et 
al., 2006).  Hence, the importance to diagnose TB at the latent stage. The last 
possibility is that the animal was negative at the time of the testing and it ac-
quired the disease while in captivity. However, this scenario is the least plau-
sible since no other baboons sharing the enclosure became clinically sick with 
TB, and later performed autopsies did not reveal any visible TB-like lesions 
and were ZN negative. A TB latency could not to be ruled out in the remaining 
animals of the group, However, latency over several years in a captive primate 
colony has never been previously described. 

The standard testing procedure in NHP remains the Tuberculin Skin test-
ing (TST), which detects delayed type hypersensitivity (DTH) to tuberculin 
antigens. Classically, the SIDT test is performed in the eyelid and swellings 
observed after 72 hours. The procedure requests two anesthesia and is subject 
to the observer’s interpretation leading to subjectivity. The required antigen 
concentration to detect reactivity for TB is higher than in humans but the 
exact quantity of tuberculin units (TU) is often not provided in PPD for NHP 
and same testing is often used as in humans. The TST is known for its poor 
sensitivity and specificity and leads to false negative animals (Lerche et al., 
2008). Moreover, the TST does not detect TB latency. Various blood tests have 
been used to screen NHP with diverse results (Parsons et al., 2004; Vervenne 
et al., 2004). More recently, non-invasive TB screening was done among chim-
panzees and baboons in Tanzania, using fecal IS6110 PCR (Wolf et al., 2016). 
Blood tests, such as the PRIMAGAM, reduces the stress in animals since only 
one anesthesia is required. Unlike the TST, it is a quantifiable test. It detects 
TB reactivity by measuring the IFN-γ production by lymphocytes that had 
contact to Mycobacteria. It is highly specific (97%) and can detect TB at a very 
early stage (Garcia et al., 2004). However, studies have clearly shown that no 
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single test has the high enough sensitivity and specificity to detect correctly 
all positive animals in a group and a combination of tests might be necessary, 
highlighting the still existing challenge to diagnose accurately TB. 

TB in NHP is a concern in Ethiopia in light of the high numbers of illegally 
kept primates with close contact to humans, rehabilitated/rescued primates 
that are set to be released into the wild and the many free-ranging NHP in 
close vicinity to human dwellings, particularly urban wild NHP. The baboon of 
this study was a wild baboon initially roaming freely in a hospital compound. 
In light of the high TB burden in Ethiopia and the emergence of MDR-TB, 
these wild roaming NHPs can become infected by TB and can then also poten-
tially act as vehicle for further spread to humans and other NHP. Awareness 
campaigns are warranted. They are a crucial step in controlling the spread of 
TB between humans and NHP but also for overall conservation purposes, by 
promoting the stop of illegal ownership of NHP as pets and banning illegal 
wildlife trade.
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Materials and methods
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dress in parentheses. Similarly, drugs, biologicals, medicinal plants or others 
used should be sufficiently described in terms of generic name(s) or scientifi-
cally accepted identifications, dose(s), and route(s) of administration. Describe 
sufficiently the statistical methods used and how the magnitude or precision of 
analysis results reached.

Results
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results in logical sequence in the text, tables, or illustrations. The results have 
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and methods sections.  Results should be concise and no need of interpretation. 
In clinical or therapeutic trials, report complications or losses or even dropouts 
of such observations giving numbers. Support all findings by using appropriate 
statistical analysis.

Tables should be complete enough to be informative. They should be presented 
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tographs of only good quality with TIFF, PDF, JPEG format with minimum 
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covered by the author.

Discussion
Under this heading you should explain the findings and the associated inter-
pretations. Relate the results with the objective of the study and with previ-
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ously published work. Here emphasize the new and important aspects of the 
study and not repeat the results. In the discussion, clearly indicate the signifi-
cance of the work and implications of the findings for future research. 

Conclusion
This section should be separately presented with supporting evidences based 
on the major findings of the study. Appropriate recommendations can be made 
if necessary
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