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Abstract
Background

Bovine cysticercosis is a major foodborne parasitic disease affecting food safety, public health, and
livestock production in Ethiopia. This study aimed to determine the prevalence of Cysticercus bovis in
cattle slaughtered at Addis Ababa abattoir enterprise and assessed its associated public health and
economic significance.

Methods

A cross-sectional study was conducted from October 2023 to February 2024 to determine the
prevalence of Cysticercus bovis in cattle slaughtered at Addis Ababa Abattoir Enterprise. The tongue,
masseter muscle, liver, triceps muscle, heart and lung were organs inspected for the presence of C.
bovis. The study was complemented by a retrospective analysis of abattoir records covering the
preceding ten years (2013-2022). A questionnaire survey was also conducted among 110 residents of
Addis Ababa Lemi-Kura sub-city to assess the public health significance of human taeniasis.
Furthermore a survey of 23 randomly selected medical supply stores in Lemi-Kura Sub-City, Addis Ababa,
was undertaken to determine the annual expenditure on taenicidal drugs in the study area during the
2022/2023 fiscal year. Data were analyzed using STATA 21, with prevalence calculated as the proportion
of positive samples and associations assessed using logistic regression and Pearson’s chi-square test
atp=<0.05.

Result

A total of 602 cattle carcasses were subjected to routine post-mortem inspection, of which 6 (0.83%)
were found to be infected with C. bovis. The cysts were detected in the triceps muscle (3), liver (1),
tongue (1), and masseter muscle (1), with the triceps muscle being the most frequently affected tissue.
Out of 110 respondents, 47 (42.73%) reported having experienced Taenia saginata infection at least once
in their lifetime. Furthermore, 67% of respondents were aware that consumption of raw or undercooked
beef is a major risk factor for T. saginata transmission. The occurrence of taeniasis was significantly
associated with respondents’ sex, occupation, and knowledge of disease transmission and prevention
(p < 0.05). A survey of medical supply stores indicated that 89,428 adult taeniasis treatment doses,
equivalent to Ethiopian birr 2,310,965, were marketed for the treatment of human T. saginata taeniasis
which approximately USD 41,597.37.

Conclusion
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Despite the low prevalence of Cysticercus bovis and the marked decline in detained carcasses over the
past decade, the detection of viable cysts and human Taenia saginata infections indicates ongoing
transmission. Therefore, the C. bovis—T. saginata complex remains an important public health and
economic concern in Addis Ababa.

INTRODUCTION

Zoonotic diseases constitute a major global public health challenge, accounting for approximately 75%
of emerging pathogens and 60% of all infectious disease agents (World health Organization, 2004). In
Ethiopia, the prevalence of zoonotic parasitic diseases has been reported to range from 2.93% to 4.4%
across different regions (Muhammed and Birhanu, 2020). Among these, foodborne trematodiases,
leishmaniasis, zoonotic schistosomiasis, cysticercosis, echinococcosis, and toxoplasmosis contribute
substantially to the global burden of parasitic zoonoses (Mohammed et al., 2021). Bovine cysticercosis
is caused by the metacestode (larval) stage of Taenia saginata, known as Cysticercus bovis, which
develops in the musculature of cattle, whereas the adult T. saginata inhabits the small intestine of
humans, the definitive host. Cattle serve as the intermediate host, and transmission is maintained
through a life cycle in which mature tapeworms release 3—7 gravid proglottids daily, each containing
approximately 30,000-50,000 eggs (El-Sayad et al., 2021). Both the larval and adult stages have
important veterinary and public health implications, either directly or through their associated
complications (Abdala and Ame, 2022).

Bovine cysticercosis is a major foodborne parasitic disease affecting food safety, public health, and
livestock production worldwide (Tegegne et al., 2018). It is estimated that approximately 77 million
people are infected with Taenia saginata globally, with nearly 40% of cases occurring in Africa. In
Ethiopia, bovine cysticercosis has been recognized as an important cause of economic losses in the
livestock sector and a persistent public health concern. Its widespread occurrence has been associated
with inadequate sanitation, ineffective meat inspection and control systems, poor animal husbandry
practices, and the widespread cultural practice of consuming raw or undercooked beef (Mohammed et
al., 2021). Consequently, numerous epidemiological studies have investigated the distribution and
prevalence of bovine cysticercosis in different regions of the country (Edao and Korso, 2019).

Cattle contribute approximately 45% of the meat consumed domestically in Ethiopia and represent a
major source of live animal exports. Despite the country’s considerable potential to supply livestock and
animal products to markets in the Middle East and North and West Africa, export performance continues
to be constrained by animal health problems, including bovine cysticercosis and human taeniasis (Biruk,
2017). Although previous studies have assessed the prevalence of C. bovis in cattle slaughtered at Addis
Ababa Abattoir Enterprise, information on community awareness of taeniasis, its economic burden, and
long-term retrospective trends of bovine cysticercosis remains limited. Therefore, this study was
undertaken to determine the prevalence of C. bovis in cattle slaughtered at Addis Ababa Abattoir
Enterprise, assess the prevalence and associated risk factors of human taeniasis, estimate treatment
costs, and evaluate the public health significance of these infections in selected areas of Addis Ababa.
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MATERIALS AND METHODS
Description of the Study Area

The abattoir survey was conducted at Addis Ababa Abattoir Enterprise, located in Kirkos sub-city,
whereas the questionnaire survey was carried out in Lemi-Kura sub-city, Addis Ababa (Fig. 1). Addis
Ababa is located at approximately 2,500 meters above sea level in Ethiopia’s central highlands. The city
experiences an average annual temperature of 21°C and average annual precipitation of 1,800 mm.
During the wet season, relative humidity ranges between 70% and 80%, while it fluctuates between 40%
and 50% during the dry period.

Study Population

For the retrospective component, the study population consisted of all slaughtered cattle recorded at the
abattoir from August 2013 to August 2023. For the active abattoir survey, the study population included
all cattle of both sexes brought to Addis Ababa Abattoir Enterprise for slaughter from October 2023 to
February 2024. Local zebu (Bos indicus) and crossbreeds originating from different parts of Ethiopia
were included for the study. For the questionnaire survey, all individuals living in Lemi-Kura sub-city of
Addis Ababa including butchers and abattoir workers, food-related merchants, non-food-related
merchants, and students were targeted.

Study Design and Sample Size Estimation

Cross-sectional and retrospective studies conducted from October 2023 to February 2024 were
included. Cattle of different ages and sex permitted for slaughter at Addis Ababa Abattoir Enterprise
were enrolled. An abattoir-based survey was conducted from October 2023 to February 2024. Using
systematic sampling, animals were selected for inspection at 10-cattle intervals over the course of a
three-day abattoir survey within a week. The estimated prevalence of bovine cysticercosis at Addis
Ababa Abattoir Enterprise (26.83%) as reported by Tesfaye, 2018, at 95% confidence interval and
absolute precision of 5%, was used to determine the total number of animals included, according to
Thrusfield (2018):

n=1.962X P exp (1 - P exp) /d?

Where n is the necessary sample size, d is the desired absolute precision, and Pexp is the predicted
prevalence (26.83%). The required sample size was 301 cattle. To maximize the precision of the
estimate, the sample size was doubled, resulting in a total of 602 cattle examined. Throughout the study
period, physical examinations were performed before and after slaughter, and the raw data were
recorded in a spreadsheet.
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Techniques and Protocols for Data Collection

Retrospective study

A retrospective survey of abattoir data was conducted based on daily record findings for Cysticercus
bovis from abattoir examination reports. The relevant 10 years of data were extracted from the Addis
Ababa Abattoir Enterprise record book covering the period between August 2013 and August 2023.

Active abattoir survey

The abattoir survey was conducted three days per week for five months, and 10 carcasses were
examined per day. Each study animal underwent thorough ante-mortem and post-mortem examinations.
A unique identification number was assigned to each study animal. The animals’ age, sex, and body
condition scores were recorded. Body condition was assessed using the following criteria: poor (hide
bound with obvious bony prominences and a deep-sunk tail base), medium (ribs and other bony
prominences noticeable on visual inspection, but with fair fleshy background on palpation), and good
(bony structures observable only on palpation). This classification was based on (Neary and Yager,
2002). The age of an animal was estimated using their teeth as reference as stated by (DeLahunta and
Habel, 1986). Animals were then categorized into juvenile (< 5 years) and adult (> 5 years) groups. During
post-mortem examination, the heart, liver, lung, tongue, triceps muscle, and masseter muscle were
visually inspected, palpated, and incised to identify Taenia saginata cysts.

Recovered cysticerci were separated from surrounding tissues and transported to the Parasitology
Laboratory of Addis Ababa University College of Veterinary Medicine and Agriculture, Bishoftu Ethiopia
for viability testing. The cysticerci were incubated for 1-2 hours at 37°C in 40% ox bile solution. The
scolex was examined under a stereomicroscope to assess viability. During incubation, cysticerci in
which the scolex evaginated were considered viable (Blate et al., 2023). In contrast, solid or empty cysts
were regarded as non-viable or degenerating (Anwar et al., 2024). In parallel, species confirmation as
Taenia saginata metacestodes was based on the size of the cysticercus and the absence of a hook on
the rostellum of the evaginated cyst (WHO, 1983; Gracey et al., 1999).

Questionnaire survey

The structured questionnaire survey was conducted in Lemi-Kura Sub-City, Addis Ababa, Ethiopia. The
required sample size was calculated using Arsham’s (2002) formula, (n = 0.25/SE*2), where (n) is the
required sample size and (SE) is the standard error. With the standard error set at 5% (0.05), the
calculated sample size was 100 participants. Allowing for a 10% non-response rate, the final sample size
was increased to 110 respondents. Before data collection, the purpose and procedures of the study were
explained to the participants through a brief group discussion, and informed consent was obtained from
each participant. Participants were selected randomly from the study population based on their
willingness to participate. A structured questionnaire was developed specifically for this study to assess
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the food safety and public health significance of bovine cysticercosis and human Taenia saginata
taeniasis. The questionnaire collected information on participants’ consumption of raw or undercooked
beef, frequency of consumption, history of T. saginata infection, and observation of T. saginata
proglottids in feces or on clothing. Information on sociodemographic characteristics, including age, sex,
marital status, and educational level, was also collected. In addition, participants’ knowledge of T.
saginata transmission, risk factors, and prevention was assessed. Human T. saginata taeniasis was
assessed based on participants’ self-reported history and observation of proglottids rather than
laboratory-confirmed diagnosis.

Inventory and questionnaire survey at pharmacy shops

Economic losses due to T. saginata taeniasis treatment in human cases were estimated using a one-year
retrospective drug shop inventory. The number and price of pharmaceuticals sold annually to treat
taeniasis were obtained from inventories of 23 randomly selected pharmacy stores in Lemi-Kura sub-city
in Addis Ababa. Buyers’ age, gender, residential status (rural or urban), and whether prescription was
required were recorded. In addition, the most commonly sold medication during the year was listed.

Study population for drug inventory

Lemi-Kura sub-city of Addis Ababa has 212 commercial pharmacies, 2 government-run pharmacies in
Kenema, and 9 health centers, all of which have their own pharmacies.

Data Organization and Interpretation

Microsoft Excel was used to store data collected from the active abattoir survey and the questionnaire
survey. STATA version 21 was used for statistical analysis. Prevalence was calculated as the number of
positive samples divided by the total number of samples. The association between Taenia saginata
prevalence and risk factors, and between Cysticercus bovis prevalence and host-related risk factors, was
assessed using binary logistic regression and the Pearson chi-square test, respectively. A p-value < 0.05
was considered statistically significant.

RESULTS

From the 602 animals examined at abattoir, the overall prevalence of cysticercus bovis was 0.83%
(6/602) with 95% ClI of (0.15-1.03) (Table, 1). No significant association was observed between C. bovis
occurrence and body condition score, sex, age, or breed. Regardless of the number of animals analyzed,
the prevalence of C. bovis was 0.43% in juvenile animals and 0.7% in adult animals.
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Table 1
Prevalence of C.bovis by risk factors.

Risk factors Groups Infected (%) Negative (%) X2 P-value
Sex Male 6(0.85) 586(99.15)  0.094  0.759
Female 0(0) 16(100)

Age in years Young (< 5years)  1(1.04) 239(99.57) 0.768 0.382
Adult(> 5 years) 5(1.09) 363(98.91)

Body score condition  Good 1(0.68) 147(99.32) 0.455 0.557
Medium 3(0.77) 386(99.23)

Poor 2(1.54) 69(98.46)

Breed Local 6(0.87) 572(99.13)  0.219  0.640
Cross 0(0) 30(100)

A total of 2,089,266 cattle were slaughtered over the last ten years (Table 2). The largest number of
cattle slaughtered in 2017/2018 (259,632). During this period, carcasses containing more than one C.
bovis at a single incision site were stored in deep freeze for ten days before being released for human
consumption. However, carcasses containing more than four C. bovis at a single incision site were
completely condemned. Across the ten-year period, 313 carcasses were detained due to C. bovis. The
highest number was recorded in 2013/2014 (125), and no carcass was detained for C. bovis in year
2022/2023.
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Table 2
Trends of C. bovis among cattle slaughtered at Addis Ababa Abattoir Enterprise over the last ten years.

Year Sex Age Total No. of cattle No. of Carcasses detained
slaughtered due to C. bovis
Male Female < 25
5
2013/14 123 2 3 122 222,937 125
2014/15 70 1 1 70 186,669 71
2015/16 47 0 1 46 216,509 47
2016/17 26 0 0 26 243,971 26
2017/18 15 0 0 15 259,632 15
2018/19 16 0 0 16 238,807 16
2019/20 6 0 0 6 193,131 6
2020/21 4 0 0 4 178,874 4
2021/22 3 0 0 3 169,349 3
2022/23 0 0 0 0 179,387 0
Total 310 3 5 308 2,089,266 313

Organ distribution of cysticerci and cyst characteristics

Among the six cysts detected, the most contaminated organs were the triceps muscle (3 cases; 75%),
followed by the masseter muscle, tongue, and liver, each accounting for 1 case (25%). No cysts were
observed in the heart or lungs. Of the six cysts, 3 (50%) were viable, 2 (33%) were non-viable, and 1 (17%)
was calcified. The cysts located in the triceps muscle showed the highest relative viability (33%).

Questionnaire survey results

Of the 110 respondents, 47 (42.73%) reported having experienced at least one episode of Taenia
saginata infection during their lifetime. Among infected respondents, 74%, 19%, and 4% reported using
contemporary drugs, traditional drugs, and both types of drugs, respectively. Two percent (2%) of
infected respondents reported not using either drug type. Out of the 110 respondents, 36 reported eating
raw or partially cooked meat, and only 6 of the female respondents reported having taeniasis. In this
study, taeniasis was more common among butchers and abattoir employees (66.67%; p-value = 0.049; x?
=11.106) than among individuals in other occupational categories. Most respondents reported
consuming well-cooked meat, which may contribute to reduced T. saginata prevalence. The results also
showed a statistically significant association between taeniasis prevalence and sex, with higher
prevalence among male respondents (53.95%) than female respondents (17.65%) (p-value =0.001; x2 =
12.6493). Cooking of meat was associated with disease prevention (50.68%) compared with other
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methods (p-value = 0.014; x> = 8.572). Most infected respondents reported observing proglottids in their
feces (39/47) (p-value = 0.001; x2 = 110.000). Regarding drug usage, most infected respondents reported
using pharmaceutical drugs (35/47) rather than herbal medicine or both (p-value =0.001; x? = 105.977).
Among pharmaceutical treatments, albendazole was the most frequently used drug (53.7%) compared
with other pharmaceutical drugs (p-value = 0.001; x2 = 68.809). Additionally, many respondents did not
know the specific type of drug used (22/47). However, no statistically significant difference was
observed among respondents with respect to age, educational attainment, religion, marital status, meat
consumption habits, meat source, or latrine use (p-value = 0.001; x2 = 17.504). Regarding information
sources, most respondents reported obtaining information from health centers (69.23%) compared with
other sources (p-value = 0.001; x2 = 22.096). Concerning knowledge of transmission, most respondents
knew that raw meat transmits T. saginata (52.7%) (p-value = 0.002; x2 = 9.195).

Pharmaceutical Inventories

A survey of medical supply stores was conducted in the Lemi-kura sub-city of Addis Ababa. Estimates of
the annual dosages and associated costs of taenecidal (anthelmintic) drugs for adults were obtained
through face-to-face interviews with pharmacy managers and by reviewing their 2022-2023 records. The
survey indicated that a total of 89,428 adult taeniasis treatment doses equivalent to 2,310,965 ETB were
marketed in the town for the treatment of human Taenia saginata taeniasis. Albendazole accounted for
the largest proportion of doses (53.7%), followed by praziquantel (25.2%) and mebendazole (Vermox)
(21.1%) (Table 3).

Taenicidal drugs supplied at Le-rl;?iiiga sub-city and their annual cost.
Name of the drug Total number of adult doses supplied (during 2022-  Total worth in
used 2023%) ETB**
Praziquantel 22,530 675,900
Albendazole (tab) 38,120 648,040
Mebendazole (tab) 18,443 461,075
Albendazole (Syrup) 9,875 493,750
Mebendazole (Syrup) 460 32200
Total 89,428 2,310,965

Discussion

The prevalence of Taenia saginata taeniasis varies considerably among countries and between regions

within the same country, depending on several factors, including the consumption of raw or inadequately

cooked beef, public awareness of the disease, environmental and personal hygiene practices, and other

socioeconomic and epidemiological conditions (Dorny et al., 2007; World health Organization, 2023).

While the larval stage, Cysticercus bovis, causes bovine cysticercosis and associated economic losses to
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the livestock and meat industries, the adult T. saginata parasite remains an important public health and
economic concern (Dorny et al., 2007).

The prevalence of Cysticercus bovis (C. bovis) in the current study at Addis Ababa Abattoir Enterprise
was 0.83%, which was relatively low compared with reports from several other parts of Ethiopia. Higher
prevalence rates have been reported in Batu (2.6%) by Teklemariam and Debash (2015), Gondar ELFORA
(2.0%) by Adem and Alemneh (2016), Nekemte (2.08%) by Bijiga and Temesgen (2019), West Shoa Zone
(2.5%) by Work et al. (2021), Nekemte (2.68%) by Shuramo et al. (2022), and Assela (1.2%) by Dima
(2023). The relatively lower prevalence observed in the present study may be attributed to differences in
study design, cattle management practices, geographical location, sample size, duration of the study,
and the effectiveness of meat inspection procedures. Compared with findings from other countries, the
prevalence recorded in the present study (0.83%) was higher than that reported in Northwest Mexico
(0.21%) by Cueto Gonzélez et al. (2015), but lower than the prevalence reported in Northwest Iran
(1.71%) by Mirzaei et al. (2016) and Kenya (2.67%) by Anyango et al. (2023). These variations in
prevalence among different countries and regions may reflect differences in cattle husbandry systems,
sanitation, human dietary practices, access to veterinary services, meat inspection practices, and the
epidemiological conditions prevailing in the respective study areas.

A 10-year retrospective analysis revealed a marked decline in the number of carcasses detained at Addis
Ababa Abattoir Enterprise due to Cysticercus bovis (C. bovis), from 125 carcasses in 2013-2014 to none
in 2022-2023. This declining trend may be associated with several factors, including routine deworming
of cattle, increased use of intensive production systems in which cattle are housed indoors in feedlots or
kept without access to grazing, improved availability of veterinary services, increased involvement of
veterinarians and human health extension workers, and greater public awareness and use of sanitary
latrines. These interventions may have contributed to reducing environmental contamination with Taenia
saginata eggs and subsequently decreasing the risk of C. bovis infection in cattle. Nearly half (42.73%) of
the respondents reported that they have experienced at least one episode of tapeworm infection during
their lifetime. The presence of proglottids in their feces and/or on their underwear was considered an
indication of infection. In the study areas, as in many other parts of Ethiopia, pork is generally not
consumed because of religious and cultural practices. Therefore, the proglottids observed by the
respondents were most likely those of Taenia saginata. This interpretation is supported by the World
Health Organization (1983) guidelines, which indicate that T. saginata can be distinguished from T.
solium by the more frequent spontaneous passage of its proglottids through the anus.

A statistically significant association was observed between the sex of respondents and the prevalence
of Taenia saginata taeniasis (p = 0.001; x2 = 12.649), with a higher proportion of male respondents
(53.95%) reporting taeniasis compared with female respondents (17.65%) (Table 3). This finding is
consistent with reports by Akalu and Amuamuta (2015) in Farta Woreda, Leilt et al. (2015) in Bishofty,
and Nestanet et al. (2020) in Dessie Town. However, it differs from the findings of Kifle and Shiret (2015)
in Debre Berhan, Bekele et al. (2016) in and around Halaba Kulito Town, and Tegegne et al. (2018) in
Kombolcha. The higher prevalence of T. saginata taeniasis among males may be associated with
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cultural, behavioral, and socioeconomic factors. In the study area, men may be more likely than women
to consume meals outside the home, particularly at restaurants and butcher shops, where raw or
inadequately cooked beef may be consumed. In addition, men may have a greater tendency to consume
raw beef together with locally produced alcoholic beverages, such as tella and tej, which may further
increase their exposure to T. saginata infection. A statistically significant, although marginal, association
was also observed between respondents’ occupation and T. saginata taeniasis (p = 0.049; x2 = 11.106).
The prevalence of T. saginata taeniasis was highest among butchers and abattoir workers (66.67%),
followed by civil servants (55.32%), food-related merchants (41.67%), farmers (25.00%), and non-food-
related merchants (22.22%)\. The relatively higher prevalence among butchers and abattoir workers may
be attributed to their frequent occupational contact with cattle, raw meat, and meat by-products, which
may increase their exposure to T. saginata infection, particularly when appropriate personal hygiene and
food-safety practices are not consistently followed.

An inventory of 23 pharmacies in Lemi Kura Sub-City, Addis Ababa, during the 2022/23 fiscal year
revealed that 89,428 adult doses of taeniacidal medications were dispensed, with an estimated total
cost of 2,310,965 Ethiopian Birr (ETB), equivalent to approximately USD 41,597.37. The estimated
expenditure on medications used for the treatment of Taenia saginata taeniasis in the present study
differs from those reported by Teklemariam and Debash (2015), Tolossa et al. (2015), Bekele et al.
(2016), Tegegne et al. (2018), and Tsegaye (2023) in different parts of Ethiopia. The substantial
expenditure on taeniacidal medications suggests that T. saginata taeniasis may impose a considerable
financial burden on households. However, the disease is largely preventable through the consumption of
adequately cooked beef and the proper use of sanitary latrines. The observed differences between the
present study and previous reports may be attributable to variations in population size among study
areas, differences in the prevalence of T. saginata infection across the country, the frequency of raw or
inadequately cooked beef consumption, differences in the prices of medications among pharmacies,
and variations in the use of traditional herbal remedies for the treatment of taeniasis.

Conclusion

Despite the relatively low prevalence of Cysticercus bovis (0.83%) observed in the present study, human
taeniasis remains an important public health concern among the study population, as evidenced by the
high proportion of respondents reporting at least one lifetime episode (42.73%). The occurrence of
taeniasis was significantly associated with sex and occupation, with higher reported occurrence among
males, butchers, and abattoir workers, highlighting the need for targeted health education and preventive
interventions among high-risk occupational groups. The marked decline in carcasses detained due to C.
bovis over the past decade suggests improvements in cattle management, sanitation, veterinary
services, and meat inspection practices. The sale of 89,428 adult taeniacidal treatment doses, costing
an estimated ETB 2,310,965, indicates a substantial economic burden associated with human T. saginata
infection. Hence, strengthened surveillance and multi-sectoral stakeholder collaboration, together with
larger-scale studies using highly sensitive diagnostic methods, are recommended to further evaluate the
epidemiological and economic burden of T. saginata infection.
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Addis Ababa map showing sub-cities (SSGI, 2025)
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