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A B S T R A C T

A cross-sectional study to estimate the antibody seroprevalence of the PPR virus and determine
the associated risk factors was conducted from February 2021 to May 2022 in the Guangua and
Jawi districts of the Awi zone. Of the total 380 sera samples tested using cELISA, 231 (60.8 %)
were found positive for the PPRV antibody. A significantly higher prevalence of 76.2 % (OR =

4.5, P = 0.000) was observed in the Jawi district than in the Guangua district (45.5 %). Sero-
prevalence of 61.9 % (109/176) in sheep and 59.8 % (122/204) in goats was also detected in the
present study (P > 0.05). Significantly higher prevalence was revealed in old (69.7 %, OR = 3.4)
and adult (65.7 %, OR = 2.3) age groups compared to young (48.9 %) age groups. A prevalence of
63.4 % and 55.6 % were reported in female and male animals respectively (P > 0.05, χ2 = 1.85).
As evidenced by the serological test result, PPR is highly circulated in the Guangua and Jawi
districts of the Awi zone. The higher circulation of the PPR virus, the uncontrolled movement of
animals, and the regular practice of communal grazing systems in the area indicate the chance of
continued dissemination within and to other places. Hence, proper implementation of prevention
and control measures and further study on sequencing and characterization of the circulating
virus are advised.

1. Introduction

In developing countries like Ethiopia, the livestock production system is the fast-growing sub-sector of agriculture that contributes
nearly thirty percent of agricultural gross domestic product [75] and about eighty percent of the livelihood of the rural population
[38]. Small ruminants play a crucial role in rural economies and are an important asset for poor farmers to generate income [37].
Ethiopia possesses a large number of sheep and goats with an estimated population of 30.7 million sheep and 30.2 million goats [18,
38]. However, the benefit gained is meager because of multiple factors including diseases. One of the most important diseases that lead
to the lowest benefit, highly reducing production and productivity of the animals in the country is Peste des Petits Ruminants (PPR) [6,
67].

Peste des Petits Ruminants is an economically important transboundary disease of small ruminants that was reported for the first
time in Cote d’Ivoire [61]. It is an acute contagious disease caused by Morbillivirus specifically, Peste des petits ruminants virus (PPRV).
The disease is known to cause high morbidity and mortality rates in infected animals [12,42,44]. The virus has a single serotype
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consisting of four distinct lineages (I-IV) classified depending on sequence comparison of nucleo-protein and fusion gene C-terminus of
the virus [20].

Peste des Petits Ruminants is manifested by pyrexia, watery profuse diarrhea conjunctivitis, oculo-nasal discharges, stomatitis, and
bronchopneumonia. A tentative diagnosis of the disease depends on the characteristic clinical signs and post-mortem lesions it causes.
Considering its differential diagnoses such as rinderpest, pneumonic pasteurellosis, foot and mouth disease, orf, bluetongue, conta-
gious caprine pleuropneumonia, and gastro-intestinal helminth infestations is also very important. It can be confirmed by isolating the
virus and performing different serological and molecular tests [12,25,60].

Peste des Petits Ruminants potentially spread through discharges and loose feces, all of which contain high levels of the virus titers.
Usually, it can also occur via aerosol over short distances [53]. Direct transmission through contact with newly introduced infected
animals is also possible. Asymptomatically infected and recovered animals can shed the virus for more than 3 months. Thus, quar-
antining and testing new animals before introducing them to a herd is necessary to minimize the probability of infection [19].

Peste des Petits Ruminants is the most economically important small ruminant disease [40] that causes economic losses from
reduced body weight gains, impaired growth of the animals, reduced production yield, death of the animals, high costs of treatment,
and trade ban [67,69]. A morbidity rate of fifty to one hundred percent and mortality rate varying from twenty to hundred percent had
been documented in PPR-infected small ruminants [40]. Control and eradication of PPR can be achieved by cleaning and disinfecting
infected premises, quarantining new animals, controlling the animal’s movement, euthanizing infected and exposed animals, and
vaccinating the animals in high-risk areas [19].

Initially, PPR occurrence was suspected in Ethiopia in 1977 and its actual presence was confirmed late in 1991 with a cDNA probe
from an outbreak that happened in a holding area near Addis Ababa. The outbreak was implicated in causing the mortality of more
than 60% of the goats [25]. Serological evidence of the disease was also reported in 1991 and it was isolated from an outbreak in 1996.
The virus’s full genome was eventually sequenced in 2014 [46].

A serosurveillance study conducted in 1997 at abattoirs in Bishoftu town, Ethiopia, revealed a high seroprevalence of PPR anti-
bodies. Since its confirmation in Ethiopia, the PPR has had a long-term impact on sheep and goat production and productivity. It
exacerbated food shortages, having a significant economic impact on the production and export of animals particularly in vulnerable
parts of the country [4,25].

In the previous five years, from 2016 to 2021, 632 PPR outbreaks with a total of 255794 cases and 116341 deaths have been
documented from various agroecological zones of Ethiopia. The highest number of outbreaks was reported from the Amhara region
(258 outbreaks) followed by Oromia (146), Somali (136), Afar (64), SNNP (27), Tigrai (13), and Benishangul Gumuz (3) regions. The
highest mean morbidity rate (43.62 %), mean case fatality rate (42.71 %), and mean mortality rate (9.11 %) were reported from
Benishangul Gumuz regional state. A low or high number of outbreak reports in a specific region does not necessarily indicate a low or

Fig. 1. Map of the study area.
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high occurrence level of disease there. The more a region reports an outbreak, the higher the number reported and vice versa. Only 11
PPR outbreaks were reported from the Awi zone of the Amhara region with 2161 total cases and 216 total deaths. Six outbreaks were
from the Jawi district and no outbreak was reported from the Guangua district.

Several PPR seroprevalence studies [6,7,24,26,34,35,37,70,74] have been conducted in various areas of Ethiopia. The epidemi-
ological information on the disease in Awi Zone is scarce and only one seroprevalence study finding has been reported from the Awi
Zone [32] and no study has been done in the Jawi and Guangua districts of the zone yet. Currently, Ethiopia has launched a progressive
control and eradication strategy for PPR in collaboration with the Food and Agricultural Organization (FAO) and the World Orga-
nization for Animal Health (OIE). Understanding the seroepidemiology of the PPR is very important to implement the strategy because
repeated vaccination of all susceptible small ruminants is unaffordable in developing countries like Ethiopia. Nevertheless, the
epidemiology of the disease is not clearly understood and its seroepidemiological information is not revealed in the present study area.
Therefore, additional information on the seroepidemiology of the disease that assists in understanding the status of the disease in the
area is important to support the current initiative towards control and eradication of the disease that targets high-risk areas of endemic
regions. Hence, the study aimed to estimate the seroprevalence of small ruminant PPRV antibodies and assess the associated risk
factors in specific districts within the Awi zone.

2. Materials and methods

2.1. Study area description

The study was conducted in the Guangua and Jawi districts of Awi zone, Amhara Regional State (Fig. 1). The zone administrative
town is called Enjibara, located around 430 km northwest of Addis Ababa. The Awi zone is bounded by the Benishangul Gumuz region,
North Gondar, Oromia region, and West Gojam in the West, North, South, and East directions respectively. It has an average annual
rainfall of 1750 mm with monthly average temperature fluctuating between seventeen to 27 ◦C [50].

Jawi district is located at a latitude of 10◦ 38′ to 11◦ 30′N and a longitude of 36◦ to 37◦ E [72]. It experiences fluctuating rainfall,
with lengthy summer rains having an average annual rainfall of 1569.4 mm. The district’s altitude spans from 648 to 1300m above sea
level, with average temperature ranging between 16.68 and 37.6 ◦C. The district is covered with a variety of vegetation types and it is
well-known for its crop-livestock mixed production system. The main crops produced in the district include maize, sesame, sorghum,
and cotton. According to a 2020 unpublished report of the district agricultural office, the district has an estimated total population of
27521 sheep and 87683 goats.

Guangua district is located 513 km northwest of Addis Ababa, the capital city of Ethiopia, and 52 km far from Enjibara. It is located
at a latitude of 10.950◦N and a longitude of 36.500◦E with an altitude ranging from 1583 to 1710 m above sea level. The district
receives annual rainfall ranging from 1300 to 1800 mm with a temperature ranging from twenty-two to 31 ◦C. The district covers
around 106,914 ha of which twenty-nine percent of the land is cultivated during the main cultivation season, using rainfall, and about
twelve percent is cultivated by irrigation. The population of the district is estimated to be about 223, 066 with 11,936 households [22,
50]. Guangua has an estimated population of 29828 sheep and 24,714 goats according to a 2020 unpublished report of the district
gricultural office.

2.2. Study animals

The study population of this study was sheep and goats found in the Guangua and Jawi districts of the Awi zone where there was no
PPR vaccination practice. Sheep and goats above six months were considered for the study to eliminate the likelihood of seropositivity
outcomes attributable to maternal antibodies. Accordingly, the animals to be sampled were selected irrespective of sex and body
condition from herds with no vaccination history against PPR disease. The size of the herd from which the animals were selected was
classified into three categories small (herd with less than ten animals), medium (herd with ten to twenty animals), and large (herd with
more than twenty animals) based on classification of the previous study [34]. The animals’ ages were estimated by dentition [29] and
classified into three groups less than one year (young), from one to three years (adult), and greater than three years (old). The recorded
body condition of the sheep and goats was also grouped into three categories poor, medium, and good according to the Ethiopian Sheep
and Goat Productivity Improvement Program classification [30].

2.3. Study design

This study was a cross-sectional study conducted from February 2021 to May 2022 to determine the seroprevalence of PPRV
antibodies and associated risk factors in the Guangua and Jawi districts of Awi zones, North West Ethiopia.

2.4. Sample size determination

The sample size required for the present study was determined according to the Thrusfield [68] formula indicated below using a 5
% level of precision, 95 % level of confidence interval, and 55.34 % previous seroprevalence in the Awi zone [32].

n = 1.962 P(1-P)
d2

Whereas n is the total sample size, P = prevalence from the previous study, and d = precision level. Based on the formula, the total
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number of animals required was determined to be 380. Accordingly, 176 sheep and 204 goats were included in the study.

2.5. Sampling techniques

The study area districts, namely Guangua and Jawi were selected by purposive sampling method depending on previous occurrence
of PPR and the presence of a large population of sheep and goats. The disease occurrence information used to select the districts was
obtained from epidemiology units of the area. The Kebeles were also purposively selected based on the production potential of sheep
and goats. Accordingly, Kebeles having high sheep and goat populations were selected from each district. Subsequently, peasant
associations (PAs) were randomly selected from the Kebeles. A list of farmers having sheep and goats was obtained from each selected
PA and the farmers were selected using a systematic random sampling method. Finally, the study animals to be sampled were selected
using a simple random sampling method. The number of animals to be selected was proportionally allocated to each district on small
ruminant population within the districts.

2.6. Sample collection and processing

A whole blood sample was collected from the jugular veins of each animal using clot activator plain vacutainer tubes and 21G
vacutainer needles. The samples were labeled on the tubes with information on the place of sample collection, date, and species of the
animals and shipped to the laboratory in chilled ice boxes. Information regarding age, sex, body condition, size of each herd, housing
system, origin, grazing system, physiological status, contact between herds, new animal introduction, and isolation of infected animals
was also collected. The blood samples were kept in a tilted position for about 24 h to allow separation of the serum. The samples with
no clear separated serum were centrifuged for 3 min at 5000 rotations per minute to allow clear serum collection by removing
remnants of red blood cells. Accordingly, clear sera samples were collected into cryovial tubes in aliquots and kept at negative 20 ◦C
until tested against serum antibodies (see Fig. 2).

2.7. Serological study

The collected sera samples were tested using a competitive ELISA kit based on instructions from themanufacturer (IDvet Innovative
Diagnostics, France) (Fig. 3). Briefly, all chemicals stored in the refrigerator were brought to room temperature (15–21◦C) and every
microplate well was filled with 25 μL of dilution buffer 13 solution. Then, positive control, negative control, and dispensed sera
samples, 25 μL of each were added to corresponding plate wells according to plate layout. Subsequently, the plate wells were sealed
with an adhesive plate sealer and incubated at 37 ◦C for 45 min. After incubation, the plates were washed using a three hundred
microliter wash solution and dried by tapping with a towel. One hundred microliters of the conjugate solution were added to each plate
well and the plates were incubated at 21 ◦C and re-washed after 30-min incubation. Substrate solution (one hundred microliters) was
added to the wells and incubated at room temperature for 50 min. Eventually, the enzymatic reaction was stopped by adding a stop
solution to the wells. The optical density (OD) of the samples was read with ELx800 Absorbance Microplate Reader

Fig. 2. The study sample collection and sera sample harvesting approach. Introducing the objectives of the study (A), blood sample collection (B),
samples with separated serum (C), and arranging the sera samples (D).
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(BioTek®Instruments, Inc.USA) at 450 nm. The competition percentage (S/N%) of the samples was automatically calculated using Gen
5™ 3.04 software. In this way, samples with S/N% ≤ 50 % were considered positive and those with S/N % > 60 % were considered
negative whereas S/N% > 50 and < 60 were considered doubtful.

2.8. Management and statistical analysis of the data

The raw data was fed into a Microsoft Excel spreadsheet, and R software of version 4.0.2 was used for analysis. Accordingly, it was
summarized using descriptive statistics and the seroprevalence was computed by dividing the number of seropositive samples by the
total number of samples multiplied by one hundred. The presence of the antibody seroprevalence variations among the levels of the
variables was tested using Pearson’s chi-square method (χ2). The strength of association that the variables had with PPR seropre-
valence was assessed using binary logistic regression and odds ratio (OR) was used to quantify the association. All variables hy-
pothesized as a risk factor were included in the multivariable logistic regression model and the model was simplified with the
backward step-wise method. Variables having an OR equal to one were assumed to have no association with the antibody seropre-
valence and the factors with OR less or greater than one were assumed to have an association with seropositivity to the disease and
stronger the association. A statistically significant association between the variables was believed to exist if the computed P-value was
less than 0.05 [24].

Ethical approval

This research work was ethically approved by the ethical review board of the University of Addis Ababa, College of Veterinary
Medicine and Agriculture. All possible efforts were made to minimize the suffering of the animals during sample collection. The aim of
the study was introduced and oral informed consent was obtained from the farmers before sample collection.

3. Results

Out of a total of 380 sera samples tested for PPRV serum antibodies, 60.8 % (231/380) were positive. A significantly higher
prevalence of 76.2 % (144/189) was observed in the Jawi compared to the Guangua district (P-value <0.005, χ2 = 36.1). Higher
Kebele-wise seroprevalence was observed in Jayimela (82.7 %) and Ayma Gebriel (81.5 %) while the lowest prevalence was from Bizra
Kani Kebele (38.65) (P-value = 0.000, χ2 = 47.2) (Table 1).

Out of the total samples tested, 61.9 % (109/176) sheep and 59.8 % (122/204)) were detected positive for PPRV antibodies (P-
value= 0.75). Statistically higher prevalence of PPR virus antibodies was observed in older small ruminants (69.7 %) followed by adult

Fig. 3. Performing the serological test. Dispensing the sera samples (A) and loading the plates to the ELISA reader (B).

Table 1
Prevalence of PPR virus antibodies in the Awi zone and the study area districts.

Variables Categories Number tested Number positive % seroprevalence (95 % CI) χ2 P-value

Districts Guangua 191 87 45.5 (38.4–52.9) 36.1 0.000
Jawi 189 144 76.2 (69.4–81.9)  
Total 380 231 60.8 (55.7–65.7)  

Kebeles Guangua Bizira Kani 70 27 38.6 (27.4–51) 47.2 0.000
Lunsi Degera 66 28 42.4 (30.6–55.2)  
Tirubirhan 55 32 58.2 (44.1–71)  

Jawi AddisWeyn 72 48 66.7 (54.5–77.1)  
Ayma Gebriel 65 53 81.5 (69.6–89.7)  
Jayimela 52 43 82.7 (69.2–91.3)  

Total 380 231 60.8 (55.7–65.7)  

χ2 = Chi-square test, CI= Confidence interval, % = percentage.
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ones (48.9 %) (P-value <0.05, χ2 = 13.9). Seroprevalence of 63.4 % in female and (55.6 %) in male animals was observed (P-value
>0.05). Significantly higher prevalence was also found in animals having poor body condition (68.6 %, χ2= 8.04, P-value= 0.02). The
seroprevalence was significant in differences among categories of flock size, origin, housing system, and isolation practice of infected
animals (P-value< 0.05) (Table 2).

The antibody seroprevalence was higher in sheep and goats from medium flock size (67.4 %, P-value = 0.04, CI = 58.8–78.8) and
lower in those living alone in a bed housing system (50.9 %). The prevalence was also higher when the isolation of infected animals
from a flock was absent (62.6 %, P-value= 0.02, CI= 57.3–67.6) (Table 2). Univariable logistic regression analysis for seropositivity of
individual variables to PPR virus antibodies, showed district, Kebele, age, body condition, origin, housing method, the animal’s
physiological status, and infected animals isolation to be potential risk factors (Table 3).

The multivariable logistic regression of the variables showed the study area districts, body condition of the animals, age of the
animals, flock size, grazing management, introduction of new animals, and isolation status of infected sheep and goats to be variables
potentially associated with seropositivity to PPR virus (P-value <0.05). The animals from the Jawi district were also at higher risk of
being infected with the virus (OR = 4.5, SE = 0.26, P-value = 0.00).

The probability of old and adult sheep and goats to be positive to PPR virus antibody was about 3.4 and 2.3 times higher compared
to young animals. The odds of being seropositive to PPR virus antibody are also 4.5 times higher in animals from medium flock size.
The animals with poor body condition were also found to be more positive for serum PPR virus antibodies (OR = 2.1). The absence of
isolating sick animals from healthy flocks increases the probability of being seropositive to PPR antibodies (OR = 2.6, P-value <0.05)
(Table 4).

4. Discussion

The overall PPR virus antibody seroprevalence observed in the present study area (60.8 %) was lower than the one previously
reported by Yalew et al. [74] in the Benishangul Gumuz region (75.7 %) and Woldemichael et al. [71] in Amhara region (73.45 %) of
Ethiopia. Seroprevalence of 74.9 % in Pakistan [76] and 80.9 % in Sudan[39] which is higher than the current finding was also re-
ported. In contrast, the present finding is much higher than the reports of 26.3 % [54], 29.2 % [37], 32.5 % [65], and 2.1 % [34] in
Ethiopia. However, it is in agreement with findings by Fentie et al. [32] in Ethiopia (55.34 %), Saeed et al. [63] in Sudan (62.8 %),
Saritha et al. [16] in India (67.87 %), Abd El- Rahim et al. [1] in Egypt (63.4 %), Luka et al. [47] in Uganda (57.62 %), and Abdalla
et al. [2] in Sudan (61.8 %). A slightly lower prevalence was also reported in Tigray (47.5 %) [6] and Oromia (48.43 %) [33] region.

Table 2
Prevalence of PPR virus serum antibodies depending on different variables.

Factors Categories Number tested Number positive % seroprevalence (95 % CI) χ2 P-value

Species Ovine 176 109 61.9(54.3–69) 0.1 0.75
Caprine 204 122 59.8(52.7–66.5)  

Age Young 143 70 48.9(40.6–57.4) 13.9 0.001
Adult 108 71 65.7(55.9–74.4)  
Old 129 90 69.7 (61–77.4)  

Sex Female 254 161 63.4(57.1–69.3) 1.85 0.17
Male 126 70 55.6(46.5–64.3)  

Physiological status Lactating 87 57 65.5(54.5–75.2) 10.7 0.057
Pregnant 100 66 66(55.8–75)  
Dry 67 38 56.7(44.1–68.7)  
Young Male 92 45 48.9 (38.4–59.5)  
Adult Male 26 20 76.9 (55.9–90.2)  
Old Male 8 5 62.5 (25.9–89.7)  

Body condition Good 126 64 50.8 (41.8–59.8) 8.04 0.02
Medium 219 143 65.3(58.5–71.5)  
Poor 35 24 68.6(50.6–82.7)  

Origin Born in herd 267 148 55.4(49.2–61.5) 10.1 0.001
Brought in 113 83 73.4 (64.2–81.1)  

Flock size Small 262 159 60.7(54.5–66.6) 6.2 0.04
Medium 89 60 67.4(58.8–78.9)  
Large 29 12 41.4(24.1–60.8)  

Inter herd contact Absent 16 9 56.3(30.6–79.2) 0.01 0.9
Present 364 222 61(55.7–66)  

Introduction of new animal Absent 200 113 56.5(49.3–63.4) 2.89 0.09
Present 180 118 65.6(58.1–72.4)  

Housing Alone and bed 108 55 50.9 (41.2–60.6) 6.16 0.04
Alone and floor 139 90 64.7(38.2–52.4)  
Floor and mixed 133 86 64.7(55.8–72.6)  

Grazing management Private 19 8 42.1 (21.1–66) 2.16 0.14
Communal 361 225 61.8(56.5–66.8)  

Isolate sick No 353 221 62.6(57.3–67.6) 5.8 0.02
Yes 27 10 37.04(20.1–57.5)  

χ2 = Chi-square test, CI= Confidence interval, % = percentage.
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Table 3
Univariate regression analysis of risk factors for PPRV seropositivity.

Variables Categories % Prevalence (Number+/Number tested) OR (95 % CI) SE Coefficients P-value

District Guangua (ref) 45.4(87/191)    
Jawi 76.2(144/189) 3.8(2.5–6) 0.22 1.34 2.18e-09

Kebele Bizra Kani(ref) 38.6(27/70)    
AdisWeyni 66.7(48/72) 3.2(1.6–6.4) 0.35 1.16 9.46e-04
Ayma Gebriel 81.5(53/65) 7(3.27–16) 0.4 1.95 1.30e-06
Jayimela 82.7(43/52) 7.6(3.3–18.9) 0.44 2.03 4.23e-06
Lunsi Degera 42.4(28/66) 1.2(0.6–2.3) 0.35 0.16 0.65
Tirubirhan 58.2(32/55) 2.2(1.1–4.6) 0.37 0.8 0.03

Species Ovine (ref) 61.9(109/176)    
Caprine 59.8(122/204) 0.9(0.6–1.38) 0.21 − 0.09 0.67

Age Young (ref) 48.9(70/143)    
Adult 65.7(71/108) 2(1.2–3.4) 0.26 0.69 0.008
Old 69.7(90/129) 2.4(1.5–4) 0.25 0.88 0.0005

Sex Male (ref) 55.6(70/126)    
Female 63.4(161/254) 1.4(0.9–2.1) 0.2 0.3 0.14

Body condition Good (ref) 50.8(64/126)    
Medium 65.3(143/219) 1.8(1.2–2.9) 0.23 0.6 0.008
Poor 68.6(24/35) 2(0.97–4.8) 0.41 0.75 0.06

Physiological Status Young Male (ref) 48.9(45/92)    
Dry 56.7(38/67) 1.4(0.7–2.6) 0.32 0.31 0.33
Pregnant 66(66/100) 2(1.14–3.6) 0.3 0.71 0.01
Lactating 65.5(57/87) 1.98(1.1–3.6) 0.31 0.69 0.02
Adult Male 76.9(20/26) 3.5(1.3–10.2) 0.51 1.23 0.01
Old Male 62.5(5/8) 1.7(0.4–8.9) 0.76 0.55 0.47

Flock size Large (ref) 41.4(12/29)    
Medium 67.4(60/89) 2.9(1.2–7.1) 0.44 1.08 0.01
Small 60.7(159/262) 2.2(1.01–4.9) 0.4 0.78 0.04

Origin Born in a herd (ref) 55.4(148/267)    
Brought in 73.4(83/113) 2.2(1.4–3.6) 0.25 0.8 0.001

Inter-herd contact Absent (ref) 56.3(9/16)    
Present 61(222/364) 1.2(0.4–3.3) 0.5 0.2 0.7

Grazing management Private (ref) 42.1(8/19)    
Communal 61.8(225/361) 2.2(0.9–5.7) 0.8 0.48 0.09

Housing Alone and bed (ref) 50.9(55/108)    
Alone and floor 64.7(90/139) 1.77(1.06–3) 0.26 0.57 0.02
Floor and mixed 64.7(86/133) 1.76(1.05–3) 0.26 0.58 0.03

Introduction of new animal Absent (ref) 56.5(113/200)    
Present 65.6(118/180) 1.5(0.97–2.2) 0.21 0.38 0.07

Isolate sick animals Yes (ref) 37(10/27)    
No 62.6(221/353) 2.8(1.3–6.6) 1.05 0.4 0.01

CI= Confidence interval, + = positive, % = percentage, SE = standard error, ref = reference.
OR= Odds ratio.

Table 4
Multivariate logistic regression analysis of the risk factors.

Variables Categories %Prevalence (Number+/Number tested) OR (95 % CI) SE Coefficients P-value

District Guangua (ref) 45.4(87/191)    
Jawi 76.2(144/189) 4.5 (2.8–7.5) 0.26 1.5 0.000

Species Ovine (ref) 61.9(109/176)    
Caprine 59.8(122/204) 0.5 (0.3–0.8) 0.27 − 0.7 0.01

Age Young (ref) 48.9(70/143)    
Adult 65.7(71/108) 2.3 (1.3–4.1) 0.3 0.8 0.006
Old 69.7(90/129) 3.4 (1.9–6.1) 0.3 1.2 0.000

Body condition Good (ref) 50.8(64/126)    
Medium 65.3(143/219) 1.8 (1.1–3.1) 0.26 0.6 0.02
Poor 68.6(24/35) 2.1 (0.8–5.4) 0.5 0.7 0.13

Flock size Large (ref) 41.4(12/29)    
Medium 67.4(60/89) 4.5 (1.7–12.6) 0.5 1,5 0.002
Small 60.7(159/262) 3.1 (1.2–6.7) 0.47 1,1 0.02

Grazing management Private (ref) 42.1(8/19)    
Communal 61.8(225/361) 2.5 0.55 0.9 0.1

Introduction of new animal Absent (ref) 56.5(113/200)    
Present 65.6(118/180) 1.6 0.25 0.47 0.059

Isolate sick animals Yes (ref) 37(10/27)    
No 62.6(221/353) 2.6 0.46 0.96 0.03

CI= Confidence interval, + = positive, % = percentage, SE = standard error, ref = reference, OR= Odds ratio.
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The present seroprevalence was also slightly higher than the earlier findings in Sudan (45.6 %) [64] and Uganda (55.2 %) [17]. This
difference might be attributed to variations in the number of samples tested, sampling techniques, geography, and production system.

Species-wise antibody seroprevalence was non-significantly higher in sheep (61.9 %) as indicated by the present study (P-value =
0.75). The absence of significant variation in the prevalence could be attributed to the equal likelihood of exposure to the disease
stemming from the unrestricted movement of the animals and the usual sharing of watering and grazing points. In agreement with this
finding, previous studies [7,33,35,36,74] also found higher antibody seroprevalence of the PPR virus in sheep. Indeed, research in
Sudan [2,28], Nigeria [27,73], Uganda [8], Pakistan [5,41], and India [13,49] also showed sheep to be more seropositive. The lower
mortality rate of PPR in infected sheep and the higher mortality rate of infected goats could be the reason for the higher prevalence in
sheep [3,21].

In the present study, the antibody seroprevalence was higher in old (69.7 %, OR = 3.4) and adult (65.7 %, OR = 2.3) animals
compared to young animals (P-value<0.001). In line with this finding, earlier studies [24,33,48,70,76] detected a higher prevalence in
older sheep and goats. Previous studies in Ethiopia [32,35,37], Nigeria [27], Pakistan [43,55], and India [23] also revealed higher
seroprevalence of PPR virus antibodies in old and adult animals. This could result from a higher exposure chance of older animals to
the PPR virus challenge [13,15,34]. The fact that the animals infected at an earlier age remain seropositive for a longer time also
contributes to the higher seroprevalence in older sheep and goats [74].

The sex-wise antibody prevalence in this study was higher in females (63.4 %, P-value >0.05). This report agrees with previous
study findings [6,31,33–35,45] that showed nonsignificantly higher seroprevalence in female sheep and goats. Even though the dif-
ference in the seroprevalence was significant, studies in Tanzania [11,67], Ethiopia [32,51,70], Sudan [64], Nigeria [14], Uganda [8],
and Pakistan [43] also reported higher prevalence in female animals. The higher prevalence in females could be a result of the habit of
keeping females for a longer time for breeding purposes and selling males at an early age for income generation. Keeping females for a
long time might indirectly account for the detection of high seroprevalence. Stress from pregnancy, kidding, or lambing in females
might also contributed to the higher prevalence as a consequence of increased risk of infection.

The prevalence of PPR virus antibodies detected in the present study was significantly higher in poor body-conditioned sheep and
goats (68.6 %, OR = 2.1) than in medium (65.3 %) and good body-conditioned (50.8 %) animals (P-value = 0.02). It concurs with the
previous study in the Asosa zone of Benishangul Gumuz region [74] and in India [59] which reported a higher seroprevalence in poor
body-conditioned sheep and goats. The higher prevalence of PPR virus serum level antibodies in the small ruminants with poor body
conditions manifests how importantly the disease causes body gain loss.

Concerning flock size, higher antibody prevalence was detected in sheep and goats from medium flock size (P-value <0.05). This
finding is supported by a study conducted in the Horo Guduru zone of the Oromia region [35]. The odds of positivity to antibodies of
the PPR virus were much higher in animals frommedium flock size (P-value= 0.002, OD= 4.5) in agreement with the finding of Ozkul
et al. [58]. The previous studies [9,10,24] also reported non-significantly higher antibody seroprevalence in medium flock size.
However, another work done in Ethiopia [34] and Nigeria [56] revealed a higher prevalence of PPR virus antibodies in large and small
flock sizes respectively. The lower seroprevalence in the large category of flock size could be attributed to the limited sample size of the
group studied. It could also be because of the regular presence of the disease in the study area.

Sheep and goats brought into a flock were observed to be more seropositive to PPR virus antibodies (73.4 %) than the ones born
within the flock (55.4) (P-value = 0.01). In agreement with this finding, previous studies in the Eastern Amhara region by Alemu [9]
and in the Horo Guduru Zone of Western Ethiopia by Gelana et al. [35] also revealed significantly higher antibody seroprevalence in
small ruminants brought into a flock. Earlier studies [52,62] also support the current study finding. Moreover, it is supported by the
findings of Saeed et al. [62] in Sudan and Mbyuzi et al. [52] in Tanzania. The higher prevalence could be due to the higher infection
rates of the disease in the animals from stress factors such as long-distance movement, environmental change, and change in
management.

This study has shown nonsignificantly different prevalence of PPR virus antibodies among animals sampled from a flock to which
there was a recent introduction of new animals (65.6 %) and no recent introduction of new animals (56.5 %). The current finding is
supported by the findings of Saeed et al. [62] and Shuaib et al. [66] who documented insignificantly different new animal
introduction-based seroprevalence in Sudan. In contrast to this finding, earlier investigations in Ethiopia [9,34,35] reported statis-
tically significant variation in the PPR virus antibody seroprevalence the higher prevalence being observed in the presence of new
animal introduction. The difference in the number of sampled animals in each category and the geographical source of the newly
introduced animals could be the reason for variation in the prevalence between the present and the previous findings.

Housing system-based seroprevalence was reported to be significantly lower in the goats and sheep living separately in bed houses
(P-value = 0.04) with prevalence of 50.9 % (CI = 41.2–60.6, χ2 = 6.16). This finding indicates the importance of rearing the animals
together as a potential factor to PPR virus antibody distribution which agrees with the findings of Akwongo et al. [8]. Previous works in
Ethiopia [9,35] and Sudan [66] also found a result that agrees with the current finding. A higher prevalence of PPR virus antibodies
was also detected in goats and sheep living separately in floor houses compared to the ones living in bed houses. The ease of bed houses
for cleaning and other management practices that can reduce contamination could be the reason for the lower prevalence in the
animals living on bed houses.

In terms of grazing systems, our study found non significantly different seroprevalence among animals from private and communal
grazing systems. This finding aligns with Gelana et al.’s [35] observation of the absence of a significant association between the grazing
system and PPR virus antibody seroprevalence. Non-significant differences in the prevalence could result from the endemic occurrence
of PPR in the current study area. However, contrary to our findings, studies by Alemu [9], Dejene [24], andMbyuzi et al. [52] indicated
statistically higher seroprevalence in sheep and goats with communal grazing systems. This discrepancy could be attributed to the
increased infection risk from the increased interred contact and contact with infected wild animals at shared grazing fields.
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The prevalence of PPR virus antibody was found to be significantly higher in small ruminants of farmers not practice isolation of
sick animals (62.6 %) in relation to the farmers who practiced isolation of sick animals from the flock (37.04 %) (P = 0.02, χ2 = 5.8.
The odds of sheep and goats being seropositive to PPR virus antibodies were found to be high when the infected animals were not
isolated from the flock (OD= 0.3, P= 0.007) (Table 3). Hence, isolating PPR-infected sheep and goats from the flock can minimize the
likelihood of transmission of the disease to non-infected [57].

5. Conclusion and recommendations

This investigation confirmed higher PPRV antibody seroprevalence in the study area. The study area districts, age of the animals,
size of the flock, body condition of the animals, the animal’s housing system, and sick animal, isolation status were found to be po-
tential risk factors associated with seroprevalence of the PPR. The higher antibody distribution of the virus in the study area with the
usual free animal movement to the area from other parts of the country along with that of Sudan borders and the communal field
grazing within the extensive production system of the area may cause further spread of the virus within and to other disease-free
places. Therefore, properly implementing the disease control and prevention techniques such as vaccinating target groups of ani-
mals, surveillance, and monitoring of the disease in the area is crucial. Indeed, further study on molecular detection, the virus gene
sequence analysis, and characterization is recommended.
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