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Abstract
Small ruminants play an important role in the livelihoods of resource-constrained communities. This study was initiated because
of a massive outbreak of a respiratory disease in sheep and goats in Loliondo area in Ngorongoro district of Arusha region in
Tanzania in 2016. During flock examination, a total of 240 serum samples and 61 nasal swabs were collected. Antibodies to small
ruminant morbillivirus, causative agent of peste des petits ruminants (PPR), were detected from sera using a competitive enzymelinked immunosorbent assay. A multiplex reverse transcription real-time polymerase chain reaction assay was used to detect four
pathogens: small ruminant morbillivirus, Mycoplasma capricolum subspecies capripneumoniae, Pasteurella multocida, and
Capripoxvirus from the nasal swabs. Overall seroprevalence of PPR was 74.6%, with all four pathogens detected from nasal
swabs. Co-infections of small ruminant morbillivirus and Mycoplasma capricolum subspecies capripneumoniae, small ruminant
morbillivirus and Capripoxvirus, small ruminant morbillivirus and Pasteurella multocida, and Mycoplasma capricolum subspecies capripneumoniae and Capripoxvirus were also detected. Presence of PPR and the other diseases in this study provided
insight into the severity of the outbreak in sheep and goats in Ngorongoro district. Thus, laboratory confirmation is critical for
prompt and appropriate interventions to be made for control of diseases in sheep and goats with similar clinical signs. The
findings also call for research into development of combined vaccines targeting common diseases of small ruminants in Tanzania.
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Small ruminants contribute significantly to the economy of
most rural communities in developing countries. Though
small ruminants contribute towards alleviation of poverty,
their productivity is hampered by, among other things, infectious diseases and poor husbandry practices (FAO and OIE
2016). Compared with cattle, there are limited studies on
small ruminants’ health and the information available is
fragmented and sometimes incomplete (Farougou et al.
2013). One area which is poorly documented is the magnitude
of multiple infections, by different types of pathogens such as
viruses, bacteria, and parasites, in sheep and goats that result
in respiratory diseases (Settypalli et al. 2016). Some clinical
signs associated with respiratory diseases of small ruminants
include ocular and nasal discharges, lesions in the oral and
nasal mucus membranes, cough, pneumonia, diarrhea, and
severe dehydration (Kul et al. 2015; Roeder and Obi 1999).
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One important respiratory disease affecting small ruminants
currently worldwide is peste des petits ruminants, PPR. Peste
des petits ruminants is a viral disease of small ruminants first
reported in West Africa in the early 1940s and later recognized
as endemic in both West and Central Africa (Parida et al. 2015;
Gargadennec and Lalanne 1942). The disease is caused by
small ruminant morbillivirus (SRMV), formerly peste des petits
ruminants virus (PPRV), a member of the genus Morbillivirus
of the Paramyxoviridae family (ICTV 2016). Currently, PPR is
prevalent in Central, Eastern, and Western Africa, Asia, and the
near and Middle East (Libeau et al. 2014). In East Africa, PPR
was detected in Kenya and Uganda in 2007, while in Tanzania,
it was officially confirmed in 2008 (Kivaria et al. 2009; Swai
et al. 2009). The disease is considered endemic in Tanzanian
domestic sheep and goat populations (Torsson et al. 2017;
Kgotlele et al. 2016).
Other respiratory diseases of economic importance affecting
small ruminants include contagious caprine pleuropneumonia
(CCPP), pasturella, sheeppox, and goatpox (Kul et al. 2015;
Emikpe et al. 2010; Brown et al. 1991; Ugochukwu and Agwu
1991). Mycoplasma capricolum subspecies capripneumoniae
(Mccp) is the causative agent of CCPP, a highly contagious
disease of goats first described in 1873 in Algeria (OIE 2014).
The disease was later described in 1976 in Kenya by MacOwan
and Minette (1976), followed by subsequent isolations in several
African countries including Tanzania (Kusiluka et al. 2000a, b;
Bölske et al. 1995). Sheep poxvirus and goat poxvirus, which
belong to the Capripoxvirus genus, are responsible for pox diseases in sheep and goats. These occur in several parts of Africa,
Asia, the Middle East, and India (Spickler 2015). Pasteurella
multocida (P. multocida) is also isolated from cases of respiratory
diseases in sheep, goats, pigs, and cattle, often causing pneumonia either alone or as an opportunist with other respiratory pathogens (Settypalli et al. 2016). Pneumonic pasteurellosis is one of
the most economically important infectious diseases of ruminants with a wide prevalence throughout the continents
(Mohammed and Abdelsalam 2008). The similarity in the signs
caused by these pathogens, and their co-localization in nearly the
same endemic areas, calls for appropriate differential diagnostic
testing to accurately identify the responsible pathogen(s)
(Settypalli et al. 2016). In this study, the aim was to investigate
the etiological cause of a respiratory disease outbreak in sheep
and goats in Loliondo area in Ngorongoro district of Arusha
region in Tanzania.

Ololosokwan, and Enguserosambu. The villages are inhabited
by Maasai and Sonjo ethnic groups that are traditionally pastoralists and agro-pastoralists, respectively. The study area was
chosen after a reported outbreak of a disease affecting sheep
and goats with high mortality rates. The animals were said to
present respiratory distress, diarrhea, and mucopurulent nasal
discharges. The outbreak was reported to have been going on
for 4 months before collection of samples for this study.

Study animals and samples
Sheep and goats were randomly examined for clinical signs
from the four villages. Clinical samples collected were 240
sera (from 59 sheep and 181 goats) and 61 nasal swabs (from
37 sheep and 24 goats) randomly from the four villages. Age
and sex of sampled animals were recorded during sample
collection.

Serological assay
Serum samples were tested for presence of antibodies to
SRMV using commercial kit from ID screen® PPR competition ELISA (IDVet, Grabels, France). The kit was used and
interpreted according to manufacturer’s instructions.

Detection of nucleic acids

Materials and methods

Total nucleic acids were extracted from nasal swabs using
QIAamp Viral RNA Mini extraction kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions. The
extracted samples were tested for the presence of nucleic acid
material of four pathogens using a multiplex RT-qPCR method developed by Settypalli et al. (2016). Briefly, a 20-μl reaction volume containing reagents from iScript™ Universal
Probes One-Step Kit (Bio-Rad Laboratories, Hercules,
USA), four pathogen-specific primer pairs (500 nM each)
and probes (250 nM each) labeled at the 5′ends with different
reporter dyes: Capripoxvirus with CY5, SRMV (formerly
PPRV) with HEX, P. multocida with FAM, and Mccp with
TEXAS RED. The assay was run using CFX 96™ real-time
PCR machine (Bio-Rad) with the following cycling conditions: 50 °C for 20 min followed by 95 °C for 5 min and
40 cycles of denaturation at 94 °C for 10 s, annealing at
56 °C for 20 s, and extension at 62 °C for 20 s. The data
acquisition was performed during the annealing step. An amplification peak and quantification cycle (Cq) value of less
than 35 indicated presence of a pathogen.

Study area

Data analysis

The study was conducted in Ngorongoro district, one of the
districts of Arusha region in northern Tanzania. The villages
involved in the investigation were Sukenyan, Mondorosi,

Data generated were entered in Microsoft Excel 2016 and
analyzed using descriptive statistics. Odds ratio (OR) was calculated according to Altman (1991) using serological data.
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The OR assesses the association of being seropositive for PPR
where p value < 0.05 was considered as significant.

Table 1 Seroprevalences of antibodies to SRMV in goats and sheep in
Ngorongoro district, Tanzania
Variable Category Total Positives (%) OR (95%CI)

Results

Species

Goat
Sheep

181
59

137 (75.7)
42 (71.2)

1.26 (0.65–2.43) 0.490

Age

≤ 2 years 84
> 2 years 156

53 (63.1)
126 (80.8)

0.329 (0.19–0.6) 0.0002

Sex

Female
Male

126 (75.4)
53 (72.6)

1.16 (0.62–2.16) 0.641

General observations of animals
Different clinical signs were observed from the sheep and
goats examined randomly in the four villages. Generally, most
clinical signs observed were suggestive of different diseases.
Clinical signs observed in the examined flocks included nodules on skin of some animals, nasal discharges, loss of body
condition, and diarrhea. A combination of nasal discharges
and diarrhea was the most prevalent clinical sign in all herds
examined with some diarrhea tinged with blood. Figure 1
shows some of the animals with nasal discharges and diarrhea.

Serological examination
Serological examination of samples collected from the sheep
and goats indicates PPR occurrence with an overall seroprevalence of antibodies to SRMV at 74.6%. There was no statistical difference of seropositivity between species, sheep and
goats, and in sex, being male or female, in this study as indicated by p value > 0.05 (Table 1). Significant differences
(p < 0.05) were noted in age where animals less than 2 years
were more likely to be seropositive for antibodies to SRMV
than animals older than 2 years.

Multiplex RT-qPCR analysis
Of the 61 nasal swabs tested, 38 were positive for one or more
of the four pathogens being analyzed (Table 2). Majority of
the pathogens were detected from nasal swabs collected in
goats than in sheep. The most detected pathogen was P.
multocida while the least detected pathogen was Mccp. CoFig. 1 A goat with mucopurulent
nasal discharge (a) and a goat
showing soiled behind with
diarrhea (b)

p value

167
73

infection of Mccp/CaPV was also observed to be common in
nasal swabs from goats than in sheep.

Discussion
Clinical signs observed in the examined animals were nasal
discharges and diarrhea. These clinical signs are expressed in
many infectious diseases of small ruminants. Infectious diseases that present similar observed clinical signs include PPR,
pneumonic pasteurellosis, and CCPP for nasal discharges;
PPR, coccidiosis, or gastro-intestinal helminth infestations
for diarrhea; and contagious ecthyma, sheep pox, and goat
pox for nodular lesions (Zro et al. 2014; Munir et al. 2009;
Diallo et al. 2007; Roeder and Obi 1999). In Tanzania, difficulty in differentiating clinical signs in sheep and goats has
been mentioned as a major limiting factor in diagnosis especially for PPR and CCPP (Mbyuzi et al. 2014). In such cases
where specific manifestations of the diseases are absent, reliable laboratory tests are needed.
The overall seroprevalence of PPR in this study was
74.6%. This seroprevalence is in line with findings from a
recent study that analyzed samples from 14 regions of
Tanzania, with Arusha region having an overall seroprevalence of 71.1% (Kgotlele et al. 2016). Other studies done in
northern Tanzania have found PPR seroprevalence of 45.5%
in 2008 (Swai et al. 2009) and 22.1% in 2008–2009 (Kivaria
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Table 2 Detected pathogens that
cause similar respiratory
syndromes in sheep and goats in
Ngorongoro district using onestep multiplex RT-qPCR test

Pathogen(s) detected

Sheep (%) n = 37

Goats (%) n = 24

Total (%) n = 61

a

SRMV
Mccp
c
P. multocida
d
CaPV
a
SRMV/bMccp

2 (5)
1 (3)
12 (32)
2 (5)
1 (3)

3 (13)
2 (8)
7 (29)
2 (8)
0

5 (8)
3 (5)
19 (31)
4 (7)
1 (2)

a

SRMV/dCaPV
a
SRMV/cP. multocida
b
Mccp/dCaPV

1 (3)
1 (3)
1 (3)

0
0
3 (13)

1 (2)
1 (2)
4 (7)

Total positive

21 (57)

17 (71)

38 (62)

b

a
d

Small ruminant morbillivirus, b Mycoplasma capricolum subspecies capripneumoniae, c Pasteurella multocida,
Capripoxvirus

et al. 2013). This variation over the years may be due to uncontrolled animal movement that spread PPR in the sheep and
goat population reared without proper vaccination. In this
study, presence of antibodies to SRMV was most likely
caused by natural exposure as none of the animals were vaccinated according to records from the District Veterinary
Office. The animals in this study were grazed in communal
pastures, which could be where they encounter infected animals. Intermingling of animals in communal grazing lands has
been found to facilitate spread of infectious diseases such as
PPR, CCPP, contagious ecthyma, and goat and sheep pox
(Kusiluka and Kambarage 1996).
There was statistical diference between animals under
2 years more likely to be seropositive than those above 2 years.
The differences noted between the age groups are most likely
due to younger animals loosing their aquired passive immunity after 3 months and the older ones having life long immunity after survival of infection (Kul et al. 2015). In this study,
there was no statistical difference between males and females.
This finding is different from another study done in Tanzania
where females were more likely to be seropositive than males
(Torsson et al. 2017). It is believed that females are used in
reproduction hence kept longer in the herd than males, therefore, have a longer risk period for exposure in the herd. Stress
associated with pregnancy and milk production could also
predispose them to infection (Aziz-ul- et al., 2016).
All four pathogens investigated in this study were detected
from nasal swabs, including co-infections of SRMV and
Mccp, SRMV and CaPV, SRMV and P. multocida, and
Mccp and CaPV. Co-association of SRMV with other viral
and bacterial infections in small ruminants has been demonstrated before in other studies in different parts of the world
(Kul et al. 2015). Viral diseases with co-association with
SRMV include sheep and goat pox virus, while coassociations with bacterial pathogens include Pasteurella
spp., Mccp, and Mannheimia haemolytica (Malik et al.
2011; Emikpe et al. 2010; Brown et al. 1991; Ugochukwu
and Agwu 1991). The co-infections detected in this study

may have provided complications during field diagnosis that
resulted in the persistence and severity in the affected flock.
Thus, laboratory confirmation is critical for appropriate interventions to be made for the different diseases of sheep and
goats especially regarding PPR. Development and use of specific diagnostic tests that can distinguish PPR from diseases
with similar signs has helped unquestionably to improve
knowledge and understanding in geographical distribution
and spread of the disease in specific areas (Libeau 2015).
This is critical as PPR has been identified as the next animal
disease to be eradicated after rinderpest. One of the factors
identified in the PPR Global Control and Eradication
Strategy (PPR GCES) that make eradication possible is availability of appropriate diagnostic tests and protocols for surveillance (FAO and OIE 2016). Thus, help attain one of the
objectives to progressively reduce the incidence and spread of
PPR and ultimately eradicate.
In conclusion, SRMV, Mccp, CaPV, and P. multocida were
detected in sheep and goats in Ngorongoro district. The study
also confirmed occurrence of co-infection of pathogens that
are associated with respiratory distress in sheep and goats in
Tanzania, an important factor for consideration in small ruminant disease diagnosis and control strategies especially for
PPR.
Acknowledgments We thank Miriam Richard Makange for her technical
assistance.
Funding This study was funded by Wellcome Trust to the Southern
African Centre for Infectious Disease Surveillance (SACIDS) [grant
WT087546MA] and Swedish Research Council [grants 348-2013-6402
and 348-2014-4293].

Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of
interest.
Ethical approval This article does not contain any studies with animals
performed by any of the authors.

Comp Clin Pathol
Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References
Altman DG (1991) Practical statistics for medical research. Chapman &
Hall, London
Aziz-ul- R, Abubakar M, Rasool MH, Manzoor S, Saqalein M, Rizwa M,
Munir M, Ali Q, Wensman JJ (2016) Evaluation of risk factors for
peste des petits ruminants virus in sheep and goats at the WildlifeLivestock Interface in Punjab Province, Pakistan. BioMed Res Int
2016:7826245. https://doi.org/10.1155/2016/7826245
Bölske G, Johansson KE, Heinonen R, Panvuga PA, Twinamasiko E
(1995) Contagious caprine pleuropneumonia in Uganda and isolation of Mycoplasma capricolum subsp. capripneumoniae from
goats and sheep. Vet Rec 37:594
Brown CC, Mariner JC, Olander HJ (1991) An immunohistochemical
study of the pneumonia caused by peste des petits ruminants virus.
Vet Pathol 28:166–170
Diallo A, Minet C, Goff C, Berhe G, Albina E, Libeau G, Barrett T, le
Goff C (2007) The threat of peste des petits ruminants: progress in
vaccine development for disease control. Vaccine 25:5591–5597
Emikpe BO, Sabri MY, Akpayie SO, Zamri-Saad M (2010) Experimental
infection of peste des petits ruminants virus and Mannheimia
haemolytica A2 in goats: immunolocalisation of Mannheimia
haemolytica antigens. Vet Res Commun 34:569–578
FAO and OIE (2016) Peste des petits ruminants global eradication programme; contributing to food security, poverty alleviation and resilience
- five years (2017–2021). Food and Agriculture Organization of the
United Nations and the World Organisation for Animal Health, Rome
Farougou S, Gagara M, Mensah GA (2013) Prevalence of peste des petits
ruminants in the arid zone in the republic of Niger. Onderstepoort J
Vet Res 80(1)
Gargadennec L, Lalanne A (1942) La peste des petits ruminants. Bull
Serv Zoot Epiz AOF 5:16–21
ICTV (2018) International Committee on Taxonomy of Viruses. 2016.
https://talk.ictvonline.org/taxonomy/. Accessed 05 February 2018
Kgotlele T, Torsson E, Kasanga CJ, Wensman JJ, Misinzo G (2016)
Seroprevalence of peste des petits ruminants virus from samples
collected in different regions of Tanzania in 2013 and 2015. J Vet
Sci Technol 7:394. https://doi.org/10.4172/2157-7579.1000394
Kivaria FM, Kwiatek O, Kapaga AM, Libeau G, Mpelumbe-Ngeleja
CAR, Tinuga DK (2009) Serological and virological investigations
on an emerging peste des petits ruminants virus infection in goats
and sheep in Tanzania. Paper presented at the 27th Tanzania
Veterinary Association Scientific Conference, Arusha, 04–06
December 2009
Kivaria FM, Kwiatek O, Kapaga AM, Swai ES, Libeau G, Moshy W,
Mbyuzi AO, Gladson J (2013) The incursion, persistence and spread
of peste des petits ruminants in Tanzania: epidemiological patterns
and predictions. Onderstepoort J Vet Res 80:01–10
Kul O, Atmaca HT, Munir M (2015) Pathology of peste des petits ruminants virus infection in small ruminants and concurrent infections.
In: Munir M (ed) Peste des petits ruminants virus. Springer-Verlag,
Berlin Heidelberg, pp 119–131
Kusiluka L, Kambarage D (1996) Diseases of small ruminants in subSaharan Africa: a handbook common diseases of sheep and goats in
sub-Saharan Africa. VETAID, Scotland

Kusiluka LJM, Ojeniyi B, Kazwala RR, Friis NF (2000a) Mycoplasmas
isolated from the respiratory tract of cattle and goats in Tanzania.
Acta Vet Scand 41:299–309
Kusiluka LJM, Semuguruka WD, Kazwala RR, Ojeniyi B, Friis NF
(2000b) Demonstration of Mycoplasma capricolum subsp.
capripneumoniae and Mycoplasma mycoides subsp. mycoides
small colony type in outbreaks of caprine pleuropneumonia in eastern Tanzania. Acta Vet Scand 41:331–319
Libeau G (2015) Current advances in serological diagnosis of peste des
petits ruminants virus. In: Munir M (ed) Peste des petits ruminants
virus. Springer-Verlag, Berlin Heidelberg, pp 133–154
Libeau G, Diallo A, Parida S (2014) Evolutionary genetics underlying the
spread of peste des petits ruminants virus. Anim Front 4(1):14–20
MacOwan KJ, Minette JE (1976) A mycoplasma from acute contagious
caprine pleuropneumonia in Kenya. Trop Anim Health Prod 8:91–
95
Malik YPS, Singh D, Chandrashekar KM, Shukla S, Sharma K, Vaid N,
Chakravarti S (2011) Occurrence of dual infection of peste des petits
ruminants and goatpox in indigenous goats of central India.
Transbound Emerg Dis 58:268–273
Mbyuzi AO, Komba EV, Kimera SI, Kambarage DM (2014) Seroprevalence and associated risk factors of peste des petits ruminants
and contagious caprine pleuro-pneumonia in goats and sheep in the
southern zone of Tanzania. Prev Vet Med 116:138–144
Mohammed RA, Abdelsalam EB (2008) A review on pneumonic
pasteurellosis (respiratory mannheimiosis) with emphasis on pathogens’ virulence mechanisms and predisposing factors. Bulg J Vet
Med 11:139–160
Munir M, Abubakar M, Khan MT, Abro SH (2009) Comparative efficacy
of single radial haemolysis test and countercurrent
immunoelectroosmo-phoresis with monoclonal antibodies-based
com-petitive elisa for the serology of peste des petits ruminants in
sheep and goats. Bulg J Vet Med 12(4):246–253
OIE (2014) Contagious caprine pleuropneumonia. In: Chapter 2.7.6.
Manual of diagnostic tests and vaccines for terrestrial animals.
OIE, Paris, pp 1–15
Parida S, Muniraju M, Mahapatra M, Muthuchelvan D, Buczkowski H,
Banyard AC (2015) Peste des petits ruminants. Vet Microbiol 181:
90–106. https://doi.org/10.1016/j.vetmic.2015.08.009
Roeder P, Obi T (1999) Recognizing PPR a field manual. Food and
Agriculture Organization. http://www.fao.org/docrep/003/x1703e/
x1703e00.HTM. Accessed 16 Apr 2017
Settypalli TBK, Lamien CE, Spergser J, Lelenta M, Wade A, Gelaye E,
Loitsch A, Minoungou G, Thiaucourt F, Diallo A (2016) One-step
multiplex RT-qPCR assay for the detection of peste des petits ruminants virus, Capripoxvirus, Pasteurella multocida and Mycoplasma
capricolum subspecies (ssp.) capripneumoniae. PLoS One 11(4):
e0153688
Spickler AR (2015) Peste des petits ruminants. http://www.cfsph.iastate.
edu/DiseaseInfo/factsheets.php. Accessed 15 February 2018
Swai ES, Kapaga A, Kivaria F, Tinuga D, Joshua G, Sanka P (2009)
Prevalence and distribution of peste des petits ruminants virus antibodies in various districts of Tanzania. Vet Res Commun 33:927–
936
Torsson E, Berg M, Misinzo G, Herbe I, Kgotlele T, Päärni M, Roos N,
Blomström AL, Ståhl K, Wensman JJ (2017) Seroprevalence and
risk factors for peste des petits ruminants and selected differential
diagnosis in sheep and goats in Tanzania. Infect Epidemiol Ecol
7(1):1368336. https://doi.org/10.1080/20008686.2017.1368336
Ugochukwu EI, Agwu CO (1991) Aerobic bacteria from nasal discharge
of goats suffering from clinical PPR: isolation and identification.
Microbios 65(263):81–85
Zro K, Zakham F, Melloul M, Fahime EE, Ennaji MM (2014) A
sheeppox outbreak in Morocco: isolation and identification of virus
responsible for the new clinical form of disease. BMC Vet Res 10:
31. https://doi.org/10.1186/1746-6148-10-31

