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Abstract: African swine fever (ASF) is an acute, highly infectious and fatal arboviral disease affecting both wild and
domestic pigs causing a very high mortality rate that goes up to 100%. Up to date no vaccines are available to protect the
animals against the disease. No study has been conducted to assess the presence of ASFV in imported slaughtered pigs in
Bukavu city and very limited literature is available on ASF in the entire country of Democratic Republic of Congo. A cross
sectional study was carried out in Muhanzi municipal abattoir of Bukavu city, eastern Democratic Republic of Congo to
investigate the presence of antibodies against African swine fever virus (ASFV) and the viral genome in imported pigs for
slaughtering. The commercial enzyme-linked immunosorbent and the conventional polymerase chain reaction assays were
used to screen both ASFV antibodies and viral genome respectively. In total 284 pigs were tested out of which 87.3%
(248/284) were female adult of more than 1 year old. The majority of them (75.4% (214/284) were imported from Rwanda of
which about 62.7% (178/284) of them presented clinical sign such as redness in the skin. Most of them (90.8%) were exotic
breed. Out of 284 animals tested, ASFV antibodies were detected in 69 giving an overall seroprevalence of 24.2% from which
pigs originated from Idjwi territory were more ASF seropositive (64.2%) compared to the one imported from Rwanda (11.2%).
The seropositivity was found to be significantly associated with the breed (OR= 7.4, p<0.05), origin of animals (OR = 14.2,
p<0.05) as well as all the observed clinical signs (p<0.05) except nasal discharges and abnormal liver (p>0.05). Additionally,
38 animals out of 284 tested (13.3%) were ASFV PCR positive with high infectivity rate (35.7%) when pigs slaughtered
originated from Idjwi territory of the DRC were found to be more infected than the one imported from Rwanda (OR= 8.5,
p<0.05). The ASFV PCR positivity was found to be significantly associated with age where young animals (<12 months old)
were found to be more infected (OR= 3.6, p<0.05). Similarly, the local breeds were found to be significantly more infected
when compared with exotic breed (OR-7.6; p<0.0001). Deliberate policy has to be implemented in order to prevent spread of
the disease to pig farms within the region and for saving the pig industry from ASF devastation.
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1. Introduction
African swine fever (ASF) is a DNA virus disease
associated with argasid ticks and wild suidsinfecting
domestic pigs, and leading to a rapidly lethal disease. The
causative agent is African swine fever virus (ASFV) [1]

which is an enveloped double stranded DNA virus of the As
farviridae family [2]. Depending on the pig breed, a range of
outcomes has been reported varying from acute to chronic
disease [3]. Symptoms such as high fever, haemorrhages in
internal organs and the skin and death within three to ten
days have also been observed [2]. It is considered as the most
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limiting factor of pig production in Africa because of the
high mortality associated with it, but also because farmers are
discouraged to invest in pig production because of the fear of
it [4, 5]. Hosts demonstrating the disease include domestic
pigs (Sus domestica), European wild boar, and American
wild pigs. Ticks of the genus Ornithodoros are considered the
natural arthropod host and some speculations show that
ASFV is a virus of arthropods and that mammalian species,
such as domestics wine, represent “accidental hosts” [6].
Some changes have been reported in the epidemiology and
distribution of ASF during the 1990s and 2000s where by the
African Swine Fever Virus was detected in regions not
naturally affected by ASF including West African countries,
where the virus was first reported in Cote d’Ivoire (1996),
Nigeria (1997), Togo (1997), Ghana (1999), Burkina Faso
(2003) and recently, Chad (2010). The disease was also
reported in some islands including Madagascar in year 1998
and Mauritius in 2007 [7].
The ASFV penetration into pigs occurs normally either
orally or nasally, although other routes such as cutaneous,
subcutaneous, or scarification has also been reported. Once
the disease is established in an area, it mainly spreads [8].
The ASF transmission is either by direct contact with
infected animals or indirect by contact with fomite or
substances like furniture, clothing, bedding, or feed
contaminated by material having virus such as blood, urine
from infected pig. It has been reported that the virus can also
be transmitted mechanically by blood-sucking insects such as
mosquitoes and biting flies [9]. Early detection of the ASF is
required to prevent the spread of the disease [10]. However,
its clinical diagnosis is difficult because of (i) the wide range
of clinical forms and the disease’s complex epidemiology,
and (ii) the fact that its symptoms are similar to those of other
viral infections such as CSF, PRRS, swine erysipelas,
salmonella, Porcine Dermatitis and Nephropathy Syndrome,
as well as other septicaemic conditions such as poisoning [8].
Hence, rapid laboratory diagnosis is essential and it should
involve the detection and identification of the virus particles
and the specific anti-ASFV antibodies [11]. To date, 24
distinct ASFV genotypes ( I – XXIV) have been reported
based on the P72 genotyping and most of them are
circulating in Sub-Saharan Africa, [12, 13, 14] while only 2
of them mainly genotypes I and II are known to spread
outside Africa [1]. Currently the prevention and control of
ASF is still challenging since there is no efficient vaccine for
this disease. The prevention methods used currently are
stamping out as well strict respect of biosecurity measures
[9]. Challenges mainly rely on the complexity of the virus,
with genes involved in the evasion of the immune response
and the lack of an effective protection mediated by
neutralizing antibodies [15] making the conventional
formulations of live and inactivated vaccines that work with
the majority of pathogens inefficient as protection against
ASFV.
The Democratic Republic of Congo has registered the
highest ASFV outbreaks (84) out of 14 countries and a loss
of 105,614 swine in 2011 [16]. Despite the evidence of ASF

in the DRC and the variety of genotypes reported in
surrounding countries, studies so far conducted haven’t
covered the entire country. South Kivu, located in the eastern
part of DRC, has been at the heart of conflicts and wars in
DRC leading to important losses of livestock [17]. As result,
a lot of animal importation including pigs is reported in the
region since farmers are discouraged to invest in pig
production fearing to experience again animal losses during
wars. Pigs are imported from surrounding countries mainly
Rwanda, and Idjwi territory neighbour to Rwanda and are
sold and slaughtered at the Muhanzi Municipal Abattoir in
Bukavu city. However their healthy status is unknown and
can therefore be a source of contamination for other pigs
domesticated by local farmers in the region. This study aimed
at evaluating the presence of African swine fever in pigs,
which are brought at Muhanzi Municipal Abattoir either for
sale or slaughter by detecting both ASFV antibodies and the
viral genome.

2. Methodology
2.1. Study Site
A multiple time cross-sectional survey was carried out at
Muhanzi municipal abattoir from April to June 2017to collect
both blood and serum samples from slaughtered pigs. This
abattoir constitutes the main pig slaughterhouse in the city
but also a main site where all imported pigs for sell or
slaughtering are stocked. Pigs are coming from Idjwi
territory (in DRC) and Rwanda. It islocated in Bukavu city,
the capital city of the South Kivu province located in the
Eastern of the Democratic Republic of the Congo (DRC).
This city lies at the extreme south-western edge of Lake
Kivu, west of Cyangugu in Rwanda from which it is
separated by the outlet of the Ruzizi River. Bukavu city lies
between latitude 2°30’55” South and longitude 28°50’42”
East with an elevation of 1498m. As of 2016, Bukavu city
had an estimated population of 870,954. It covers an area
estimated to 60 km2and is known as one of the most densely
populated areas of the Democratic Republic of the Congo.
The average annual temperature is 19.9°C, and annual
precipitation levels measure about 54.76 inches (1,391 mm).
Itis an important transport hub and gateway to eastern DR
Congo. Its proximity to the LakeKivu that connectsIdjwi
territory to Bukavu city.
2.2. Study Population and Sample Size
The target population in this study was pigs brought at
Muhanzi Municipal Abattoir either for sale or slaughter. All
adult pigs of more than one year old, of both female and male
were sampled. A total of 284 animals were successfully
selected for sampling in this study using 5% level of
precision at 95% confidence level following the formula as
previously described [18]: n = Z2 X P (1-P)/d2, where
n=Sample size, Z = 1.96 at 95% confidence level, P = is the
estimated prevalence which is most conservatively estimated
to be 76% considering that there is no reliable prevalence
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data for African swine fever in the city, d = Standard error
(taken as 5%).
2.3. Sample Collection
The plain vacutainer tubes were used to collect about 3-5
ml of blood aseptically from the jugular vein after
slaughtering from all pigs. This blood was used to obtain
serum for serological analysis after centrifugation at
3000rpm for 10 minutes. Similarly, the whole blood sample
was collected into vacutainer tubes with EDTA
(anticoagulant) and that was used for PCR assay. After
collection, all serum and blood samples collected were
transported on ice to the molecular biology laboratory of
Evangelical University in Africa (UEA) and stored at -20ºC
before analysis.
2.4. Serological Analysis for ASFV Antibody Detection
The indirect enzyme-linked immunosorbent assay
(ELISA) assay was used to detect ASFV antibody using
SVANOVIR ASFV-At kit, (ALGENEX Madrid, Spain) as
per manufacturer’s instructions. Briefly, 100 µl of diluted
controls as well as samples were added to the microtiter
plates (96 wells) (Maxisorb, Nunc, Denmark) coated with
non-infectious ASFV p30 as detection antigen followed an
incubation at 37°C for 1 hour. Horseradish peroxidase
conjugated anti-swine antibody as well as substrate solution
were added to each well after washing steps with PBS-Tween
20 and the reaction was stopped by addition of a stop
solution in each well. Optical density (OD) values werethen
determined at 450nm in the microplate reader (Biotek
synergy HT, US) machine before calculating the percentage
positivity (PP) for each tested sample using the formula
described in the protocol. Any sample with a PP≤10 was
considered to be negative, while a sample with PP > 10 was
considered positive.
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seconds and extension at 72°C for 30 seconds. These cycles
followed by an extension step of 72°C for 7minutes. PCR
products were separated by gel electrophoresis on a 2%
agarose gel stained with GelRed nucleic acid stain and
visualized by UV light.
2.6. Data Analysis
Statistical analysis was conducted using CDC Epi-infoTM
version 7 (Centers for Disease Control and Prevention,
2016). The descriptive statistics (frequencies) were carried
out to describe the physical characteristics of domestic pigs
tested before and after slaughter ring. The odds ratio and
statistical significance between sero-positive and seronegative slaughtered pigs were calculated using Chi-square
test for discrete variables at the 95% confidence level. This
test allowed on one hand to associate the seropositivity
results with the clinical signs and on the other hand the
seroprevalence of pigs with their age, breed, origin, and sex.

3. Results
3.1. Characteristics of Pigs Tested
Most of tested pigs were female (87.3%) of more than one
year old (67.3%) imported from Rwanda (75.4%) from which
(62.7%) presented the redness in the skin, having challenges
to move (12.7%), thickness (10.9%), nasal discharges
(8.5%), abnormal spleen (8.0%), high fever (5.9%), and
abnormal liver (4.9%). Only few local breeds were counted
among them (9.2%), the majority of pigs being of improved
breed (90.8%). The summary on the characteristics of pigs on
which samples were collected are presented in table 1.
Table 1. Physical characteristics of domestic pigs tested before and after
slaughtering.
Variables

2.5. DNA Extraction and PCR Amplification

Sex

Viral DNA was extracted directly from 200 µl aliquots of
blood using DNeasy Blood and Tissue Kit (Qiagen, USA)
following manufacturer’s recommendations. The integrity of
the extracted g DNA was check on 0.8% gel electrophoresis
while the quality and quantity were assessed by Nano drop
electro photometer. To confirm the presence of the ASFV
nucleic acid, a 257bp region corresponding to the C-terminal
region of the P72 major capsid protein encoding for B646L
gene was amplified using the diagnostic primers: PPA1, 5AGTTATGGGAAACCCGACCC-3;
and
PPA2,
5CCCTGAATCGGAGCATCCT-3) as reported in previous
study [19]. All reactions were performed in a total volume of
25 µl containing 1.25 µM of each primer, One Taq
2xMasterMix with Standard buffer (New England Biolabs),
which contains (1.8mM MgCl2, 0.2mMdNTPs, 25units/ml
One taq DNA polymerase, 20mMTris-Hcl) and additional
2.5mM of MgCl2 was added. DNA was amplified at 95°C for
10 minutes as initial denaturation followed by 40 cycles of
denaturation at 95°C for 15 seconds, annealing at 62°C for 30

Age
Breed
Origin
Physical
aspects

Characteristics
M
F
Adult (> 1 year)
Young (˂ 1 year)
Local
Imported
Rwanda
Idjwi
Thinness
Redness in skin
Nasal discharges
Challenge to move
High fever
Abnormal spleen
Abnormalliver

No of pigs
36
248
191
93
26
258
214
70
31
178
24
36
15
23
14

Percentage (%)
12.7
87.3
67.3
32.8
9.2
90.8
75.4
24.6
10.9
62.7
8.5
12.7
5.9
8.0
4.9

3.2. Detection of ASFV Antibody and Viral Genome in
Slaughtered Pigs
Out of 284 animals tested for the presence of antibodies
against ASFV, 69 were positive giving a seroprevalence of
24.2% from which, pigs originated from Idjwi territory were
more ASF seropositive (64.2%) compared to the ones
imported from Rwanda (11.2%) (Table 2). Additionally, a
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discrete band of 257 bp related to the c-terminal region
relative to the B464L gene of the virus genome was
amplified in 38 animals out of the 284 tested using diagnostic

primers (PPA1 and PPA2) (Figure 1). Among them, pigs
from Idjwi were more infected (35.7%) than the one
originated from Rwanda (6.07%) (Table 2).

Figure 1. The 2% agarose gel image showing PCR positive samples. Line 1-10: test samples; NC: Negative control and PC: positive control. Samples 3, 5, 6,
8 and 9 are positives, while samples 1, 2, 4, 7 and 10 are negatives.
Table 2. Proportion of ELISA and PCR positive slaughtered pigs at Muhanzi slaughterhouse, Bukavu City according to their origin.
Origin of pigs
Rwanda
Idjwi (DRC)
Total

No pigs tested
214
70
284

Proportion (%)
75.4
24.6
100

ELISA positives
24
45
69

Proportion (%)
11.2
64.2
24.2

PCR Positives
13
25
38

Proportion (%)
6.07
35.7
13.3

With respect to ASFV seroprevalence, the largest proportion of seropositivitity using ELISA assay was recorded on female pigs
(24.6 %), adults (25.1 %), of local breed (65.3%) originated from Idjwi (64.2%). The detection of ASFV by ELISA assay was
found to be significantly associated with the breed (OR= 7.4, p<0.0001) and origin of animals (OR = 14.2, p<0.0001) while the
association was not significant according to the sex (OR = 1.1, p=0.38) and age of pigs (OR = 1.15, p=0.32) (Table 3).
Table 3. Seroprevalence-specific rates of ASF in pigs by sex, age, breed and origin.
Variable
Sex
Age
Breed
Origin

Category
Female
Male
Adult (>12months)
Young (<12months)
Local
Exotic
Rwanda
Idjwi (DRC)

No. pigs sampled
248
36
191
93
26
258
214
70

No. of ELISA+ve
61
8
48
21
17
52
24
45

Proportion
24.6
22.2
25.1
22.6
65.3
20.1
11.2
64.2

OR (95%CI)

P value

1.1 (0.49 – 2.63)

0.38

1.15 (0.64 – 2.06)

0.32

7.4 (3.1 –17.7)

<0.0001

14.2 (7.45 –27.22)

<0.0001

3.3. Clinical Signs Associated with ASFV Seropositivity

3.4. Factors Associated with ASFV Positivity

After analysing the clinical signs of pigs tested, and ASF
seropositivity, significant associations were found between
all observed clinical signs and ASFV seropositivity (p<0.05)
except nasal discharges and abnormal liver ( p>0.05) ( Table
4).

Based on PCR assay results, the largest proportion of
ASFV positive pigs was recorded on females (14.1%), adults
(17.2%) majority of local breed (46.1%) most of them
originated from Idjwi (35.7%). The ASFVPCR positivity was
found to be significantly associated with age where by young
animals (<12 months old) were found to be more infected
(OR= 3.6, p=0.00323) when compared with the adult pigs.
Similarly, a significant association of ASFV positivity with
breed and origin of the pigs were identified where local breed
were more infected when compared with exotic breed (OR7.6; p<0.0001) and pigs slaughtered originated from Idjwi
territory of the DRC were found to be more infected than the
ones imported from Rwanda (OR= 8.5, p<0.0003) (Table 5).
However no significant association was found between
ASFV positivity and sex of pigs.

Table 4. Association of ASFV clinical signs observed on tested pigs with
seropositivity.
Clinical signs
Thinness
Redness in skin
Nasal discharges
Challenge for moving
High fever
Abnormal spleen
Abnormalliver

Seropositives
N (%)
3 (9.7)
53 (29.8)
6 (25)
3 (8.3)
8 (53.3)
12 (52.2)
6 (42.9)

X2

95% CI

P-value

3.2
7.01
0.007
4.7
3.1
8.9
1.8

0.08 – 1.03
1.2 - 4.4
0.3-2.7
0.07 – 0.8
1.01-8.3
1.6 – 9.3
0.8 – 7.3

0.018
0.0023
0.454
0.005
0.028
0.0014
0.061
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Table 5. Logistic regression for parameters associated with ASFV positivity in slaughtered pigs DR. Congo.
Variables
Sex
Age
Breed
Origin

Category
Female
Male
Adult (>12months)
Young (<12months)
Exotic
Local
Rwanda
Idjwi (DRC)

No. pigs sampled
248
36
191
93
258
26
214
70

No. Of PCR+ve
35
3
33
5
26
12
13
25

4. Discussion
In this study the OIE recommended diagnostic assays such
as PCR and ELISA were used to detect the presence of
ASFV in slaughtered pigs at Muhanzi municipal abattoir in
Bukavu city. A high ASFV seroprevalence of 24.2% was
found by ELISA assay. Additionally the higher prevalence of
ASFV obtained in our study compared to studies conducted
in farm level [20] may be due to the fact that farmers
probably recognize ASF symptoms at an early stage and
rapidly bring animals to the slaughter house for sale [21].
This evidence was supported by a considerably higher ASFV
prevalence found in apparently healthy animals sampled at
slaughterhouse, than in the farm pig population [22].
This seroprevalence obtained in this study is strikingly
different from the ones of similar studies conducted in
Uganda where a seroprevalence of 52.96% was obtained in
slaughter pigs over a one-year period [23] which is higher
than the one obtained in the current study. In addition, the
seroprevalence obtained for this study was higher than the
one reported in slaughtered pigs in Mubende district (0.2%),
in central Uganda district (0%) as well as in an abattoir in
Senegal (13.9%) [24, 25]. However, the seroprevalence
results from this investigation are in contrast with previous
studies conducted in central Uganda district [3] and in
Madagascar, [25] where all slaughtered pigs tested were
ELISA negative.
These differences in ASF prevalence can be attributed to
the differences in geographical aspects about the provenance
of the pigs as well as the study period. Pigs from which blood
samples were collected in this study were from different
geographical origins compared to the ones tested in the
mentioned studies in Uganda. Additionally, the study
conducted in Uganda [23] was for a period of 12 months in
slaughter domestic pigs while the current study was of a
shorter period of time (3 months). Furthermore, a very low
sample size (39 porcine serum samples) [3] was used
compared to the one used for this study (284 samples). It is
known that the presence of ASF specific antibodies is
indicative of previous infection [26], and given that
antibodies are produced from the first week of infection and
persist for long periods they are appropriate markers for the
diagnosis of the disease [27]. The overall ASFV prevalence
determined by PCR among the slaughtered pigs sampled was
estimated to 13.3% which is close to the one observed in
Uganda [23] that revealed a prevalence of 11.5% over a one

Proportion
14.1
8.3
17.2
5.3
10.1
46.2
6.07
35.7

OR (95%CI)
1.8 (05 – 6.2)
3.6 (1.3 – 9.6)

P value

7.6 (3.2 –18.2)
8.5 (0.05 –0.3)

<0.0001

0.254
0.00323

<0.0001

year period. These results are an evidence of infection among
slaughtered pigs in the study region. A study has been
conducted in the same countries using the same molecular
technique and a PCR positivity rate of 100% was found
among farm pigs from which blood samples were collected
and tested [28]. This very high prevalence could be due to the
types of assay used, (Real-time PCR), which is more
sensitive than the conventional PCR abut also the study was
conducted during an ASFV outbreak periods. The higher
prevalence of ASFV antigen positive pigs obtained in this
study allows assuming that there was no effect of
temperature differences from field collection sites during
transportation to the laboratory, which could probably have
degraded the viral DNA. Furthermore, the PCR results
obtained from this study were different from a recent study
conducted along the Kenya–Uganda border where no sample
has been found to be PCR positive out of 1107 pig blood
sample tested [20]. A study carried out in south-western
Kenya [29] has demonstrated that some ASFV infected pigs
were positive with ASFV from blood, but appeared
asymptomatic. However, in the case of our study ASFV
seropositivity was significantly associated with all observed
clinical signs (redness in skin, challenge for moving, high
fever, and abnormal spleen) except nasal discharges and
abnormal liver. Our results showed that the detection of
ASFV was found to be significantly associated with the
breed and origin of animals. A different result has been found
in Madagascar [25] showing that risk factors associated with
the ASF are the breeding system and alimentation of animals.
That difference in risk factors associated with the disease can
be justified by the fact that his study was conducted at farmer
level while ours was conducted at the slaughterhouse.
The presence of infected pigs at Muhanzi Municipal
abattoir is of particular importance to the control of ASF.
Previous studies have identified the movement of infected
pigs to an abattoir and the movement of infected pork
products as being major risk factor for outbreaks, which
appear to be distinct from the sylvatic cycle [30]. These
mechanisms can lead to transmission of the virus [31, 9] and
can be instrumental for initiation of the outbreak. During our
study, it has been noticed that pigs are not subjected to any
sanitary test prior to slaughter at Muhanzi municipal abattoir
because of the lack of qualified personnel and this is an
important risk factor, which can contribute to the spread of
diseases among pigs raised by local farmers but also a danger
for the public health.
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5. Conclusion
This study constitutes a first evidence of ASFV infection
among slaughtered pigs in Muhanzi slaughterhouse with a
probable high infection among pigs from the district of Idjwi
located in the South Kivu province, East of DR Congo. This
testifies that ASFV may be present in pig farm from this
region. Is this therefore recommended to carry out a serosurveillance across the whole region to screen for both ASFV
antibodies the viral genome in pigs at farm level and identify
any circulating ASFV genotype. Additionally, a strict policy
for controlling the healthy status of slaughtered pigsat
abattoirs is needed to secure pig farms in the South Kivu
province andprevent introduction of new ASFV genotypes
from outside.
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