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Abstract: Porcine circovirus type 3 (PCV-3) infection is widely distributed in domestic pig populations
in America, Europe, and Asia. However, no data is currently available about its presence and
distribution in Africa. This study investigated the presence of PCV-3 in pigs (n = 122) in Namibia,
by means of biomolecular methods. The pig samples collected (n = 122) were representative of the
swine industry in Namibia, covering the major pig production facilities in the country. All of the
samples tested were negative for PCV-3, and this indicated that the virus was either not present in
the country or was circulating at low levels. Further studies are needed to better understand the
distribution, if any, of PCV-3 in Namibia.
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1. Introduction

The family Circoviridae was established in the mid-1990s and contains small (15–25 nm
in diameter), non-enveloped icosahedral viruses, with a circular and single-stranded DNA
genome, classified in two distinct genera: Circovirus and Cyclovirus [1,2]. Although Cy-
cloviruses have been reported in a wide range of mammals, birds, and insects, their host
range and pathogenicity are still largely unknown [3,4]. On the contrary, members of the
genus Circovirus are known to act as relevant pathogens in vertebrates [5]. At present, four
distinct circoviruses have been identified in pigs. Porcine circovirus type 1 (PCV-1) was
originally discovered in 1974 as a contaminant of a porcine kidney cell line (PK-15) and,
although widespread in the swine population, PCV-1 is considered non-pathogenic [5].
During the late 1990s, a second circovirus (namely, PCV-2) was identified as the primary
causative agent of “porcine circovirus-associated diseases” (PCVAD), which have a large
economic and welfare impact on the pig industry [6]. More recently, two additional
circoviruses have been discovered in pigs (namely, PCV-3 and PCV-4). In 2016, PCV-3
was identified in the USA in sows showing PCVAD-like clinical signs and lesions, such
as porcine dermatitis and nephropathy syndrome, cardiac and multisystemic inflamma-
tion [7,8]. Since then, PCV-3 has been detected in many countries and is considered widely
distributed in domestic pig and wild boar populations worldwide [9]. PCV-4 was identified
in pigs with severe clinical disease in the Chinese province of Hunan, but its pathogenic-
ity is still to be proven [10]. Very little is known about the geographical distribution of
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PCV-4 although a recent publication has indicated that the virus is not present in Italy or
Spain [11].

The present study aimed at furthering our knowledge about the geographical distri-
bution of PCV-3 in domestic pigs in Namibia.

2. Results

All of the 122 tested samples, obtained from domestic pigs, were negative for PCV-3.

3. Discussion

Data on the presence and geographic distribution of porcine circoviruses in Africa
are limited. As reviewed by Afolabi et al. [12], PCV-2 infection has been reported in do-
mestic pigs in some sub-Saharan countries, such as South Africa, Uganda, Tanzania, and
Cameroon. More recently, different PCV-2 genotypes have been detected in Namibian
domestic pigs (PCV-2b and PCV-2d) and warthogs (PCV-2c) [13]. Since its original identifi-
cation, a great interest raised toward the epidemiology and clinical significance of PCV-3,
which has been so far identified in several countries suited to the pig production in Europe,
Asia, and America [14,15]. To the best of our knowledge, no data is currently available
about the presence and distribution of PCV-3 in the African continent. Based on the present
study and the tested samples, there is no evidence of PCV-3 infection in Namibia. This
result was unexpected given the high prevalence reported both in domestic and wild pigs
suids worldwide [14,16] and considering that PCV-3 origin most likely occurred centuries
ago, allowing a long-lasting viral circulation and transmission over long distances [14]. We
can hypothesize that the restrictions to pig breeding due to religious practices and the effect
of the African swine fever, as well as the presence of significant geographic barriers (i.e.,
Saharan desert) could have slowed down the spread of PCV-3 on the African continent.
On the other hand, the documented presence of PCV-2, which has several biological and
epidemiological similarities with PCV-3, in sub-Saharan Africa, including Namibia, goes
against such a hypothesis. The sample size may also be a limiting factor in this study and
does not exclude a low-level PCV-3 circulation. However, we consider this unlikely for
different reasons. Firstly, the PCV-3 prevalence has been shown to be as high as 15–20%,
both in domestic and wild populations [16–19]. Therefore, based on this expected preva-
lence, the number of samples analyzed from an estimated population of 40,000 pigs in
Namibia should have allowed for the detection of low-level PCV-3 prevalence (i.e., 7%)
with high (95%) confidence. This is supported by the fact that a lower number of samples
(n = 88) was tested and confirmed the presence of PCV-2 in Namibia. Importantly, the
current sampling was also representative of the biggest production facilities in Namibia,
with approximately 40,000 pigs, located mainly in 3 districts (i.e., Mariental, Windhoek,
and Tsumeb), all of which were sampled (Table 1). Of note, two of the sampled producers
generate approximately 80% of the pig meat in the country. Although PCV-3 free status
cannot be confidently extended to the whole Namibian pig population, it can be reasonably
attributed to the main industrial production companies. The reasons for the difference
compared to PCV-2 are currently unclear and will require further investigation. IfPCV-2
and PCV-3 display different susceptibilities to the implemented biosecurity measures will
require further investigations. Alternatively, the circulation of highly divergent PCV-3
strains in the considered area could have affected the diagnostic assay sensitivity, in spite
of three separate primer pairs being used in the sample screening. Although possible and
worthy of future investigation, this hypothesis is lessened by the low evolutionary rate of
PCV-3 and its low variability observed worldwide [14,15].
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Table 1. Summary of the features of the samples included in the study.

Specie Samples Number Farm Location Region

Pig Tissue homogenates (spleen + lymph node) 9 A Windhoek Khomas

Pig Tissue homogenates (spleen + lymph node) 5 B Windhoek Khomas

Pig Tissue homogenates (Lymph node) 21 C Grootfontain Otjozondjupa

Pig Tissue homogenates (spleen + lymph node) 7 D Gobabis Omaheke

Pig Tissue homogenates (tonsils) 15 E Mariental Hardap

Pig Tissue homogenates (tonsils) 15 F Mariental Hardap

Pig Tissue homogenates (tonsils) 15 G Windhoek Khomas

Pig Tissue homogenates (spleen + lymph node) 10 H Outjo Kunene

Pig Tissue homogenates (Lymph node) 25 I Tsumeb Oshikoto

4. Materials and Methods

A total of 122 pigs were included in the present study. The minimum sample size was
selected to demonstrate disease freedom in a 40,000 animal population with a confidence
of 95%, considering an estimated assay sensitivity and specificity of 98% (obtained through
intra-laboratory validation) and an expected prevalence of 7%. The prevalence was selected
based on the results of other epidemiological studies, reporting a PCV-3 detection frequency
always higher than 6% [16]. In more detail, if a random sample of at least 118 units is
taken and 5 or fewer reactors are found, the probability that the population is infected at a
prevalence of 7% is 0.0486.

Pigs under investigation belonged to commercial farms located in six Namibian
regions (Omaheke, Oshikoto, Otjozondjupa, Hardap, Khomas, and Kunene) (Figure 1).
Between 2018 and 2021, tonsils, spleen or lymph nodes were collected from slaughtered
pigs (n = 70, age about 5–6 months, target weight of approximatively 75–100 kg) or from
naturally dead pigs (n = 52), the latter sent to the Central Veterinary Laboratory (CVL,
Windhoek, Namibia) for diagnostic purposes following an in loco post-mortem exam-
ination performed by state veterinarians. The majority of the received samples were
suspicious of African swine fever. The age ranged from 3 months to 1 year old. Forty-six
out of 122 pigs herein investigated had been previously tested for PCV-2 and 13 tested
positive [13]. A part (50 mg) of every tissue sample was homogenized in 1 mL of sterile
phosphate buffer saline (PBS) using a Tissue Lyser LT (Qiagen, Germany). Total genomic
DNA was extracted from the homogenized samples using High Pure Viral Nucleic Acid
Kit (Hoffman–La Roche, Switzerland) with an elution volume of 100 µL, following the
manufacturer’s instructions. For each unknown sample batch, a positive (PCV-3 positive
serum sample) and negative control were extracted and tested together with the diagnostic
samples. For the PCV-3 specific DNA detection in the total nucleic acid extract, three
pairs of primers—PCV3-1-F (forward) 5-TTACTTAGAGAACGGACTTGTAACG-3 and
PCV-3-1-R (reverse) 3-AAATGAGACACAGAGCTATATTCAG-5(pair 1),PCV3-genome-1-
F(forward) 5-TAGTATTACCCGGCACCTCGGAACC-3 and PCV3-genome-1-R (reverse)
3-ACAGGTAAACGCCCTCGCATGTGGG-5 (pair 2), andPCV3-genome-2-F (forward) 5-
TTGCACTTGTGTACAATTATTGCG -3 and PCV3-genome-2-R (reverse) 3-ATCTTCAGGA
CACTCGTAGCACCAC-5 (pair 3)—were used with the following thermal profile: initial
denaturation at 94 ◦C for 5 min and then 35 cycles of denaturation at 94 ◦C for 30 s, anneal-
ing at 55 ◦C for 30 s, and elongation at 72 ◦C for 60 s followed by a final elongation at 72 ◦C
for 10 min [20]. An endogenous internal control (i.e., swine actin) was also tested for each
sample in a separate reaction. A 469bp region was amplified using the primer pair Act-F:
5-AGGGTCAGGATGCCTCTCTT-3 and Act-R 5-CGGCTTCCTTTGTCCCCAATCT-3. The
thermal profile was the following: initial denaturation at 94 ◦C for 5 min and then 35 cycles
of denaturation at 94 ◦C for 30 s, annealing at 55 ◦C for 30 s, and elongation at 72 ◦C for 30 s
followed by a final elongation at 72 ◦C for 5 min. All the PCRs were conducted in a reaction
volume of 20 µL containing a final concentration of 10 pmol of each primer, 0.2 mM dNTPs,
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1.25 mM MgCl2, 1× PCR buffer (QIAGEN), 2.5 U of Taq polymerase(QIAGEN), and 5 µL
of template DNA. Amplification and specificity of bands were visualized using a SYBR
safer stained 2% agarose gel.
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5. Conclusions

Our data do not support the presence of PCV-3 in Namibia. We hope that the present
study will stimulate further and larger investigations targeting the presence and molecular
epidemiology of porcine circoviruses in Africa, which could provide useful information
about the origin, evolution and relevance of porcine circoviruses in domestic and wild
animal populations.
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