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A B S T R A C T   

Since its 7rst identi7cation in 2015, porcine circovirus 3 (PCV-3) has been reported worldwide with a high 
frequency and in the presence of several clinical conditions, although its impact on pig health and productivity is 
still debated. Data on the presence of PCV-3 in Africa are, however, limited. A previous study performed on 
commercial pigs in Namibia failed to identify the pathogen. In the present study, the viral circulation in backyard 
farms, characterised by lower biosecurity measures and frequent animal exchange between farms, was assessed. 
The susceptibility of warthogs to PCV-3 infection and their potential epidemiological role were also evaluated. 
Tonsils from 77 pigs from backyard piggeries and 55 warthogs were collected in different regions of Namibia and 
tested by PCR. Positive samples were sequenced and compared to PCV-3 strains circulating globally. Forty-two 
out of 77 pigs (54.54 %) and 12 out of 55 warthogs (21.82 %) tested positive, demonstrating the presence of PCV- 
3 in the country and suggesting that the high biosecurity measures implemented in the commercial farms that 
previously tested negative for PCV-3 probably prevented viral introduction. The partial ORF2 gene was suc
cessfully sequenced in samples from 27 pigs and 6 warthogs. Genetically, the identi7ed strains were part of 3 
distinct groups which included both backyard pigs and warthogs from different regions of Namibia. There is also 
evidence for the occurrence of multiple introduction events most likely from Asian countries, either directly into 
Namibia or through other African countries. Considering the strict Namibian regulations on live animal 
importation, understanding the source of viral introduction is challenging, although semen importation or the 
habit of feeding backyard pigs with human food waste might have played a role. Pig exchanges between farms for 
breeding purposes or wildlife movements could also have been involved in PCV-3 dispersal within Namibia. 
Despite the signi7cant advances in the 7eld, further studies should be undertaken to properly understand PCV-3 
epidemiology in Namibia and its impact on pig productivity and wildlife health.   

1. Introduction 

Porcine circovirus 3 (PCV-3) is a member of the family Circoviridae, 
genus Circovirus, identi7ed for the 7rst time in 2015 in the USA by 
metagenomic analysis of tissues collected from animals displaying 
porcine dermatitis and nephropathy syndrome (PDNS) and reproductive 
disorders (Palinski et al., 2017). It is characterised by a single-stranded 

circular genome of 2000 nucleotides encoding 2 major proteins. Open 
reading frame 1 (ORF1) encodes the Rep protein, involved in viral 
replication, while ORF2 codes for the Cap protein, the only constituent 
of the viral capsid (Klaumann et al., 2018). Like PCV-2, an ancient origin 
has also been estimated for PCV-3, followed by a prolonged, undetected 
circulation in the swine population, progressively increasing in tandem 
with the intensi7cation of the global swine industry (Franzo et al., 
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2019b). 
Interestingly, a much lower evolutionary rate has been estimated for 

PCV-3 compared to PCV-2, with only one PCV-3 genotype de7ned so far 
(Franzo et al., 2020, 2019b; Franzo and Segalés, 2023). 

The ancient origin and undetected circulation of PCV-3 7t well with 
its worldwide distribution. Indeed, after its 7rst detection it was rapidly 
identi7ed around the world, including Asia (Fu et al., 2018; Ku et al., 
2017; Zheng et al., 2017), Africa (Anahory et al., 2022; Chang’a et al., 
2023; Luka et al., 2022), Europe (Faccini et al., 2017; Franzo et al., 
2018; Stadejek et al., 2017) and South America (Assao et al., 2021; 
Rodrigues et al., 2020), in the presence of different clinical conditions, 
like PDNS (Palinski et al., 2017), reproductive disorders (Faccini et al., 
2017; Zou et al., 2018), respiratory disease (Shen et al., 2018; Zhai et al., 
2017), and myocarditis (Phan et al., 2016). However, as it is also 
commonly detected in asymptomatic subjects, its pathogenic relevance 
has been debated (Franzo et al., 2018b; Zheng et al., 2017). Although a 
formal case de7nition has currently been de7ned at least for systemic 
disease [PCV-3-systemic disease (PCV-3-SD)] and reproductive disor
ders [PCV-3-reproductive disease (PCV-3-RD)], the real frequency of 
these clinical–pathological conditions and their economic relevance are 
unknown (Saporiti et al., 2021). 

The virus is commonly detected in Suidae species, domestic swine 
and wild boar with a comparable frequency, and occasionally in some 
non-Suidae species (Czyżewska-Dors et al., 2020; Franzo et al., 2019a; 
Jiang et al., 2019; Sun et al., 2019; Wang et al., 2019). Therefore, a 
relatively broad host spectrum can be suggested, similarly to what has 
been reported for PCV-2 (Zhai et al., 2019). 

Despite its extensive geographical and host distribution, previous 
attempts to detect PCV-3 in Namibian commercial pig farms were un
successful (Molini et al., 2021b). This was an unexpected result and was 
in contrast with the ubiquitous nature of PCV-3 in other countries and 
the detection of other similar swine pathogens in Namibia like PCV-2 
and porcine parvovirus (Molini et al., 2021a, 2023, 2022). 

One explanation for the lack of PCV-3 detection could be the effec
tiveness of biosecurity measures implemented in commercial Namibian 
pig farms, primarily designed to control African Swine Fever outbreaks. 

To test this hypothesis, a molecular epidemiology study was per
formed on Namibian backyard farms and warthog populations, where 
such strict prevention measures are not implemented. 

2. Materials and methods 

2.1. Sample collection and processing 

The study included samples (tonsils) from 77 healthy slaughtered 
pigs (5–6 months of age, approximately 75–100 kg) collected between 
May 2022 and May 2023 in backyard piggeries located in three different 
regions of Namibia (Khomas, Hardap, and Erongo). All the backyard 
piggeries involved in the study presented a medium level of biosecurity 
and the number of animals ranged from 30 to 100. According to 
Namibian standards, such a biosecurity level implies limited access for 
people and vehicles (although without mandatory vehicle disinfection 
upon entry/exit from the farm), regular cleaning and disinfection of 
facilities, daily inspection of animals and reporting of any sick animals, 
and maintenance of a closed herd, but without ensuring that remount is 
sourced from disease-free providers. Farm compartmentalization and 
fences must also be present, although not designed to prevent contact 
with wild boars and other small animals. 

In addition, the tonsils of 55 warthogs, collected after hunting be
tween June 2019 and June 2023 and originating from four livestock 
farms in Khomas and Otjozondjupa regions, were also included in the 
study (Table 1). In Namibia, all livestock farms, typically covering an 
area of 10,000 hectares, can request permission from the Namibian 
government to annually cull a speci7ed number of warthogs and other 
wild animals naturally present on the land and not farmed. The farms 
included in the study all had internal abattoirs where other livestock 

animals were slaughtered. During the hunting season, which runs from 
April to November, speci7c days were allocated for hunting and 
slaughtering warthogs. After the shooting, they were transported to the 
internal abattoir, where post-mortem inspection and slaughter took 
place. 

All samples were collected during post-mortem inspection at the 
abattoir by veterinarians specialized in Veterinary Public Health. The 
tissue was removed from the carcasses using sterile disposable scalpels 
and metal forceps, which were carefully Lamed with a portable Bunsen 
burner for each sample. During sampling, the veterinarian wore 
disposable and sterile gloves, a mask, and other protective clothing. All 
samples were then stored refrigerated in sterile and properly labeled 
airtight containers until delivery to the laboratory, and at −20 ◦C 
thereafter. 

The tonsils were homogenized in 1 ml of sterile phosphate buffer 
saline (PBS) using a TissueLyser LT (Qiagen, Germany). Total genomic 
DNA was extracted from the homogenized samples using the High Pure 
Viral Nucleic Acid Kit (Hoffman-La Roche, Switzerland) with an elution 
volume of 100 μl, following the manufacturer’s instructions. 

DNA extracts were screened using a real-time PCR (qPCR) assay with 
speci7c primers and probe for PCV-3, as reported by Franzo et al. 
(2018a). BrieLy, qPCR was performed on a C1000 Bio-Rad thermocycler 
(Bio-Rad Hercules, CA, USA) with PrecisionPLUS qPCR Mastermix 
(Genesig Primerdesign ltd, Camberley, UK). The cycling conditions were 
95 ◦C for 10 min, followed by 45 cycles of 95 ◦C for 15 s, and 60 ◦C for 1 
min. The Luorescence signal was acquired at the end of each cycle 
extension phase. 

Positive samples with a Cq ≤ 35 were ampli7ed using the primers: 
PCV3–1-F 5′ -TTACTTAGAGAACGGACTTGTAACG 3′ and PCV3–1-R 5′ 

AAATGAGACACAGAGCTATATTCAG 3′ (Ku et al., 2017) to obtain a 
fragment of 650 bp covering the ORF2 of PCV-3. The PCR reaction 
conditions were: 5 μL of extracted DNA in a total reaction volume of 20 
μL containing a 7nal concentration of 1.25 mM MgCl2, 1X PCR buffer 
(Qiagen, Germany), 0.2 mM dNTPs, 10 pmol of each primer, and 2.5U of 
Taq DNA polymerase. The following thermal pro7le was implemented: 
initial denaturation at 94 ◦C for 5 min followed by 35 cycles of dena
turation at 95 ◦C for 30 s, annealing at 55 ◦C for 30 s and elongation at 
72 ◦C for 60 s, followed by a 7nal elongation at 72 ◦C for 5 min. 

Amplicons of positive samples were puri7ed using a Wizard SV Gel 
and PCR Clean-Up System (Promega) and sequenced commercially by 
LGC Genomics (Berlin, Germany). The sequences were edited and 

Table 1 
Summary of the samples included in the study and relative metadata.  

Species Site District Region Date PCV3 
Tested/ 
positive 

Sus scrofa A Windhoek Khomas May 2022 1/0 
Sus scrofa B Windhoek Khomas 6/4 
Sus scrofa C Windhoek Khomas 1/0 
Sus scrofa D Mariental Hardap 15/2 
Sus scrofa E Windhoek Khomas 7/2 
Sus scrofa F Windhoek Khomas August 

2022 
5/0 

Sus scrofa G Mariental Hardap February 
2023 

3/1 

Sus scrofa H Windhoek Khomas May 2023 4/1 
Sus scrofa I Walvis bay Erongo 1/1 
Sus scrofa L Mariental Hardap 14/11 
Sus scrofa M Mariental Hardap 10/10 
Sus scrofa N Mariental Hardap 10/10 
Phacochoerus 

africanus 
O Windhoek Khomas September 

2019 
11/1 

Phacochoerus 
africanus 

P Windhoek Khomas June 2019 
-June 2023 

35/6 

Phacochoerus 
africanus 

Q Windhoek Khomas June 2022 3/0 

Phacochoerus 
africanus 

R Otjivarongo Otjozondjupa May 2022 6/4  
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assembled using the Staden software package version 2.0.0b8. The se
quences of the positive samples were submitted to the GenBank 
database. 

2.2. Sequence analysis 

Different datasets were created to investigate PCV-3 strain features 
and epidemiology:  

(1) A dataset of Namibian sequences (625 bp) only 
(2) A dataset of Namibian sequences plus the complete ORF2 refer

ence sequences (645 bp) described in Franzo et al. (2023)  
(3) A dataset based on dataset 2 plus all PCV-3 sequences available 

from African countries (i.e. Mozambique, Nigeria, Tanzania). 
Since only partial ORF2 sequences were available in most cases, a 
shorter genomic region (370 bp) was included in the present 
dataset. 

In all instances sequences were aligned using MAFFT (Standley, 
2013) and a phylogenetic tree was reconstructed using IQ-Tree (Nguyen 
et al., 2015), selecting the substitution model with the lowest Bayesian 
Information Criterion (BIC) calculated by jModelTest (Darriba et al., 
2012). The branch support was assessed by performing 10,000 ultrafast 
bootstrap replicates. 

3. Results 

3.1. PCV-3 detection 

Forty-two out of 77 pigs (54.54 %) and 12 out of 55 warthogs (21.82 
%) (Table 1), from the 12 piggeries and the 4 farms involved in the 
study, tested positive for PCV-3 by qPCR. The Cq values of the samples 
ranged between 16.84 and 36.35. The partial ORF2 gene was success
fully sequenced in 27 out of the 42 positive pigs and 6 out of the 12 
positive warthogs. 

3.2. Sequence analysis 

Thirty-three partial ORF2 sequences (625 bp) were obtained (Acc. 
Numbers OR237449-OR237481) which could be classi7ed in three main 
groups. The largest group included strains originating from both 

backyard pigs and warthogs (Fig. 1) and was part of a much larger clade 
(Clade A) including samples collected worldwide. All but 2 backyard 
pigs (collected in Khomas region) originated from Mariental, Hardap 
region. The 2 warthogs originated from the Khomas region. Clade B 
consisted of one backyard pig from Khomas and 4 warthogs from 
Otjozondjupa. The comparison with other strains included in dataset 2 
highlighted the closest genetic relationship with Chinese strains sampled 
between 2014 and 2019 (Supplementary Fig. 1). However, using dataset 
3, which was based on a shorter genetic segment and allowed the in
clusion of other African strains, demonstrated a close relationship with 
strains from Nigeria (Fig. 2). 

Finally, strain 42 from Erongo was distantly related to other Nami
bian ones and was a close relative of a strain sampled in 2017 in USA 

Fig. 1. Maximum likelihood phylogenetic tree reconstructed based on the partial ORF2 sequence of Namibian strains. The collection region and host have been 
coded with different colours and shapes. 

Fig. 2. Maximum likelihood phylogenetic tree reconstructed based on the 
partial ORF2 sequence of Namibian and international strains. The collection 
regions have been colour coded. The clades including the Namibian strain, 
marked with a red dot, have been magni7ed. 
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(Fig. 1 and Supplementary Fig. 1). 

4. Discussion 

The observations from this study demonstrate the circulation of PCV- 
3 in Namibia in both backyard swine populations and wild animals. 
Since PCV-3 was not detected in a previous study involving intensive 
farms representative of the swine industry in Namibia, the biosecurity 
and management practices applied in these productive systems were 
probably effective enough to prevent viral introduction. Biosecurity 
shortcomings in small-scale, backyard farms most probably favor PCV-3 
introduction, persistence, and spread over relatively long distances. The 
Namibian strains belonging to the two main clades (A and B) originated 
from the neighboring regions of Khomas, Hardap and Otjozondjupa. 
Viruses collected from Khomas belonged to both clades suggesting that 
this region, because of its central location, might be a point of virus 
exchange although further investigations are required to clarify this. 
Animal movements in Namibia, although discouraged, are relatively 
common and involve breeding stock particularly. Since February 2019, 
due to an outbreak of Foot-and-Mouth Disease (FMD), no live animals 
can be imported from South Africa. In addition, there are only two 
suppliers currently operating in Namibia which has resulted in limited 
competition and increased costs for breeders. Therefore, smaller farms 
have started exchanging pigs for breeding purposes. Such practices, 
which are currently forbidden in intensive farms, could explain the 
presence of PCV-3 in the backyard pig population and its dispersal over 
relatively long distances. 

Considering the lack of external biosecurity measures in backyard 
farms, a potential role of wild animals in the transmission of PCV-3, 
warthogs in particular, can also be speculated. In fact, a close genetic 
relatedness was observed between backyard and warthog strains from 
the Khomas and Otjozondjupa regions. 

Although warthogs are territorial and do not undergo long-distance 
movements, overlaps of different animal groups do occur which could 
lead to the regional expansion of PCV-3. To be effective as a source of 
PCV-3 spread, however, prolonged viral persistence and circulation in 
these animals would have to be assumed. The detection of a group of 
PCV-3 strains in warthogs only (Fig. 1), is suggestive of a certain sepa
ration and independent evolution, which might support this hypothesis. 
Recent studies performed on wild boars suggested the epidemiological 
role of wild suids as a source of PCV-3 persistence, presence and po
tential evolution (Dei Giudici et al., 2020; Franzo et al., 2023, 2019a). 
However, further evidence will be needed to evaluate if such a scenario 
holds true for warthogs as well. 

Identifying the initial sources of PCV-3 introduction in Namibia is 
also challenging. Clade A consists of strains identi7ed worldwide, 
therefore the pathways of introduction into Namibia remain obscure. An 
Asian origin has been identi7ed for other swine pathogens detected in 
Namibia and is supported by the close and growing political and eco
nomic relationships between African and Asian countries (Franzo et al., 
2022b, 2022a). 

An Asian origin, followed by independent evolution, is also sup
ported by the members of Clade B which consist of African and Chinese 
strains only. 

Nigerian sequences (Luka et al., 2022), identical or closely related to 
Namibian sequences were reported for both Clade A and B. The overall 
low genetic variability of PCV-3 variants makes it dif7cult to ascertain 
whether multiple introductions of the same strain occurred in Africa or 
whether a limited number of virus introductions occurred that was then 
followed by local dispersal. Since live animal importation from foreign 
countries is forbidden in Namibia, other sources might be hypothesized, 
including the purchase of contaminated semen by breeders or wild an
imal transboundary movements (Eddicks et al., 2022). However, the real 
impact of semen as an infection source is still unclear, and the huge 
geographical distance between Nigeria and Namibia makes the wild 
animal role unlikely. An alternative non-conLicting hypothesis might 

involve the common habit of feeding pigs with waste from hotels and 
restaurants (Penrith et al., 2013). This practice is a well-known risk of 
pathogen introduction into farms and, on a broader level, into countries 
through the importation of contaminated food. Although the presence of 
porcine circovirus in raw meat has been demonstrated (Opriessnig et al., 
2009), further studies should be performed to verify the likelihood of 
this hypothesis. 

The genetic separation of the strain identi7ed in site I (i.e. Walvis 
Bay, Erongo) from other Namibian variants reLects the geographic 
distance of the other areas. This strain was identi7ed in Erongo, which is 
separated from the other regions considered in this study by a vast desert 
constituting a clear barrier to wild animal movements, further reducing 
contact opportunities. In addition, it con7rms the mainly local nature of 
pigs, fomites or other contaminated material movements. 

5. Conclusion 

Overall, the present study demonstrates the presence of PCV-3 in 
backyard farms and wild animals in Namibia, highlighting the role of 
these ecological niches in its epidemiology. However, further studies 
will be required for a clearer understanding of the epidemiological 
scenario and relevance of PCV-3 in Africa. 
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