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First detection of porcine circovirus type 3 in
Colombia and the complete genome sequence
demonstrates the circulation of PCV3al and PCV3a2
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Abstract

Porcine circovirus 3 (PCV3) was recently discovered and is a new species of the genus circovirus. Clinically, it
is associated with absence of symptoms or with different clinical syndromes. It has been reported in different
countries of America, Europe and Asia. Last year, in Colombia, some farms have reported symptoms similar
to those caused by PCV2. Samples were taken from two farms located in the centre of the country, and the
presence of PCV3 was determined by PCR in two samples, one from a pool of sera and another from mesen-
teric lymph node. The strains were fully sequenced (GenBank accession numbers MH327784 and MH327785)
and classified into subgroups al and a2. According to this classification and its analysis, strain a2 is located
within the group called “Linker” that may be evolving towards group “b”. In addition to the above, the two
Colombian strains were compared with 104 strains reported in the GenBank database. The phylogenetic tree
obtained grouped according to the classification of subgroups al, a2, bl and b2. It was found that subgroups al
and a2 were well grouped when comparing whole genomes, but the same was not observed with the strains of
group “b”. In the latter, no subgroups were evidenced when comparing complete genomes. It is suggested that
a new classification of PCV3 subgroups should be proposed, based on whole genome sequences. This is the first
report of PCV3 in Colombia and its complete genome sequence.
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1966 from bats circovirus (Fu et al. 2017). In pigs,

Introduction
the presence of PCV3 has been verified since 1996

Circoviruses are single-stranded DNA viruses
belonging to the family Circoviridae. Members of
this family are classified into two genera, Circovirus
and Cyclovirus, which are distinguished by the posi-
tion of the origin of replication relative to the cod-
ing regions and the length of the intergenic regions
(Breitbart et al. 2017; Rosario et al. 2017). Until
2016, the genus circovirus was classified into two
types (PCV1 and PCV2) and, in 2017, the Interna-
tional Committee on Taxonomy of Viruses (ICTV)
included a new type called PCV3 (Lefkowitz et al.
2018). Phylogeny-based studies searching for the ori-
gin of PCV3 show the oldest trace of origin around

in Spain, where it was also shown that there have
not been many changes since then (Klaumann et al.
2018) and its origin has been suggested as a recom-
bination between mammalian and avian circoviruses
(Franzo et al. 2018b). PCV1 is considered non-
pathogenic, whereas PCV2 is associated with the
presence of a wide range of associated clinical mani-
festations under the term PCVAD (porcine cir-
covirus-associated disease). PCV3 has been found in
asymptomatic pigs (Zheng et al. 2017) and in pigs
with clinical symptoms similar to those caused by
PCV2, such as porcine dermatitis and nephropathy
syndrome (PDNS), respiratory disorders and
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reproductive failures (Palinski et al. 2017). PCV3
has been reported in China (Zheng et al. 2017),
South Korea (Kwon et al. 2017), Japan (Hayashi
et al. 2018) Poland (Stadejek er al. 2017), Spain,
Denmark, Italy (Franzo et al. 2018a,b), Sweden (Ye
et al. 2018), the United Kingdom (Collins et al.
2017) and Russia (Yuzhakov et al. 2018). In Amer-
ica, there are reports of the presence of PCV3 in the
United States (Palinski ef al. 2017) and Brazil
(Tochetto et al. 2018). Analysis of complete gen-
omes of PCV3 has led to propose a classification
into three groups called PCV3a, PCV3b and PCV3d,
based on the nucleotide sequence (Fu et al. 2017).
In addition, a classification into two major groups
named “a” and “b” has also been proposed based
on amino acid motifs in ORF1, ORF2 and ORF3; in
turn, each of these groups is subdivided into sub-
groups named al, a2 and b1, b2 (Fux et al. 2018).

In this study, the presence of PCV3 in Colombian
farms is reported for the first time from field samples
from pigs with clinical symptoms compatible with
PCV2. Phylogenetic analyses of whole genome
sequences show the presence of PCV3 variants in the
country. Additionally, sequence comparison analyses
to other complete genomes reported in GenBank
lead us to propose that a new classification is neces-
sary for the subgroups of PCV3.

Materials and methods
Porcine clinical samples

At the beginning of 2018, clinical cases associated
with PCVAD, particularly porcine dermatitis and
nephropathy syndrome (PDNS), were reported in
pigs from at least four farms located in the centre of
the country (region of Cundinamarca). Two of those
farms (A and B) submitted samples to our laboratory
to determine PCV2 by real time PCR (qPCR). Farm
A submitted tissues (two lungs and two mesenteric
ganglia) with morphological changes at necropsy as
superficial dermatitis, lungs with collapse and failure,
lobular pneumonia and lymph nodes enlarged. Farm
B submited six serum pools from pigs at 3, 7, 10, 13,
16, 20 weeks of age. Each pool corresponded to
three pigs of the same age.

DNA extraction and PCR detection of PCV3

DNA from tissues and from each serum pool was
extracted using the DNA Qiamp Kit (QIAGEN),
according to the manufacturer’s instructions. To
demonstrate the presence of PCV2 DNA, qPCR
assays were performed using specific primers designed
and routinely employed in the diagnostic service of
our laboratory (ABF 5'CCAGAATTCAACCTT
MACYTTYC 3') position 1416 - 1439 and (ABR ¥
GCGGTGGACATGMTGAGATT) position 1515-
1534 generating an amplicon of 118 bp (unpublished
data). The lower limit of detection (or cutoff) was
5.4 x 10~* copies per ml. This cut-off point corre-
sponded to the threshold (Ct) of 34.11, therefore,
samples with Ct values lower than this value were
considered as negative. For PCV3 DNA detection in
tissues and serum samples, conventional PCR assays
were performed using a set of PCV3-specific primers
reported by Chen et al. (2017). Reactions were per-
formed in a total volume of 25 uL containing 0.25 uL.
of Taq polymerase (5 U uL™') (Go taq flexi -
Promega®), 5x Tag buffer (2.5 uL), 2 mmol L™
MgCl,, 0.5 mmol L' dNTP, 1 uL of each primer
(20 ymol L") and 2 uL of extracted DNA. The PCR
reactions were performed on a Biorad® - DNA ther-
mocycler using a protocol consisting of denaturation
at 94°C for 5 min, followed by 35 cycles including a
denaturation at 94°C for 30 s, annealing at 58°C for
30 s and extension at 72°C for 45 s, with a final exten-
sion at 72°C for 5 min. The reaction generated a
267 bp PCR product.

Sequencing of the complete genome of PCV3

The PCV3 full genome of two samples was amplified
using four sets of specific sequencing primers
reported by Palinski et al. (2017). Reactions were
performed in a total volume of 25 ul. containing
0.25 uL of AccuPrime Taq (5 U uL™") (Ther-
mofisher®), 1x AccuPrime PCR Buffer 1 (2.5 uL),
1 uL of each primer (20 ymol L™!) and 2 uL of
extracted DNA. The PCR reactions were performed
on a Biorad® - DNA thermocycler using a protocol
consisting of denaturation at 94°C for 2 min, fol-
lowed by 35 cycles including a denaturation at 94°C
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for 30 s, annealing at 55°C for 30 s and extension at
68°C for 1 min. PCR products were directly
sequenced in both directions at the commercial
sequencing facility SSiGMol (Servicio de Secuen-
ciacion y Analisis Molecular, Instituto de Genética,
Universidad Nacional de Colombia). Genome
assembly and annotation were done using Geneious
version 9.1.8. The complete genome sequence of
PCV-3 has been deposited in GenBank under the
accession numbers MH327784 and MH327785.

Phylogenetic analysis

The two full-length PCV3 genomes from this study
were aligned with all complete genome sequences of
PCV-3 strains obtained from GenBank to date. The
evolutionary history was inferred using the Neigh-
bor-Joining method (Saitou & Nei 1987). The opti-
mal tree with the sum of branch length = 0.27490272
is shown. The percentage of replicate trees in which
the associated taxa clustered together in the boot-
strap test (2000 replicates) are shown next to the
branches (Felsenstein 1985). The evolutionary dis-
tances were computed using the Kimura 2-parameter
method (Kimura 1980) and are in the units of the
number of base substitutions per site. The analysis
involved 106 nucleotide sequences. All positions con-
taining gaps and missing data were eliminated. There
were a total of 1992 positions in the final dataset.
Evolutionary analyses were conducted in MEGA?7
(Kumar et al. 2016).

Results and discussion

All serum pools and tissues were found negative for
PCV2, while only one mesenteric ganglion from farm
A and one serum pool from pigs of 19 weeks of age
from farm B were positive for PCV3. The complete
genome of PCV3 was amplified from both samples,
and sequences were designated as PCV3/COL/cundi-
namarcal/2018 (COL1) and PCV3/COL/Cundina-
marca2/2018 (COL2) and deposited in GenBank
under accession numbers MH327784 and MH327785.
The length of the genomes was 2000 nt and these dis-
played an ambisense genomic organization, with two
inversely arranged major open reading frames

(ORFs), encoding the replication associated protein
(Rep) and the capsid protein (Cap). The NJ tree
based on PCV3 complete genome sequences, includ-
ing COL1, COL2 and 104 reported complete gen-
omes is shown in Figure 1. The sequence identity
between the Colombian sequences was 99.60%, and
both Colombian strains showed a range of identity
between 99.6% and 99.9% compared with isolates
from South Korea (KY996341 and KY 996343),
China (MF069116), Brazil (MF079254) and Italy
(MF162299). All of these strains were grouped into
PCV3 group 2, according to (Ku et al. 2017), and into
group “a”, according to (Fux et al. 2018).

An intra-specific classification for PCV3 has been
defined by searching for amino acid motifs. Fux et al.
(2018) proposed codon 122 of ORF1 and codons 24,
27, 77 and 150 of ORF2 for defining groups
(Table 1). Motif AVKSI defines group “a”, while
motif SARSI defines group “b”. Additionally, varia-
tions found within each motif serve to determine
subgroups. COLL1 strain displays motif SAKSI, which
together with the strains containing the SVKSI motif
constitute subgroup a2. On the other hand, COL2
strain has motif AVKSI corresponding to subgroup
al (Table 2). Interestingly, COL2 strain also has a
change in codon 19 of ORF1, corresponding to Q in
the site where P is common. This change is only asso-
ciated with isolates from South Korea (KY996341,
KY996342, KY996343). The implications of this
change in both the evolution and the characteristics
of the virus are unknown. On the other hand, accord-
ing to the proposal by (Fux et al. 2018) in terms of
the intra-specific classification for PCV3, COL1
strain can be located within the strains that evolu-
tionarily represent a transition (linker) between
group “a” and group “b”, because it has an interme-
diate motif (S/A A K S I) found on codon 122 of
ORF1. Additionally, the analysis of codons 1, 4 and
227 of ORF3 can also be used for the classification of
subgroups “a” and “b”. Motif FDG defines group al,
motif F G/D V corresponds to group a2, and motif
SGV to group bl or b2 (Table 1). In COLI strain,
motif FGV was found, which places it in subgroup
a2, while COL2 strain presented motif FDG that
places it in group al (Table 2). The analysis of
ORF1, ORF2 and ORF3 motifs located COL1 strain

© 2019 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.

Veterinary Medicine and Science (2019), 5, pp. 182-188



First detection of PCV-3 in Colombia

185

40— KYO75890 China/Changaing. 14712016
KY075891 China/Changapng: 14872016
KY075989 China/iang- 5272016
1X966163 USAISD2016
MEGUST21 REA229412016.

51— MFEIST10 kap162172017

L MFE05T22 NAZB2016
MFOT9254 BrazilRSA201T
MFE05720 Spain137.82017
M 162288 RaWICO2017
MGT27540 Crinat /5212017
MGD14365 Gormany/DE 13 202018
MGO14375 GormanyDES3 812018
KY421345 China/CC 2018
K996339 Sourkorea/ 602017
MF 162290 KahMN201T
® MH327785 Colombia/Cundinamarca2/2018
K06341 SoutKoreal 6052017
KY996343 SouKorea 807107
K99634 Southorea/ 18062017 al

17— MF589103 ChinalGuangdong HZAZ01S
MGS64175 CrinaWWHUNZ/2017
KY418606 ChinaG02016
KYTS3013 China/6D-22017
1MF589105 ChinaiGuangdong-SG112016
MF569108 Chinaliangs-42016
KY753811 China/GO- 12017

MF589104 ChinalGuangdong MXV2015

MF4D5271 ChingdGDSJ12017

WFACS274 ChinalGHLI2I201T

WEA05275 CrinalGOOG 12017

MFAD527T ChinalGXHU2I201T

MF405272 China/GOBLIZ01T

MFO89115 CrinalGOLC 112016

WE089116 CrnalGOHE22016

MFA05273 ChnadGXHU112017

MFAD5276 ChinalGXLI1201T

[ Kroes2ss ClnatShangra 01062015

MG014364 GarmangDET 32018 ]

MF313451 Chinatebei-L /2015 Ja2
184 ColombiaiCund o1s  Ja2

WFS69107 ChinalJangs 8112017 J

5 — KYT53912 ChingF 4112017

KY396344 Southorea/1 B0&/2017

MG564174 CringNWHEB 212017

KHASE2S USAZIB42015 a2

Kr421347 Cina/G02016

MGT27538 ChnatB/B0/2017

KY996345 Soutorea/ 1602017

T MGT27529 Chinat B/CZ 112017

é

MES0STZ3 MFED5T28 Denmanid 32 572017
MFEST24 Denmanki4332-712017
MGO14374 GormanyDES2 182018
MG014363 GermanyDEA 32018
MF 155547 ChinalGX2016-272018
MGO14371 GarmanyDE M 512018 b1
MF 318450 Chinabsbes XU2015
MF18452 ClinaB.L 22015
MF318453 ChinalB.L 112016
MF 155643 ChinalGX2016
MG014366 Garmany/DE 18 212018
MGO14367 GermanyDE 18.152018
fDESS 112018 3
MG310152 7

MGO14370 GormsnyDE2? 162018
MGSS0107 ChnalGXTTEC201T
MFOB4G54 ChinalAriu. 1472016
10K96335 SouthKoreal1 60212017
K1996340 SouMKorea/ 16012017
MFOB3071 SouhKoreal 16RE2112018
KT86907T USA9162016
MFB11676 Soumkoreal 170112017
WF076253 BraniRSI0tT
KY075886 ChinaFigian. 52018
MEET1ETT Southkorea/1702/2017
MF0BI252 ChinaFulian4 2072017
1CYQ75867 ChRaF e 1272016

N L KY075888 China/ChNHenan. 132016

[———MG014%2 GarmonyDE3 77018
WMG0 D26 4712018

WF 589102 Crena/Guangoong HI 12016

MGTE54T3 Sweden/2018

MGO14373 GormangDE4S 112018

HOROE030 USAMNE

1339472 ChRAFLLINS12-2016

b2

L -
B

KY354030 China/Mubel 61872016

1924475 ChinaFudand 182017

Fig. 1 Phylogenetic analysis based on the complete genome
sequence of two Colombian strains (#) and 104 reference strains
(GenBank accession number, country and year of collection). The
tree was inferred using the Neighbor-Joining method. Bootstrap val-
ues greater than 70% from 2000 replicates are indicated at the
nodes. al, a2, bl and b2 correspond to the location of the
sequences, according to the classification by subgroups for PCV3
proposed by Fux et al. (2018).

Table I. Motifs patterns to PCV-3 group specific

Group ORF1  ORF2 ORF3
specific

. 122 24 27 77 150 1 4 227
motifs
al A \% K SN 1 F D G
a2 S VIA K S L. F DIG V
bl S/IA AV R S S G/D VG
b2 S A R T Lt S G A\

as PCV3a2 and COL2 strain as PVC3al. These
results could indicate the probable presence of at
least two groups of PCV3 in Colombia or the pres-
ence of strains of group a in an evolutionary process,
for which it is necessary to isolate and sequence
more genomes of representative strains to under-
stand the evolutionary processes between PCV-3 and
host swine in Colombia and worldwide.

We carried out a sequence analysis of 106 com-
plete genome sequences for PCV3, including two
reported here and the remaining reported in Gen-
Bank. A classification was made according to the
proposal by Fux et al. (2018), who analysed ORFs 1,
2 and 3 of 50 sequences. Based on this classification,
it was found that 39/106 sequences were located
within subgroup al; these are very homogeneous in
the three ORFs analysed, and only one sequence
(KY865243) showed a difference in one codon (77 of
ORF2). In addition, 11/106 sequences were located
in subgroup a2, which are not as homogeneous
among them as compared with subgroup al. Accord-
ingly, the greatest variation was found in codon 24 of
ORF2, where A was found in six sequences, while V
was found in five sequences. The remainder were
identical, except for sequence MF318451 where L
was found instead of I at codon 150 of ORF2. For
subgroup b1, 38 of 106 sequences were found in this
subgroup, which showed great stability at codons 27
(R) and 77 (S) of ORF2 and codon 1 (S) of ORF3. A
single variant was found in codon 24 of ORF2 (V/A)
(KY996337), codon 4 of ORF3 (D/G) (KY996337),
and codon 227 of ORF3 (F/V). A group of five
sequences  (KX778720, KX778720, KY354039,
MF155641, MG727537) showed variation in codon
122 of ORF1 (A/S) and codon 227 of ORF3 (G/V).
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Table 2. Group specific motifs of the some PCV-3 genomes compared with Colombia PCV-3 genomes

Genbank accession number Country Group specific motifs ORF1 ORF2 ORF3
122 24 27 77 150 1 4 227
MH327785 Colombia 2 al A \4 K S 1 F D G
KY996341 South Korea al A v K S 1 F D G
KY 996342 South Korea al A \% K S 1 F D G
KY 996343 South Korea al A v K S I F D G
MF069116 China al A \ K S 1 F D G
MF079254 Brazil al A \' K N 1 F D G
MF162299 Italy al A \ K S 1 F D G
MH327784 Colombia 1 a2 N A K S 1 F G A%
MG727537 showed three differences compared with
Acknowledgements

the common pattern (SARSISGV instead of
AARSLSGG). Subgroup b2 contained 18/106
sequences that were very stable in general. Only one
sequence (MG014376) showed a difference in codon
150 of ORF2 (I/L) (Data S1).

The phylogenetic analysis of the 106 complete gen-
ome sequences confirms the classification based on
ORFI, 2 and 3 sequences classified as al and a2,
because the complete sequences are distributed in
blocks in the tree (Fig. 1). On the contrary, the classifi-
cation of strains belonging to subgroups bl and b2 is
not clearly shown when analysing the complete
sequences. As can be seen in Figure 1, strains bl and
b2 are mixed in alternating blocks. Therefore, it is pro-
posed that a new classification of PCV3 should be per-
formed according to phylogenetic analyses based on
the complete genome sequences. Additionally, a new
classification could be more appropriate to explain the
geographic changes by phylogenetic distribution.

This study is the first report of the presence of
PCV3 in Colombia. Due to the existence of farms
that report symptoms associated with PCV2, it is
necessary to carry out studies that demonstrate
whether PCV3 is the cause of this symptomatology
and the consequences of this on the productive sys-
tem. Likewise, the sequence variation observed
among the Colombian PCV3 genomes reported here
suggests that the virus varies among farms and this
may also be the case within farms. Additionally, a
new classification of the PCV3 subgroups based on
the phylogenetic distribution of the complete gen-
ome sequences is proposed.
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Data S1. Amino acid alignments of the putative
ORFs 1, 2 and 3 used to identify group specific
motifs by Fux et al., 2018.

© 2019 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.

Veterinary Medicine and Science (2019), 5, pp. 182-188



