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I n t r o d u c t i o n
Torque teno virus (TTV) is a circular single-stranded negative 

sense DNA virus that enclosed 4 open reading frames (ORF); ORF1, 
ORF2, ORF 1/1, and ORF 2/2 (former ORF3), and a GC-rich region 
within an un-translated region (UTR), which was first discovered 
in human samples with post-transfusion hepatitis of unknown eti-
ology in 1997 (1). Currently, based on the International Committee 

on Taxonomy of Viruses (2), all human and animal TTV belong to 
Anelloviridae family. Genus Iotatorquevirus comprises of 2 species, 
TTSuV1a (former TTSuV1) and TTSuV1b (former TTSuV2). The 
phylogenetic relationship of incomplete sequences has proposed 
4 biotypes (a, b, c, and d) of TTSuV1a, and 2 biotypes (a and b) of 
TTSuV1b (3,4). Genus Kappatorquevirus, however, includes only one 
species: Torque teno sus virus k2 (2). High prevalence of co-infection 
between TTSuV1a and TTSuV1b has been documented worldwide. 
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A b s t r a c t
Genus Iotatorquevirus consists of 2 species, Torque teno sus virus 1a and Torque teno sus virus 1b, which are ubiquitous in 
swine populations, and are widely reported in association with porcine circovirus associated disease (PCVAD). To evaluate 
the relationship with PCVAD, 100 formalin-fixed paraffin-embedded tissue samples were used to detect both Iotatorquevirus 
species by nested PCR and sequencing. Sixty-eight PCVAD cases were selected as well as 32 porcine circovirus type 2 (PCV2) 
non-affected cases. Overall, 33 of the 100 cases were positive for Torque teno sus virus 1a and 8 of 100 were positive for Torque 
teno sus virus 1b. Only 24 of 68 (35%) PCVAD cases were positive for Torque teno sus virus 1a; 39% (9/23) of post-weaning 
multisystemic wasting syndrome, and 33% (15/45) of PCV2-associated reproductive failure cases. Among PCV2 non-affected 
cases, 28% were positive for Torque teno sus virus 1a and 6% were positive for Torque teno sus virus 1b. Torque teno sus virus 
1b was not detected in PCV2-associated reproductive failure cases. Regardless of the PCV2-status, a lower frequency of both 
Iotatorquevirus species was found than depicted in other reports and there was no statistical relationship with PCVAD (x2 , 0.01). 
Given the worldwide genomic variability of Iotatorquevirus species, it is feasible that species prevalent in Mexico share a lower 
nucleotide sequence identity, leading to different pathogenic potential.

R é s u m é
Le genre Iotatorquevirus consiste en deux espèces, le virus Torque teno sus 1a et le virus Torque teno sus 1b, qui sont ubiquitaires dans 
la population porcine, et couramment rapportés en association avec la maladie associée au circovirus porcin (MACVP). Afin d’évaluer 
la relation avec MACVP, 100 échantillons de tissus fixés dans la formaline et enrobés de paraffine ont été utilisés pour détecter les deux 
espèces de Iotorquevirus par réaction d’amplification en chaîne par la polymérase nichée et séquençage. Soixante-huit cas de MACVP 
ont été sélectionnés ainsi que 32 cas non-affectés d’infection par le circovirus porcin de type (CVP2). Globalement, 33 des 100 cas étaient 
positifs pour le virus Torque teno sus 1a et 8 des 100 étaient positifs pour le virus Torque tenos sus 1b. Seulement 24 des 68 (35 %) cas 
de MACVP étaient positifs pour le virus Torque tenos sus 1a; 39 % (9/23) du syndrome de dépérissement post-sevrage, et 33 % (15/45) 
des cas de problèmes reproducteurs associés au CVP2. Parmi les cas non-affectés de CVP2, 28 % étaient positifs pour le virus Torque teno 
sus 1a et 6 % étaient positifs pour le virus Torque tenos sus 1b. Le virus Torque tenos sus 1b n’a pas été détecté dans les cas de problèmes 
reproducteurs associés au CVP2. Indépendamment du statu vis-à-vis le CVP2, une fréquence plus basse des deux espèces d’Iotatorquevirus 
fut trouvée comparativement à ce qui est décrit dans d’autres études et il n’y avait pas de relation statistiquement significative avec MACVP 
(x2 , 0,01). Étant donné la variabilité génomique mondiale des espèces d’Iotatorquevirus il est possible que les espèces prévalentes au 
Mexique partagent une plus faible identité de séquences nucléotidiques, entrainant ainsi un potentiel pathogène différent.
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Iotatorquevirus species are ubiquitous in domestic and wild pigs, 
and have been identified in Europe (Hungary, Italy, France, and 
Spain), Asia (China, Korea, Japan, and Thailand), and North America 
(Canada and USA).

Transmission among pigs is horizontal and mainly via fecal-oral, 
but transmission through other routes may be important (3). It is 
unknown whether TTSuV1a and TTSuV1b infection promotes a 
specific disease as a primary agent or in co-infection with other 
pathogens (5). However, it has been suggested that in co-infections 
with other viruses, TTSuV1a might promote increased disease 
severity or virulence and TTSuV1b might be associated with repro-
ductive failure (1). In this scenario, several studies have suggested 
an involvement of both species with porcine circovirus associated 
disease (PCVAD) since cases of post-weaning multisystemic wasting 
syndrome (PMWS) have shown a high prevalence of Iotatorquevirus 
species (6,7). Moreover, clinical manifestations and characteristic 
lesions of porcine dermatitis and nephropathy syndrome (PDNS) 
have been reproduced by TTSuV1a inoculation in gnotobiotic pigs 
(8). In fact, TTSuV1a has been proposed as the additional factor 
(X-factor) for the development of PCVAD (9). Porcine circovirus 
associated disease is economically important to the swine industry 
since it has an impact on production and reproduction parameters. 
Although all clinical presentations of PCVAD [PMWS, PDNS, por-
cine circovirus 2-associated reproductive failure (PCV2-RF), and 
granulomatous enteritis] in Mexico have been confirmed by in situ 
hybridization (10), the prevalence of Iotatorquevirus species or their 
possible association with PCVAD has not been recorded. The aim 
of the present work was to identify TTSuV1a and/or TTSuV1b from 
well-documented cases of PCVAD in order to assess their potential 
relationship with the occurrence of PCVAD in an unvaccinated 
population.

M a t e r i a l s  a n d  m e t h o d s

Case selection
Archived formalin-fixed paraffin-embedded porcine tissues 

(lymph node, spleen, tonsils, and fetal hearts) from 2001 to 2009 
were selected from 100 swine cases. Sixty-eight cases were from 
non-vaccinated swine with confirmed PCVAD on the basis of clinical 
signs, characteristic microscopic lesions, and in situ hybridization 
(11). The cases were subdivided as follows: 23 PMWS-affected tis-
sues (lymph nodes and spleen), depicting severe lymphoid deple-
tion and granulomatous inflammation, and a diffuse pattern of 
PCV2-positive in situ hybridization (ISH) and 45 cases of PCV2-RF, 
consisting of fetal hearts with non-suppurative myocarditis as well 
as a random ISH pattern positive for PCV2. The PCVAD-positive 
cases were submitted from 13 states of the Mexican Republic with 
a high-density swine population (Figure 1). Additionally, 32 PCV2 
non-affected cases were evaluated and consisted of 12 tissues (lymph 
node and tonsil) negative for PCV2 by ISH from age-matched, clini-
cally normal, non-vaccinated pigs from a PCV2 non-affected farm 
according to clinical criteria (12) and 20 hearts from PCVAD non-
infected aborted fetuses submitted for diagnosis. Each tissue was 
tested individually.

Primer design
Due to genomic variability among available sequences, degen-

erate primers that target ORF1 of TTSuV1a and TTSuV1b were 
designed using computer software [Primer3 imput program (v.3.0.0;  
Institute for Biomedical Research, Boston, Massachusetts, USA) (13) 
and Bioedit software program (v7.2.5; Ibis Bioscience, Carlsbad, 
California, USA) (14)]. Ten TTSuV1a sequences from different 

Figure 1. Geographical distribution of porcine population in the Mexican Republic.  Mexican 
states with higher swine production (27).  States from which samples were submitted.
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countries available in the NCBI database were used to design 
the primers (GenBank accession numbers: HM633249, HM633253, 
HM633258, AY823990, HM633257, AB076001, GU188045, GU456383, 
GU456384, GQ120664). For TTSuV1b, 12 sequences available in the 
NCBI database from different countries were used to design the prim-
ers (GenBank accession numbers: HM633230, JX173484, HQ204188, 
GU376737, KC461227, JQ782385, HM633218, GU456386, GU188046, 
GU570207, AY823991, NC014092). First-round reverse primer contains 
only 1 degenerate base. Primers were synthesized commercially (IDT 
Integrated DNA Technologies, Coralville, Iowa, USA).

Nested polymerase chain reaction (PCR)
DNA extraction from all tissues was done separately using com-

mercial kits according to the manufacturer’s instructions (QIAamp 
DNAFFPE Tissue kit; Qiagen, Germany). Briefly, DNA was eluted in 
a volume of 200 mL molecular grade water, and stored at 220°C. The 
lowest limit of detection was determined by serial dilution (1:2) and 
was of 12.5 ng/mL. Nested 50-mL polymerase chain reaction (PCR) 
were done using the sets of degenerate primers (Table I) in a thermo-
cycler (Eppendorf, Hamburg, Germany) containing 2.5 UTaq DNA 

polymerase (GoTaq Flexi DNA polymerase; Promega Corporation, 
Madison, Wisconsin, USA) PCR buffer 13, magnesium chloride 
2.25  mM (TTSuV1a)/1.5 mM (TTSuV1b), 0.2 mM of each deoxy-
nucleotide (dNTP), 100 pmol of each primer, and 20 ng of template. 
The following thermal cycle was as follows: the initial activation 
step at 94°C for 3 min followed by 40 cycles of 1 min at 94°C, 1 min 
at 56°C (TTSuV1a) or 53°C (TTSuV1b) and 1 min at 72°C, finally last 
extension step of 10 min at 72°C. The PCR products were electro-
phoretically separated in a 1.5% agarose gel stained with ethidium 
bromide. The gel was visualized under ultraviolet light (Apollo 
Instrumentation, Claremont, California, USA) and photodocumented 
(Doc-It System; UVP BioImaging Systems, Cambridge, UK).

Sequencing
Two amplified products from each species were randomly 

selected and purified from agarose gel using a commercial kit (Min 
Elute Gel Extraction kit; Qiagen) following the manufacturer’s 
instructions. The sequencing of the purified PCR products was 
done using high fidelity, processing, and specificity enzyme kits 
(Taq Platinum Polymerase; High Fidelity, Carlsbad, California, 

Table I. Sequences of the primers utilized for nested polymerase chain 
reaction (PCR)

Species	 Sequence	 Primer	 Length
TTSuV1a	 59-AACTGGCAGGACCACCTATG-39	 Forward	 481 bp
	 59-AGTGTBACHTCHCCACTYC-39	 Reverse
	 59-AAAGAGACGCTATGGCTGGA-39	 Forward nested	 255 bp
	 59-TGYTTTTCWGTGTCCCAYTGC-39	 Reverse nested

TTSuV1b	 59-ATGCCTTACAGACGCTATC-39	 Forward	 605 bp
	 59-TGTGATGTTAATTTTGGTGGA-39	 Reverse
	 59-AAGCTCCGGTCATACAATG-39	 Forward nested	 211 bp
	 59-GCTGTCCATATATTTCTCCAG-39	 Reverse nested
Sequences of the primers utilized the detection to the TTSuV1a and TTSuV1b for 
nested PCR. Bold letters indicate degenerate base. All primers were synthesized 
by another source (Integrated DNA Technologies, Coralville, Iowa, USA).

Figure 2. Iotatorquevirus species nested polymerase chain reaction (PCR) from porcine circovirus associated disease 
(PCVAD) positive cases. A — TTSuV1a nested PCR from FR-PCV2 positive cases. One hundred base pairs molecular 
weight marker (MWM). Lanes 1 positive control, lane 2 negative control, line 3, 4, and 5 showing 255 bp amplified 
products. B — TTSuV1b nested PCR from post weaning multisystemic wasting syndrome (PMWS) positive cases. 
One hundred base pairs MWM. Lanes 5 positive control, lane 7 negative control, line 8, 9 and 10 display 211 bp 
amplified products, 2% agarose gel.
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USA). Internal primers were used to sequence partial sequences of 
ORF1, using a sequencer (Model 3100; Applied Biosystems, Foster, 
California, USA).

Data analysis
Nucleotide sequences were edited, aligned, and analyzed using 

computer software (Bioedit software v7.2.0) (13). Phylogenetic 
analysis were done using molecular evolutionary genetics analysis 
version 6 (MEGA6) (15). The maximum likelihood tree was com-
puted using Tamura-Neg Gamma distance. The test of phylogeny 
was carried out through bootstrap method with 1000 number of 
replication and the gaps/missing data treated with pairwise deletion. 
Two by four contingency frames were made based on PCR results 
to evaluate the relationship of TTSuV1a and TTSuV1b with PCVAD 
using a Chi-squared test at a trust interval of 99% (P , 0.01).

Re s u l t s
The PCR protocols using specific degenerate primers to amplify 

TTSuV1a and TTSuV1b were optimized to obtain of 255 bp 
(Figure 2A), and 211 bp (Figure 2B), respectively, from PCVAD 
cases. The sequences of 2 nested products of each virus species 
proved to be specific (GenBank accession numbers: KU891810 and 
KU891811 TTSuV1a, KU891808 TTSuV1b and KU891809 TTSuVk2). 
At alignment, the amplified regions of each species were highly 

conserved among available sequences. The topography of the phy-
logenetic tree of TTSuV1a (Figure 3) revealed that the amplified 
sequences belong to the species 1a, conforming a well-defined cluster 
(Mexican, German, and Chinese sequences) standing supported 
with bootstrap values of 89. Conversely, the phylogenetic tree of 
TTSuV1b (Figure 4) showed that one Mexican sequence clustered 
with American and Chinese sequences, but another sequence was 
located in a different clade, revealing a major phylogenetic rela-
tionship with TTSuVk2 Brazilian sequences (GenBank accession 
numbers: AY823991, NC014092).

In the current retrospective study, 100 cases were used (68 PCVAD-
affected, and 32 PCVAD-non affected). Overall, 33% (33/100) were 
positive to TTSuV1a (TTSuV1a1) and 8% (8/100) were positive to 
TTSuV1b (TTSuV1b1). From all the PCVAD cases, 35% (24/68) were 
TTSuV1a1 and 9% (6/68) were TTSuV1b1, whereas 28% (9/32) and 
6% (2/32) of the non-affected cases were positive to TTSuV1a and 
TTSuV1b, respectively (Table II). The frequency of PMWS-affected 
cases compared to age-matched clinically normal piglets is shown in 
Table III. Thirty-one percent (11/35) of total cases were TTSuV1a1 
and 22.8% (8/35) were TTSuV1b1. Thirty-nine percent (9/23) of 
PMWS-affected cases were positive for TTSuV1a, 26% (6/23) were 
TTSuV1b1. Of the clinically normal pigs evaluated, 17% (2/12) 
were TTSuV1a1 and 17% (2/12) were TTSuV1b1. Co-infection 
was found only in PMWS cases, 3% of the total cases, and 9% (3/35) 
of PMWS cases. Concerning cases of reproductive failure in sows 

Figure 3. Phylogenetic tree of the TTSuV1a showing the nucleotide 
sequences of different identified Torque teno virus with GenBank 
accession number, and country of origin. The sequences were distrib-
uted in 3 TTSuV1a sequence groups ( Canadian, Chinese, American, 
Brazilian, and Hungarian;  Mexican, German, and Chinese;  Chinese 
and American;  Spanish). TTSuV1b sequences ( Canadian, Chinese, 
American, and Brazilian), and TTV human sequences ( Italian and 
Japanese) are included. The Mexican sequences ( KU891810 and 
KU891811) belong to the 2 TTSuV1a positive cases described in this 
work. The length of the branch represents the genetic distance among 
the sequences.

Figure 4. Phylogenetic tree of the TTSuV1b showing the nucleotide 
sequences of different identified Torque teno virus with GenBank 
accession number, and country of origin. The sequences were dis-
tributed in 2 TTSuV1b sequence groups ( Chinese, American, and 
Mexican;  German, Spanish, Brazilian, Chinese, and Mexican). TTSuV1a 
sequences ( American, German, and Canadian) and TTV human 
sequences ( Italian) are included. The Mexican sequences ( KU891808 
and  KU891809) belong to the 2 TTSuV1b positive cases described 
in this work. The length of the branch represents the genetic distance 
among the sequences.
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(Table IV), 34% (22/65) of cases and 33% (15/45) of PCV2-RF cases 
were TTSuV1a1. Similarly, 35% (7/20) of the reproductive failure 
cases not associated with PCV2 were positive for TTSuV1a1. No 
case of reproductive failure was positive for TTSuV1b. There was 
no statistical relationship between the manifestation of PCVAD and 
the presence of TTSuV1a or TTSuV1b by Ji2 test.

D i s c u s s i o n
Several reports have suggested that co-infection of Iotatorquevirus 

species with other viruses might increase severity of disease as a 
result of synergy (1,5,16). Consequently, both species have been the 
target of research for the study of multifactorial diseases, such as 
porcine respiratory disease complex (17–20) and PCVAD (6–8,21–23).

In natural cases of PMWS, a high frequency of co-infection 
between TTSuV1a and PCV2 has been described (6). In gnotobiotic 

pig models, TTSuV1a was proposed to act as an aggravating factor 
of PMWS (7) and characteristic PDNS lesions were reproduced in 
PCV2-negative pigs after inoculation with TTSuV1a and porcine 
reproductive and respiratory syndrome virus (8). In PMWS-affected 
pigs, higher prevalence and increase viral load have been found 
with TTSuV1b than with TTSuV1a (6,22). In addition, a possible 
association of TTSuV1b with reproductive failure in sows has been 
proposed (1,24). Taken altogether, current information not only 
reveals high worldwide prevalence of Iotatorquevirus species but also 
a close association of its occurrence in cases of PCVAD. However, 
a relationship of both TTSuV1a and TTSuV1b with development of 
PCVAD is still unclear.

In the present study, the degenerate nested PCR proved to amplify 
TTSuV1a and TTSuV1b ORF1 specific sequences. The nested PCR 
results revealed that TTVSuV1a and TTSuV1b are widely distrib-
uted in Mexican states with a high cluster of pig population, as it 

Table III. Post-weaning multisystemic wasting syndrome (PMWS) nested polymerase 
chain reaction (PCR) results for open reading frame (ORF1) region of TTSuV1a and 
TTSuV1b

	 TTSuV1a1	 TTSuV1a1	 TTSuV1a2	 TTSuV1a2

	 TTSuV1b1	 TTSuV1b2	 TTSuV1b1	 TTSuV1b2	 Total
PMWS-affected	 3b	 6	 3	 11	 23
Age-matched
clinically normal piglets	 0	 2	 2	 8	 12

Totala	 3	 8	 5	 19	 35
a	 Not statistically different between PMWS-affected and age matched healthy piglets at P-value 
0.01 (X2 test).
b	 Co-infection only in PMWS-affected.

Table II. Overall nested polymerase chain reaction (PCR) results for open reading frame 
(ORF1) region of TTSuV1a and TTSuV1b (n = 100)

	 TTSuV1a1	 TTSuV1a1	 TTSuV1a2	 TTSuV1a2

	 TTSuV1b1	 TTSuV1b2	 TTSuV1b1	 TTSuV1b2	 Total
PCVAD affected	 3	 21	 3	 41	 68
PCVAD non-affected	 0	 9	 2	 21	 32

Totala	 3	 30	 5	 62	 100
a	 Not statistically different between porcine circovirus-associated disease (PCVAD)-affected and 
PCVAD non-affected at P-value 0.01 (X2 test).

Table IV. Reproductive failure nested polymerase chain reaction (PCR) results for open 
reading frame (ORF1) region of TTSuV1a and TTSuV1b

	 TTSuV1a1	 TTSuV1a1	 TTSuV1a2	 TTSuV1a2

	 TTSuV1b1	 TTSuV1b2	 TTSuV1b1	 TTSuV1b2	 Total
PCV2-RF	 0	 15	 0	 30	 45
non PCV2-RF	 0	 7	 0	 13	 20

Totala	 0	 22	 0b	 43	 65
a	 Not statistically different between porcine circovirus type 2-associated reproductive failure 
(PCV2-RF) and non-PCV2-RF at P-value 0.01 (X2 test).
b	 Not TTSuV1b positive cases.
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is described for PCV2 (25). Also, both species were amplified from 
cases of PCVAD. In the current scenario, only 35% of total cases 
were positive to TTSuV1a. Similar findings were obtained regard-
less of presentation, 39% (9/23) of PMWS cases and 33% (15/45) of 
PCV2-RF cases (Table II). The global frequencies of the present work 
are far lower than reported in other countries, such as Spain (90%), 
Korea (85%), and China (80%), but comparable to frequencies in 
Thailand and the United States, which are reported to be 40% and 
33%, respectively (26). In the same case series, frequencies in Canada 
were found to be highly variable (46% to 100%); it was suggested 
that differences in pig density might influence TTSuV1a prevalence 
(26). However, we observed a low prevalence of TTSuV1a from 
Mexican states with the highest proportion of swine farms (27). With 
regard to TTSuV1b, the gathered data of the present work showed 
more disparity since European countries have reported higher fre-
quencies (6,21,22,28).

Detection of TTSuV1a and/or TTSuV1b has been strongly associ-
ated with cases of PMWS, particularly in Europe. Among PMWS-
affected pigs, TTSuV1a seroprevalence of 66% to 76% has been 
reported in Spain (6,22,23,28). Likewise, TTSuV1a frequencies of 77% 
and 71.4% were reported in Sweden (21) and Slovakia (29), respec-
tively. Whereas TTSuV1a detection was 41% and 58% in Great Britain 
from fresh tissues and sera, respectively (30). Frequency of TTSuV1b 
among PMWS-affected cases, however, showed even more discrep-
ancy since European countries, such as Spain, have reported frequen-
cies of 91% (6,28) and 100% (22) that are consistent with the Sweden 
prevalence of 94% (21). Moreover, TTSuV1b occurrence of 71% and 
64.3% were found in Great Britain (30) and Slovakia (29), respectively.

Altogether, PMWS-affected findings of the present work are 
not consistent with prevalence in Europe, but are comparable to 
TTSuV1a prevalence of 48%, 40%, and 30% reported in Brazil (31), 
Cuba (16), and Japan (18), respectively. However, the latter 2 studies 
were performed on emaciated pigs without further laboratory confir-
mation of PCVAD status in affected tissues by ISH or immunohisto-
chemistry. An explanation might be linked to geographic relationship 
within Asia and North America, but TTSuV1b prevalence of 94.7% 
found in Brazil (30) from PCV2-affected pigs is not in agreement 
with that hypothesis. Prevalence rates of 37.5% and 31% reported in 
Cuba (16) and Japan (18), respectively, are still closer to our findings.

Differences in Iotatorquevirus species prevalence rates among stud-
ies might be related to target tissue. For instance, lower frequencies 
were found (41% for TTSuV1a and 79% for TTSuV1b) using pools 
of fresh lung, liver, kidney, spleen, and lymph node, but higher 
prevalence of both species (77% for TTSuV1a and 94% for TTSuV1b) 
was obtained from fresh lymph nodes (21). Such differences are most 
likely associated with PCV2-target tissues because lymph nodes 
and spleen are regarded as the main target of PMWS-affected pigs, 
displaying higher PCV2 loads (32). Therefore, testing fresh lymph 
node samples alone might increase the likelihood of detecting TTSuV 
species (6,22). In the current study, results were considerably lower 
compared to most reports despite the fact that severely and dif-
fusely PCV2-affected lymphoid tissues were used. Consequently, 
the prevalence of TTSuV1a and TTSuV1b from PMWS-affected pigs 
appears to be low in Mexico.

Prevalence of Iotatorquevirus species in cases of PMWS is reported 
as higher than that of clinically normal pigs (1,21). Results indicate 

that the prevalence is noticeably lower with PCVAD, however, 
though the same trend was noted, it is not statistically significant. 
Co-infection of both species in PMWS cases was much lower than 
that reported in Spain (76%) (22), but similar to that reported in 
Japan (10%) (18). However, in the current work, co-infection of age-
matched clinically normal pigs was not observed (1,22,24).

Immune suppression caused by PCV2 infection has been sug-
gested as a predisposing factor for the finding of TTSuV1b in PMWS 
cases because an increased viral load of TTSuV1b was seen in 
PMWS-affected pigs compared to the viral load of clinically normal 
pigs. Thus, clinically normal pigs might restrain infection with both 
Iotatorquevirus species and PCV2 (28). Such statements are in agree-
ment with the data presented herein since co-infection, though in 
low proportion, was only found in PMWS-affected cases.

The role of Iotatorquevirus in reproductive failure has been pro-
posed. To the authors’ knowledge, there are no reports of TTSuV1a 
nor TTSuV1b in cases of PCV2-RF. A higher seroprevalence of 
TTSuV1a (60% to 75%), compared to TTSuV1b (30% to 34%), has 
been detected in healthy sows (24,33). Litters from clinically nor-
mal sows infected with TTSuV1a or TTSuV1b showed that 43% 
and 19% of piglets were TTSuV1a1 and TTSuV1b1, respectively 
(34). Likewise, 50% of stillbirths were TTSuV1a1 but 7% of still-
births were TTSuV1b1, suggesting that both species may cause in 
utero infection (33). Viremia in sows is a prerequisite for vertical 
transmission, with the heart being a frequently affected tissue (17). 
Histopathology of fetal hearts from cases of reproductive failure in 
sows showed both non suppurative myocarditis and PCV2-specific 
ISH (35) in 39% of PCV2-RF and 47% of transplacental transmission. 
These tissues were included in the present work, revealing a low 
frequency of TTSuV1a and an absence of TTSuV1b with no signifi-
cant statistical relation between the occurrence of PCV2-RF and the 
presence of TTSuV1a.

Using tissue pools from aborted fetuses, the frequency rates of 
TTSuV1a and TTSuV1b were 17% and 30%, respectively. Heart tissue 
was part of this tissue pool, but the precise site of infection could 
not be identified (36). Fetal hearts were one of the individual tissues 
evaluated in the current study, but other additional tissues that could 
potentially harbor Iotatorquevirus species were not evaluated, thus 
Iotatorquevirus species could not be definitively ruled out in cases of 
PCV2-RF. Nevertheless, since the heart is the main target organ for 
vertical transmission, preliminary findings suggest that participation 
of TTSuV1b regarding PCV2-RF is unlikely.

The current retrospective work is noteworthy because a non-
vaccinated porcine population was evaluated from a time period 
prior to the start of through and worldwide immunization programs. 
Therefore, it may elucidate distinct viral dynamics as influenced 
by changing immune status and add to the understanding of the 
evolving nature of viruses. In addition, a TTSuVk2 sequence was 
amplified based on a new taxonomy (2). Thus, further classification 
of TTSuV1b is essential to separate it from TTSuVk2 species.

Taken together, the data reported herein are in agreement with a 
lack of relationship between Iotatorquevirus species and occurrence 
of PCVAD. Currently, a broad phylogenetic study is being done to 
ascertain prevailing swine Anelloviridae species in Mexico as well as 
its genomic variability that might account for a distinctive patho-
genic potential.
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