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Background: Cyclovirus Vietnam (CyCV-VN) is a CyCV detected in 2013 from cerebrospinal fluid (CSF)
samples of patients with neurological disorders. Information on prevalence, pathogenesis and disease
association of CyCV-VN is still very patchy.

Objectives and study design: In this study, we have used a PCR assay targeting the Rep gene to investigate
the prevalence of CyCV-VN infection in blood and CSF samples of 346 Italian subjects.

Keywords: Results: Overall, 7% of blood samples were positive for CyCV-VN while the virus was not detected in
gg&'\lf;s any of the CSF samples. The prevalence of CyCV-VN was relatively high in HIV positive patients (21%),
HIV modest in patients with HBV or HCV infection (6%), and low in transplant recipient patients (2%). Positive
Italy patients showed low levels of CyCV-VN viremia. The virus was not detected in serum samples from

healthy individuals. Longitudinal analysis of serum samples obtained from selected patients showed a
stable or transient presence of circulating CyCV-VN.

Conclusions: The present study is the first to demonstrate CyCV-VN DNA circulation in Italy and to cast
light on some biological aspects of this novel virus of men.
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1. Background and objectives

Cycloviruses (CyCVs) are members of the recently proposed
genus Cyclovirus within the family Circoviridae. They have small
genomes which are circular, single-stranded DNA of about 2 kb con-
taining two major inversely arranged open reading frames (ORFs).
The two putative ORF proteins are believed to serve as capsid pro-
tein and viral replication associated protein (Rep). The genome
also contains a potential stem-loop structure with a conserved
nonanucleotide motif located between the ORF 5’-ends and prob-
ably important in initiating the replication of the viral genome [1].
CyCVs have been discovered in chimpanzees and wild animal fecal
samples [2-5], rodent intestinal content [6,7], equine nasal secre-
tions [8], insects [9-13], bats [14-18], farm animals such as cows,
sheep, goats, and chickens [1,3,16], and felines [5] .
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In 2010 Li et al. first reported CyCV in 7-17% stools from non-
U.S. children with nonpolio acute flaccid paralysis, differentiating
25 potentially different species from several countries, such as
Pakistan, Nigeria, and Tunisia (TN) [3]. CyCVs have been suggested
to cause human enteric infections and human isolates showed
limited genetic overlap with those derived from consumed food
[3,19]. In 2013 CyCV-Vietnam (CyCV-VN) was detected in 4% of
642 cerebrospinal fluid (CSF) specimens of patients living in cen-
tral and southern Vietnam and suffering central nervous system
(CNS) infections [4]. A similar prevalence found in feces of healthy
children suggested that CyCV-VN infection is transmitted via food-
borne or orofecal transmission routes. The same study also found a
high prevalence of infection in pigs and poultry (58% feces scored
positive for CyCV-VN genome) suggesting the existence of animal
reservoirs [4].

Another CyCV (CyCV-VS5700009) was recently identified in 15%
and 10% serum and CSF samples, respectively, of Malawian patients
with unexplained paraplegia: interestingly, only 1 patient was
positive in both CSF and serum [20] . To explore the geographic
distribution of these novel viruses, Tan et al. [21] screened more
than 600 CSF specimens from patients with suspected CNS infec-
tions in northern Vietnam, Cambodia, Nepal, and The Netherlands.
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Unexpectedly, none of them scored positive for CyCV-VN and
CyCV-VS5700009 genome [21]. More recently, Garigliany et al.
[2] reported the detection of CyCV-VN species in human stool
samples from Madagascar and Ghana and pig stool samples from
Cameroon, supporting the idea that CyCV-VN has a wide geo-
graphic distribution and animal reservoirs. In 2014, Phan et al.
reported a third CyCV (CyCV-ChileNPA1) from 4 children with
acute lower respiratory tract infections in Santiago, Chile, using a
viral metagenomics approach [22]. Furthermore, a fourth potential
CyCV (CyCV-VS6600022) was isolated in a Dutch patient with diar-
rhea [23]. Sequence comparison and phylogenetic analysis among
these 4 isolates indicated that they represent distinct, but phyloge-
netically related, CyCV species.

In this study, serum and CSF samples from 346 patients were
examined to establish the prevalence of CyCV infection in Italy.
Analysis was carried out using a CyCV-VN Rep-targeted polymerase
chain reaction (PCR) assay.

2. Study design
2.1. Patients and samples

A total of 346 randomly selected samples (294 sera and 52
CSF) from subjects living in central Italy were studied. All sam-
ples were collected between January and December 2013 and
written informed consent was collected from each subject before
being sampled. Most serum samples (n=215) were from diseased
patients whom blood samples had been submitted to our labora-
tory for routine virological analysis; the remaining 79 sera were
from healthy blood donors. Diseased patients included 60 solid
organ transplant recipients (32 kidney transplants, 28 liver trans-
plant),and 155 chronically viremic patients (72 patients viremic for
HIV RNA, 42 for HBV DNA, and 41 for HCV RNA) (Table 1). The 52
CSF samples were from patients with neurological disorders (i.e.
meningitis, encephalitis). For a subset of CyCV positive patients,
pre-and post- serum samples were available for confirmatory tests.
Aliquots were immediately prepared, stored and kept under sterile
conditions at —80 °C until use.

3. CyCV DNA detection

Viral nucleic acids were extracted from 200 pl serum or CSF
using a commercial kit (QIAamp DNA blood kit, Qiagen, Hilden,
Germany) and amplified with standard published PCR primers [4]
and a newly designed real-time quantitative PCR using same fol-
lowing primers CyCV31-53F: 5'-GAGCGCACATTGAAAGAGCTAAA-
3/, and CyCV178-153R: 5'- TCTCCTCCTTCAATGACAGAAACAAC-3'.
Primers were designed on the Rep gene of the CyCV-VN genome
[4], and have the potential for sensitive and specific PCR detec-
tion of viral isolates belonging to CyCV-VN species. For real-time
quantitative PCR (qPCR), 20 pl of reaction containing 10 .l iTaq
Universal SyBRGreen Supermix (BioRad, Hercules, CA, USA), 0.5 uM
forward and reverse primers and 3 wl DNA, were amplified with
iQ5 Multicolor Real Time PCR System (Bio-Rad) and as follows: ini-
tial denaturation at 95 °C for 5min, 40 cycles of 15s at 95°C, and
1 min at 60°C. Specificity of amplified products was determined
by melting curve analysis. Standard curves for template quanti-
tation were produced with 10-fold dilutions of CyCV-VN plasmid
kindly provided by Dr. Le Van Tan (Centre for Tropical Medicine,
Oxford University Clinical Research Unit, Ho Chi Minh City, Viet-
nam). This method detected about 30 copies per ml of serum.
With standard PCR, amplification was carried out in 25 .l reac-
tion mixture containing 0.75 U DreamTaq Green DNA polymerase
(ThermoScientific Waltham, MA, USA), 0.6 .M each primer, 0.2 mM
each deoxynucleoside triphosphate, 1X DreamTaq Green buffer,

and 3 ul of DNA template. PCR was performed in a T100 Ther-
mal Cycler (Bio-Rad) with an initial denaturation step at 95 °C for
3 min, followed by 45 cycles at 95°C for 30s, 55°C for 30s, 72°C
for 30s, and a final extension step of 72 °C for 10 min. PCR products
were resolved on 2% agarose gels using a molecular size marker
to estimate amplicon length (expected size 147 bp). To minimize
contamination risk, serum handling, DNA extraction, PCR amplifi-
cation, and electrophoresis analysis were carried out in separated
rooms. Negative controls were added during DNA extraction and
PCR amplification. To validate the amplification process, positive
controls obtained from Le Van Tan were run in each PCR. All sam-
ples were tested with both PCRs and scored positive when CyCV-VN
DNA was detected by both methods.

To further exclude PCR contamination and to demonstrate that
CyCV-VN strains were present as complete genomes, a molecular
approach combining the rolling circle amplification (RCA) tech-
nique [24,25] with specific cyclovirus PCRs was performed. RCA
was carried out in a 20 pl format by using an optimized mix with
4 w1 of sample DNA, 25 uM of exo resistant random primers, 4 mM
of dNTPs, and 10U of phi29 DNA polymerase. Amplification was
performed at 30°C for 18 h, followed by inactivation of phi29 DNA
polymerase at 65°C for 10 min. The resulting RCA DNA product
was resolved on 0.6% agarose gel, spectrophotometrically quan-
tified and then diluted to be used as the template in cyclovirus
specific-PCRs.

4. Results
4.1. Detection of CyCV-VN DNA

As shown in Table 1, 21 of 294 serum samples were found
positive for CyCV-VN DNA corresponding to a prevalence of infec-
tion of about 7% in the Italian population studied. Distribution was
uneven: all sera from healthy controls were negative, 1 (out of 32,
3% prevalence) was from a simultaneous kidney/pancreas trans-
plant recipient (female, 50 years old), and 20 (out of 155, 13%) were
from patients infected with HBV, HCV, or HIV. Two of these were
HBV infected and had moderate levels of circulating HBV DNA (5277
and 272 Ul/ml, respectively); three were HCV infected (2 females,
1 male) with a mean HCV load of about 1.200.000 Ul/ml serum;
and interestingly, 15 were HIV-positive patients (out of 72 tested
HIV-positive patients, 21%; 12 males, 3 females). The HIV-positive
patients coinfected by CyCV-VN had a tendency to manifest lower
mean HIV RNA levels (33.300 vs. 286.200 copies/ml) and mean
CD4 counts (583 vs. 651/l of blood) compared to CyCV-VN nega-
tive patients, but the differences were not statistically significant.
No CSF from patients with neurological disorders tested positive
(Table 1).To exclude PCR contamination, a number of virus-positive
samples were re-tested by using RCA, which made it possible the
preferential amplification of circular DNA genomes by random
primers. All RCA products were confirmed CyCV-VN positive when
amplified by the cyclovirus-specific protocols as in Materials and
Methods (data not shown). Measuring of CyCV-VN viremia in virus
positive patients showed that was detected at serum loads of about
2.0 log copies/ml with no significant difference among the patients
(Table 1).

4.2. Longitudinal study of CyCV-VN viremia

Serial samples were available for five CyCV-VN DNA positive
patients. As reported in Table 2, at least two samples scored pos-
itive for each HIV patient. Interestingly, patient CA, for whom we
could examine six serum samples, harbored CyCV-VN DNA in his
blood for at least 7 months. CyCV-VN DNA was instead intermit-
tently found in the blood samples of other subjects. Patient AG,
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Table 1
Analysis of 346 selected human samples for CyCV-VN DNA detection.

Sample Source(s) Female/Male Mean age (yrs) No. tested CyCV-VN DNA positive (%)
Plasma

Healthy subjects 30/49 41+10 79 0(0)

Liver transplant recipients 11/17 57+16 28 0(0)

Kidney/pancreas transplant recipients 19/13 51+12 32 1(3)®

HBV positive patients 12/30 43+15 42 2(5)

HCV positive patients 14/27 55+18 41 3(7)

HIV positive patients 20/52 47+14 72 15(21)
Cerebrospinal fluid

Neurological patients 28/24 49+10 52 0(0)

2 Mean CyCV-VN loads + standard deviation were: 192, 100410, 179 £ 50, 180+ 20 DNA copies for ml of serum for kidney/pancreas transplant recipient, HBV positive

patients, HCV positive patients, and HIV positive patients, respectively.

Table 2
Time course of CyCV-VN DNA detection in serum samples from 5 patients.

Patient CyCV-VN DNA detection at selected time points (months)

0 1 2 3 4 5 6 7
HIV positive
Patient AG 100 c/ml? NAP NA NA 150 c/ml <30¢/ml NA NA
Patient CA 80 c/ml* NA 120 c/ml 570 c/ml 180c/ml 100 c/ml NA 70c/ml
Patient NF 165 c/ml? 352c/ml NA NA NA NA NA NA
Patient PU <30c¢/ml NA NA NA NA NA 85¢/ml? 100 c/ml
Transplant recipients
Patient MS <30¢/ml 195 ¢/ml* NA <30¢/ml <30¢/ml <30¢/ml NA NA

2 Serum sample initially tested for CyCV-VN DNA; c/ml, copies per ml of serum.
b NA, Not available.

viremic at first sampling was also positive at month 4 but nega-
tive at month 5; patient PU was positive in the last samples and
negative in the blood collected six months before. Finally, patient
MS, who was positive in the sample collected at month 1 post-
transplantation, was then consistently negative in the three sam-
ples collected at monthly interval post-transplantation. As shown
in Table 2, all positive samples at selected time points showed low
levels of CyCV-VN viremia.

5. Discussion

In order to elucidate the presence of CyCV-VN in European
countries other than The Netherlands, we screened a number of
samples collected from diseased patients and healthy blood donors
in central Italy. Serum samples were taken from 132 immunocom-
promised patients (72 patients with HIV infection and 60 transplant
recipients), 83 co- infected patients (42 patients HBV-infected, and
41 HCV-infected), and 79 healthy blood donors. CSF samples were
obtained from 52 patients with neurological disorders. CyCV-VN
DNA was identified in the blood of 16 (12%) individuals with dys-
function of their immune system, and 5 (6%) co-infected subjects.
No serum from immune-competent healthy donors and no CSF
sample were found positive for CyCV. Although we were unable to
discriminate the exact CyCV-VN species in our CyCV-DNA positive
patients, our study reveals that CyCV-VN-like sequences, which can
be detected by our qPCR assay, are circulating in Italian population,
thus extending previous findings about the geographic distribution
of the virus.

These data raise a number of interesting points. Firstly in the-
ory, the high rate of PCR detection, and the very low level of viral
DNA could suggest possible PCR contamination. However, this pos-
sibility was completely excluded. All the laboratory procedures
for minimizing the contamination risk were put underway, and
importantly virus-positive samples were re-confirmed by using
a preliminary step of RCA, supporting the claim that CyCV-VN
strains were present as complete genomes. Also, potential PCR
cross-reactivity with contaminating human genomic DNA [26] was

excluded by sequencing all the 21 PCR fragments obtained. Twenty
out of 21 isolates were clearly related to the previously published
CyCV-VN sequence (99% identical to isolate hcf5) while one serum
sample from a HBV-positive patient yielded a sequence 99% iden-
tical to isolate TN18 (accession number: GQ404858). This strain is
evolutionary different from CyCV-VN isolates and might represent
a separate viral species.

Secondly, the presence of CyCV-VN DNA in the blood suggests
that the infection is systemic, although the significance of viremia
and underlying pathogenic process - if any - are unclear at the
moment. Third, most patients in whom CyCV DNA was found had
deficient immune system. This finding is not surprising since tor-
quetenovirus, single- stranded DNA viruses genetically very similar
to CyCV-VN, circulate in the blood of infected individuals at lev-
els that show an intriguingly positive association with severity of
immunedeficiency [27]. Fourth, the data collected over time, albeit
small, suggests that viral DNA is a stable or transient presence in the
blood of infected subjects. In particular, patient CA harbored CyCV-
VN DNA in his blood for at least 7 months. These findings could
be the result of a short-lasting acute infection with subsequent re-
infection or, alternatively, a persistent infection with viremia levels
that fluctuates in close proximity of the sensitivity threshold of the
PCR assays used. According to the latter hypothesis, the observation
that the levels of CyCV-VN found during the follow-up of positive
patients remained consistently low ranging around 102 copies per
ml of serum.

The present study is the first to investigate CyCV-VN DNA cir-
culation in Italy and shed light on the biological aspects of this
virus in humans. Further investigations are warranted to establish
CyCV-VN epidemiology and understanding pathogenetic role and
significant of this novel virus.
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