J. Dairy Sci. 92:5928-5932
doi:10.3168/jds.2009-2265
© American Dairy Science Association, 2009.

Short communication: Detection of human Torque teno virus
in the milk of water buffaloes (Bubalus bubalis)

S. Roperto,*1 0. Paciello,* F. Paolini,t U. Pagnini,* E. Palma,} R. Di Palo,§ V. Russo,* F. Roperto,*

and A. Venutit

*Department of Pathology and Animal Health, Faculty of Veterinary Medicine, Naples University Federico I, Naples, Italy

fLaboratory of Virology, Regina Elena Cancer Institute, Rome, Italy

IDipartimento di Scienze Farmacobiologiche, Facolta di Farmacia, Universita di Catanzaro Magna Greaecia, 88100 Catanzaro, Italy
§Dipartimento di Science Zootecniche ed Ispezione degli Alimenti, Facolta di Medicina Veterinaria, Universita di Napoli ‘Federico II', Napoli, Italy

ABSTRACT

Forty-four raw milk and 15 serum samples from 44
healthy water buffaloes reared in Caserta, southern
Italy, the most important region in Europe for buf-
falo breeding, were examined to evaluate the presence
of Torque teno viruses (TTV) using molecular tools.
Furthermore, 8 pooled pasteurized milk samples (from
dairy factories having excellent sanitary conditions) and
6 Mozzarella cheese samples were also tested. Four of
the cheese samples were commercial Mozzarella cheese;
the remaining 2 were prepared with TTV-containing
milk. Human TTV were detected and confirmed by se-
quencing in 7 samples of milk (approximately 16%). No
TTV were found in serum, pooled pasteurized milk, or
Mozzarella cheese samples. The samples of Mozzarella
cheese prepared with TTV-containing milk did not
show any presence of TTV, which provides evidence
that standard methodological procedures to prepare
Mozzarella cheese seem to affect viral structure, making
this food fit for human consumption. The 7 TTV spe-
cies from water buffaloes were identified as genotypes
corresponding to the tth31 (3 cases), sle 1981, sle 2031,
and NLCO030 (2 cases each) human isolates. Although
cross-species infection may occur, detection of TTV
DNA in milk but not in serum led us to believe that its
presence could be due to human contamination rather
than a true infection. Finally, the mode of transmission
of TTV has not been determined. Contaminated of the
food chain with TTV may be a potential risk for hu-
man health, representing one of the multiple routes of
infection.
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Torque teno virus (T'TV) is a novel DNA virus found
in 1997 in Japan from a patient with posttransfusion
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hepatitis of unknown etiology (Nishizawa et al., 1997).
It was recently named Torque teno virus after the Latin
for “thin necklace” (Hino and Miyata, 2007). At least
39 genotypes of Torque teno viruses have been identi-
fied and phylogenetic analysis revealed 5 major groups
(groups 1 to 5; Okamoto, 2009a). They are classified
into the genus Anellovirus, reflecting the organizational
circular arrangement of the TTV genome (Biagini,
2009).

Torque teno viruses are spread globally and ap-
pear to frequently infect both rural and urban human
populations (Biagini, 2004). Infections of TTV are not
restricted to human hosts: TTV infection has been
reported in nonhuman primates (Abe et al., 2000).
Furthermore, TTV DNA has been detected in serum
and feces samples of farm animals such as pigs, cows,
chickens, and sheep (Leary et al., 1999; Brassard et al.,
2008). Genomic characterization has been performed
on species-specific TTV that infect domestic animals
including pigs, cats, and dogs (Okamoto et al., 2000).

Recently, TTV infection has been detected in camels
(Al-Moslih et al., 2007). The aim of the present paper
was to report the incidence of human TTV genotypes
detected in the milk of water buffaloes and emphasize
the potential role of the food chain in human TTV
infection.

Forty-four raw milk and 15 serum samples were col-
lected from 44 healthy water buffaloes chosen at ran-
dom from 3 buffalo breeding operations in the area of
Caserta, southern Italy, which is the most important
region in Europe for buffalo breeding. All 3 buffalo
breeding operations were characterized by excellent
sanitary conditions. Furthermore, 8 pooled pasteur-
ized milk samples were obtained from 4 dairy factories
known to collect large quantities of commercial buf-
falo milk and to have very good sanitary requirements.
Milk was pasteurized by the continuous HT'ST method
(72.5°C for 20 s).

Six Mozzarella cheese samples were also tested; 4
were from quantities on sale in a commercial market,
and 2 were experimentally prepared with TTV-contain-
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ing milk obtained from a buffalo breeder in the area
of Caserta, Italy. Commercial Mozzarella cheese was
prepared using traditional whey starter according to
the procedures provided by the European Regulation
1107/96 for the European products having a protected
denomination of origin. Briefly, milk was curdled by
rennet addition in approximately 30 min. After mill-
ing the curd and partially separating the whey, curd
ripening was conducted by submerging it under whey
for 3 to 4 h to reach a pH value of approximately 4.8.
At this time, the curd was cut into small pieces (about
1 linear cm) and stretching was begun by addition of
boiling water (98°C) in a curd/water ratio of 1:2 (wt/
wt) at temperature of 60 to 65°C under acid conditions
(pH 4.8).

Contaminated milk used to prepare Mozzarella
cheese was pasteurized by the batch method in a pilot
plant in that was in a controlled area and was limited
to authorized personnel. Because of the small quanti-
ties of contaminated milk, a jacketed vat surrounded
by circulating steam was used to heat milk to 65°C
for a holding period of 30 min followed by rapid cool-
ing to approximately 36°C under continuous agitation.
Phosphatase-negative milk was subsequently curdled to
obtain cheese with the same commercial procedures as
the industrial procedures.

One hundred-microliter aliquots of milk and serum
samples were used for DNA extraction by using the
QIAamp Mini kit (Qiagen, Milan, Ttaly) following the
manufacturer’s instructions. Mozzarella cheese was
processed by the Nucleospin food kit (Macherei-Nagel,
Bethlehem, PA) to extract genomic DNA according to
the manufacturer’s instruction.

All specimens were tested for the presence of TTV
DNA by PCR. Five-microliter aliquots of DNA were
amplified using 2 sets of nested primers derived from
the conserved 5" untranslated region of the TTV ge-
nome; the nested primers used were NG054/147 for the
outer reaction and NG133/132 for the inner reaction
(Okamoto et al., 1999). Both outer and inner PCR am-
plifications were undertaken in 50-pL reaction mixtures
containing 50 pM of each primer, 2 mM MgCl2, 2.5
mM of each dNTP, and 1 unit of thermostable Plati-
num Taq (Invitrogen, Milan, Ttaly) with the following
cycles: initial 2.5 min denaturation at 95°C, followed
by 35 cycles of 50°C (55°C for inner primers) for 30 s,
72°C for 1 min, 95°C for 30 s, and final elongation at
72°C for 10 min. Three microliters of the outer PCR
was used for the inner PCR. To increase the sensitiv-
ity of the screening, samples were analyzed under the
same PCR conditions but using the primer set B as
reported by Leary et al. (1999). Positive and negative
controls (TTV-positive DNA from human sera and no
DNA, respectively) were included in each amplification.
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Table 1. Detection rates of Torque teno virus (TTV) in milk and sera
from water buffaloes in southern Italy

Positive for TTV

Samples
Sample tested, n n %
Milk 44 7 15.90
Serum 15 0
Pooled milk 8 0 0
Mozzarella cheese 6 0 0

Amplified products were submitted to 2.5% agarose
gel electrophoresis under constant voltage (90 V) for
approximately 40 min. The resolved bands were visual-
ized under UV light.

Viral typing was achieved by direct sequencing of
PCR amplification. Briefly, amplicons were purified by
affinity chromatography with the PCR purification kit
(Qiagen) and subjected to automated sequencing (Bio-
gen GeneLab, Rome, Italy). The obtained sequences
were aligned to prototype viral sequences with the
BLAST (Basic Local Alignment Search Tool) program
(http://www.ncbi.nlm.nih.gov/BLAST).

Torque teno viruses were detected in 7 out of 44 milk
samples (about 16%) as shown in Table 1. Molecular
investigations failed to detect TTV in serum samples,
pooled pasteurized milk samples, or Mozzarella cheese
samples. The presence of a 132-bp amplified product
by agarose gel was indicative of a positive result that
was further confirmed by sequencing. A representative
example of this analysis is showed in Figure 1.

The same samples were analyzed with a different
set of primers amplifying a different TTV region; this
analysis did not reveal additional positive samples and
confirmed the previous results (data not shown). Table
2 shows the distribution of TTV DNA genotypes. Se-
quences were aligned and compared with the sequences
in the database. The sequences showed high homology
(>95%) with the following human isolates: tth31 (3
cases), sle 1981, sle 2031, and NLC030 (2 cases each).
Therefore, all the detected TTV were homologous to
human isolates.

Conflicting opinions exist on the potential of TTV to
cause disease, including cancer, because of their wide
presence globally in human populations; however, TTV
infection has been associated with liver (Comar et al.,
2006) and respiratory diseases (Bando et al., 2008)
as well as hematological disorders (Figueiredo et al.,
2007). Torque teno viruses appear to be involved in
idiopathic inflammatory myopathies (Gergely et al.,
2005) and in some skin disorders such as bullous pem-
phigoid (Blazsek et al., 2008). It has been speculated
that TTV may be involved in indirect carcinogenesis
mostly via a dysfunction of the immune system (zur
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Figure 1. Agarose gel electrophoresis of the amplified products: DNA extracted from raw milk samples was subjected to nested PCR with
NG primers. The length of the Torque teno virus (TTV) amplification product was 132 bp. Numbers over lanes correspond to different samples;
+ = DNA from TTV-positive human serum; — = no DNA; M8 = molecular mass marker type VIII (Roche Applied Science, Monza, Italy), sizes
(bp) shown on the right. The result of the direct sequencing of the amplified product is shown in the bottom panel with the alignment to the
sequence of the tth31 isolate (emb AJ620225.1; http://www.ncbi.nlm.nih.gov /sites/entrez?db=nuccore) by the EBI ClustalW2 software (http://

www.ebi.ac.uk/Tools/clustalw2/index.html).

Hausen and de Villiers, 2009). It has been suggested
that TTV are co-infecting viruses, thus, promoting and
enhancing the pathological effects of other infectious
agents. High co-prevalence of TTV and human herpes
virus 8 has been reported in patients suffering from
Kaposi’s sarcoma (Girard et al., 2007); co-infection of
TTV and human papillomavirus has been documented
in patients with laryngeal carcinoma (Szladek et al.,
2005). High titers of TTV DNA have been found in
patients infected with human immunodeficiency virus
(Thom and Petrik, 2007). Furthermore, the identifica-
tion of a high level of TTV in colorectal cancer tissues
may indicate an increased risk for such cancers (de Vil-
liers et al., 2007).

Many aspects of TTV infection, including the precise
host range and cross-species, remain to be elucidated
(Okamoto, 2009b). However, a high incidence of human
TTV genotypes 11 and 16 has been detected in the
serum (38.2%) and milk (37.5%) of camels, which sug-
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gests that cross-species infection may occur (Al-Moslih
et al., 2007).

We found a high incidence (approximately 16%) of
human TTV genotypes in the milk of water buffaloes,
the serum of which was negative; furthermore, Moz-
zarella cheese produced with TTV-containing milk
was also negative for TTV. The use of only one set of

Table 2. Torque teno virus (TTV) genotype distribution in raw milk
of water buffaloes

Sample TTV isolate detected Database accession no.'
276 tth31 emb AJ620225.1

330 tth31 emb AJ620225.1

550 tth31 emb AJ620225.1

602 sle2031 emb AM711979.1

723 NLC030 dbj AB038631.1

897 sle1981 emb AM712048.1

952 NLCO030 dbj AB038631.1
"Database URL: http://www.ncbi.nlm.nih.gov/sites/entrez?db

=nuccore
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primers may cause underestimation of positive samples;
therefore, all specimens were analyzed with a second
set of primers that has previously been shown to am-
plify a larger number of TTV (Leary et al., 1999). The
additional set of primers did not reveal any additional
positive samples and confirmed the presence of the
same human isolates.

Therefore, we believe that TTV presence in the milk
of the examined buffaloes is due to human contamina-
tion rather than a true mammary infection; further-
more, routine methodological procedures for preparing
Mozzarella cheese seem to affect viral structure, making
the food fit for human consumption. High temperature
combined with other parameters such as the acidity
conditions of curdled milk may be effective at inactivat-
ing the virus or decreasing the viral titer. A recent paper
about the resistance of porcine circovirus 2 (PCV2) and
chicken anemia virus (CAV), 2 well-known TTV-related
viruses, showed that pasteurization above 70°C is effec-
tive at eliminating PCV2 and CAV infectivity (Welch
et al., 2006). Our results appear to conflict with the
findings reported in camel milk (Al-Moslih et al., 2007).
In that study, the authors stated that pasteurization
of camel milk did not affect TTV, but the authors did
not report any pasteurization method, particularly the
temperature and holding time. Further specific investi-
gations are needed. In particular, quantitative real-time
PCR investigations could be very useful to determine
the difference, if any, in the starting quantity of viral
DNA in milk from infected animals (the Al-Moslish et
al., 2007 study) and in contaminated milk (our study).

Although horizontal routes, particularly droplet
infection, appear to be involved in transmission of
Anelloviruses (Okamoto, 2009a), we believe that it is
important to clarify the significance of the presence of
TTV as a food risk factor. In this context, it has been
suggested that the effect of TTV presence in livestock
population for the agricultural food chain should be
further investigated (Brassard et al., 2008).

Our study shows that TTV-contaminated milk of
farm animals can be an important route resulting in
human exposure to such agents. Raw milk represents
a potential mode of viral transmission and may con-
tribute to the spread of viruses in human populations.
Our observations raise questions about the presence of
TTV in the food chain as an important risk factor of
disease and whether viral investigations must be car-
ried out to ensure the safety of animal food for human
consumption.
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