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The newborns Torque teno virus dynamics depending on the term,  
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Elena A. Lolomadze1,2, Anna V. Degtyareva1, Denis V. Rebrikov1,2*

1Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russia; 2Pirogov Russian 
National Research Medical University, Moscow, Russia

Received October 20, 2020; revised March 31, 2021; accepted June 21, 2021

Summary.  –  The first weeks of life are extremely important for the development of the immunity-
virome interaction that affects human health in adulthood. In this study we analyzed Torque teno virus 
(TTV) dynamics during the first weeks of life in the full-term/premature infants in relation with the 
maternal TTV load and the type of feeding. 152 infants aged 1–14 weeks (63 full-term and 89 premature) 
and 33 mother-child pairs were analyzed for the whole blood TTV load by qPCR with test sensitivity of 
1000 viral copies/ml. 50 infants were retested (at 2–11 time points) for TTV dynamics data. All one-week 
babies (n = 71) from TTV-positive mothers were TTV-negative, consistently with the previous findings of 
the lack of transplacental transmission of the virus. TTV was not detectable in newborns under two weeks 
of age. Most infants are TTV-positive by 14 weeks of age. Whole blood TTV load does not show significant 
correlation with full-term/prematurity, maternal TTV load, or feeding type.
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Less is known about the effect of the viral population 
(virome), consisting of bacteriophages and eukaryotic 
RNA and DNA viruses, on pregnancy and early postnatal 
development. Wylie et al. (2018) showed that a high diver-
sity of the vaginal eukaryotic DNA virome is associated 
with preterm delivery. Wolsk et al. (2016) suggested that 
the asymptomatic presence of picornavirus in the respira-
tory tract of newborns may act as a potent activator of the 
local immune response. 

Microbiome of young infants is highly dynamic and 
subject to age-related changes in the composition of 
bacteria, eukaryotic viruses and bacteriophages (Lim et 
al., 2015). Virome dynamics were studied in 20 pairs of 
Malawian twins aged 0 to 3 years with severe acute mal-
nutrition or healthy; results showed that anelloviruses 
and circoviruses were differently represented in twins 
with varying degrees of malnutrition (Reyes et al., 2015). 
It is known that the mode of delivery has a significant ef-
fect on the intestinal viral communities, since naturally 
born babies have a wide variety of eukaryotic viruses and 
bacteriophages. In particular, Torque teno virus (TTV) 

The human microbiota is involved in a number of 
physiological processes vital to the host, such as the for-
mation of the immune system, metabolism and energy, 
the maturation of intestinal epithelium, and neurobehav-
ioral development and maintenance of tissue homeosta-
sis (Yadav et al., 2018). Healthy people have a very diverse 
microbiota (Heiman and Greenway, 2016), while various 
pathologies, including inflammatory diseases, diabetes, 
obesity, and cardiovascular disease, are associated with 
altered microbiota composition and decreased diversity 
(Turnbaugh et al., 2006; Murri et al., 2013; Machiels et 
al., 2014; Romano et al., 2015). Colonization by gut flora is 
critical to the growth and development of an infant and 
is highly dependent on genetics, mode of delivery, dietary 
patterns, maternal flora, and maternal age and lifestyle 
(Dominguez-Bello et al., 2010; Rodríguez et al., 2015).
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was significantly enriched in the feces of naturally born 
infants independently of the breastfeeding status (Mc-
Cann et al., 2018).

The early postpartum period is critical for the forma-
tion and development of the immune system; it is vital to 
human health in adulthood (Lim et al., 2015). Many factors 
predispose premature babies to the highest risk of patho-
logical infections compared to all other age groups. The 
underdeveloped state of immune system, characteristic of 
prematurity, increases the risks of infection. Suppression 
of the innate immune system is prudent for development 
because it allows the fetus not only to safely be exposed 
to maternal antigens, but also to deal with physiological 
stress and remodeling. However, this makes the newborn, 
especially the premature one, very susceptible to bacterial 
and viral infections (Simon et al., 2015).

The list of major viruses in newborns includes res-
piratory viruses (rhinovirus, picornavirus, parainfluenza 
viruses, respiratory syncytial virus, metapneumovirus, 
parachoviruses, coronavirus, enterovirus, adenovirus, 
bocavirus 1) and herpes viruses (cytomegalovirus, herpes 
simplex virus, herpes simplex virus) (Freij and Sever, 
1988; James and Kimberlin, 2015; Luoto et al., 2016; Pin-
ninti and Kimberlin, 2018). Some of them persist in the 
fetus and newborn in a hidden way, without causing cy-
tological abnormalities or detectable forms of the virus. 
Such latent infection can be associated with fetal and 
newborn disease, organ damage, and other complications 
(Robb et al., 1986). The study of the neonatal virome and 
its relationship with the immune system is gaining in 
importance.

In this context, the study of the proliferation of the 
commensal TTV in the early postnatal period can provide 
important indicators of the state of immunity (Griffiths, 
1999; Simmonds et al., 1999; Mushahwar, 2000; Bendinelli 
et al., 2001; Griffin et al., 2008). TTV, which is ubiquitous in 
human body fluids and tissues, is associated with a state 
of immunosuppression in the early period after solid 
organ transplantation (Fernández-Ruiz et al., 2019; Ruiz 
et al., 2019). Data on intrauterine transplacental trans-
mission of TTV vary, but recent PCR studies of umbilical 
cord blood show no virus in newborns (Tyschik et al., 
2017). TTV dynamics during the first year of life shows a 
significant positive correlation of viral load with age; the 
rapid growth during the first two months of life reaches 
plateau at 3–6 months (Tyschik et al., 2018). Understand-
ing the kinetics of primary TTV infection and its role in 
establishing chronic infection is important for determin-
ing early viral pathogenesis mechanisms or the possible 
association of TTV with immunity.

The aim of this study was to determine the TTV viral 
load in term and premature infants, taking into account 
the feeding type and maternal viral load.

Table 1. The age of first TTV detection in preterm and full-term 
babies
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Age, days TTV, copies/ ml

13 2,2 *103

31 1,5 *104

42 4,3 *104

56 4,6*103

76 1,5 *105

89 9,8 *104

89 5,2 *105

96 5,7 *103

105 1,2 *105

fu
ll-

te
rm

 b
ab

ie
s

42 1,8 *103

45 1,5 *104

64 2,7 *103

67 8,4 *105

111 2,6*104

114 4,0 *104

119 3,2 *105

The study protocol was reviewed and approved by 
the Ethics Committee of the Kulakov National Medical 
Research Center for Obstetrics, Gynecology and Perina-
tology (Protocol No. 2018/07.02); the study was conducted 
in accordance with the Declaration of Helsinki. All par-
ticipants (parents) provided written informed consent.

This prospective, single-center study included 152 chil-
dren (63 full-term and 89 premature, 0–14 weeks of age). 
Of the total 152 infants, 50 were tested repeatedly (at 2–11 
time points), and 33 were included in mother-child pairs 
(with mother's analysis on TTV). All full-term infants 
were breastfed immediately from birth, and all premature 
infants were fed with formula throughout the period of 
blood collection. The exclusion criteria were as follows: 
signs of disorder (infectious or genetic), immunological 
deviations as assessed from blood counts, age over 4 
months, voluntary refusal. 

Each sample included two aliquots of capillary blood 
collected into Microvette 200 EDTA K3 tubes (Sarstedt, 
Germany) between February 2018 and June 2019 at the 
Kulakov National Medical Research Center for Obstetrics, 
Gynecology, and Perinatology (Moscow, Russia). DNA ex-
traction, TTV quantification and qPCR data analysis were 
performed as described in (Tyschik et al., 2018). 

All one-week babies (n = 71) from TTV-positive mothers 
were TTV-negative, consistently with the previous find-
ings of the lack of transplacental transmission of the virus 
(Fig. 1) (Tyschik et al., 2017). Only two of the infants were 
TTV-positive before 4 weeks of age (with the test sensiti-
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vity of 1000 copies/ml (Vasilyev et al., 2009)). The percent 
of TTV-positive samples increased from 18% at 6 weeks 
to 74% at 14 weeks of age. Time points of the earliest TTV 
detection in whole blood of preterm and full-term babies 
are given in Table 1. 

Individual TTV dynamics for 6 children for whom the 
virus was detected in at least 2 blood samples over at least 
3 time points is shown in Fig. 2. 

Of the 33 examined mother-child pairs, 11 mothers 
(33.3%) were TTV-negative (with no positive infants (mean 
age 52 days)) and 22 mothers (66.7%) were TTV-positive 
(with 17 TTV-negative (mean age 53 days) and 5 TTV-posi-
tive infants (mean age 57 days) (Fig. 3). Viral load analysis 
of groups of TTV-positive mothers with TTV-negative and 
TTV-positive infants did not show significant differences 
in TTV load of mothers' whole blood (Mann-Whitney test, 
p <0.05). 

These data are consistent with the results of our previ-
ous study (Tyschik et al., 2018) showing that TTV load in-
creases during the first months of life in healthy children 
with strong proliferation during the first two months after 
birth. In publication of Ohto et al. (2002), a lower incidence 
of infection was also observed at the earliest age, and with 
age of 6 months and 2 years, a subsequent increase in the 
prevalence of TTV was revealed.

Some other authors also point rather to the absence of 
transplacental transmission of TTV (Fang et al., 2001; Iso 
et al., 2001; Ohto et al., 2002); most likely the virus enters 
the child's body shortly after birth.

Fig. 1

TTV dynamics during the first weeks of life 
The numbers above each group represent the total number of sam-
ples tested and the percent of TTV-positive samples.

Fig. 2

Individual TTV dynamics for six TTV-positive infants with 
multiple blood sampling time points

Fig. 3

Comparison of TTV loads in mother (+) baby (-) and mother (+) 
baby (+) mother-child pairs

In mother-child pairs (n = 22) with TTV-positive mothers (m+), the 
infants were TTV-negative (b-, n = 17) and TTV-positive (b+, n = 5).

Per contra, a number of studies indicate the presence 
of TTV DNA in 1–66% of cord blood samples (Saback et 
al., 1999; Gerner et al., 2000; Goto et al., 2000; Kazi et al., 
2000; Morrica et al., 2000; Matsubara et al., 2001; Zhong 
et al., 2001; Xin et al., 2004; Mutlu et al., 2007). Such dif-
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S, Hino S (2000): High frequency of postnatal transmis-

ferences can be explained either by low PCR sensitivity 
(for a TTV-negative cord blood studies) or by contamina-
tion with PCR products (since TTV-positive cord blood 
was usually detected by contamination-friendly nested 
PCR) or by mother's blood contamination at the sample 
collection step.

The viral genome sequences comparison is an addi-
tional argument in favor of postpartum acquisition of 
TTV in neonates. In about half of the mother-child pairs, 
infant TTV isolates differ from maternal ones (Zhong et 
al., 2001; Bagaglio et al., 2002; Lin et al., 2002; Ohto et al., 
2002). Our study demonstrates no statistically significant 
difference in TTV viral load of mothers whose children 
were TTV-positive or TTV-negative. This is consistent with 
a study (Mutlu et al., 2007) demonstrating no difference in 
TTV load between mothers who passed and did not trans-
mit TTV to their children. Also, there was no statistically 
significant difference in TTV viral load between term and 
preterm infants (data not shown). 

Breast milk is often TTV-positive (23–67%) (Iso et al., 
2001; Matsubara et al., 2001) and therefore may also be 
one of the transmission routes for TTV. But our data do 
not show a statistically significant difference in TTV viral 
load based on breastfeeding (data not shown).

Our data showed no difference in TTV viral load de-
pending on delivery mode (data not shown). Interestingly, 
the study of McCann et al. (2018) found a difference be-
tween the amount of TTV in a feces samples and the mode 
of delivery, while they also did not observe significant 
differences in the feeding type. They also suggest that 
TTV is transmitted not only through the birth canal and 
breastfeeding, but also from the environment and through 
tactile contact with parents and others.

Current results indicate that the rates of transmission 
and/or proliferation of TTV are independent of maternal 
viral load, term, delivery type and breastfeeding. The ob-
served diversity in TTV dynamics may reflect the diversity 
of emerging immune response patterns in young children.

Acknowledgment. This work was supported by a grant No. 
075-15-2019-1789 from the Ministry of Science and Higher 
Education of the Russian Federation allocated to the Center 
for Precision Genome Editing and Genetic Technologies for 
Biomedicine. Funding was spent on the purchase of the nec-
essary reagents (including reagents for PCR studies) and the 
salary of researchers.

References

Bagaglio S, Sitia G, Prati D, Cella D, Hasson H, Novati R, Laz-
zarin A, Morsica G (2002): Mother-to-child transmis-
sion of TT virus: sequence analysis of non-coding 
region of TT virus in infected mother-infant pairs. 



 SHORT COMMUNICATIONS 311

sion of TT virus in infancy. Arch. Virol. 145(3), 535–540. 
https://doi.org/10.1007/s007050050044

Lim ES, Zhou Y, Zhao G, Bauer IK, Droit L, Ndao IM, Warner BB, 
Tarr PI, Wang D, Holtz LR (2015): Early life dynamics 
of the human gut virome and bacterial microbiome 
in infants. Nat. Med. 21(10), 1228–1234. https://doi.
org/10.1038/nm.3950

Lin HH, Kao JH, Lee PI, Chen DS (2002): Early acquisition of 
TT virus in infants: possible minor role of maternal 
transmission. J. Med. Virol. 66(2), 285–290. https://doi.
org/10.1002/jmv.2143

Luoto R, Jartti T, Ruuskanen O, Waris M, Lehtonen L, Heikkinen 
T (2016): Review of the clinical significance of respira-
tory virus infections in newborn infants. Acta. Paedi-
atr. 105(10), 1132–1139. https://doi.org/10.1111/apa.13519

Machiels K, Joossens M, Sabino J, De Preter V, Arijs I, Eeckhaut 
V, Ballet V, Claes K, Van Immerseel F, Verbeke K, Fer-
rante M, Verhaegen J, Rutgeerts P, Vermeire S (2014): A 
decrease of the butyrate-producing species Roseburia 
hominis and Faecalibacterium prausnitzii defines 
dysbiosis in patients with ulcerative colitis. Gut 63(8), 
1275–1283. https://doi.org/10.1136/gutjnl-2013-304833

Matsubara H, Michitaka K, Horiike N, Kihana T, Yano M, Mori 
T, Onji M (2001): Existence of TT virus DNA and TTV-
like mini virus DNA in infant cord blood: mother-to-
neonatal transmission. Hepatol. Res. 21(3), 280–287. 
https://doi.org/10.1016/S1386-6346(01)00115-2

McCann A, Ryan FJ, Stockdale SR, Dalmasso M, Blake T, Ryan 
CA, Stanton C, Mills S, Ross PR, Hill C (2018): Viromes 
of one year old infants reveal the impact of birth mode 
on microbiome diversity. PeerJ 6, e4694. https://doi.
org/10.7717/peerj.4694

Morrica A, Maggi F, Vatteroni ML, Fornai C, Pistello M, Ciccorossi 
P, Grassi E, Gennazzani A, Bendinelli M (2000): TT Vi-
rus: evidence for transplacental transmission. J. Infect. 
Dis. 181(2), 803–804. https://doi.org/10.1086/315296

Murri M, Leiva I, Gomez-Zumaquero JM, Tinahones FJ, Cardona 
F, Soriguer F, Queipo-Ortuño MI (2013): Gut microbiota 
in children with type 1 diabetes differs from that in 
healthy children: a case-control study. BMC Med. 11(1), 
46–57. https://doi.org/10.1186/1741-7015-11-46

Mushahwar IK (2000): Recently discovered blood-borne 
viruses: are they hepatitis viruses or merely endo-
symbionts? J. Med. Virol. 62(4), 399–404. https://
doi.org/10.1002/1096-9071(200012)62:4<399::AID-
JMV1>3.0.CO;2-U

Mutlu D, Abacioğlu H, Altunyurt S (2007): Investigation of trans-
placental transmission of TT virus in mother-newborn 
pairs. Mikrobiol. Bul. 41(1), 71–77.

Ohto H, Ujiie N, Takeuchi C, Sato A, Hayashi A, Ishiko H, Nishi-
zawa T, Okamoto H; Vertical Transmission of Hepatitis 
Viruses Collaborative Study Group (2002): TT virus in-
fection during childhood. Transfusion 42(7), 892–898. 
https://doi.org/10.1046/j.1537-2995.2002.00150.x

Ruiz P, Martínez-Picola M, Santana M, Muñoz J, Pérez-Del-Pul-
gar S, Koutsoudakis G, Sastre L, Colmenero J, Crespo 
G, Navasa M (2019): Torque Teno virus is associated 

with the state of immune suppression early after liver 
transplantation. Liver Transpl. 25(2), 302–310. https://
doi.org/10.1002/lt.25374

Pinninti SG, Kimberlin DW (2018): Neonatal herpes simplex vi-
rus infections. Semin. Perinatol. 42(3), 168–175. https://
doi.org/10.1053/j.semperi.2018.02.004

Reyes A, Blanton LV, Cao S, Zhao G, Manary M, Trehan I, Smith 
MI, Wang D, Virgin HW, Rohwer F, Gordon JI (2015): 
Gut DNA viromes of Malawian twins discordant 
for severe acute malnutrition. Proc. Natl. Acad. Sci. 
U S A 112(38), 11941–11946. https://doi.org/10.1073/
pnas.1514285112

Robb JA, Benirschke K, Mannino F, Voland J (1986): Intrauterine 
latent herpes simplex virus infection: II. Latent neo-
natal infection. Hum. Pathol. 17(12), 1210–1217. https://
doi.org/10.1016/S0046-8177(86)80562-7

Rodríguez JM, Murphy K, Stanton C, Ross RP, Kober OI, Juge N, 
Avershina E, Rudi K, Narbad A, Jenmalm MC, Marchesi 
JR, Collado MC (2015): The composition of the gut mi-
crobiota throughout life, with an emphasis on early 
life. Microb. Ecol. Health. Dis. 26, 26050. https://doi.
org/10.3402/mehd.v26.26050

Romano KA, Vivas EI, Amador-Noguez D, Rey FE (2015): In-
testinal microbiota composition modulates choline 
bioavailability from diet and accumulation of the 
proatherogenic metabolite trimethylamine-N-oxide. 
mBio 6:e02481. https://doi.org/10.1128/mBio.02481-14

Saback FL, Gomes SA, de Paula VS, da Silva RR, Lewis-Ximenez 
LL, Niel C (1999): Age-specific prevalence and transmis-
sion of TT virus. J. Med. Virol. 59(3), 318–322. https://
doi.org/10.1002/(SICI)1096-9071(199911)59:3<318::AID-
JMV10>3.0.CO;2-Q

Simmonds P, Prescott LE, Logue C, Davidson F, Thomas AE, 
Ludlam CA (1999) TT virus part of the normal hu-
man flora? J. Infect. Dis. 180(5), 1748–1749. https://doi.
org/10.1086/315105

Simon AK, Hollander GA, McMichael A (2015) Eution of the im-
mune system in humans from infancy to old age. Proc. 
Biol. Sci. 282(1821), 20143085. https://doi.org/10.1098/
rspb.2014.3085

Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, 
Gordon JI (2006): An obesity-associated gut micro-
biome with increased capacity for energy harvest. 
Nature 444(7122), 1027–1031. https://doi.org/10.1038/
nature05414

Tyschik EA, Rasskazova AS, Degtyareva AV, Rebrikov DV, 
Sukhikh GT (2018): Torque teno virus dynamics dur-
ing the first year of life. Virol. J. 15(1), 96. https://doi.
org/10.1186/s12985-018-1007-6

Tyschik EA, Shcherbakova SM, Ibragimov RR, Rebrikov DV 
(2017): Transplacental transmission of torque teno 
virus. Virol. J. 14(1), 92. https://doi.org/10.1186/s12985-
017-0762-0

Vasilyev EV, Trofimov DY, Tonevitsky AG, Ilinsky VV, Korostin 
DO, Rebrikov DV (2009): Torque Teno virus (TTV) dis-
tribution in healthy Russian population. Virol. J. 6, 134. 
https://doi.org/10.1186/1743-422X-6-134



312 SHORT COMMUNICATIONS

Wolsk HM, Følsgaard NV, Birch S, Brix S, Hansel TT (2016): Pi-
cornavirus-induced airway mucosa immune profile in 
asymptomatic neonates. J. Infect. Dis. 213(8), 1262–1270. 
https://doi.org/10.1093/infdis/jiv594

Wylie KM, Wylie TN, Cahill AG, Macones GA, Tuuli MG, Stout 
MJ (2018): The vaginal eukaryotic DNA virome and 
preterm birth. Am. J. Obstet. Gynecol. 219(2), 189.e1–189.
e12. https://doi.org/10.1016/j.ajog.2018.04.048

Xin X, Xiaoguang Z, Ninghu Z, Youtong L, Liumei X, Boping 
Z (2004): Mother-to-infant vertical transmission of 

the transfusion-transmitted virus in South China. J. 
Perinat. Med. 32(5), 404–406. https://doi.org/10.1515/
JPM.2004.136

Yadav M, Verma MK, Chauhan NS (2018): A review of metabolic 
potential of human gut microbiome in human nu-
trition. Arch. Microbiol. 200(2), 203–217. https://doi.
org/10.1007/s00203-017-1459-x

Zhong M, Wen S, Zhou F (2001): Transfusion transmitted virus 
infection in mother-to-infant transmission. Zhonghua 
Fu Chan Ke Za Zhi. 36(6), 328–329.


