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Background. Current knowledge implicates that human papillomavirus (HPV) infection can be acquired at an early age. 
However, the role of HPV-specific passive immunization from mother to neonate is nearly unexplored, especially against the 
HPV early proteins. We analyzed immunoglobulin G (IgG) antibodies against HPV-6 early (E2, E4, E6, E7) and late (L1) 
proteins in children prospectively followed up for 3 years.

Methods. A total of 272 children and their mothers from the Finnish Family HPV Study were included in these analyses. Serum 
samples were obtained from pregnant mothers at their third trimester and from newborn/infants at 1-, 2-, 6-, 12-, 24-, and 
36-month visits after birth. Antibodies were analyzed by multiplex serology based on glutathione S-transferase fusion protein 
capture to fluorescent beads.

Results. Maternal antibodies to all tested HPV-6 proteins were transferred to neonates, concordance between maternal and 
neonates’ antibody levels being highly significant (P < .001). Seropositivity of HPV-6 L1 in the neonates declined during the first 
6 months of life, whereas changes in the E protein antibodies were less obvious. After the maternal antibodies had vanished, 
seroconversion to HPV-6 L1 at 12 months (median) and to the HPV-6 E proteins between 23 and 35 months was observed.

Conclusions. IgG antibodies against HPV-6 E and L proteins are transferred from mothers to their children. Seroconversion 
against HPV-6 L1, E2, E4, E6, and E7 does occur in early childhood, as a sign of acquired HPV-6 infection by vertical or 
horizontal transmission starting at 12 months of age.
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Human papillomavirus (HPV) can be transmitted both sexually 
and nonsexually. Nonsexual transmission can occur by vertical 
transmission from the mother to neonate, horizontal transmis-
sion from close contact among family members or others, 
and indirect transmission via contaminated objects [1–8]. 
Accordingly, HPV DNA has been detected in the placenta, 
amniotic fluid, umbilical cord, fetal membranes, blood, sperm, 
and genital tract [3, 4, 9, 10]. Vertical transmission of HPV could 
potentially occur periconceptually (during fertilization), prena-
tally (during pregnancy), or perinatally (during birth or imme-
diately afterward) [3, 4, 9, 10]. During pregnancy, passive 
immunization does occur, when maternal IgG antibodies are 

transferred via placenta to the fetus to protect the neonate 
against infection [11, 12]. An active transplacental immuno-
globulin G (IgG) transfer starts at 13 weeks and peaks in the 
last trimester, when the majority of IgG is transferred during 
the final 4 weeks of gestation [12]. Thus, maternal IgG antibod-
ies are designed to protect against HPV infection during the 
fetal and/or neonatal period. One important factor affecting 
the neonatal immunity is the concentration of these maternal 
antibodies [13].

The replication cycle of HPV is divided into early and late 
phases. Viral replication factor E1 and its auxiliary protein E2 
are probably the first proteins expressed during the infection 
[14, 15]. E6 and E7 genes are also expressed during early infec-
tion but at a lower level. They stimulate the cell cycle progres-
sion in differentiating epithelial cells and allow HPV-infected 
cells to survive and replicate. E4 and E5 are expressed at highest 
levels in differentiating virus-infected cells and are required for 
productive viral genome amplification. E4 has also been sug-
gested to be part of the virion release and contribute to the viral 
transmission [16]. The late proteins L1 and L2 are expressed al-
ways subsequent to E4 protein [17, 18]. Besides having individ-
ual functions in the HPV viral life cycle, it has been suggested 
that the viral proteins including both HPV early and late 
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proteins interact with each other and therefore these protein 
complexes may have additional functions beyond those of the 
individual proteins [15].

The role of passive immunization in vertical transmission of 
HPV infection is nearly unexplored, because only a few studies 
have explored HPV serology in neonates, young children, and 
their mothers [4, 19–22], nearly all being focused only on HPV 
L1 serology. Considering the increasing coverage of prophylac-
tic HPV vaccination among future mothers, maternal antibod-
ies against HPV and their impact on children are of great 
interest. First, serological response to HPV-6 early (E) proteins 
in infants and young children would provide additional evi-
dence for HPV-6 transmission at an early age. Furthermore, 
immune response against HPV-6 is clinically important, be-
cause this HPV genotype causes the majority of juvenile-onset 
laryngeal papillomas, which are recalcitrant to treat in neonates 
and young children. In the present study, we analyzed serum 
IgG antibodies to HPV-6 L1 protein as well as to HPV-6 early 
proteins E2, E4, E6, and E7 among neonates prospectively fol-
lowed up for 3 years.

MATERIALS AND METHODS

Participants

The Finnish Family HPV (FFHPV) Study is a longitudinal co-
hort study run since 1998 and designed to investigate the trans-
mission of HPV within regular Finnish families. The FFHPV 
study is jointly run by the Department of Obstetrics and 
Gynecology, Turku University Hospital and the Institute of 
Dentistry, Faculty of Medicine, University of Turku. The study 
protocol was originally approved by the Research Ethics 
Committee of Turku University Hospital (#3/1998), with sub-
sequent amendments in 2006 and 2010 (#2/2006 and 45/180/ 
2010). Altogether, 329 mothers, 131 fathers, and 331 newborns 
were enrolled in the study between 1998 and 2001. None of the 
participants had received a prophylactic HPV vaccination, and 
therefore all measured antibodies result from a naturally ac-
quired HPV infection. The child’s health at the age of 1 and 3 
years was surveyed using a structured questionnaire addressed 
to the parents.

Written informed consent was obtained from all participants, 
whose characteristics have been described elsewhere [23–26].

Samples and Serological Analysis

Serum samples were obtained from the mothers at their third 
trimester of pregnancy, and from their offspring at 6 follow-up 
visits: 1 month (n = 232), 2 months (n = 239), 6 months (n = 263), 
12 months (n = 272), 24 months (n = 250), and 36 months 
(n = 243) visits after birth. The blood samples were centrifuged 
at 1150g for 10 minutes (Sorvall GLC-2, DuPont Instruments), 
and the serum was divided into three 1-mL aliquots and stored 
first at −20°C for no longer than a week and then at −70°C until 

analysis at the German Cancer Research Center (DKFZ), 
Heidelberg, Germany. Antibodies to HPV-6 E2, E4, E6, E7, 
and late (L) protein L1 were analyzed by multiplex serology 
based on glutathione S-transferase fusion protein capture to 
fluorescent beads [27]. Further details on the sample collec-
tion, validation, and their processing at the DKFZ have been 
described previously [23, 26]. Cut-off value of seropositivity 
was median fluorescence intensity (MFI) ≥100 for E2, E4, 
E6, and E7, and ≥200 for L1.

Statistical Analyses

Differences in the means of continuous variables were analyzed 
using Mann-Whitney test or Kruskal-Wallis test for 2 and mul-
tiple independent samples, respectively. Mean HPV-6 L1 anti-
body levels were compared to those of HPV-6 E2, E4, E6, and 
E7 using Pearson R correlation coefficient. Seroconversion 
was defined if at least a 2-fold increase from the previous MFI 
value was found and the new MFI value exceeded the cut-off 
level. Correlations between (1) HPV-6 E2, E4, E6, E7, and L1 an-
tibody levels in the baseline samples of the mothers and (2) those 
of their children at the age of 1 month were analyzed using the 
Spearman R correlation coefficient. The same test was used to 
analyze correlations between HPV-6 L1 and individual E2–E7 
antibody levels of the neonate/child at each follow-up visit. 
All analyses were done using SPSS for Windows, version 26.0 
(IBM SPSS Statistics for Windows, Armonk, New York) and 
Stata (Stata/SE 14.1, Stata Corp, College Station, Texas). All 
statistical tests performed were 2-sided and declared significant 
at P < .05.

RESULTS

The mean antibody levels to HPV-6 E2, E4, E6, E7 and L1 in the 
baseline samples (third trimester of pregnancy) of all expectant 
mothers as stratified by their serostatus (+/−) are shown in 
Figure 1. In both groups, the highest mean MFI values were 
found for HPV-6 L1 antibodies—830 and 104 in seropositive 
and seronegative mothers, respectively. Of the E protein anti-
bodies, the highest mean MFI values were found to E2 (MFI  
= 282) and E7 (MFI = 275). Antibody levels to HPV-6 E4 and 
E6 were the lowest (MFI values were 143 and 157, respectively).

In Table 1, the antibody titers in the mothers’ baseline sam-
ples are correlated with those of their neonate at the age of 
1 month. Maternal antibodies to both HPV-6 E and L1 proteins 
were significantly correlated with the respective antibody titers 
in the neonate (P = .001 for all). At the age of 12 months, the 
infants’ HPV-6 antibodies had lost their significant correlation 
with the baseline maternal antibody levels.

The graphs in Figure 2 summarize the levels of HPV-6 E 
and L1 antibodies during the first 3 years of life in the 
children. In this longitudinal setting, the pattern of HPV-6 
L1 antibodies is different from that of the HPV-6 E antibodies 
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in 2 respects: (1) the L1 antibody titers are of completely differ-
ent magnitude as all the others; and (2) a distinct decline of 
the titer during the first 6 months was shown, followed by a 
deep increase between month 6 and 24 (peaking), and decline 
thereafter. The mean levels of HPV-6 E antibodies follow a 
less pronounced pattern, characterized by a stable state until 
month 6 and slight but steady increase thereafter. Of the 
E-protein antibodies, the increase of mean levels seems to be 
most pronounced for E2 antibodies.

Table 2 depicts the IgG antibody (mean ± standard devia-
tion) levels to HPV-6 L1 and E proteins among newborns 
and children during the follow-up. Indicated are also the corre-
lations between L1 antibody levels and those of the E protein 
antibodies (significant correlations bolded). In Pearson test, 
L1 and E2 antibody levels correlated significantly at 2- and 
12-month visits: r = .138 (P = .034) and r = 0.145 (P = .017), re-
spectively. Significant correlations were also found between L1 
and E4 antibody levels at the 6- and 12-month visits: r = 0.176 
(P = .004) and r = 0.157 (P = .01). Only 1 significant correla-
tion was found between L1 and E6 antibody levels, at the 
6-month follow-up visit: r = 0.174 (P = .005). At 12 months, 
L1 and E7 antibody levels were significantly correlated: 
r = 0.121 (P = .046).

The proportions of infants/children with positive antibody 
titers to HPV-6 L1 and E proteins at each follow-up visit are de-
picted in Table 3. Of the 232 neonates sampled at the 1-month 
visit, 31.5% were seropositive to L1, 3.9% to E2, and 0.4% 
to E4. The proportion of HPV-6 L1–seropositive children re-
mained high throughout the entire follow-up, showing some 

Figure 1. Human papillomavirus type 6 (HPV-6) E2, E4, E6, E7, and L1 antibody levels (median fluorescence intensity [MFI], mean ± standard deviation) among pregnant 
mothers in their third trimester at the baseline of the study, separately for seropositive and seronegative women. Cut-off for L1 seropositivity was MFI ≥200. Cut-off for E2, 
E4, E6, and E7 seropositivity was MFI ≥100. Abbreviation: n = number of the mothers stratified by their human papillomavirus serostatus.

Table 1. Correlation Between Maternal Human Papillomavirus Type 6 L1, 
E2, E4, E6, and E7 Antibody Levels at Baseline and Those of the Neonate 
Sampled at the 1-Month Follow-up Visit

HPV-6 Protein Pearson Correlation Coefficient (r) Significance (P Value)

L1 0.854 .001

E2 0.640 .001

E4 0.679 .001

E6 0.546 .001

E7 0.562 .001

Abbreviation: HPV-6, human papillomavirus type 6.
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fluctuation between 18% (at 6 months) and 37% (at 24 
months). At all visits, seroprevalence to HPV-6 E2, E4, E6, 
and E7 was always substantially lower than that of L1. 
Among the E proteins, seropositivity to E2 exceeded all the 
others, ranging from 2.5% (2-month visit) to 17.3% (36-month 
visit). Table 3 lists the median times (and range) for serocon-
version observed for the individual HPV-6 protein antibodies 
during the follow-up. Altogether, 159, 70, 32, 19, and 13 chil-
dren seroconverted to HPV-6 L1, E2, E4, E6, and E7, respec-
tively. Time to seroconversion was shortest for L1 (median, 
11.8 months [range, 0.9–38.1 months]). Seroconversion to 
E2, E4, and E6 took slightly longer: 23.7, 23.2, and 23.4 months, 
respectively. The few events (n = 13) of seroconversion to 
HPV-6 E7 were detected much later, with a median time of 
35.4 months (range, 5.8–37.1 months).

DISCUSSION

We have previously published data on the dynamics of anti-
body response to L1 protein of the high-risk and low-risk 
HPV genotypes in mothers and their newborn in the FFHPV 
cohort, and its results confirmed that IgG antibodies to 
HPV-6, HPV-11, HPV-16, HPV-18, and HPV-45 L1 were ver-
tically transferred from the mother to her offspring. There was 
a close concordance between maternal and newborn HPV an-
tibody levels during the first 6 months after delivery. This coin-
cides with the well-known natural decay of immunoglobulin 
molecules. It is noteworthy that none of the mothers had 

received prophylactic HPV vaccination before entering the 
study, which means that the serological responses to different 
HPV genotypes are all resulting from a naturally acquired 
HPV infection [22]. In general, the results of the FFHPV cohort 
concerning HPV L1 antibody dynamics among mothers and 
their offspring are concordant with those of the few previously 
published studies [4, 19–22, 28]. These data confirm a close 
HPV-type-specific concordance between maternal and new-
born antibodies, irrespective of the methods used for blood 
sampling of the newborn (cord blood, dried blood spot, or se-
rum) or for HPV antibody testing [19, 29, 30].

In this study, we were particularly interested in assessing 
whether these E-protein antibodies also show a transplacental 
transfer from the mother during fetal time, and whether a sero-
conversion to these HPV E proteins does occur during the in-
fant’s first 3 years of life. The low-risk HPV genotype HPV-6 
was selected as the target of this study because this HPV type 
is clinically important, particularly in childhood, as it causes 
the vast majority of juvenile-onset laryngeal papillomas, which 
are difficult to treat in neonates and young children. Another 
argument favoring the selection of HPV-6 is that previous stud-
ies on serological response to HPV-6 E proteins in infants and 
young children are lacking, as most of the published studies 
have focused only on the high-risk types HPV-16 and 
HPV-18. In this longitudinal setting, the infant’s antibody lev-
els to E2, E4, E6, and E7 at the age of 1 month correlated very 
closely to the respective antibody levels of the mother in sam-
ples taken a few weeks before delivery. Second, the MFI levels 

Figure 2. Human papillomavirus type 6 (HPV-6) E2, E4, E6, E7, and L1 antibody levels (mean MFI) at each follow-up visit of the infants.
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of antibodies to all of these E proteins were much lower than 
the levels of IgG L1 antibodies. Third, as with L1 antibodies, 
these HPV-6 E protein antibody levels increased steadily with 
age up to the end of the 3-year follow-up. Fourth, there was 
an interesting correlation of infants’ HPV-6 L1 antibodies to 
HPV-6 E4 and E6 at the 6-month visit and, similarly, at 12 
months, HPV-6 L1 antibody levels correlated significantly 
with the levels of HPV-6 E2, E4, and E7 antibodies.

We identified 3 early studies where antibodies to HPV E pro-
teins have been studied in healthy children aged 1 to 10 years 
[31–33]. One study reported E4 antibodies in up to 30% of 
the girls aged between 1 and 10 years [31]. Contradictory to 
this, another study of 46 girls with the same age distribution 
did not disclose E4 antibodies in any of them [32]. An obvious 
reason to this discrepancy could be the differences in the E4 
protein used as an antigen (truncated vs complete). One study 
analyzed HPV-16 E4 and E7 antibodies with the peptide-based 
enzyme-linked immunosorbent assay among healthy individu-
als (1–95 years of age), patients with HPV infection, and from 
patients who were at high risk for HPV infection, and its results 
demonstrated that the prevalence of anti-E7 antibodies in-
creased with age, although the overall prevalence in the adult 
population was low (10.4%) [33]. The pattern of age-specific 
prevalence of anti-E4 antibodies was totally different, being 
low in the adult population (1.1%) and exceeding 20% among 

children and teenagers [33]. In addition, HPV-16 E4 antibodies 
were significantly associated with anti-E7 positivity among 
children, indicating that HPV-16 infection can frequently oc-
cur early in life [33].

In our study, we found a significant association between L1 
antibodies and those to E2, E4, and E7 proteins among children 
aged 1 year. IgG antibody levels to HPV-6 L1 and to all of the E 
proteins also increased until the age of 2 years. It is important to 
note that these significant alterations between the L and E pro-
tein antibodies were observed at the 6-month and at the 
12-month visits when maternal antibodies had already van-
ished and infants had developed their own immune response 
against HPV-6, which suggests that HPV-6 infection occurs 
in early life. The observed low antibody titers during the early 
months could be explained by low viral loads and transient ex-
pression of E proteins not sufficient to elicit an antibody pro-
duction that reaches the MFI cut-off used for seropositivity. 
At the 12-month and 36-month follow-up visits, filled ques-
tionnaires were received concerning 266 and 203 children, re-
spectively. At the 12-month follow-up visit, 1, 2, and 3 children 
had warts in feet, body, and hands, respectively. At the 
36-month follow-up visit, there were warts in feet, body, and 
hands of the children in 2, 1, and 6 cases, respectively. No 
oral warty lesions were reported in any of the children at the 
age of 1 year or 3 years. Clearly, generation of antibodies in 

Table 3. Proportion of Children Seropositive to Human Papillomavirus Type 6 L1, E2, E4, E6, and E7 Proteins at Each Follow-up Visit, and Time to 
Seroconversion

HPV-6

Follow-up Visit Seroconversion

1 mo (n = 232) 2 mo (n = 239a) 6 mo (n = 263) 12 mo (n = 272) 24 mo (n = 250) 36 mo (n = 243) No. Median Time, mo (Range)

L1 31.5 (73) 18.8 (45) 17.8 (47) 25.0 (68) 37.2 (93) 31.3 (76) 159 11.8 (0.9–38.1)

E2 3.9 (9) 2.5 (6) 3.4 (9) 9.2 (25) 12.4 (31) 17.3 (42) 70 23.7 (1.0–42.2)

E4 0.4 (1) 0.8 (2) 2.3 (6) 4.8 (13) 8.0 (20) 5.3 (13) 32 23.2 (5.2–42.2)

E6 0.0 (0) 0.4 (1) 1.5 (4) 3.7 (10) 6.0 (15) 4.1 (10) 19 23.4 (5.3–36.0)

E7 0.0 (0) 0.0 (0) 0.4 (1) 0.4 (1) 1.6 (4) 3.3 (8) 13 35.4 (5.8–37.1)

Data are presented as proportion (%) of seropositive children. Cut-off for L1 seropositivity was median fluorescence intensity (MFI) ≥200. Cut-off for E2, E4, E6, and E7 seropositivity was MFI 
≥100.  

Abbreviation: HPV-6, human papillomavirus type 6.  
aOnly 237 children for E2 and E4.

Table 2. Levels of Human Papillomavirus Type 6 L1, E2, E4, E6, and E7 Antibodies at Each Follow-up Visit of the Children

HPV-6 Protein

Follow-up Visit

1 mo (n = 232) 2 mo (n = 239a) 6 mo (n = 263) 12 mo (n = 272) 24 mo (n = 250) 36 mo (n = 243)

L1 242.49 (422.19) 151.33 (258.76) 144.93 (398.17) 275.84 (604.29) 390.12 (677.41) 245.55 (404.09)

E2 19.00 (50.66) 17.32 (41.16) 26.00 (38.83) 45.15 (51.57) 67.71 (155.90) 80.91 (139.45)

E4 11.02 (15.10) 11.17 (17.49) 18.61 (25.89) 30.43 (33.82) 37.21 (43.24) 38.65 (31.86)

E6 4.71 (8.86) 5.95 (12.73) 15.39 (26.00) 26.79 (30.54) 30.85 (30.71) 38.86 (114.32)

E7 2.65 (6.95) 2.51 (5.96) 5.89 (13.03) 11.88 (16.23) 15.96 (21.01) 17.25 (62.63)

Data are presented as mean (standard deviation). Bold values represent E2, E4, E6, or E7 antibody levels that are significantly correlated (Pearson) with L1 antibody levels (details in the Results 
section).  

Abbreviations: HPV-6, human papillomavirus type 6; n, number of children.  
aOnly 237 children for E2 and E4.
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quantities sufficient to exceed the cut-off to these proteins may 
require a continued expression of early HPV gene products 
upon the primary HPV-6 infection, which is likely to occur 
in most cases between 1 and 3 years of age. Of particular inter-
est is the intimate association between HPV-6 L1 to E2, E4, and 
E7 antibodies at 12 months, which precedes the emergence of 
seroconversion to all these proteins. It can be speculated that 
this concomitant appearance of both E and L1 antibodies coin-
cides with an initiation of the first active production of mature 
HPV particles by the infants, to be manifested as an active se-
roconversion to the HPV-6 E proteins some months afterward. 
Apart from an acquired primary HPV-6 infection shortly be-
fore, one cannot rule out a possible reactivation of a latent 
HPV-6 infection acquired vertically from the mother.

A confirmed seroconversion to HPV L and E proteins during 
the first years of life is an indicator of an early exposure to HPV 
infection. In our study, seroconversion to L1 protein did occur 
earlier than seroconversion to E proteins (median time, 12 vs 
23–35 months). Seropositivity of these very young children in 
our cohort indicates a previous exposure to HPV infection, 
most likely acquired by vertical transmission from the mother. 
Considering our findings, serum IgG antibodies against the 
E proteins might be useful candidates to monitor early HPV 
infections in children. However, as generally acknowledged, 
all HPV serology studies suffer from basic handicaps: Not 
all HPV infections induce seroconversion, and the stability of 
HPV antibodies over time may be variable [34, 35]. In addition, 
there is no gold standard or commercial method for analyzing 
HPV antibodies, which is yet another major limitation, partic-
ularly regarding the mutual comparison of HPV serology stud-
ies. Furthermore, for this study a limitation is that for L1 no 
other assays or neutralization were done due to the absence 
of these assays at the time of these antibody analyses.

Taken together, our study demonstrates that maternal anti-
bodies against HPV-6 early and late proteins are transferred to 
a mother’s offspring. Furthermore, our results provide con-
vincing evidence that seroconversion against HPV-6 L1, E2, 
E4, E6, and E7 does occur in early childhood. Further studies 
are needed to assess the role of maternal antibodies in protect-
ing their offspring against primary HPV infection.

Notes

Financial support. This work was supported by the Finnish 
Medical Foundation (to K. L. and H. S.); the Sigrid Juselius 
Foundation (to K. L.); Research Council Finland (to K. L.); 
and the Emil Aaltonen Foundation (to H. S.).

Potential conflicts of interest. T. W. serves on advisory 
boards for Merck Sharp & Dohme. All other authors report 
no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest. Conflicts that the editors consid-
er relevant to the content of the manuscript have been disclosed.

References

1. Hahn HS, Kee MK, Kim HJ, et al. Distribution of maternal 
and infant human papillomavirus: risk factors associated 
with vertical transmission. Eur J Obstet Gynecol Reprod 
Biol 2013; 169:202–6.

2. Petca A, Borislavschi A, Zvanca M, Petca RC, Sandru F, 
Dumitrascu M. Non-sexual HPV transmission and role of 
vaccination for a better future (review). Exp Ther Med 
2020; 20:186.

3. Park H, Lee SW, Lee IH, et al. Rate of vertical transmission 
of human papillomavirus from mothers to infants: rela-
tionship between infection rate and mode of delivery. 
Virol J 2012; 9:80.

4. Syrjänen S. Current concepts on human papillomavirus in-
fections in children. APMIS 2010; 118:494–509.

5. Liu Z, Rashid T, Nyitray AG. Penises not required: a sys-
tematic review of the potential for human papillomavirus 
horizontal transmission that is non-sexual or does not in-
clude penile penetration. Sex Health 2016; 13:10.

6. Ryndock EJ, Meyers C. A risk for non-sexual transmission 
of human papillomavirus? Expert Rev Anti Infect Ther 
2014; 12:1165–70.

7. Hong Y, Li SQ, Hu YL, Wang ZQ. Survey of human pap-
illomavirus types and their vertical transmission in preg-
nant women. BMC Infect Dis 2013; 13:1–7.

8. Jach R, Galarowicz B, Huras H, et al. Vertical transmission 
of HPV in pregnancy. A prospective clinical study of 
HPV-positive pregnant women. Ginekol Pol 2014; 85:672–6.

9. Weyn C, Thomas D, Jani J, et al. Evidence of human pap-
illomavirus in the placenta. J Infect Dis 2011; 203:341–3.

10. Sarkola ME, Grénman SE, Rintala MAM, Syrjänen KJ, 
Syrjänen SM. Human papillomavirus in the placenta and 
umbilical cord blood. Acta Obstet Gynecol Scand 2008; 
87:1181–8.

11. Fouda GG, Martinez DR, Swamy GK, Permar SR. The im-
pact of IgG transplacental transfer on early life immunity. 
Immunohorizons 2018; 2:14–25.

12. Palmeira P, Quinello C, Silveira-Lessa AL, Zago CA, 
Carneiro-Sampaio M. IgG placental transfer in healthy 
and pathological pregnancies. Clin Dev Immunol 2012; 
2012:985646.

13. Albrecht M, Arck PC. Vertically transferred immunity in 
neonates: mothers, mechanisms and mediators. Front 
Immunol 2020; 11:555.

14. Ozbun MA. Human papillomavirus type 31b infection of 
human keratinocytes and the onset of early transcription. 
J Virol 2002; 76:11291–300.

15. Graham SV. The human papillomavirus replication cycle, 
and its links to cancer progression: a comprehensive re-
view. Clin Sci 2017; 131:2201–21.

16. Ikegami T, Hirakawa H, Tsukahara N, et al. Coordinated 
expression of HPV-6 genes with predominant E4 and E5 

e1212 • JID 2024:230 (15 December) • Suominen et al



expression in laryngeal papilloma. Microorganisms 2021; 
9:520.

17. Graham SV. Keratinocyte differentiation-dependent hu-
man papillomavirus gene regulation. Viruses 2017; 9:245.

18. Egawa N, Doorbar J. The low-risk papillomaviruses. Virus 
Res 2017; 231:119–27.

19. Heim K, Hudelist G, Geier A, et al. Type-specific antiviral 
antibodies to genital human papillomavirus types in moth-
ers and newborns. Reprod Sci 2007; 14:806–14.

20. Marais DJ, Sampson CC, Urban MI, Sitas F, Wiliamson 
AL. The seroprevalence of IgG antibodies to human papil-
lomavirus (HPV) types HPV-16, HPV-18, and HPV-11 
capsid-antigens in mothers and their children. J Med 
Virol 2007; 79:1370–4.

21. Loenenbach A, Pawlita M, Waterboer T, et al. 
Seroprevalence of mucosal and cutaneous human papillo-
mavirus (HPV) types among children and adolescents in 
the general population in Germany. BMC Infect Dis 
2022; 22:44.

22. Syrjänen S, Waterboer T, Rintala M, et al. Maternal 
HPV-antibodies and seroconversion to HPV in children 
during the first 3 years of life. Sci Rep 2022; 12:2227.

23. Rintala MAM, Grénman SE, Puranen MH, et al. 
Transmission of high-risk human papillomavirus (HPV) 
between parents and infant: a prospective study of HPV 
in families in Finland. J Clin Microbiol 2005; 43:376–81.

24. Rintala M, Grénman S, Puranen M, Syrjänen S. Natural his-
tory of oral papillomavirus infections in spouses: a prospec-
tive Finnish HPV family study. J Clin Virol 2006; 35:89–94.

25. Rintala MAM, Grénman SE, Järvenkylä ME, Syrjänen KJ, 
Syrjänen SM. High-risk types of human papillomavirus 
(HPV) DNA in oral and genital mucosa of infants during 
their first 3 years of life: experience from the Finnish 
HPV family study. Clin Infect Dis 2005; 41:1728–33.

26. Syrjänen S, Waterboer T, Sarkola M, et al. Dynamics of 
human papillomavirus serology in women followed up for 
36 months after pregnancy. J Gen Virol 2009; 90:1515–26.

27. Waterboer T, Sehr P, Michael KM, et al. Multiplex human 
papillomavirus serology based on in situ–purified glutathi-
one S-transferase fusion proteins. Clin Chem 2005; 51: 
1845–53.

28. Koskimaa HM, Waterboer T, Pawlita M, Grénman S, 
Syrjänen K, Syrjänen S. Human papillomavirus genotypes 
present in the oral mucosa of newborns and their concor-
dance with maternal cervical human papillomavirus geno-
types. J Pediatr 2012; 160:837–43.

29. Kawana K, Yasugi T, Yoshikawa H, et al. Evidence for the 
presence of neutralizing antibodies against human papillo-
mavirus type 6 in infants born to mothers with condyloma 
acuminata. Am J Perinatol 2003; 20:11–6.

30. Zahreddine M, Mayrand MH, Therrien C, et al. Antibodies 
to human papillomavirus types 6, 11, 16 and 18: vertical 
transmission and clearance in children up to two years of 
age. EClinicalMedicine 2020; 21:100334.

31. Jochmus-Kudielka I, Schneider A, Braun R, et al. 
Antibodies against the human papillomavirus type 16 early 
proteins in human sera: correlation of anti-E7 reactivity 
with cervical cancer. J Natl Cancer Inst 1989; 81:1698–704.

32. Köchel HG, Monazahian M, Sievert K, et al. Occurrence of 
antibodies TO L1, L2, E4 and E7 gene products of human 
papillomavirus types 6b, 16 and 18 among cervical cancer 
patients and controls. Int J Cancer 1991; 48:682–8.

33. Muller M, Viscidi RP, Ulken V, et al. Antibodies to the E4, 
E6, and E7 proteins of human papillomavirus (HPV) type 
16 in patients with HPV-associated diseases and in the nor-
mal population. J Invest Dermatol 1995; 104:138–41.

34. Beachler DC, Jenkins G, Safaeian M, Kreimer AR, 
Wentzensen N. Natural acquired immunity against subse-
quent genital human papillomavirus infection: a systematic 
review and meta-analysis. J Infect Dis 2016; 213:1444–54.

35. Matthijsse SM, van Rosmalen J, Hontelez JAC, et al. The 
role of acquired immunity in the spread of human papillo-
mavirus (HPV): explorations with a microsimulation mod-
el. PLoS One 2015; 10:e0116618.

HPV-6 Early Protein Antibodies Among Children • JID 2024:230 (15 December) • e1213


	Serum Immunoglobulin G Antibodies to Human Papillomavirus Type 6 L1, E2, E4, E6, and E7 Proteins Among Children Prospectively Followed up for 3 Years
	MATERIALS AND METHODS
	Participants
	Samples and Serological Analysis
	Statistical Analyses

	RESULTS
	DISCUSSION
	Notes
	References


