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Abstract: The host factors that influence father-to-child human papillomavirus (HPV) transmission
remain unknown. This study evaluated whether human leukocyte antigen (HLA)-G alleles are impor-
tant in father-to-child HPV transmission during the perinatal period. Altogether, 134 father-newborn
pairs from the Finnish Family HPV Study were included. Oral, semen and urethral samples from the
fathers were collected before the delivery, and oral samples were collected from their offspring at
check for delivery and postpartum on day 3 and during 1-, 2- and 6-month follow-up visits. HLA-G alleles were
updates tested by direct sequencing. Unconditional logistic regression was used to determine the association
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Human papillomavirus (HPV) infection is furthermost known as an accountable factor
for the development of cervical cancer in women [1,2]. However, HPV also encompasses
a great worldwide burden of diseases in men including medical problems from benign
warts to different HPV-related cancers such as anal, penile and oropharyngeal cancers [3].
In children, HPV infection is known to cause benign warts but also juvenile-onset recurrent
respiratory papillomatosis (JoRRP), which could be life-threatening if it is left untreated [4,5].
In Europe, the most common HPV genotype is HPV16 followed by HPV31 [6].
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infection via vertical transmission from the mother or possibly from the father [8,13,14].
Prenatal transmission from the mother to child occurs during pregnancy as an intrauterine
transmission [12]. A recent study showed that a mother’s persistent HPV16/18 infection is
associated also with preterm birth [15]. Perinatal transmission occurs at the time of delivery
and immediately thereafter; it results mainly from contact with an infected maternal genital
tract [10].

The father’s role as a source of HPV infection to the newborn is less known. As HPV
DNA has been isolated from vas deferens, seminal fluid, and spermatozoa [16,17], the
peri-conceptional transmission (time around fertilization) from the male partner seems
at least theoretically possible [10]. Postpartum HPV transmission may occur vertically
from either father or mother and horizontally from other caregivers via kissing or digital
contact [10].

Even though different modes of transmission have been identified, a child’s early-life
exposure to HPV infection and genetical and immunological co-factors that facilitate the
susceptibility to an infection remain mostly unexplored. Human leukocyte antigen G
(HLA-G) is one of those immunological co-factors that is supposed to impact the natural
history of HPV as well as other viral infections. In general, HLA-G molecules take part in
innate and adaptive immune responses and immune escape in cancer progression [18,19]
and infectious diseases [20,21]. HLA-G is classified as a member of the non-classical human
leukocyte antigen (HLA) class Ib, since it differs from classical HLA-class I molecules
by modulation of the immune response and by having a low degree of polymorphism
and restricted tissue distribution [22]. By the expression of placental cells, HLA-G plays
a significant role in the maternal-fetal interface [23]. The impact of HLA-G in vertical
mother-to-child transmission of viral infection, such as human immunodeficiency virus
(HIV) and hepatitis C virus (HCV) infection, has been reported before [24-30]. To date, only
one study has evaluated the impact of mother—child HLA-G gene concordance on vertical
mother-to-child HPV transmission [31]. No studies on the role of HLA-G in father-to-child
HPV transmission have been published. Consequently, our aim was to evaluate whether
HLA-G alleles are important in father-to-child HPV transmission during the perinatal
period of life. In this study, we determined the association of the father—child HLA-G allele
and genotype concordance with the father—child HPV prevalence and concordance at birth
and during follow-up.

2. Materials and Methods

The Finnish Family HPV (FFHPV) Study is a longitudinal cohort follow-up study
conducted at Turku University Hospital and University of Turku, Finland. At baseline, a
total of 329 families with pregnant women (in their third trimester), fathers-to-be and later
their newborn offspring participated in the original study. All families with a minimum
of 36 weeks of pregnancy were recruited during their regular obstetrics clinic visit at the
hospital. Families were followed up for six years to assess the dynamics of HPV infection
between family members as described in detail previously [32,33]. The present study
includes 132 fathers and 134 offspring from the FFHPV Study. The cohort represents
Caucasian origin, as the Finnish population has the same ethnic background.

HPYV genotyping Semen, urethral and oral scapings from the fathers and oral scrapings
from the newborns were collected for HPV testing with a Cytobrush (MedScand, Malmg,
Sweden) as described earlier [13]. Fathers’ HPV samples were collected at baseline before
delivery. Newborns’ oral follow-up samples were collected at delivery and postpartum at
day 3 and during 1-, 2- and 6-month follow-up visits. HPV genotyping was performed by
the Multimetrix kit (Multimetrix, Progen Biotechnik GmbH, Heidelberg, Germany) identify-
ing 24 different low-risk (LR) and high-risk (HR) HPV genotypes (LR genotypes: 6, 11, 42, 43,
44; and HR genotypes: 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73, 82) [34].

HLA-G typing DNA from father’s and newborn’s frozen whole blood samples were
extracted for HLA-G typing by using the MagNAPure 96 System (Roche). Determination
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of HLA-G alleles was performed by direct DNA sequencing exploring exons 2—4 (1718 bp)
of the HLA-G gene regions as described before [35].

STATA SE15.1 (StataCorp, College Station, TX, USA) was used for all statistical analy-
ses. The study cohort included 134 father—child pairs, 132 fathers and their 134 offspring
(two pairs of twins), both parties having HLA-G allele determination available. Only those
HLA-G alleles and genotypes that were identified both among the fathers and children
and were >3% prevalent among fathers and/or children were included in the analyses.
HLA-G alleles were explored both in high- and low-resolution groups. HLA-G concordance
for a specific HLA-G allele was considered if a father and his child both had at least one
specific allele; in other words, HLA-G allele concordance was defined if both parties were
heterozygous or homozygous for this allele. If one party had an allele and the other did
not have the allele, the pair was counted as HLA-G discordant for the allele.

In low-resolution analyses, only one allele group G*01:01+ (including HLA-G alle-
les G*01:01:01, G*01:01:02, G*01:01:03 and G*01:01:14) was available, while there were
four low-resolution genotype groups: 01:01+/01:01+, 01:01+/01:03+, 01:01+/01:04+, and
01:01+/01:06+. In low-resolution analyses, HLA-G allele concordance was divided into
four groups by number of shared alleles (1 = discordant for the allele; 2 = 2 shared alleles,
3 = 3 shared alleles, 4 = 4 shared alleles).

In HPV genotyping analyses, HPV species were classified as either LR or HR groups [36].
Multiple-type HPV infections were sorted out as individual HPV genotypes. A child’s oral
HPYV status was counted as the HPV point prevalence (1) at birth covering oral samples
at delivery and at day 3 (at discharge) and (2) at postpartum covering samples taken at
1, 2 and 6 months.

In assessing HPV concordance, only those father—child pairs who had an opportunity
for HPV infection (i.e., both parties having HPV sample available) were considered. Any-,
LR- or HR-HPV concordances were defined if a father and his offspring both were detected
positive for any-, LR- or HR-HPV, respectively. HPV prevalence among father—child pairs
was calculated as HPV positive (for any-, LR- or HR-HPV) if at least one party, father or
child, had at least one positive (any-, LR- or HR-) HPV sample.

Unconditional logistic regression was used to determine the associations (OR) between
(1) within father and his child shared HLA-G alleles or genotypes and (2) father—child HPV
concordance and prevalence. In high-resolution HLA-G allele analyses, the father—child
pairs with both parties being negative for these specific alleles served as a reference, whereas
in low-resolution group analyses, HLA-G allele discordant father—child pairs served as a
reference. A significance level of 0.05 was used (two-tailed), and 95% confidence intervals
(CI) were calculated.

3. Results

The mean age of the fathers was 28.8 years (range 19-46 years). Among fathers and
their offspring, overall, nine different HLA-G alleles with 19 different genotype combina-
tions were identified. Only those seven alleles and five genotypes that were >3% prevalent
and were identified in both among the fathers and the children were included in the analy-
ses. The most common HLA-G allele found among fathers and newborns was the wild-type
G*01:01:01; 86.4% (n = 114) of the fathers, and 85.8% (n = 115) of children had the allele. The
second most common allele was G*01:01:02; 36.4% (n = 48) of the fathers and 32.8% (n = 44)
of the children had the allele. The most common HLA-G genotype among the fathers and
children was G*01:01:01/01:01:01 in 37.1% (n = 49) and 36.6% (n = 49), respectively, which
was followed by G*01:01:01/01:01:02 in 23.5% (n = 31) and 21.6% (n = 29), respectively.
Figure 1 shows allele sharing (Figure 1a) and genotype concordance (Figure 1b) among
134 father—child pairs. The most shared allele was the G*01:01:01, for which 73.9% (n = 99)
of pairs shared at least two common alleles (i.e., both were at least heterozygous for the
allele), which was followed by other alleles that were shared between 2.2% (1 = 3) and 22.4%
(n = 30) among the pairs. The most commonly concordant genotype between father—child
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pairs was the G*01:01:01/01:01:01; 25.4% (n = 34). Overall, 37.3% (n = 50) of the father—child
pairs had any concordant HLA-G genotype.
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Figure 1. Human leukocyte antigen G (HLA-G) (a) allele and (b) genotype concordance among
the 134 father—child pairs from the Finnish Family HPV Study. Stacked bar columns showing the
HLA-G (a) allele sharing (absent = both missing the allele; discordant = one homo- or heterozygous
for the allele and the other absent; 2 common alleles = both heterozygous for the allele; 3 common
alleles = one heterozygous for the allele and other homozygous for the allele; 4 common alleles = both
homozygous for the allele) and (b) genotype concordance (discordance = one having the genotype
and the other missing the genotype; concordance = both having the same genotype) between the
134 father—child pairs from the Finnish Family HPV Study. Those HLA-G alleles and genotypes that
were >3% prevalent among the father—child pairs were included.

When the influence of HLA-G alleles on HPV concordance was evaluated, those
father—child pairs who both tested positive for a particular allele (both the father and
offspring had at least one allele) were compared to those pairs with discordant HLA-G
alleles (only the father or the child had the allele). The father—child pairs with both
parties missing the allele served as a reference. Sharing of different alleles was compared
to the HPV concordance of father’s three anatomical baseline (before birth) HPV status
(semen, urethral and oral) and child’s oral HPV status at birth and postpartum, as seen in
Table 1. HLA-G allele G*01:01:03 concordance was associated with the father’s urethral and
child’s oral HR-HPV concordance at birth (OR 17.00, 95% CI 1.24-232.22). Controversially,
during the postpartum period, G*01:01:03 discordance was associated with the father’s
urethral and child’s oral HR-HPV concordance (OR 6.67, 95% CI 1.08-40.97). HLA-G allele
G*01:04:01 concordance increased the father’s oral and child’s postpartum oral any- and
HR-HPV concordance with OR 7.50 (95% CI: 1.47-38.16) and OR 7.78 (95% CI: 1.38-43.85),
respectively. No association was observed between different HLA-G genotypes and HPV
concordance among the father—child pairs at birth or during the postpartum period.

The association between father—child HLA-G allele sharing and the common HPV
prevalence of fathers and/or children is shown in Table 2. HLA-G allele G*01:01:03 dis-
cordance increased the risk of fathers” urethral and/or children’s oral any- and HR-HPV
prevalence at birth with OR 5.47 (95% CI 1.11-26.89) and 6.76 (95% CI 1.37-33.35), whereas
G*01:01:03 concordance increased the risk of the fathers’ oral and/or children’s oral HR-
HPV prevalence at birth with OR 8.81 (95% CI 1.00-77.94). G*01:06 allele concordance
increased the LR-HPV prevalence of fathers’ semen/urethral and/or children’s oral sites
at birth; OR ranged between 12.00 (95% CI 1.03-140.19) and 16.15 (95% CI 1.37-190.72).
No association was seen between HLA-G allele sharing and the fathers” and/or children’s
postpartum HPV prevalence, as shown in Table S1 (see Supplementary Materials).

Table 3 summarizes the association of father-child HLA-G genotype concordance,
in both high- and low-resolution groups, with the HPV prevalence of the fathers and/or
children. No significant association was found in high-resolution group, whereas in the
low-resolution group, G*01:01/01:04 concordance was associated with the greater HR-HPV
prevalence of fathers’ semen and/or children’s oral sites during the postpartum period,
showing an OR value of 7.00 (95% CI 1.14—42.97). Similarly, G*01:01/01:04 concordance
increased the fathers” any urethral and/or children’s postpartum any oral HPV prevalence
with an OR value of 6.50 (95% CI 1.05-40.13).
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Table 1. Association of human leukocyte antigen G (HLA-G) allele sharing with human papillomavirus (HPV) concordance among 134 father—child pairs of the
Finnish Family HPV Study. The father—child pairs with both parties being negative for these specific alleles served as a reference in high-resolution HLA-allele

groups. In low-resolution groups, discordant father—child pairs served as a reference.

Children Oral HPV P
OR (95% CI)
Father Semen P Father Urethral b Father Oral b
HLA-G Allele .
Concordance @ Allele Sharing Any HR Any HR Any HR
At birth
0 1.00 1.00 1.00 1.00 1.00 1.00
01:01:02 1 0.27 (0.03-2.53) NA 0.39 (0.07-2.15) 0.32 (0.03-3.14) 1.18 (0.28-4.96) 1.04 (0.21-5.20)
>2 0.36 (0.04-3.52) 0.43 (0.04-4.26) 1.18 (0.24-5.70) 0.59 (0.06-6.18) NA NA
0 1.00 1.00 1.00 1.00 1.00 1.00
01:01:03 1 2.22 (0.20-25.00) NA 0.60 (0.07-5.54) NA NA NA
>2 NA NA 8.44 (0.69-103.70) 17.00 (1.24-232.22) 1.08 (0.11-10.89) 1.18 (0.11-12.21)
0 1.00 1.00 1.00 1.00 1.00 1.00
01:04:01 1 2.67 (0.23-30.80) 8.50 (0.44-163.89) 0.46 (0.05-4.15) 1.06 (0.10-10.84) 0.52 (0.06-4.74) 0.56 (0.06-5.39)
>2 2.67 (0.23-30.80) 2.83(0.24-34.14) 3.70 (0.21-64.51) NA 0.83 (0.08-8.08) 1.13 (0.11-11.95)
0 1.00 1.00 1.00 1.00 1.00 1.00
01:06 1 NA NA NA NA NA NA
>2 3.58 (0.28-45.80) 3.50 (0.27-46.05) 3.91 (0.23-67.57) NA 4.89 (0.28-85.63) NA
Low resolution
1 1.00 1.00 1.00 1.00 1.00 1.00
01:01+ 2 NA NA 0.33 (0.01-11.94) NA NA NA
’ 3 NA NA 0.18 (0.01-4.26) 0.10 (0.003-3.15) NA NA
4 NA NA 0.26 (0.01-4.59) 0.14 (0.01-2.67) NA NA
Postpartum
0 1.00 1.00 1.00 1.00 1.00 1.00
01:01:02 1 0.83 (0.20-3.54) 1.60 (0.33-7.65) 1.55 (0.40-5.99) 2.50 (0.56-11.21) 1.63 (0.41-6.51) 1.92 (0.46-7.95)
>2 0.15 (0.02-1.39) 0.32 (0.03-3.15) 0.58 (0.10-3.23) NA 0.40 (0.04-3.79) 0.51 (0.05-5.00)
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Table 1. Cont.

Children Oral HPV P
OR (95% CI)
Father Semen P Father Urethral P Father Oral b
HLA-G Allele .
Concordance @ Allele Sharing Any HR Any HR Any HR
0 1.00 1.00 1.00 1.00 1.00 1.00
01:01:03 1 3.90 (0.49-31.20) 3.88 (0.47-31.91) 4.90 (0.86-27.88) 6.67 (1.08-40.97) NA NA
>2 NA NA NA NA NA NA
0 1.00 1.00 1.00 1.00 1.00 1.00
01:04:01 1 1.54 (0.14-16.80) NA 2.25(0.36-14.03) 3.08 (0.46-20.70) 1.25(0.13-12.24) 0.97 (0.10-9.57)
>2 6.94 (0.99-48.55) 6.43 (0.90-46.06) 0.75 (0.08-6.94) 1.23 (0.12-12.47) 7.50 (1.47-38.16) 7.78 (1.38-43.85)
0 1.00 1.00 1.00 1.00 1.00 1.00
01:06 1 NA NA 491 (0.28-84.58) NA NA NA
>2 3.55 (0.20-61.38) 3.56 (0.20-62.63) NA NA NA NA
Low resolution
1 1.00 1.00 1.00 1.00 1.00 1.00
01:01+ 2 NA NA 0.13 (0.004-4.00) NA NA NA
’ 3 NA NA 0.57 (0.03-11.85) 0.33 (0.01-8.18) NA NA
4 NA NA 0.18 (0.01-3.22) 0.18 (0.01-3.32) NA NA

2 Only those alleles that were >3% prevalent were included in the analyses. ® Father’s semen, urethral or oral HPV at baseline and child’s oral HPV at birth and postpartum. 0 = no
shared alleles; 1 = discordant for the allele; >2 = at least 2 shared alleles, i.e., both heterozygous or homozygous for the allele; 2 = 2 shared alleles, 3 = 3 shared alleles, 4 = 4 shared
alleles. LR-HPV groups as HLA-G alleles 01:01:01, 01:01:14 and 01:03:01 were taken out due to small number of cases. Statistically significant OR:s (p-value < 0.05) are shown in bold.

NA = not applicable.
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discordant father—child pairs served as a reference.

Table 2. Association of HLA-G allele sharing with HPV prevalence at birth among 134 father—child pairs of the Finnish Family HPV Study. The father—child
pairs with both parties being negative for these specific alleles served as a reference in high-resolution HLA allele groups. In low-resolution HLA-G allele groups,

HLA-G Allele

Allele

HPV: Father Semen/Child Oral ?

OR (95% CI)

HPV: Farther Urethral/Child Oral P

OR (95% CI)

HPV: Father Oral/Child Oral ®

OR (95% CI)

QLAG Allele Sharing Any LR HR Any LR HR Any LR HR
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
*01:01:01 1 0.60 (0.03-10.51) NA 045 (0.03-8.02)  0.68 (0.04-11.95) NA 0.63 (0.04-11.08)  0.68 (0.04-11.95) NA 0.60 (0.03-10.51)
=2 1.06 (0.06-17.47) NA 0.81 (0.05-13.40)  0.88 (0.05-14.55) NA 0.71 (0.04-1176)  0.75 (0.05-12.34) NA 0.58 (0.04-9.57)
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
*01:01:02 1 146 (0.64-335)  1.32(0.39-444) 141 (061325  1.66(0.72-3.85)  081(023-2.83) 187 (0.80-438)  1.64(0.71-380)  1.34(0.36-498)  1.62 (0.70-3.79)
>2 114 (048270)  156(046-530)  0.92(0.38223)  0.79(033-191) 044 (0.09-214) 092 (0372.29) 076 (031-188)  0.31(0.04-2.65)  0.83 (0.33-2.09)
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
*01:01:03 1 109 (0.30-3.96)  3.03(0.68-1345) 147 (0.40-535) 547 (1.11-26.89) 073 (0.09-6.15)  6.76 (1.37-3335) 061 (0.15247)  1.02(0.12-883)  0.44 (0.09-2.17)
>2 1.09 (0.21-5.62) NA 147 (028-7.59)  1.37 (0.26-7.06) NA 169 (0.33-876)  7.08 (0.80-62.57) NA 8.81 (1.00-77.94)
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
*01:01:14 1 NA NA NA NA NA NA NA NA NA
>2 0.54 (0.05-6.11)  2.94 (0.25-34.25) NA 241(021-27.30) 360 (031-42.16) 142 (0.09-2327)  0.66 (0.06-7.51) 5.9 (0.43-60.73) NA
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
%01:03:01 1 0.69 (0.11-4.26) NA 0.91(0.15-5.64)  0.80 (0.13-4.94) NA 0.97 (0.16-6.00)  0.88 (0.14-5.46) NA 1.12 (0.18-6.93)
>2 0.34 (0.03-3.40) NA 046 (0.05-450) 120 (0.16-8.77) NA 145 (0.20-10.64)  0.44 (0.04-4.35) NA 0.56 (0.06-5.52)
(1) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
#01:04:01 5 0.60 (0.23-158) 076 (0.16370) 051 (0.18-1.42) 090 (0.34-237) 034 (0.04276)  1.09 (041-2.87)  1.20 (0.46-3.15) NA 1,54 (0.58-4.08)
= 0.82(0232.85) 059 (0.07-503)  1.06(0.30-370) 041 (0.10-1.65)  1.62(0.31-846) 030 (0.06-1.44) 176 (050-6.14)  1.93 (0.37-10.23)  1.57 (0.45-5.52)
0 1.00 %\‘&) 1.00 1.00 L6 (01'107? 1492) 1.00 1.00 1.00 1.00
*01:06 1 0.21 (0.02-1.88) o 028(0.03249) 060011339 2 OI7I 028 (0.03-247)  0.26 (0.03-2.33) NA 0.33 (0.04-2.96)
=2 NA o 19) NA 2390212709 (A% 280(025:3173)  264(0232991) 486 (0415804 335 (0.30-37.95)
Low resolution
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
olols 2 3.43 (0.29-40.95) NA 343(029-4095  0.50 (0.05-4.67) NA 0.36 (0.04352)  3.43 (0.29-40.95) NA 2.63 (0.22-31.35)
: 3 229 (0.21-24.68) NA 150 (0.14-1632)  0.81 (0.10-6.58) NA 0.71(0.09-5.73)  2.44 (0.23-26.30) NA 2.44 (0.23-26.30)
4 3.00 (0.30-30.02) NA 230(0.23-23.02)  0.91 (0.12-6.76) NA 076 (0.10-5.67)  2.04 (0.20-20.44) NA 1,50 (0.15-15.08)

2 Only those alleles that were >3% prevalent were included in the analyses. b Father’s semen, urethral or oral HPV prevalence at baseline and/or child’s oral HPV prevalence at birth.
0 = no shared alleles; 1 = discordant for the allele; >2 = at least 2 shared alleles i.e., both heterozygous or homozygous for the allele; 2 = 2 shared alleles, 3 = 3 shared alleles, 4 = 4 shared
alleles. Statistically significant OR:s (p-value < 0.05) are shown in bold. NA = not applicable.
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Table 3. Association of HLA-G genotype concordance with HPV prevalence at birth and postpartum among 134 father—child pairs of the Finnish Family HPV Study.
HLA-G genotype discordant father—child pairs served as a reference.

Children Oral HPV P

OR (95% CI)

HLA-G Genotype
Concordance ?

Father Semen ?

Any

LR

HR

Father Urethral P

Any

LR

HR

Father Oral ?

Any

LR

HR

At Birth

01:01:01/01:01:01
01:01:01/01:01:02
01:01:01/01:01:03
01:01:01/01:04:01
low resolution
01:01+/01:01+
01:01+/01:03+
01:01+/01:04+
01:01+/01:06+

0.84 (0.32-2.24)
1.84 (0.31-11.01)
3.75 (0.27-51.37)
1.11 (0.18-6.97)

1.31 (0.56-3.03)

2.50 (0.10-62.60)

1.07 (0.22-5.14)
NA

1.93 (0.32-11.43)
0.90 (0.09-8.80)
NA
1.20 (0.09-16.44)

1.31 (0.34-5.09)

0.81 (0.06-10.48)
NA

0.90 (0.33-2.44)
1.29 (0.24-7.03)
3.75 (0.27-51.37)
1.71 (0.27-10.92)

1.53 (0.64-3.67)

2.50 (0.10-62.60)

1.60 (0.32-7.90)
NA

0.75 (0.28-1.99)
0.18 (0.02-1.62)
1.50 (0.11-21.31)
0.63 (0.09-4.33)

1.12 (0.48-2.61)
1.33 (0.06-31.12)
0.35 (0.06-2.12)
3.00 (0.15-59.89)

2.59 (0.46-14.46)
NA
NA

8.00 (0.57-111.96)

1.10 (0.28-4.37)

5.14 (0.40-66.15)
8.00 (0.31-206.37)

0.79 (0.29-2.16)
0.20 (0.02-1.85)
1.50 (0.11-21.31)
0.25 (0.02-2.59)

1.08 (0.46-2.55)
1.33 (0.06-31.12)
0.15 (0.02-1.46)

8.00 (0.31-206.37)

0.98 (0.36-2.67)
0.23 (0.02-2.10)
NA
1.00 (0.16-6.35)

0.84 (0.36-1.96)
2.50 (0.10-62.60)

1.25 (0.26-6.07)
8.00 (0.31-206.37)

1.79 (0.30-10.61)
NA
NA
NA

NA
NA
NA

0.87 (0.31-2.43)
0.29 (0.03-2.73)
NA
0.50 (0.07-3.45)

0.62 (0.26-1.46)
2.50 (0.10-62.60)
0.80 (0.16-3.88)

8.00 (0.31-206.37)

Postpartum

01:01:01,/01:01:01
01:01:01/01:01:02
01:01:01/01:01:03
01:01:01/01:04:01
low resolution
01:01+/01:01+
01:01+/01:03+
01:01+/01:04+
01:01+/01:06+

1.20 (0.45-3.18)
NA

0.67 (0.05-9.47)

2.75 (0.40-18.88)

1.32 (0.57-3.04)
NA

5.69 (0.94-34.46)

3.00 (0.15-59.89)

0.80 (0.19-3.35)

0.48 (0.05-4.49)

1.17 (0.07-18.35)
NA

0.99 (0.35-2.87)
NA
NA

2.00 (0.08-51.59)

1.29 (0.48-3.44)
7.11 (0.77-65.80)
0.67 (0.05-9.47)
3.43 (0.49-23.77)

1.90 (0.79-4.56)
1.33 (0.06-31.12)
7.00 (1.14-42.97)

8.00 (0.31-206.37)

1.07 (0.40-2.82)
0.68 (0.12-3.73)
3.75 (0.27-51.37)
3.14 (0.45-21.96)

1.80 (0.77-4.23)
NA

6.50 (1.05-40.13)

0.75 (0.04-14.97)

1.03 (0.28-3.80)
NA
NA

1.75 (0.12-24.65)

0.99 (0.32-3.06)
NA

1.14 (0.09-14.78)

0.75 (0.04-14.97)

1.23 (0.46-3.28)
1.05 (0.19-5.74)
3.75 (0.27-51.37)
1.57 (0.24-10.09)

1.67 (0.69-4.06)
0.75 (0.03-17.51)
3.71 (0.70-19.59)
2.00 (0.08-51.59)

0.95 (0.36-2.51)
0.88 (0.16-4.82)
3.75 (0.27-51.37)
2.50 (0.36-17.32)

1.02 (0.44-2.38)
NA

4.28 (0.71-25.92)

3.00 (0.15-59.89)

0.71 (0.17-2.96)
NA
NA
5.00 (0.24-104.15)

1.45 (0.38-5.56)
NA

4.50 (0.23-88.24)

2.00 (0.08-51.59)

1.09 (0.41-2.92)
1.47 (0.27-8.09)
3.75 (0.27-51.37)
1.25 (0.20-7.96)

1.01 (0.43-2.38)
1.33 (0.06-31.12)
2.44 (0.47-12.63)
2.00 (0.08-51.59)

2 Only those genotypes that were >3% prevalent were included in the analyses. ® Father’s semen, urethral or oral HPV prevalence at baseline and/or child’s oral HPV prevalence at

birth and postpartum. Genotype 01:01:02/01:01:02 was taken out due to the small number of cases. Statistically significant OR:s (p-value < 0.05) are shown in bold. NA = not applicable.
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4. Discussion

The acquisition of HPV infection in early life is supposed to be facilitated by many
complex immunological, genetical and epigenetical co-factors [37]. The father’s role in
a child’s early life exposure to HPV infection remains unclear. According to our results,
certain HLA-G alleles appear to have an impact on father—child HPV concordance and
prevalence in the perinatal period. However, HLA-G genotypes did not show any influence
on the HPV concordance among the father—child pairs. Only a few other studies have
evaluated the father’s role in perinatal HPV infection with controversial results [13,14,38].
The study with the Polish family cohort (146 parental couples and their newborns) showed
that a father’s oral HPV16/18 infection increased the newborn’s oral HPV16/18 infection
at birth [14]. With our Finnish Family cohort, Rintala and colleagues showed that the
newborn’s genital HPV positivity associated with the mother’s oral HR-HPV detected
before delivery, whereas the newborn’s oral HPV positivity at the age of six months was
associated with father’s oral HR-HPV detected before delivery [13]. In both studies, type-
specific concordance was not analyzed. In addition, another recent study with our Finnish
Family cohort showed that the incident oral HR-HPV infection for the child was predicted
by the HR-HPV seropositivity of the father [39]. In contrast, Smith and colleagues showed
HPV transmission from parents to newborns to be rare in an American population in Iowa,
as only one of the 574 mother—child pairs and none of the 68 father—child pairs had a
concordant HPV type [38].

The role of HLA-G in vertical HPV transmission is even less studied. To our knowl-
edge, there is only one previous study with the same Finnish Family HPV cohort that
has evaluated the HLA-G and vertical mother-to-child HPV transmission [31]. In that
study, HLA-G allele or genotype concordance did not show any impact on mother-to-child
genotype-specific HPV transmission [31]. To date, no studies on HLA-G in father—child
HPV concordance or transmission have been reported.

HLA-G in vertical HIV transmission is more studied than HLA-G in vertical HPV
transmission. Several studies have shown HLA-G polymorphism to influence the risk of
mother-to-child HIV transmission [24-29]. With regard to mother—child HLA-G concor-
dance, the data are controversial and sparse. One small prospective cohort study (N = 34)
run in New York City suggested that mother—child discordance in exon 2 is associated
with a reduced risk of perinatal HIV infection [24]. However, two larger studies have not
found any association between HLA-G allele concordance and vertical mother-to-child
HIV transmission [25,29].

One study has shown an association of the HLA-G*01:04:01 allele with vertical mother-
to-child HCV transmission; G*01:04:01 was significantly higher in HCV-positive children
than HCV-negative children (22.5% vs. 6.8%) [30]. Interestingly, we found HLA-G*(01:04:01
allele concordance to increase the father’s oral and child’s postpartum oral any-and HR-
HPV concordance. According to the literature, the data are partly inconsistent, and no
consistency of specific risk alleles for the vertical transmission of viral infections exist. To
the best of our knowledge, no studies with HLA-G and father-to-child transmission of HIV
nor other viruses have been published before.

In this study with a cohort of fathers and their newborns, we identified only nine
different HLA-G alleles. To date, overall, 117 HLA-G alleles have been identified (IPD-
IMGT/HLA Database, July 2023) [40]. The relatively low number of different HLA-G alleles
we found was not surprising considering that the Finnish population has a quite restricted
and homogenous gene pool due to historical isolation. The most common allele observed
among both fathers and their offspring in our cohort was the wild-type G*01:01:01, which
was expected as G*01:01:01 is usually the most common HLA-G allele in all population
studies so far [41].

We showed HLA-G concordance with certain specific alleles to have an impact on
father—child HPV concordance (in any-, LR- and HR-HPV groups), but whether it indi-
cates HPV transmission from father to child is questionable. We showed that the type-
specific father—child HPV concordance was associated with HLA-G allele G*01:04:01. HLA-
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G*01:04:01 father—child concordance was related to the father’s oral and child’s postpartum
oral any- and HR-HPV concordance. In this case, HPV type-specific concordance was
seen in two father—child pairs with HR-HPV genotypes 33 and 70 (50% of concordant
pairs had HR-HPV genotype specific concordance. Further evaluations showed that if
the mother’s oral HPV status were also taken into account, the adjusted OR values for
G*01:04:01 father—child concordance and the father’s oral and child’s postpartum oral
any- and HR-HPV concordance remained statistically significant; adjusted OR values:
11.50 (95% CI 1.77-74.87) and 9.86 (95% CI 1.49-65.12), respectively. This finding is sugges-
tive for vertical father-to-child HPV transmission in this case. Interestingly, in the study
with the same Finnish Family cohort including mother—child pairs, discordant mother—
child HLA-G allele G*01:04:01 increased the risk of the child’s oral LR-HPV infection at
birth [31].

According to our results, HLA-G*01:01:03 allele father—child concordance relates to
the father’s urethral and child’s oral HR-HPV concordance at birth. Controversially, when
a child’s oral HPV status was determined postpartum, an association between G*01:01:03
allele discordance and the father’s urethral and child’s oral HR-HPV concordance was seen.
Moreover, HLA-G allele G*01:01:03 discordance seems to increase the risk of the father’s
urethral and/or child’s oral any- and HR-HPV positivity at birth, whereas G*01:01:03
concordance was associated with the higher risk of father’s oral and / or child’s oral HR-HPV
positivity at birth. This contradiction remains unexplainable assuming that biologically
HLA-G allele discordance is supposed to reduce the risk of infection at any anatomical
site. Therefore, we investigated separately the fathers” HPV prevalence at baseline (before
birth) and children’s HPV prevalence at birth; G*01:01:03 allele discordance seemed to
increase solely the father’s urethral any- and HR-HPV positivity but not the child’s oral
HPV positivity at birth. G*01:01:03 allele concordance lost statistical significance when
the fathers” oral HR-HPV prevalence and children’s oral HR-HPV prevalence at birth
were explored separately; thus, it did not show an impact on one or the other’s oral
HR-HPV prevalence alone. Interestingly, in our recently published study, we found the
presence of men’s allele G*01:01:03 to associate with an increased risk for urethral HR-HPV
infections [42].

Allele G*01:06 concordance was associated with the LR-HPV prevalence of fathers’
semen and urethral and/or children’s oral HPV at birth. When we explored this associa-
tion by fathers” and children’s prevalence alone, G*01:06 concordance was not associated
separately with the father’s semen or child’s oral LR-HPV positivity at birth. However,
G*01:06 concordance increased the father’s urethral LR-HPV positivity but not the child’s
oral LR-HPV positivity at birth, when the prevalence of fathers and children was analyzed
separately. Interestingly, the study of the Finnish Family cohort with mother-child pairs
showed that G*01:06 mother—child discordance increased the child’s oral LR-HPV positivity
but had no impact on the mother’s site [31].

The main limitation of this study is that we could not stratify analyses by HPV
genotype due to the relatively low sample size of fathers and newborns. A small sample
size of fathers and children with uncommon HLA-G alleles may reduce the detection rate
of significant associations between father—child HLA-G allele concordance and father—child
HPV concordance. In addition, especially for the perinatal period, newborns might be also
exposed to HPV from siblings and other caregivers. These covariables were not considered
in this study. In addition, as the study cohort represents the Finnish population, which has a
restricted gene pool, the findings of this study may not be generalized to other populations.

For many, it is still questionable whether a child’s HPV status at birth represents
passive HPV contamination or a true infection. However, a recently published study
with the FFHPV cohort showed that part of the newborns born to seronegative mothers
showed seroconversion to HPV6, HPV11, HPV16 and HPV18 recorded after birth [43].
According to this finding, there is a reason to suggest that newborns had acquired HPV
infection somewhere in their body as they had created an immune response for HPV
already in early infancy. In fact, our previous findings by Koskimaa et al. showed that
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an HPV16-specific immune response exists among these unvaccinated and sexually-naive
children [44-46]. The oral infection with LR HPV6 and HPV11 types is known to cause
juvenile-onset recurrent respiratory papillomatosis [4]. Even if the JoRRP is rare, and the
lesions it causes are benign, recurrent disease may need repeated surgery and can persist
into adulthood [4]. Given that, the consequences of newborn’s exposure for HPV infection
should not be ignored. Furthermore, the risk of genital precancerous lesions in adolescents
and young adults based on vertical transmission is not fully understood. Better knowledge
of the natural history of HPV in early childhood is crucial to create the most effective
preventive strategies for HPV infection-related diseases as to determine the optimal timing
of the prophylactic HPV vaccination.

5. Conclusions

This is the first study to our knowledge to evaluate the association of the father—
child HLA-G allele and genotype concordance with the father—child HPV prevalence and
concordance at birth and during the perinatal period. According to our results, father—
child concordance of certain HLA-G alleles appears to have an impact on father—child
HPV concordance and prevalence in the perinatal period. However, father—child HLA-
G genotype concordance did not show such an impact. Due to a relatively low sample
size, we could not evaluate the results by genotype-specific HPV concordance. Thus, the
results are approximate and should be further validated by larger studies, with HLA-G
and genotype-specific HPV data, in the future.

To conclude, father—child HLA-G concordance might play some role in father—child
HPV concordance and prevalence at birth and during the perinatal period of life. The
regulatory role of HLA-G in a child’s susceptibility to HPV infection and the role of the
father in the transmission chain need further investigations.

Supplementary Materials: Table S1: Association of Human leukocyte antigen G (HLA-G) allele
sharing with postpartum Human papillomavirus (HPV) prevalence among 134 father-child pairs
of the Finnish Family HPV study. The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/cimb45070366/s1.
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