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ABSTRACT
Aim: Human papillomavirus (HPV) transmission via nonsexual modes in childhood

has been proposed by several researchers. The aim of our study was to determine the

presence of ‘high-risk’ HPV DNA in human breast milk.
Methods: Using polymerase chain reaction techniques, we evaluated the presence

of HPV infection in human breast milk collected from 21 HPV-positive and 11 HPV-negative

mothers.
Results: Of the 32 studied human milk specimens, no ‘high-risk’ HPV 16, 18, 31,

33, 35, 39, 45, 51, 52, 56, 58 or 58 DNA was detected.

Conclusion: This preliminary case–control study indicates the absence of mucosal ‘high-risk’
HPV types in human breast milk.

INTRODUCTION
Human papilloma viruses (HPVs) are small double-
stranded DNA viruses associated with a wide range of cuta-
neous and mucosal infections in adults as well as in children
(1,2). Mucosal HPV types 16 and 18 represent the most fre-
quent ‘high-risk’ types that are detected in the female ano-
genital system and are present in more than 70% of women
with cervical cancer (3). The recently introduced vaccina-
tion programme against HPV in childhood is expected to
prevent HPV-16- and HPV-18-related cervical cancer in
women. Although HPV infection is considered a sexually
transmitted infection, HPVs can also be transmitted by non-
sexual routes including casual physical contact and perina-
tal vertical transmission (4–7).

Vertical mother-to-infant transmission of HPV has been
proposed by various studies, including the mother-to-infant
transmission via breast milk (5,7). Recently detection of
HPV infection in the buccal cavity of healthy children has
raised new questions concerning the vertical mode of HPV
transmission in childhood via breast milk (8). The presence
of HPV in breast milk can potentially increase the appre-
hension of mothers with HPV-related cervical neoplasia
preventing the breast feeding of their infants. Since to date
data on the presence of HPV in human breast milk among
women with genital HPV infection are limited, we con-
ducted a case–control study to determine the presence of
‘high-risk’ HPV DNA in human breast milk (9).

SUBJECTS AND METHODS
Human breast milk specimens were collected from 11 HPV-
negative mothers with normal Papanicolaou smear test and
21 mothers with HPV-associated lesions, who attended the
‘Penteli’ Children’s Hospital, in Athens, Greece, during the
period January 2009–2010. Consent form was acquired by
all women included in our study.

The milk samples were centrifuged for 20 min at 146.9 g
to pellet the cells, from which the DNA was extracted with
the ZR Genomic DNA kit according to the manufacturer’s
specifications (Zymo Research, Orange, CA, USA). The
DNA concentration was calculated using the NanoDropTM

1000 Spectrophotometer. Specimens were examined for the
presence of amplifiable DNA using a set of primers for the
b2-microglobulin gene. Twenty nanograms of genomic
DNA was applied to each polymerase chain reaction (PCR),
and all samples were run in duplicate. The samples were ini-
tially examined for the presence of nontype-specific HPV
DNA using the general primers GP5+ ⁄ 6+ and the 2· Bril-
liant SYBR-Green I QPCR master mix (Stratagene, La Jolla,
CA, USA) (10). After initial denaturation at 95�C for 7 min,
samples were subjected to 45 amplification cycles com-
prised of denaturation at 95�C for 10 sec, annealing at 45�C
for 35 sec and elongation at 72�C for 30 sec, followed by a
melt curve analysis in which the temperature was increased
from 55 to 95�C at a linear rate of 0.2�C ⁄ sec. Appropriate
negative and positive controls were included in each PCR to
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Figure 1 Detection of HPV DNA in representative milk samples included in our study. The breast milk samples were divided into supernatant and cell pellets, and

were initially examined for the presence of HPV DNA using the general GP5+ ⁄ 6+ primers. (A) Amplification plot depicting HPV typing for the GP5+ ⁄ 6+-positive

samples. Arrows in the amplification plot show the positive and negative control samples, respectively. Arrowheads depict three serial dilutions (2-fold) of an

HPV-positive cell pellet sample. HPV-negative controls did not show amplification curve. (B) Amplification plot of the positive controls for the HPV types 16, 18, 31,

33, 35, 39, 45, 51, 52, 56, 58 and 59. (C) Amplification plot depicting that none of the supernatant or cell pellet samples was positive for the studied ‘high-risk’

HPV types.
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exclude contamination events and to establish the specific-
ity of primer-directed amplification.

For the general screening of HPV DNA, HeLa cells trans-
fected with conserved L1 sequences among the HPV strains
were used as the positive control. Downstream HPV-typing
was performed for the HPV-positive sample with the HPV
HighRisk Typing Real-TM kit (Sacace Biotechnologies,
Commo, Italy), according to the manufacturer’s recommen-
dations This kit can detect qualitatively and genotype the
HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59.
b-globin was used as internal control. Statistical analysis
was performed using the SPSS computer program package
(version 12.0.1 for Windows).

RESULTS
The mean ages of the HPV-negative mothers with normal
Papanicolaou smear tests and the mothers with HPV-asso-
ciated lesions were 25 (range 19–28 years) and 26 years
(range 20–32 years), respectively (p = 0.345, nonstatistical-
ly significant). Among the women with HPV-associated
lesions, five women had ‘high-grade’ squamous intraepithe-
lial lesions (SILs) and 16 had ‘low-grade’ SILs. All neonates
delivered by the mothers included in our study did not exhi-
bit any HPV-associated skin or mucosal lesions. Analysis of
breast milk demonstrated the presence of cellular DNA in
all specimens. Only one cell pellet sample was HPV positive
using the general primers GP5+ ⁄ 6+. This breast milk sam-
ple was collected from an HPV-negative mother with nor-
mal Papanicolaou smear test. Further analysis with the
HPV HighRisk Typing method did not show positivity for
any of the 12 studied ‘high-risk’ HPV types. None of the
supernatant samples was HPV positive (see Fig. 1).

DISCUSSION
Our study provides further evidence of the absence of ‘high-
risk’ HPV DNA in human breast milk collected from
women with HPV-associated lesions. According to the liter-
ature, the presence of HPV in human breast milk was found
in only one study performed in 2008 by Sarkola et al. (9). In
this study, HPV-16 DNA was detected in 4% of the studied
breast milk samples implicating the possible role of breast
feeding in the mother-to-infant transmission of HPV. How-
ever, in our study, ‘high-risk’ HPVs were not detected in any

of the studied cases supporting vertical transmission via
breast milk as an unlikely mode of ‘high-risk’ HPV transmis-
sion.

Notably, our findings were relevant to the results of the
study by Sarkola et al.(9) who demonstrated no relationship
between maternal cervical and breast milk HPV infection.
A further search of the literature did not provide any pri-
mary evidence to support the involvement of breast feeding
in HPV transmission (5). The presence of HPV in breast
milk and its possible clinical relevance regarding HPV
transmission in children require further clarification in lar-
ger scale case–control studies. At present, no evidence exists
to support the avoidance of breast feeding owing to the pos-
sible mother-to-infant transmission of HPV via breast milk.
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