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Abstract

Objective: Several studies have demonstrated that infants can acquire human papillomavirus (HPV) infection at
birth from their mothers. The aim of the present investigation was to determine prevalence of HPV infection among
pregnant women and evaluate the extent of perinatal transmission of HPVs to infants.

Methods: The study included 135 pregnant women and their infants. The polymerase chain reaction (PCR) was
performed to detect HPV DNA in cervical cells of the women and buccal cells of the infants.

Results: HPVs detected were genotyped by PCR using type specific primers. HPV DNA was identified in 38
mothers (28.14%, 38/135) and 14 babies (10.37%, 14/135). The prevalence rate of HPV type 16 was highest both in
HPV positive maternal (63.15%, 24/38) and baby samples (85.71%, 12/14). At birth, the frequency of HPV
transmission from infected mothers to their infants was 18.42% (7/38). The proportion of infants with HPV infection
delivered by cesarean section was 78.57% (11/14).

Conclusion: Cesarean section was not found protective for infants against perinatal HPV transmission. Infection
in the infants was cleared within one year. This is the first report of its kind from India.
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Introduction et al, 1989) and recurrent laryngeal papillomatosis (Kashima
et al, 1987) and condyloma acuminata (Obalek et al, 1990)
Epidemiological studies have firmly demonstrated thatn newborn infants support perinatal transmission of HPVs.
human papillomaviruses (HPVs), are established causesTfie majority of HPV infections are transient and persistence
anogenital cancers (Schiffman,1995, Das et al, 2000, Kirwanf the infection is required for the development of cervical
& Herrington, 2001). HPV 16 and 18 are the most prevalerintraepithelial neoplasia (Hildesheim et al, 1994).
types in cervical lesions (Van den Brule et al, 1993). LovAcquisition of HPV infection before the infants’ immune
risk HPV types 6 and 11, in contrast, are mainly associategystem is mature, may lead to immunological tolerance. This
with recurrent laryngeal papillomatosis and genital wartsvould facilitate persistence of the infection and/or a reduced
(Levi et al, 1989). Though HPV is mainly sexually ability to clear out subsequent high risk HPV reinfections
transmitted, there are reports (Cason et al, 1995) of perinat@ason et al, 1998). Thus assessment of prevalence and
transmission leading to subclinical infection in infants. Thigersistence of HPV infection has significant implications
may occur owing to swallowing of the maternal blood,for vaccination against genital HPV infection.
amniotic fluid or vaginal secretions as the fetus passes We here therefore investigated the prevalence of cervical
through an infected birth canal (Tseng et al, 1998)HPV infection among Indian pregnant women and evaluated
Frequency of HPV infection among pregnant women (Randthe risk of perinatal transmission from mother to infant. The
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objective was to identify a group of women at risk of(Grce et al, 1997). The length of the final amplified HPV
developing premalignant /malignant cervical lesions at lateypes are 113, 109, 334, 514 and 456 bp respectively. All
stage of life and to understand the potential for perinat®CRs included negative controls (distilled water and DNA

HPV transmission in India. from HPV negative cell line C33A) and precautions were
taken to avoid contaminations. Plasmid DNA containing type
Patients and Methods specific HPV genome and HPV positive cell lines (SiHa /

Hela) were used as positive controls.

Subjects

Between May 1999 and December 2001, 215 pregnafytological analysis
women at term attending antenatal clinic at BNR hospital, Cytological preparations were assessed by standard
Gardenreach, Kolkata and their infants were recruited fdPapanicolaou staining. The diagnosis of HPV was based on
this study. This study was commenced after obtainingreviously reported features (Gupta, 1991). These included
approval of the institutional ethical board. At enrollmentparakeratosis, and /or dyskeratosis, keratinization, nuclear
samples were collected from 215 pregnant women in thenlargement, nuclear membrane irregularities and sharply
age range 20- 39 years without any previous history afemarcated paranuclear halo. The cytologist had no prior
abnormal cervical smears or visible genital warts anéhformation about HPV status of the patients.
complicated pregnancies. Informed consents for sample
collection were received from the women for themselveStatistical calculations
and their infants. A total of 149 mother-infant pairs were Odds ratio (OR) and Chi- square test was performed to
eligible for this study because 66 cases lacking in matchefitermine statistical significance of different HPV results
maternal cervical samples and neonatal buccal samples wargong the women and to compare the factors in mother
excluded. Cervical swabs were collected from the womeassociated with HPV transmission between HPV+ and HPV-
at their third trimester examination 10-15 days prior tanfants.
delivery. Neonatal buccal swabs were collected between 1-
4 days after birth before hospital discharge. Women werResults
asked to return with their infants for further evaluation if
either of them were HPV positive at first examination.  The study population primarily comprised of Hindu (123/
Interval between enrollment and first return visit was 6133, 92.48%) women from lower middle class background
months postpartum for the mothers and 6 weeks for th@ncome ranging Rs. 1500 — 5000 per month). Mean age of
babies. HPV positive cases were attempted to follow-up tihe patients was 26.55 years (range: 20-39 years). Base
1 year with an interim visit at 3 months for infants and Gnformation of the subjects is given in Table 1. Overall

months for mothers. prevalence of cervical HPV infection among the pregnant
women was 28.14% (38/135) at enrollment. Average age of
Sample collection the HPV positive and HPV negative women was 25 and 21

To test presence of HPV DNA in exfoliated cervical cellsyears respectively. Details of the women’s characteristics
of the pregnant women, cell scrapes were collected withregarding age, social class, cytology results and gravida
small endocervical brush and a cervical smear was also takare given in Table 2.
for cytological analysis. Buccal swabs were collected from
infants born to the mothers. All samples were taken in steril&ble 1. Basic Information for the Study Subjects
phosphate-buffered saline (pH 7.4) solution and stored at

—20c until processed. variable percentage
_ Ethnicity Hindu 123/133, 92.48
Detection of HPV DNA _ _ _ _ Others 10/133, 7.52
Cells were lysed by proteinase K digestion and nucleic
acids were extracted by phenol —chloroform. A 268 bMother’s age 20-29 yrs 106/135, 78.52
fragment of the beta globin gene was amplified to assess 30-39 yrs 29/135, 21.48

adequacy of the DNA of each sample (Saiki et al’19882$300ial class

Negative samples (N=14) from either the mother or the " ! 722/1/3'52%;%2
infants by beta globin amplification were excluded from this I 26/125’ 20'8
study. Both samples were adequate in 135 mother — baby Y, 3/125' 24
pairs. For HPV detection the DNA was amplified using the T
degenerate consensus primers MY09/MY11 (Manos et atGravida 1 70/134, 52.24
1989) targeting a 450 bp region in the highly conserved L1 2 32/134, 23.88
ORF. PCR products were electrophoresed in ethidium 3 and/or >3 32/134, 23.88

bromide stained 1.5% agarose gel. Positive cases were
amplified further with type specific primers for HPVs 6/11 # social class of 10 subjects could not be ascertained.( class IV
(Ostwald et al,1994), 16,18 (Miller et al, 1994), 31 and 33vas highest) *gravida of one subject was unknown
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Table 2. Patient Characteristics from all 135 infants (male/female = 63/72). At birth overall
prevalence of HPV infection among the infants was 10.37
Variable HPV  HPV OR % (14/135). Among the 14 HPV positive infants, 7 (males /
positive negative females = 4/3, vaginal /cesarean delivery = 2/5) were born

to HPV positive mothers and 7 (males /females = 3/4, vaginal

Agg-gg_lris()los) 25 81 1.00 / cesarean delivery = 1/6) to HPV negative mothers.
30-39 irs (29) 13 16 263 (1'12_ 6.21) Therefore at birth the overall frequency of HPV transmission
' ' ' from HPV positive mothers to their infants was 18.42 %
Gravida (n=134) * (7/38). Out of the 14 HPV positive infants 12 had HPV 16
1 (70) 24 46  3.65(1.15-11.63) DNA, 1 HPV 31 and 1 HPV 33. Out of the 12 HPV 16
2(32) 10 22 3.18(0.88-11.52) positive babies additional HPV 31 was found in six, HPV
3 and >3 (32) 4 28 1.00 33in one, HPV 18 plus 31 in one.
Table 3 summarizes the concordance between HPV types
Cytology (n=135)* in mothers and the infants. It was found that HPV 16 DNA
Normal (94) 15 79 1.00 concordantly transmitted in 5 cases regardless of the mode
HPV related lesions(39) 21 18 6.13(2.66-14.29)0f delivery. None of the mothers selected the mode of
Social class (n=125)# delivering thgir babies. Other than HPV typg 16 was found
| (24) 2 29 to b_e transmitted from 14 r_’nothers to 2 bab!es. However 6
I (72) 27 45 P =0.124 babies were found to acquire HPV 16 |nfect|on.and 1 other
Il (26) 3 18 HPV type§ _though they were porn of HPV negative mothers.
IV (3) 1 2 HPV positive mothers and infants were followed up at

programmed visits. Mothers were followed up at an interval
N.B. Number in parenthesis indicates the number of women inf 6 months and infants at 6 weeks and 3, 6, 9 or 12 months
that category. after delivery. However, all subjects did not turn up as
* gravida of one subject was unknown, *insufficient material in schequled. Out of 38 HPV positive (at enrollment) mothers
ic?gsn;ﬁl\?sv;/aisr?i;lr?égass of 10 subjects could not be ascertaingg e not available for follow up study. At 6 months of
follow up 12 mothers were available for study. Out of them
2 remained HPV positive and 10 were negative. At 12-month
HPV DNA of types 16 and/or 18 was identified infollow up 8 mothers (excluding previous 12) attended for
81.57% (31/38 cases) of the HPV+ women. HPV 16 wathe test and 3/8 were found to be HPV positive. Types of
detected in 63.15% (24/38) of the women. Out of the 3HPV DNA detected in cervical samples before delivery and
HPV positives 13 had HPV type 16, 7 HPV 18 and 11 botht follow up were not identical though prevalence of HPV
HPV 16 and 18. Three of the 13 HPV 16 positives had alsbb was highest (data not shown) in both cases. Among 14
HPV 6/11 DNA and one had additionally HPV 31. AmongHPYV positive infants 4 were not available for follow up study.
the 7 HPV 18 positive cases, 2 had in addition HPV 31 arllemaining 10 infants were evaluated at least once, anytime
one both HPV 31 and 33. Out of the 11 cases having botturing the follow up periods of upto 12 months. All were
HPV 16 and 18, 4 were also positive for HPV 6/11, 1 fofound to have cleared the infection in some cases as early as
HPV 31 and one for both HPV 31 and 33. Thus, out of 38rst visit at 6 weeks (data not shown).
overall HPV positive mothers, 31 had HPV 16 and/or 18, Characteristics of mothers that could influence
one was infected with both HPV 6/11 and 31 and 6 hatlansmission of HPV infection are given in Table 4. It was
HPVs other than the types tested. found that HPV infection in the infants was not associated
Buccal specimen for HPV DNA analysis was collectedvith the maternal age, socioeconomic level, gravida, HPV

Table 3. HPV Status of the Infants with Respect to Mothers’ Status and Mode of Delivery

Mode of delivery Infants HPV 16 Infants HPV other Infants HPV negative
(CS/VD)*

Mothers HPV 16 CS (16) 4 - 12

positive VD (8) 1 - 7

Mothers other CS (11 1 - 10

HPV positive VD (3) 1 - 2

Mothers HPV CS (49) 5 1 43

negative VD (48) 1 - a7

*VD: vaginal delivery; CS : cesarean delivery
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Table 4. Characteristics of Mothers and HPV Prevalence in Atbirth prevalence of HPV infection among infants was

Buccal Cells of the Infants 10.37% and transmission rate was 18.42%. The concept of
maternal —fetal transmission of HPV infection at birth was

Infants HPV OR&p first proposed by Sedlacek et al (1989) and supported by

Positive Negative detection of HPV infection in nasopharyngeal aspirates

Maternal age (n = 135) (48%). Also several other studies demonstrated perinatal

20-29 yrs mothersHPV+ (25) 5 20 3.13 (0.73-13.28) transmission of HPV infection (Frederick et al, 1993; Cason
mothers’HPV- (81) 6  75¢2=3.26, p=0.0711 €t al,1995; Syrjanen & Puranen, 2000 ). Smith et al (1995)
30-39 yrs mothers’HPV+ (13) 2 11 2.73(0.16-87.62) and Puranen et al (1996) using PCR reported transmission
mothers’HPV- (16) 1  15¢?*=0.04, p = 0.8491 rates of 4% and upto 80% respectively. Pakarian et al (1994)
P _ demonstrated 55% vertical transmission rate, from HPV
Social class (n =125) .. . .
| mothersHPV+ (2) ) 2 y2=2.37,p=0.1235 posmve_ mothe_r to their new-born. In a cohort study with a
mothers'HPV- (22) 1 21 population of high HPV prevalence (74%) Watts et al (1998)
Il mothers’HPV+ (27) 5 22 2.33 (0.47- 11.79) did not find PCR positive nasopharyngeal aspirates at birth.
mothers’HPV- (45) 4 41 ¥2=0.69, p=0.4076 This suggests transient prenatal contamination of infants’
[l mothers’HPV+ (8) 2 6 2.67 (0.20- 37.04) specimen by maternal HPV did not occur. In a population
mothers’HPV- (18) 2 16x*=0.10,p=0.75118 with low prevalence (5.2%) of HPV infection among
IV mothers’HPV+ (1) -1 mothers, Tenti et al (1999) detected transmission of 30%. In
mothers’ HPV- (2) -2 a previous Indian study, by in situ hybridization (Chatterjee
#Gravida (n =134) et al, 1998) in a small sample size (N=30) with 40% HPV
1 mothers’HPV+ (24) 4 20 2.10 (0.39- 11.47) positive mothers transmission to buccal cells of infants was
mothers’HPV- (46) 4  42x*=0.36, p=0.54901 demonstrated as 41.6%. Review of these literatures
2 mothers’HPV+ (10) 2 8 25(0.20-31.88) demonstrated a widely varying rate of vertical transmission
mothers’HPV- (22) 220 x*=0.08,p=0.7731  from as low as 0% to as high as 80%. Such variation may be

3and >3 mothers’'HPV+ (4) 1 3

due to the varied risk factors for cervical neoplasia in the
mothers'HPV- (28) 1 27 x2=0.30, p=0.5809

population screened, different sample collection techniques

*Cytology (n = 133) and sensitivities of the HPV detection methods.We selected
normal mothers'HPV+ (15) 2 13 2.28 (0.27-15.7) broad-spectrum consensus primer (MY09/MY11) to screen
mothers’HPV- (79) 5 74 x?=0.17,p=0.6811 the samples initially for HPV DNA. Only samples positive
abnormal mothers’HPV+ (21) 4 17 1.88 (0.24 -17.48) by consensus primers were genotyped by type specific
mothers'HPV- (18) 2 16 x* =0.06, p=0.8156  yrimers. This may be the cause for lower transmission rate
HPV positive by PCR in our study since at least one study shows that consensus
mothers’HPV+ (38) 7 31 2.90 (0.83-10.18) primer is less sensitive than type specific primer (Cason et
mothers’HPV- (97) 7 90 X?=3.69, 0.0548 al, 1995).

. In our study the high rate of HPV infection among
mode of delivery .
cesarean mothersHPV+ (27) 5 22 1_63(O.38_6_99)ne0.nates a}fter a cesarean delivery sugge_sts that cesarean
mothersHPV- (49) 6 43 x2=0.55, p= 0.4568 delivery did not effectively protect against perinatal
vaginal mothers HPV+ (11) 2 9 10.44 (0.63 — 329.12) transmission of HPV. HPV DNA has been previously found
mothers’HPV- (48) 1 47x2=4.81,p=0.02836 in the amniotic fluid (Armbruster-Moraes et al, 1994), in
peripheral blood mononuclear cells of pregnant women and
in the cord blood specimens of neonates born to HPV positive
mothers (Tseng et al, 1992). This suggests that virus can

_ . . _cross the placental barrier and infection might occur in the
related lesions or presence of maternal HPV infection duringerys.

pregnancy. Babies delivered by vaginal route have greater we found multiple HPV infection among mothers and
chances of acquiring infection from HPV positive mothergneir infants. A previous report (Liaw et al, 2001) found HPV

*social class of 10 subjects could not be ascertained.
#gravida of one subject was unknown; ** material insufficient : 2

compared to HPV negative mothers. 16 infection to be usually associated with greater risk of
acquisition of other HPV types. Though persistence of the
Discussion concomitant infections was not affected regardless of types.

All HPV positive infants born to HPV positive mothers did

In this study cervical swabs were collected during thaot carry the maternal HPV types. We also observed HPV
third trimester of pregnancy few days prior to delivery wheimfection among babies from HPV negative mothers. These
detectable level of HPV DNA has been reported to readlesults are consistent with other reports of discordant mother-
peak value (Rando et al, 1989, Smith et al, 1991). There isrdants pairs and HPV positive babies from HPV negative
report (Cason et al, 1995) indicating that for investigatingnothers (Syrjanen & Puranen, 2000; Smith et al, 1995). This
HPV DNA infant buccal swabs are more reliable thamay be due to HPV transmission by transplacental route in
nasopharyngeal aspirates. advance of delivery or by some other route (horizontal spread
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from relatives/friends, infected fomites/clothing) in theCancer Hospital, Kolkata, for help in data analysis. This

intervening period between delivery and testing (Cason &tork was supported by a research grant (IRIS section.

al, 1998). Additionally, there is evidence that HPV can b&®502050) from the Indian Council of Medical Research,

found in human sperm cells and HPV specific genes afgew Delhi.

actively transcribed in infected cells (Lai et al, 1996; Lai et

al, 1997). Thu§ virus infected sperm cells can behave #Scferences

vectors or carriers for the transmission of HPV to fetuses

through fertilized egg (Lai et al, 1996). Armbruster- Moraes E, loshimoto LM, Leao E, Zugaib M (1994).
Puranen et al (1997) found six infants to be HPV positive  Presence of human papillomavirus DNA in amniotic fluids of

even when mothers were negative during delivery. These pregnantwomen with cervical lesio@ynecol Oncgb4, 152-

mothers might have been misdiagnosed as being HPV 8.

negative. Such misdiagnosis may be owing to the diseas@son J, Kaye JN, Best JM (1995). Non-sexual acquisition of

pattern (i.e., fluctuation) in the HPV infected mothers. It is. human genital papillomaviruseapillomavirus Reps, 1-7.

well established that women undergoing a follow up stud ason J, Rice P, Best JM (1998). Transmission of cervical cancer-

. . associated human papillomaviruses from mother to child.
for prolonged periods may prove alternately and irregularly Intervirology, 41, 213-8

HPV positive and negative at 6 to 12 months intervalg,son 3, Kaye IN, Jewers RJ, et al (1995). Perinatal infection and
(Schneider et al, 1992; Hildesheim et al, 1994). Fluctuations persistence of human papillomavirus types 16 and 18 in infants.

in the presence of HPV DNA and HPV transient infectionin  J Med Viro| 47, 209-18.

young women have also been described by Schneider eiCllatterjee R, Mukhopadhyay D, Murmu N, Mitra PK (1998).
(1992) and Hinchliffe et al (1995). We also found different Correlation between human papillomavirus DNA detection in
HPV types in cervical samples before and after delivery of matemal cervical smears and buccal swabs of infiaulizn J

the women. This is in agreement with the similar findings EXP Biol 36, 199-202. _

of another study (Hildesheim et al, 1994). Das BC, Gopalkrishna V, Hedau S, Katiyar S (2000). Cancer of

This study showed no association between HPV infection tshceielrj]tceer;g’eé?gg.x and papillomavirus infectiddurrent
in infants and maternal age, socioeconomic level, numbgfegericks BD, Balkin A, Daniel HW, et al (1993). Transmission
of pregnancies and prevalence of cervical HPV infection of = of human papillomavirus from mother to chitdist NZJ Obstet
the mothers. A study by Watts et al (1998) also reported Gynaecal33, 30-2.
identical observations. Moreover viral load has been foundrce M, Husnjak K, Magdic L, et al (1997). Detection of human
to be a determinant for the perinatal HPV transmission but papillomavirus by polymerase chain reaction in cervical scrapes
not influencing persistence of the infection (Kaye et al, 1994). of Croatian women with abnormal cytologur J Epidemia

We were able to test HPV positive infants (10 out of 14 13, 645-51.

: . upta PK (1991). Comprehensive cytopathology. Philadelphia: WB
at least once during the follow up period of 1 year and all 0 Saunders 130-40.

them had cleared the _HPV infection by this t_lme. _ThuﬂildesheimA, Schiffman MH, Gravitt PE, et al (1994). Persistence
presence of HPV DNA in buccal samples possibly did not type specific human papillomavirus infection among

confirm infection but it might just indicate contamination  cytologically normal womenl Infect Dis 169, 235-40.

with infected maternal cells as reported by other studiasinchliffe SA, van Velzen D, Korporaal H, Kok PL, Boon ME

(Tenti et al, 1999). (1995). Transience of cervical HPV infection in sexually active,
A high drop out rate among mothers as well as in their young women with normal cervical cytologgr J Cancer

babies was observed in this study. This may be due to 72 943-5. _ _ _

maternal reluctance to re-attend or shifting to other are&@shimaHK, Shah K (1987). Recurrent respiratory papillomatosis:

. - : clinical overview and management principl@gstet Gynecol
for child care. Had all the mothers and their babies turned Clin North Am 14, 581- 8.

up for the follow-up study the results would have altered tRaye JN, Cason J, Pakarian FB (1994). Viral load as a determinant
some extent. for transmission of human papillomavirus type 16 from mother
to child.J Med Viro| 44, 415-21.
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support the concept of maternal- fetal transmission of HPV cervical cancer: where are we no®PJ Obstet GynecplL08,
infection even when the infection is sub clinical, there is a 1204-13.

clear possibility of transplacental infection of an infant. Lai YM, Yang FP, Pao CC (1996). Human papillomavirus
deoxyribonucleic acid and ribonucleic acid in seminal plasma

and sperm cellg:ertil Steril, 65, 1026-30.
Lai YM, Lee JF, Huang HY, et al (1997). The effect of human

.. . papillomavirus infection on sperm cell motilifyertil Steril,
We thank Dr. S. Lahiri, Dr. S. Chatterjee and all the g7 11505

personnel of the Department of Gynecology and Obstetricsevi JE, Delcelo R, Alberti VN, Torloni H, Villa LL (1989). Human
B.N.R Hospital, Gardenreach, Kolkata, for help in sample papillomavirus DNA in respiratory papillomatosis detected by
collection. We gratefully acknowledge occasional technical in situ hybridization and the polymerase chain reac#on.J
help of Ms. Debjani Guha during this study. We also thank Pathol 135 1179-84.

Dr. Shyamsundar Mandal, Statistician, Chittaranjan Nationafaw KL, Hildesheim A, Burk RD, et al (2001). A prospective

Acknowledgements

Asian Pacific Journal of Cancer Prevention, Vol 4, 200183



Sarmistha Bandyopadhyay et al

study of human papillomavirus (HPV) type 16 DNA detection 166, 35-40.
by polymerase chain reaction and its association witivan den Brule AJC, Snijders PJF, Mfuer CIJLM, Walboomers JMM
acquisition and persistence of other HPV tygebifec Dis (1993). PCR based detection of genital HPV genotypes: an
183 8-15. update and future perspectiveaipillomavirus Rep4, 95-9.

Manos MM, Ting Y, Wright DK, et al (1989). Use of polymerase Watts DH, Koutsky LA, Holmes KK, et al (1998). Low risk
chain reaction amplification or the detection of genital human  perinatal transmission of human papillomavirus: results from
papillomavirusesCancer Cells7, 209-14. a prospective cohort studgm J Obstet Gynecgol 78, 365-

Miller CS, Zeuss MS, White DK (1994). Detection of HPV DNA 73.
in oral carcinoma using polymerase chain reaction together
with in situ hybridizationOral Surg Oral Med Oral Pathol
77, 480-6.

Obalek S, Jablonska S, Favre M, Walczak L, Orth G (1990).

Condyloma acuminata in children: Frequent association with
human papillomaviruses responsible for cutaneous wWakis.
Acad Dermatql23, 205-13.

Ostwald C, Muller P, Barten M, et al (1994). Human papillomavirus
DNA in oral squamous cell carcinomas and normal mudosa.

Oral Pathol Med 23, 220-5.

Pakarian F, Kaye J, Cason J, et al (1994). Cancer associated human
papillomaviruses: perinatal transmission and persist@&nck.
Obstet Gynecoll01, 514- 7.

Puranen M, Yliskoski M, Saarikoski S, Syrjanen K, Syrjanen S
(1996). Vertical transmission of Human papillomavirus from
infected mothers to their infants babies and persistence of the
virus in childhoodAm J Obstet Gynecdl 74, 694- 9.

Puranen M, Yliskoski M, Saarikoski S, Syrjanen K, Syrjanen S
(1997). Exposure of an infant to cervical papillomavirus
infection of the mother is commaoAm J Obstet Gynecdl76,

1039- 45.

Rando RF, Lindheim S, Hasty L, et al (1989). Increased frequency
of detection of human papillomavirus deoxyribonucleic acid
in exfoliated cervical cells during pregnanéyn J Obstet
Gyneco) 161, 50-55.

Saiki RK, Gelfand DH, Stoffel S, et al (1988). Primer directed
enzymatic amplification of DNA with thermostable DNA
polymeraseScience239 487-91.

Schiffman MH (1995). Epidemiology of human papillomaviruses.

Dermatol Clin 13, 561-74.

Schneider A, Kirchhoff T, Meinhardt G, Gissman L (1992).
Repeated evaluation of human papillomavirus 16 status in
cervical swabs of young women with a history of normal
Papanicolaou smeai®bstet Gynecol79, 683-8.

Sedlacek TV, Lindheim S, Eder C, et al (1989). Mechanism for
human papillomavirus transmission at birkm J Obstet
Gyneco) 161, 55-9.

Smith EM, Johnson SR, Jiang D, et al (1991). The association
between pregnancy and human papillomavirus prevalence.

Cancer Detect Pre\i5, 397-402.

Smith EM, Johnson SR, Cripe T, et al (1995). Perinatal
transmission and maternal risks of human papillomavirus
infection.Cancer Detect Pre\,9, 196-205.

Syrjanen S, Puranen M (2000). Human papillomavirus infections
in children: the potential role of maternal transmissforit
Rev Oral Biol Med11, 259- 74.

Tenti P, Zappatore R, Migliora P, et al (1999). Perinatal transmission
of human papillomavirus from gravidas with latent infections.

Obstet GynecoB3, 475-9.

Tseng CJ, Liang CC, Soong YK, Pao CC (1998). Perinatal
transmission of human papillomavirus in infants: relationship
between infection rate and mode of delivéistet Gynecol
91, 92- 6.

Tseng CJ, Lin CY, Wang R, et al (1992). Possible transplacental
transmission of human papillomavirusém J Obstet Gynecol

184 Asian Pacific Journal of Cancer Prevention, Vol 4, 2003



