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Abstract We conducted a case-control study of the association between SIL and HPV among
whites (W), African Americans (AA), and Hispanics (H) in Harris County, Texas. Cases were iden-
tified at M.D. Anderson Cancer Center Colposcopy Clinic. Controls were identified among
women obtaining routine Pap screening at two Harris County Health Department Clinics. HPV
was detected by a PCR-based fluorescent assay. Dichotomous and polytomous logistic regression
models were used to estimate adjusted odd ratios (AOR) and 95% confidence intervals (Cl) for
SIL among racial/ethnic groups and grade of disease. Prevalence of HPV infection was 64% in
low grade SIL (LSIL), 84% in high grade SIL (HSIL), and 19% in controls. Risk of SIL was higher
in H than in W and AA, AOR 29.5 (12.4-70.5), 15.3 (6.0-33.8), and 5.8 (2.6-12.6), respectively.
Similarly, racial/ethnic differences were observed for both LSIL (AOR =16.6, 7.7, and 4.3, respec-
tively) and HSIL (AOR =78.6, 34.6, and 14.2, respectively). Findings support the association be-
tween SIL and HPV and differences in the strength of the association with LSILs and HSILs. Data
also suggest a higher risk for H and a lower risk for AA.
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Resumo Foi realizado um estudo caso-controle para analisar a associacao entre lesdes intra-
epiteliais escamosas do colo uterino (SIL) e HPV entre mulheres brancas, negras e latinas em
Harris County, Texas. Os casos foram identificados na M. D. Anderson Cancer Center Colposcopy
Clinic, e os controles foram obtidos realizando-se exame de Papanicolau em duas clinicas do
Departamento de Saude. O HPV foi detectado por meio de ensaio de PCR (primer MY09/MY11).
Foram construidos modelos de regressdo logistica para estimar as odds ratios ajustadas (AOR), e
seus intervalos de confianca de 95% (IC) de SIL entre os grupos étnicos e graus da doenca. A pre-
valéncia de HPV nas SIL de baixo grau (LSIL) foi de 64%; nas de alto grau (HSIL), 84%; e 19% nos
controles. O risco de SIL foi maior em mulheres latinas que em brancas e negras, sendo observa-
das, respectivamente, as seguintes AOR: 29,5 (12,4-70,5); 15,3 (6,0-33,8); € 5,8 (2,6-12,6). De for-
ma similar, foram observadas diferencas para ambos LSIL (AOR, respectivamente, de 16,6;7,7 e
4,3) e HSIL (AOR de 78,6; 34,6 e 142). Os resultados apdiam a existéncia de associagdo entre SIL e
HPV, diferencas na forca de associagdo com SlLs e HSILs, e sugerem risco mais elevado para mu-
Iheres latinas e menor para mulheres negras.

Palavras-chave Papilomavirus; Neoplasias do Colo Uterino; Grupos Etnicos; Estudos de Casos e
Controles
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Introduction

During the last decade, several epidemiologi-
cal and experimental studies have document-
ed a strong association between cervical neo-
plasia and human papillomavirus (HPV) infec-
tion (Mufioz, 1997). The association has been
observed for both invasive and pre-invasive
cervical neoplasias, and the results have been
consistent worldwide (Bosch et al., 1993; 1995;
Shiffman et al., 1993; Becker et al., 1994; Liaw et
al., 1995; Olsen et al., 1995). Although incidence
and mortality from cervical cancer in the U.S.
have declined during the last 50 years, racial/
ethnic differences remain. Women from under-
represented racial/ethnic groups and low-in-
come women continue to carry a higher burden
from this neoplasm. In the U.S., incidence rates
are higher among Vietnamese, Hispanic, African
American, Native Alaskan, and Korean women
(Becker et al., 1992; Miller et al, 1996). Similar
disparities in incidence and mortality rates from
cervical cancer are reported in Texas. Incidence
rates in Texas are higher in Hispanics, interme-
diate in African American, and lower in whites.

Despite this, few studies have examined the
role of racial/ethnic differences in risk factors
associated with cervical neoplasia. It is neces-
sary to determine if differences in the preva-
lence of these factors and their association
with the cervical neoplasia might help explain
the racial/ethnic disparities in incidence and
mortality rates (Napoles-Springer et al., 1996).
Little is known about differences in the preva-
lence of biological factors such as HPV infec-
tion and of HPV types among racial/ethnic
groups and their association with cervical neo-
plasia. Becker et al. (1994) reported differences
between Hispanic and non-Hispanic white
women in New Mexico in the risk of HSIL asso-
ciated with HPV infection. A stronger associa-
tion between HPV and high-grade dysplasia,
particularly among HPV 16 and 18 positive
women, was observed for Hispanics. In addi-
tion, Bosch et al. (1993; 1995) have shown geo-
graphic differences in the prevalence of HPV
infection and HPV types.

We conducted a multi-ethnic, clinic based,
case-control study to assess the association be-
tween squamous intraepithelial lesions (SILs)
and HPV DNA status and other risk factors
among women from three racial/ethnic groups
(white, African American, and Hispanic) resid-
ing in Harris County, Texas. In this report, we
focus on the role of HPV status among white,
African-American, and Hispanic women in the
risk of SIL (low-grade SIL [LSIL] and high-grade
SIL [HSIL]).
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Material and methods

Study population

This study was conducted in Harris County, TX
between September 1991 and August 1994. Eli-
gible cases were identified among women re-
ferred to the University of Texas M. D. Ander-
son Cancer Center (UTMDACC) Colposcopy
Clinic for further evaluation of an abnormal
Pap smear. This clinic provides colposcopy ser-
vices for minority and economically disadvan-
taged women with abnormal Pap smears re-
ferred from Health Department clinics in Har-
ris County. Only women with a confirmed his-
tological diagnosis of squamous intraepithelial
lesion (SIL) were included as cases. Controls
were selected among women attending family
planning and screening services at two Harris
County Health Department (HCHD) clinics.
The selection of the two HCHD clinics for re-
cruitment of control subjects was based on the
large and multi-ethnic population to which
they provide medical care. Women eligible for
the control group were included in the study if
the cytological smear at the time of recruit-
ment was reported as normal. Both cases and
controls were non-pregnant white, African-
American, or Hispanic women aged 18 years
and older, and residents of Harris County at the
time of the study. Other eligibility criteria in-
cluded no previous history of cervical neopla-
sia and/or treatment for cervical neoplasia,
cancer, or hysterectomy. In addition, women in
the control group had a negative history of ab-
normal Pap smear or cervical biopsy.

Data collection

Women were screened for eligibility prior to
receiving medical care. Eligible women were
asked to participate in the study, sign an in-
formed consent, complete a two-part inter-
view, and provide a 20cc blood sample. Inter-
views and specimen collection were obtained
during the first visit to the clinic and prior to
final cytological or histological diagnosis. In
order to insure the participation of Spanish
speaking women, interviews were offered in
both English and Spanish. The first part of the
interview included detailed information on:
demographic characteristics (age, race/ethnic
background, marital status, education, in-
come, and religious preference); sexual behav-
ior (number of sexual partners, age at first sex-
ual intercourse; and sexual practices); repro-
ductive history (age at menarche, age at first
birth and parity, and date of last menstrual pe-



riod); smoking history (smoking status, dura-
tion, and intensity of smoking habits); contra-
ceptive history (history or current use of con-
traceptive methods, type of contraceptive
method used, and duration of use); Pap smear
frequency; and medical history (sexually trans-
mitted diseases and immunosuppressive dis-
orders). The second part of the interview con-
sisted of a computer-assisted food frequency
questionnaire using the “Health Habits and
History Questionnaire: Diet History and Other
Risk Factors” (Block, 1989). Women were asked
their average frequency of consumption of 98
food items during the year prior to enroliment.

Cases had a complete physical and pelvic
examination, repeat Pap smear, colposcopic
examination, colposcopically directed biopsies
of abnormal areas, collection of two cervical
samples for HPV testing by ViraPap/ViraType™
(standard care at the UTMDCC) and polymerase
chain reaction (PCR). The medical staff of the
colposcopy clinic (a gynecologic oncologist, two
gynecologists, two family physicians, and two
colposcopy-trained nurse practitioners) con-
ducted examinations and specimen collection.
Women in the control group also had a com-
plete physical and pelvic examination, Pap
smear, and collection of two cervical samples
for HPV testing by ViraPap/ViraType™ and
PCR. Exams and specimen collection were
performed by two nurse practitioners trained
at the UTMDACC. Samples for ViraPap/Vi-
raType™ testing were collected with a cotton
swap and preserved in the media transport
provided by the manufacture. The samples for
PCR analysis were collected with cervical brush-
es. Cervical brushes were stored in vials and re-
frigerated immediately in dry ice and later at
-700C until HPV testing by PCR was conducted.

In addition, a 20cc blood sample was ob-
tained from all study participants for serum
determinations of retinol and b-carotene and
other serologic studies. Blood samples were
collected in EDTA vacutainer tubes, protected
from exposure to light with aluminum foil, and
stored immediately in dry ice. Within 4 hours
after venipuncture, the samples were cen-
trifuged and serum was stored in 1ml aliquots
at -700C until analysis.

Cytological and histological diagnosis

Cytological and histological specimens for all
cases were interpreted at the UTMDACC De-
partment of Pathology. Two independent read-
ers at the UTMDACC reviewed each Pap smear
and biopsy. A committee of staff members in-
cluding the Director of the Colposcopy Clinic
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(MFM) reviewed discrepant cases monthly and
reached a final diagnosis. Cytological speci-
mens for the control group followed the nor-
mal process at the Harris County Health De-
partment. All specimens were read and inter-
preted at a centralized laboratory at the San
Antonio Chest Hospital, in San Antonio, Texas.
A copy of the cytology report was obtained
from the HCHD clinics for all patients who had
completed an interview in order to determine
final eligibility.

Overall, 1,776 women were screened for eli-
gibility (1,264 at UTMDACC and 512 at HCHD
clinics). Six hundred and twenty-six patients
(36%) were non-eligible because of residency
out of Harris County. Additionally, 329 were
non-eligible because of: prior history and treat-
ments of cervical abnormality (n = 105); preg-
nancy (n =104); age less than 18 years (n = 60);
Hysterectomy (n = 13), and other reasons (n =
40). At UTMDACC 659 women who met eligi-
bility at the time of the first visit accepted to
participate. Sixty four percent (399 women)
meet the eligibility criteria of histological diag-
nosis of SIL. After excluding 45 additional cases
for lack of HPV data and 29 for incomplete da-
ta, the case group included 325 women. At the
HCHD clinics, 328 women were eligible and ac-
cepted to participate. Twenty-six women were
later excluded because they did not meet cyto-
logical criteria (negative cytology) for inclusion
and 32 were excluded because of the lack of
HPYV data. Therefore, 270 controls were avail-
able for the study.

HPV testing

The laboratory methods have been previously
described (Swan et al., 1997). DNA specimens
were obtained from cytobrush samples. Cyto-
brush samples were thawed and vortexed in 1
ml 0.01M PBS, 5 mM EDTA, pH 7.4. Samples
were centrifuged at 1,000 x g for 5 min at room
temperature. Supernatants were removed and
saved. DNA was extracted from each pellet by
suspension in 200 pl 10 mM Tris, pH 7.5, 1 mM
EDTA, 0.5% SDS containing 100 pg/ml Pro-
teinase K, incubation at 650 for one hour, trans-
fer to Phase-Lock gel tubes (5 Prime® 3 Prime,
Boulder, CO 80303) containing 200 pl phenol-
chloroform-isoamyl alcohol (25:24:1), mixing
by inversion and phase separation at 12,000 x g
for 2 min. An additional 100 pl chloroform was
added per tube, and the tube contents were
mixed and centrifuged as above. Each super-
natant from the Phase-Lock procedure was di-
luted to 2 ml with water and centrifuged in a
Centricon 100 microconcentrator (Amicon,

Cad. Saude Publica, Rio de Janeiro, 14(Sup. 3):149-159, 1998

151



152

TORTOLERO-LUNA, G. et al.

Inc., Beverly, MA) at 1000 x g for 30 min. An ad-
ditional 2 ml of water was added to each reten-
tate, and the centrifugation was repeated. Re-
tentates were then collected and diluted to 200
pl with water. 10 ul of this DNA was used in
each fluorogenic PCR reaction. A contamina-
tion control for PCR reactions consisting of 1
ml water was inserted after every tenth patient
sample and subjected to the entire extraction
and DNA detection protocol. Each DNA speci-
men was tested for overall HPV positivity by
PCR using consensus primers followed by elec-
trophoresis in ethidium bromide-containing
gels (Manos et al., 1989). HPV-positive samples
were tested by the quantitative fluorescent
probe assay for HPV types 16, 18, 31, and 45.
This paper focuses only on the results from the
consensus primer.

Probes: The fluorigenic probe assay is
based on the increase in fluorescent signal
which occurs when probes are degraded by the
5’® 3’ exonuclease activity of Taq polymerase
(Forster, 1948). After degradation, the reporter
dye ((FAM)6-carboxyfluorescein or (HEX)hexa-
chloro-fluorescein), present at the 5’-end of each
probe can diffuse away from a quencher dye
((TAMRA)6-carboxy-tretramethyl-shodamine)
present on or near the 3’-end of each probe
thereby increasing the fluorescent signal from
the reporter dye. The probe sequences for each
of the high-risk HPVs were selected and syn-
thesized as described previously (Swan et al.,
1997).

Primers: The primer sequences were select-
ed using the Oligo 5.0 primer analysis program
(National Biosciences, Inc., Plymouth, MN).
The primer pairs for each of the HPV types
were selected based on having a Tm of approxi-
mately 650, predicted lack of cross-hybridiza-
tion to other common HPV types, no predicted
loop formation and no predicted dimer forma-
tion with the other primer.

Control templates: Control templates for
HPV types 16, 18, 31, 33, 35, 45, 51, 52 and 56
were prepared by PCR amplification of cloned
DNA using L1, type-specific primers (se-
quences available on request) and purified us-
ing Centricon 100 microconcentrators. The
DNA concentrations were determined by fluo-
rometry (DyNA Quant 200, Hoefer-Pharmacia
Biotech, San Francisco, CA) using 2 pl of DNA
solution in 2 ml freshly prepared Hoechst
33258 dye solution (1 pg/mlin 10 mM Tris pH
7.4, 1 mM EDTA, 200 mM NacCl) (Pharmacia
Biotech Inc., Piscataway, NJ). A 100 pg/ml DNA
standard was used.

Assay controls consisting of a dilution se-
ries of the homologous template (1x105 to 3x101
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copies) and a set of heterologous templates
(2x108 copies of HPV types 16, 18, 31, 33, 35, 45,
51,52 and 56 in separate tubes) were included
in each run. Each control sample also con-
tained 50 ng human placental DNA.

Fluorigenic PCR. The 50 pl PCR mixtures
contained 10 mM Tris pH 8.3, 50 mM KClI, 4.5
mM MgCl,, 200 uM dNTP’s, 0.3 pM each
primer, 50 nM each fluorigenic probe (FAM-
HPV probe and HEX-globin probe), 0.025 U/pl
Taq Gold polymerase (Perkin-Elmer Corp.,
Norwalk, CT) and 10 pl template DNA. Follow-
ing Tag polymerase activation and template
denaturation for 12 min at 950, amplification
conditions were as follows: 40 cycles of 30 sec
at 940, 10 sec at 600 and 2 min at 650. Fluores-
cence measured in a Perkin-Elmer LS-50B lu-
minescence spectrometer. Data acquisition and
analysis were performed using the TagMan Flu-
orescence Data Manager (Perkin-Elmer Corp.)
and Excel 5.0 (Microsoft Corporation, Red-
mond, WA).

Copy Number Calculation: The spill-over
fluorescence from the FAM (HPV) channel into
the HEX (globin) channel and vice versa was
calculated from two sets of control samples;
the first was a set of three identical samples
containing both probes but only HPV template
and the second was a set of three containing
both probes but only globin template. HPV and
globin signals were calculated in patient sam-
ples after subtraction of the spill-over signal.
Included with each set of patient samples were
the assay controls and a dilution series of non-
HPV-containing human cellular DNA. Plots of
the homologous template dilution series fluo-
rescence versus log (template copies) were lin-
ear over the range 50 to 1x109 copies; hence
from the patient fluorescence data it was pos-
sible to calculate HPV copy number in patient
samples. Extrapolation of log (copy number)
versus fluorescence above 1x109 copies is of
unknown accuracy; however, samples with flu-
orescence corresponding to copy numbers in
this range can be presumed to have at least 109
copies. Median values of HPV copy number in
the present study do not exceed 108 and thus,
inaccuracies in HPV copy number above 109
will not affect conclusions based on median
copy number values.

Sample size and statistical analysis

Sample size was estimated based on a conserv-
ative prevalence of HPV in the control and case
groups of 20% and 40%, respectively. Assuming
a 20% prevalence of HPV infection among cy-
tologically normal women, we estimated that a



sample of 63 cases and controls per racial/eth-
nic group would detect a minimum threefold
risk difference between cases and controls with
a two-sided test, alpha of .05 and 80% power.
Due to the racial/ethnic distribution of the
clinic population at the time of the study (ap-
proximately 60% white, 20% African-American
and 20% Hispanic) and study recruitment pro-
cedures (enrollment prior to final diagnosis)
we expected to enroll a larger number of white
women and had planned to randomly select
one of every two or three white cases. We con-
ducted a preliminary analysis to estimate crude
odds ratios (OR) for the association between
SIL combined and HPV for all racial/ethnic
groups combined using the total number of
available white cases (n = 147) in the study sam-
ple and a random sample (n = 70) of the white
cases as originally planned. Because no impor-
tant differences were observed between both
risk estimates, we present results for the entire
sample.

Comparisons between cases and controls
and among racial/ethnic groups were conduct-
ed using the Pearson’s X2 test for categorical
variables (HPV status, income, education, num-
ber of sexual partners, etc.) and ‘t’ test and one-
way ANOVA for continuous variables (age and
education). Odd ratios and 95% confidence in-
tervals (Cl) were used to estimate the associa-
tion between SIL combined and LSIL and HSIL
and HPV DNA status (HPV DNA positive or
negative) and other known risk factors. Two
types of logistic regression models were esti-
mated: dichotomous logistic regression mod-
els for SILs combined and polytomous logistic
regression models for grade of lesion (LSIL and
HSIL) (Hosmer & Lemeshow, 1989). This model
simultaneously estimates the risk of LSIL and
HSIL with respect to a common comparison
group. Separate dichotomous and polytomous
models were performed for the combined sam-
ple and for each racial/ethnic group.

In addition to HPV DNA status and age,
variables with a p value < 0.05 in the univariate
logistic regression analysis were considered for
inclusion in the multivariate models. Similar
procedure was followed for the analysis of the
combined sample and each racial/ethnic
group separately. Variables in the final models
included: age (continuous), HPV DNA status
(positive, negative), age at first sexual inter-
course (<17, 17-19, 20+ [reference category]),
lifetime number of sexual partners (1 [refer-
ence category], 2-3, 4-5, 6+); smoking history
(ever, never), and history of STDs (yes, no).

Statistical analyses were performed using
the Statistical Package for the Social Sciences
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(SPSS, 1997) and STATA (Statacorp., 1997). All p
values are for two-sided tests, and statistical
significance was set at p < 0.05.

Results

Five hundred ninety-five women were includ-
ed in this analysis, 325 cases (175 LSIL and 150
HSIL) and 270 controls. Among women with a
diagnosis of LSIL, 84 (48%) had koilocytotic
atypia and 91 (52%) had cervical intraepithe-
lial neoplasia (CIN) grade 1. Whereas, among
women with a diagnosis of HSIL, 70 (47%) had
CIN 2 and 79 (53%) had CIN 3. Thirty-six per-
cent of all study subjects were white (147 cases
and 68 controls), 25% were African American
(75 cases and 73 controls), and 39% were His-
panic (103 cases and 128 controls). Ninety-nine
percent (n = 589) of women were £45 years of
age (mean age 26.6 years and standard devia-
tion 6.4). The study subjects were of low so-
cioeconomic status with 86% reporting an an-
nual family income of less than $20,000 and
50% having less than high school education.

Comparisons of demographic characteris-
tics between cases and controls are presented
in Table 1. No statistically significant difference
between SIL cases combined and controls were
observed in mean age (p = 0.35), education lev-
el (p =0.25), and income (p = 0.65). Similarly,
no statistically significant differences in educa-
tion and family income were observed between
controls and LSIL and HSIL. However, LSIL cas-
es were slightly younger than controls (p =
0.004).

In addition, cases and controls differed in
the prevalence of several known risk factors for
cervical neoplasia. Smoking history was higher
among cases (47%) than in controls (26%, p <
0.001). The case-control difference in smoking
history was larger between HSIL (57%) than
between LSIL (37%) cases. Approximately 91%
of cases had their first sexual intercourse be-
fore age 20 compared with 83% of controls (p
<0.001). Cases were less likely to report a single
lifetime sexual partner (15%) and to report six
or more sexual partners (35%) than women in
the control group (36% and 16%, respectively,
p <0.001). Similarly, cases were more likely to
have a history of STDs (33%) than controls
(17%) (p <0.001). No differences between cases
and controls were detected for the number of
pregnancies and oral contraceptive use.

Case-case comparisons (LSIL vs. HSIL)
showed that compared with LSIL cases, women
with a diagnosis of HSIL were slightly older
(mean 27.7 vs. 25.2, p = 0.002) and more likely
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Table 2

Table 1

Distribution of demographic characteristic among cervical squamous intraepithelial lesions (SIL) cases and controls

by grade of lesion.

Risk factor SIL
LGSIL HGSIL Controls pl p2
n (%) n (%) n (%)
Age (years) 0.004 0.274
Mean (£SD) 25.3(5.9) 27.7 (8.1) 26.9 (5.6)
Race/Ethnic group < 0.001 <0.001
White 67 (38) 80 (53) 68 (25)
African-american 53 (30) 22 (15) 74 (27)
Hispanics 55 (31) 48 (32) 128 (47)
Education 0.060 0.869
>High School 52 (31) 36 (25) 63 (24)
High School 73 (44) 53 (37) 105 (39)
< High School 42 (25) 56 (39) 100 (37)
Income 0.903 0.731
<$20,000 149 (86) 129 (86) 228 (85)
$20,000 24 (14) 21 (14) 41 (15)
Marital status < 0.001 0.012
Single 83 (50) 43 (30) 82 (31)
Married 41 (25) 64 (44) 146 (55)
Divorced 39 (23) 37 (26) 35 (13)
Widowed 4(2) 1(1) 4 (2)

1 p value for the comparison between LSIL vs. control group.

2 p value for the comparison between HSIL vs. control group.

Prevalence of HPV Infection by case-control status, racial/ethnic group

and grade of lesion.

Race/Ethnic group SIL
SIL combined LGSIL HGSIL Controls

n (%) n (%) n (%) n (%)
White (76) 43 (64) 69 (86) 13 (19)
African-american 51 (68) 34 (64) 17 (77) 22 (30)
Hispanic 75 (73) 35 (64) 40 (83) 17 (13)
All 238 (73) 112 (64) 126 (84) 52 (19)
P valuel NS NS NS 0.017

1 p value for the difference between racial/ethnic groups in each group.

to be white than Hispanic or African American
(54%, 47%, and 29%, respectively). Women
with HSIL were more likely to be to less educat-
ed than women with LSIL (< high school edu-
cation 39% and 25%, respectively), to have a
history of smoking (57% vs. 39%), and to have
had four or more pregnancies (23% vs. 12%,
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p = 0.026). However, LSIL and HSIL cases did
not differ in age at first intercourse, number of
lifetime sexual partners, use of oral contracep-
tives, and history of STDs.

Racial/ethnic differences in the prevalence
of several risk factors were observed in both
cases and controls. Hispanic cases and con-
trols were more likely to be older, less educat-
ed, to report lower number of lifetime sexual
partners, to be older at the time of first sexual
intercourse, and to have lower rates of STDs.
Meanwhile, white cases and controls were
more likely to have a history of smoking, more
lifetime sexual partners and African Americans
were more likely to report an earlier age at sex-
ual intercourse and to be nonsmokers.

Table 2 shows the prevalence of HPV DNA in
cases and controls by racial/ethnic group. Over-
all, 73% of cases and 19% of controls were HPV
DNA-positive. Prevalence was higher among
HSIL cases (84%) than among LSIL cases (64%).
Racial/ethnic differences in the prevalence of
HPV infection were observed in the control
group (p = 0.017) but not in the case com-



Table 3
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Association between HPV and SIL by racial/ethnic group and grade of lesion.

Race/Ethnic group LGSIL
COR!  AOR2 (95%CI)

HGSIL SIL

CORl  AOR2 (95%CI) CORl  AORZ (95%ClI)

All 7.6 6.6 (4.1-10.4)
White 7.5 7.7 (3.2-18.4)
African-american 4.2 4.3(1.9-9.8)
Hispanics 11.4 16.6 (6.5-42.3)

22.0 24.8 (13.8-44.7) )
265 34.6(12.8-93.8) 135  15.3(6.9-33.9)
) )
) )

32.6 78.6(23.8-260.1

11.5 10.8 (7.1-16.4

8.0 14.2 (3.6-56.0 5.8 5.8 (2.6-12.6

17.5 29.5(12.4-70.5

1 Crude OR; all COR 95% Cls exclude one.

2 OR adjusted by age, age at first sexual intercourse, number of lifetime sexual partners, history of STDs, and smoking.

bined group (p = 0.425). Similarly, no racial/
ethnic differences in HPV prevalence were ob-
served among LSIL cases (p =0.99) and among
HSIL cases (p = 0.59). In the control group, the
prevalence of HPV infection was higher among
African-American women (30%), intermediate
among white women (19%), and lower among
Hispanic women (13%).

A strong risk of SIL (both LSIL and HSIL)
was associated with HPV infection (Table 3).
After adjustment for age, number of lifetime
sexual partners, age at first sexual intercourse,
and history of smoking and STDs the AOR for
SIL was 10.8 (95% CI 7.1-16.4). The risk was 4
times higher for HSIL (AOR =24.8; 95% CI1 13.8-
44.7) than for LSIL (AOR =6.6; 95% CI 4.2-10.6).

Hispanics showed a fivefold stronger asso-
ciation with HPV infection than African Ameri-
cans and a twofold stronger risk than whites for
SIL combined, and LSIL and HSIL separately.
The AOR for SIL was 29.5 (95% CI 12.4-70.5) for
Hispanics, 5.8 (95% CI 2.6-12.6) for African
Americans, and 15.3 (95% CIl 6.9-33.8) for
whites. The strength of the association was
three to four times higher for HSIL than LSIL.
The strongest association was observed for
HSIL among Hispanic women (AOR = 78.6; 95%
Cl 23.8-260.1).

Discussion

Our findings support the strong association be-
tween SIL and HPV; an association with both
HSIL and LSIL but fourfold stronger for HSILs.
Although this association was observed in all
racial/ethnic groups, the data suggest that sig-
nificant differences in the strength of the asso-
ciation among groups may exist. A stronger as-
sociation was observed among Hispanics fol-
lowed by whites and African Americans.
Although direct comparison between stud-
ies is difficult because of methodological dif-

ferences, the magnitude of the association be-
tween HPV and SIL observed in this popula-
tion, is consistent with previous studies using
PCR techniques (Morrison et al., 1991; Bosch et
al., 1993, 1995; Shiffman et al., 1993; Becker et
al., 1994; Olsen et al., 1995; Liaw et al., 1995).
Morrison et al. (1991) detected an AOR of 10.4
for the association between HPV infection and
SIL (among in a inner-city multi-ethnic sample
in New York, NY). Similarly, in our study we ob-
served an AOR of 10.8 (95% CI 7.1-16.4) for SIL
combined. These results are also consistent
with studies of the association between HPV
infection and grade of lesion. An increased risk
for both low-grade and high-grade lesions, but
stronger for high-grade lesions, have been re-
ported. This stronger association with HSIL has
been shown to be HPV-type specific. (Shiffman
etal., 1993; Brisson et al., 1994; Liaw et al., 1995).

Our estimates of the association between
HPV infection and high-grade cervical intraep-
ithelail neoplasia were within range of recently
reported studies using PCR-based assays (Mu-
floz & Bosch, 1997). AOR ranging from 15.5
(95% CI 8.2-29.4) in Colombia (Bosch et al.,
1993) to 122.3 (95% CI 38.5-388.9) in Taiwan
(Liaw et al., 1995) have been reported. In Nor-
way, Olsen et al. (1995) observed an AOR of
72.8 (95% 27.6-191.9) and in Spain, Bosch et al
(1993) reported an AOR of 56.9 (95% CI 24.8-
130.6). In the U.S., Schiffman et al. (1993) in
Portland and Becker et al. (1994) in New Mexi-
co reported an OR of 42.0 (95% CI 15.3-124.3)
and 20.8 (95% CI 10.8-40.2), respectively. We
observed risk estimates for HSIL ranging from
14.2 (95% CI 3.6-56.0) among African Ameri-
cans to 78.6 (95% CI 23.8-260.1) among His-
panics (Table 2).

The racial/ethnic differences in HPV preva-
lence in the control group and therefore in the
HPV-associated risk for SILs in the present
study were unexpected. Particularly interest-
ing was the low risk observed among African-
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American women for both LSILs and HSILs.
Hispanics had a fivefold higher risk that African
Americans and a twofold higher risk than
whites. Similarly, white women had a 2.6 high-
er risk than African Americans did. Our risk es-
timates for HSIL among African Americans
compares to that observed among Colombian
women (Bosch et al., 1993), which is among the
lowest risk estimates reported in recent studies
using PCR techniques for HPV testing (Mufioz,
1997). There is only one published study (Beck-
er etal., 1993) and the abstract presented at the
14th International Papillomavirus Conference
in Quebec City, Canada in 1995 (Coker et al.,
1995) addressing racial/ethnic differences in
HPV-associated risks for SILs in the U.S. Re-
sults from these studies are consistent with our
findings. Becker et al. (1993) observed in New
Mexico, a twofold higher risk among Hispanic
women (AOR = 25.7; 95% CI 11.0-60.3) than
among non-Hispanic whites (AOR =13.3; 95%
Cl 5.2-34.0) using the results from the generic
PCR probe. Coker et al. (1995) in South Caroli-
na found a fourfold higher risk in whites (crude
OR = 21.5) than in African-American women
(crude OR =5.5) that persisted after controlling
for other cofactors.

Despite the lack of information about
racial/ethnic differences in the HPV-associated
risk for cervical neoplasia, there is some data
that suggest that the prevalence of HPV types
may vary among different populations (Bosch
et al., 1995). These differences may contribute,
among other factors, to the geographic and
racial/ethnic variability in cervical cancer inci-
dence rates. Bosch et al. (1995) observed a sig-
nificant geographic variation in the prevalence
of some of the less-common HPV types. HPV-
45 was more prevalent among cases in Western
Africa and HPV-39 and HPV-59 were almost ex-
clusively detected among Latin American cas-
es. In support of the potential role of HPV type
to explain racial/ethnic differences in risk for
cervical neoplasia, Becker et al. (1993) found
the largest ethnic difference with positivity to
HPV types 16/18 (by ViraType). HPV 16/18 pos-
itive Hispanic women had a 10-fold higher risk
of HSIL (AOR 171.0; 95% CI 22.8-1280.5) than
non-Hispanic white women (AOR = 18.0, 95%
Cl 6.4-50.5).

Another possible explanation for the ob-
served racial/ethnic differences may be related
to variability in the host immune function. The
fact that only a small proportion of women
with HPV infection developed cervical neopla-
sia and the higher risk of cervical neoplasia and
progression of disease among immunosup-
pressed women suggest an important role of
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the immune system in the pathogenesis of
HPV-induced disease (IARC, 1995). Host genet-
ic factors such as human leukocyte antigens
(HLA) have been also implicated in the risk of
cervical neoplasias. Apple et al. (1994; 1995)
found a significant association between certain
HLA class Il haplotypes and the risk of preinva-
sive and invasive cervical lesions among His-
panic women. This association was specifically
observed among HPV-16 positive women. Sim-
ilarly, an increased risk for cervical cancer has
been associated to certain HLA class Il haplo-
types among Caucasian women (Wank et al.,
1993) and African-American women (Gregoire
etal., 1994).

Itis also possible that racial/ethnic differ-
ences in other risk factors such as socioeco-
nomic characteristics, sexual behaviors, smok-
ing habits, reproductive and dietary factors,
history of STDs, and in other cofactors not
measured in the present study (characteristics
of male partners and endogenous hormonal
factors) might explain our results. For example,
socioeconomic factors may operate differently
among different racial/ethnic groups. Level of
education has been found to be an indepen-
dent factor for cervical neoplasia. Peters et al.
(1986) found years of education inversely asso-
ciated with risk of cervical cancer among His-
panic women in Los Angeles County. Similarly,
Becker et al. (1993) observed a higher risk of
HSIL among women with lower educational at-
tainment. In our study statistically significant
racial/ethnic differences in educational levels
in both cases and controls were observed; how-
ever, we did not find educational level to be an
independent risk factor for SIL among racial/
ethnic combined or among each group sepa-
rately (data not shown).

There are some potential limitations in the
present study that need to be considered in the
interpretation of these findings. First, the study
design (clinic-based case-control study) limits
the generalization of the results. However, in
case-control studies the goal is to select a
group of controls that represent the population
source of the cases and not the entire popula-
tion of nondisease individuals (Rothman &
Greenland, 1998). Cases were selected at one of
the largest colposcopy clinics in Harris County
providing services to low-income and minority
women from city and county Health Depart-
ment Clinics. Controls were identified at two
HCHD clinics with a large multi-ethnic based
population that referred women with abnor-
mal cytology to the UTMDACC colposcopy
clinic. Cases and controls were ascertained
among all eligible women and prior to knowl-



edge of final cytological or histological diagno-
sis and HPV status. In addition, data collection
instruments were translated to Spanish and
bilingual interviewers were available in order to
insure participation among non-English speak-
ing Hispanics. The prevalence of known risk
factors for cervical neoplasia in both cases
and controls was consistent with previous
studies. Most factors (such as number of sexual
partners, age at first intercourse, smoking, and
history of STDs) were found to be significantly
associated with the risk of SIL in univariate lo-
gistic models (data not shown).

Another potential factor affecting the inter-
pretation of the results is the unbalanced racial/
ethnic distribution of cases and controls, par-
ticularly for white women (Table 1). As men-
tioned in the methods section, this imbalance
was expected given the racial/ethnic distribu-
tion of the patient population at the UTM-
DACC colposcopy clinic and the study recruit-
ment procedures. We had initially planned to
select a random sample of white cases to ob-
tain a case:control ratio of one. In a prelimi-
nary analysis we estimated crude OR for the as-
sociation between SIL and HPV for the total
sample (including all white) and for a subsam-
ple including only a random sample of the
available white cases. Similar crude risk esti-
mates were obtained with the total sample (OR
=10.0, 95% CI 6.7-15.1) and the subsample (OR
=9.9; 95% Cl 4.5-21.8). Therefore, the unbal-
anced number of cases and controls among
white women does not seem to have biased the
estimate of risk. Furthermore, the prevalence
of risk factors (education, smoking history,
number of sexual partners, age at first inter-
course and history of STDs) in both cases and
controls was consistent with national data.

Although the possibility of interviewer, re-
call, and information bias can not be eliminat-
ed, attempts were made to minimize them us-
ing a structured computer-assisted interview,
training and supervising interviewers, con-
ducting data collection both in English and
Spanish and prior to knowledge of the final di-
agnosis and HPV status, and by reminding
women about the confidentiality of the infor-
mation and the importance of the accuracy of
their responses.

Misclassification of HPV and disease status
needs to be also considered in the interpreta-
tion. The cross-sectional nature of the HPV test-
ing may not accurately reflect the true preva-
lence in the study population. Despite this limi-
tation the prevalence of HPV observed in the
current study, in both cases and controls, is
consistent with previous studies using PCR
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methods (Mufioz, 1997). Similarly, the racial/
ethnic differences in the prevalence of HPV in-
fection in the control group is consistent with
the data reported by Hildesheim et al. (1993).
These authors also found a higher prevalence
of HPV infection among African Americans
(43.9%), intermediate in whites (32.1%), and
lower in Hispanics (25.5%) among a clinic-
based population of women with normal cyto-
logic smear residing in the Washington, DC
area (Hildesheim et al., 1993).

The difference in the ascertainment of dis-
ease status in cases (at the Department of
Pathology UTMDACC) and controls (at a refer-
ence laboratory) may have introduced misclas-
sification particularly among the control group.
Our decision for this difference in ascertain-
ment procedures was based on results from a
small pilot study (n = 100) by one of the authors
in this study (MFM) to compare the agreement
between the reading at the reference laborato-
ry and the Department of Pathology. A high
agreement was observed between the readers,
kappa coefficient of 0.85 (personal communi-
cation). Furthermore, most women in the con-
trol group (98%) had a negative cytology at the
time of entry, all had a negative history of cer-
vical abnormalities, 93% have had a Pap smear
within the last year prior to enrollment (85%
reported having annual Pap smears), and
based on our preliminary analysis of HPV type
36 of the 53 HPV positive controls were positive
for non high-risk HPV types. Based on these
characteristics the likelihood of false negative
results among the controls should be low.

Despite these limitations, we have shown a
strong association between HPV infection and
SIL with stronger association for HSIL in this
multi-ethnic population in Harris County,
Texas. We have also shown differences in the
strength of the association among racial/eth-
nic group. The pattern of risk among the racial
ethnic groups appears to be consist with the
limited information available addressing this
issue. Further research is needed to confirm
these findings, and to understand the factors
influencing these racial/ethnic differences as
well as their implications for prevention and
control of cervical neoplasia.
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