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HIV infection
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To estimate the long term cumulative risk for cervical intraepithelial neoplasia grade 3 or worse after an abnormal cervical

Pap test and to assess the effect of HIV infection on that risk. Participants in the Women’s Interagency HIV Study were

followed semiannually for up to 10 years. Pap tests were categorized according to the 1991 Bethesda system. Colposcopy

was prescribed within 6 months of any abnormality. Risk for biopsy-confirmed CIN3 or worse after abnormal cytology and at

least 12 months follow-up was assessed using Kaplan–Meier curves and compared using log-rank tests. Risk for CIN2 or

worse was also assessed, since CIN2 is the threshold for treatment. After a median of 3 years of observation, 1,947 (85%)

women subsequently presented for colposcopy (1,571 [81%] HIV seropositive, 376 [19%] seronegative). CIN2 or worse was

found in 329 (21%) of HIV seropositive and 42 (11%) seronegative women. CIN3 or worse was found in 141 (9%) of seroposi-

tive and 22 (6%) seronegative women. In multivariable analysis, after controlling for cytology grade HIV seropositive women

had an increased risk for CIN2 or worse (H.R. 1.66, 95% C.I 1.15, 2.45) but higher risk for CIN3 or worse did not reach signifi-

cance (H.R. 1.33, 95% C.I. 0.79, 2.34). HIV seropositive women with abnormal Paps face a marginally increased and long-term

risk for cervical disease compared to HIV seronegative women, but most women with ASCUS and LSIL Pap results do not

develop CIN2 or worse despite years of observation.

HIV seropositive women have a high risk for Pap abnormal-
ities.1 However, most of these abnormal Pap tests are atypical
or low grade,1,2 and many will regress without treatment.3

Immediate colposcopic assessment after a Pap with minor
abnormalities often shows no abnormality or low grade
changes consistent with infection by human papillomavirus
(HPV)4,5; cancer is uncommon.6 This is the case despite a

high prevalence of carcinogenic HPV that may persist or re-
activate, especially in HIV seropositive women with severe
immunodeficiency.7–9

The 1% annual incidence of high grade Pap abnormalities
in HIV seropositive women is higher than that in seronega-
tive women,2 and cervical cancer risk is also elevated,10

although the largest US cohort of HIV seropositive women
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showed no significant increased cancer risk.11 Studies of
long-term risk following an abnormal Pap are needed
because suboptimal colposcopy compliance12 and limited sen-
sitivity of colposcopy13,14 may result in a delay in histologic
diagnosis.

The goals of this study were to estimate the long term
cumulative risk for cervical intraepithelial neoplasia grade 3,
adenocarcinoma in situ or cancer (CIN3 or worse) after an
abnormal cervical Pap test among HIV seropositive and sero-
negative women, to assess the effect of HIV infection on that
risk, to determine whether long term follow-up might iden-
tify women with initially undiagnosed CIN3 or worse, and to
assess the impact of risk factors including age, smoking, and
HIV status on long-term risk for CIN3 or worse. Because
CIN2 is the threshold for treatment, we did subsidiary analy-
ses incorporating that endpoint.

Material and Methods
The Women’s Interagency HIV Study (WIHS) is an ongoing
US multicenter cohort study health outcomes among HIV
seropositive women. The study also enrolled at-risk HIV
seronegative comparison women who were frequency
matched for demographic and key risk factors, including age,
race/ethnicity, level of education, injection drug use since
1978, and total number of sexual partners since 1980. Enroll-
ment began October 1, 1994 at 6 study consortia and over
time enrolled 4,068 women, including those enrolled during
an expansion from 2001 to 200215,16 and 2011 to 2012. After
local human subjects committees’ review and approval, all
participants gave written informed consent for study. Follow
up continues, but this analysis includes information obtained
between October 1, 1994 and May 30, 2012.

According to study-wide protocol, single-slide conven-
tional Pap smears were obtained every 6 months using a
spatula and brush. Pap tests were interpreted centrally at
Qiagen (New York, NY). All Pap smears were screened by
two cytotechnologists blinded to HIV status, with 10% of all
negative smears and all abnormal smears reviewed by a cyto-
pathologist. Results were reported according to the 1991
Bethesda system for classification of cervicovaginal cytology
and were classified as negative for squamous abnormality,
atypical squamous cells of undetermined significance
(ASCUS), low grade squamous intraepithelial lesion (LSIL),
high grade squamous intraepithelial lesion (HSIL), and can-
cer.17 Results reported as atypical squamous cells, cannot
exclude HSIL (ASC-H) were also included and classified with

ASCUS cytology. Results of HPV testing were not available
to clinicians, and to maximize ascertainment of cervical dis-
ease, study protocol required referral for colposcopy for squa-
mous abnormalities of any grade, though decisions on biopsy
and treatment were individualized. Biopsy results were inter-
preted at local sites and categorized as cervical intraepithelial
neoplasia (CIN) grade 1, 2, or 3, adenocarcinoma in situ
(AIS), or cancer. Koilocytosis and other condylomatous
changes were categorized with CIN1. Unspecified high grade
dysplasia was classified with CIN3. For analysis, CIN3 or
worse included CIN3, AIS, and cancer. CIN2 or worse
included these abnormalities and CIN2.

All WIHS enrollees with at least one abnormal Pap test
result during study were eligible for the study. Among these
eligible women, exclusion criteria included hysterectomy,
CIN3 or worse prior to first abnormal Pap result, or a first
abnormal Pap result of cancer. In addition, women who HIV
seroconverted during follow-up after first abnormal Pap
result and those with CIN of indeterminant grade found in
follow-up were excluded given their limited number. Finally,
to afford the opportunity for colposcopy and diagnosis,
women without colposcopic biopsy were excluded if they did
not complete at least 12 months of follow-up after an abnor-
mal Pap result; women who had at least 12 months of
follow-up but no biopsy were included.

The primary outcome of interest for this study was
biopsy-confirmed CIN3 or worse, while CIN2 or worse was
explored as a secondary outcome. Demographic and medical
characteristics of HIV seropositive and seronegative women
ever having an abnormal Pap test were described, including
the proportion with various Pap test abnormalities. The pro-
portion of women with follow-up colposcopy was described
in order to estimate the impact of colposcopy noncompliance
on potentially missed CIN2 or worse.

Differences between HIV-positive and HIV-negative
women in demographic and clinical characteristics were
determined using Wilcoxon rank sum tests for continuous
variables and Fisher exact tests for categorical variables.
Cumulative incidence curves were generated using Kaplan–
Meier methods. For each grade of squamous Pap abnormality
(ASCUS, LSIL and HSIL), four curves were displayed on a
single chart: curves of the cumulative proportion of HIV-
positive and HIV-negative women ever diagnosed with CIN2
or worse, and with CIN3 or worse over follow-up times
extending to 10 years. Women with multiple grades of Pap
abnormality contributed follow-up time after the first

What’s new?

After an abnormal Pap test, what is the long term risk of developing cervical intraepithelial neoplasia, and how does HIV infec-

tion influence that risk? That’s what the authors of this study set out to determine. They determined that HIV-positive women

with HIV have only a slightly increased risk of developing CIN3 or worse after an abnormal Pap test over women without HIV.

The risk of developing CINs did not plateau over time, however, meaning that a woman should remain vigilant for many years

after an abnormal Pap result.
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abnormality of each grade. Women were allowed to contrib-
ute to multiple charts, which included follow-up after the
earliest grade-specific abnormality in a hierarchical fashion.
Thus, a woman with first ASCUS at t0, first LSIL at t1, and
first HSIL at t2 and CIN3 or worse at t3 contributed to all
charts. However, a woman with HSIL at t0 would not con-
tribute to charts for ASCUS or LSIL, since the earlier HSIL
should have prompted intervention. A chart for ASC-H was
not developed, as ASC-H became a separate reportable cate-
gory only in 2001. Differences by HIV status in the grade-
specific cumulative incidence of CIN3 or worse and CIN2 or
worse were assessed using a log rank test.

Risk factors for CIN2 or worse and CIN3 or worse over
up to 10-years of follow-up were evaluated using Cox Pro-
portional hazard models using only variables at the time of
the first abnormal Pap. Models included factors shown in
prior studies to be correlates of HPV infection, abnormal
Pap, and prevalent CIN, including, HIV status, current CD4
stratum (<200, 200–349, 350–500, >500), and current
tobacco use at first abnormal Pap. Sensitivity analyses were
performed removing women with cervical treatment to evalu-
ate whether their inclusion modified the study results.

All analyses were performed using SAS version 9.2 statisti-
cal software (Copyright 2002-2008, SAS Institute, Cary, NC).
Statistical significance was determined at the a 5 0.05 level.

Results
Of the 4,068 women enrolled in WIHS (3,030 HIV seroposi-
tive, 1,015 seronegative, and 23 seroconverters), this study
was limited to the 2,296 (56%) women (1,824 HIV seroposi-
tive and 472 seronegative) who had an abnormal Pap during
follow-up and had colposcopy or at least 12 subsequent
months of follow-up, and did not meet any of the other
exclusion criteria (Fig. 1). Of the eligible women, 923 (40%)
had no prior normal Pap test result during study. Of those
with an initial normal Pap result, the median time to first
abnormal Pap test was 28 months (Interquartile range (IQR)
12, 65 months). Median time between last normal Pap and
first abnormal Pap was 6 months (IQR 5.5, 6.7 months).

Table 1 shows the characteristics of the population at the
time of initial abnormal WIHS cytology. HIV seropositive
women were more likely than seronegative women to be
older, to have fewer lifetime and recent sexual partners, to
have LSIL rather than ASCUS as their initial cytologic abnor-
mality, and to have obtained a follow-up colposcopy. Among
HIV seropositive women, the first cytologic abnormality was
ASCUS in 1,305 (72%, including 13 with ASC-H), LSIL in
475 (26%), and HSIL in 44 (2%). Among HIV seronegative
women, ASCUS was found in 413 (88%, including 7 with
ASC-H), LSIL in 51 (11%), and HSIL in 8 (2%).

Of 2,296 women with abnormal cytology, 1,947 (85%)
subsequently presented for colposcopy at some time during
follow-up. Recommended colposcopic follow-up was never
completed for 253 (14%) HIV seropositive and 96 (20%)
seronegative women. The median follow-up time after first

abnormal cytology was 3.0 (IQR 0.6, 7.7) years among 1,571
HIV seropositive women and 4.5 (IQR 1.0, 9.4) years among
376 seronegative women (p < 0.001). At the time of their
first abnormal Pap test, women who had colposcopy were
younger (median age 36 vs. 37 years for noncompliant
women, p < 0.001) and more often HIV seropositive (81%
vs. 72%, p < 0.001) than noncompliant women. In analysis
of HIV-positive women, those who had colposcopy also had
higher HIV RNA levels (9,700 vs. 4,400, p < 0.0001). Among
HIV seropositive women, compliance with colposcopy did
not differ by use of antiretroviral therapy, CD4 count, diag-
nosis of AIDS, race/ethnicity, or cytology grade.

Colposcopy results were known for 1,571 (86%) HIV sero-
positive women, of whom 329 (21%) had CIN2 or worse and
141 (9%) had CIN3 or worse. Colposcopy results were
known for 376 (80%) seronegative women, with CIN2 or
worse in 42 (11%) and CIN3 or worse in 22 (6%). Table 2
shows the median time from first grade-specific abnormal
Pap to an abnormal biopsy or loss to follow-up and the fre-
quency of and cumulative risk for high grade histology in
HIV seropositive and seronegative women. Time to a high
grade histologic abnormality, both CIN2 or worse and CIN3
or worse, is summarized in Figure 2. Most women with

Figure 1. Application of inclusion and exclusion criteria to define

final study population.
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Table 1. Characteristics of 2,296 women with abnormal cytology

Characteristics at time of
first abnormal Pap unless
otherwise indicated

% (N)

p-value HIV1
vs. HIV2

Overall HIV-negative HIV-positive

N 5 2,296 N 5 472 N 5 1,824

Age in years: median [IQR] 36 [30, 42] 33 [26, 40] 37 [31, 42] <0.001

Race, %(n) 0.70

White, Non-Hispanic 14% (324) 13% (60) 14% (264)

White, Hispanic 8% (184) 9% (41) 8% (143)

Black, Non-Hispanic 56% (1286) 57% (267) 56% (1019)

Black, Hispanic 3% (59) 3% (16) 2% (43)

Other Race 19% (442) 19% (88) 19% (354)

Smoking status 0.88

Current 51% (1,178) 52% (246) 51% (932)

Former 17% (387) 16% (76) 17% (311)

Education at baseline 0.58

<high school 38% (866) 36% (169) 38% (697)

high school 31% (701) 31% (145) 31% (556)

>high school 32%(722) 33% (156) 31% (566)

Cumulative number of
sexual partners at
study baseline

0.007

0–4 38% (869) 32% (151) 40% (718)

5–10 28% (634) 29% (136) 27% (498)

11–100 27% (613) 32% (151) 25% (462)

>100 7% (171) 7% (33) 8% (138)

Number of sexual
partners in 6 months
prior to 1st abnormal Pap

<0.001

None 22% (499) 11% (51) 25% (448)

1–2 70% (1603) 75% (353) 69% (1250)

>2 8% (182) 14% (68) 6% (114)

1st abnormal PAP result <0.001

ASCUS 75% (1718) 88% (413) 72% (1305)

LSIL 23% (526) 11% (51) 26% (475)

HSIL 2% (52) 2% (8) 2% (44)

Colposcopy at any time
after abnormal Pap

85% (1947) 80% (376) 86% (1571) <0.001

CIN3 or worse in follow-up 8% (163/1947) 6% (22/376) 9% (141/1571)

CIN2 or worse in follow-up 19%(371/1947) 11% (42/376) 21%(329/1571)

Among HIV-positive only:

CD4 cell count: median [IQR] 349 [199, 526]

HIV viral RNA load, copies/mL :
median [IQR]

8900 [360,56000]

Post HAART initiation 36% (659)

Ever AIDS 31% (562)

Missing data: race, n 5 1; smoking status, n 5 1; education, n 5 7; sexual partners at baseline, n 5 9; sexual partners in last six months, n 5

12; CD4, n 5 49; HIV viral RNA load, n 5 50.
1At time of first abnormal Pap unless otherwise indicated. Numbers in each category may not sum to column total because of missing data. 2By
chi-square test for independence for categorical variables and Wilcoxon Rank Sum test for continuous variables. 3Continuous variables are pre-
sented as median [interquartile range], categorical variables as n (%). 4Among HIV seropositive women only. 5Highly active antiretroviral therapy.
6Atypical squamous cells of undetermined significance. 7Low grade squamous intraepithelial lesion. 8High grade squamous intraepithelial lesion.
9Cervical intraepithelial neoplasia grade 3 or adenocarcinoma in situ or invasive cancer. 10CIN3 or worse or CIN2.
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ASCUS and LSIL did not develop CIN2 or worse, despite
long follow-up. For example, only 11% of HIV seropositive
women with LSIL developed CIN3 or worse after 5 years.
Risk for CIN2 or worse and CIN3 or worse was consistently
higher for HIV seropositive than seronegative women but
only the risk of CIN2 or worse among women after an
ASCUS result reached significance (17.2% vs. 11.7%, p 5

0.007). Cumulative risk for both CIN2 or worse and CIN3 or
worse after HSIL was high, regardless of HIV serostatus.

Direct comparison of risk for CIN3 or worse and CIN2 or
worse is problematic because of differential distribution of
cervical cancer risk factors by serostatus. To account for this,
multivariable analyses explored risk factors for colposcopy-
confirmed CIN2 or worse among women with ASCUS and
LSIL. Women with ASC-H and HSIL were not analyzed
because the high risk for CIN31 associated with these Pap
results precludes conservative management of women with-
out risk factors (Fig. 2). Risk for CIN2 or worse was
increased among women who were HIV seropositive and
younger, current smokers, women with only a high school
education or less, and women with LSIL compared to ASCUS
(Table 3). The increased risk for CIN2 or worse among HIV
seropositive women in this analysis was only 1.66. Risk fac-

tors for CIN3 or worse appeared similar, but not statistically
significant, given the smaller number of cases of CIN3 or
worse (Table 3), except that age was not a risk factor for
CIN31.

To consider the possible impact cervical disease treatment
might have had on our results, we performed a set of parallel
analyses removing all women with treatment either before or
during follow-up from each of the models shown in Table 2
with an outcome of CIN3 or worse. This included 100
women (89 HIV seropositive, 11 seronegative) from the
ASCUS analysis, 131 women (123 HIV seropositive, 8 sero-
negative) from the LSIL analysis, and 30 women (24 HIV
seropositive, 6 seronegative) from the HSIL analysis. In this
analysis excluding treated women, 5-year cumulative inci-
dence of CIN3 or worse after ASCUS cytology was 7.5%
among HIV seropositive women and 5.9% among seronega-
tive women. Similar results after LSIL were 11.7 and 6.7%
and after HSIL were 49.7 and 76.0%. All results were similar
to those from analyses including treated women and none of
the cumulative incidences differed significantly by serostatus.
Similar sensitivity analyses with CIN2 or worse as the out-
come as showed no differences when treated women were
excluded.

Figure 2. Risk of CIN2 or worse and CIN3 or worse among HIV seropositive and seronegative women during follow-up after abnormal cytol-

ogy. p > 0.10 for all comparisons of HIV seropositive women except for CIN2 or worse results after ASCUS (p 5 0.007).
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Discussion
HIV seropositive women face a higher risk for abnormal Pap
test results than seronegative women, and their Pap tests are
more severely abnormal.1,2 However, the results of this study
show that once an HIV seropositive woman has developed a
Pap abnormality, her risk for CIN3 or worse is only margin-
ally greater that of an HIV seronegative woman. Less than
40% of HIV seropositive women with ASCUS and LSIL in
our study developed CIN2 or worse over 10 years, with CIN3
or worse in <20%. HIV seropositive women with ASCUS
and LSIL do not appear to progress rapidly to CIN3 or
worse. Although multivariable analysis showed that HIV
infection was a risk factor for CIN2 or worse during follow-
up, it was not a significant risk factor for CIN3 or worse,
suggesting that HIV infection may increase CIN2 dispropor-
tionately. These results provide further support to the con-
cept that women with HIV and abnormal cytology can be
followed according to algorithms developed for U.S. women
in general.18

CIN2 is the treatment threshold for cervical disease.
Immediate loop excision after colposcopic visualization to
exclude obvious cancer and guide loop selection is an option
for all women with HSIL Pap results.18 For women with
HIV, immediate outpatient excision has high yield, low risk
for overtreatment, and few short-term complications.19

Observation for regression may be an option for young
women concerned about the possible contribution of CIN
treatment to risk for later preterm delivery. However, as
shown in Figure 2 risk for CIN2 or worse reached almost
60% within 5 years of a first HSIL Pap result for HIV sero-
positive women. Excisional treatment of all women with
HSIL cytology without biopsy confirmation of CIN2 or worse
may minimize risks of colposcopy noncompliance, especially
among HIV seropositive women. Some factors limit the con-
clusions that can be drawn from this study. Central pathol-
ogy of all biopsy specimens and image review of all
colposcopies was not undertaken; while doing so might have
changed results, the multisite nature of WIHS pathology
interpretation increases the generalizability of our results.
Women who did not obtain colposcopy more often had risk
factors for CIN and may have had more severe disease than
those who did; true rates of CIN2 or worse and CIN3 or
worse may be higher than we report. The number of HIV
seronegative women was relatively small because of their
lower risk for abnormal cytology, and our failure to observe
a difference in risk for CIN3 or worse over time between
HIV seropositive and seronegative women with similar Pap
results may reflect lack of statistical power, although this
study included up to 10 years of follow-up and a clinically
meaningful difference is unlikely. Larger studies with longer

Table 2. Cumulative risk of CIN2 or worse and CIN3 or worse after an initial abnormal Pap test result

Abnormal PAP result

CIN3 or worse CIN2 or worse

N 5 1,947 N 5 1,947

HIV2 HIV1 HIV2 HIV1

ASCUS N 329 1120 329 1120

Follow-up from first ASCUS Pap: median
number of years [IQR]

2.6 [0.5, 7.1] 4.1 [0.8, 8.7] 2.5 [0.4, 6.7] 3.4 [0.7, 8.1]

Number of events during follow-up (%) 15 (5%) 86 (8%) 28 (9%) 189 (17%)

p-value for Log-Rank test p 5 0.27 p 5 0.007

1 year cumulative incidence 1.8% 1.8% 4.6% 5.0%

5 year cumulative incidence 6.4% 7.0% 11.7% 17.2%

LSIL N 80 860 79 842

Follow-up from first LSIL Pap: median
number of years [IQR]

3.5 [1.4, 8.1] 3.6 [1.0, 8.5] 2.7 [0.9, 7.5] 2.5 [0.6, 7.5]

Number of events during follow-up (%) 6 (8%) 88 (10%) 14 (18%) 229 (27%)

p-value for Log-Rank test p 5 0.53 p 5 0.12

1 year cumulative incidence 1.4% 3.5% 10.1% 14.0%

5 year cumulative incidence 8.6% 10.6% 19.9% 27.7%

HSIL N 21 132 18 110

Follow-up from first HSIL Pap: median
number of years [IQR]

0.8 [0.2, 3.3] 1.5 [0.5, 5.1] 0.5 [0.1, 1.4] 1.2 [0.3, 4.0]

Number of events during follow-up (%) 8 (38%) 45 (34%) 10 (56%) 52 (47%)

p-value for Log-Rank test p 5 0.29 p 5 0.14

1 year cumulative incidence 34.6% 18.3% 7.1% 27.0%

5 year cumulative incidence 62.6% 41.1% 77.3% 55.4%
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follow-up are unlikely to be undertaken. However, many
HIV seronegative women in WIHS have high risk behaviors,
and their risk for CIN2 or worse and CIN3 or worse after
cytologic abnormality may be higher than in lower risk popu-
lations. Our results include data collected during a study that
has been ongoing for almost two decades, and results may be
different for contemporary women. Specifically, current risk
for CIN2 or worse and CIN3 or worse after ASCUS cytology
may be lower, since a finding of atypical squamous cells on
cytology was subclassified in 2001 into ASC-US and ASC-H.
Risk also may be lower if current antiretroviral therapy slows
or reverses progression of cervical lesions. Recent studies of
the sensitivity of colposcopy suggest that it may be insensitive
for the detection of CIN3 or worse unless multiple biopsies
are obtained.13,14 For many women in WIHS who require
repeated colposcopy, multiple biopsies across multiple colpo-
scopy visits were not feasible. We may underestimate risk for
CIN3 or worse, although missed clinically important lesions
should have presented clinically as symptomatic cancers dur-
ing relatively long follow-up. Finally, we may underestimate

long term risk for CIN3 or worse in HIV seropositive women
if they were disproportionately treated for CIN2 because of
their higher risk for cancer and treatment prevented progres-
sion to CIN3 or worse.

Our results are broadly similar to those of others,
although few longitudinal studies of HIV seropositive women
from developed countries have been reported. Boardman and
colleagues found a similar prevalence of CIN2 or worse at
colposcopy among HIV seropositive and seronegative women
with ASCUS or LSIL cytology, though they did not have
follow-up results.20 Suwakanta and associates found that HIV
seropositive women had a higher risk of CIN2 or worse than
seronegative Thai women, but more than half of the women
in their study had HSIL and cancer on Pap, and their results
cannot be generalized to women from developed countries
with more available screening.21

Risk for cervical disease after abnormal cytology were
recently published from a large cohort of women in the Kai-
ser Permanente Northern California (KPNC) health plan pre-
sumably not infected with HIV.22 Five-year risks for CIN2 or
worse in the KPNC cohort were 7% after ASCUS, 16% after
LSIL, and 69% after HSIL. For women in the 30- to 34-year-
old cohort in the KPNC cohort, the age group near the
median among our HIV seronegative women, 5-year risks of
CIN21 was 10.7% after ASCUS and 17.2% after LSIL. Com-
parable results among HIV seronegative women in our study
group were 12% after ASCUS and 20% after LSIL; numbers
of HIV seronegative women with HSIL followed for 5 years
were too small to calculate stable risk estimates. Thus, risk
for high-grade disease in our HIV-seronegative women
appears to be close to but marginally higher than risk in the
KPNC cohort, consistent with recruitment of women at
increased risk for HIV in our cohort and with age-based dif-
ferences in risk.

We did not identify a plateau in risk for CIN2 or worse
or CIN3 or worse for women with abnormal Pap results. For
women with HSIL, disease detection was rapid soon after
cytologic abnormality but continued to increase across time.
In contrast, for women with ASCUS and LSIL, disease detec-
tion often followed a considerable lag period. HIV seroposi-
tive women with abnormal Pap results merit scrupulous
surveillance. Women may require repeated colposcopy for
recurrent abnormal cytology. To minimize the risk of loss to
follow-up, women with abnormal Pap results should be edu-
cated to expect that cancer prevention may require repeated
visits over many years.
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