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Abstract

Background.—Human immunodeficiency virus (HIV) prevention interventions for prevention
interventions for women include screening, partner notification, promoting condoms, and
preexposure prophylaxis (PrEP). Women’s risk of acquiring HIV can help guide
recommendations.

Methods.—We used data from Louisiana’s sexually transmitted infection (STI) and HIV
registries to study 13- to 59-year-old women following first diagnosis of syphilis, gonorrhea, or
chlamydia during 2000-2015. We measured HIV rates reported subsequent to STI (through 2016).
Rates for women without STI were estimated by subtracting women with STI from reported cases
and from Census estimates for the population. PrEP cost was estimated as $11 000 per year, and
effectiveness estimated as 100%.

Results.—STIs were syphilis (6574), gonorrhea (64 995), or chlamydia (140 034). These 211
603 women had 1 865 488 person-years of follow-up and 969 HIV diagnoses. Women with no STI
had 5186 HIV diagnoses over 24 359 397 person-years. HIV rates diagnosis (per 100 000 person-
years) were higher for women after syphilis (177.3), gonorrhea (73.2), or chlamydia (35.4)
compared to women with no STI (22.4). Providing PrEP to all women diagnosed with syphilis or
gonorrhea would cost $7 371 111 000 and could have prevented 546 HIV diagnoses. Limiting
PrEP to 1 year after syphilis or gonorrhea diagnosis would cost $963 847 334, but only 143 HIV
diagnoses were within 2 years after a syphilis or gonorrhea diagnosis.

Conclusions.—Rates of HIV diagnosis were high after women had STI, but not high enough to
make PrEP cost-effective for them. Most women diagnosed with HIV did not have previously
reported STI.
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Many interventions are effective for preventing human immunodeficiency virus (HIV)
infection including: counseling, HIV testing, condom use, treatment of infected partners,
postexposure prophylaxis, and preexposure prophylaxis (PrEP) [1-9]. The costs of these
interventions range from a few dollars to thousands of dollars per year. Costly interventions
may be appropriate for women at high risk because untreated HIV infection causes high
rates of disease and treatment is expensive [9].

Several studies have identified groups of women in Africa who were at high risk for
acquiring HIV [10-12]. In the United States, many studies have identified women with high
relative risks for having HIV. However, prospectively identifying women who are likely to
acquire HIV infection has been much more difficult because the absolute risk for women has
been low [13-20]. In 2017, the US Public Health Service updated clinical practice guidance
for PrEP usage [21]. The guidance recommended heterosexual adults in the United States
consider using PrEP if they were HIV negative, not in a monogamous partnership with a
recently tested HIV-negative partner, and if they had been diagnosed with a bacterial
sexually transmitted infection (STI) (syphilis or gonorrhea) in the past 6 months. The
expected rate of acquiring HIV among women diagnosed with syphilis or gonorrhea was not
reported.

Louisiana consistently reports very high rates of STIs [22]. In 2016, Louisiana had the
highest rates in the nation for congenital syphilis and for primary and secondary syphilis
among women. Women in Louisiana had the second highest rates in the nation for
gonorrhea, chlamydia, and HIV [22, 23]. Louisiana therefore provides an important
opportunity to examine the risk of new HIV diagnosis after women are diagnosed with an
STI.

METHODS

Louisiana maintains separate databases for HIV and STI. At least annually, the databases are
matched so that HIV infections among persons in the STI database can be captured in the
STI database. First, a deterministic match is conducted in SAS using first name, last name,
date of birth, social security number (if available), and aliases. If at least 3 variables match,
including social security number, the records are combined. Next, unmatched reports are
searched again with the addition of addresses using Link Plus, which provides the
probability of a match, and a final decision is made by a staff member during a manual
review.

We analyzed all STI database records of 13- to 59-year-old women in Louisiana who had
syphilis, gonorrhea, or chlamydia reported between 1 January 2000 and 31 December 2015.
Late latent syphilis diagnoses were excluded if nontreponemal antibody titers were <1:32
because they were likely to be old infections. Previous studies have shown that persons with
syphilis are more likely to acquire HIV than persons with gonorrhea, and persons with
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gonorrhea are at higher risk than those with chlamydia [21, 24]. Therefore, we used a
hierarchical classification for each woman, selecting her first diagnosis of syphilis, (or if
none) first diagnosis of gonorrhea, or (if none) first diagnosis of chlamydia recorded on or
after 1 January 2000. Women who were reported as having HIV at their first STI diagnosis
(or within 60 days after the visit) were considered to have been HIV infected at the time of
their initial visit. Therefore, follow-up for new HIV diagnosis began 60 days after the STI
diagnosis and included all HIV infections diagnosed before 31 December 2016 that were
reported by 8 December 2017. We also examined women who were ever diagnosed with 2 or
more STIs at any visit (coinfected) and women who made >1 visit with an STI (Table 1).
Person-years at risk for HIV began 60 days after the date of diagnosis for the STI and ended
on the date of HIV diagnosis, or on 31 December 2016 if no HIV was reported.

For comparison, we calculated the rate of newly diagnosed HIV infection among women
with no reported preceding STI. To calculate the number of HIV diagnoses, we took all HIV
diagnoses for 13- to 59-year-old women in the Louisiana HIV/AIDS Surveillance database
from 2000 to 2016 and subtracted the number of HIV diagnoses reported for women
following an STI (as previously described). The person-years (PY) at risk for this group
includes risk time contributed by women before (and 60 days after) they were reported as
having an STI. This estimate was calculated by (1) taking the number of 13- to 59-year-old
women living in Louisiana in one year, 2010 (1 473 206 according to the census) [25]; (2)
multiplying by 17 years (to account for 2000-2016); and (3) subtracting the PY at risk for
the women who had an STI (as described above).

We compared estimates for a variety of subgroups by STI, race/ethnicity, age, location, and
year of first STI. Age is not comparable between groups because age was at the time of STI
diagnosis for women with STI, and at the time of HIV diagnosis for women without STI.
Location was classified as the residence at the time of the STI diagnosis even if the HIV
infection was later reported from another location in Louisiana. “High risk” areas were
defined as ZIP (postal) codes where there were at least 50 women aged 13-59 years reported
with newly diagnosed HIV infection between 2000 and 2016 and their annual rate of new
HIV diagnosis was at least 40 per 100 000. Population estimates including ZIP code were
only available for 2000 and 2010, so PY at risk was calculated assuming that the age/race
proportions of women living in high-risk areas were the same across all years as they were
in 2010. Risk factors identified by bivariate analyses were combined to assess the magnitude
of the rates for women with multiple risks.

We looked for possible cohort effects on risk of HIV diagnosis by grouping women
according to the year of their STI diagnosis (2000-2015), and calculating annual and
cumulative rates of HIV diagnoses.

To estimate rates by year of HIV diagnosis, we combined all cohorts of women from the STI
database and compared them to women with no STI reported. Infections for women with no
STI reported were estimated by taking the yearly number of HIV diagnoses for all women
living in Louisiana and subtracting corresponding infections diagnosed among women who
had STI. The women at risk were estimated using Census estimates of all women living in
Louisiana and subtracting women with a history of STI.
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We estimated the annual cost of PrEP to be $11 000 per person, using the midpoint of a
range of estimates ($8000-$14 000) [9, 26]. This does not include the costs for the
recommended 4 annual medical visits, laboratory costs, costs for efforts to assure
medications are taken, or patient expenses associated with attending the clinics. We
estimated that effectiveness in preventing HIV was 100% of all diagnoses if all women were
treated for the entire time period after their STI.

We also estimated the cost and benefits of treating women for 1 year after a diagnosis of
syphilis or gonorrhea. For this we calculated the cost of treating every episode of syphilis or
gonorrhea that the women had, and estimated that PrEP would have prevented all infections
diagnosed within 2 years after the STI.

Because we included all surveillance data from Louisiana, not a sample, we did not calculate
Pvalues for our comparisons or confidence intervals for our estimates. Our numbers are
large and most error would be expected to be due to variations in testing and reporting of
STl or HIV and not due to chance. Centers for Disease Control and Prevention (CDC) staff
did not have access to personal identifiers. Secondary analyses of routinely collected
surveillance data do not involve human subjects research and therefore do not require
approval by the CDC Institutional Review Boards. This project received a nonresearch
determination and approval decision from CDC.

RESULTS

Between January 2000 and December 2015, there were 211 603 women aged 13-59 years
living in Louisiana who were reported as having an STI. Using our hierarchy, the first
infections for these women were syphilis (6574), gonorrhea (64 995), or chlamydia (140
034) (Table 1). Most of these women were young when they were diagnosed with the STI;
86 966 (41.1%) were 13-19 years old, and 102 584 (48.5%) were 20-29 years old. Race/
ethnicity was categorized as black (133 626 [63.1%]), white (40 288 [19.0%]), Hispanic
(3047 [1.4%]), other (2461 [1.2%]), and unknown (32 181 [15.2%]). Twenty-one percent
(44 697) of the women with STI lived in one of the 21 ZIP code areas considered to be at
high risk for HIV. These 21 ZIP codes included 163 500 women aged 13-59 years, 11.1% of
all women in the state, and 40.9% of all HIV diagnoses among women in Louisiana.

The 211 603 women with an STI had 1 865 488 PY of follow-up in the database; 969 were
subsequently diagnosed as having HIV for 61 days—16.6 years after the STI was diagnosed
(mean follow-up, 8.8 years; mean time to HIV, 5.2 years). The 1 473 206 women (aged 13—
59) in Louisiana with no STI reported in the interval had 23 179 014 PY of follow-up; 5186
were diagnosed as having HIV between 2000 and 2016. Thus, only 15.7% of new HIV
diagnoses (969/6155) were among women who had a previously reported STI. The rate of a
subsequent diagnosis of HIV (per 100 000 PY) was higher for women diagnosed with
syphilis (177.3), gonorrhea (73.2), or chlamydia (35.4) than for women with no STI reported
(22.4) (Table 1). Most STI were diagnosed among women aged 13—-29 whereas HIV rates
were highest among women aged 20-49. Among all women diagnosed with one of these
STI, the rate of subsequent HIV diagnosis (per 100 000 PY) was higher for blacks (70.1)
than Hispanics (52.6) or whites (26.3). In contrast, the relative rate for HIV, comparing
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women with vs without an STI, was higher for white women (4.8) than for black women
(1.3) and Hispanic women (2.9). Rates of HIV were high for women who were ever
coinfected with =2 STIs (73.4 per 100 000 PY) or had >2 visits with STI (64.0 per 100 000
PY).

Rates were high for subgroups of women with multiple risk factors, such as black women
living in high-risk areas who were diagnosed with syphilis at ages 20-29 (254.8 per 100 000
PY) or at ages 30-59 (207.6 per 100 000 PY) (Table 2). Rates were high for other groups of
black women diagnosed with syphilis or gonorrhea. However, the groups with the highest
rates were also relatively small groups. For women diagnosed with syphilis, the rate of a
subsequent HIV diagnosis was 177.3 per 100 000 PY, 7.3 times the rate for women with no
STI (Table 1). Yet, the 95 women who developed HIV after a diagnosis of syphilis comprise
only 1.5% of the 6155 women diagnosed with HIV between 2000 and 2016.

The likelihood of being newly diagnosed with HIV (Figure 1, slopes of the curves) was only
slightly higher in the years immediately following the STI diagnosis compared to later years.
Even 16 years after their diagnosis, women who had an STI were diagnosed with HIV at a
higher rate than women who had not had an STI (Figure 1).

The annual rate of HIV for 13- to 59-year-old women in Louisiana who were not in the STI
cohorts fell 23.5% (from 30.2 to 23.1 per 100 000 women) between the years 2001 and 2015
(rates were as low as 15.5 in 2013). The annual rate for women in STI cohorts fell slightly
less, 21.6% (from 74.8 to 45.7 per 100 000 women) (data not shown).

If PrEP were 100% effective, providing PrEP to all women diagnosed with syphilis or
gonorrhea from the time of their ST diagnosis until 2016, or until they were diagnosed with
HIV, would have prevented all 546 new HIV diagnoses (Table 1) at a cost of $7.4 billion for
670 101 PY of treatment. Both the number of HIV diagnoses prevented and the cost of PrEP
increased over time as the number of women with past syphilis or gonorrhea increased. In
2016, an estimated 49 diagnoses would have been prevented at a cost of $787 million ($16
million per HIV diagnosis prevented). Alternatively, providing PrEP for 1 year to women
who had syphilis or gonorrhea at any time during 2000-2015 would have required treating
71 569 women for a total of 87 622 PY (some were infected multiple times). HIV was
diagnosed within 2 years after a syphilis or gonorrhea diagnosis for 143 women. The cost
for this approach would have been $963 847 000, which is $6 640 154 per infection
diagnosed within 2 years after a diagnosis of syphilis or gonorrhea.

DISCUSSION

Women in Louisiana who had an STI were at increased risk for developing HIV, but that risk
was not high enough to make PrEP a cost-effective intervention for all women with STI at
current costs. Women with gonorrhea were diagnosed with new HIV infection at a rate 3.3
times that of women with no STI, but at that rate (73.2 per 100 000 PY) 1 out of 1366 was
diagnosed with HIV in a year; and it would cost $15 million to prevent one new HIV
diagnosis using PrEP. Women with syphilis had the highest rate of new HIV diagnosis (177
per 100 000 PY), but that was one-tenth the estimated diagnosis rate for all men in Louisiana
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who have had sex with another man within the past 5 years (1760 per 100 000 in 2013) [27].
The rate of new HIV diagnosis among women with an STI was 2.3 times the rate among
women with no STI, but only 15.7% of new HIV diagnoses among women were among
women with a previously reported STI. Thus, even if PrEP became cost-effective for women
with STI, the impact on the population would be small because most of the newly diagnosed
HIV infections were among the large group of women who were not at highest risk [24].
Most new HIV diagnoses occurred among women who were not previously diagnosed with
an STI.

Our findings are similar to those found in an earlier study in Florida [24]. Rates of HIV
diagnosis after any STI were higher in Florida, but decreased by about 75% between 2001
(197.4 per 100 000 PY) and 2011 (49.5 per 100 000 PY). Rates among women with STI in
Louisiana did not start out as high, but did not decrease as much, remaining at 45.7 per 100
000 PY in 2015. These rates following ST1 were much lower than the rates typically seen for
men who have sex with men (672-2600 per 100 000 PY) [9, 28] or for women in sub-
Saharan Africa (2000-5500 per 100 000 PY) [10-12]. Several cohort studies have regularly
tested women in the United States who were at exceptionally high risk for acquiring HIV.
These studies included 4738 women followed for 5474 PY, and 29 seroconverted (530 per
100 000 PY) [13-20]. If all of those women could have been on PrEP at a cost of $11 000
per year, and PrEP was 100% effective, then the 29 HIV diagnoses could have been
prevented at a cost of $60 214 000.

Other factors were associated with risk for HIV. Among women with no STI reported, the
rate for black women (53.1 per 100 000 PY) was 9.7 times the rate for white women (5.5 per
100 000 PY). Women living in high-risk ZIP code areas had rates that were 6.1 times as high
as women living elsewhere. Combining risk factors led to higher rates. Black women aged
20-29 years who lived in high-risk areas when they were diagnosed with syphilis had the
highest rates (254.8 per 100 000 PY), but this was a relatively small group (805) that
accounted for 17 new HIV diagnoses. Thus we were unable to identify any subgroups of
women with a risk high enough to make PrEP cost-effective. Other studies have reported
that HIV prevention interventions such as HIV testing and partner notification would be
cost-effective [9]. Perhaps other cost-effective interventions can be developed. A recent
review of available interventions concluded that “interventions focusing on reducing the risk
of acquiring HIV, particularly among heterosexuals, are unlikely to result in efficient use of
society’s resources” [9].

Our analysis enabled us to study the risk of HIV diagnosis for all women with STI reported
by all providers in Louisiana over 16 years. However, our findings have some limitations.
We did not actively follow all women to ensure testing for HIV. We measured the risk of
being reported with HIV in Louisiana. This was not a measure of true incidence. We know
the date of diagnosis, not the date that HIV was acquired. We would have overestimated
incidence if women were not tested for HIV at the time of their STI diagnosis. We would
underestimate incidence if women acquired HIV that was undetected because they were not
tested or if they had moved from Louisiana and were diagnosed elsewhere. Similarly,
women with undiagnosed STI or with STI diagnosed in other states were not included in the
groups with past STI. Finally, this study aimed to identify women at risk for acquiring HIV
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in the future, and not to measure how an active STI influences susceptibility to acquiring
HIV, so women who that had HIV diagnosed at the same time as their STI diagnosis were
not included in the STI group.

In Louisiana, compared to women with no STI, the relative rates of acquiring HIV were
higher after women were reported with chlamydia (1.6), gonorrhea (3.3), and syphilis (7.3).
Providing PrEP to all women in Louisiana diagnosed with syphilis or gonorrhea since 2000
would have cost more than $787 million in the year 2016, and would have prevented only a
small fraction of new HIV infections diagnosed among women. Providing PrEP for a year
after infection with syphilis or gonorrhea would reduce costs, but would also reduce the
number of infections prevented.
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Figure 1.
Cumulative number of human immunodeficiency virus (HIV) infections reported following

the diagnosis of a sexually transmitted infection (STI), per 100 000 women, by year of STI
diagnosis.
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