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Abstract

Background: We extend recent work estimating incidence and prevalence of gonococcal
infections among men and women aged 15-39 years in the US in 2018 by applying the same
modeling framework to estimate gonococcal incidence and prevalence during 2006—-2019.

Methods: The model is informed by cases from the Nationally Notifiable Disease Surveillance
System, data from the National Survey of Family Growth, and data on other factors known to
impact gonococcal incidence and prevalence. We use Monte Carlo simulation to account for
uncertainty in input parameters. Results are reported as median annual per-capita incidence and
prevalence; uncertainty intervals are characterized by the 25th and 75th simulated percentiles.

Results: 1,603,473 (1,467,801-1,767,779) incident cases of gonorrhea were estimated in 2019.
Per-capita incidence increased 32%, from 1101 (1002-1221) to 1456 (1333-1605) infections per
100,000 persons. This trend in per-capita incidence had three phrases: an initial decline during
2006-2009, a plateau through 2013, and a rapid increase of 66% through 2019. Men aged

25-39 experienced the greatest increase in incidence (125%, 541 (467-651) to 1212 infections
(1046-1458) per 100,000 men). Women aged 25-39 had the lowest incidence in 2019, with 1040
infections (882-1241) per 100,000 women. Prevalence increased more slowly among those aged
25-39 vs. 15-24. The incidence ratio comparing men to women aged 25-39 increased from 0.76
to 1.18.

Conclusions: The burden of gonorrhea has increased among men and women aged 15-39 years
since 2013. An increasing proportion of incident infections are among men. Additional biomedical
and behavioral interventions are needed to control gonococcal transmission.

Summary:

The burden of gonorrhea has increased in the United States since 2009. An increasing proportion
of incident infections are among men. Additional biomedical and behavioral interventions are
needed.
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1. Introduction

Gonorrhea is the second most commonly reported sexually transmitted infection (STI) in
the United States after chlamydia. Rates of reported gonorrhea cases have been increasing
across many age, geographic, and racial/ethnic groups, and especially among gay, bisexual,
and other men who have sex with men (MSM) 1. Cases reported to the Centers for Disease
Control and Prevention (CDC) reflect both symptomatic and asymptomatic infections
identified through screening. Because infections are commonly asymptomatic and screening
is not universal, many gonococcal infections go undiagnosed 2. Consequently, case reports
should not be interpreted as incidence, but rather as the minimum burden of the true number
of infections acquired per year, since they exclude undiagnosed and/or unreported infections.
Other contextual factors like changes in care-seeking behaviors over time also complicate
this issue.

Nevertheless, estimates of the incidence and prevalence of gonorrhea over time are crucial
to understanding disease trends. Mathematical models have been developed to estimate

the incidence and prevalence of gonorrhea by accounting for undiagnosed infection and
care-seeking behaviors, with the most recently published estimates for 2018 3. Previous
estimates were published for 2008, but due to methodological differences, the results are not
directly comparable to 2018 4. Here we extended the recent mathematical modeling work
by applying the models to historical data and assessing changes in incidence and prevalence
over time. Our goal is not to identify the specific causes of change in these values over time,
but to document the burden of gonorrhea using a parsimonious framework.

2. Methods

We extended an ordinary-differential-equation based model previously used to produce
estimates for 2018 in order to estimate the annual incidence and prevalence of gonorrhea
from 2006 to 2019 for the total population aged 15-39 years, and additionally stratified

by sex/age subgroups, women and men aged 15-24 and 25-39 years 3. The date range
(2006-2019) was selected to align with available behavioral data from the National Survey
of Family Growth (NSFG).

Model Structure

The model has closed-form solutions for incidence and prevalence counts, assuming
equilibrium conditions within each year, and accounts for the natural history of gonococcal
infection, case-reporting, and care-seeking behaviors among the sex/age subgroups. Our
estimates of incidence and prevalence reflect the number of new infections and existing
infections estimated separately for each year. We provide a brief overview of the model
components below, and a more detailed description can be found in the supplement.
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To model the natural history of gonorrhea, we used a simple elaboration of the general

SIS model. We assumed three possible states of infection: uninfected (U), asymptomatically
infected (A), and symptomatically infected (S). All people must be in one of these three
states. We consider four mechanisms: 1) infection, 2) recovery due to natural clearance,

3) recovery due to background screening, and 4) recovery due to symptomatic treatment
seeking. Uninfected people acquire infection at rate A, also known as the force of infection.
The force of infection is constant within each year, but varies between years, which is
consistent with our assumption of steady state dynamics within each year described below.

A proportion of newly infected people (8) develop asymptomatic infection, and

a complementary proportion (1 — g) develop symptomatic infection. Infected people
(regardless of symptoms) can recover from infection due to natural clearance. The

natural clearance rate , is the inverse duration of time to natural clearance. Those with
symptomatic infection can seek medical care. Assuming a perfect test (i.e., 100% sensitivity
and specificity), and assuming all who test positive are treated effectively (no treatment
failure), the rate of symptomatic treatment seeking (z) is equivalent to the rate of recovery
due to this process.

We assumed recovery due to background screening and subsequent treatment can occur in
both the symptomatically and asymptomatically infected. Background screening represents
testing that might occur without any syndromic indication. Each subpopulation has a
specific screening rate (¢). Within a subpopulation, we assumed the screening rate was
homogeneous, and averaged across all who comprise this subpopulation. Though rare,

the model allows symptomatically infected people to possibility clear their infection via
background screening. We assumed no treatment failure following either symptomatic
treatment seeking or background screening. When cases are diagnosed from either
symptomatic treatment seeking or background screening, only a proportion (p), are reported.
The following equations mathematically summarize all descriptions.

Natural History:

%: —AU+(V/+0')A+(1//+G+T)S

dA
= AUﬂ—(u/ + O')A

%= AUl - p)— (—y/+a+ T)S

Point Prevalence:

_ A4S
TA+S+U
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Population Size:

N=A+S+U

Case Reporting:

K = p(c(A + S) + 15)

We use symbolic algebra in Python to solve these systems of equations for their steady
state values. By solving for the state variable formulations (i.e., U, A, and S) as well as the
force of infection formulation (1), we derive steady state solutions for the annual number
of incident infections (AU) and the point prevalence of infection in each year. The final
equations can be found in the supplement.

Table 1 provides a summary of the input parameters and state variables used in the system
of equations derived above. The values and detailed descriptions of all parameters by year,
sex, and age can be found in the supplement, but we present a brief overview. The model is
informed by case report data from the Nationally Notifiable Disease Surveillance System
(NNDSS), the case reporting fraction, the population size, natural history parameters,
including the expected duration of an untreated gonococcal infection and the probability
of an infection being asymptomatic, as well as health-seeking behaviors, namely, the rate
of screening and the time to treatment seeking among symptomatically infected individuals
1.2,13-22,5.23,24.6-12 \\e assumed that the expected duration of untreated infections and the
proportion of cases that are asymptomatic have not changed over time, while all other
parameters are time varying.

While all our data sources remain the same as previous work, we estimated the screening
rates over a different period compared to Kreisel et al. (2021) to account for the NSFG
collection cycles in this time frame. The previous estimates for 2018 used a four-year survey
period from NSFG 3. Here we used the two-year survey weights from NSFG to obtain
annual estimates of ¢ during 2006-2019 (these two-year cycles are the shortest period for
which NSFG provides weights.) Because NSFG collects data starting in June of each year,
for those years that lay in two collection periods we used the average value between the two
cycles. For example, the most recent cycles of NSFG were 2015-2017 and 2017-2019. For
2018 and 2019, we applied the screening rate from the 2017-2019 collection period. But
for 2017, we averaged the estimates from 2015-2017 and 2017-2019 cycles. Supplemental
table S7 shows the estimated screening rate over the 2006-2019 period by age group and
sex. Because NSFG does not ask respondent motivation for ST testing or how many times
in last year a respondent tested, we continue to use the assumption of Kreisel et al. that

if a respondent reported STI screening in the last year, they were not experiencing any
symptoms, and they only screened once in the past years.
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Simulation & Analysis

We used Monte Carlo simulation to account for uncertainty in input parameters. We
generated 10,000 parameter sets among each sex/age subgroup and converted raw counts

to rates per 100,000 persons by dividing by each subgroup’s population size and multiplying
by 100,000. We calculated estimates among the full age distribution (15-39 years) by
summing the incident and prevalent infection count distributions across both age groups

and repeating the conversion to per capita rates using the population size of the aggregated
group. Results are reported as the median per capita number of incident and prevalent
infections; uncertainty intervals are characterized by the 25th and 75th percentiles of the
simulated distribution for each outcome.

We calculated the estimated incidence ratio comparing men to women over this period

and the change in this ratio since 2006. We also estimated the proportion of gonorrhea

cases that got diagnosed from 2006 to 2019, calculated as the number of case reports from
NNDSS divided by the estimated number of incident cases by age and sex group. Finally,
we conducted sensitivity analyses for the effect of two time-varying that are more influenced
by changes in health care utilization and technological trends than others in our model: the
rate of background STI screening among each age/sex subgroup and the rate that diagnosed
cases were reported to CDC by the states.

3. Results

Figures 1 and 2 show the estimated per capita incidence and prevalence over time overall,
and by sex and age group. Tables 2 and 3 show these estimates numerically, including
incidence and prevalence ratios comparing 2019 to 2006 among each subgroup. The
estimated incidence of gonorrhea among all persons aged 15-39 years increased from 1101
(1002-1221) to 1456 (1333-1605) infections per 100,000 persons from 2006 to 2019, for
atotal 1,603,473 (1,467,801-1,767,779) incident cases estimated in 2019. This represents a
32% total increase in per-capita gonorrhea incidence since 2006. However, this overall trend
masks several components: the estimated incidence of gonorrhea initially declined through
2009, plateaued, and then rapidly increased by 66% from 2014 to 2019.

Women aged 15-24 years consistently had the largest burden of gonorrhea compared to

all other sex/age subgroups (in both absolute and per-capita terms), with an estimated
509,092 (433,531-608,408) cases in 2019. These women experienced a decline and rebound
like other groups, but whereas all other groups ultimately surpassed their 2006 per-capita
incidence, women aged 15-24 years experienced similar incidence compared to 2006 in
2019 (2263 (1925-2701) versus 2441 (2078-2917) per 100,000 women). Since 2006,
women aged 25-39 years have experienced a 45% increase in incidence, from 718 (611-
861) to 1040 (882-1241) incident infections per 100,000 women, for a total of 346,859
(294,160-414,094) cases in 2019.

All men experienced similar trends in incidence, decreasing from 2006 to 2009, plateauing
or slowly increasing through 2013, and rapidly increasing through 2019. The per-capita
incidence among men aged 15-24 years increased by 37% since 2006, from 899 (773-1078)
to 1248 (1070-1506) cases per 100,000 men, for a total of 273,551 (234,524-330,037) cases
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in 2019. Men aged 25-39 years had the lowest incidence of all subgroups in 2006, 508
(435-610) per 100,000 men, but experienced the largest increase (125%) over this period.
By 2019 their per-capita incidence was nearly equivalent to men aged 15-24 years at 1212
(1046-1458) cases per 100,000 men, resulting in a total of 412,157 (355,720-495,638)
cases. Among men and women aged 15-24 years, increases in incidence are mirrored by
similar increases in prevalence. Per-capita prevalence among men and women aged 25-39
years, however, have increased more slowly than incidence. Tables of the absolute counts of
estimated incident and prevalent cases can be found in the supplement.

The gonorrhea incidence ratio comparing all men to women increased from 0.53 to 0.80
during 2006-2019, demonstrating that men are making up an increasing proportion of
estimated incident gonococcal infections (Figure 3). Among men and women aged 25-39
years, the median value for this ratio surpasses 1 from 2015 onward.

Figures S1 and S2 in supplement show the two analyses of sensitivity of results on our
assumptions about the STI screening rates and the case reporting rate to CDC. There has
been little change in the screening rate over time for men, so the static screening rate
results are comparable to the numbers described above. However, due to recent increases in
STI screening among women aged 25-39 years, had we not incorporated the time-varying
parameter, we would have estimated that these women experienced roughly 8% fewer
incident infections in 2019 than if their screening rate had stayed at 2006 levels (median
and 25t and 75! percentiles of difference between simulated distributions: 27,804 (57,800
—114,862)). The rate of case reporting to CDC was estimated to be 86% in 2006 and
increased to 95% by the time electronic lab reporting was widespread in 2013. These
changes have linear effects on the results. For example, if we had assumed 95% reporting
across the time series, in 2006, we would have estimated 9% lower incidence across all
age/sex subgroups.

Finally, Figure 4 shows the proportion of cases per year that got diagnosed. The proportion
of incident cases that were diagnosed increased steadily through 2013, and in 2019 was
approximately 43.5% among men and 27.5% among women. Changes to the proportion

of incident cases that get diagnosed over time highlight the effect of two time-varying
parameters we used for sensitivity analyses discussed above.

Discussion

In this paper, we extended a method using historical data to produce national estimates
and uncertainty measures for trends in the incidence and prevalence of gonorrhea among
men and women aged 15-39 years from 2006 to 2019. After experiencing a steep decline
in the incidence of gonorrhea, all sex/age subgroups had large increases in burden during
2014-2019.

The proportion of incident infections among each sex/age subgroup has also changed. The
ratio of incident infections among men to women across all ages increased, but this ratio
increased the most among those aged 25-39 years, with men accounting for more incident
infections in this subgroup than women in 2019. While this is not a direct measure of the
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change in infections among MSM, Heffelfinger et al. used a similar method to estimate
increases in syphilis among MSM (2007). Additionally, the shapes of these curves, including
the slowing in recent years, are similar to sentinel data from the STD Surveillance Network,
where a sample of patients are interviewed and the resulting case reports can be stratified

by sex and sex of sex partners 1. However, because our analysis relies on NNDSS reports
and is unable to separate out incident infections by sex of sex partner, some of the changes
shown here could also be due to changes in incident infections in heterosexuals and/or other
behaviors like age mixing.

A strength of this work is that we accounted for potential changes in care-seeking behaviors
and reporting mechanisms over time, which allowed us to better understand temporal trends
in infection burden among certain subgroups than we would have from just considering

the case reports alone. If we had not accounted for increases in STI screening among
women aged 25-39 years, we would have overestimated the incidence and prevalence for
these women. Indeed, previous work showed that changes in screening behaviors potentially
averted 30% of gonococcal infections from 2000 to 2015 26. While this percentage is larger
than the effects of screening on incidence than we estimate in our sensitivity analysis, their
own model calibration shows that the largest increases in yearly STI screening occurred
during from 2000 to 2005, and these rates remained stable for most subgroups from 2005 to
2015. Therefore, most averted cases in their model occurred prior to the start of the period
studied in this work, and the relative stability of screening across the other subgroups from
2006-2015 is in line with our model inputs and conclusions.

A limitation of this model is that we assume that the screening rates we estimated from
NSFG represent the proportion of people who are screened for an asymptomatic infection
each year. However, we are unable to determine two important factors from these data

that operate in opposite directions. First, we do not know what portion of this testing

was motivated by symptoms. If we overestimated the proportion of asymptomatic cases
diagnosed via screening because we attributed all ST testing reported in the NSFG to
strictly asymptomatic screening, we might have underestimated the number of prevalent and
incident infections. Second, we do not know if individuals who reported testing in the last
year did so more than once. If some respondents who reported STI screening tested multiple
times in the previous year and were potentially responsible for multiple diagnosed cases,

we could have underestimated the number of asymptomatic infections that were diagnosed
and subsequently overestimated the number of prevalent and incident infections. To our
knowledge, there is no source of data that would provide both the motivation for STI testing
and a more detailed picture of the frequency of testing at the national level. Improving the
quality of these data would help refine these estimates further.

An additional limitation of this model is that we did not explore diagnostic test
improvements over time. We assumed perfect test sensitivity and specificity over the entire
period in order to keep the model more mathematically tractable. However, the largest
changes to the testing landscape occurred prior to the start of our study period. By 2005,
NAAT (nucleic acid amplification tests) held close to 60% of the market share of diagnostic
tests for bacterial STIs among private insurers, the 2006 STI Treatment Guidelines highlight
NAATS as the most sensitive tests for gonorrhea and chlamydia, and by 2007, the National

Sex Transm Dis. Author manuscript; available in PMC 2024 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pollock et al.

Page 8

Job Training Program exclusively used the highly sensitive and specific dual gonorrhea
and chlamydia NAAT test for screenings completed through national contact laboratories
21-29 |t is possible that continued improvements in NAAT test specifications could have
contributed to increased detection of cases through 2019, although we believe the effect to
be minimal.

While case report data for gonorrhea from 2020 are currently available, other input
parameter sources such as the NSFG have not published updated data, so we do not present
estimates for 2020. Additionally, the coronavirus disease 2019 (COVID-19) pandemic
significantly affected trends in reported cases of STDs in 2020, likely resulting in
underreporting of infections. What we can understand about the 2020 case report data
remains very unclear and any changes in incidence and prevalence during this period
warrant separate consideration.

We also do not estimate the incidence and prevalence of antimicrobial resistant (AMR)
gonococcal infections. Previous work estimated the proportion of all cases that display AMR
from data collected in the Gonococcal Isolate Surveillance Project, but since these data only
capture men with symptomatic urethral infections who visit STI clinics in select cities, these
data may not be nationally representative of all AMR gonorrhea cases in the US. A more
detailed estimation method should be considered to assess changes in AMR in strains of
gonorrhea among each subpopulation over time.

Lastly, the sensitivity analyses of the original model (not reproduced here) highlighted that
this method is sensitive to assumptions about the natural history of gonorrhea, particularly
the proportion of cases in men and women that are symptomatic and the expected duration
of untreated infections, about which there is a lack of robust data 3. As such, our results
should be interpreted with some caution. However, while our estimates may improve with
more robust data, in the absence of major evolutionary changes to the pathogen’s natural
history, we would expect the general trends we highlight in this paper to hold.

These results are useful in understanding the potential burden of gonorrhea in this
population, in providing input parameters or validation targets for other modeling efforts,
and in highlighting the need for additional strategies to combat the estimated increases in
incidence and prevalence. The increases since 2013 are particularly significant given the
stability of case reporting to CDC, the availability of highly sensitive and specific tests,

and the minimal effect of changes in background screening on incidence during this time.
This evidence leads us to conclude that the burden of gonorrhea is likely increasing, and
that more effective biomedical and behavioral interventions are needed to address this issue.
One possible tool may be the meningitis-B vaccine. Growing evidence suggests that this
vaccine can act as a short-term, partially effective vaccine against strains of gonorrhea and
could help reduce its incidence, although more research on the longevity of the vaccine and
efficient intervention strategies are needed 30-32s,

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Estimated Per-Capita Incidence of Gonorrhea in the United States, 2006—-2019Estimates

shown are the median and the 25t and 75% percentiles of the simulated distrubtion for each
year.

Sex Transm Dis. Author manuscript; available in PMC 2024 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Pollock et al. Page 12

All 15-24 25-39
600 -

400 -

200 -

Prevalent Cases per 100,000 Persons

Banpasnst? | RnmmR

O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
© ol D A AQ AN A2 AD Ak AD A0 A1 D A © ot 0 00 A AN AL AD L AN DL WD il D A © ol Qa2 AQ AN (AL AD Al AD A0 Al D> A9
SRS SN N SN SRR N RN N SR SRS NSNS NG I RN SN N A S S NN S RGN SN SR NG S

Year

Sex —o- Both - Men - \Women

Figure 2:
Estimated Per-Capita Prevalence of Gonorrhea in the United States, 2006—2019Estimates

shown are the median and the 25™ and 75% percentiles of the simulated distrubtion for each
year.
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Incidence Rate Ratio of Gonorrhea, Men to Women, 2006—-2019Estimates shown are the
median and 25t and 75t percentiles of the ratio of the simulated distributions in each year.

Shaded area indicates ratio >=1.
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Proportion of Estimated Incident Cases that got DiagnosedEstimates shown are the number
of reported cases in each year divided by the median, 25t and 75™ percentiles of the

simulated incidence distribution.

Sex Transm Dis. Author manuscript; available in PMC 2024 April 01.



Page 15

Pollock et al.

Author Manuscript

Jsjsweled 81e1S uonoajul onewoldwaAse yum ajdoad Jo JsquinN -
J918Weled 31€IS uonoayul onewoldwAs yum ajdoad Jo Jaquiny S
J918WeIRd A1RIS a1doad ajqndaasns o JaquinN n
‘xipuadde aas ‘Ja1owesed ayusodwo) saA  aby %@ xaS  (suonosjul oirewoldwAs) Buiass Juswiean oy awi] 2
z ON pE uonoayur onewoidwAse jo Aupiqeqoid
spe'or—2 W01 Ajied Jo Aonung [euoneN SaA 9By 7@ XaS J1eak Jad Buusalds 1S Jo Aljigeqold 9O
xipuadde as ‘salreA ON X3S uonosyul pareanun jo uoneing  sh
B3 SOA A4 uonoeyy Buiiodas sseny  d
g'g'r SHOdaY 8ouR|19AINS LS S9N by ® Xas suodasase)y Y
gz-eT'sz-1z'zr'Tt AAAINS Allunwiwio) uedLswy SaA  aby 79 X8 azisuoneindod N
20Inos  Buifrep-swi dnolo 21eIS / PPWe fed
So|geLieA 9]els 7@ Sislaweled |spo|A
-T 8lgel

Author Manuscript

Author Manuscript

Author Manuscript

Sex Transm Dis. Author manuscript; available in PMC 2024 April 01.



Page 16

'SUONINGLISIP PaYeINWIS U} JO S3]1UBIRd 94G/ PUe 4Gz U Juasaldal sjeAsaiul Alurensoun

9002 03 6TOZ IsoW sasedwod oney
¥

Pollock et al.

(18°7 (50971 (#8ST (58T (9geT (¥80T (066 (996 (2101 (so0T (916 (€96 (eotT (¥6TT (tzer
-9T'T) —€€€eT) -G62T) -GezT) -1¥0T) -806) —2¢8) -86.) -1€8) -8¢8) -208) -161) —606) -816) -200T1) 1\4
€T 95pT ana 0S€T aan 686 006 G/8 616 116 088 €8 566 G/0T T0TT
(4 (sTeT (92T (1817 (896 (€62 (€89 (529 (¥09 (v (ovs (ees (929 (902 (6€2 6e
-G'T) —620T) —00T) ~2¢6) -95/) —€29) -GEg) -88%) -0L¥) -1Th) =LT¥) —€Th) ~8) L)) -2.9) oz
6.7 95TT 9211 8£0T 678 169 009 617G 625 18 el 99% 8G G719 99
(1e'7 (Lv1e (9902 (se0z (T9.1 (88T (98v7T (¥0ST (6v9T (901 (zeatr (2291 (T8t (es6T (zL61 vz
-16°0) —6S9T) —16ST) —2.ST) —¥9€T) —6¢2T) -TSTT) -197T) -0.21) -90€T) -€92T) -952T) =LT¥T) -T0ST) —1ST) 1
60'T 9/81 08T 28LT PPST G8eT 90€T 0TET 8eVT a8yt 82yt 444" 809T 90.T 2elT
ylog
(Te'1 (zest (008t (seLT (85T (ooet (sezt (9521 (29eT (T8et (Geet (rveT (evsT (8591 (9891
-26°0) ~TEVT) -90%T) —6YET) —ZrTT) -9T0T) ~296) -G/6) -850T) -990T) —€€0T) ~Z€0T) —G6TT) -9/21) -162T) 1\
60T 1197 G8ST 2esT 1821 2y £80T 860T v6TT 602T 6911 TL1T GSeT syl L9¥T
(r8'1 (Tvet (Tszt (LTt (ce6 (882 (eT2 (¥89 (189 (829 (229 (eg9 (952 (ves (198 68
—-€T'T) -288) -968) -9¢8) -9/9) -0.9) -219) -T6%) -88%) -0S¥) ~bry) ~Lv¥) -2€9) -G8g) -119) oz
ST 0r0T ¥50T 996 88. G99 209 9.5 2.5 625 925 925 629 €69 8T
ezt (L162 (0822 (0522 (vse2 (8vTe (eL02 (65T2 (Leve (esse (eeve (ssve (2812 (6562 (€862 vz
=110) -8102) —8/6T) —6S6T) -T69T) -8YST) ~6¥T) —0SST) —6€LT) -818T) —0S.T) -/S/T) -0002) -9T72) -1212) 1
860 e 1262 9TEL 8861 608T LT 2181 8£02 wie 8702 2902 156 €6vC 0052
USWOAN
(112 (zsvT (z8et (L0eT (Zt11 (926 (g6 (veL (912 (829 (299 (289 (039 (e62 (918
-8Y'T) —€2T7) -0.0T) =/T0T) -£98) -zzl) -119) —£99) -955) -129) -Z19) —£67) -1GS) -519) -8€9) n
9.1 y92T 502t orTT 2.6 118 769 €€9 629 265 9.5 1SS 929 069 LTL
(e82 (8s¥T (Toet (2921 (#v0T (ze8 (¥89 (v65 (zss (681 (S2v (851 (Lzs (019 (199 68
-8L'T) -9v0T) —6.6) ~706) -9v1) -865) -T6%) -9zv) -56¢€) -z5¢) —6€¢€) -12¢€) -8.€) -5ev) -19%) -z
S2T [4x4 6ETT 6701 698 569 0.5 961 65t 60v 96€ z8¢ A% 805 %S
(gLt (905t (6971 (SepT (y9zT (eotTT (86 (826 (v26 (096 (926 (816 (eToT (8201 (6801 vz
-60'T) -0.0T) -9v0T) ~T€0T) -868) -98/) -£01) -T.9) -169) -069) ~719) -559) -121) —€11) ~¥81) -1
LET iz4 6121 1611 2501 026 818 6.L 218 €08 €8 g9/ S8 668 €16
wN
Lo 6T0Z 8T0Z LT0Z 9T0Z STOZ ¥102 €702 4104 1702 0T0Z 6002 8002 1002 9002 aby

Author Manuscript

6T02—900z ‘suosiad 000‘00T J42d BayLlouos) Jo aduapiou| eude) Jad URIPaN

‘¢ dlgeL

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2024 April 01.

3

Sex Transm Dis. Author manuscript



Page 17

*SUONINGLISIP PaTeINLWIS 8y JO S8]1UBdJad 94G/ PUe 4Gz Ul Juasaldas sjeAssiul Alurensoun

9002 01 6T0Z Sasedwod oney
*

Pollock et al.

(6€'T (eez (L12 (602 (T (ST (evT (evT (vST (¥ST (6vT (877 (74 (v8t1 (87
-68°0) -/9T) —€91) —GST) -T€T) -GTT) -90T) -90T) —Z17) -T11) -80T) -/0T) 574 —ET) —/€T) 1\
7T Z61 88T 08T 16T geT ¥4 44 1€T 1€T 9zt Get a4 95T 6ST
|Mwmw %ﬂv %mw |M%Hv (sz1 (ot 26 (98 (8 (8L (6L (8L (16 (zot W07 o o
ov'T 6eT TS fres -G8) €0T -01) 58 -29) 6. -85) 1. -15) 69 -25) €9 -28) €9 -16) €9 —09) v/ -19) 28 -0/) 98
(6€'T (8z¢ (ete (ot (592 (ovz (622 (sez (192 (e12 (8sz (652 (962 (91€ (L1€
-9/°0) -1T2) -802) -502) =L1T) -097T) -18T) —GST) —€.7) -8.1) -0.T) -0.T) ~6T) -102) -102) ¥2-ST
€0°T 697 952 252 g1z 96T G8T T6T 4% 612 602 012 felord €52 957
ylog
(zeT (67 (Tve (oge (92 (ovz (vez (ovz (292 (592 (214 (952 (962 (oze (eze
-81°0) -1v2) -0v2) -2€2) —G6T) ) —¥9T) -19T) -081) —Z81) -9.T) -9.T) -502) -122) -22) n
10T €62 182 9/2 1€2 102 G6T 66T 112 612 112 212 174 92 892
(181 |%mm |%w |%HHNV %ﬂw (0sT (9T (zeT (1eT (121 Gas (sz1 (rr (€91 LM%HV se-cz
-6'0) 2T og1 i 1 [ -€6)8TT —S8) /0T -T8)€0T —T8) €0T ~v/) 66 ~1) 96 -G/)96  —06)STT  —66) 92T TeT
(9T (295 (9gg (ees (zs¥ (ety (86¢ (st¥ (oLv (e6¥ (S9v (891 (9gg (v28 (225
—69°0) -8v¢€) —z¢€¢) -12¢€) -182) -1G2) -1v2) -852) -062) —€0€) -062) -682) -z¢€¢) —7Gg) -9G€)  ¥Z-ST
160 Ty A LTy gse 9z¢e €1 8¢ 69€ Gge 99¢ 89¢ 6T 127 TG
UBWIOAN
(szz (ztT (20T (zotT (98 (2L (29 (95 (55 (zs (05 (05 (95 (19 (9 I
-9TT) 9T -0/) 88 -19) 8 -19) 08 ~5) 89 -G¥) 95 -8¢) 8¥ -G vy —ve) eV —€€) 17 —2€) o7 -T¢€) 6€ -Ge)ey  —8e) sy -0v) 0§
%w_w (1T (ot (66 (18 (59 (€S (ov (v (8e (e (¢ (17 @8y I8 oo oo
907 -19) 28 -18) 1L 29 1. —€¥) 65 —€) L -82) 8¢ -7) €€ -€2) 1€ -02) 82 -02) LT —6T) 92 -22) 0 -G2) v€ -12) L€
%%% Q1T (91T €11 (00T (98 L (€L (02 (52 @ @ (08 (s8 C——
T, -29) 68 -19) €8 -09) 28 -29) 2L -9v) 29 -T¥) 6§ -8¢) 2§ -0v) ¥S -0v) ¥§ -6¢€) 2§ -8¢) 1§ -2v) LS -G%) 19 -9%) 29
W
Loy 6702 8T0Z LT0Z 9102 STOZ ¥102 €702 zToz 1102 0T0Z 6002 8002 1002 9002 aby

Author Manuscript

Author Manuscript

6T02—9002 ‘suositad 000‘00T 42d BaYLI0UOD JO 93UseARId BlIdeD-1ad URIPSIA

‘€ 9IgeL

Author Manuscript

Author Manuscript

available in PMC 2024 April 01.

3

Sex Transm Dis. Author manuscript



	Abstract
	Summary:
	Introduction
	Methods
	Model Structure
	Data Inputs
	Simulation & Analysis

	Results
	Discussion
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Table 1:
	Table 2:
	Table 3:

