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Background: Shifts in public health infrastructure to respond to one
emerging health threat may have unanticipated consequences for preexisting
diseases. Previous research evaluating the impact of COVID-19 on sexually
transmitted infections (STIs) has been conducted nationally, with little explo-
ration of the impact on a granular geospatial level. This ecological study seeks
to quantify the association between COVID-19 cases or deaths and chla-
mydia, gonorrhea, and syphilis cases for all US counties in 2020.
Methods: Separate, adjusted multivariable quasi-Poisson models with ro-
bust standard errors modeled the county-level association between 2020
COVID-19 cases and deaths per 100,000 and 2020 chlamydia, gonorrhea, or syph-
ilis cases per 100,000. Models were adjusted for sociodemographic characteristics.
Results: Every 1000 additional COVID-19 cases per 100,000 was associated
with a 1.80% increase in the average number of chlamydia cases ( P < 0.001)
and a 5.00% increase in the average number of gonorrhea cases (P < 0.001).
Every 1000 additional COVID-19 deaths per 100,000 was associated with a
57.9% increase in the average number gonorrhea cases (P < 0.001) and a
74.2% decrease in the average number of syphilis cases (P = 0.004).
Conclusions: Higher rates of COVID-19 cases and deaths were associ-
ated with increased rates of some STIs at the US county level. The under-
lying reasons for these associations could not be established by this study.
The emergency response to an emerging threat may have unanticipated in-
fluence on preexisting diseases that varies by level of governance.

andemic preparedness is a fundamental tenant of national health
and security. The US response to such a threat was tested with
the sudden emergence of the novel coronavirus disease 2019

and Collin M. Timm, PhD}f

(COVID-19) pandemic, which necessitated a rapid shift in public health
resources and funding. Although these actions may have reduced the
spread of COVID-19, it is possible that this all-encompassing pivot
had unanticipated impacts on other parts of the public health infrastruc-
ture. For example, studies suggest that the reported prevalence of other
highly contagious diseases decreased between 2019 and 2020, includ-
ing some sexually transmitted infections (STIs)."* Declines in STIs
may correspond to stay-at-home orders or other physical distancing pol-
icies for COVID-19, which, in turn, had a profound impact on the prev-
alence and transmission of other diseases.>> Alteratively, these de-
clines may have been the result of interruptions in testing, screening,
and reporting that occurred during the pandemic.* This is especially
true of STIs, as many clinical services (including sexual health pro-
grams) temporarily shifted their resources and focus to COVID-19, de-
creasing preventive services such as screenings.® This was further
compounded by supply chain concerns that limited access to sample
collection kits. National declines in STIs were concomitant with
increased COVID-19 cases and deaths, supporting the need to fur-
ther explore the relationship between the 2 infections.'

It is imperative that STIs be separated and studied individ-
ually, as the overall decrease observed among all STIs was not
consistent when stratified by individual infection. For example, re-
ported chlamydia cases decreased by 13% between 2019 and 2020
nationally within the United States; in contrast, gonorrhea cases
increased by 10%, and primary and secondary syphilis cases in-
creased by 7%.% However, a study of New York State that excluded
New York City identified fewer syphilis cases but greater
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Association Between COVID-19 and STls

gonorrhea cases in 2020 compared with the same period in 2019,
whereas a study in King County, Washington, found that both
syphilis and gonorrhea were lower between January and June
2020 compared with January and July 2019.>° Thus, the patterns
associated with each STI should be assessed separately. This gran-
ular approach can help clarify how changes in legislation at vary-
ing levels of government and healthcare infrastructure enacted
during the pandemic (such as decreased access to in-person care
and increased access to telemedicine consultations) differentially
impacted different types of STIs.”

Furthermore, the current literature almost exclusively ex-
plores these relationships at the national and state levels, and those
that do look at the county level often only focus on a small subset.
This has introduced a need for a broader comparative analysis across
all counties within the United States. Differences in COVID-19
outcomes by sociodemographic status have already been demon-
strated at a county level, and it is possible that these differences
may also extend to STIs.® Given the heterogeneity in counties
even within the same state, understanding how STI rates changed
at a county level may provide a more granular geospatial under-
standing of the interplay between STIs and COVID-19, including
the impact of varied state-and-local policies and responses to the
pandemic. Thus, the aim of this study was to explore the associa-
tion between COVID-19 cases or deaths and the rates of chla-
mydia, gonorrhea, and syphilis for county-level US data in 2020.

MATERIALS AND METHODS

Data Collection

County-level COVID-19 cases per 100,000 in 2020 served
as the primary exposure. County-level COVID-19 deaths per
100,000 in 2020 were explored as a secondary exposure. Data
for both were collected from USA Facts, which combines data
from the US Centers for Disease Control and Prevention (CDC)
and state-and-local public health agencies.” The outcomes of inter-
est were the county-level, aggregated rates of chlamydia, gonor-
rhea, and syphilis (primary and secondary only) per 100,000 in
2020, obtained from the CDC Sexually Transmitted Disease Sur-
veillance, 2020 report.> Data were available for 3141 county-
and-county-level equivalents. These data were not available at
the person level, so case breakdowns by gender identity, sex
assigned at birth, and sexual orientation were not available.

Covariates used in multivariable models were chosen based
on their epidemiological relationship with STI rates. All covariate
data were collected at the county level and included age (i.e., per-
cent 19 and less than 19 years, percent between 20 and 64 years,
percent 65 and greater years), race (i.e., percent White, Black or
African American, Asian, American Indian or Alaska Native, Na-
tive Hawaiian or Other Pacific Islander, or other), ethnicity (i.e.,
percent Hispanic or Latino, not Hispanic or Latino, or other), edu-
cation (i.e., percent less than high school diploma, high school di-
ploma, or bachelor's degree and higher), rurality (i.e., urban, sub-
urban, rural), percent unemployed, and percent below the poverty
line. Age, race, and ethnicity data were obtained using the most re-
cent 5-year estimates from the US Census Bureau American Com-
munity Survey. Education, socioeconomic variables, and rurality
were obtained from the US Department of Agriculture Economic
Research Service.!%'? To put the STI rates reported during the
pandemic in 2020 into historical context, national changes in
STI rates between 2019 and 2020 were also evaluated.

Statistical Analysis

First, descriptive statistics (i.e., median and interquartile
range [IQR]) were computed to compare the change in STI per

100,000 in 2019 and 2020, with changes in rates tested for signif-
icance using Wilcoxon signed rank tests. Second, associations be-
tween each exposure (county-level rates of COVID-19 cases and
deaths) and outcome (county-level rates of chlamydia, gonorrhea,
and syphilis) in 2020 were assessed with Poisson regression
models, which accounted for the strictly positive, count nature of
STI cases. After evaluating the dispersion of the outcome data,
the variance and mean were found to be significantly different
(all P < 0.001); thus, quasi-Poisson models with robust standard
errors were selected to account for overdispersion. Bivariate
models that assessed the relationship between COVID-19 cases or
deaths and each STI were first evaluated to obtain unadjusted incident
rate ratios (IRRs). Then, multivariable models adjusting for age, race,
ethnicity, education, socioeconomic status, and rurality were evaluated.
Quasi-Poisson models are an alternative to negative binomial models.
Both model overdispersed count data, and they typically produce
similar point estimates.'® In a sensitivity analysis, each multivari-
able model was rerun as a negative binomial model (Supplemental
Digital Content 1, http:/links.lww.com/OLQ/A933). Results suggest
that both models produced similar estimates, with all quasi-Poisson es-
timates biased toward the null. Thus, the results of the quasi-Poisson
are presented as a conservative interpretation of findings.

Incident rate ratios for COVID-19 cases or deaths are
expressed in terms of 1000 new cases or deaths per 100,000 per-
sons, whereas IRRs for all covariates except rurality are expressed
for every S-percentage-point increase in the variable of interest
and S-percentage-point decrease in the reference for that variable.
In all instances, a P value of less than 0.05 (i.e., P < 0.05) was con-
sidered statistically significant. All analyses were conducted in R
(version 4.2.1) using the RStudio Integrated Development Envi-
ronment (version 2022.07.1).

RESULTS

National Changes in STI Rates Between 2019
and 2020

Across the United States in 2019, there was a county-level
median of 332 (IQR, 219-509) cases of chlamydia per 100,000,
84 (IQR, 40-170) cases of gonorrhea per 100,000, and 2.1
(IQR, 0-7.5) cases of syphilis per 100,000 (Fig. 1). In 2020, the
county-level median chlamydia cases fell to 300 (IQR, 206-467)
cases per 100,000 for an average county-level decrease of 38 cases
(SD, 124). In contrast, the county-level median gonorrhea cases rose
to 98 (IQR, 48-191) cases per 100,000 for an average county-level
increase of 16 cases (SD, 74.9). County-level syphilis cases rose to
2.8 (IQR, 0-8.5) per 100,000 for an average county-level increase
of 0.77 cases (SD, 9.74). The difference between 2019 and 2020
was significant for all diseases (P < 0.001, Fig. 2).

Bivariate Associations Between STl and COVID-19
Cases and Deaths

In bivariate analyses of county-level rates of COVID-19
cases or deaths in 2020 and county-level STI rates in 2020, every
1000 additional COVID-19 case per 100,000 was associated with
a 3.88% increase (IRR, 1.04; 95% confidence interval [CI],
1.03-1.05; P < 0.001) in the average number of chlamydia cases
and a 7.15% increase (IRR, 1.07; 95% CI, 1.06-1.09; P < 0.001) in
the average number of gonorrhea cases per 100,000 within a county
in 2020. However, the bivariate association between COVID-19 cases
and syphilis was not significant (IRR, 1.01; 95% CI, 0.99-1.03;
P =0.404). In addition, every 1000 additional COVID-19 deaths per
100,000 was associated with a 196% increase (IRR, 2.96; 95% CI,
2.18-4.01; P < 0.001) in the average number of chlamydia cases and
a 526% increase (IRR, 6.26; 95% CI, 4.12-9.52; P < 0.001) in the
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2019 Chlamydia Case Rates 019 Gonorrhes Cae Rates

Figure 1. Unadjusted chlamydia, gonorrhea, and syphilis cases per 100,000 in 2019 (top row) and 2020 (bottom row). Counties
are categorized by the quartile of severity, with “1” representing the lowest quartile of cases and “4” representing the highest quartile

of cases.

average number of gonorrhea cases per 100,000 within a county. For
every 1000 additional COVID-19 deaths per 100,000, the average num-
ber of syphilis cases per 100,000 increased by 35.9%, but this was not
statistically significant (IRR, 1.36; 95% CI, 0.64-2.86; P = 0.419).

Multivariable Association Between Chlamydia and
COVID-19 Cases or Deaths

After adjusting for covariates, every 1000 additional COVID-19
cases per 100,000 was associated with a 1.80% increase (IRR,
1.02; 95% CI, 1.01-1.03; P < 0.001) in the average number of
chlamydia cases per 100,000 within a county in 2020 (Table 1).
After adjusting for covariates, the relationship between COVID-19
deaths per 100,000 and chlamydia was no longer statistically signif-
icant (IRR, 1.25; 95% CI, 1.00-1.56; P = 0.054; Table 1). Within
the multivariable model for COVID-19 cases, increased unemploy-
ment and number of individuals below the poverty line were associ-

ated with an increased average number of chlamydia cases per
100,000, as was an increased percentage of Black or African
American and American Indian or Alaska Native individuals rela-
tive to White individuals. Rural counties had a lower average num-
ber of chlamydia cases per 100,000 than urban counties, but the dif-
ference between suburban and urban counties was not significant.

Multivariable Association Between Gonorrhea and
COVID-19 Cases or Deaths

After adjusting for covariates, every 1000 additional
COVID-19 cases per 100,000 was associated with a 5.00% in-
crease (IRR, 1.05; 95% CI, 1.04-1.06; P < 0.001) in the average
number of gonorrhea cases per 100,000 within a county in 2020
(Table 2). In addition, after adjusting for covariates, every 1000
additional COVID-19 deaths was associated with a 57.9% in-
crease (IRR, 1.58; 95% CI, 1.10-2.27; P < 0.001; Table 2) in

Annual County-Level Change in Cases by Sexually Transmitted Infection
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Figure 2. Distribution of the change in chlamydia, gonorrhea, and syphilis cases across US counties. Note that each STI has its own x axis, but
the y axis is shared. All changes are expressed as 2020 cases minus 2019 cases. Chlamydia cases decreased by an average of 37.5 cases (SD,
124), gonorrhea increased by an average of 15.7 cases (SD, 74.9), and syphilis increased by an average of 0.77 cases (SD, 9.74).
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TABLE 1. Multivariable Association Between COVID-19 Cases and Deaths and Chlamydia Cases Per 100,000

COVID-19 Case Model COVID-19 Death Model

Parameter IRR (95% CI) P* IRR (95% CI) '
COVID-19 cases (1000 cases/100,000 people) 1.02 (1.02-1.03) <0.001 — —
COVID-19 deaths (1000 deaths/100,000 people) — — 1.25 (1.00-1.56) 0.054
Unemployment (5 percentage points) 1.18 (1.08-1.28) <0.001 1.12 (1.03-1.22) 0.007
Below poverty line (5 percentage points) 1.11 (1.08-1.15) <0.001 1.11 (1.08-1.15) <0.001
Education (reference: high school diploma, 5 percentage points)

Less than high school diploma 0.94 (0.91-0.97) <0.001 0.94 (0.91-0.97) <0.001

Bachelor's degree and higher 1.00 (0.98-1.02) 0.948 1.00 (0.98-1.01) 0.608
Race (reference: White, 5 percentage points)

Black or African American 1.09 (1.09-1.10) <0.001 1.09 (10.9-1.10) <0.001

American Indian or Alaska Native 1.06 (1.04-1.08) <0.001 1.06 (1.05-1.08) <0.001

Asian 1.02 (0.98-1.05) 0.338 1.01 (0.97-1.05) 0.683

Native Hawaiian or other Pacific Islander 0.96 (0.84-1.10) 0.538 0.95 (0.83-1.09) 0475

Some other race 1.04 (1.02-1.06) <0.001 1.04 (1.02-1.06) <0.001
Age (reference: 20-64 y, 5 percentage points), y

<19 1.01 (0.97-1.04) 0.734 1.01 (0.98-1.05) 0.367

265 0.85 (0.83-0.87) <0.001 0.84 (0.82-0.86) <0.001
Rurality (reference: urban)

Suburban 0.98 (0.94-1.02) 0.255 0.99 (0.95-1.02) 0.459

Rural 0.77 (0.74-0.81) <0.001 0.79 (0.75-0.83) <0.001

Note that IRR values for COVID-19 cases and deaths are expressed for every 1000 new cases or deaths per 100,000 individuals, whereas IRR values for
demographic variables are expressed for every 5-additional-percentage-point increase in that variable relative to a 5-percentage-point decrease in the refer-
ence category.

*P values are derived from a multivariable quasi-Poisson model with an outcome of county-level chlamydia cases per 100,000, a primary exposure of
COVID-19 cases, and adjustments for the enumerated covariates.

TP values are derived from a multivariable quasi-Poisson model with an outcome of county-level chlamydia cases per 100,000, a primary exposure of
COVID-19 deaths, and adjustments for the enumerated covariates.

the average number of gonorrhea cases. Counties with a higher African American and American Indian or Alaska Native individ-
unemployment rate and percentage below the poverty line also ex- uals relative to White individuals. Suburban and rural counties
perienced a greater average number of gonorrhea cases per both experienced a lower average number of gonorrhea cases on
100,000, as did counties with a higher proportion of Black or average compared with urban counties.

TABLE 2. Multivariable Association Between COVID-19 Cases and Deaths and Gonorrhea Cases Per 100,000

COVID-19 Case Model COVID-19 Death Model

Parameter IRR (95% CI) P IRR (95% CI) i
COVID-19 cases (1000 cases/100,000 people) 1.05 (1.04-1.06) <0.001 — —
COVID-19 deaths (1000 deaths/100,000 people) — — 1.58 (1.10-2.27) 0.013
Unemployment (5 percentage points) 1.15 (0.98-1.35) 0.078 1.05 (0.91-1.23) 0.510
Below poverty line (5 percentage points) 1.19 (1.13-1.25) <0.001 1.19 (1.13-1.25) <0.001
Education (reference: high school diploma, 5 percentage points)

Less than high school diploma 0.94 (0.89-0.99) 0.017 0.94 (0.89-1.00) 0.034

Bachelor's degree and higher 0.99 (0.96-1.02) 0.602 0.98 (0.96-1.01) 0.283
Race (reference: White, 5 percentage points)

Black or African American 1.12 (1.11-1.13) <0.001 1.12 (1.10-1.13) <0.001

American Indian or Alaska Native 1.08 (1.05-1.11) <0.001 1.09 (1.06-1.11) <0.001

Asian 1.06 (1.00-1.12) 0.060 1.03 (0.97-1.09) 0.340

Native Hawaiian or other Pacific Islander 0.91 (0.79-1.04) 0.177 0.90 (0.79-1.04) 0.141

Some other race 0.99 (0.96-1.03) 0.708 1.00 (0.96-1.03) 0.903
Age (reference: 2064 y, 5 percentage points), y

<19 1.00 (0.95-1.05) 0.952 1.02 (0.97-1.08) 0410

265 0.85 (0.82-0.89) <0.001 0.83 (0.79-0.86) <0.001
Rurality (reference: urban)

Suburban 0.86 (0.81-0.91) <0.001 0.87 (0.82-0.92) <0.001

Rural 0.63 (0.58-0.68) <0.001 0.65 (0.60-0.71) <0.001

Note that IRR values for COVID-19 cases and deaths are expressed for every 1000 new cases or deaths per 100,000 individuals, whereas IRR values for
demographic variables are expressed for every 5-additional-percentage-point increase in that variable relative to a 5-percentage-point decrease in the refer-
ence category.

*P values are derived from a multivariable quasi-Poisson model with an outcome of county-level gonorrhea cases per 100,000, a primary exposure of
COVID-19 cases, and adjustments for the enumerated covariates.

P values are derived from a multivariable quasi-Poisson model with an outcome of county-level gonorrhea cases per 100,000, a primary exposure of
COVID-19 deaths, and adjustments for the enumerated covariates.
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Multivariable Association Between Syphilis and
COVID-19 Cases and Deaths

The relationship between COVID-19 cases and syphilis
cases remained statistically insignificant after adjusting for covar-
iates (IRR, 1.00; 95% CI, 0.97-1.02; P = 0.760). However, the re-
lationship between COVID-19 deaths and syphilis cases became
significant after adjustment. In particular, for every additional
1000 COVID-19 deaths per 100,000, the average number of syph-
ilis cases per 100,000 in 2020 decreased by 74.2% (IRR, 0.26;
95% CI, 0.10-0.64; P = 0.004; Supplemental Digital Content 2,
http://links.lww.com/OLQ/A934). Within the multivariable model,
increased unemployment and percent above poverty line were as-
sociated with an increased average number of syphilis cases per
100,000, as was an increased percent of Black or African American,
Asian, and American Indian or Alaska Native individuals relative
to White individuals. Both suburban and rural counties experi-
enced a lower average number of syphilis cases per 100,000 com-
pared with urban counties.

DISCUSSION

This study is among the first to evaluate the association be-
tween COVID-19 cases and deaths and rates of 3 STIs (chlamydia,
gonorrhea, and syphilis) at a county-level in the United States in
2020. Despite the decline in chlamydia cases across the United
States, counties with more COVID-19 cases experienced a signif-
icantly higher average number of chlamydia cases. Counties with
more COVID-19 cases also had significantly more gonorrhea
cases compared with counties with lower COVID-19 cases, but
the relationship with syphilis was not significant. In contrast,
counties with more COVID-19 deaths experienced a significantly
higher average number of gonorrhea cases, a significantly lower
average number of syphilis cases, and no significant relationship
with chlamydia cases. These between-county findings demon-
strate a complex interplay between multiple contagious diseases
that provide valuable insights into the impact a response to one dis-
ease may have on other diseases at varying geographic levels.

Similar studies around the world are inconsistent with re-
spect to the change in gonorrhea and syphilis during the pandemic.
A study in Denmark found that gonorrhea and syphilis cases were
not significantly different between 2017 and 2020; one study in
Italy found that gonorrhea and syphilis cases increased between
2019 and 2020 among men who have sex with men; a separate
Italian study found that syphilis cases decreased during the early
phase of a national lockdown in 2020; a study in 3 Scandinavian
countries observed a decrease in gonorrhea cases in Sweden and
Norway (but an increase in Denmark) between 2019 and 2020; a
study in the United Kingdom observed a decrease in gonorrhea
cases between 2019 and 2020; and a study in Australia found a de-
crease in gonorrhea between 2020 and 2021 but an increase in
syphilis.'*'® In contrast, countries have consistent findings for
chlamydia; Australia, Italy, Sweden, Denmark, and Norway all ex-
perienced a decrease in chlamydia reporting, which parallels the
national results found in this study.!>'7!?

The national trend for chlamydia, gonorrhea, and syphilis
observed within this study may be explained in part by pathophys-
iological differences between the diseases. A majority of chla-
mydia cases are asymptomatic for both men (50%) and women
(70%).%° In contrast, more than 90% of men infected by urethral
gonorrhea will develop symptoms (although most women will
be asymptomatic, as are pharyngeal and rectal infections), and
syphilis can also be highly symptomatic depending on the
stage.>!"*> This difference in symptom presentation directly con-
tributes to how cases of each ST are detected, which was impacted
during the COVID-19 pandemic. A study of sexual health clinics

in Australia found that a majority of surveyed clinics suspended
asymptomatic screening for certain patient populations, experi-
enced delays or other limitations in testing, and faced staffing
shortages as staff were “redeployed” to COVID-19-related tasks.>
This limitation was not unique to Australia, as clinics in the United
States also reduced their services or closed entirely and shifted staff
to focus on COVID-19.% For example, almost all US STD programs
funded by the CDC had staff reassigned to work on COVID-19, and a
majority of those programs experienced disruptions in both laboratory
testing and access to select STD tests.”* Given that a majority of
chlamydia cases are transmitted from asymptomatically infected
individuals (whereas gonorrhea and syphilis are typically detected
in symptomatic individuals), the suspension of asymptomatic screen-
ing may directly contribute to the observed decrease in national chla-
mydia cases that was not observed for gonorrhea or syphilis.
However, this framework is challenged by the county-level
analysis, which suggests that counties with a higher number of
COVID-19 cases experienced a higher average number of chla-
mydia cases, and those with a higher number of COVID-19 deaths
experienced a higher average number of gonorrhea cases. This dis-
crepancy may be related to differential access to public health re-
sources (including sexual health services) at a county level. For ex-
ample, counties with substantial public health resources may have
had the capacity to both continue asymptomatic or preventive STI
testing (including that delivered via telemedicine) and maintain
COVID-19 testing capacity. This could lead to more detected
COVID-19 and chlamydia cases, hence the direct relationship. In
contrast, counties with worse access to public health resources
may have still detected gonorrhea through their symptomatic testing
programs that were not suspended. Concurrently, these programs
would not have the same ability to deal with surging COVID-19
cases that initially disproportionately impacted underrepresented
and underprivileged communities, thereby contributing to an in-
crease in deaths. Thus, the relationship between COVID-19 deaths
and gonorrhea would seem to be a direct relationship. This is further
exemplified by the protective relationship between rurality and STIs
observed within this study, which may be demonstrative of dispar-
ities in healthcare access between urban and rural communities that
were exacerbated by the COVID-19 pandemic despite increases in
telemedicine opportunities that were meant to expand access.>>>°
However, this hypothesis may be challenged by the near-universal
shift in resources that occurred within the United States to refocus
STI personnel (including disease intervention specialists) to
COVID-19.24 Alternatively, these variations may be result of re-
gional differences in how individuals changed their sexual behav-
ior in response to lockdowns and other physical distancing poli-
cies.?’ For instance, a study in Australia found that suburban areas
with a smaller gay population reported fewer partners and less
HIV testing compared with larger populations. Thus, the higher
rates of chlamydia in areas with more COVID-19 cases and deaths
may correlate with areas with higher populations and thus more
opportunities to meet casual partners. However, the true underly-
ing reason for these associations cannot be determined by the pres-
ent study, and future work should explore the relationship between
COVID-19, STIs, and public health infrastructure in more detail.
The relationship between STIs and COVID-19 observed
within this study has direct implications for public health and
emergency preparedness, as it demonstrates how shifting re-
sources to almost exclusively focus on one disease may have unan-
ticipated consequences for other diseases. In some cases, these
“consequences” may be positive. For instance, respiratory dis-
eases, injection drug use—associated diseases, and food-water-
and-vector-borne diseases all significantly decreased between
2019 and 2020, and the 2020-2021 influenza season was one of
the most mild on record."*® All of this may be directly due to
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behavioral and policy changes that occurred during the first phase
of the pandemic (including masking, hand hygiene, and physical
distancing), and it is possible that these policies also impacted sex-
ual health behaviors by decreasing the number and frequency of
contact with casual partners.®27 221532 However, not all changes
are necessarily positive. For example, disruptions in healthcare
service may have exacerbated chronic illnesses, social isolation
brought on physical distancing compounded depression, and a
possible decline in preexposure prophylaxis usage.?’>>*** Fur-
thermore, behavioral changes made during the first phase of the pan-
demic were not always sustainable, and some studies suggest a re-
bound of STI cases that correspond with the end to lockdown
policies.5273153253% Tt is important to note that the heterogeneity of
resources within and demographic makeup of each state and county
means that policy shifts at all levels of government may have highly
variable impacts across the country. Taken together with the findings
presented here, this indicates that diseases oftentimes influence one
another in unanticipated ways, and it is imperative to consider both
synergistic and antagonist effects that may arise when applying
policies at the local, state, and federal levels to respond to a
single threat.

This study presents a comprehensive analysis of the impact
that the COVID-19 pandemic had on chlamydia, gonorrhea, and
syphilis cases, and it is the first to present these results at a county
level. However, there are several limitations that are important to
consider. First, this work does not account for the impact of diverse
policy decisions, such as mandatory quarantining, masking re-
quirements, restrictions on entertainment venues (such as bars,
nightclubs, or concert venues), or changes in sexual networks
due to lockdowns, travel restrictions, and people moving their pri-
mary residences. Second, data were only available in aggregate for
a single year, and thus, we were unable to conduct temporal anal-
ysis to understand the nuances behind how chlamydia, gonorrhea,
and syphilis changed on a weekly or monthly level. We also did
not have access to the breakdown of STI cases by gender identity,
sex assigned at birth, or sexual orientation. Future work could re-
peat this analysis stratified by these variables and apply interrupted
time series models to pinpoint when the most drastic changes in
chlamydia, gonorrhea, and syphilis occurred and whether they
corresponded temporally with COVID-19 cases and deaths. Third,
lags in data reporting may have misattributed STI cases to one year
when they should be attributed to another; however, this is ex-
pected to have occurred infrequently, so any resulting misclassifi-
cation is expected to be negligible. Fourth, given the ecological na-
ture of the study, we are unable to establish patient-level links be-
tween STIs and COVID-19, including the behaviors or attitudes
(such as a preponderance for masking or physical distancing or ac-
cess to sexual health clinics with testing services) that may influ-
ence it. Future work could conduct patient-level analysis using a
combination of medical records and surveys or interviews.

Sexually transmitted infections are heterogeneous infec-
tious diseases that require constant surveillance across the popula-
tion and access to frequent diagnostic testing. The results pre-
sented here demonstrated that seemingly unrelated diseases (such
as COVID-19) can have a profound impact on the rates of STIs.
COVID-19 cases were associated with a significant county-level
increase in chlamydia and gonorrhea cases, whereas COVID-19
deaths were associated with a significant increase in gonorrhea
cases but a significant decrease in syphilis cases. The distinct dif-
ferences between counties further emphasizes the need to consider
how broader public health decisions made on a state or federal
level may manifest differently within individual counties. Ongoing
and future pandemic preparedness efforts should consider the im-
pact that such decisions made to reduce the burden of one disease
may have on other infectious diseases of public health importance.

This should include strengthening public health funding that
might be uneven across states and counties, which would provide
a strategic advantage that would ensure the resiliency of public
health infrastructure against novel and emerging infections.
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