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Abstract: We evaluated changes in rates of testing and diagnoses of sexu-
ally transmitted infections during the 2017–2020 period at Kaiser Permanente
Southern California. During the COVID-19 pandemic period, we observed
profound reductions in testing and fewer diagnoses of chlamydia, gonorrhea,
and HIV compared with prepandemic periods, but syphilis diagnoses rates
increased by 32%.

I n the United States over the past decade, significant increases insexually transmitted infection (STI) rates and persistent HIV in-
cidence have posed complex challenges to public health.1,2 The
synergy between STI and HIV transmission is well described,
and control efforts require routine screening, linkage to care, and
early treatment.

The ongoing COVID-19 pandemic has disrupted health care
access and delivery, impacting sexual health prevention and treat-
ment services.3–9 Utilization of routine screening has been affected
by provider-driven shifts in the availability of face-to-face visits and
patient-driven concerns about accessing health care safely. Strained
public health resources were diverted from STI programs toward
COVID-19 mitigation efforts.10 Furthermore, shortages of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) testing
materials11 required some clinics to limit STI screening when sup-
plies were unavailable or were prioritized for SARS-CoV-2 testing.

Widespread testing and early diagnosis of STIs and HIVare
necessary to curb STI incidence and end the HIVepidemic. To in-
form strategies to improve STI/HIVoutcomes in the context of the
ongoing COVID-19 pandemic, we evaluated changes in testing
and diagnosis rates for syphilis, chlamydia, gonorrhea, and HIV
during the 2017–2020 period in Southern California.

METHODS

Study Setting
Kaiser Permanente Southern California (KPSC) is an integrated

health system that provides health care and insurance to more than
4.7 million members with diverse socioeconomic and racial/ethnic
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backgrounds, similar to the underlying population.12Members are
enrolled through employer-provided, prepaid, or federally spon-
sored insurance plans. Comprehensive electronic health records
capture details of health services received across inpatient and out-
patient settings.

The guidelines of KPSC for STI and HIV testing are aligned
with national guidelines, recommending that all adults should be
tested for HIV at least once during their life, and more frequently
based on sexual practices.13,14 Testing for syphilis, chlamydia, and
gonorrhea is recommended based on sexual practices. Quarterly
STI testing is also recommended for individuals taking preexposure
prophylaxis for HIV prevention.

At the onset of the COVID-19 pandemic, a local emergency
was declared in Los Angeles County, with closures of dining and en-
tertainment venues beginning March 15, 2020. Kaiser Permanente
Southern California responded by increasing SARS-CoV-2 testing,
postponing nonessential procedures, and, when possible, shifting care
delivery to virtual platforms. Statewide stay-at-home orders were im-
plemented betweenMarch 19, 2020, and June 12, 2020, and again af-
ter the start of the second COVID-19 surge on November 21, 2020.

Study Design
We conducted a retrospective study among an open cohort of

KPSC members age 12 years or older during the January 1, 2017–
December 31, 2020 period. We defined the period March 1, 2020, to
December 31, 2020, as the COVID-19 pandemic period and examined
changes in rates of STI and HIV testing and diagnoses during this pe-
riod compared with prepandemic periods (January 1, 2017–December
31, 2017; January 1, 2018–December 31, 2018; and January 1, 2019–
February 29, 2020), to evaluate longitudinal trends in testing and diag-
nosis of STIs/HIV.TheKPSC InstitutionalReviewBoard approved this
study, waiving the written informed consent requirement.

Study Variables
We identified STI/HIV laboratory tests and diagnoses from

electronic health record. Individuals could have multiple tests performed
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STI and HIV Testing During the COVID-19 Pandemic
during the study period. Incident syphilis was defined using the re-
verse sequence algorithm.15 We excluded multiple syphilis diagno-
ses occurring within a 3-month period. Incident chlamydia and gon-
orrheawere defined by newly positive nucleic acid amplification test
results from genital or extragenital sites sampled if there were no
other positive results within the prior 30 days, or if the most recent
result was negative. HIV diagnosis was based on the Abbott Archi-
tect fourth-generation HIV antigen/antibody combination test and
the KPSC HIV/AIDS registry, which identifies new infections.

Statistical Analysis
We calculated rates as the number of events (tests per-

formed or new diagnoses) per 100,000 person-years, accounting
for the number of KPSC members within each period. For each
prepandemic period and the pandemic period, we assessed percent
change compared with the period immediately prior. We used log-
linear Poisson regression with generalized estimating equations to
estimate rate ratios and 95% confidence intervals (CIs) for each
outcome, comparing the pandemic period with the combined
prepandemic periods. Data were analyzed using SAS (Version
9.4 for Unix; SAS Institute, Cary, NC).
RESULTS
During the COVID-19 pandemic period, ≥1 tests were per-

formed for 212,215 individuals for syphilis, 258,720 for chla-
mydia, 258,656 for gonorrhea, and 225,949 for HIV;≥1 diagnoses
occurred among 3019 individuals for syphilis, 11,448 for chlamydia,
3422 for gonorrhea, and 347 for HIV (Supplemental Table 1, http://
links.lww.com/OLQ/A824). A majority of individuals tested were
aged 20 to 44 years (>70%) and were women (>60%). Although
61% of individuals with chlamydia diagnoses were women, men
comprised 66% of those with gonorrhea, 86% of those with syphilis,
and 91% of those with HIV. Individuals with Hispanic ethnicity com-
prised 46% to 49% of those tested and 43% to 52% of thosewith STI
or HIV diagnoses, reflecting the Southern California population.

Similar distributions of demographic characteristics were
observed in the 3 prepandemic periods (Supplemental Table 1, http://
links.lww.com/OLQ/A824). Longitudinal trends in the prepandemic
periods showed steady, modest increases in testing for all STIs/
HIV (Table 1; Supplemental Fig. 1, http://links.lww.com/OLQ/
A824). We also observed increases in the diagnosis of chlamydia
and syphilis and declines in the diagnosis of gonorrhea and HIV
before the pandemic.
Figure 1. Rate ratios for STI/HIV testing and diagnoses during the COVID
compared with the combined prepandemic periods (January 1, 2017–Fe
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However, during the pandemic period, steep declines in
testing rates were observed for all STIs/HIV (Table 1), especially
in the first 3 months of the pandemic (Supplemental Fig. 1, http://
links.lww.com/OLQ/A824). The rate of syphilis testing (7872 per
100,000 person-years) during the pandemic period was 24% lower
than the rate during the prior January 1, 2019–February 29, 2020
period. Rates of chlamydia testing (10,389 per 100,000 person-
years) and gonorrhea testing (10,386 per 100,000 person-years)
during the pandemic period were both 34% lower compared with
the prior period, and the rate of HIV testing (7745 per 100,000
person-years) was 29% lower compared with the prior period. Rate
ratio (95% CI) comparing rates of testing during the pandemic with
rates in the combined prepandemic periods were 0.83 (0.83–0.84)
for syphilis, 0.69 (0.68–0.69) for both chlamydia and gonorrhea,
and 0.75 (0.74–0.75) for HIV (Fig. 1).

We also observed changes during the pandemic in rates of
new STI and HIV diagnoses (Table 1). During the pandemic period,
rates of syphilis diagnoses (92 per 100,000 person-years) were 19%
higher than rates during the prior January 1, 2019–February 29,
2020 period. Rates of chlamydia diagnoses (367 per 100,000 person-
years) and HIV diagnoses (10 per 100,000 person-years) were
30% and 24% lower, respectively, during the pandemic com-
pared with the prior period, and rates of gonorrhea diagnoses
(110 per 100,000 person-years) were 5% lower compared with
the prior period. Rate ratio (95%CI) comparing rates of diagnoses
during the pandemic with rates in the combined prepandemic pe-
riodswere 1.32 (1.27–1.37) for syphilis, 0.71 (0.70–0.73) for chla-
mydia, 0.93 (0.89–0.96) for gonorrhea, and 0.74 (0.66–0.83) for
HIV (Fig. 1).

DISCUSSION
Our findings suggest widespread underutilization of testing,

likely leading to underdiagnosis of chlamydia and HIV in Southern
California during the COVID-19 pandemic. Given decreased diag-
noses of chlamydia and HIV, relatively stable diagnoses of gonor-
rhea despite decreased testing, and increased diagnoses of syphilis
despite decreased testing, we infer that sexual behavior and activity
during the 10-month pandemic period may not have declined sub-
stantially from the prepandemic period. Rather, STI/HIV testing
declined steeply, more likely because of changes in health care de-
livery, systemic supply shortages for STI testing, and care-seeking
behavior. These findings have concerning implications for onward
transmission of undiagnosed STI/HIV within sexual networks,
specifically for chlamydia and HIV, andmay result in reproductive
-19 pandemic period (March 1, 2020–December 31, 2020)
bruary 29, 2020).
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tract sequelae in women and repercussions for Ending the HIV
Epidemic efforts.

Symptom-driven testing may help explain the observed dif-
ferences in patterns of testing and diagnoses in our study. Although
chlamydia and HIV diagnoses rates markedly declined during the
pandemic period, the percent change in gonorrhea diagnoses rates
was not substantially different from 2019 (5% lower). For syphilis,
a higher-than-expected percent increase (19%) was observed from
2019 to 2020, compared with an 11% increase in diagnoses from
2018 to 2019. Gonorrhea and syphilis may have longer symptom-
atic periods than chlamydia (often asymptomatic) or HIV (likely
symptomatic in early or late stages, interspersed by clinically silent
periods). Individuals with symptoms may have been more likely to
seek testing, whereas routine screening for asymptomatic individ-
uals may have been less prioritized even as the pandemic continued.

Our study is consistent with other studies that found reduc-
tions in STI/HIV testing and diagnoses early in the COVID-19
pandemic, in that we observed substantial declines in testing in
the first 3 months of the pandemic.3–5,7,9 A study of US national
reference clinical laboratory data found that chlamydia and gonor-
rhea testing declined to 60% of prepandemic levels in April 2020,
recovering to approximately 85% of prepandemic levels in June
2020; the authors estimated that 26.4% of chlamydia and 16.5%
of gonorrhea cases were potentially missed.3 In King County,
Washington, declines in STI diagnoses from March to June 2020
were largely attributed to declines in asymptomatic screening.9

Similarly, in New York City, reductions were observed in HIV/
STI from March to June 2020, with infections rebounding to sim-
ilar or higher levels than in 201916; in contrast, in our study includ-
ing a longer pandemic period, chlamydia and HIV diagnoses did
not fully rebound through December 2020.

This study has several limitations and strengths. First, we
were unable to ascertain the stage at which syphilis was diagnosed,
as diagnosis was based on laboratory data rather than clinical infor-
mation or diagnoses codes. Thus, it was not possible to determine
whether increases in syphilis diagnosis rates occurred for both latent
and symptomatic stages. Second, KPSC members may have sought
STI and HIV testing outside of KPSC, potentially underestimating
rates in our study. However, because KPSC is a prepaid system,
members are incentivized to seek care within KPSC. Furthermore,
the COVID-19 pandemic disrupted sexual health services at both
public health and KPSC clinics, such that misclassification likely
had a minimal impact on rate ratios comparing outcomes during
pandemic versus prepandemic periods. Third, although KPSC
members might have had better access to care than uninsured or
underinsured individuals, who might have experienced even more
profound decreases in STI/HIV testing during the COVID-19 pan-
demic, the generalizability of our study is enhanced by the large,
demographically and socioeconomically diverse cohort receiving
comprehensive care at KPSC. Fourth, a strength of our study is
that we included both positive and negative STI/HIV test results
in our analysis, which is often not possible when using public
health surveillance data.

In conclusion, during the first year of the COVID-19 pan-
demic, we observed profound reductions in testing and diagnoses
of chlamydia, gonorrhea, and HIV. Despite reduced testing, rates
854 Sexually Tra
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of syphilis diagnoses increased substantially, suggesting that the syph-
ilis epidemic continues to worsen. Our findings indicate widespread
underdiagnosis of STIs and HIV during the ongoing COVID-19 pan-
demic, highlighting the need for innovative strategies to improve early
detection and treatment.
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