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Abstract 

Background  The aim of our study is to analyse the trends in the diagnosis of sexually transmitted infections (STIs) 
during the COVID-19 pandemic.

Methods  We conducted an observational retrospective population-based study using data from primary care 
electronic health records spanning from January 2016 to December 2022 (involving 5.1 million people older 
than 14 years). We described the daily number of new STI diagnoses from 2016 to 2022; as well as the monthly accu-
mulation of new STI diagnoses for each year. We compared the monthly averages of new diagnoses in 2019, 2020, 
2021 and 2022 using the T-test. Finally, we performed a segmented regression analysis of the daily number of STI 
diagnoses.

Results  We analysed 200,676 new STI diagnoses. The number of diagnoses abruptly decreased coinciding 
with the lockdown. Overall in 2020, we observed a reduction of 15%, with higher reductions for specific STIs such 
as gonorrhoea (-21%), chlamydia (-24%), and HIV (-31%) compared to 2019. Following this drastic drop, which 
was temporarily associated with the lockdown, we observed a rapid rebound. In 2021, the number of STI diagno-
ses was similar to that of 2019. Notably, we found a considerable increase in 2022, particularly for non-specific STI, 
which lack laboratory confirmation (67% increase). HIV was the only STI with a reduction of up to -38% in diagnoses 
at the end of 2022 compared to 2019.

Conclusions  After a significant reduction in 2020, the number of STIs recorded in primary care rapidly rebounded, 
and the current trend is similar to that of 2019, except for HIV. These findings underscore the dynamic impact 
of the COVID-19 pandemic on STI diagnoses and highlight the importance of ongoing monitoring and public health 
interventions in the post-pandemic period.
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Background
The coronavirus diseases 2019 (COVID-19) pandemic 
has become one of the greatest public health challenges 
in recent times [1]. The first cases in Europe were identi-
fied in France on 24 January 2020 [2], and the first official 
case in Catalonia (Spain) was reported a month later on 
25 February. During the first wave of the COVID-19 pan-
demic, many countries established a national lockdown 
in an attempt to control the spread of the virus, leading 
to a disruption of usual health care delivery systems [3, 
4]. Outpatient care was restricted, and non-emergency 
consultations needed to be postponed. In Spain, the 
lockdown began on 14 March and ended on 21 June 
2020 [5], encompassing a de-escalation strategy from 28 
April, allowing limited social contact. Face-to-face visits 
were dramatically reduced during the lockdown period 
with variability in their subsequent recovery. Therefore 
preventive care, such as screening, diagnosis and testing 
were also affected [6–8]. These activities involve common 
health problems like chronic diseases, malignant neo-
plasms or other infections such as sexually transmitted 
ones [9, 10]. In October 2020, additional social restric-
tions were implemented in Spain, as in many European 
countries, including a time limit in bars and restaurants 
schedules, restrictions in cultural and mass events, differ-
ent levels of perimeter lockdowns, and at nighttime cur-
few. All these strict measures may have reduced casual 
sexual encounters and, therefore, the incidence of sexu-
ally transmitted infections (STIs). National and interna-
tional circulation and tourism have also been restricted. 
Tourism has been related to more sexual contacts and 
STIs [11].

In the last few years, the incidence of STIs has 
increased in Europe, with more than half a million noti-
fications annually in the European Union and the UK. 
Chlamydia is the most frequently reported STI in Europe, 
followed by gonorrhoea, with an increasing trend [12]. 
In Spain and Catalonia, the incidences of these STI are 
among the highest in Europe, as well as for syphilis [12]. 
In 2015, an Integrated System of Epidemiological Surveil-
lance of AIDS/HIV and STI in Catalonia was created. It 
integrates strategic sources of information, such as the 
system of notifiable diseases and the Microbiological 
Notification System of Catalonia. Syphilis, HIV, tricho-
moniasis, gonorrhoea, chlamydia genital infection, and 
Lymphogranuloma venereum are subject to mandatory 
and individualised notifications [13]. This notification 
system is integrated into the electronic health records 
(EHR) software implemented in primary health care 
throughout Catalonia. STIs are managed in primary care 
practices (PCP), where laboratory tests are available for 
etiological diagnosis. Sexually transmitted diseases con-
sultants support general practitioners.

The COVID-19 pandemic has led to a reduction in 
new diagnoses of common diseases, including notified 
infectious diseases, such as other respiratory transmit-
ted diseases and STI [14, 15]. The decline in STI infec-
tions during the early months of the pandemic has 
been described in previous studies, showing a variety 
of results. A reduction in the number of STI diagnoses 
during 2020 compared to 2019, especially chlamydia, 
has been reported in several countries [9, 16, 17, 18, 19]. 
However, after the lockdown, some increase or rebound 
in STI diagnoses has also been observed in late 2020 
and early 2021 [16–20]. There are still some questions to 
resolve regarding the evolution of STIs during and after 
the pandemic, as many research studies still have limited 
follow-up. In this context, controversy exists in published 
data about the duration and magnitude of this reduc-
tion -or even increase in some cases- and its underlying 
causes [21].

The aim of our study is to describe the trends of reg-
istered new STI diagnoses in Catalonia, a northeastern 
region of Spain with 7.7 million inhabitants, by analysing 
data from primary care EHR, more than 3 years after the 
onset of the COVID-19 pandemic.

Methods
We conducted a retrospective longitudinal study of 
STIs registered in primary care practices. The data were 
extracted from the primary care EHR of the Catalan 
Institute of Health (Institut Català de la Salut, ICS for its 
Catalan initials). The ICS is the main primary care pro-
vider in Catalonia. It manages 3 out of 4 PCPs in the Cat-
alan public health system and covers about 5.8 million 
people.

We included all patients older than 14 years old with an 
STI diagnosis recorded in the EHR (see ICD-10 codes in 
Supplementary Table 1). This encompasses specific STIs 
as well as non-specific infections, where diagnoses lack 
laboratory confirmation.

The study period spanned from January 2016 to 
December 2022. We divided this period into three for 
the analysis: pre-COVID period from January 2016 to 
March 13, 2020; lockdown from March 14, 2020, to June 
20, 2020, which encompasses the lockdown in Spain 
and various stages of the de-escalation; and COVID-19 
period from June 21, 2020, to December 31, 2022, cov-
ering the entire pandemic period following the lockdown 
in Spain. Throughout this last period, several non-phar-
maceutical interventions (NPIs) were implemented, with 
some changes in certain months that included the clo-
sure of non-essential activities (October 2020), at night 
curfew (during specific periods of 2021), mobility restric-
tions, test and trace measures, mask mandates, etc. In 
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the second half of 2022,mask mandates only remained in 
place in certain settings.

Analyses were conducted globally and stratified by sex, 
age groups (15–29 years old, 30–59 years old, and older than 
59 years old), type of infection, socio-economic status, and 
rurality. We assessed the socioeconomic status using the 
validated MEDEA deprivation index [22]. We categorised 
the MEDEA deprivation index into four groups, with the 
1st and 4th groups representing the least and most deprived 
areas, respectively. Rural areas were categorised separately 
and defined as areas with less than 10,000 inhabitants and a 
population density lower than 150 inhabitants/km2.

Statistical analysis
We depicted the daily count of new STI diagnoses from 
2016 to 2022 and the monthly cumulative count of new 
STI diagnoses for each year. We performed a comparison 
of monthly averages for new diagnoses between the years 
2019, 2020, 2021, and 2022 using the T-Student test.

Poisson segmented regression analysis
To assess the impact of the COVID-19 pandemic on 
the evolution of daily new STI diagnoses, a Poisson seg-
mented regression analysis was performed with the fol-
lowing formulation:

where.
Y represents the 7-day moving average of daily new STI 

diagnoses,
Time denotes the day of diagnosis,
Pandemic is a dummy variable with a value of 1 if the 

time is later than March 14, 2020, and 0 otherwise,
Time_covid is the number of days since March 14, 2020, 

and.
Time_post_lockdown is the number of days since June 

21, 2020.
The slope associated with the pre-pandemic period is 

estimated by beta_1, while the slope associated with the 
lockdown period is estimated by beta_1 + beta_3 and the 
slope associated with the post-confinement period is esti-
mated by beta_1 + beta_3 + beta_4. Beta_2 assesses the 
effect of the pandemic on the daily count of new diagnoses.

The statistical significance level of all tests is set at 
alpha = 0.05.

All analyses were performed using R, version 3.5.1 [23].

Results
Results overview
Between January 2016 and December 2022, a total of 
200,676 new STI diagnoses were recorded in the primary 

log(Y ) ∼ beta_0+beta_1∗time+beta_2∗pandemic+beta_3∗time_covid+beta_4∗time_post_lockdown+error

care EHR. The male proportion ranged from 56 to 57% 
for all years, except for 2020, where it slightly increased 
to 59%. The socioeconomic distribution remained simi-
lar throughout the study period. The percentage of non-
specific STI and non-specific urethritis increased (from 
6.66% and 19.98% in 2019 to 9.69% and 22.46% in 2022, 
respectively), while syphilis and HIV experienced slight 
declines (see Table 1).

The monthly average number of STI diagnoses 
increased from 1893.4 in 2016 to 2611.2 in 2019. How-
ever, in 2020, there was a 15% reduction (p-value < 0.05), 
decreasing to 2224.3. Subsequently, it rebounded to 
2674.7 in 2021 and 2989.6 in 2022. Notably, the monthly 
average number of STI diagnoses in 2021 was compara-
ble to that of 2019 (2.4% increase [p-value = 0.49], while 
in 2022, we observed a significant increase of 14.5% 
[p-value < 0.05]) (Supplementary Table 2).

Trends according to type of STI
Figure  1 shows the cumulative number of STI by year 
since 2019. All STIs decreased in 2020 compared to 2019, 
a decline that began in March–April 2020 coinciding 
with the lockdown in Spain. Afterward, the number of 
diagnoses in 2020 did not reach those in 2019. However, 
in 2021, the number of diagnoses was similar to that of 

2019, except for HIV (33% of reduction, p-value < 0.05), 
syphilis (19.6% reduction, p-value < 0.05) and for non-
specific STIs, which significantly increased (43.4% 
increase in 2021 compared to 2019, p-value < 0.05). 
In2022, the same pattern was observed for HIV, which 
still had a significant reduction of -38.2%; while non-
specific STIs and non-specific urethritis have statistically 
significant increases. Finally, the number of recorded 
diagnoses of gonorrhoea, chlamydia and genital warts 
increased significantly in 2022 (44%,14% and 21% respec-
tively, p-values < 0.05).

Sex and socioeconomic differences
These reductions during 2020 were observed in all age 
groups and both sexes, although they were greater in 
women (-20.41% vs -10.46%) and statistically non-sig-
nificant in men and in the population between 15 and 
29  years (Supplementary Table  2). In 2021, the number 
of diagnoses for each category slightly increased but was 
not statistically significantly different compared to 2019. 
In contrast, in 2022, we observed statistically significant 
increases in all age groups and sexes (Supplementary 
Table 2). Regarding socioeconomic status, the reduction 
of STI recorded diagnoses in 2020 was less pronounced in 
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the most deprived areas, with a -17.47% reduction in the 
least deprived areas compared to 2019 (p-value: < 0.05), 
versus a statistically non-significant reduction of -12% 
in most deprived areas (p-value: 0.15). Supplementary 
Figs. 1, 2, 3, and 4 visually depict these variations.

Segmented regression analysis
Finally, Fig.  2 showcases the results of the Poisson seg-
mented regression analysis. The increasing trend of daily 
STI diagnoses was abruptly interrupted on March14, 
2020 (the day of the beginning of the lockdown in Spain). 
Subsequently, there was an increase during the de-escala-
tion months. Post-June 2020, the trend resembled that of 
the pre-pandemic period, albeit with a lower number of 
diagnoses compared to the previous trend. Table  2 pre-
sents the coefficients of the model for the total number of 
STI diagnoses.

Discussion
Our study analyses the trends of STI diagnoses recorded 
in primary care EHR for over two years following the 
onset of the COVID-19 pandemic. We observed a signifi-
cant decline in the number of STIs just before the imple-
mentation of the lockdown in Spain. The trend prior to the 

lockdown was on the rise in our reference area (Catalonia), 
aligning with the trends in the rest of Europe. In this con-
text, the lockdown brought about a shift in the trend, as 
also noted in a previous study [24], more notable in women, 
individuals under 60 years of age, residents in less deprived 
urban areas, and specific types of STIs (chlamydia, gon-
orrhoea and HIV). Following this sharp decline, which 
was temporally associated with the lockdown, there was a 
rapid rebound, resulting in an overall reduction of 15% in 
2020 compared to 2019. In 2021, the number of STI diag-
noses was comparable to that in 2019 and, ultimately, we 
observed a significant increase in 2022. However, the sub-
stantial reduction (up to -38%) in HIV diagnoses observed 
in 2022 remains concerning, marking it as the sole STI with 
fewer diagnoses at the close of 2022 compared to 2019.

Several studies have highlighted a decline in new STI 
diagnoses during the lockdown period, potentially linked to 
the impact of social distancing measures [7, 9, 10, 14–21, 
24–27]. While stringent social distancing measures might 
have influenced the population’s sexual behaviour, thereby 
affecting STI incidence [28–30], the actual cause of this 
reduction remains a subject of debate. It raises questions 
about whether the decline resulted from reduced social 
interaction or limited accessibility to testing.

Fig. 1  Cumulative number of STI registered diagnoses by year in Catalonia (2019–2022)
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During the six weeks of strict confinement, medical 
services remained operational only for urgent consulta-
tions, which could have led to delayed or missed diag-
nosis of less symptomatic STIs, as well as a reduction in 
routine screening tests and serology. Several countries in 
the WHO European Region reported substantial disrup-
tions in testing supply, with volumes decreasing by over 
50%, attributed to factors such as testing centre closures, 
reduced attendance, and laboratory overload. [7]. Moreo-
ver, a study conducted in Hungary observed a decline 
in chlamydia and syphilis diagnoses, while gonorrhoea 
diagnosis increased. Since syphilis and chlamydia are 
typically identified through STI screening due to their 
asymptomatic nature, unlike gonorrhoea, the results of 
this study suggest that the reduction in STI cases could 
be a pseudo-reduction due to an increase in undetected 
cases [21].

HIV and chlamydia infections showed the great-
est reduction in our study. This finding surpassed the 
reported percentages of less than 20% in certain studies 
for chlamydia [9, 15–17, 27]. However, a study conducted 
in Arizona by Bell et al. also found a roughly 22% decline 

in screening chlamydia diagnosis and a 30% reduction in 
testing [18]. Similar reductions were described by Crane 
et al. in Baltimore [9], and Braunstein et al. reported an 
even more substantial decrease during the statewide 
executive order in New York compared to our study [31]. 
In Spain, primary care laboratories offer a multitest that 
includes screening for gonococcal, chlamydial, Myco-
plasma genitalium, and trichomonas infections. This 
could account for the concordant reduction in chlamydial 
and gonococcal infections, with a more pronounced 
decrease in the former due to the higher number of 
asymptomatic cases detected by screening measures that 
were interrupted during the lockdown period and its 
aftermath. However, some European countries reported 
no significant changes in the incidence [15] or preva-
lence [6] of chlamydial and gonococcal infections, possi-
bly due to less restrictive travel and social measures [32]. 
Gonococcal genital infection exhibited discrepancies in 
previous studies, showing a broad range from increased 
incidence [9, 14, 27, 33] (up to 56% in Taiwan [14]) to 
reduced new diagnoses [9, 15, 25] (up to 36.9% reduction 
in Greece [16]).

Furthermore, cases such as the one in Melbourne offer 
valuable insights. Despite maintaining routing care at sex 
centres, a 40% reduction in attendances, a 65% reduction 
in screening and a 40% reduction in non-gonococcal ure-
thritis was observed during the closure period (March 
23, 2020, to May 20, 2020), compared to earlier in the 
year. However, no significant differences were observed 
for syphilis or pelvic inflammatory disease. In our study, 
syphilis was among the STIs with the smallest reduction. 
This finding is consistent with data reported elsewhere, 

Fig. 2  7-day moving average number of daily STI registered diagnoses since 2016 in Catalonia

Table 2  Coefficients of the regression model

coefficient Beta Lower 95% CI Upper 95% CI

(Intercept) 4.064057 4.05167219 4.07641025

time 0.00030032 0.00028711 0.00031353

Pandemic -1.1444345 -1.2027806 -1.0868113

time_covid 0.00911586 0.00850071 0.00973802

time_post_lockdown -0.0090231 -0.0096536 -0.0083995
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showing minor increases and reductions of less than 
10% in syphilis trends [9, 14, 25, 27]. This may suggest 
that individuals with more specific clinical presentations 
sought medical care, leading to a specific STI diagnosis 
[10]. Another reason could be that the extragenital or 
transmissible skin lesions of syphilis may escape the use 
of barrier methods to prevent STIs, in contrast to the 
urethral discharge characteristic of gonorrhoea, which 
exhibited greater reductions than syphilis in the context 
of the COVID-19 pandemic [17, 24]. Additionally, non-
specific STIs and urethritis experienced a significant 
increase, possibly related to the underdiagnosis of spe-
cific STIs due to restrictions affecting both laboratory 
and PCP accessibility.

Finally, in 2022, all STIs have resumed the upward 
trend observed before the COVID-19 pandemic, except 
for HIV, which remains the only STI with continued 
reductions compared to 2019. This underdiagnosis of 
HIV aligns with published data [14, 15, 27]. Despite 
the decline in diagnoses may also be attributed both to 
undetectable cases and to the continuity of pre-exposure 
prophylaxis care during the COVID-19 pandemic in Cat-
alonia, it warrants special attention due to the associated 
burden of disease.

Limitations and strengths
We acknowledge several limitations in our study. First, 
we conducted an ecological study, which does not allow 
for establishing a causal correlation between the reduc-
tion in incidence and the COVID-19 pandemic. Second, 
since our analysis is based on the number of diagnoses, 
significant changes in population structure could poten-
tially limit the results. However, it’s noteworthy that 
the age and gender distribution of the population has 
remained relatively stable throughout the study period, as 
indicated in previous publications by our research team 
[34]. Third, the use of primary care EHR could imply 
a potential lack of hospital diagnoses and a potential 
diagnoses inaccuracy, as it relies on routinely collected 
data. Nevertheless, the Catalan primary care EHR data 
have been used in several studies, contributing valuable 
insights under real-world conditions, including other 
analyses focusing on diagnoses during the pandemic [34, 
35]. Additionally, in the Catalan primary care EHR, sex 
is categorised as a binary variable, lacking consideration 
for a gender perspective or sexual orientation. Finally, the 
lack of information on ethnicity, sexual behaviours and 
the use of HIV pre-exposure prophylaxis in the Catalan 
primary care EHR could limit the interpretation of our 
findings.

The study also has notable strengths. Our analysis 
surpasses the short-term effects of the initial months of 

COVID-19, extending for more than two years—a dura-
tion that distinguishes it from studies concentrating 
solely on the lockdown period or a few months afterward. 
We also assessed socioeconomic differences, particularly 
relevant for STIs and vulnerable populations. Further-
more, while many studies focused on specific manda-
tory notifiable STIs, our research offers a comprehensive 
overview of the most common STIs managed in primary 
health care. Additionally, we included data on non-spe-
cific STIs, a relevant addition considering the potential 
under-registration of new specific STI diagnoses due to 
limited access to laboratory tests. Finally, given that ICS 
manages about 75% of primary care practices in Catalo-
nia, our results are generalizable, and our methodology 
could be applied in other settings employing EHR.

Conclusions
After a significant decline in the number of STIs 
recorded in the primary care EHR associated with the 
2020 lockdown and related measures, there was a rapid 
rebound and the current trend is similar to that of 2019. 
This reduction could be attributed to decreased test-
ing, as non-specific STIs were not significantly reduced. 
Additionally, in 2022, we observed an increase in the 
numbers of certain STIs (chlamydia, gonorrhoea, and 
genital herpes), which should be taken into account 
by healthcare authorities. Moreover, there remains 
a nearly 40% reduction in HIV diagnoses compared 
to 2019. Urgent policy interventions are necessary to 
address consequences of this potential underdiagnosis. 
Furthermore, long-term studies are needed to evaluate 
future impacts. A lesson learned from the COVID-19 
pandemic underscores the importance of maintaining 
access to medical care for STI-related consultations and 
promoting self-testing and home-based screening strat-
egies [36] for vulnerable individuals and those engaging 
in high-risk sexual behaviour.
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