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Objective: Monitoring disease variation using finer scales to identify
high-rate communities is a critical aspect for precision public health and
for efficient resource allocation. This study aimed to map the spatial pat-
terns of chlamydia, gonorrhea, and syphilis; identify high-rate areas across
Portuguese municipalities; and determine the association of these sexually
transmitted infections (STIs) with socioeconomic deprivation, urbanicity
level, and population density.
Methods: The STI notifications at municipality level for the period 2015
to 2017 were obtained from Portugal's Epidemiologic Surveillance System
(SistemaNacional de Vigilância Epidemiológica). Spatial Bayesian models
were used to calculate smoothed standardized notification rates, identify
high- and low-rate areas and estimate associations (relative risk [RR], 95%
credible intervals [95%CrI]).
Results: There were 4819 cases of chlamydia, gonorrhea, and syphilis re-
ported, accounting for 15.3%, 33.2%, and 51.5% of the notifications, re-
spectively. The STI notification rates were substantially higher in Porto

and Lisbon Metropolitan Areas and concentrically disperse around those.
Notification rates of the 3 STIs were strongly correlated (r > 0.8). Rates
of gonorrhea (Q1—lowest density vs. Q5—highest RR, 2.10; 95% CrI,
1.08–4.25) and syphilis (RR, 3.16; 95% CrI, 2.00–5.13) were associated
with population density. Notifications of chlamydia (Q1—least urban vs.
Q5—most RR, 9.64; 95% CrI, 1.73–93.59) and syphilis (RR, 1.92; 95%
CrI, 1.30–2.88) increased with urbanicity level.We also found that notifica-
tion rates of gonorrhea were associated with socioeconomic deprivation
(Q1—least vs. Q5—most deprived RR, 1.75; 95% CrI, 1.07–2.88).
Conclusions:Wide spatial inequalities in STI notification rates were ob-
served, which were predominantly concentrated in the 2 metropolitan areas
of the country. Our findings can help guide more targeted interventions to
reduce STIs incidence.

G lobally, sexually transmitted infections (STIs) are increasing
and represent a threat to international public health. In 2016,

220.4 million new cases of curable bacterial STIs were estimated
to occur annually among 15- to 49-year-olds worldwide. Chlamydia
infections had the highest incidence (127.2 million), followed by
gonorrhea (86.9 million) and syphilis (6.3 million).1 No signs of
reduction were observed since 20122 which highlights the ubiqui-
tous lack of progress in STIs management.

Usually, these STIs are asymptomatic and if left untreated
may lead to severe complications on the reproductive and neonatal
health or even become systemic. Long-term consequences,
namely in women, might include ectopic pregnancies, infertility,
and pregnancy complications. Untreated maternal infections pro-
mote mother-to-child transmission which leads to spontaneous
abortion, stillbirth, prematurity, low birth weight and congenital
diseases.3 Other well-recognized consequences are the increased
risk of transmission and susceptibility to human immunodeficiency
virus, stigmatization and the economic impact of direct medical
expenditures along with costs of lost productivity.4

Although the aforementioned STIs have effective treat-
ment, their global burden remains high.1 Thus, without minimiz-
ing the importance of chlamydia infections, the World Health
Organization included gonorrhea and syphilis on their prioritizing
list to halt STIs epidemics.5 Under the 2030 Agenda for Sus-
tainable Development, the World Health Organization's Global
STIs Strategy established the goal of reducing by 90% the inci-
dence of syphilis and gonorrhea until 2030.5 To ensure that this
goal is met, a collective effort from different nations is vital to un-
derstand STIs dynamics and establish targeted interventions to
avert new infections.

Adaptation of targets and interventions to the local context
is pivotal to effective country response to tackle STI occurrence.
Although national estimates facilitate international comparisons,
these cannot solve heterogeneity at the geographical level where
public health actions usually take place. It is important to monitor
disease variation using finer scale processes to identify clusters of
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cases and inequalities, which is a critical aspect for precision pub-
lic health and for efficient resource allocation.6 Indeed, spatial dif-
ferences in STIs occurrence have been commonly seen between
countries and regions worldwide.1 And, even within countries,
many studies identified clusters of STIs and a concentration of
cases in socioeconomically deprived and highly populated areas,
especially in urban settings.7–9 On this topic, substantial research
has been conducted in North America and China, where there are
wide disparities in STI rates across regions,10,11 and studies using
smaller geographical units found substantial spatial aggregation in
neighborhoods with high levels of poverty and inequality.7–9 Such
evidence supports the need for bringing the geographical dimen-
sion to STIs epidemiological research.

In Portugal, recent official reports documented a substantial
increase in the number of STI cases being notified.12 Despite this up-
surge, there is a limited number of studies evaluating the epidemiology
of these STIs, in Portugal, and to our knowledge, none have inves-
tigated their spatial distribution and geographical determinants.

Therefore, the aim of the present investigation was to map
the spatial distribution of the notification rates of the most com-
mon STIs in Portugal, identify high-rate areas with high rates,
and investigate the association between notification rates and so-
cioeconomic deprivation, urbanicity, and population density.

MATERIALS AND METHODS

Notifications of STIs
This retrospective study included data from Portugal's Na-

tional Epidemiological Surveillance System (Sistema Nacional
de Vigilância Epidemiológica [SINAVE]), from 2015 to 2017.
The SINAVE is a real-time electronic platform used by public, pri-
vate and social health care institutions in Portugal to collect data
on communicable diseases and other public health risks.13 Since
2015, Portugal's mandatory reporting of communicable diseases
is required to be notified via SINAVE. As chlamydia, gonorrhea,
and syphilis infections are listed in Portugal's mandatory notifica-
tions, all cases notified from January 1, 2015, to December 31,
2017, were included in this study along with patients' sociodemo-
graphic, sexual behavior, geographical and clinical variables. The
information collected is based on international standards for dis-
ease surveillance, recommended by the European Centre for Dis-
ease and Control and by the World Health Organization, and
reported on the electronic form provided by SINAVE on https://
sinave.min-saude.pt. After the submission of the notification by
an authorized user, data are made available in real-time for the lo-
cal, regional, and national health authority. The data are validated
consecutively, by hierarchical level, to assure the validity of the re-
ported information and to avoid duplicate cases. The 3-year period
was selected because the prior form of notification (paper form)
was based on a sluggish mail reporting system that could possibly
lead to duplicated cases and overall lower data consistency.14

We analyzedChlamydia trachomatis infections by combin-
ing genital trachoma and lymphogranuloma venereum biovars no-
tifications because the number of lymphogranuloma venereum
notifications were relatively low for separate analysis.

All notifications were geocoded according to the municipality
of occurrence of the infection, which was amandatory information in
SINAVE's form. In 2015, there were 308 municipalities in Portugal
with an average population of 33,575 (range, 459–504,471).

Covariates
To characterize the context of the STIs place of occurrence,

the municipalities' socioeconomic deprivation, urbanicity level, and
population density were used (shown in Figure from Supplemental

Digital Content 1, http://links.lww.com/OLQ/A452). These vari-
ables were selected based on a literature review on the contextual
determinants of STIs.7–9,11,15 Population density at the municipal-
ity level (inhabitants per squared kilometer) was obtained from the
Portuguese National Institute of Statistics (INE). The population
density was then categorized into quintiles, from quintile 1 (Q1)
(least) to quintile 5 (Q5) (most populated).

Urbanicity level was determined according to the classifica-
tion of the urban areas, published by Statistics Portugal in 2014.
This classification measures the presence of conditions that are par-
ticular to urban areas and groups Portuguese parishes (a smaller ad-
ministrative unit than municipalities) into 3 classes: predominantly
urban areas (PUA), moderately urban areas (MUA) and predomi-
nantly rural areas (PRA). As our unit of analysis was the munici-
pality, we calculated the urbanicity index (U. I.) (weighted mean
calculated based on the parishes' urban classification) of each mu-
nicipality (i), as follows (equation 1).

U:I:i ¼ 1� PUA populationþ 0:5�MUA populationþ 0� PRA population
Total population

(equation 1)

where U. I.i is the urbanicity index of each municipality, where 1,
0.5, and 0 are weights, PUA population is the number of inhabi-
tants of the municipality living in predominantly urban parishes,
MUA population is the number of inhabitants living in moderately
urban parishes, PRA population is the number of inhabitants living in
predominantly rural parishes and Total population is the total number
of inhabitants of the municipality. Rural areas were given zeroweight
because they do not have the characteristics of urban areas, which
is was what we wanted to capture. The urbanicity index was then
categorized into quintiles, from Q1 (least) to Q5 (most urban).

The European deprivation index (EDI) was used to classify
the municipalities according to their level of socioeconomic depri-
vation. The EDI was constructed in 3 steps previously detailed.16

In Portugal, the 2011 EDI resulted from the weighted sum of the
following standardized variables: percentage of nonowned house-
holds, households without indoor flushing, households with 5
rooms or less, individualswith blue-collar (manual) occupations, in-
dividuals with low education level (≤6th grade), nonemployers, un-
employed looking for a job, and foreign residents. The index was
categorized into quintiles, from Q1 (least) to Q5 (most deprived).

Statistical Analysis
We used hierarchical Bayesian spatial models to estimate

age-sex standardized notification rates at area-level, to delimitate
high-rate and low-rate areas, and to estimate associations with the
covariates of interest. Hierarchical Bayesian spatial models borrow
information from neighboring areas resulting in the smoothing
or shrinking of extreme values, which are common in small-area
studies. Besides, these models take into account the spatial auto-
correlation controlling for residual spatial confounding which occurs
when an important spatially correlated covariate is either unmeasured
or unknown.

To guarantee that the geographic patterns and associations
assessedwere not driven by the different age and sex structures of Por-
tuguesemunicipalities, notification rates were age-sex-standardized.

We assumed that the response variable, cases of STIs (Oi) in
each ith municipality, follows a Poisson distribution, where Ei is the
expected number of cases, and θi is the Standardized Notification Ra-
tio (Equation 2).We used the Portuguese STI notification rates by sex
and age as a reference to compute the expected number of cases, Ei.

OiePoisson Ei; θið Þ ðequation 2Þ

log θið Þ ¼ αþ si ðequation 3:1Þ
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Here, α is an intercept quantifying the average number of
STI cases in the 308 municipalities (equation 3.1). The area-
specific effect si was modeled considering a Besag, York, Mollié
model17 with a parameterization suggested by Dean and col-
leagues18 (equation 3.2.).

si ¼ τ
ffiffiffiffi
φ

p
*ui þ

ffiffiffiffiffiffiffiffiffi
1−φ

p
*vi

� �
ðequation 3:2Þ

where ui is the structured effect and vi is the unstructured effect.
The ui effect was scaled in order to make the model more intuitive
and interpretable,19 so that φ expresses the proportion of the spa-
tial effect due to the structured part, and 1/ τ is the marginal vari-
ance of si.

Posterior distributions were obtained using the software R®
and the Integrated Nested Laplace Approximation (INLA), which
was implemented in the R INLA library.20

Additionally, we used the function “excursions” to delimitate
high- and low-rate municipalities.21–23 This method uses the poste-
rior joint distribution computed from INLA and takes into ac-
count the dependence structure, allowing to accurately identify
areas where the notification ratio is greater/smaller than 1 (ie,
greater/smaller than the national average).

To facilitate interpretation, standardized notification ratios
were converted into rates per 100,000 inhabitants by multiplying
the standardized notification ratios by the crude national notifica-
tion rates. The resulting maps were created using ArcMap 10.5.1.

Finally, the associations between STI notifications and
urbanicity level, population density, and socioeconomic depriva-
tion were estimated by extending the previous model, as follows
(equation 3.3)

log θið Þ ¼ αþ βxi þ si ðequation 3:3Þ
where βxi is the effect of each covariate. Associations were expressed
in relative risk (RR), which is the ratio between the STIs' risk of
the covariate class and the risk of the reference class. For example,
an RR of 1.10 in a certain covariate class means that the STIs' risk
for that class was 10% higher than the risk in the reference class.
An RR would be considered significantly higher or lower if its
95%CrIs did not include the value 1.

RESULTS
Table 1 presents the characteristics of patients. During the

3 years study period, a total of 4819 cases of chlamydia, gonor-
rhea, and syphilis were reported, accounting for 15.3%, 33.2%,
and 51.5% of the notifications, respectively. From 2015 to 2017,
there was an increase in the number of cases of STIs (1432,
1448, and 1939 cases). The highest increase (110%) was observed
in chlamydia infections with 173, 201, and 363 cases during this
period. A 40% rise in gonorrhea (468, 474, 656) and an increase
of 16% in syphilis (791, 773, 920) was also registered.

For chlamydia, gonorrhea and syphilis, most cases were seen
in men, Portuguese people and were geographically concentrated in
the Lisbon Metropolitan Area, respectively (Table 1). The largest
proportion of cases were among 25- to 34-year-olds for chlamydia,
15- to 24-year-olds for gonorrhea, and 45- to 64-year-olds for syph-
ilis. The most common form of STI acquisition was by heterosexual
contact. A 162% increase in chlamydia (50, 63, 131) notifications
among homo/bisexual versus a 94% increase (113, 122, 219) in het-
erosexual populations; 88% increase in gonorrhea (137, 125, 257)
versus 15% increase (285, 299, 329); and a 27% increase in syphilis
(294, 255, 373) versus 16% increase (333, 336, 385) was observed.
There were 2 homo/bisexual women with syphilis identified in
2016 and 4 homo/bisexual women with syphilis in 2017.

Nationwide crude notification rates, per 100,000 inhabi-
tants, were 2.4 for chlamydia, 5.2 for gonorrhea and 8.0 for syph-
ilis. Yet, substantial geographical differences were observed.

Figure 1 shows the spatial distribution of the age-sex-
standardized notification rates of each studied STI and the delimitation
of the high- and low-rate municipalities. The standardized chlamydia
rates ranged from 2.10 to 201.16 notifications/100,000 inhabitants
(Fig. 1A). The highest notification rates were mainly observed in
highly populated areas and surrounding neighborhoods around
Lisbon and Porto Metropolitan Areas and concentrically dispersed
around those. There were 263 municipalities with rates below
the national average (low-rate municipalities) and 9 above the
national average (high-rate municipalities)—3 located in Porto
Metropolitan Area and 6 in Lisbon Metropolitan Area.

For gonorrhea, rates ranged from 6.19 to 299.66 notifications/
100,000 inhabitants (Fig. 1B). There were 3 municipalities with rates
above the national average (high-rate areas) in Porto Metropolitan
area and 7 in Lisbon Metropolitan Area. Nevertheless, most
municipalities (n = 233) were in low-rate areas.

Syphilis rates varied between 14.81 and 337.14 notifications/
100,000 inhabitants (Fig. 1C). The highest notification rates
were mainly concentrated along mainland Portugal's coast and
metropolitan areas. There were 7 municipalities with rates above
the national average (2 in the North region, including 1 located
in Porto Metropolitan Area, and 6 in Lisbon Metropolitan Area),
whereas 203 were low-rate municipalities.

The spatial patterns of the 3 STIs were significantly corre-
lated. Standardized rates of chlamydia and gonorrhea displayed a
very strong relationship (r = 0.893, P < 0.001), followed by gon-
orrhea and syphilis (r = 0.870, P < 0.001) and chlamydia and
syphilis (r = 0.825, P < 0.001). Therefore, the high-rate areas over-
lapped among STIs.

Table 2 shows the RRs for STI notifications according to
quintiles of socioeconomic deprivation, urbanicity, and population
density. The notification rates of chlamydia and gonorrhea appear
to gradually increase with socioeconomic deprivation. However, a
significant association was only observed for gonorrhea: compared
with the least deprived municipalities, notification rates of gonor-
rhea were 75% higher in the most deprived municipalities (RR,
1.75; 95% CrI, 1.07–2.88).

The risk of chlamydia and syphilis infections seemed to
monotonically increase with urbanicity level. A significant associa-
tion between urbanicity and chlamydia infection was observed when
comparing the least urban municipalities and those in the third (RR,
6.65; 95% CrI, 1.18–65.47) and fifth quintiles of urbanicity (RR,
9.64; 95% CrI, 1.73–93.59). For syphilis, compared with the least
urbanmunicipalities, the most urban areas presented a 92% higher
notification rate (RR, 1.92; 95% CrI, 1.30–2.88).

Finally, notification rates of gonorrhea and syphilis also in-
creased with population density. The rates of syphilis increased lin-
early with population density (Q1—lowest density vs. Q2: RR,
1.77; 95% CrI, 1.10–2.89; Q3: RR, 1.91; 95% CrI, 1.21–3.10;
Q4: RR, 2.43; 95% CrI, 1.56–3.90; Q5—highest density: RR,
3.16; 95% CrI, 2.00–5.13). For gonorrhea, a statistically significant
association was only observed when comparing the extreme classes
of population density: compared with the least dense areas, notifica-
tion rates of gonorrheawere 2.10 times higher (95%CrI, 1.08–4.25)
in the municipalities with the highest population density.

DISCUSSION
In this study, we observed wide spatial inequalities in STI

notification rates across Portugal, which were predominantly
concentrated in the 2 metropolitan areas of the country. Besides,
contextual factors like socioeconomic deprivation, urbanicity,
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Sexually Transmitted Diseases • Volume 47, Number 4, April 2020 263

Copyright © 2020 by the American Sexually Transmitted Diseases Association. Unauthorized reproduction of this article is prohibited.



TABLE 1. Demographic, Social, Clinical, and Behavioral Characteristics of Patients According to STI (2015–2017, Portugal)

Chlamydia Gonorrhea Syphilis

n % n % n % P*
Sex
Male 487 66.1 1419 88.8 1866 75.1 <0.001
Female 250 33.9 179 11.2 618 24.9

Age group, y
0–14 17 2.3 19 1.2 0 0.0 <0.001
15–19 74 10.0 209 13.1 92 3.7
20–24 145 19.7 383 24.0 320 12.9
25–34 293 39.8 544 34.0 617 24.8
35–44 131 17.8 260 16.3 510 20.5
45–64 74 10.0 157 9.8 702 28.3
≥65 3 0.4 26 1.6 243 9.8

Nationality
Portuguese 628 85.2 1372 85.9 2217 89.3 0.001
Foreign 109 14.8 226 14.1 267 10.7

Place of occurrence
PMA 127 17.2 314 19.6 462 18.6 <0.001
North (expect PMA) 24 3.3 126 7.9 289 11.6

Center 43 5.8 128 8.0 314 12.6
Lisbon Metropolitan Area 519 70.4 915 57.3 1177 47.4
Alentejo 12 1.6 55 3.4 75 3.0
Algarve 7 0.9 49 3.1 71 2.9
Azores 3 0.4 7 0.4 42 1.7
Madeira 2 0.3 4 0.3 54 2.2

Case
Confirmed 694 94.2 1046 65.5 200 8.1 <0.001
Probable 6 0.8 65 4.1 2095 84.3
Unknown 37 5.0 487 30.5 189 7.6

Form of transmission
Heterosexual 454 61.6 913 57.1 1050 42.4 <0.001
Homosexual/bisexual 244 33.1 519 32.5 922 37.1
Vertical or other 14 1.9 15 0.9 11 0.4
Unknown 24 3.3 150 9.4 496 20.0
Missing values 1 0.1 1 0.1 3 0.1

Contact with a sex worker?
Yes 0 0.0 26 1.6 77 3.1 <0.001
No 14 1.9 500 31.3 646 26.0
Unknown 9 1.2 583 36.5 910 36.6
Missing values 714 96.9 489 30.6 851 34.3

Epidemiological link with a probable or confirmed case?
Yes 163 22.1 258 16.1 419 16.9 0.003
No 105 14.2 254 15.9 381 15.3
Unknown 466 63.2 1084 67.8 1683 67.8
Missing values 3 0.4 2 0.1 1 0.0

Has the patient been informed about the risks of transmission of
the disease and the possibility of having partners (or partners) infected?
Yes 685 92.9 1464 91.6 2212 89.0 0.002
No 8 1.1 37 2.3 52 2.1
Unknown 12 1.6 24 1.5 73 2.9
Missing values 32 4.3 73 4.6 147 5.9

Does the patient take responsibility for contacting the partner
and for a referral to medical consultation for screening?
Yes 638 86.6 1250 78.2 1789 72.0 <0.001
No 25 3.4 104 6.5 179 7.2
Unknown 39 5.3 166 10.4 353 14.2
Missing values 35 4.7 78 4.9 163 6.6

The contacts (partners) were identified by the service?
Yes 171 23.2 260 16.3 557 22.4 <0.001
No 233 31.6 852 53.3 1161 46.7
Unknown 291 39.5 405 25.3 595 24.0
Missing values 42 5.7 81 5.1 171 6.9

Contacts were forwarded to a medical appointment?
Yes 149 20.2 184 11.5 472 19.0 <0.001
No 15 2.0 28 1.8 32 1.3
Unknown 5 0.7 32 2.0 28 1.1
Missing values 568 77.1 1354 84.7 1952 78.6

Continued next page
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and especially, population density, were associated with STI
notification rates.

Mapped notification rates showed an uneven distribution of
STIs, which were especially concentrated in the Portuguese metro-
politan areas and (to a lesser degree) along the coast. This is in ac-
cordance with studies conducted in other countries.9,15 The spatial
clustering of STIs in large urban settings results from complex hu-
man spatial interactions. Individual's sexual behaviors aligned with
urban centers' physical and social environments can influence the
occurrence of infection by modulating sexual partnerships.24 Urban
areas tend to be densely populated which promotes higher interac-
tions between people and potentially increase the number of sexual
partners in those networks. The establishment of core groups can
potentially spread STIs through sexual bridges and easily reach
groups outside the core areas.25 Therefore, highly located patterns
in large cities require special attention because they can act as res-
ervoirs of disease.

The strong and consistent spatial overlap of high-rate areas
among STIs indicates that common sociogeographic locations highly
influence the risk of STIs acquisition, pinpointing vulnerability to lo-
cal intervention and prevention strategies. It should be acknowledged
that the absence of high-rate areas in some municipalities might
have occurred due to underreporting of cases in those areas or due
to mobile populations because geocoding was based on the place
of acquired infection instead of the residential place.

Although the notification rates of these STIs were strongly
correlated, we observed distinct associations according to specific
contextual factors. The different biological characteristics of the
STIs, namely, their infectiousness, infectivity, duration of infection,
and symptomatic nature might partially explain why associations
varied among them.9

Patterson-Lomba et al. found a strong association for all 3
bacterial STIs and population density. Sexually transmitted infec-
tions displayed increased incidence patterns in high-population
density in metropolitan areas with the largest increases observed
in gonorrhea and syphilis.9 This is in line with our results because
population density was strongly associated with syphilis' notifi-
cation rates and also (although not so consistently) with gonor-
rhea. The strong effect of population density in syphilis might be
explained by its transmissible nature. Because syphilis' infectivity
is lower compared with chlamydia and gonorrhea, larger sexual
networks might benefit to a higher extent syphilis occurrence.9

Similarly, we also observed a trend of increasing STI noti-
fications with increasing levels of urbanicity, especially for chla-
mydia and syphilis. Research in the United Kingdom observed
higher STIs concentration in urban settings.8 In the Netherlands,
the degree of urbanization was also found to be an important factor
for chlamydia prevalence where highly urbanized areas presented
higher prevalence compared wkith rural areas.26 In our study,
the differences observed might be related to increased screening

opportunities in urban settings and rural-to-urban movement. De-
mographic and socioeconomic disparities among urban popula-
tions may also influence sexual behavioral risk factors.27

Regarding socioeconomic deprivation, most associations
with STIs were weak or absent, in agreement with findings from
other analyses.7,28 Usually, socioeconomic disparities are highly
correlated with racial/ethnic minorities, and after adjusting for so-
cioeconomic factors, the variations in STI rates are attenuated sug-
gesting that these groups require further attention.7,8

It is important to refer that there was an increase of 110%,
40%, and 16% in chlamydia, gonorrhea, and syphilis notifications,
respectively, during 2015 to 2017. The resurgence of STIs is concor-
dant with reported trends in high-income countries.29 The growing
number of cases observed in Portugal could possibly be explained
by the launch of the electronic support of SINAVE, in 2015, which
improved Portugal's reporting system, along with same-sex sexual
behavior changes, namely amongmen. This raise might also be re-
lated to screening programs targeting these subpopulations. More-
over, although analyses conducted in Europe and in North America
reported increases in syphilis, especially among men who have
sex with men, it is not the most notified STI within those regions.
Portugal's high number of syphilis might be possibly explained by
implemented human immunodeficiency virus screening programs
that might detect these infections through combined screening and
by overestimation of syphilis in older individuals. Portugal's known
history of high incidence of syphilis in the 1960s and 1970s explains
that the larger number of notifications in the 45 to 64 age group since
notifications was mainly diagnosed as probable cases.30 As serum
concentration of treponemal antibodies remains high for a life-
time, one might expect to find more cases in older individuals if
case finding relies on treponemal antibodies diagnose.

In this panorama of the increasing number of STI cases, the
present study contributes to better understand Portugal's geograph-
ical trends of STIs. Because this study included all individuals
who have been notified in the Portuguese epidemiological surveil-
lance system, a national picture of these infections was obtained.
Although it might not include every person infected, the results al-
low the characterization of Portuguese epidemiologic trends during
2015 to 2017. Additionally, this study contributed to establishing
specific risk factors that might assist to explain differences in the
studied STIs and target appropriate programs toward certain socio-
demographic groups identified namely men and young adults, and
geographic areas, more specifically metropolitan areas.

Although this study brings novel information, some caveats
must be discussed. It should be noted that Portugal does not have a
routine screening activity implemented for curable bacterial STIs.
Cases might not be included in the reporting system if people are
reluctant to seek medical care or have difficulties obtaining health
care provision, if individuals are asymptomatic or if health care is
obtained outside the country. Therefore, the proportion of reported

TABLE 1. (Continued)

Chlamydia Gonorrhea Syphilis

n % n % n % P*

Does the patient consent to be contacted by the local health
authorities for the tracing of contacts (partners)?
Yes 64 8.7 325 20.3 560 22.5 <0.001
No 432 58.6 603 37.7 837 33.7
Unknown 209 28.4 582 36.4 901 36.3
Missing values 32 4.3 88 5.5 186 7.5

*χ2 test for comparing the 3 STIs.
PMA, Porto Metropolitan Area.
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Figure 1. Spatial distribution of the age-sex-standardized notification rates (/100,000 inhabitants) and identification of high-ratemunicipalities
for (A) chlamydia, (B) gonorrhea and (C) syphilis (2015–2017, Portugal).
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cases might be underestimated and the real STI incidence might be
masked, which is clear when comparing Portugal rates with other
European countries who have implemented stronger screening
programs. Furthermore, it remains the possibility that the spatial
discrepancies between areas, namely in Azores and Madeira, might
be in part related to underreporting.14 This might be clearer in the
future because spatial-temporal tendencies cannot be assessed only
based on 3 years. We dealt with a small number of notifications for
chlamydia, patent in the wide confidence intervals from Table 2,
which limited our capacity to identify significant associations and
to make accurate inferences. Finally, care must be taken to avoid
ecological fallacy, as our findings cannot be directly extrapolated
to the individual level.

Despite these limitations, we believe that this study has note-
worthy public health implications since the identification of spatial
overlap of high-rate areas among STIs provides data about how inter-
vention and prevention strategies may be combined to better use fi-
nancial resources. The presence of high-rate areas of STIs might
serve as reservoirs of disease and maintain these infections within
communities which may eventually lead to the start of an epi-
demic. Therefore, some valuable approaches that could improve
STIs morbidity in Portugal include: strengthening surveillance
among subpopulations who are especially at risk especially in
metropolitan areas; improve people's knowledge about their
sexual health through education and counseling in health care
services and schools; and promote safe sexual health behaviors,
treatment and screening programs, including the distribution of
barrier contraceptives.
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