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Abstract: The aim of our study was to describe the results of the epidemiological surveillance of
hepatitis A infections in Spain in the context of the 2016/2017 European outbreak, particularly
of hepatitis A outbreaks reported in the MSM population, incorporating the results of a spatio-
temporal analysis of cases. Hepatitis A cases and outbreaks reported in 2016-2017 to the National
Epidemiological Surveillance Network were reviewed: outbreaks in which some of the cases belonged
to the MSM group were described, and clusters of hepatitis A cases in men and women were analysed
using a space—time scan statistic. Twenty-six outbreaks were identified, with a median size of two
cases per outbreak, with most of the outbreak-related cases belonging to the 15-44 years-old group.
Nearly 85% occurred in a household setting, and in all outbreaks, the mode of transmission was direct
person-to-person contact. Regarding space-time analysis, twenty statistically significant clusters
were identified in the male population and eight in the female population; clusters in men presented
a higher number of observed cases and affected municipalities, as well as a higher percentage of
municipalities classified as large urban areas. The elevated number of cases detected in clusters of
men indicates that the number of MSM-related outbreaks may be higher than reported, showing
that spatio-temporal analysis is a complementary, useful tool which may improve the detection of
outbreaks in settings where epidemiological investigation may be more challenging.

Keywords: hepatitis A virus; epidemiological surveillance; MSM; outbreaks; space-time clustering;
urban population

1. Introduction

Hepatitis A virus is a picornavirus of the genus Hepavirus, with only one serotype
distributed worldwide [1]. It is transmitted mainly from person to person by the fecal-oral
route and by ingestion of contaminated water or food. The virus typically spreads among
close contacts, such as household members, with children being the group with the greatest
rates of infection [2].

The disease presents different patterns of endemicity worldwide, being heavily linked
to poor hygiene and sanitary conditions and other parameters of low level of development.
Western Europe, like other high-income regions such as the United States, Canada or Japan,
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is considered an area of very low/low endemicity of hepatitis A, although infections in
high-risk groups and foodborne outbreaks are still being notified [3]. In 2016, around
12,500 cases were reported in the EU/EEA (2.4 cases per 100,000 population), with the high-
est notification rate in the 5-14 years-old group (7.9 confirmed cases per 100,000 population).
In all age groups, males were more affected than women [4].

The disease may be prevented by vaccination. In Spain, inactivated vaccines are
available, which are safe and highly immunogenic, and confer long-term protection against
the infection [5,6]. As a low-endemicity country, vaccination is currently recommended in
high-risk groups, such as groups with HIV infection, alcoholism and chronic liver disease,
as well as men who have sex with men [7], although in certain regions (Catalonia, Ceuta
and Melilla) the vaccine is also included in the childhood immunization schedule.

Despite the low endemicity of hepatitis A in Spain, important outbreaks still occur,
especially in certain groups such as MSM [8]. In this specific population, several risk
factors, such as oral-anal sex and drug consumption, have been described [9,10]. During
2016/2017, a multi-country outbreak of hepatitis A affecting principally MSM took place in
the EU/EEA, with around 4000 cases; 1400 cases were confirmed, and 54% of them were
hospitalised. Molecular analysis revealed that three different strains belonging to genotype
IA (VRD_521_2016, RIVM-HAV16-090 and V16-25801) were involved [11].

The aim of our study was to describe the results of the epidemiological surveillance
of hepatitis A infections in Spain in the context of the 2016/2017 European outbreak,
particularly of hepatitis A outbreaks reported among the MSM population, incorporating
the results of a spatio-temporal analysis of cases.

2. Materials and Methods
2.1. Study Area

Spain is divided into 17 autonomous regions (further subdivided into 50 provinces
and 2 autonomous cities, with the 8131 municipalities being the smallest administrative
units) (Figure 1). According to the Atlas Estadistico de las Areas Urbanas en Espafia 2021 of
the Ministry of Transport, Mobility and Urban Agenda (MITMA in Spanish), the population
distribution is not homogeneous, since 69% of the Spanish population live in large urban
areas with more than 50,000 inhabitants; in fact, 76% of the employment of the country
is concentrated in these areas. Conversely, 86.7% municipalities are considered as non-
urban, which represents 79.3% of the area of the country, although only 17.3% of Spanish
inhabitants live there. According to this methodology, Spanish territory could be divided
into three types of areas based on their relation with urban phenomenon, classifying the
municipalities into large urban areas (which can be composed of one or more municipalities,
and whose denomination is determined by the main city or cities), small urban areas (which
are subdivided into 2 categories: municipalities of 20,000-50,000 or 5000-20,000 inhabitants,
which do not belong to large urban areas) and non-urban [12].

2.2. Data Sources

In Spain, hepatitis A has been a notifiable disease since 1995 [13]; therefore, both
probable and confirmed cases (a person with an epidemiological link who meets clinical
criteria and a laboratory-confirmed case, respectively) and outbreaks (two or more cases
with an epidemiological link) must be reported by regional public health authorities to the
National Epidemiological Surveillance Network (RENAVE in Spanish), which is managed
by the National Centre of Epidemiology [14].
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Figure 1. Political map of Spain.

2.3. Hepatitis A Outbreaks

Outbreaks reported in 2016 and 2017 to RENAVE were reviewed, selecting those in
which some of the cases belonged to the MSM group according to the information registered
in a free text field for comments. Variables analysed included case occurrence year, age
groups (0-14, 1544, 45-64 and >64 years old) and sex of cases, duration of outbreaks
(difference in days between the onset of symptoms of the first and last case of the outbreak),
size (number of cases per outbreak), setting, mode of transmission, control measures (health
education, contact tracing and close contacts vaccination), molecular information about the
virus isolated (genotype, subgenotype and strains) and municipality.

2.4. Hepatitis A Cases

Cases reported to RENAVE were also collected. The date of onset of symptoms was
used, or the nearest one if it was not known (date of diagnosis, date of hospitalization,
etc.). The municipality was assigned as the one where the transmission occurred, or the
municipality of residence if this information was not available.

2.4.1. Temporal Trends

Annual cumulative incidences per 100,000 inhabitants were calculated, globally and
for sex and age groups (0-14, 15-29, 3049, 50-64 and >65 years old), using as denominator
the Spanish population on 1st January of each year obtained from the National Institute
of Statistics (INE in Spanish) [15]. Male-to-female ratio was also calculated dividing the
cumulative incidence (CI) of men by the CI of women. The 2016-2017 period was compared
with previous (2012-2015) and following years (2018 and 2019).

2.4.2. Space-Time Cluster Analysis

In line with the results obtained in the descriptive analysis of cumulative incidences,
hepatitis A cases aged 15-49 reported in 2016 and 2017 were selected and divided into
two groups according to their sex (men and women). Both groups were independently
analysed at the municipal level using the space-time scan statistic developed by
Kulldorff et al. [16], assuming a Poisson distribution. The statistic detects and evaluates the
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presence of space—time aggregations of cases. A scan of the study area was performed using
a cylindrical window which moves across the centroids of the municipalities; it is consti-
tuted by a circular base which defines the spatial dimension of each cluster (and varies from
a 0 to 25 km radius) and a height which defines the temporal dimension (and varies from 0
to 80 days, corresponding with two average incubation periods). The cylindrical window
moves through space and time, the null hypothesis being that the risk inside and outside
the window is the same. For each window, a likelihood ratio test was performed: the cluster
with the highest likelihood is the least likely to have occurred by chance. Furthermore,
a p-value was assigned to each cluster using a Monte Carlo test, by which 999 random
simulations were performed. For the analyses, the 2017 populations with corresponding
age groups and sexes obtained from INE were used. Additional analyses were performed
in both the male and female case groups, considering a maximum temporal cluster duration
of 40 and 120 days.

Municipalities were classified according to the Atlas Estadistico de las Areas Urbanas
of MITMA (large urban areas, small urban areas and non-urban) [12], as described above.

2.5. Statistical Analyses

Categorical variables were presented as total number and percentage, and continuous
variables as median and interquartile range (IQR; p25-p75). Differences in medians were
analysed using Mann-Whitney’s test. The association between annual cumulative inci-
dences and male-to-female ratio was measured by a Pearson correlation test. Differences
between the percentage of municipalities classified as large urban areas in male and female
clusters were evaluated using a chi-square test. Statistical significance was defined as
p-value < 0.05.

Analysis was performed using Stata 16, and SaTScan 9.7 was used for the space-time
analysis. Maps were generated using QGIS 3.16.

3. Results
3.1. Outbreaks Related to MSM

Only 26 (8.9%) out of 293 outbreaks reported in 2016 and 2017 mentioned transmission
among MSM; 24 of them (92.31%) took place in 2017. Outbreak characteristics are shown in
Table 1. The median duration of outbreaks was 28 days (IQR: 18-34 days), but considerable
differences were present depending on the year. The median size of outbreaks was two
cases, without differences according to year of notification.

Most outbreaks (84.62%) occurred in a household setting. These outbreaks presented
significantly smaller size than outbreaks in other settings (two vs. three cases, p-value:
0.037); they also presented shorter duration (26.5 vs. 54 days, p-value: 0.128). In all
outbreaks, the mode of transmission was direct person-to-person contact. Information
regarding control measures was available in 14 outbreaks, health education being men-
tioned in 8 outbreaks, contact tracing in 8 outbreaks, and close contacts vaccination (applied
or at least recommended) in 10 outbreaks. None of the first cases of each outbreak were
vaccinated (information available in only 5 outbreaks).

The outbreaks included a total of 141 cases, without information about sex and/or age
group in 21 cases out of 10 outbreaks. Of 120 cases with information in both variables, 118
(98.33%) were men, and 106 (88.33%) belonged to the 15-44 years-old group (Table 1).

In only five outbreaks from three different autonomous regions, microbiological infor-
mation about hepatitis A virus was available. Genotype IA was identified in all of them;
the strains detected were VRD_521_2016 in four outbreaks and the three strains related to
the epidemic in MSM (VRD_521_2016, RIVM-HAV16-090 and V16-25801) in one outbreak.
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Table 1. Epidemiological characteristics of hepatitis A outbreaks among MSM and related cases,

2016-2017.
OUTBREAKS AMONG MSM
Variables Total 2016 2017
Total outbreaks, 1 (%) 26 2 (7.69%) 24 (92.31%)
Duration of outgrQeIiE )m days, median 28 (18-34) 36 (18-54) 28 (16-34)
Cases per outbreak, median (p25-p75) 2 (2-2) 2 (2-2) 2 (2-2)
Settings, 1 (%) Household 22 (84.62%) 1 (50.00%) 21 (87.50%)
88, 1 Lo Other 4 (15.38%) 1 (50.00%) 3 (12.50%)
CASES IN OUTBREAKS AMONG MSM *
Variables Total 2016 2017
Total number of cases 120 2 118
Male sex, 1 (%) 118 (98.33%) 2 (100%) 116 (98.31%)
0-14 years 1 (0.83%) 0 1 (0.85%)
o 15-44 years 106 (88.33%) 2 (100%) 104 (88.14%)
Age groups, 1 (%) 45-64 years 13 (10.83%) 0 13 (11.02%)
>65 years 0 0 0

* IQR: interquartile range; ~ Cases with information of sex and age groups.

The outbreaks were reported in eight autonomous regions in the centre, east and south
of the country. Information about municipality was available in 24 outbreaks (Figure 2).

=
‘T Vs ]

Figure 2. Spatial distribution of MSM-related outbreaks, municipal level.

3.2. Temporal Trends and Male-to-Female Ratio

During the 2012-2018 period, 11,534 cases were notified. From 2012 to 2015, cumulative
incidence remained stable around 1.37 cases per 100,000 inhabitants, rising later during
20162017 (reaching a maximum of 9.85 cases per 100,000 inhabitants in 2017), followed by
a decrease in 2018 and 2019. A similar trend was observed regarding the male-to-female
ratio, which achieved 3.51 and 4.53 in 2016 and 2017, respectively (Figure 3), the Pearson
correlation being between this parameter and the cumulative incidence of 0.874.
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Figure 3. Cumulative incidence (CI) and male-to-female ratio, 2012-2019.

Temporal trends were also studied by sex and age groups. In women, an inversely
proportional association was observed between cumulative incidence and age, with the
0-14 years-old group having the greatest one during the entire period, with 5.97 cases
per 100,000 inhabitants in 2018. Nevertheless, in addition to the youngest population,
a considerable increase of cases was observed in women aged 15-64 in 2017 and 2018.
Regarding men, the inversely proportional association previously described was observed
until 2015, with 3.92 cases per 100,000 inhabitants in the 0-14 years-old group that year.
Since then, the cumulative incidence has risen drastically in individuals aged 15-29 and
3049, which became the population with the highest number of cases from 2016 to 2018
(maximum of 35.58 and 26.27 cases per 100,000 inhabitants in 2017, respectively); in 2019,
the 0-14 years-old group was again the most affected one. Cumulative incidence in the
population older than 64 years in both men and women remained less than one case per
100,000 inhabitants during the entire period (Figure 4).

3.3. Space-Time Cluster Analysis

During the 2016-2017 period, 4766 cases in men and women aged 15-49 were reported;
information about the municipality was available in 99.24% of them.

Considering a maximum temporal cluster size of 80 days, 20 statistically significant
clusters were identified in men (Figure 5, Table 2). The most likely cluster was situated in a
big town at the centre of the country and 16 neighbouring municipalities; 14/17 munici-
palities were classified as large urban areas. The cluster consisted of 257 observed cases
from 1 February 2017 to 21 April 2017, with 36.98 being the number of expected cases.
The other 19 clusters were also detected in large urban areas, such as cluster two, cluster
three, cluster four, cluster five or cluster eleven. Most clusters were detected from January
to July 2017. Cluster ten coincided with an outbreak of two people reported in the same
municipality; no other coincidences in space and time among clusters in men and outbreaks
with person-to-person transmission involving the MSM population were detected.
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Cumulative incidence per age groups in female, 2012-2019

Cases per 100,000 inhabitants
w
1

T T T T T T T T
2012 2013 2014 2015 2016 2017 2018 2019

Year
0-14 years — 15-29 years
30-49 years 50-64 years
>=65 years

Cumulative incidence per age groups in men, 2012-2019

Cases per 100,000 inhabitants

T T T T T T T T
2012 2013 2014 2015 2016 2017 2018 2019

Year
0-14 years — 15-29 years
— 3049 years —— 50-64 years
>=65 years

Figure 4. Cumulative incidence by sex and age groups, 2012-2019.
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Figure 5. Map of municipalities involved in the space-time significant clusters of hepatitis A.

In the female population, eight statistically significant clusters were detected (Figure 5,
Table 2). The most likely cluster was located in an area composed of 31 municipalities
of three different autonomous regions in the north of the country; 7/31 municipalities
belonged to the same large urban Area, whereas 22/31 municipalities were classified as
non-urban. The cluster was constituted by 13 observed cases from 2 June 2017 to 23 June
2017, with 0.10 expected cases. Similar to the male population, most clusters were also
detected in other large urban areas, such as cluster two, cluster three, cluster four, cluster
six and cluster seven; cluster eight included only municipalities classified as non-urban or
small urban areas (eight and one municipalities, respectively). All clusters were detected
throughout 2017.
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Table 2. Space-time significant clusters of hepatitis A in 15-49 years-old men and women, Spain,
2016/2017.

Total Number of

Duration Relative Municipalities (N
Cluster Start Date End Date (Days) Observed Expected Risk p-Value Classified as Large
Urban Area)
STATISTICALLY SIGNIFICANT SPACE-TIME CLUSTERS IN MEN
1 1 F%rl‘;ary 21 April 2017 79 257 36.98 7.36 <0.001 17 (14)
2 31 ngleé“ber 15 March 2017 74 113 12.12 9.57 <0.001 31 (20)
3 1 May 2017 17 July 2017 77 69 5.88 11.92 <0.001 16 (9)
4 20 F;é’f;ary 10 May 2017 79 80 9.90 8.22 <0.001 13 (8)
6 December 6 December
5 oLy o 0 12 0.06 187.12 <0.001 8 (6)
6 5 May 2017 17 July 2017 73 41 6.96 5.94 <0.001 13 (8)
7 7March 2017 16 March 2017 9 12 0.21 56.39 <0.001 1(1)
8 1 August 2016 13 Cz)gigber 73 2 1.71 12.96 <0.001 12 (4)
9 24 March 2017 5 June 2017 73 25 2.49 10.08 <0.001 9 (4)
10 29 March 2017 14 June 2017 77 42 8.50 4.99 <0.001 19 (8)
11 21 April 2017 6 July 2017 76 55 14.72 3.77 <0.001 1(1)
12 28 April 2017 16 July 2017 79 40 8.04 5.01 <0.001 8(3)
13 16 F;é’lr;ary 4 May 2017 77 31 5.14 6.06 <0.001 47 (27)
14 ISEhmary 3 May 2017 77 28 428 6.58 <0.001 13 9)
15 8 January 2017 28 March 2017 79 23 2.78 8.32 <0.001 35(3)
16 17 Aprii 2017 25 April 2017 8 8 0.12 69.24 <0.001 10 (2)
17 21 March 2017 2 June 2017 73 38 9.84 3.89 <0.001 35 (13)
18 20 April 2017 6 July 2017 77 2 3.36 6.57 0.001 20 (12)
19 4 October 2017 4 October 2017 0 3 0.00 2791.78 0.004 1(1)
20 7June 2017 23 August 2017 77 16 1.87 8.59 0.007 3(3)
STATISTICALLY SIGNIFICANT SPACE-TIME CLUSTERS IN WOMEN
1 2 June 2017 23 June 2017 21 13 0.10 132.21 <0.001 31 (7)
6 December 20 December
2 017 5017 14 13 0.21 63.78 <0.001 33 (6)
3 Al 10 March 2017 45 20 136 15.13 <0.001 28 (24)
4 13 April 2017 7 June 2017 55 34 5.83 6.07 <0.001 27 (21)
5 3March 2017 21 March 2017 18 8 0.07 110.72 <0.001 4(1)
6 15March 2017 22 May 2017 68 15 1.05 14.61 <0.001 15 (4)
7 16 June 2017 1 Selz’é?;‘ber 77 13 0.86 15.33 <0.001 12 (6)
22 November 27 December
8 017 5017 35 5 0.02 205.91 0.0013 9(0)

Clusters in men presented more total observed cases and number of affected munici-
palities than clusters in women (937 vs. 121 observed cases, and 312 vs. 159 municipalities,
respectively). Clusters in men included a greater percentage of municipalities classified
as large urban areas than clusters in women, although these differences were not statisti-
cally significant (50.0% vs. 43.4%, p-value: 0.175). It was observed that seven out of eight
clusters in women were detected in the same areas as clusters in men (sharing at least one
municipality); clusters in men started before those in women on several occasions.

Analyses performed using a maximum temporal cluster size of 40 and 120 days
obtained similar results, except by the percentage of municipalities classified as large urban
areas, which was greater in female than in male clusters in the 120-day analysis (46.15% vs.
44.4%, p-value: 0.713) (see Supplementary Material).

4. Discussion

Outbreaks in the MSM population accounted for less than 10% of total hepatitis A
outbreaks reported during the 2016/2017 period. In those outbreaks, transmission occurred
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mainly in small groups of cohabitants or partners, since the household was the main setting
and the outbreaks presented a small duration and size, with a median of 28 days and two
cases, respectively. Most cases were men from ages 15 to 44. In the five outbreaks with
genotyping information available, at least the VRD_521_2016 strain, which was also the
most detected in other countries, was identified [17,18].

Like in other regions of Europe, the incidence of this disease peaked in 2017, decreasing
gradually during 2018 and 2019 [11]. This tendency was quite correlated with the male-to-
female ratio, which also peaked in 2017. This parameter was previously used in different
studies including hepatitis A [19], shigellosis [20] and sexually transmitted infections [21]
as a proxy for MSM transmission. Analyzing the incidence by sex and age groups, a similar
pattern in both sexes was observed until 2015, with the individuals younger than 14 years
old presenting the highest incidence. Nevertheless, in the 2016-2018 period, men aged
15-29 years became the group with the highest incidence, followed by the 3049 years-old
group. This distribution of cases reflects the epidemiological situation of that moment,
similar to that reported in other countries during the European outbreak [18,22].

Even though immunization against hepatitis A is highly recommended in MSM, sev-
eral studies suggest that the vaccination coverage in this population group in Spain is lower
than expected [9,10], which has also been observed in other European countries [23,24].
Regan et al. estimated that a proportion of immune individuals greater than 70% in the
MSM population is necessary to prevent major outbreaks [25]. The high proportion of
non-immunized individuals, along with high-risk sexual behaviours involving highly
interconnected groups, were the main triggers for the European outbreak [11], which was
initiated following the EuroPride festival celebrated in Amsterdam [26]. The decline in
the cumulative incidence throughout 2017 and 2018 occurred due to several reasons: a
decrease in the proportion of susceptible individuals in groups at higher risk of infection;
a strengthening in the promotion of vaccination among MSM, along with a prioritization
of vaccination in this specific group (especially important in the context of the vaccine
shortage in 2017); and numerous health education campaigns launched through websites
and apps [27,28].

The space-time analysis reveals differences in the distribution of cases in men and
women. The number of clusters detected in men was larger, with more observed cases and
involved municipalities. Differences in the duration of clusters were also present: most
clusters detected in men had a duration longer than 70 days, whereas only one cluster in
women showed this characteristic. In men, an excess of cases seems to be present in at
least the entire first semester of 2017 in certain areas, which could indicate a maintained
transmission of the disease during this period in this specific population group; whereas
in women, the aggregation of cases is more limited in terms of number of observed cases,
duration and number of municipalities, which suggests that these cases are involved in
outbreaks restricted in time and space. These differences in the clustering of cases between
men and women have also been described in other studies. Lanini et. al, in an analysis of
hepatitis A cases reported in the Italian region of Lazio between January 2016 and March
2017, observed a disparate temporal distribution of hepatitis A clusters between men,
women and children, with the highest number of cases presented in the male cluster [29].
Detection of clusters in municipalities classified as large urban areas was frequent in both
sexes; nevertheless, the percentage of municipalities with this classification was higher
in men than in women, although without statistically significant differences. Moreover,
clusters of both men and women were observed in the same regions of the country.

No correlation was observed between outbreaks related to MSM and clusters in
men, which may be due to several factors: an underreporting of outbreaks; a lack of
information regarding the mode of transmission and sexual practices/orientation that
impedes their identification in the outbreak database; and the difficulties that may arise
in the investigation of certain outbreaks, in which it may be complex to identify the
epidemiological link between cases. Nevertheless, both outbreaks related to MSM and
clusters in men were detected mainly in 2017.
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Spatio-temporal scan statistics have previously been used in the epidemiological anal-
ysis of communicable diseases [30-32], particularly assessing the usefulness of these tools
for an earlier detection of outbreaks that would improve their management and control.
Kummerer et al. assessed the effectiveness of SatScan in the detection of tuberculosis
outbreaks. They showed that using this tool, the local health department could recognize
the outbreaks several months in advance [33]. Stelling et al. evaluated the performance
of both WHONET and SatScan in the identification of Shigella spp. outbreaks, detecting a
concordance between several identified clusters and outbreaks reported to public health
authorities, in addition to other aggregations of cases that could be previously unidentified
events [34].

Several limitations have been identified in the present study. Firstly, information
related to sexual orientation or sexual practices is not systematically collected, which may
lead to an underreporting of outbreaks with MSM transmission during the study period,
and may explain the weak coincidence detected between male clusters and outbreaks; fur-
thermore, age or sex was missing for several outbreak-related cases, and control measures
were only reported in 54% of outbreaks. Most outbreaks were detected in a household
setting, where the epidemiological link was easier to identify than in other settings, which
may be underrepresented in the outbreak investigation. Information about the genotype
and the strain of the virus isolated was only available in five outbreaks (19%), which
hampers the interpretation of the results. Secondly, municipality of residence was assigned
in case of missing information regarding where the transmission occurred, which may be a
confounding factor in the space—time analyses. Thirdly, differences between autonomous
regions regarding the outbreak investigation and the reporting of hepatitis A cases and
outbreaks to RENAVE may affect the results. Finally, as the hepatitis A outbreak affecting
Europe, began in mid-2016 and the number of cases have increased since then, the pro-
gressive establishment of epidemiological surveillance could have led to increased case
reporting during 2017 compared to the previous year.

5. Conclusions

We described the epidemiological situation of hepatitis A in Spain in 2016/2017,
when a European outbreak related to person-to-person transmission involving the MSM
population was ongoing. Most of the MSM-related outbreaks occurred in the household
setting. The elevated number of cases detected in male clusters indicates that the number
of MSM-related outbreaks may be higher than reported, which shows that spatio-temporal
analysis is a complementary, useful tool in the epidemiological surveillance of infectious
diseases, which may improve the detection of outbreaks in settings where epidemiological
investigation may be more challenging due to the difficulty of identifying links between
cases. In addition, genome sequencing may also contribute to the identification of outbreaks
belonging to multi-country public health events. Initiatives aimed at increasing hepatitis A
vaccination coverage in specific risk groups may improve the prevention and control of
these outbreaks.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ijerph192416775/s1, Figure S1: Map of municipalities involved
in the space-time significant clusters of hepatitis A in 15-49 years-old men and women, Spain,
2016/2017, maximum temporal cluster size of 40 days; Table S1: Space-time significant clusters of
hepatitis A in 1549 years-old men and women, Spain, 2016/2017, maximum temporal cluster size of
40 days; Figure S2: Map of municipalities involved in the space—time significant clusters of hepatitis
A in 1549 years-old men and women, Spain, 2016/2017, maximum temporal cluster size of 120 days;
Table S2: Space—-time significant clusters of hepatitis A in 15-49 years-old men and women, Spain,
2016/2017, maximum temporal cluster size of 120 days.

Author Contributions: All authors contributed to the study conception and design. The first draft of
the manuscript was written by M.G.-V. and all authors critically contributed to its discussion. All
authors have read and agreed to the published version of the manuscript.


https://www.mdpi.com/article/10.3390/ijerph192416775/s1
https://www.mdpi.com/article/10.3390/ijerph192416775/s1

Int. |. Environ. Res. Public Health 2022, 19, 16775 12 of 13

Funding: The APC was funded by the Programme of Prevention, Surveillance, and Control of
Transmissible Diseases (PREVICET), CIBER de Epidemiologia y Salud Publica (CIBERESP), Instituto
de Salud Carlos III, Madrid (Spain).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. The Research Ethics Committee of the Institute of Health Carlos III has confirmed that
no ethical approval is required.

Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets generated and analysed during the current study are
available from the corresponding author on reasonable request.

Acknowledgments: The authors of this study would like to thank the PREVICET Sub-Working Group
of Viral Hepatitis, which is composed of: Dominguez A, Soldevila N (Universitat de Barcelona and
CIBERESP), Varela C, Guerrero M, Pefiuelas M (Centro Nacional de Epidemiologia and CIBERESP),
Torner N (CIBERESP), Martinez A, Godoy P, Borras E (Agencia de Salut Publica de Catalunya and
CIBERESP), Rius C (Agencia de Salut Publica de Barcelona and CIBERESP) and Avellén A (Centro
Nacional de Microbiologia and CIBERESP). The authors would also like to thank all local and regional
Public Health Authorities involved in the diagnosis, epidemiological investigation and control of
hepatitis A outbreaks in Spain.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

@

10.

11.

12.

13.

Costa-Mattioli, M.; Napoli, A.D.; Ferré, V.; Billaudel, S.; Perez-Bercoff, R.; Cristina, J. Genetic variability of hepatitis A virus.
J. Gen. Virol. 2003, 84 Pt 12, 3191-3201. [CrossRef]

Averhoff, E; Khudfyakov, Y.; Vellozi, C. Hepatitis A virus. In Principles and Practice of Infectious Diseases, 9th ed.; Bennett, J.E.,
Dolin, R., Blser, M.]., Eds.; Elsevier: Philadelphia, PA, USA, 2020; pp. 2243-2261.

WHO. WHO Position Paper on Hepatitis A Vaccines—June 2012. Wkly. Epidemiol. Rec. 2012, 87, 261-276.

European Centre for Disease Prevention and Control; Hepatitis, A. In ECDC. Annual Epidemiological Report for 2016. Stock-
holm: ECDC. 2019. Available online: https:/ /www.ecdc.europa.eu/sites/default/files/documents/AER-2016-hepatitis- A.pdf
(accessed on 9 June 2022).

Theeten, H.; Van Herck, K.; Van Der Meeren, O.; Crasta, P.; Van Damme, P.; Hens, N. Long-term antibody persistence after
vaccination with a 2-dose HavrixTM (inactivated hepatitis A vaccine): 20 years of observed data, and long-term model-based
predictions. Vaccine 2015, 33, 5723-5727. [CrossRef]

Petrecz, M.; Acosta, C.J.; Klopfer, S.0.; Kuter, B.].; Goveia, M.G; Stek, ].E.; Schodel, EP.; Lee, A.W. Safety and immunogenicity
of VAQTA®in children 12-to-23 months of age with and without administration of other US pediatric vaccines. Hum. Vaccines
Immunother. 2019, 15, 426-432. [CrossRef]

Grupo de trabajo vacunacion en poblacién adulta y grupos de riesgo de la Ponencia de Programa y Registro de Vacunaciones.
Vacunacioén en grupos de riesgo de todas las edades y en determinadas situaciones. Comisién de Salud Publica del Consejo
Interterritorial del Sistema Nacional de Salud. Ministerio de Sanidad, Consumo y Bienestar Social, julio. 2018. Available
online: https:/ /www.sanidad.gob.es/profesionales/saludPublica/prevPromocion/vacunaciones/programasDeVacunacion/
riesgo/Vac_GruposRiesgo_todasEdades.htm (accessed on 12 October 2021).

European Centre for Disease Prevention and Control. Hepatitis A outbreaks in the EU/EEA mostly affecting men who have sex
with men—second update, 19 May 2017. Stockholm: ECDC. 2017. Available online: https://www.ecdc.europa.eu/sites/default/
files/documents /RRA-19-May-2017_UPDATE_2-HepatitisA-in-mostly-MSM.pdf (accessed on 19 July 2022).

Rodriguez-Tajes, S.; Perpiiian, E.; Caballol, B.; Lens, S.; Marifio, Z.; Costa, J.; Vilella, A.; Pérez-Del-Pulgar, S.; Forns, X,;
Koutsoudakis, G. Hepatitis A outbreak in Barcelona among men who have sex with men (MSM), January-June 2017: A hospital
perspective. Liver Int. Off. |. Int. Assoc. Study Liver 2018, 38, 588-593. [CrossRef]

Ibafiez-Tomas, E.; Gasch-Gallén, A. Sexual practices and the risk of Hepatitis A in men who have sex with men in Spain. J. Nurs.
Manag. 2021, 29, 32-42. [CrossRef]

Ndumbi, P; Freidl, G.S.; Williams, C.J.; Mardh, O.; Varela, C.; Avellon, A.; Friesema, I.; Vennema, H.; Beebeejaun, K.; Ngui, S.L.;
et al. Hepatitis A outbreak disproportionately affecting men who have sex with men (MSM) in the European Union and European
Economic Area, June 2016 to May 2017. Euro Surveill. 2018, 23, 1700641. [CrossRef]

Areas urbanas en Espafia, 2021. Ministerio de Transportes, Movilidad y Agenda Urbana, DG de Vivienda y Suelo. Available
online: http://atlasau.fomento.gob.es/#c=home (accessed on 26 April 2022).

Espania. Real Decreto 2210/1995, de 28 de Diciembre, por el que se crea la Red Nacional de Vigilancia Epidemiolégica. (Boletin
Oficial del Estado nim. 21, de 24 de enero de 1996). Available online: https://www.boe.es/buscar/doc.php?id=BOE-A-1996-1502
(accessed on 9 October 2022).


http://doi.org/10.1099/vir.0.19532-0
https://www.ecdc.europa.eu/sites/default/files/documents/AER-2016-hepatitis-A.pdf
http://doi.org/10.1016/j.vaccine.2015.07.008
http://doi.org/10.1080/21645515.2018.1530934
https://www.sanidad.gob.es/profesionales/saludPublica/prevPromocion/vacunaciones/programasDeVacunacion/riesgo/Vac_GruposRiesgo_todasEdades.htm
https://www.sanidad.gob.es/profesionales/saludPublica/prevPromocion/vacunaciones/programasDeVacunacion/riesgo/Vac_GruposRiesgo_todasEdades.htm
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-19-May-2017_UPDATE_2-HepatitisA-in-mostly-MSM.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-19-May-2017_UPDATE_2-HepatitisA-in-mostly-MSM.pdf
http://doi.org/10.1111/liv.13606
http://doi.org/10.1111/jonm.13179
http://doi.org/10.2807/1560-7917.ES.2018.23.33.1700641
http://atlasau.fomento.gob.es/#c=home
https://www.boe.es/buscar/doc.php?id=BOE-A-1996-1502

Int. |. Environ. Res. Public Health 2022, 19, 16775 13 of 13

14.

15.
16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Red Nacional de Vigilancia Epidemioldgica (RENAVE). Protocolo de Vigilancia de la Hepatitis A. Protocolos de la Red Nacional de
Vigilancia Epidemiolédgica. Available online: https://www.isciii.es/QueHacemos/Servicios/ VigilanciaSaludPublicaRENAVE/
EnfermedadesTransmisibles/Documents/ PROTOCOLOS/Protocolo%20de%20Vigilancia%20de%20Hepatitis%20A.pdf (ac-
cessed on 11 January 2022).

National Statistics Institute (INE), Ministry of Economic Affairs and Digital Transformation, Spain. Available online: https:
//www.ine.es (accessed on 8 February 2022).

Kulldorff, M. A spatial scan statistic. Commun. Stat Theory Methods 1997, 26, 1481-1496. [CrossRef]

Friesema, I.H.; Sonder, G.J.; Petrignani, M.W.; Meiberg, A.E.; van Rijckevorsel, G.G.; Ruijs, W.L.; Vennema, H. Spillover of a
hepatitis A outbreak among men who have sex with men (MSM) to the general population, the Netherlands, 2017. Euro Surveill.
2018, 23, 1800265. [CrossRef]

Aulicino, G.; Faccini, M.; Lamberti, A.; Senatori, S.; Ciconali, G.; Gandolfi, C.; Galli, C.; Tagliacarne, C.; Castaldi, S.; Romano, L.
Hepatitis A epidemic in men who have sex with men (MSM) in Milan, Italy. Acta Biomed. 2020, 91, 106-110. [CrossRef]
Tortajada, C.; Saunas Working Group; de Olalla, P.G.; Diez, E.; Pinto, R.M.; Bosch, A.; Perez, U.; Sanz, M.; A Cayla, J. Hepatitis A
among men who have sex with men in Barcelona, 1989-2010: Insufficient control and need for new approaches. BMC Infect. Dis.
2012, 12, 11. [CrossRef]

Simms, I; Field, N.; Jenkins, C.; Childs, T.; Gilbart, V.L.; Dallman, T.J.; Mook, P.; Crook, P.D.; Hughes, G. Intensified shigellosis
epidemic associated with sexual transmission in men who have sex with men-Shigella flexneri and S. sonnei in England, 2004 to
end of February 2015. Euro Surveill. 2015, 20, 21097. [CrossRef]

Savage, E.J.; Hughes, G.; Ison, C.; Lowndes, C.M. European Surveillance of Sexually Transmitted Infections network. Syphilis
and gonorrhoea in men who have sex with men: A European overview. Euro Surveill. 2009, 14, 19417. [CrossRef]

Plunkett, J.; Mandal, S.; Balogun, K.; Beebeejaun, K.; Ngui, S.L.; Ramsay, M.; Edelstein, M. Hepatitis A outbreak among men who
have sex with men (MSM) in England, 2016-2018: The contribution of past and current vaccination policy and practice. Vaccine X
2019, 1, 100014. [CrossRef]

Zimmermann, R.; Faber, M.; Dudareva, S.; Ingiliz, P.; Jessen, H.; Koch, J.; Marcus, U.; Michaelis, K.; Rieck, T,
Ruscher, C.; et al. Hepatitis A outbreak among MSM in Berlin due to low vaccination coverage: Epidemiology, management, and
successful interventions. Int. |. Infect. Dis. 2021, 103, 146-153. [CrossRef]

Alberts, C.J.; Boyd, A.; Bruisten, S.M.; Heijman, T.; Hogewoning, A.; van Rooijen, M.; Siedenburg, E.; Sonder, G.J. Hepatitis A
incidence, seroprevalence, and vaccination decision among MSM in Amsterdam, the Netherlands. Vaccine 2019, 37, 2849-2856.
[CrossRef]

Regan, D.G.; Wood, J.G.; Benevent, C.; Ali, H.; Smith, L.W.; Robertson, PW.; Ferson, M.].; Fairley, C.K.; Donovan, B.; Law, M.G.
Estimating the critical immunity threshold for preventing hepatitis A outbreaks in men who have sex with men. Epidemiol. Infect.
2016, 144, 1528-1537. [CrossRef]

Freidl, G.S.; Sonder, G.J.; Bovée, L.P,; Friesema, I.LH.; van Rijckevorsel, G.G.; Ruijs, W.L.; van Schie, F; Siedenburg, E.C.; Yang, ].-Y.;
Vennema, H. Hepatitis A outbreak among men who have sex with men (MSM) predominantly linked with the EuroPride, the
Netherlands, July 2016 to February 2017. Euro Surveill. 2017, 22, 30468. [CrossRef]

Suadrez Gaiche, N.; Purrifios-Hermida, M.]J.; Pousa Ortega, A. Hepatitis A outbreak in Galicia during 2016-2018. Rev. Esp. Salud.
Publica 2020, 94, €202001003. [CrossRef]

Galdeano Osuna, M.C.; Baca Fuentes, M.; Jiménez Narvajo, B.; Porras-Povedano, M. Study of the prevention and control
campaign for the hepatitis A outbreak in men who have sex with men in Seville (2016-2018). Vacunas 2022, 208-214. [CrossRef]
Lanini, S.; Minosse, C.; Vairo, F.; Garbuglia, A.; Di Bari, V.; Agresta, A.; Rezza, G.; Puro, V.; Pendenza, A.; Loffredo, M.R,; et al. A
large ongoing outbreak of hepatitis A predominantly affecting young males in Lazio, Italy; August 2016-March 2017. PLoS ONE
2017, 12, e0185428. [CrossRef] [PubMed]

Pardhan-Ali, A.; Berke, O.; Wilson, J.; Edge, V.L.; Furgal, C.; Reid-Smith, R.; Santos, M.; A McEwen, S. A spatial and temporal
analysis of notifiable gastrointestinal illness in the Northwest Territories, Canada, 1991-2008. Int. ]. Health Geogr. 2012, 11, 17.
[CrossRef] [PubMed]

Hughes, G.J.; Gorton, R. An evaluation of SaTScan for the prospective detection of space-time Campylobacter clusters in the North
East of England. Epidemiol. Infect. 2013, 141, 2354-2364. [CrossRef] [PubMed]

Gleason, J.A.; Ross, K.M.; Greeley, R.D. Analysis of population-level determinants of legionellosis: Spatial and geovisual methods
for enhancing classification of high-risk areas. Int. J. Health Geogr. 2017, 16, 45. [CrossRef]

Kammetrer, J.S.; Shang, N.; Althomsons, S.P.; Haddad, M.B.; Grant, J.; Navin, T.R. Using statistical methods and genotyping to
detect tuberculosis outbreaks. Int. J. Health Geogr. 2013, 12, 15. [CrossRef]

Stelling, J.; Yih, WK, Galas, M.; Kulldorff, M.; Pichel, M.; Terragno, R.; Tuduri, E.; Espetxe, S.; Binsztein, N
O’Brien, T.F; et al. Automated use of WHONET and SaTScan to detect outbreaks of Shigella spp. using antimicrobial
resistance phenotypes. Epidemiol. Infect. 2010, 138, 873—-883. [CrossRef]


https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/PROTOCOLOS/Protocolo%20de%20Vigilancia%20de%20Hepatitis%20A.pdf
https://www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/PROTOCOLOS/Protocolo%20de%20Vigilancia%20de%20Hepatitis%20A.pdf
https://www.ine.es
https://www.ine.es
http://doi.org/10.1080/03610929708831995
http://doi.org/10.2807/1560-7917.ES.2018.23.23.1800265
http://doi.org/10.23750/abm.v91i3-S.9457
http://doi.org/10.1186/1471-2334-12-11
http://doi.org/10.2807/1560-7917.ES2015.20.15.21097
http://doi.org/10.2807/ese.14.47.19417-en
http://doi.org/10.1016/j.jvacx.2019.100014
http://doi.org/10.1016/j.ijid.2020.11.133
http://doi.org/10.1016/j.vaccine.2019.03.048
http://doi.org/10.1017/S0950268815002605
http://doi.org/10.2807/1560-7917.ES.2017.22.8.30468
http://doi.org/10.4321/S1135-57272020000100017
http://doi.org/10.1016/j.vacune.2022.10.006
http://doi.org/10.1371/journal.pone.0185428
http://www.ncbi.nlm.nih.gov/pubmed/29125835
http://doi.org/10.1186/1476-072X-11-17
http://www.ncbi.nlm.nih.gov/pubmed/22642702
http://doi.org/10.1017/S0950268812003135
http://www.ncbi.nlm.nih.gov/pubmed/23347688
http://doi.org/10.1186/s12942-017-0118-4
http://doi.org/10.1186/1476-072X-12-15
http://doi.org/10.1017/S0950268809990884

	Introduction 
	Materials and Methods 
	Study Area 
	Data Sources 
	Hepatitis A Outbreaks 
	Hepatitis A Cases 
	Temporal Trends 
	Space–Time Cluster Analysis 

	Statistical Analyses 

	Results 
	Outbreaks Related to MSM 
	Temporal Trends and Male-to-Female Ratio 
	Space–Time Cluster Analysis 

	Discussion 
	Conclusions 
	References

