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Seroprevalence of dengue in school children in Mexico ages 6-17
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Background: Dengue is the most important arboviral disease in the world. Seroprevalence has been proposed
as a marker of endemicity, however, studies are scarce.

Methods: We conducted a cross-sectional, stratified cluster, random sample study to measure the seropreva-
lence of antibodies to dengue virus (DENV) in Mexico. The target population was school children ages 6-17 y
from 22 endemic states in Mexico, clustered in four regions: Pacific, South-Central, Southeast and Low.

Results: A total of 2134 subjects provided blood samples for immunoglobulin G antibody detection in serum
by enzyme-linked immunosorbent assay. Overall, the seroprevalence of antibodies against DENV was 33.5%
(95% confidence interval [CI] 27.5 to 40.1). The Southeast had the highest regional seroprevalence, reaching
70.9% (95% CI 60.3 to 79.7). Seroprevalence was higher in older children in the Southeast region: 62.1%
(95% CI 46.9 to 75.2) in children 6-8 y and 82.6% (95% CI 73.8 to 88.9) in 13-17 years old (y). However, this
was not consistent in all regions. Seroprevalence was associated with dengue incidence.

Conclusions: DENV seroprevalence in Mexico was found to be heterogeneous at the country, regional and
state levels. Seroprevalence was linked to long-term exposure and did not adequately reflect recent patterns
of transmission, suggesting that utilization of a single epidemiological indicator to define endemic regions
should be avoided.
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transmission has been observed in states on both coasts and

Intr ion
troductio some central states, particularly Morelos and the tropical region

Dengue is the most common vector-borne viral disease in
Mexico.? It is cyclical, with peak epidemic periods exceeding
60 000 cases, and although fatality rates are relatively low
(<1%), the frequency of severe dengue (dengue haemorrhagic
fever/dengue shock syndrome) has increased from 1 case of
severe dengue per 30-40 cases of dengue fever (DF) to 1 case
of severe dengue per 4-6 cases of DF from 1995 to 2005.%3

In terms of geographical distribution, dengue cases have
been reported in almost all of Mexico. However, sustained

known as Huasteca (San Luis Potosi and Hidalgo).*
Seroprevalence is dependent on exposure of the population
to an infectious agent, and ecological and epidemiological
forces act on this general principle to modify the force of infec-
tion.> For example, Brunkard et al.° compared the seropreva-
lence of anti-dengue virus (DENV) antibodies in Matamoros in
Mexico and Brownsville in the United States, which are
neighbouring cities, similar in climate and vector presence.
Interestingly however, Matamoros presents higher rates of
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sustained dengue transmission, while Brownsville presents spor-
adic cases with few autochthonous cases.” The distribution of
the frequency of anti-DENV antibodies differs between the two
cities. In general, the prevalence is lower in Brownsville (40%)
compared with Matamoros (78%), and in Brownsville the groups
with the lowest frequency of anti-DENV antibodies are those
younger than 24 y and older than 55 y of age, while in
Matamoros the frequency remains high from the age of 15y
onwards.® It can be said that the seroprevalence distribution in
Matamoros is typical of a dengue-endemic community. This
study showed that risk factors associated with prevalence were
those associated with the social welfare of both cities. For
example, a greater population density is associated with a high-
er seroprevalence, while having domiciliary air conditioning is
associated with a lower seroprevalence.

In Jaltipan, Veracruz, Mexico in 2002-2004, the overall sero-
prevalence of DENV was 79.6%.% In Morelos, in the cities of
Axochiapan and Tepalcingo, 1196 persons were studied and a
total seroprevalence of 76.6% was found. Additionally, it was
reported that between ages 5 and 9 y, prevalence was 35.7%;
for ages 10-14 y it was 52.2%; for ages 15-19 y it was 58.9%;
for ages 20-30 y it was >70% and in those >30 y, prevalence
was >93%.° Regarding specific serotype immunity, it has been
reported that between the ages of 5 and 9 y, 82.5% tested posi-
tive for serotype DENV-1, 45% for DENV-2 and 65% for DENV-3;
for the population >10 y of age it was 60% for the four sero-
types; and in the group ages 10-25 y, DENV-4 was seen in
43%.

In general, seroprevalence studies published in Mexico are
consistent with global seroprevalence for dengue, at >70% and
up to 90% in those >30 y of age. However, the principle limita-
tion of previous studies is that they only represent areas of
hyperendemic dengue disease. Consequently the objective
of this study was to determine the seroprevalence in a group of
6- to 17-year-old students attending public schools, for two rea-
sons: (1) it is important to know the baseline immunological sta-
tus of these children for implementation of a public vaccination
policy against dengue, since the World Health Organization
recommends administration in children older than 9 y and (2) in
endemic areas the seroprevalence in adults is almost 100%.°

Methods

A cross-sectional study was conducted from February to July
2016 with Mexican school children ages 6-17 y in randomly
selected public elementary or middle schools from 22 states in
the country. Initially three geographic regions were established,
based on the distribution of newly reported dengue cases.
However, once the seroprevalence was determined, it was
decided to rearrange the regions to prevent the states with low
exposure from biasing some regional results. As such, the
results presented here show four regions: Pacific, South-Central,
Southeast, and Low (a region composed of low seroprevalence
states).

The sampling design was probabilistic, stratified and clus-
tered, with the sampling frame (elementary and middle schools)
ordered by state, district and location. The number of schools
selected was 91 (48 elementary and 42 middle schools).

In the conceptual design of the survey, schools were con-
sidered as a unit of analysis and the person responsible for the
child was assigned the role of informer. To calculate the sample
size, the proportion to be estimated was 5%, with an acceptable
relative error of 0.3, a 95% confidence interval (CI) and a design
effect of 1.5. Finally, a sample size of 15% was added to com-
pensate for non-response losses. The average sample size was
576 elementary school students and 252 middle school stu-
dents out of a total of 828 students per region. This represents
a total of 2484 students for the entire study.

For the selection of schools and participating school children,
districts of >10000 inhabitants in each of the regions were
identified using the INEGI (Instituto Nacional de Estadistica y
Geografia [National Institute of Statistics and Geography]) data-
bases.'* Afterwards, with information provided by the National
School Information System of the SEP (Secretaria de Educacion
Publica [Secretariat of Public Education]), elementary and mid-
dle schools of each of the districts per region were identified.*?
Later, elementary and middle schools were identified in each
district and grouped by region. Out of the clusters, a sample of
16 elementary schools and 14 middle schools was taken for
each region. Within each school, groups were randomly selected
from each class and 6 students were randomly selected within
each group, resulting in 36 elementary school students and 18
middle school students.

The inclusion criteria were as follows: school children 6-17 y
of age enrolled in selected elementary or middle schools who
agreed to provide an initial blood sample, whose parents or
guardians signed the informed consent form and who them-
selves signed the informed consent form for children older than
6y.

The exclusion criteria were as follows: school children diag-
nosed with immunological, oncological or chronic degenerative
diseases and those whose parents or guardians did not give
consent to participate in the study.

The primary information came from two sources: the inter-
view questionnaire and the peripheral venous blood sample. The
questionnaire included a section on sociodemographic data;
household conditions; the presence of dengue cases in the
household, neighbourhood and school; family history of dis-
eases and a section on the child’s disease and vaccination his-
tory. The selected student’s parent or guardian answered the
questionnaire.

Certified clinical laboratory personnel collected 7.5 mL per-
ipheral venous blood samples from the participants to identify
the presence of anti-DENV antibodies. The samples were pre-
served and dispatched according to the guidelines and regula-
tions established by the Mexican Institute of Epidemiological
Diagnosis and Reference (INDRE).'® Later, the samples were cen-
trifuged at local laboratories to separate the serum. Two ali-
quots of 1.5 mL each were frozen (<-20°C) and sent to the
School of Medicine of the National Autonomous University of
Mexico for long-term storage. In order to process for anti-DENV
immunoglobulin G (IgG), the samples were transported by cour-
ier services, in accordance with safety regulations, to the ser-
ology laboratory at the Infectious Disease Research Center
(CISEI) of the National Institute of Public Health.

The presence of DENV-specific antibodies was determined
using an indirect IgG enzyme-linked immunosorbent assay kit
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(Panbio E-DEN 01G kit, Alere, Waltham, MA, USA), following the
manufacturer’s instructions. This kit does not discriminate
between the four DENV serotypes. The sensitivity and specificity
of the test are 100% and 98%, respectively. In relation to cross-
reactivity with other flaviviruses, it is important to note that in
Mexico there is no sustained circulation of yellow fever.'*

Global descriptive analyses were performed, by region and
age group, using measures of central tendency for continuous
variables and absolute and relative frequencies for qualitative
variables. Seroprevalence and CIs were determined by gender,
age group and region. A simple linear regression model was
also created to evaluate the link between seroprevalence and
incidence rate. All estimates presented here take into consider-
ation the sample design used.

The expansion factors were constructed as a product of the
expansion factors at each sample stage: of schools, groups
and students. The expansion factor of each stage was equal
to the inverse of the probability of selection of the unit in
question.

Results

Initially 2722 students were selected, of which 2617 agreed to
participate and 81.5% (n=2134) supplied a blood sample and a
completed questionnaire. Among those not included (n=483),
69 could not provide a blood sample for various reasons, includ-
ing failure to properly take the sample, absence of the parent or
guardian responsible for the subject or other logistical failings.
The remaining 414 subjects provided a blood sample, but with-
out the nominal information. This group consisted of siblings of
enrolled subjects whom parents had asked to be included or
samples not processed due to errors in code registration
(Figure 1). These subjects were concentrated in the Pacific and
South-Central region. Considering the expansion factor, the
sample represents 4 385 349 public elementary and middle
school students from the 22 states included in the study.
Sample distribution by state and region can be found in Table 1.

Selected Schools
N =2,722

No authorization for
sample (n = 59)

» Blood samples did not
meet specifications to
determine IgG (n = 46)

A A4
Interviews without Blood sample with
sample interview

n =69 (2.6%) n=2,134 (81.5%)

v
Sample without
interview
n =414 (15.8%)

A 4

Seroprevalence
study

Figure 1. Scheme for selection and discontinuation of study subjects.

The mean age of the study population was 10.7 y (standard
deviation [SD] 2.74); 25.8% of subjects were 6-8 y of age,
42.8% were 9-12 y of age and 31.4% were 13-17 y of age. The
age distribution by region was heterogeneous (x°=110.5;
p<0.001).

Female subjects made up 51.7% (n=1102/2134) of partici-
pants. Sex distribution among the age groups showed no statis-
tically significant differences (y?=0.19, p=0.909).

Global and regional seroprevalence

Overall seroprevalence was 33.5% (95% CI 27.5 to 40.1). Of the
four selected regions, the highest recorded seroprevalence was
in the Southeast, at 70.9% (95% CI 60.3 to 79.7) positivity, fol-
lowed by the South-Central (44.5% [95% CI 33.0 to 56.5]) and
Pacific (38.8% [95% CI 25.3 to 54.4]) regions, while the region
with the lowest seroprevalence had 13.3% positivity (95% CI 9.0
to 19.2). The seroprevalence results in the 9-17 y age group
were similar: in the Southeast, 74.3% (95% CI 64.2 to 82.4);
South-Central, 53% (95% CI 38.4 to 67.2); Pacific, 39.4% (95%
(I 26.8 to 53.6) and in the lowest seroprevalence region, 13.1%
(95% CI 8.8 to 19.0) (Figure 1A).

Upon analysing the seroprevalence of each age group
(Figure 1B), an increasing tendency was observed with increas-
ing age: <9 y of age, 26.5% seropositive; 9-12 y of age, 33.6%;
13-17 y of age, 42%.

There was a significant positive trend in overall seroprevalence
across the three age groups in the South-Central and Southeast
regions, where the average seropositivity is higher than the
national average (z=5.94, p<0.005). In comparison with the
younger age group, the odds ratio for the 9- to 12-year-old group
was 1.42 (95% CI 0.97 to 2.06) and for the 13- to 17-year-old
group was 2.07 (95% CI 1.09 to 3.91). The distribution in the
Pacific region is more difficult to interpret due to the sampling
problems referred to earlier, and the seroprevalence among age
groups in the Low seroprevalence region is most likely the result
of early transmission of dengue in that area.

Seroprevalence and incidence

In the proposed model for evaluating the association between
seroprevalence and officially reported incidence, seroprevalence
was considered by district (n=65 districts) and the median inci-
dence per 100000 inhabitants recorded between 2010 and
2015 by the Ministry of Health. The model adjusted the lower
median incidence values to 80 cases per 100 000 inhabitants
(n=60 districts), as no linear relationship was observed in the
upper values.

In accordance with the estimated model, seroprevalence
increased by an average of 0.75 percentage point (95% CI
0.457 to 1.050) for each increment of 1 unit in the median inci-
dence per 100 000 inhabitants. The p-value associated with
the test was <0.0001, suggesting the median incidence
between 2010 and 2015 provides statistically significant infor-
mation associated with seroprevalence. During this period the
total variability of seroprevalence, explained by the median inci-
dence among the districts included in the study, was 30.9%
(Figure 2).
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Table 1. Distribution of the study population by state and region

Pacific n South-Central n Southeast n Low seroprevalence n
Baja California 68 Guerrero 177 Campeche 59 Coahuila 108
Baja California Sur 21 Morelos 43 Chiapas 190 Guanajuato 125
Nayarit 36 Oaxaca 53 Quintana Roo 55 Jalisco 172
Sinaloa 70 Puebla 29 Tabasco 106 Michoacdn 59
Sonora 76 Veracruz 203 Yucatan 140 Nuevo Leon 147
San Luis Potosi 50
Tamaulipas 147
Total 271 505 550 808
A Seroprevalence at 6-17 years old
Region Seroprevalence, % 95% CI

Low seroprevalence 1 13.3 9.0-19.2

 Pacific 38.8 25.3-54.4

South-Central 44.5 33.0-56.5

70.9 60.3-79.7

vy}

Age group (yoars): 6-8 WO-12 W13-17

Seroprevalence (%)
2

0 = T T
Scroprevalence

Pacific South-Central Southeast

Figure 2. Dengue seroprevalence by region and age group. Map of Mexico shows (A) the areas analysed in this study. (B) The insert shows the aver-
age prevalence by region and the bars show the average positivity by age group.

Discussion

To our knowledge, this is the first probabilistic study to measure
the seroprevalence of anti-DENV antibodies at the national level
in a continental country in America. The overall seroprevalence
of the subjects between 6 and 17 y of age was relatively low

(33.5% [95% CI 27.5 to 40.0]), which should not be surprising
since the majority of the country’s population lives in districts at
1000 m above sea level, where the force of infection is weak or
non-existent (Figure 3).

The data do show a marked heterogeneity between and
within regions. The central region has a reported seroprevalence
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Figure 3. Seropositivity to dengue and association with incidence. Linear
association between seroprevalence by district (n=60 districts) and the
median incidence per 100 000 inhabitants recorded between 2010 and
2015. Incidence data from the Direccion General de Epidemiologia,
Secretaria de Salud, Mexico.

of 44.5% (95% CI 33.0 to 56.5), however, published findings of
two studies in districts within the central region (Jaltipan in
Veracruz and Tepalcingo/Axochiapan in Morelos) reported mean
seroprevalences (in that age group) of 68% and 42%, respect-
ively; one district falls within the expected interval while the
other exceeds it.®?

We found a significant association between the incidence
during the last 5 y and the seroprevalence found in the districts
studied. However, in the model, the variability of seroprevalence
explained by the median incidence only accounts for 31% of the
total variability. In terms of seroprevalence, there are other fac-
tors aside from the recorded incidence that determine the fre-
quency of anti-DENV antibodies. For example, in accordance
with the Water Commission report from 2013-2016,"° all
schools in the South region are in states where annual precipita-
tion reaches well above the national average (641.6 mm). In
contrast, the schools in the low seroprevalence region are found
in states where annual precipitation was below the national
average, with the exception of Tamaulipas, which reached 712.1
mm. Similar observations have been reported in Africa.'®’

Another factor of potential importance is the circulation of
serotypes. In general, Mexico has shown regular behaviour in
the replacement of types and lineages,® and according to the
virological surveillance system, for approximately 9 y the pre-
dominant serotype has been DENV-1.'® Notwithstanding the
states in the Southeast region, where seroprevalence is highest,
a hyperendemic state’® has been maintained since 1995, while
the states in the low seroprevalence region (with the exception
of Jalisco) have maintained a situation of monotypical transmis-
sion.'® This interpretation has been used in other studies relat-
ing seroprevalence to the circulation of serotypes.?®%!

Seroprevalence by age shows a similar pattern of behaviour.
Where transmission is more intense (in the South-Central and
Southeast regions), seroprevalence is directly proportional to

age group. Where transmission is less intense (in the Pacific
region and the low seroprevalence region), this does not appear
to be the case (Figure 1). Little is known about incidence and
other factors associated with transmission that may affect sero-
prevalence, but we do know that transition from a hypoendemic
to a hyperendemic state modifies the seroprevalence profiles of
the age groups.??

Some limitations were identified but they were considered
insufficient to bias the study. Limitations identified included the
fact that excluded subjects were 18.5% of the sample obtained.
Comparing this with the estimated lack of response rate at
15%, the difference did not represent a greater threat to the
validity of the results, considering the estimated sample preva-
lence was less than that ultimately recorded. Our initial suppos-
ition in the selection of schools and districts of >10 000
inhabitants at <1800 m above sea level in the defined region
was found to be insufficient, but this was principally due to the
fact that this was a previously unpublished population-based
probabilistic and randomized study of seroprevalence of anti-
dengue antibodies. Districts with high transmission and an
almost hyperendemic profile (schools in Jalisco, Nuevo Ledon
and Tamaulipas) within the low seroprevalence region were not
sufficiently represented, while schools in districts that may be
considered hypoendemic were distributed throughout all regions.
Consequently, further research is needed that considers samples
by state and without limitations on the population size and dis-
tance above sea level.

It is not surprising that a country as diverse as Mexico in
terms of ecological microenvironments, virus circulation history
and mobility of inhabitants?® produced heterogeneous results
preventing generalization of the study results. However, the
problem of heterogeneity of dengue transmission is most likely
to repeat itself regardless of aggregation, whether at the state
or district level, and even at the level of blocks in each neighbor-
hood.”*?® We believe, therefore, that only in countries with a
defined geography, ecology and circulation of serotypes are
national seroprevalence surveys useful for public health.

The initial concept that anti-DENV immunity has an impact
on protection, as well as on the pathogenesis of severe cases, is
beginning to be revised. Understanding these concepts is con-
sidered critical for the development and evaluation of vaccines
currently registered in various countries, including Mexico.
However, recent evidence suggests that anti-DENV immunity is
far more complicated than we initially thought.?’® Public
health decisions made based on data of this type should be
evaluated taking into consideration factors such as the ecology
and history of serotype circulation in the area where the studies
are being conducted and other relevant epidemiological indica-
tors that define priority areas where control efforts should be
focused.

In conclusion, the frequency of anti-DENV IgG antibodies in
Mexico reflects both the incidence of dengue and the circulation
of serotypes; the Southeast region presents the highest propor-
tion of the seropositive population in the 6-17 y age group, but
it should be noted that, according to the literature, there are
areas with a high frequency of anti-DENV antibodies at locations
inside regions with low seroprevalence. Therefore the results pre-
sented here should be considered carefully and generalizations
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on specific locations avoided. Further work should be conducted
to explore variables such as climate and geography in order to
have a predictive model of dengue seroprevalence.
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