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Risk of dengue virus infection
according to serostatus

in individuals from dengue endemic
areas of Mexico

I.Y. Amaya-Larios?, R. A. Martinez-Vega®*, F. A. Diaz-Quijano®, E. Sarti, E. Puentes-Rosas®,
L. Chihu! & J. Ramos-Castafieda®”"*

The variability in the host immune response directed against dengue virus (DENV) has demonstrated
the need to understand the immune response associated with protection in incident infection. The
objective was to estimate the association between serostatus and the risk of incident DENV infection.
We used a prospective study from 2014 to 2016 in the localities of Axochiapan and Tepalcingo,
Morelos, Mexico. We recruited 966 participants, of which, according to their infection history
registered were categorized in four groups. To accomplish the objectives of this study, we selected

to 400 participants older than 5 years of age were followed for 2.5 years. Blood samples were taken
every 6 months to measure serological status and infection by ELISA. In individuals with at least two
previous infections the risk of new infection was lower compared to a seronegative group (hazard ratio
adjusted 0.49, 95% Cl 0.24-0.98), adjusted for age and locality. Therefore, individuals who have been
exposed two times or more to a DENV infection have a lower risk of re-infection, thus showing the role
of cross-immunity and its association with protection.

Dengue is a viral disease transmitted by Aedes mosquitoes and is considered a public health problem worldwide'.
The clinical spectrum of infection by any of the four serotypes of dengue virus (DENV) is wide because it may
present as an asymptomatic infection, a symptomatic infection or sometimes a lethal infection?.

In 2014, 40% of the world’s population was at risk of being infected, with the number estimated as between
50 and 100 million infections per year by any of the four serotypes (DENV-1 to DENV-4)>. However, Bhatt
et al. estimated that the number of infections in the world is three times higher than that reported by the World
Health Organization (WHO), with 294 million unapparent infections (95% CI 217-392) and 96 million appar-
ent infections (95% CI 217-392)*.

The maintenance of disease transmission in tropical and subtropical countries depends on demographic
factors as well as altitude, temperature, and humidity. Additionally, the immunity generated in the population
against several DENV serotypes and the evolution of the virus itself are considered factors influencing transmis-
sion, contributing to periodicity in the onset of dengue cases®.

Humoral immunity may increase the risk of showing the severe form of dengue, as suggested by several
studies performed in Thailand, Indonesia, and Cuba that estimated titers of neutralizing antibodies related to
protection and evaluated the association between the presence of preexisting neutralizing antibodies and severe
cases™

On the other hand, several findings have been observed that conflict with the enhancement theory of the
immune response. For example, in Peru, febrile cases reported in the postsecondary infection group compared
to the primary and secondary infection groups dropped significantly by 93% for DENV-3, and 64% for DENV-4,
showing that preexisting cross-reactive antibodies may decrease the risk of infection'®!!.
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Likewise, a study that evaluated the relationship between humoral immunity and protection found that the
preexistence of titers of neutralizing homotypic antibodies is associated with protection against infections by
DENV-1, DENV-2, and DENV-4!1,

Endemic transmission of DENV is intense in Mexico, the force of infection has been estimated in approxi-
mately 0.02'% In the studied area, Axochiapan and Tepalcingo, Morelos, 79% of average seroprevalence occurs
and the majority of the population have neutralizing antibodies against all serotypes after 10 years old'?; there-
fore, In this area, all DENV serotypes have been circulated since first recorded in 1984, but DENV-1 has been
predominate since 2009 with a limited circulation of DENV-2 since 2014'* (Supplementary Table S1) it is essen-
tial and necessary to evaluate the role of preexisting antibodies to define their protective or enhancing role in
subsequent infections. Thus, in this study, we assessed the seroconversion dynamics in two Mexican endemic
populations through the annual estimation of seroprevalence, and further estimated the association between
previous serostatus and the risk of incident DENV infection between August 2014 and December 2016.

Results
Recruitment and characteristics of participants. The endemic population were studied in two stages,
the first stage comprising 2010 and 2011 and it was reported elsewhere!*!*. The recruitment for the second stage
started in August 2014 and ended on November 2016, with a total of 7 follow-ups from 2011 to 2016. From the
original cohort, 72% (n=862/1196) were recruited with 104 new inclusions (n=966). The total dropout regis-
tered from follow-up 3 to follow-up 7 was 21.7% (n=210/966) (Fig. 1). The mean follow-up time for each stage
from 2014 was approximately 6 months.

The average age of cohort participants included from the follow-up on August 2014 (follow-up 3) was
34.2 years, with ages ranging between 6 and 95 years. Approximately 70% of participants stated that they lived
in the locality of Axochiapan, and most of them had access to healthcare (Table 1).

Seroprevalence. In 2016 the seroprevalence for DENV in the cohort was 90.5% (95% CI 92.2-95), which
increased 14.2 percentage points from 2011 (Fig. 2).

Incidence of recent infection by DENV. In the second stage of the cohort, 966 participants were
included, of which, according to their infection history registered between 2011 and 2012 (first stage of the
cohort), 125 were categorized in the seronegative group (Group 1), 185 participants in the seropositive with at
least two previous infections from the follow-up in 2012 (Group 2), 90 participants in the seropositive with at
least one previous infection (Group 3), and 566 participants in the seropositive group without recent infection
(Group 4).

To fulfill the objective of the study, the infections of the participants belonging to groups 1-3 were diagnosed,
because their history of infection was already known (n=400). In these groups, during follow-ups 3-7, a total
of 93 new infections were identified, including 7 reinfections. During the third follow-up, 44 infections were
detected, including 11 in group 3 (average age 17.21 years, standard deviation [SD] 6.19), and the remaining
infections belonged to the group 2 (average age of 32.3 years, SD 20.47 years).

During follow-ups 4-7, 48 infections were identified, with a total infection rate of 7.5 per 1000 person-years
(95% CI of 5.66-9.96) (Table 2, Supplementary Table S2). 61.2% (n=30) of the infections during follow-up 4-7
were asymptomatic. The rest, 18 infections, were considered symptomatic dengue infections because they stated
that they had presented fever, by the telephone follow-up carried out between visits to their homes and they had
serology compatible with recent infection; no virological diagnosis (NS1 detection or RT-PCR) of these patients
was carried out and its clinical course was ambulatory. Additionally, one participant showed seroconversion based
on dengue IgG-Indirect but was negative for IgG-Capture and IgM-Capture, and therefore was not considered
as a recent infection, because the recent infection status could not be confirmed.

In addition, 18 participants were identified as having maintained detectable IgM levels during 2 years of
follow-up; therefore, they were not considered recent DENV infections. These participants will be evaluated in
future studies to determine the causes underlying the continuing IgM level.

Relationship between previous serostatus and incident DENV infection. Among participants
with two or more previous infections (Group 2) in which additional infections were diagnosed, the infection
risk was decreased by 51.4% on average compared to seronegative individuals, adjusted for age and locality. In
contrast, we found no differential risk of infection during the follow-up for individuals with one prior infection
compared to seronegative participants.

Additionally, it was observed that living in Axochiapan reduced the infection risk compared to inhabitants
of Tepalcingo (p <0.05) (Table 3). Proportionality assumptions of the Cox model were met for each covariate
and for the overall model.

Discussion

This work is notable for its long follow-up period, which allowed assessment of the seroconversion dynamics in
these Mexican endemic populations. This assessment was achieved by estimating annual seroprevalence, as well
as by calculating the protective effect of the previous seropositive state in decreasing recent infections by DENV
in two Mexican endemic populations.

Our research studied two endemic localities in the South-Central region of the country to evaluate the role of
humoral immunity against DENV. The results showed an increase of 14.7 percentage points in the seroprevalence
between 2012 and 2016. This observed increase is attributable to DENV infections for two reasons: (1) only one
case of zika was register by the local/country epidemiolocal surveillance system in the study area, this occurred
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Follow-up June, 2011 August, 2013 August, 2014 February, August, February, August, 2016
dates — to — 2011to to —»| 2015 to May, — 2015to |—{2016 to May, —| to
November, March, 2012 November, 2015 November, 2016 November,
2011 2014 2015 2016
Follow-up|___| Follow-up 1 || Follow-up 2 ) Follow-up 3| | Follow-up 4 | _ |Follow-up 5| _|Follow-up 6[ ] Follow-up 7
n=1196 n=1163 n=966 n=925 n=876 n=823 n=756
New
inclusions
n=104
Follow-up n=33 =301 n=41 n=49 n=53 | n=67
Losses
First Stage Second Stage
2011 2012 2014 2015 2016
Figure 1. Follow-up of the cohort (2011-2016) and losses to follow-up.
Seropositive with at least | Seropositive with at least | Seropositive group without recent infection from
Seronegative | two previous infections | one previous infections | 2011 to 2012
Total 1 2 3 4
Group n=966 n=90 n=185 n=125 n=>566
Characteristics
Age, years
Mean + SD 34.2+16.45 19.5+11.8 34.8+219 222+14.5 39.82+18.0
Median [range] 32 [6-95] 16 [8.5-84] 27.6 [8.4-88.6] 17 [6-80.2] 38.9 [6.3-95.8]
n % n % n ‘ % ‘ n % ‘ n ‘ %
Locality
Axochiapan 878 [67.9 52 5738 (140 [757 [ 83 [e64 [376 |64
Gender
Woman [579 [ 600 B (433 [ 74 [400 [e3 504 [o11 [373
Access to healthcare
Health insurance 858 88.8 89 98.9 164 88.6 112 89.6 501 88.5
Not health insurance 106 11.0 1 1.1 21 11.4 13 104 64 11.3
Not evaluated 2 0.2 0 0.0 0 0.0 0 0.0 1 0.2

Table 1. Sociodemographic characteristics of the second stage of the cohort (2014). SD standard deviation.

at the beginning of the last follow-up; the case was not confirm by laboratory test (QRT-PCR) and no other case
was reported in persons who lives around the case nor in the entire locality on 2016". (2) The seroprevalence is
the presence of IgG antibodies against DENV, and it is detected using a different diagnostic kit (indirect IgG) to
determine recent infection (capture IgM/IgG ELISA); this distinction is relevant because by definition the anti-
bodies detected in the indirect ELISA kit are cross-reactive and only report exposure to DENV in regions where
only this flavivirus circulates; in regions where more than one flavivirus circulates, the diagnostic kit reports
exposure to flaviviruses'®. Thus, if there were active transmission of another flavivirus in addition to DENV, the
seroprevalence should be significantly increased; however, as can be seen (Fig. 2) there is no significant change
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2011 2014 2015 2016
Survey year

Figure 2. Seroprevalence of Axochiapan and Tepalcingo (2011-2016).

Seronegative Primary infections 202.23 19 9.44 6.02 | 14.80
Seropositive with at least one previous Secondary infections 155.00 15 9.62 5.80 |15.95
infections
Seropositive with at least two previous Postsecondary infections | 282.29 14 4.96 294 | 837
infections
Total 639.52 48 7.50 5.66 9.96

Table 2. DENV infection rate per 1000 person-years during follow-ups 4-7 (2014-2016).

Group

Seronegative 1

Seropositive with at least one previous infections | 1.00 | 0.370 0.999 0.48 2.07
Seropositive with at least two previous infections | 0.49 | 0.174 <0.05 0.24 0.98
Age 1.01 | 0.007 0.156 1.00 1.02
Locality

Tepalcingo 1

Axochiapan 0.44 |0.134 <0.05 0.24 0.81

Table 3. Factors related to incident DENV infection in cohort participants from Axochiapan and Tepalcingo,
Morelos (2014-2016). HR hazard ratio.

in the prevalence of antibodies against DENV (flavivirus) in the years before to 2016, compared to that year in
which a zika case was reported. On the other hand, this increment reflects the endemic nature of the population,
in that transmission occurs despite the stable implementation of multiple vector control measures!’1° .

Likewise, we observed that seropositivity rates in endemic regions generally increased with age, consistent
with what has been reported in other countries in Latin America and Asia. Age is a surrogate of time of exposure,
meaning that older people have a higher probability of having been infected more than once with DENYV, leading
to an increase in the titers of neutralizing antibodies against the virus that may act as a boost in immunity*%.

In our study, as well as the study of a pediatric cohort in Nicaragua, the results suggested that the duration of
cross-immunity is approximately 2 years and is associated with non-severe dengue infection; after that time, the
probability of a symptomatic infection increases”?. Additionally, the cumulative cross-immunity response over
the years of exposure confers protection to the individuals and may be one explanation for the lower frequency
of post-secondary infections in endemic populations; therefore, it has been proposed that the serostatus prior
to infection may determine the clinical form of disease, and in fact pre-existing cross-reactive antibodies may
be mainly a protective factor, corroborating the importance of heterotypic humoral immunity and the duration
of cross-immunity in response to a natural infection by DENV710-26-29
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Regarding the geographical distribution of the study localities, our results showed a reduced infection risk
for individuals living in Axochiapan compared to those living in Tepalcingo. This result is different from that
reported in the first stage of the cohort, in which the infection risk was higher for inhabitants of Axochiapan
(RR 1.64, 95% CI 1.22-2.21)%. This may be because, in the first stage of the cohort, the risk of infection due to
the proximity of a dengue case was assessed. In contrast, in our study, the infection risk was assessed based on
its previous serostatus. In addition, it could be explained by the fact that each locality had its own endemic-epi-
demic transmission dynamics.

We acknowledge the poor clinical characterization of dengue infections occurred in this study as a result
of the study design. Another study limitations is the lack of identification of the infecting serotype in assessed
individuals; however, although DENV serotype was not detected, the most common circulating serotype was
considered the infecting serotype, based on the report by the Sistemas de Vigilancia Epidemiolégica [Epidemio-
logical Surveillance Systems]'®. The study area has been exposed to all DENV serotypes since 1984. Although in
the particular period of study there was essentially DENV-1 circulation, with an anecdotic circulation of DENV-2
after 2016". Likewise, a previous work carried out in the same study area in order to determine the serological
profile against DENV of the subjects living in these communities, showed that the subjects with positive indirect
IgG presented, mainly, antibodies against DENV-1 and DENV-2, and that the positivity of DENV-3 and DENV-4
decreases after 25 years of age, which suggests that these two serotypes circulate with less intensity in the area
compared to DENV-1 and DENV-2%,

As previously noted, we finished the follow-up of this cohort in November 2016, and Zika virus (ZIKV)
transmission was initiated in Mexico early in 2015, but just one zika case was registered in the study area at the
end of August 2016'>. We acknowledge the general idea about the limitation of assessing recent DENV infec-
tion by serology in a region where more than one flavivirus circulates. Also, it is well known the limitations on
interpretation of IgM/IgG capture ELISA kit by PANBIO to diagnose DENV recent infection, specifically in
regions where ZIKV are co circulating. Having that in mind, we must differentiate the specificity of each test,
that is: IgM capture ELISA specificity 80-85%, and IgG capture ELISA specificity 40-50%°"". For these reasons,
the recent DENYV infections were confirmed by the presence or absence of IgM and/or IgG antibodies until May
2015, and after this date (follow-up 6 and 7), the DENV infections were confirmed only by detection of IgM
immunoglobulin®**.

Furthermore, in order to evaluate if IgM capture assay was suitable to reach the conclusions of this study,
we assumed that, at most, 20% of the samples could have been false positives by ZIKV cross-reactivity”. We
decided to subtract this proportion to the observed incidence and rerun the Cox proportional hazards model;
the rationale was, if using 20% false positives as the stringent scenario, and the tendency is conserved, we can
rule out an influence of zika antibodies. It was observed that the protection tendency was conserved although
the significance was lost (p>0.05) (Supplementary Table S3).

Altogether, we are confident on the results because the localities of the study were essentially free of zika
based on the epidemiological surveillance, the recent DENV infections were confirmed considering the potential
cross-reactivity, and the risk tendency remained in the sensitivity analysis.

In conclusion, this prospective study assayed immune responses to classify participants according to their
infection history, building on the first stage of the cohort and identifying previous serostatus as a protective factor
for new DENV infection in an endemic Mexican population.

Our research group has been interested in characterizing the dengue endemic nature and which are the
drivers that determine it. In particular, in this project, we were interested in observing how immunity against
DENV determines the incidence of infection. Although it was not our objective, these results are in line with
observations that have been aroused around clinical studies of vaccination with various antigens and the discus-
sion of the best vaccination strategy, for example, recently Hou et al. demonstrated that sequential vaccination
generates robust antibody and immune cell response®; likewise, Macias et al. have suggested that vaccination with
the TAK-003 vaccine followed by DENGVAXIA could improve the performance of the two separate vaccines®.
What is implicit in both papers is that reinfection by a different DENV antigen determines the protection of the
individual, so this work contributes to the discussion by providing evidence in this regard.

Methods

Study design and population. The present study is an extension of the prospective cohort study “Perido-
mestic Infection as a Determinant of Dengue Virus Transmission’, in localities of Axochiapan and Tepalcingo, of
the State of Morelos, Mexico. These localities are located at 1030 m above sea level (masl) with 17,508 inhabitants
and 1160 masl with 12,053 inhabitants, respectively36.

The first stage of the cohort study initiated in 2011 and finished in 2012'. Briefly, the study included partici-
pants living near a index dengue case (exposed cohort) and participants living in areas where no dengue cases
were reported within 100-m radius in the 2 months previous to the sample day (unexposed cohort). Methodo-
logical details of the first part of the study can be found in Martinez-Vega et al.””. The study population from the
first stage of the cohort included 1196 participants of 5-year-old or older from the localities. The results of this
stage of the cohort were necessary to define recent infection and to generate groups in the second stage of the
study, according to immune status to DENV.

The second stage of the study of this cohort started in August 2014 and ended in December 2016, in order to
assess infection history and its protective effect. The inclusion criteria in the second stage of the cohort were the
following: participants who belonged to the abovementioned cohort (1196) or who were relatives of participants
and signed the informed or explicit consent form for this new cohort stage. Participants who did not plan to live
in the study location during the follow-up period were excluded. Home visits were performed every 6 months
(5 visits total). During home visits, a questionnaire was administered and a venous blood sample was taken.
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Lab test

Baseline (first

follow-up) Second follow-up Samples with IgG2/IgG1>1 Tevrs(inin || DR

IgM IgG IgM IgG 1gG2/IgG1 Mediana (units PANBIO) | PANBIO) seroconversion % of agreement®
Negative | Negative | Positive | Negative | N.A. N.AY NAY [NAY |12 N.AY

Negative Negative | Positive | Positive |5 22.08 9.24 37.22 5 100

Negative | Negative | Negative | Positive |20 7.30 1.04 57.28 |20 100

Table 4. Evaluation of the concordance between diagnosis by laboratory and the algorithm created with
respect to the ratio of PANBIO Units of IgG. *The percentage of agreement was made between the diagnosis by
laboratory and the algorithm created with respect to the ratio of PANBIO units. °N.A. not apply.

Between each follow-up, an active surveillance were carried out just by telephone calls once a month, to
ascertain whether febrile events have taken place among the participants (Fig. 1).

Further, it is important to mention that there is no report of flavivirus circulation other than DENV before
2015, and on the other hand, in Mexico, there is no mandatory vaccination against Yellow Fever or Japanese
Encephalitis™.

Laboratory assays. The serum samples were stored at — 70 °C. The seroprevalence was assessed in the
cohort by dengue IgG-Indirect ELISA (E-DEN 01 G; Pan Bio, Abbott., Freehold, NJ, USA) following the indica-
tions of the manufacturer. The ELISA has 91.5% agreement with respect to Foci Reduction Neutralization Test
(FRNT); overall it has 98% specificity and 100% sensibility™.

The diagnostic DENV recent infection was performed using the IgM and IgG capture ELISA PANBIO test
(Cat No. E-DEN02G, and E-DENO01 M). For IgM, the sensitivity and specificity were 87% and 96% respectively,
and for IgG the sensitivity was 100% and the specificity was 98%. Because starting 2016, ZIKV transmission
was reported in the area, we discard the IgG capture assay to determine recent DENV infection in that year, we
still diagnostic recent DENV infection by IgM capture assay for the reason mentioned next.

DENYV infection definition. The sample was considered a recent infection by DENV if the sample was
positive for IgM. In case that the sample was negative for IgM-Capture but positive for IgG-Capture, it was con-
sidered the ratio of PANBIO units for IgG, obtained during the measurement in the first and second follow-up
of the first stage of the study.

The previous decision was taken according to the observations made between participants infected and
noninfected to DENV; in the group, with recent infection, the ratio of PANBIO units, was greater than one, and
in the uninfected group, the ratio was less than one (Table 4).

Definition of recent infection by DENV between 2015 and 2016.  According to the Epidemiologi-
cal Surveillance System of the Ministry of Health of Mexico, the transmission of ZIKV in the state of Morelos
began during epidemiological week 32 (August 7-13 of 2016); therefore, we consider that the area of study was
essentially free of circulation of ZIKV; until the 6th follow-up of our study (January-July 2016). The case of zika
reported in the study area occurred on August 30, 2016, that is, at the beginning of the last follow-up stage.

It is possible that ZIKV transmission started before the case was detected, but we conclude that is not the case
for the following reasons: (1) there was no report of another cases in the following 5 months, (2) IgM reactivity
on IgG + capture cases remains negative in samples taken before 2016 (Supplementary Fig. S1A); (3) IgM capture
remains negative in participants diagnosed by IgG indirect seroconversion before 2016 (Supplementary Fig. S1B).

For follow-ups from August 2015 to November 2016, recent DENV infections were only diagnosed if IgM
was positive, in order to exclude possible false positives from cross-reaction of IgG for ZIKV because of the
circulation of this virus in the area.

Compare groups according to immune status previous to DENV infection. To identify immune
state factors related to a recent infection by DENV, the participants were classified into four groups:

1. Seronegative group: participants with a negative IgG-indirect test on 2014.
Seropositive with at least two previous infections: participants with a positive IgG-indirect test at baseline
(2011) and with recent infection detected at the second follow- up.

3. Seropositive with at least one previous infection (between 2012 and 2014): participants with a negative
IgG-indirect test at 2012, but a positive IgG-indirect test in 2014, which means that these participants had
a primary infection between the first and second stage of the cohort.

4. Participants with a positive IgG-indirect test at baseline (2011) without recent infection at baseline or during
the second follow-up (2012) were not considered for this study, due to a lack of information on history of
infection before of the 2011.
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Figure 3. Directed acyclic graph (DAG).

Statistical analysis. A descriptive analysis of the sample characteristics was performed using the chi-
square test and Fisher’s exact test to compare categorical variables, and the Mann-Whitney test for continuous
variables.

The dengue incidence per 1000 person-years was calculated as: 1000 x infections/(sum of the follow-up at-
risk period for each individual/365.2).

A Cox proportional hazards model was used for the estimation of hazards related to a recent infection by
DENYV during the follow-up period. In the Cox proportional hazards model, failures corresponded to all indi-
viduals who were diagnosed with a recent infection during the follow-up period between 2014 and 2016, with
2014 (follow-up 3) as time zero. Censored data included all individuals who were not diagnosed with any type
of infection during follow-up. The outcome variable was follow-up time (2014-2016) for censored data, and for
failures, it was the elapsed time from inclusion in the study in 2014 to the first infection.

The analysis was controlled for confounders variables included: age and location (Fig. 3).

Besides, standard errors were adjusted by 75 clusters of the sampling cohort, in which each cluster was formed
by houses located 50 m around the house of a dengue case reported in 2011. The STATA SE 14 software was used
for the statistical analysis.

Ethical standards. “Peridomestic Infection as Determinant of Dengue Virus Transmission” (CI: 986) and
the present study (CI: 494) have the authorization of the Ethics Commission of the National Institute for Pub-
lic Health. Additionally, the study has the signed informed consent form for all adults, parents or guardians of
children and the signed informed approval form for people under 18 years old.

Data availability

The database is unavailable since this project is covert by the Mexican FEDERAL LAW ON PROTECTION OF
PERSONAL DATA HELD BY PRIVATE PARTIES (information about the law can be found in: https://privacyass
ociation.org/media/pdf/knowledge_center/Mexico_Federal_Data_Protection_Act_July2010.pdf). For specific
inquiries about the data, interested subjects can contact Ms. Angelica R Angeles-Llerenas, Chair of the Institu-
tional Ethics Board (aangelica@insp.mx).
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