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Abstract

Introduction: Influenza epidemics are of higher risk at the extremes of life and in people with comorbidities. Effective
vaccination prevents the occurrence of serious cases and decreases mortality. Objective: To describe deaths from influenza
with a history of timely vaccination, from the 2010 to the 2018 season in Mexico. Method: Cross-sectional, descriptive study
where the Influenza Epidemiological Surveillance System database was used. Results: From 2010 to 2018, 65 vaccinated
individuals died from influenza, from which 55% of cases (n = 36) were due to type A (H1IN1), 51% (n = 33) were females,
median age was 57 years, 21 % (n = 14) did not meet the operational definition of influenza-like illness or severe acute respi-
ratory infection, 83% (n = 54) had at least one comorbidity, with the most common being diabetes mellitus and hypertension
(32% each); 55% (n = 36) of deaths received antiviral treatment and only 8% (n = 5) had no comorbidities and received
treatment with oseltamivir. Conclusions: Deaths from influenza with timely vaccination represent a very low percentage of the
totality. Vaccination against influenza has been a specific prevention strategy that decreases disease burden.

Human influenza. Cause of death. Vaccination.

Influenza A virus new or very different subtypes
resulting from antigenic variations have the potential
to cause a pandemic, since they are able to cause
disease in humans and to maintain effective, sustained
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Influenza, seasonal or pandemic, is a disease

caused by an RNA virus that belongs to the Ortho-
myxoviridae family. There are three types of influenza
viruses: A, B and C, which in turn include different
subtypes. Transmission of the virus is by air or through
fomites, and has high pandemic potential."?

Influenza A viruses are divided into subtypes ac-
cording to the characterization of two surface anti-
gens: hemagglutinin and neuroaminidase. Influenza A
(HIN1 and H3N2) and B viruses circulate simultane-
ously in the world. The new variants of influenza virus
appear as a result of point mutations and recombina-
tion events that occur during viral replication,
generating frequent antigenic variations.?
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transmission, especially when there is little or no pre-
vious immunity in the population.?

Influenza epidemics can seriously affect the popula-
tion and are riskier in the extremes of life and in people
with comorbidities. Throughout history, influenza has
caused major epidemics that have translated into high
mortality rates. Epidemiological influenza surveillance
and vaccination are essential for the prevention of
outbreaks and epidemics that can endanger popula-
tion’s life. Effective vaccination prevents the occur-
rence of serious cases and decreases mortality.'®

Efficacy and effectiveness of the influenza
vaccine depend on numerous factors such as age,
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immunocompetence, degree of similarity between the
viruses contained in the vaccine and circulating virus-
es, among others (Table 1).4

After vaccination, the levels of viral proteins hemag-
glutinin and neuroaminidase slowly decrease; the re-
duction could be higher than 50 % after 600 days.*®
In adults older than 60 years, seroprotection after
vaccination against type A influenza has been report-
ed; it has been longer than four months for the H3N2
and HIN1 components.® One study in Spain conclud-
ed that people with a history of vaccination more than
200 days prior are at higher risk of contracting the
disease than those who were vaccinated in recent
days.” In the United Kingdom, the range of effective-
ness in the 2011-2012 season for influenza A (H3N2)
was calculated at 53 % in people vaccinated less than
three months prior and in 12 % in people vaccinated
three or more months prior.®

The treatment for influenza consists of neuramini-

dase inhibitors: oseltamivir and zanamivir. Clinical trials
and observational data show that early antiviral treat-
ment can shorten the duration of fever and disease
symptoms and reduce the risk of complications.®

In Mexico, influenza epidemiological surveillance is

conventional and sentinel, according to the standards
recommended by the World Health Organization. The
special surveillance system is called SISVEFLU
(Sistema de Vigilancia Epidemioldgica de Influenza
— Influenza Epidemiological Surveillance System) and
is part of the National Epidemiological Surveillance
System. SISVEFLU has 559 primary, secondary and
tertiary care influenza monitoring health units (USMI
— Unidades de Salud Monitoras de Influenza) belong-
ing to the National Health System in Mexico, distrib-
uted in all 32 states of the country. SISVEFLU main
goal is to monitor the type of etiologic agent that cir-
culates and produces severe acute respiratory infec-
tion (SARI) in Mexico and to identify new cases of
respiratory disease associated with the presence of
new agents or any increase in seasonal influenza.'

Influenza epidemiological surveillance includes the

following definitions:

— Influenza-like illness (ILl): subjects of any age
who present with or refer having had fever higher
than or equal to 38 °C, cough and headache ac-
companied by one or more of the following signs
or symptoms: rhinorrhea, coryza, arthralgia, my-
algia, prostration, odynophagia, chest pain, ab-
dominal pain, nasal congestion or diarrhea.

— SARI: subjects of any age who have difficulty
breathing, with a history of fever higher than or
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Influenza-associated deaths,

2010-2018
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Flow chart of the selection process of deaths with a history of timely influenza vaccination.

equal to 38° C and cough, or one or more of the
following symptoms: general deterioration, chest
pain or polypnea.

— Influenza-associated death: deceased patient
who has met the operational definition of ILI/
SARI and who has a positive result for influenza
issued by one of the laboratories endorsed by
the National Network of Public Health Laborato-
ries, and whose death certificate contains as a
basic cause the diagnosis of influenza or pneu-
monia. An influenza-associated death is subject
to epidemiological surveillance, and thus it must
be necessarily ratified or rectified by the Epide-
miological and Statistical Mortality System
methodology."

The purpose of this study is to characterize influen-
za-associated deaths with a history of vaccination
ratified by the Epidemiological and Statistical Mortality
System from the 2010-2011 to the 2017-2018 season
in Mexico.

Method

Descriptive cross-sectional study where the SISVE-
FLU database for the years 2010-2018 was used. The
included variables are part of the influenza case study:
age, gender, pregnancy, state of residence, occupa-
tion, date of admission to the healthcare unit, date of
onset of symptoms, comorbidity, probable diagnosis,
treatment with antiviral drugs, type of antiviral drug,
history of influenza vaccine, date of vaccination against
influenza, if vaccination history is unknown, sample
taking, sample result and date of death.

Initially, all influenza-associated deaths from 2010
to 2018 were included; subsequently, those without a
vaccination history, with an unknown history thereof
or without a record of the date of influenza vaccination
were excluded. In addition, records with a vaccination
date of less than or equal to one day (no seriously ill
patient was vaccinated during his/her care) or older
than 600 days (after this period, antibodies are re-
duced below 50 %) were excluded.
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Figure 2. Evolution in time of influenza-associated deaths with a history of vaccination, Mexico 2010-2018 (n = 65).

Deaths with a vaccination history corresponding to
the season of each one of the analyzed years dated
at least 21 days prior (average time for vaccination-in-
duced immune response) were selected and those
whose vaccination date corresponded to another sea-
son were excluded (Fig. 1).

Results

From epidemiological week 40 of 2010 to week 20
of 2018 there were 3089 influenza-associated deaths,
out of which only 65 (2.1 % of total deaths) were
reported with a vaccination history with the seasonal
vaccine and with at least 21 days from vaccination to
the onset of influenza symptoms (Fig. 1). The highest
number of deaths was recorded in January
2014 (17 %, n = 11) (Fig. 2). Average number of days
from vaccination to the onset of symptoms was 78; 88
% (n = 57) of deaths had a death date record. The
average number of days from the onset of symptoms
to the date of death was 10.3 (median: 9; range: 0-37).

Most deaths (n = 36) were caused by subtype A
(H1N1); 15 by A (H3), eight by influenza B and two
were not subtyped (Fig. 3).

Socio-demographic characterization

All deaths (n = 65) were reported by influenza mon-
itoring healthcare units. According to the place of oc-
currence, 17 % of deaths (n = 11) corresponded to
Mexico City, 12 % (n = 8) to the State of Mexico, 12 %
(n = 8) to Jalisco, 9 % (n = 6) to Michoacan and 6 %
(n = 4) to Veracruz. Gender distribution was very sim-
ilar: 51 % (n = 33) were females. Median age was
57 years with a range of 1 to 94. The most common
occupation was homemaking (32 %, n = 21).

Operational definition: ILI/SARI

Among all 65 deaths, 21 % (n = 14) did not meet
the operational definition of ILI or SARI despite having
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Figure 3. Distribution of influenza-associated deaths with a history of
vaccination by subtype, Mexico 2010-2018 (n = 65).

an influenza-positive final result. The five deaths in
children younger five years met the operational defi-
nition in a 100 %. Of the 32 deaths in the six to 64-
year age group, seven (22 %) did not meet the
operational definition of ILI or SARI, and of the 28
deaths in subjects older than 65 years, seven (25 %)
didn’t either. We consider that patient-inherent condi-
tions determined that 14 deaths did not strictly meet
the operational definition; however, when there was
suspicion by the clinician, samples were taken, which
were positive.

Comorbidities

In 83 % of deaths (n = 54) there was at least one
comorbidity, in 29 % (n = 19) one, in 26 % (n = 17)
two, in 18 % (n = 12) three, in 8 % (n = 5) four and in
1.5 % (n = 1) five. Among those younger than five
years, only one had one comorbidity, recorded as
“other” (Table 2).
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Frequency of comorbidities in the cases of
influenza-associated death with a history of vaccination, Mexico
2010-2018 (n = 54)

Diabetes mellitus 21 32
Hypertension 21 32
Morbid obesity 15 23
Chronic kidney failure 12 18
Smoking 11 17
Immunosuppression 10 15
COPD 7 1
Cardiac disease 7 11
Other comorbidity 7 11
Asthma 2 3
HIV/AIDS 1 2

COPD = chronic obstructive pulmonary disease, HIV/AIDS = human immunodeficiency
virus/acquired immunodeficiency syndrome.

Antiviral treatment

Only 55 % of deceased cases (n = 36) received
antiviral treatment, 35 with oseltamivir and one with
zanamivir. Of these, only five had the treatment initi-
ation date recorded; 6 % of the deceased (n = 4) had
recorded having started treatment within the first 72
hours after symptom onset; in one case, antiviral ini-
tiation was recorded on day 13 after the onset of
symptoms and death was recorded on day 17.

Table 3 describes the cases of deceased subjects
with a history of vaccination, without comorbidities
and with treatment with oseltamivir, although the treat-
ment initiation date was unknown in all of them.

Discussion

Given that SISVEFLU captures 100 % of severe acute
respiratory infection cases, all 3089 deaths reported are
considered the universe of influenza-associated deaths,
even when one third of infections are asymptomatic and
the cases have to meet criteria that are subject to sur-
veillance, as the operational definition. The fact that
only 65 deaths (2.1 % of total) had a history of vaccina-
tion with the vaccine suggested for the season and a
period of at least 21 days from vaccination to the onset
of symptoms, suggests that immunization against sea-
sonal influenza is a profitable strategy, especially when
herd immunity is considered, as well as that a reduction
in the burden of disease and, therefore, in health

care costs and sociodemographic costs has been
demonstrated.’

The probability for the vaccine to be cost-effective
to prevent death has been described to be of 100 %,
and to avoid complications, 96.7 %."

The frequency of influenza-associated deaths with
a history of vaccination was consistent with the occur-
rence of cases in the seasons; the 2013-2014 season
was the one with the highest number of recorded
deaths.”® This suggests that influenza-associated
deaths could have been caused by complications and
situations that worsened the cases; individualizing the
investigation of each death would be the subject of
another study.

ILI or SARI operational definition is used for epide-
miological surveillance purposes and has been shown
to be sensitive. In clinical practice, the physician
should start antiviral treatment within the first 48 hours
in patients with cough and fever when influenza virus-
es are known to be circulating in the community;"
i.e., the fact that a case does not meet the operational
definition is not a reason to delay antiviral treatment.

As previously described in the literature and report-
ed by the National Epidemiological Surveillance Sys-
tem, most influenza-associated deaths have at least
one comorbidity that worsens the natural history of
the disease. In this study, 83 % of cases had at least
one comorbidity, such as overweight, obesity, diabe-
tes or congestive heart failure, which may have trig-
gered a low response of the host’'s immune system.
Since the 2009 pandemic, obesity was recognized as
a risk factor for influenza complications; this is import-
ant, since, in Mexico, 30 % of children, 40 % of ado-
lescents and 70 % of adults are overweight or obese;™
thus, we are facing new challenges in disease preven-
tion, since obese adults with a history of vaccination
have up to twice the risk of developing influenza due
to poor T-cell function.'

The occurrence of only 10 deaths among patients
with immunosuppression in a universe of 3089 deaths
also suggests an achievement in the country regard-
ing the management of patients living with human
immunodeficiency virus infection and an adequate
compliance with vaccination recommendations in in-
dividuals with immunosuppression."”

People living with diabetes are more susceptible to
contracting influenza infection; cardiovascular diseas-
es associated with influenza have also been reported
to be able to lead to significant hemodynamic com-
promise that requires cardiac support.'®
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Description of influenza-associated deaths with a history of vaccination, without comorbidities and with antiviral treatment

1 1 — No ILI
Female

2 2 — Yes ILI'and SARI
Male

3 38 Homemaker  No LI
Female

4 46 Homemaker  No SARI
Female

B 82 Homemaker  Yes ILI'and SARI
Female

6 86 Homemaker  Yes ILI'and SARI
Female

ILI = influenza-like illness; SARI = severe acute respiratory infection

It is important for public health to specify the other
comorbidities that occurred in these deaths and that
the system does not allow clarification of to define new
risk groups and vaccination strategies.

There is solid and consistent evidence that vacci-
nation during pregnancy protects women and their
newborns against influenza infection.” The fact of not
having found any deaths in the country involving preg-
nant women with a history of vaccination for the sea-
son indicates an excellent adherence to the goal of
vaccination at any trimester of pregnancy."”

Of the six influenza-associated deceased cases
with a history of vaccination, without comorbidities
and who received antiviral treatment, four correspond-
ed to individuals at extremes of life, which is consis-
tent with the knowledge that the immune system may
be immature in children or declining in older adults.?®

Conclusions

According to our results, influenza-associated deaths
in patients with a history of vaccination represent a
very low percentage of total deaths, only 2.1 %.

The existence of comorbidities and belonging to the
age groups at the extremes of life contribute to influ-
enza-associated mortality.

Since its implementation, influenza vaccination has
been a specific prevention strategy that has reduced
the burden of disease in the general healthy popula-
tion and mortality in specific populations. This com-
ponent of the Universal Vaccination Program is crucial
to protect the Mexican population from one of the
most important communicable diseases of our era.

57 18 A H1N1PMD
93 3 AH3
50 — A H1N1PMD
66 23 AH1IN1PMD
51 10 AH3
44 4 AH3

The reduction in influenza-associated mortality is
the result of the reach of health promotion, the strength
of the Epidemiological Surveillance System, the guar-
antee in the supply of treatment and, most importantly,
of the consistency of the vaccination program.
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