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ABSTRACT
Influenza is a leading cause of respiratory tract infections worldwide and there is limited
information on the impact of the influenza A(H1N1)pdm virus on mortality after the 2009
pandemic. Using national mortality register data through 1998–2015 in Mexico, influenza-
associated mortality was estimated for respiratory, cardiovascular, and all-cause events. The
proportion of influenza-associated respiratory and cardiovascular deaths among different age
groups were compared. There were 8,853,986 death registries included for the 1998–2015
winter seasons, average influenza-associated respiratory, cardiovascular, and all-cause mor-
tality rates were 5.2, 6.3, and 19.6 deaths/100,000 population, respectively. The largest
number of respiratory influenza-associated deaths occurred in adults 60 years of age and
older, followed by children <5 years of age; during the 2009 pandemic, 2011–2012, and
2013–2014 winter seasons there was a larger number of deaths in the 20–59 years old group.
Influenza-associated mortality rates showed a continuous reduction in children <5 years of
age. After the 2009 pandemic, influenza A(H1N1)pdm09 virus-associated mortality in Mexico
showed a persistent change in the demographic pattern of the most severely affected
population, particularly during the 2013–2014 season. Influenza associated-mortality has
decreased in children <5 years of age and continue to be elevated in adults >60 years of age.
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Introduction

Starting in April 2009, a novel influenza A H1N1 virus
caused human infection and severe respiratory disease
around the world [1,2]. Mexico was one of the countries
where widespread of this infection, and severe acute
respiratory infections (SARI) were reported [3,4].
Mortality in Mexico during the pandemic was higher
compared to other countries [5]. Historically, after the
emergence of pandemic influenza viruses, subsequent
post-pandemic waves have been observed; for example,
two post-pandemic waves occurred during the five
years that followed the 1957 influenza A(H2N2) pan-
demic [6]. To better understand the impact of the 2009
pandemic, assessment of influenza-associated mortality
during the years following the pandemic is required. In
Mexico, after the 2009 pandemic period, an additional
pandemic wave was observed during the 2013–2014
winter season; during that year an increase in hospitali-
zations caused by influenza A(H1N1)pdm09 was
observed, but country-wide estimates of influenza-
associated mortality have not been reported [7–10].
The impact of influenza on mortality is difficult to estab-
lish if only reports of pneumonia and influenza are relied
on, because influenza is not suspected or influenza
testing is not carried out in many patients [5,11]. In

order to evaluate the impact of pandemic and post-
pandemic waves, age and cause-specific excess mortal-
ity are useful parameters that reflect the burden of and
changes in age groups most severely affected by pan-
demic viruses. The aims of this study were to analyze
excess respiratory, cardiovascular, and all-cause mortal-
ity rates by age groups before, during, and after the
pandemic period (1998 through 2015) in Mexico.

Material and methods

In this study, we used national mortality data available
at the General Direction of Health Information website
(Ministry of Health, Mexico) for the period between
1998 and 2015 (General Mortality Datbases) [12]. The
number of deaths that occurred during each epide-
miological week were obtained by analysis of mortal-
ity registers and analyzed for different age groups (0–
<5 years, 5–19 years, 20–59 years, 60 and more years,
and all ages). In addition, separate analyses were
carried out for all-cause deaths (all ICD-10 codes),
and cause-specific respiratory (J00-J99 ICD-10 codes)
and cardiovascular (I00-I99 ICD-10 codes) deaths.
Information on the Mexican population by year and
age group was obtained from data generated by the
Consejo Nacional de Población (CONAPO) [13]. Time
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series for weekly mortality rates were elaborated for
each age group, and for each mortality cause (respira-
tory, cardiovascular, and all-cause).

Influenza-attributable mortality was calculated for
each winter season, which included the period
between week 27 of a given year and week 26 of
the following year (starting in 1998 and ending in
2015). The only exception was the 2008–2009 and
2009–2010 (pandemic) seasons which were shorter
(2008–2009) and longer (2009–2010), due to the
appearance of the influenza A(H1N1)pdm09 virus in
April 2009. As such, the 2008–2009 season included
only 40 weeks (ending on week 13 of 2009), and the
2009–2010 season included 65 weeks (starting on
week 14 of 2009 and ending on week 26 of 2010).
Mortality attributed to influenza was estimated using
Serfling cyclical regression models, as previously
described [14,15]. Baseline mortality was established
through analysis of the periods without influenza
activity using regression methods to establish α, β1,
β2, β3 for the following equation Y = α + β1t + β2 sin
(2πt/52.14) + β3 cos(2πt/52.14) + ε and the weekly
recorded death numbers. Influenza epidemic periods
were defined based on pneumonia and influenza
mortality (J09-J18 ICD-10 codes) for the Mexican
population. The onset of the epidemic period was
defined as the first of three consecutive weeks in
which pneumonia and influenza mortality was
greater than the upper 95% confidence limit of the
mean mortality for the winter season, and the end of
the epidemic period was defined as the last week
when pneumonia and influenza mortality was above
the upper 95% confidence limit of the mean which
was followed by three consecutive weeks with mor-
tality lower than the 95% confidence limit, as pre-
viously described [11].

Excess mortality was calculated as the observed
minus predicted mortality rates during the weeks
included in each influenza epidemic period. The number
of influenza-attributable deaths for each season was
calculated based on the excess mortality rate and the
Mexican population at the beginning of each year (mid-
point for each season). These calculations were carried
out for each age group, and for every mortality cause of
death (all-cause, respiratory, and cardiovascular).

To assess the predominant influenza strains during
a particular season, data available from FluNet was
used. The total number of influenza detections during
a winter season was recorded, as well as the number
of influenza A and B viruses, to determine which type
predominated during a particular season. In addition,
the number of influenza A(H1N1), (H3N2), and (H1N1)
pdm09 viruses detected were also registered to define
the predominant influenza A subtype for each season.

Results

There were 8,853,986 death registries included in the
study period (average 520,823 deaths per season); overall,
cardiovascular deaths accounted for 2,074,869 (23.4%)
deaths, while there were 762,334 (8.6%) deaths due to
respiratory causes. The number of all-cause, respiratory,
and cardiovascular deaths (and death rates) for each
season are shown in Table 1. Over the study period,
there was an increase in the number of deaths. This is
a result of an increase in the total population in Mexico
(from a total population of 99,017,196 in 1999 to
120,285,088 in 2015), as well as due to aging of the
country’s population: in 1999, persons 20 years of age
and older comprised 55.3% of the country’s population,
while in 2015 this age group accounted for 62.9% of the
population.

Table 1. Respiratory, cardiovascular, and all-cause mortality and mortality rates in Mexico between epidemiological week 27 of
1998 and epidemiological week 26 of 2015.

Season
Respiratory
mortality

Respiratory mortality
rate

Cardiovascular
mortality

Cardiovascular mortality
rate

All-cause
mortality

All-cause mortality
rate

1998–1999 40,354 40.8 96,374 97.3 435,722 440.0
1999–2000 40,176 40.1 97,804 97.6 436,282 435.2
2000–2001 35,798 35.3 97,221 95.8 431,631 425.4
2001–2002 39,647 38.6 102,154 99.4 451,453 439.5
2002–2003 37,461 36.0 104,287 100.3 457,194 439.6
2003–2004 42,286 40.2 108,466 103.0 472,434 448.8
2004–2005 40,543 38.1 107,904 101.3 475,680 446.6
2005–2006 42,480 39.4 111,198 103.2 490,048 454.7
2006–2007 42,982 39.4 116,627 106.9 503,261 461.2
2007–2008 44,678 40.4 121,961 110.3 527,821 477.5
2008–2009* 35,232 31.5 98,356 87.8 419,522 374.6
Pandemic** 61,899 54.6 167,658 147.8 708,768 624.7
2010–2011 50,993 44.4 141,070 122.8 590,968 514.4
2011–2012 46,306 39.8 140,395 120.7 584,691 502.8
2012–2013 51,533 43.8 149,074 126.7 609,058 517.7
2013–2014 55,205 46.4 154,092 129.5 620,641 521.6
2014–2015 54,761 45.5 160,228 133.2 638,812 531.1

*There were only 40 weeks included in the 2008–2009 season due to the start of the 2009 influenza pandemic.
**The Pandemic period included 65 weeks due to the start of the first pandemic wave in April 2009 (week 14, 2009).
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As expected, all-cause, respiratory, and cardiovas-
cular mortality showed a seasonal pattern, with the
highest mortality during the winter months, and
lower mortality during the summer (Figure 1). The
duration of the influenza season, excluding the pan-
demic period, varied from 12 to 22 weeks; the 2009
pandemic included 29 weeks with excess mortality
(four during the first spring wave, and 25 during the
summer-fall waves).

Virological data was available from FluNet from the
end of 1999 onward. Between the 1999–2000 and
2008–2009, influenza A(H3N2) was the predominant
virus type/subtype in most seasons. Influenza A(H1N1)
was the most frequently detected virus during the

2000–2001 and 2002–2003 seasons, while influenza
B was the influenza virus reported most frequently
during the 2004–2005 season; of note, influenza A
(H3N2) was the predominant influenza A strain during
that season. Between 2009 and 2014–2015 an alter-
nating pattern was observed with influenza A(H1N1)
pdm09 virus predominating during the 2009–2010,
2011–2012, and 2013–2014 seasons, and influenza A
(H3N2) predominating during the 2010–2011,
2012–2013, and 2014–2015 seasons.

Influenza-attributable mortality varied widely
throughout the study period (Table 2). The lowest all-
cause mortality rates were observed during the
2000–2001 and 2004–2005 seasons, when the predo-
minant influenza strains were influenza A(H1N1) and
influenza B, respectively. The latter was also the sea-
son with the lowest influenza-attributable cardiovas-
cular death rate. In contrast, the lowest influenza-
attributable respiratory mortality rate was observed
during the 2011–2012 season, when influenza A
(H1N1)pdm09 was the predominant influenza strain.

The season with the highest influenza-attributable
respiratory death rate was the 2003–2004 season,
when influenza A(H3N2) virus was the predominant
strain; the 1998–1999 season and the pandemic per-
iod also showed high influenza-associated mortality
rates. In addition, these two seasons were the ones
with the highest influenza-attributable all-cause mor-
tality rates.

Overall, the period between 2004 and 2009
showed lower mortality rates compared to the
period encompassed between 1998 and 2004
(Supplementary Table 1). Of note, during the post-
pandemic period (2010–2015) influenza mortality
rates are similar to those observed between 1998
and 2004.

To better understand the impact of pandemic influ-
enza on mortality, we analyzed the influenza-
attributable respiratory and cardiovascular mortality
rates in different age groups (Tables 3 and 4). While
a continuous downward trend in influenza-attributable
respiratory mortality was seen in children <5 years of
age, this was less apparent in adults 60 years of age and
older (Table 3). The 5–19 years of age group had a low
mortality rate throughout the study period (0.04–0.3
respiratory deaths/100,000 population), except during
the 2009 pandemic, where a significant increase was
noted (0.9 respiratory deaths/100,000 population). The
20–59 years of age group also had a high respiratory
mortality rate during the pandemic period (6 respiratory
deaths/100,000 population) compared to the previous
years (when mortality rate was usually <1 respiratory
deaths/100,000 population). In addition, during the
2011–2012 and 2013–2014 winter seasons this age
group also showed a significant increase in respiratory
mortality (1.2 and 4.1 respiratory deaths/100,000 popu-
lation, respectively).

Figure 1. Weekly respiratory (panel A), cardiovascular (panel B),
and all-cause (panel C) mortality rates in Mexico between
epidemiological week 27 of 1998 and epidemiological week
26 of 2015.
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The largest number of influenza-attributable
respiratory deaths occurred in the 60 years and
older age group. The 0–<5 years old was the
group with the second largest number of respira-
tory deaths; however, during the 2009 pandemic,
as well as during the 2011–2012 and 2013–2014,
when influenza A(H1N1)09pdm virus was the pre-
dominant strain, there was a larger number of
deaths in the 20–59 years old group than in chil-
dren 0–<5 years of age. The proportion of influ-
enza-attributable respiratory deaths, according to
age group, is shown in Figure 2. The distinctive
pattern of increased mortality in young adults can
be readily appreciated, not only for the 2009

pandemic period but also for the two subsequent
influenza seasons in which influenza A(H1N1)
09pdm virus predominated.

Overall, despite year to year variability, influ-
enza-attributable cardiovascular mortality in chil-
dren and adolescents (0–19 years old) during the
post-pandemic period were similar to those
observed prior to the pandemic period (Table 4).
In contrast, adults (20 years of age and older)
showed high influenza-attributable cardiovascular
mortality in the post-pandemic period; of note,
high mortality rates in this age group were
observed regardless if influenza A(H1N1)pdm09 or
influenza A(H3N2) was the predominant virus. The

Table 2. Influenza-attributable respiratory, cardiovascular, and all-cause mortality and mortality rates in Mexico between
epidemiological week 27 of 1998 and epidemiological week 26 of 2015.

Season

Predominant influ-
enza type/influ-
enza A subtype

Respiratory
influenza-
associated
mortality

Respiratory influ-
enza-associated
mortality rate

Cardiovascular
influenza-
associated
mortality

Cardiovascular
influenza-

associated mortal-
ity rate

All-cause influ-
enza-

associated
mortality

All-cause influ-
enza-associated
mortality rate

1998–1999 No data 7,581.6 7.7 8,707.6 8.8 28,342.2 28.6
1999–2000 No data 6,696.6 6.7 7,805.6 7.8 24,267.4 24.2
2000–2001 A/(H1N1) 3,350.5 3.3 5,185.0 5.1 13,342.4 13.1
2001–2002 A/(H3N2) 5,734.2 5.6 6,866.8 6.7 21,546.2 21.0
2002–2003 A/(H1N1) 3,234.1 3.1 5,529.2 5.3 14,680.3 14.1
2003–2004 A/(H3N2) 8,373.6 8.0 7,268.1 6.9 24,513.7 23.3
2004–2005 B/(H3N2) 4,221.2 4.0 4,134.2 3.9 13,949.4 13.1
2005–2006 A/(H3N2) 4,897.9 4.5 4,259.0 4.0 15,793.9 14.7
2006–2007 A/(H3N2) 4,198.6 3.8 5,690.0 5.2 15,345.9 14.1
2007–2008 A/(H3N2) 4,230.4 3.8 5,694.3 5.2 21,768.9 19.7
2008–2009* A/(H3N2) 3,578.7 3.2 4,667.7 4.2 16,480.5 14.7
Pandemic** A/(H1N1)pdm09 8,842.6 7.8 10,200.2 9.0 34,771.2 30.6
2010–2011 A/(H3N2) 6,880.3 6.0 8,679.1 7.6 27,872.0 24.3
2011–2012 A/(H1N1)pdm09 3,046.0 2.6 5,495.6 4.7 16,469.8 14.2
2012–2013 A/(H3N2) 5,568.8 4.7 8,316.3 7.1 24,553.6 20.9
2013–2014 A/(H1N1)pdm09 7,116.5 6.0 7,760.2 6.5 23,489.3 19.7
2014–2015 A/(H3N2) 6,346.8 5.3 10,675.5 8.9 27,049.8 22.5

*There were only 40 weeks included in the 2008–2009 season due to the start of the 2009 influenza pandemic.
**The Pandemic period included 65 weeks due to the start of the first pandemic wave in April 2009 (week 14, 2009).

Table 3. Influenza-attributable respiratory mortality and mortality rates in Mexico between epidemiological week 27 of 1998 and
epidemiological week 26 of 2015, according to age group.

Season

Predominant influ-
enza type/influ-
enza A subtype

Influenza-
attributable
respiratory
mortality
0–<5 years

Influenza-
attributable
respiratory
mortality
rate 0–<5
years

Influenza-
attributable
respiratory
mortality
5–19 years

Influenza-
attributable
respiratory
mortality
rate 5–19
years

Influenza-
attributable
respiratory
mortality
20–59
years

Influenza-
attributable
respiratory
mortality
rate 20–59

years

Influenza-
attributable
respiratory
mortality 60
and more
years

Influenza-
attributable
respiratory

mortality rate
60 and more

years

1998–1999 No data 1,840 15.7 91 0.3 571 1.2 4,981 69.1
1999–2000 No data 1,293 11.1 37 0.1 560 1.2 4,767 64.2
2000–2001 A/(H1N1) 965 8.3 46 0.1 345 0.7 2,018 26.4
2001–2002 A/(H3N2) 1,127 9.8 47 0.1 374 0.7 4,216 53.6
2002–2003 A/(H1N1) 794 6.9 49 0.1 189 0.4 2,323 28.7
2003–2004 A/(H3N2) 1,296 11.3 111 0.3 655 1.3 6,403 76.7
2004–2005 B/(H3N2) 858 7.5 29 0.1 194 0.4 3,339 38.8
2005–2006 A/(H3N2) 720 6.4 28 0.1 337 0.6 3,929 44.3
2006–2007 A/(H3N2) 743 6.6 58 0.2 264 0.5 3,281 35.9
2007–2008 A/(H3N2) 581 5.2 55 0.2 466 0.8 3,276 34.8
2008–2009* A/(H3N2) 520 4.6 18 0.1 304 0.5 2,844 29.3
Pandemic** A/(H1N1)pdm09 765 6.8 309 0.9 3,535 6.0 4,349 43.3
2010–2011 A/(H3N2) 570 5.1 53 0.2 499 0.8 5,753 55.5
2011–2012 A/(H1N1)pdm09 303 2.7 47 0.1 705 1.2 1,916 17.9
2012–2013 A/(H3N2) 472 4.2 35 0.1 344 0.6 4,506 40.6
2013–2014 A/(H1N1)pdm09 313 2.8 59 0.2 2,587 4.1 3,907 34.1
2014–2015 A/(H3N2) 312 2.8 14 0.0 478 0.7 5,099 42.9

*There were only 40 weeks included in the 2008–2009 season due to the start of the 2009 influenza pandemic.
**The Pandemic period included 65 weeks due to the start of the first pandemic wave in April 2009 (week 14, 2009).
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mean cardiovascular mortality rate during seasons
where A(H3N2) virus predominated was higher (7.8
deaths/100,000) than during seasons when A
(H1N1)pdm09 virus predominated (5.6 deaths/
100,000).

Discussion
This study analyses the mortality attributed to influ-
enza during a period of 17 years in Mexico. This
allowed to assess post-pandemic respiratory, cardio-
vascular, and all-cause mortality attributed to influ-

Table 4. Influenza-attributable cardiovascular mortality and mortality rates in Mexico between epidemiological week 27 of 1998
and epidemiological week 26 of 2015, according to age group.

Season

Predominant
influenza type/

influenza
A subtype

Influenza-
attributable
cardiovascular
mortality 0–<5

years

Influenza-
attributable
CV mortal-
ity rate 0–
<5 years

Influenza-
attributable
cardiovascular
mortality 5–19

years

Influenza-
attributable

CV
mortality
rate 5–19
years

Influenza-
attributable
cardiovascular

mortality
20–59 years

Influenza-
attributable
CV mortal-
ity rate
20–59
years

Influenza-
attributable
cardiovascular
mortality 60
and more
years

Influenza-
attributable
CV mortal-
ity rate 60
and more
years

1998–1999 No data 38 0.32 51 0.16 1,094 2.30 7,212 100.03
1999–2000 No data 7 0.06 39 0.12 1,038 2.14 6,625 89.24
2000–2001 A/(H1N1) 12 0.11 23 0.07 816 1.65 4,350 56.91
2001–2002 A/(H3N2) 23 0.20 25 0.08 838 1.66 6,142 78.04
2002–2003 A/(H1N1) 9 0.08 19 0.06 757 1.47 4,995 61.62
2003–2004 A/(H3N2) 11 0.09 23 0.07 781 1.49 6,713 80.38
2004–2005 B/(H3N2) 10 0.08 31 0.09 523 0.98 4,075 47.37
2005–2006 A/(H3N2) 16 0.14 20 0.06 439 0.81 4,180 47.16
2006–2007 A/(H3N2) 13 0.12 38 0.11 675 1.22 5,438 59.53
2007–2008 A/(H3N2) 59 0.53 47 0.14 952 1.69 5,153 54.70
2008–2009* A/(H3N2) 49 0.43 41 0.12 581 1.01 4,462 45.91
Pandemic** A/(H1N1)pdm09 105 0.94 86 0.25 1,932 3.30 8,697 86.66
2010–2011 A/(H3N2) 43 0.39 33 0.10 1,052 1.76 7,726 74.52
2011–2012 A/(H1N1)pdm09 45 0.40 21 0.06 968 1.59 4,457 41.59
2012–2013 A/(H3N2) 65 0.59 53 0.16 941 1.52 6,987 63.03
2013–2014 A/(H1N1)pdm09 14 0.13 17 0.05 1,605 2.56 5,718 49.84
2014–2015 A/(H3N2) 16 0.14 20 0.06 1,369 2.15 8,371 70.48

*There were only 40 weeks included in the 2008–2009 season due to the start of the 2009 influenza pandemic.
**The Pandemic period included 65 weeks due to the start of the first pandemic wave in April 2009 (week 14, 2009).

Figure 2. Proportion of influenza-attributable respiratory deaths per age group in Mexico between epidemiological week 27 of
1998 and epidemiological week 26 of 2015. The predominant influenza virus subtype is noted on top of each season. During the
2004–2005 season the predominant influenza virus reported in Mexico was influenza B, followed by influenza A(H3N2).
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enza. During prior pandemics, changes in influenza
epidemiology have been observed, leading to
increased excess mortality several years after the
emergence of a pandemic virus [6]. As such, assess-
ment of the impact of influenza in the years following
the 2009 pandemic is required. During the 2013–2014
winter season a large number of young adults
required hospitalization due to severe influenza infec-
tion in Mexico and other countries [7–10,16–19].
Consistent with those observations, we observed
a notable increase in respiratory and cardiovascular
excess mortality for adults 20–59 years of age (Tables
3 and 4). This also was reflected in a large proportion
of influenza-respiratory mortality occurring in this age
group, a signature of pandemic influenza behavior. Of
note, although excess mortality was not increased
during the 2011–2012 season, when influenza A
(H1N1)pdm09 virus also predominated, the age dis-
tribution of respiratory deaths associated to influenza
was very similar in that season to the distribution
observed during the pandemic and the 2013–2014
season. This distribution in age groups mostly
affected by influenza reflects the continuing effect of
a pandemic virus during the post-pandemic period.
Post-pandemic waves have been documented several
years after other influenza pandemics; during the
1957 influenza A(H2N2) pandemic a similar behavior
was noted, with three waves reported during the five
years following the emergence of the pandemic virus
[6,20]. Also, a similar pattern was reported during the
1918 pandemic in London, where two different waves
of increased hospital mortality were documented 3
and 5 years after the pandemic [20]. Different reasons
have been advocated to explain these waves: virus
and host adaptation, the extent of immunity devel-
oped in the population, as well as differences in geo-
graphic and demographic circumstances [6,21]. The
latter factors have changed dramatically in recent
years in comparison to the circumstances surrounding
previous pandemics; current demographic patterns
(largest world population and longer life expectancy),
global mobility, and globalization of information are
likely to significantly affect the dynamics of seasonal
and pandemic influenza.

During the pre-pandemic period, most seasons were
dominated by influenza A(H3N2) virus. During the pre-
pandemic seasons when influenza A(H1N1) predomi-
nated, mortality rates tended to be lower. Also, mortality
rates during the seasons encompassed between 2004
and 2009 tended to be lower than in previous seasons.
Of note, influenza vaccination in young children was
included in the Mexican immunization schedule in
2004, and a reduction in influenza-associated mortality
was observed subsequently in children younger than 5
years of age [11]. In contrast, during the post-pandemic
period, influenza A(H3N2) and influenza A(H1N1)pdm09

viruses have been present in alternating seasons in
Mexico, and similar influenza-attributable respiratory
mortality rates have been observed, independently of
the predominant virus. Based on the experience during
previous pandemics, an increase in excess mortality
associated with influenza A(H1N1)pdm09 virus is not
surprising; however, high influenza-associated mortality
rates were also observed during seasons where influ-
enza A(H3N2) virus predominated. This was notable for
respiratory and cardiovascular deaths particularly in
adults 60 years of age and older. In previous pandemics
(1918, 1957, and 1968), the pandemic virus became the
dominant virus, whereas currently both H1N1 and H3N2
virus continue to co-circulate. This alternation of two
influenza virus strains could be explained by
a dynamic balance between antigenic drift and popula-
tion immunity to circulating viruses, as well as increasing
vaccination recommendations in diverse age groups.
For instance, the 2011–2012 season showed a low influ-
enza-attributable respiratory mortality rate (2.6/100,000;
Table 2) compared to other post-pandemic seasons,
despite circulation of the pandemic virus; a low mortal-
ity could be explained by acquired immunity in the
population given the recent presence of the novel influ-
enza virus and large-scale vaccination during previous
years.

Similar influenza-attributable all-cause and cardio-
vascular mortality rates were observed in seasons
(1998–2004) and post-pandemic seasons (2010–2015),
while in the period 2004–2009 this mortality rates
remained significantly lower (Supplementary Table 1).
Most of these deaths occur in the >60 years old age
group. Whether these differences reflect temporal
changes in virulence of circulating influenza strains, or
changes in vaccine efficacy remain open questions.

Of interest, during post-pandemic years (2011–2015)
cardiovascular mortality tended to be higher in older
adults in seasons where strain A(H3N2) predominated
(Table 4). This could be explained by low vaccine effi-
cacy against this strain reported in recent years [22].
Vaccine efficacy after the 2009 influenza pandemic has
varied in different age groups (24–43%) and through
different seasons (7–46%); low vaccine efficacies have
been notable in older adults (24%) [22].

A limitation in our study is that the contribution of
other viruses, particularly respiratory syncytial virus, to
winter excess mortality was not carried out.
Unfortunately, no national virological surveillance
data for non-influenza respiratory viruses that
includes the complete study period is available, pre-
cluding inclusion of this factor in the analysis. In
a previous study limited to San Luis Potosi state, the
effect of respiratory syncytial virus in addition to influ-
enza on winter excess mortality has been considered
[23]. The results obtained in the present study are
comparable, in general, to those of that study, as
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well as to other estimates of influenza-associated mor-
tality in Mexico [5]. The estimates obtained in our
analysis also correlate with those reported recently
for Mexico in a global analysis of seasonal influenza-
associated mortality [24]. The influenza-associated
respiratory mortality rate for the period between
2002 and 2009, calculated based on the results
reported in that study, was 3.86 deaths/100,000 popu-
lation, while the estimated respiratory rate for the
same period in our study was 3.8 deaths/100,000
population. Our results for seasonal influenza mortal-
ity are also comparable to those reported for Mexico
by Cheng et al. [25].

As for post-pandemic influenza mortality estimates,
several studies have been published in recent years
[26–29]. Estimates for respiratory influenza-associated
mortality are comparable in these studies, ranging
between 2.74 and 4.59 deaths/100,000 population,
and are similar to our estimates for Mexico (4.65/
100,000). In contrast, all-cause mortality estimates
have been more variable, and range between 6.94
and 16.25 deaths/100,000 population. Our estimate
for Mexico for this period was 20.3 deaths/100,000;
this figure is comparable to previously reported pre-
pandemic (17.9/100,000) and pandemic (24.6/100,000)
all-cause influenza-associated mortality in Mexico [5].
The observed differences between studies may be the
result of several factors including the method used to
estimate influenza mortality, the predominant influ-
enza type/subtype in the study region, the population
structure of each country, as well as the prevalence of
underlying risk factors for severe infection.

In summary, influenza-associated mortality after the
2009 pandemic in Mexico demonstrates a persistent
change in demographic patterns of the most affected
population by the H1N1 virus, particularly during the
2013–2014 season. Although influenza associated-
mortality has decreased in children <5 years of age in
Mexico, influenza-associated mortality rates in adults
>60 years of age continue to be elevated.
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