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Estimated incidence of influenza-virus-associated severe pneumonia
in children in El Salvador, 2008-2010

Wilfrido Clara,? Julio Armero,” David Rodriguez,” Celina de Lozano,” Luis Bonilla,c Percy Minaya, Rafael Chacdn,®
Jorge Jara,“ Natalia Blanco, Marc-Alain Widdowson,” Joseph Bresee,” Xiyan Xu,” Alexander Klimov,
Eduardo Azziz-Baumgartner’ & Nivaldo Linares-Perez'

Objective To estimate the incidence of influenza-virus-associated severe pneumonia among Salvadorian children aged <5 years.
Methods Data on children aged <5 years admitted with severe pneumonia to a sentinel hospital in the western region were collected
weekly. Nasal and oropharyngeal swab specimens were collected from a convenience sample of case patients for respiratory virus testing.
A health-care utilization survey was conducted in the hospital catchment area to determine the proportion of residents who sought care
at the hospital. The incidence of influenza-virus-associated severe pneumonia among all Salvadorian children aged < 5 years was estimated
from surveillance and census data, with adjustment for health-care utilization. Influenza virus strains were characterized by the United
States Centers for Disease Control and Prevention to determine their correspondence with northern and southern hemisphere influenza
vaccine formulations.

Findings Physicians identified 2554 cases of severe pneumonia. Samples from 608 cases were tested for respiratory viruses and 37 (6%) were
positive for influenza virus. The estimated incidence of influenza-virus-associated severe pneumonia was 3.2 cases per 1000 person—years
(95% confidence interval, Cl: 2.8-3.7) overall, 1.5 cases per 1000 person—years (95% Cl: 1.0-2.0) during 2008, 7.6 cases per 1000 person-years
(95% Cl: 6.5-8.9) during 2009 and 0.6 cases per 1000 person—years (95% Cl: 0.3—1.0) during 2010. Northern and southern hemisphere
vaccine formulations matched influenza virus strains isolated during 2008 and 2010.

Conclusion Influenza-virus-associated severe pneumonia occurred frequently among young Salvadorian children during 2008-2010.
Antigens in northern and southern hemisphere influenza vaccine formulations corresponded to circulating strains.

Abstracts in e H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Influenza is a vaccine-preventable disease that annually affects
5-10% of the population worldwide.! This burden is well
documented in upper-income, temperate countries, where
influenza surveillance has been conducted for years, and is
being increasingly understood in middle-income countries,
where surveillance has substantially improved during recent
years. In the United States of America, for example, an an-
nual average of 228 635 hospitalizations for pneumonia and
influenza occurred during 1979-2001 and 23207 deaths
were associated with influenza viruses during 1976-2007.>
In addition, the United States spent an average of 10.4 billion
United States dollars annually on the treatment of influenza.’
Similarly, in high-income and middle-income countries such
as Singapore and Thailand, influenza has substantial disease
and economic burdens.>*

Less is known about the burden of influenza in low-
income countries; however, investments in epidemiology
and laboratory capacity as a result of efforts to comply with
the 2005 International Health Regulations and prepare for
influenza pandemics have yielded data about the circulation
and burden of influenza in low-income tropical countries.
For example, studies now suggest that the rate of influenza-

virus-associated severe acute lower respiratory tract infection
is approximately 2 cases per 1000 child-years among children
aged <5 years in low-income countries.” National influenza
surveillance data from Bangladesh suggest that approximately
67000 persons are hospitalized annually as a result of influenza
virus infection and that the rate of influenza-virus-associated
severe acute lower respiratory infection is 1 case per 1000
child-years among children aged <5 years.*"” Similar find-
ings have been reported in Guatemala, Kenya, Nicaragua, the
Philippines, Thailand and Viet Nam.”"'-*

Although data on the influenza burden are useful to guide
investments in influenza prevention and control, these data
are not available in many tropical countries in Latin America.
In 2004 El Salvador, the smallest and most densely populated
country in Central America (293 inhabitants/km?),"” intro-
duced influenza vaccination among children 6-23 months
old, adults > 60 years old and persons with certain pre-existing
medical conditions. In 2007 influenza sentinel-hospital sur-
veillance was begun in El Salvador to better guide influenza
prevention and control efforts.'® Although vaccine coverage
among children and adults aged > 60 years reached 85-95%
during 2010,'”"* few data were available about the burden of
influenza in El Salvador. These data may help the El Salvador
Ministry of Health to better assess the value of influenza vac-
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cination among people vulnerable to
severe influenza,'” adjust vaccination
policies and determine the number of
influenza vaccine doses to purchase.
The primary objective of this study was
to estimate the population-based inci-
dence of severe pneumonia associated
with influenza virus among children
aged <5 years in El Salvador during
2008-2010 on the basis of findings from
sentinel surveillance and a health-care
utilization survey. We supplemented
these findings with a comparison of the
antigenic characteristics of influenza
virus strains isolated from case patients
with vaccine formulations for the north-
ern and southern hemispheres during
the study period.

Methods
Case identification

The San Juan de Dios Hospital in Santa
Ana, the largest public hospital in the
western region of El Salvador, was the
first sentinel surveillance site for severe
acute respiratory infection established in
the country. For this study, a case patient
with severe pneumonia was defined as a
patient aged <5 years hospitalized with
cough or difficulty breathing and at least
one danger sign (i.e. chest in-drawing,
stridor while calm, convulsions, inability
to drink, lethargy, unconsciousness or
intractable vomiting).'>** Hospital phy-
sicians identified all patients with severe
pneumonia and collected demographic
and clinical data. Nasal and oropha-
ryngeal swab specimens were collected
from a convenience sample of 5 or 6
consecutive patients per week. This site
was supported by the Influenza Program
for the Central American Region of the
United States Centers for Disease Con-
trol and Prevention (CDC). The hospital
regularly provides 35-48% of all respira-
tory samples tested for influenza virus
in the El Salvador national influenza
surveillance system.

Sample processing

Respiratory samples were transported
in virus-transport medium (i.e. trypt-
ase-phosphate broth) to the hospital’s
laboratory and tested by indirect im-
munofluorescence for influenza A
and B viruses; respiratory syncytial
virus; parainfluenza virus types 1, 2
and 3; and adenovirus. All influenza-
virus-positive samples and 10% of
influenza-virus-negative samples were
sent to the National Influenza Centre at
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the El Salvador Ministry of Health (San
Salvador) for quality control analysis by
immunofluorescence testing. Starting in
2009 approximately 25% of samples that
underwent quality control analysis were
further tested using real-time reverse-
transcription polymerase chain reaction
(qQRT-PCR)."

A convenience sample of influenza-
virus-positive specimens was sent to the
CDC (Atlanta, United States) every six
months for antigenic characterization.
There, influenza viruses were isolated
in Madin-Darby canine kidney cells and
underwent haemagglutination inhibi-
tion testing using post-infection ferret
antisera.”” Antigenic characteristics
of the virus isolates were reported to
the National Influenza Centre by the
CDC’s Influenza Division each year. We
classified strains as dominant if they ac-
counted for at least 70% of influenza vi-
rus isolates during a particular year and
as co-dominant if they accounted for
at least 40% but less than 70% (<70%)
of isolates.”” To determine whether the
influenza vaccine formulation used in
El Salvador during the study period
matched the circulating influenza vi-
rus strains, we compared these strains
with those used to prepare influenza
vaccine formulations for the northern
hemisphere (the formulation used in El
Salvador until 2010) and the southern
hemisphere.

Health-care utilization survey

To estimate the denominator for our
incidence calculation, we performed a
health-care utilization survey to deter-
mine the size of the sentinel hospital’s
catchment population. During No-
vember and December 2009, we used
multistage cluster sampling to survey
1663 households in urban and rural lo-
cations in five counties of the Santa Ana
Department, where 80% of case patients
who had severe pneumonia and were
admitted to the sentinel hospital lived
during 2008 (i.e. the hospital catchment
area). For both urban and rural areas, we
selected a random sample of census tracts
or cantons and then a random sample of
households within each of these. Inves-
tigators obtained informed consent and
surveyed household members to deter-
mine who had developed symptoms of
and sought care for sudden-onset fever,
cough or sore throat (i.e. influenza-like
illness) during the preceding month. In
addition, the investigators determined
where ill individuals had sought care (e.g.
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at the sentinel hospital or another facil-
ity) and whether they were admitted to
hospital for severe pneumonia during the
preceding year and, if so, the hospital to
which they were admitted. We assumed
that the pattern of health-care services
use by age group was similar every year.

Statistical analyses

We compared case patients who were
tested with those who were not tested for
respiratory viruses with respect to age,
sex and severity of illness by use of y>and
t tests (SPSS, version 17.0; SPSS Statistics,
New York, United States of America).
To estimate the annual incidence of
influenza-virus-associated pneumonia,
we first used the monthly proportion of
case patients who tested positive for in-
fluenza virus at San Juan de Dios Hospital
to impute the monthly number of case
patients who would have tested positive
for influenza virus if all had been tested.
We then adjusted this estimate by use of
census data,” the proportion of days each
year that samples were collected, and
the proportion of those surveyed in the
catchment area who, in the previous year,
developed sudden-onset fever, cough or
sore throat and were subsequently admit-
ted to the sentinel site and not to another
hospital (Appendix A, available at: http://
xurl.es/pvcvz).

Results
Case patient characteristics

During 2008-2010, physicians at the
sentinel hospital identified 2554 case
patients aged <5 years with severe
pneumonia: 495 cases (19%) occurred in
2008, 1367 (54%) occurred in 2009 and
692 (27%) occurred in 2010. Samples
from 608 (24%; 153 [31%] in 2008, 217
[16%] in 2009 and 238 [34%] in 2010)
were collected and tested for respiratory
viruses.

Table 1 summarizes select demo-
graphic characteristics among tested and
untested case patients. During 2008-
2009, the median age and prevalence of
male sex among tested and untested case
patients were similar. However, during
2010, the median age among tested case
patients was significantly less than that
among untested case patients (6 versus
11 months; P<0.001). The percentage
of tested case patients who died was
significantly greater than the percentage
of untested case patients who died, both
in 2009 (9% versus 0%; P<0.001) and in
2010 (4% versus 0%; P<0.001).
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Table 1. Demographic characteristics of children aged <5 years with severe pneumonia who were or were not tested for influenza virus,
San Juan de Dios Hospital, Santa Ana, El Salvador, 2008-2010

Characteristic 2008 2009 2010
Tested Not tested  Overall Tested Nottested Overall Tested Nottested Overall
(n=153) (n=342) (n=495) (n=217) (n=1150) (n=1367) (n=238) (n=454) (n=692)
Males, no. (%) 99 (65) 209 (61) 308 (62) 117 (54) 667 (58) 784 (57) 157 (66) 253 (58) 420 (61)
Age in months, median (IQR) 7 (3-12) 7 (3-12) 7(3-12) 7(2-12) 8(3-12) 8(3-12) 6((3-12) 11(5-12) 11(4-12)
Deceased, no. (%) 0(0) 4(1) 4(1) 20 (9) 2(0) 22 (2) 9 (4) 0(0) 9(1)

IQR, interquartile range.

Table 2. Distribution of severe pneumonia cases overall and of influenza virus positivity among children aged < 5 years with severe
pneumonia who underwent testing, by age and month, San Juan de Dios Hospital, Santa Ana, El Salvador, 2008-2010

Characteristic 2008 2009 2010

No.of  No.positive/  Per cent No.of  No. positive/  Per cent No.of  No.positive/  Percent

cases no.tested positivity® cases no.tested positivity® cases no.tested positivity®
Age (months)
<12 347 6/80 850 12/121 10 394 2/154 1
12-23 97 3/34 9 344 7/52 13 187 2/58 3
24-59 51 2/39 5 173 2/44 5 111 1/26 4
Month
Jan 19 0/6 0 45 0/17 22 0/22 0
Feb 33 0/4 0 46 1/13 38 1/13 8
Mar 29 0/15 0 69 117 6 46 1/24 4
Apr 31 0/8 0 99 2/18 1 47 0/26 0
May 45 0/10 0 125 1/19 5 66 0/17 0
Jun 49 3/20 15 259 0/23 111 0/16 0
Jul 58 2/14 14 321 8/23 35 89 0/24 0
Aug 44 0/16 0 157 2/23 57 3/19 16
Sep 40 4/18 22 99 0/20 55 0/16 0
Oct 54 0/13 0 85 0/21 50 0/28 0
Nov 57 1/23 33 1/10 10 61 0/27 0
Dec 36 1/6 17 29 5/13 38 50 0/6 0

2 Among patients who provided samples for testing.

Of the 608 case patients with severe
pneumonia who underwent testing, 113
(19%) tested positive for at least one
of the following respiratory viruses:
influenza virus, parainfluenza virus,
adenovirus and respiratory syncytial
virus. Influenza virus was detected
in 37 case patients (6%; 95% confi-
dence interval, CI: 4-8) who provided
samples for testing. The median age of
influenza-virus-positive case patients
was 10 months (interquartile range:
4-12 months). The frequency of influ-
enza virus detection among tested case
patients aged < 2 years was higher than
that among older tested case patients
during 2008 and during 2009 but not
during 2010 (Table 2).

The proportion of case patients
who tested positive for influenza virus
was highest each year from June to
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September (Table 2). We also observed
an increase in influenza-virus-positive
cases at the end of December 2009, dur-
ing the 2009 influenza pandemic, when
influenza A virus subtype HIN1pdm
(i.e. the pandemic strain) was detected
in 17 of 21 patients (81%) with severe
pneumonia.

Survey findings

A total of 7683 household members
(mean number of members per house-
hold: 4.6) were detected during the
health-care utilization survey. Par-
ticipants reported that 464 household
members (6%; 95% CI: 4-7) developed
influenza-like illness one month before
the interview. Of these people, 233 (50%;
95% CI: 45-55) sought medical care.
During the year before the interview,
22 household members (0.3%; 95% CI:

0.2-0.4) were hospitalized with a history
of influenza-like illness. Among them, 5
of 8 (63%) aged < 5 years were hospital-
ized at the sentinel hospital.

Overall and annual incidence

Table 3 summarizes the data used to es-
timate the incidence of influenza-virus-
associated severe pneumonia among
children aged <5 years in El Salvador
during 2008-2010. The incidence during
the study period was estimated to be 3.2
cases per 1000 person-years (95% CI:
2.8-3.7). The greatest annual incidence
occurred in 2009, with 7.6 cases per
1000 person-years (95% CI: 6.5-8.9);
6.7 cases per 1000 person-years were
attributable to influenza A virus subtype
H1N1pdm. Incidence estimates were
significantly lower during the other
study years: 1.5 cases per 1000 person-
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Table 3. Variables used to estimate the incidence of influenza-virus-associated severe pneumonia among children aged < 5 years living
in the catchment area of San Juan de Dios Hospital, Santa Ana, El Salvador, 2008-2010

Variable 2008 2009 2010 2008-2010
Case patients identified at San Juan de Dios Hospital, no. 495 1367 692 2554
Case patients tested for respiratory viruses, no. 153 217 238 608
Case patients positive for influenza virus

Detected no., (%), (95% Cl) 11(7) 3-11) 21(10) (6-14) 5(2) (0.2-4) 37 (6) (4-8)

Imputed no. 33 165 14 212
Census population aged <5 years in catchment area® 36858 37016 37205 111079
Census population that visits the sentinel site when ill, %° 63 63 63 63
Days when surveillance was performed, no., (%)¢ 343 (94) 340 (93) 339(93) 1022 (93)
Adjusted census population (person—years) 21827 21688 21798 65081

Cl, confidence interval.

¢ Data are from the National VI Population and V Household Census 2007 of El Salvador.

® Data are from the sentinel site health-care service utilization survey performed in Santa Ana during November—December 2009.

¢ Percentages represent the proportion of days when surveillance was conducted in one year (365 days) or, for the last column, in three years (1095 days).

years (95% CI: 1.0-2.0) for 2008 and 0.6
cases per 1000 person-years (95% CI:
0.3-1.0) for 2010.

Matching between vaccines and
recovered isolates

During 2008-2010, El Salvador used in-
fluenza vaccine formulations manufac-
tured for use in the northern hemisphere
but haemagglutination inhibition testing
showed that the influenza virus strains
identified in the study matched antigens
from both the northern and southern
hemisphere formulations (Table 4).
The northern hemisphere formulation
seemed to be a better match than the
southern hemisphere formulation in
2008 because it included the dominant
circulating strain (A/Brisbane/59/2007
[HIN1]-like virus). On the other hand,
both formulations were considered best
matches to circulating strains in 2010
because both contained the same strains.

Discussion

This study, which is, to our knowledge,
the first to estimate the incidence of
influenza-virus-associated severe pneu-
monia among children aged <5 years in
El Salvador, suggests that young children
are frequently hospitalized as a result
of influenza. If the 2008 incidence of
influenza-virus-associated severe pneu-
monia among children aged <5 years
hospitalized in San Juan de Dios Hos-
pital (1.5 cases per 1000 person-years;
95% CI: 1.0-2.0) was similar throughout
El Salvador, we estimate that from 600
to 1100 influenza-virus-associated hos-

pitalizations occurred among children
in this age group during 2008 [(1.0-2.0
cases per 1000 person—years) x (555 893
individuals aged <5 years)]. Almost all
cases of influenza-virus-associated se-
vere pneumonia identified during 2009
were attributed to influenza A virus
subtype HIN1pdm. Although influenza
due to pandemic and seasonal strains
had similar clinical manifestations,
younger children had higher attack rates
during the pandemic year than during
2008 and 2010. This may be explained
by the lack of pre-existing immunity
against the pandemic influenza strain
among children.’®” The incidence
of influenza-virus-associated severe
pneumonia requiring hospitalization
among children in this study was similar
to those reported in other low-income
and lower-middle-income countries,
including Bangladesh, Guatemala, Ke-
nya and the Philippines, but lower than
those reported in Nicaragua (3 cases per
1000 person-years), Thailand (5 cases
per 1000 person-years) and Viet Nam
(9 cases per 1000 person-years).”'*
The incidence of influenza-virus-
associated severe pneumonia requiring
hospitalization is important because
influenza is a vaccine-preventable
infection and because respiratory ill-
nesses are among the leading causes of
death among children in lower-middle-
income countries such as El Salvador.”
During 2008-2010, Ministry of Health
hospitals in El Salvador annually admit-
ted approximately 14 000 children aged
<5 years with severe pneumonia. In
addition, in El Salvador severe pneu-
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monia causes 14% of deaths among
children aged <5 years."” Infection with
influenza virus also predisposes chil-
dren to infections with other common
pathogens associated with severe illness
(e.g. pneumococcal and staphylococcal
pneumonia).”’ Although our study did
not explore the association between
influenza and bacterial pneumonia,
in 2010 El Salvador initiated a bacte-
rial pneumonia surveillance system and
introduced pneumococcal conjugate
vaccine.””!

During the study period, El Sal-
vador used the northern hemisphere
influenza vaccine formulation. Our data
suggest that both northern and south-
ern hemisphere vaccine formulations
matched influenza viruses circulating in
El Salvador during 2008 and 2010, with
the exception of the pandemic strain.
In a similar analysis of unpublished
2003-2010 data, the Ministry of Health
concluded that the southern vaccine for-
mulation most often matched influenza
viruses identified among Salvadorian
patients. As of 2011 the Ministry of
Health uses the southern hemisphere
vaccine formulation to target children
aged <5 years, elderly people, health-
care personnel, pregnant women and
people with pre-existing medical con-
ditions during influenza vaccination
campaigns starting in March rather than
in January, when they were formerly
begun. Despite high reported vaccine
coverage during 2010, it is unclear how
many eligible children receive a second
dose of influenza vaccine. It may be use-
ful for the Ministry of Health to verify
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Table 4. Match between influenza virus strains isolated from case patients in San Juan de Dios Hospital and influenza vaccine
formulations available during 2008-2010, El Salvador

Year Strain dominance® Formulation Best match, by hemisphere
Strain Dominance Southern hemisphere Northern hemisphere® Southern Northern  Neither
2008 A/ Co-dominant A/Solomon A/Brisbane/59/2007 X
Brisbane/59/2007- Islands/3/2006 (HIN1)- (HTN1)-like virus
like (HINT) like virus
B/Florida/04/2006-  Co-dominant A/Brisbane/10/2007 A/Brisbane/10/2007
like (H3N2)-like virus (H3N2)-like virus
B/Florida/4/2006-like B/Florida/4/2006-like virus
virus
2009 A/ Dominant A/Brisbane/59/2007 A/Brisbane/59/2007 X
California/07/2009- (HINT)-like virus (HINT)-like virus
like (HIN1)pdm
A/Brisbane/10/2007 A/Brisbane/10/2007
(H3N2)-like virus (H3N2)-like virus
B/Florida/4/2006-like B/Brisbane/60/2008-like
virus virus
2010 A/Perth/16/2009 Co-dominant A/California/7/2009 A/California/7/2009 (HTNT1)- X X
(H3N2) (HINT)-like virus like virus
B/ Co-dominant A/Perth/16/2009 (H3N2)-  A/Perth/16/2009 (H3N2)-
Brisbane/60/2008- like virus like virus
like

B/Brisbane/60/2008-like

virus virus

B/Brisbane/60/2008-like

@ Strains were considered dominant if they accounted for > 70% of the annual isolates and were considered co-dominant if they accounted for at least 40% but less

than 70% of the annual isolates.

® Northern hemisphere vaccine compositions are expressed as the year when epidemics start (i.e. 2008 refers to the 2008-2009 season).

Data source: World Health Organization™.

that coverage is high among children
and other target groups and to explore
strategies to sustain high vaccination
coverage. In addition, vaccination cover-
age among pregnant women and other
persons with pre-existing medical con-
ditions remains low, at approximately
33%. Knowledge of rates of influenza-
associated hospitalization and other
burden of disease data might improve
communication of the potential risk of
influenza and help mobilize persons and
resources in El Salvador for successful
influenza vaccine campaigns.

Our findings might also help public
health officials in El Salvador to better
determine the potential value of em-
pirically treating severe pneumonia in
children aged < 5 years with oseltamivir
during influenza epidemics. In addition,
data on the rates of influenza-associated
hospitalization have the potential to
help El Salvador explore the potential
value of targeted non-pharmaceutical
interventions such as hand washing
campaigns among groups at high risk
of hospitalization as a result of influenza
virus infection.

Although there is still little infor-
mation about influenza seasonality in
tropical countries, unpublished data
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from 2003-2011 suggest that El Salvador
typically has influenza epidemics during
June to September (M. Melendez et al.,
e-mail correspondence, 5 July 2012),
concurrent with El Salvador’s rainy sea-
son, as often occurs in tropical countries
in Asia, Africa and South America.””™
Improved understanding of the mag-
nitude and timing of annual influenza
activity can help health authorities im-
prove the timing of influenza vaccina-
tion campaigns and recommendations
to commence empirical antiviral treat-
ment of people with suspected influenza
virus infection. In addition, continued
surveillance can help determine the best
vaccine formulation for El Salvador.
We believe it important for coun-
tries like El Salvador to explore sustain-
able ways to support national laborato-
ries with supplies and reagents for qRT-
PCR testing for respiratory viruses; to
train clinical and surveillance personnel
to identify, register, code and notify all
severe pneumonia cases at the sentinel
sites; and to use standard case defini-
tions along with standardized operating
procedures to avoid selection bias and
misclassification. Influenza surveillance
can be expensive for low-middle income
countries. For example, starting in 2007

the CDC’s Central American Regional
Office provided El Salvador with ap-
proximately US$ 350000 in technical
and economic assistance to strengthen
influenza surveillance. Sustainability
should be addressed with long-term
strategic planning to promote the ratio-
nal use of limited resources.

This study has several limitations.
First, the collection of samples from
patients was not systematic. As a result,
62% of specimens were from children
with very severe pneumonia, which
might have resulted in selection bias.
Second, qRT-PCR was unavailable at
El Salvador’s National Influenza Centre
before 2009 and was performed on ap-
proximately 25% of samples obtained
during 2009-2010. Therefore, almost all
of the respiratory samples in our study
underwent immunofluorescence analy-
sis for influenza virus and respiratory
syncytial virus, which is less sensitive
than qRT-PCR for detecting respiratory
viruses.” In addition, 16% of specimens
were collected >5 days after symptom
onset, when immunofluorescence and
qRT-PCR testing are both less likely
to detect respiratory viruses. Finally,
because under-reporting might have
arisen, we should have evaluated the
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sentinel site’s adherence to the severe
pneumonia case definition, to better
understand the magnitude of bias.
These limitations may have yielded
conservative estimates of the incidence
of influenza-virus-associated severe
pneumonia among children who re-
quired hospitalization.

Annually, El Salvador has a con-
siderable incidence of influenza-virus-
associated pneumonia among children
aged <5 years, for whom lower respira-
tory tract infections are a leading cause
of death.” An integrated approach
to preventing and mitigating child-
hood pneumonia in El Salvador could
include a programme to control and
prevent influenza. Our findings suggest
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that studies to verify whether influ-
enza vaccine coverage is high among
children and other target groups are
warranted and that vaccination strate-
gies that have been proven to achieve
high coverage should be sustained. The
incidence of influenza-virus-associated
severe pneumonia in El Salvador may
help renew efforts to increase seasonal
influenza vaccination coverage among
target groups and to expand vaccination
coverage among other vulnerable groups
(e.g. pregnant women). Il
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Résumé

Incidence estimée des pneumonies sévéres associées au virus de I'influenza chez les enfants d’El Salvador, de 2008 a 2010

Objectif Estimer Iincidence des pneumonies graves associées au virus
de lnfluenza chez les enfants salvadoriens agés de moins de 5 ans.
Méthodes Les données sur les enfants d4gés de moins de 5 ans
hospitalisés pour pneumonie grave dans un hopital sentinelle de la
région occidentale ont été recueillies chague semaine. Des écouvillons
nasaux et oropharyngés ont été prélevés aupres d'un échantillon de
patients de convenance pour un test des virus respiratoires. Une enquéte
surle recours aux soins de santé a été menée dans la zone desservie par
I'hopital afin de déterminer la proportion d’habitants ayant bénéficié
de soins hospitaliers. Lincidence de la pneumonie séveére associée au
virus de l'influenza chez tous les enfants salvadoriens agés de moins de
5ans a été estimée a partir de données dépidémiosurveillance et de
recensement, avec un ajustement pour le recours aux soins de santé.
Des souches de virus grippal ont été sélectionnées par les «Centres des
Etats-Unis d’Amérique pour le controle et la prévention des maladies»
afin de déterminer leur adéquation avec les formulations des vaccins
antigrippaux du Nord et du Sud de I'hémisphére.

Résultats Les médecins ont identifié 2554 cas de pneumonie grave.
Des échantillons provenant de 608 cas ont été testés pour les virus
respiratoires, et 37 d'entre eux (6%) étaient positifs au virus de la
grippe. Lincidence estimée des pneumonies graves associées au virus
de l'influenza était de 3,2 cas pour 1000 personnes-années (intervalle
de confiance IC de 95%: 2,8 a 3,7) pour I'ensemble de la période, de
1,5 cas pour 1000 personnes-années (IC de 95%: 1,0a 2,0) en 2008,
de 7,6 cas pour 1000 personnes-années (IC de 95%: 6,5 a 8,9) en
2009 et de 0,6 cas pour 1000 personnes-années (IC de 95%: 0,3 a 1,0)
en 2010. Les formulations vaccinales des hémispheres Nord et Sud
correspondaient aux souches de virus de la grippe isolées au cours des
années 2008 et 2010.

Conclusion Les pneumonies graves associées au virus de linfluenza
sont fréquemment survenues chez les jeunes enfants salvadoriens
au cours de la période 2008-2010. Les antigénes présents dans les
formulations des vaccins contre la grippe des hémispheres Nord et Sud
correspondaient aux souches en circulation.

Pestome

PacuetHbIn YpoBeHb 3aboneBaemocTu I'pI/II'II1-aCCOU,I/II/Ip0BaHHOI7I TAXKeJI01 NHEBMOHWEN fieTel B Caanap,ope

3a nepuog ¢ 2008 no 2010 rr.

Llenb OueHnTs ypoBeHb 3a601eBaeMoCT/ rpynn-acCoUMMPOBaHHON
TAXKENON NHeBMOHWeN cpean aetert CanbBagopa B BO3pacTe 40
nATU NeT.

MeTopbl MpoBOAVNCSA exeHenenbHbl COOP AaHHBIX MO
[eTAM B BO3pacTe A0 NATU f1eT, NOCTYyNaBWmWX B KapaHTUHHOe
yupexaeHune C TAHKeNor NHeBMOHWEN B 3aMaiHOM pPernoHe. boinu
cobpaHbl HasanbHble 1 opodapuHreanbHble 00pasLibl Ma3KoB
13 Hepernpe3eHTaTMBHOW BbIOOPKK HabMoAaeMblX NalUMeHToOB
INA TeCTMPOBaHWA Ha PeCnmMpaTopHbIi BUpYC. ViccnenoBaHuve
MCMNOJb30BaHNA PECYPCOB 34PaBOOXPAHEHNA MPOBOAMNIOCH
B paiioHe, obcnyKMBaeMoM nedyebHbIM yupexaeHnem, Ans
onpeaeneHna COOTHOLIEHWA KITenel, HyKAAIOLLMXCA B GONBHUUYHOM
nevyeHnn. 3a6oneBaemMoCTb rPUMNM-acCoOLMMPOBAHHOM TaKenom
nHeBMOHVelt cpean Bcex feTell B CanbBagope B BO3pacTe A0 MATU
NeT OLeHMBaNach Mo AaHHbIM HabMIoAeHNIA 1 Mepeniici, C MOMPaBKoOM
Ha MCMNOMb30BaHMe PecypCoB 3[paBoOXpaHeHns. LleHTpbl nNo
6opbbe c bonesHamm 1 nx npodunaktrike (CLLA) oxapakTteprzoBani
WTaMMbl BMPYCa rpynna Ha onpeaeneHme 1x COOTBETCTBIA COCTaBaM
NPOTUBOMPUNNO3HOM BaKUMHbBI CeBePHOrO 1 HOXKHOrO NoyLWwapwin.

PesynbraTtbl Bpayamn BoiABneHo 2554 cnyvyaes TAXenown
nHesMoHMK. O6pa3ubl 608 cyyaes TeCTMPOBaNUCh Ha BUPYChI-
BO30YAUTENM MHOEKLMIA AbIXaTeNbHbIX NyTen, 37 (6%) 13 KOTOPbIX
OKa3zanucb NONOXMUTENbHBIMK Ha BUPYC rpmunna. PacyeTHbin
YpOBEHb 3ab601eBaeMOCTY FPUNM-aCCOLMUPOBAHHON TAXKENoi
NHEBMOHMEN B LIeNIOM COCTaBmn 3,2 ciyyaa Ha 1000 yenoseko-
net (95% posepuTenbHbI nHTepBan, AN: 2,8-3,7), 1,5 cnydyas Ha
1000 yenoseko-net (95% [M: 1.0-2.0) B Teuerre 2008, 7,6 Ciyyaes
Ha 1000 yenoseko-net (95% [W: 6,5-8,9) B TeueHme 20091, n 0,6
cnyyaes Ha 1000 yenoseko-net (95% [11: 0,3-1,0) B TeueHvie 2010 T.
CocTaBbl MPOTUBOrPUNNO3HOM BaKLMHbI CeBepHOro 1 KxHOro
nonyLWwapm COOTBETCTBYIOT LWTaMMaM BMPYCa rpYnna, BblAENEHHbIM
8 nepuog ¢ 2008 no 2010 rT.

BbiBoa prnn-accounmnmpoBaHHan TAxenaa NHEBMOHMA 4acTo
BCTpeYanachb cpeav aeten mnaawero Bospacta CanbBagopa B
TeueHne 2008-2010 rr. AHTWIreHbl COCTaBOB NMPOTUBOMPUNMO3HON
BaKUMHbI CeBepHOro un tOXXHOro nonywapuin COOTBETCTBYIOT
LIVPKYIVPYIOLLMM LWTaMMaM.

Resumen

La incidencia estimada de la neumonia grave asociada al virus de la gripe en los nifios de El Salvador, 2008-2010

Objetivo Calcular la incidencia de la neumonia grave asociada al virus
de la gripe entre los nifios salvadorefios con edades inferiores a los
cinco anos

Métodos Se recogieron de manera semanal los datos de nifios menores
de cinco afios ingresados debido a una neumonia grave en un hospital
centinela de la regién occidental y frotis nasales y bucofaringeos de una
muestra de conveniencia de pacientes caso para comprobar la presencia
de virus respiratorios. En lazona de captacién del hospital, se llevé a cabo
una encuesta sobre el uso de la atencion sanitaria para determinar la
proporcién de residentes que buscaron atencidn sanitaria en el hospital.
La incidencia de la neumonia grave asociada al virus de la gripe entre
todos los nifios salvadorefios con edades inferiores a los cinco afios se
calculd en base a los datos de vigilancia y del censo con el ajuste para el
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uso de la atencion sanitaria. Los Centros para el Control y Prevencion de
Enfermedades de los Estados Unidos caracterizaron las cepas del virus
de la gripe para determinar su correspondencia con la formulacién de
la vacuna de la gripe en los hemisferios norte y sur.

Resultados Los médicos identificaron 2554 casos de neumonia grave.
Se comprob0 la presencia de virus respiratorios en las muestras de
608 casos y 37 de ellas (6%) dieron positivo para el virus de la gripe. La
incidencia estimada de la neumonia grave asociada al virus de la gripe
fue de 3,2 casos por cada 1000 afos—persona (intervalo de confianza
del 95%, IC: 2,8-3,7) en total, 1,5 casos por cada 1000 afios—persona
(IC del 95%: 1,0-2,0) durante el afio 2008, 7,6 casos por cada 1000
afos—persona (IC del 95%: 6,5-8,9) durante el afo 2009y 0,6 casos por
cada 1000 afos—persona (IC del 95%: 0,3-1,0) durante el afio 2010. La

Bull World Health Organ 2012;90:756-763 | doi:10.2471/BLT.11.098202
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formulacién de la vacuna en los hemisferios norte y sur coincidio con
las cepas del virus de la gripe aisladas durante los afios 2008 y 2010.

Conclusion La neumonia grave asociada al virus de la gripe tuvo lugar
con frecuencia entre los nifios pequerios de El Salvador durante los afios
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2008y 2012. Los antigenos en las formulaciones de la vacuna contra la
gripe de los hemisferios norte y sur se correspondieron con las cepas
en circulacion.
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