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Background. Little is known about the clinical presentation and epidemiology of influenza A HIN1pdm in
children in developing countries. We assessed the severity of influenza A HIN1pdm in children in Nicaragua by
comparing HIN1pdm cases to seasonal influenza cases in an ongoing cohort study.

Methods. The Nicaraguan Influenza Cohort Study was established in June 2007 to study the burden and
seasonality of pediatric influenza in a tropical developing country. During the period from June 2007 through
November 2009, a total of 4391 children aged 2—14 years participated in the cohort. We examined the attack rate
of clinical influenza and assessed symptoms at first presentation in febrile patients with HIN1pdm versus those
with seasonal influenza A or B.

Results. The estimated clinical attack rate of HIN1pdm in the cohort was 20.1%, compared to 11.7% and
15.1% for seasonal influenza A and 11.9% and 24.2% for seasonal influenza A and B in 2007 and 2008, respectively.
Symptoms significantly associated with HIN1pdm cases versus seasonal influenza A cases were sore throat (adjusted
odds ratio [OR], 1.7; 95% confidence interval [CI], 1.2-2.5), wheezing (OR, 5.1; 95% CI, 1.3-19.0), rhonchi (OR,
4.6; 95% CI, 1.4-15.0), crepitations (OR, 16.2; 95% CI, 2.1-128.7), pneumonia (OR, 8.0; 95% CI, 1.7-37.3),
nausea (OR, 2.8; 95% CI, 1.5-5.1), and loss of appetite (OR, 2.1; 95% CI, 1.4-3.1). In addition, 3 concurrent
influenza and dengue virus coinfections were identified.

Conclusions. Children with influenza A HINIpdm presented with significantly more symptoms of lower
respiratory infection and gastrointestinal symptoms than children with seasonal influenza. The clinical influenza
attack rate was high in both pandemic and seasonal years.

In April of 2009, a severe outbreak of influenza, caused
by a new influenza virus subtype influenza A HIN1pdm,
occurred in Mexico [1]. Since that time, HIN1pdm has
rapidly spread around the globe, causing the World
Health Organization to declare a pandemic in June 2009
[2]. Currently, the burden that influenza A HIN1pdm
will have on children throughout the world is unknown.
A number of reports exist on the clinical presentation
of hospitalized patients [3-7]; however, to date, little
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published information exists on the clinical presenta-
tion at the community level, especially in developing
countries [8], or on the attack rate of HINI1pdm [9].

Clinical attack rates of seasonal influenza in the gen-
eral population typically range from 7% to 18% [10—
12], whereas attack rates for pandemic influenza are
estimated to range from 20% to 50% [13—15]. In both
interpandemic and pandemic years, the highest attack
rates have been documented in children [10, 13, 14].

Here, we describe a cohort in Nicaragua, currently
in its third year, which is unique because of its large
size, location in a tropical developing country, and on-
going time period spanning both seasonal and pan-
demic influenza epidemics. We report the clinical attack
rate and presentation of febrile HIN1pdm in a cohort
of children in Managua, Nicaragua, and we briefly doc-

ument influenza and dengue virus coinfections that oc-
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curred in the cohort. To examine differences in the clinical
presentation of seasonal influenza and influenza A HIN1pdm,
we conducted a case-control study nested in an ongoing com-
munity-based pediatric cohort study of influenza in urban
Nicaragua.

METHODS

Study population and procedures. The Nicaraguan Influenza
Cohort Study (NICS) began in June 2007 to study the burden
and seasonality of pediatric influenza in Nicaragua [16]. The
study was established by adding influenza testing to an existing
dengue cohort study, the Pediatric Dengue Cohort Study, which
includes ~3800 children aged 2-14 years in Managua, Nica-
ragua. Children were eligible to participate in the Pediatric
Dengue Cohort Study if they were within the study age range,
lived in the catchment area of the Health Center Sécrates Flores
Vivas, had no immunocompromising conditions (eg, current
chemotherapy), and had no plans to move out of the area.
Only children participating in the Pediatric Dengue Cohort
Study were eligible for the NICS study. At enrollment, partic-
ipants’ families agreed to bring their child to study physicians
at the study health center at the first sign of illness. Children
are provided with medical care free of charge through the study,
and data from all medical visits are collected systematically on
data collection forms. At each medical appointment, data is
collected on >80 symptomatic variables, including tempera-
ture, vital signs, and respiratory, gastrointestinal, and system-
ic symptoms.

Clinical pneumonia was diagnosed using the World Health
Organization definition of a respiration rate of =40 breaths
per minute with cough or difficulty breathing for children aged
<5 years. For children aged =5 years, the definition consisted
of =30 breaths per minute combined with abnormal auscul-
tatory findings. The testing criteria used for influenza was fever
or a history of fever with =1 of the following symptoms: cough,
sore throat, or rhinorrhea. Because of resource limitations, it
was not possible to test all children in the cohort study pre-
senting with the testing criteria; therefore, 25% of the children
presenting with the criteria were selected for testing through
randomization. Randomization was performed with R software
(R Foundation for Statistical Computing) using sampling with
replacement; thus, each child meeting the testing definition had
an independent 25% probability of being selected for testing.
Nasal and throat swab specimens were collected from all chil-
dren selected for respiratory testing. Both swabs were placed
in viral transport media, stored at 4°C, and transported to the
National Virology Laboratory at the Nicaraguan Ministry of
Health—typically on the day of collection, but in all cases
within 72 h. At the National Virology Laboratory, samples were
tested by reverse-transcription polymerase chain reaction (RT-

PCR) for seasonal influenza viruses and by real-time RT-PCR
for HIN1pdm viruses, in accordance with validated Centers
for Disease Control and Prevention protocols [17]. Written
informed consent was obtained from the parent or guardian
of each participant, and verbal assent was obtained from par-
ticipants aged =6 years. This study was approved by the in-
stitutional review boards at the University of California, Berke-
ley, and the Nicaraguan Ministry of Health.

Cases and controls for symptoms analysis. Case subjects
were defined as those children in the cohort who had labo-
ratory-confirmed cases of influenza A HIN1pdm and who met
the testing definition. Control subjects were defined as those
children in the cohort who had laboratory-confirmed cases of
seasonal influenza A or influenza B and who met the testing
definition.

Statistical analysis.
this study were the clinical attack rate and the odds ratio (OR).
The total number of influenza cases was determined by esti-

The primary measures examined in

mating the total number of influenza cases per week and sum-
ming across all weeks. The number of influenza cases per week
was determined by applying the probability of being positive
for influenza virus when tested, in which tested children con-
stituted ~25% of the children presenting in a given week (ran-
domization procedures are detailed in the “Study population
and procedures” subsection above), to the number of children
who presented meeting the testing criteria. This method as-
sumes that being tested is independent of having positive re-
sults, conditional on the week and on meeting the testing cri-
teria. The clinical attack rate was calculated by dividing the
estimated number of influenza cases by the total number of
participants. Cohort members included in the attack rate anal-
ysis were limited to those participants who were active in the
cohort for the entire period of the first wave of the pandemic
(June—November 2009) or the same period in 2007 and 2008.
Logistic regression and multivariable logistic regression were

Table 1. Baseline Characteristics of Participants
Children with ~ Children with
H1N1pdm seasonal
infection influenza A
Characteristic (n = 185) (n = 300) P
Sex 45
Male 99 (54) 150 (50)
Female 86 (46) 150 (50)
No. of days from onset to presentation 145
0 46 (25) 69 (23)
1 112 (61) 159 (63)
2 17 (9) 49 (16)
3 8 (4) 16 (5)
=4 2 (1) 7(2)
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Table 2. Distribution
fluenza A

and Odds Ratios (ORs) for Symptoms of HIN1pdm Influenza versus Seasonal In-

Children with
o influonss A O (95% C

Symptoms (n = 185) (n = 300) P Crude Adjusted®
Systemic

Arthralgia 11 (6) 27 (9) 297 0.6 (0.3-1.3) 0.6 (0.3-1.3)

Myalgia 9 (5) 24 (8) 199 0.6 (0.3-1.3) 0.6 (0.3-1.3)

Earache 1(1) 8 (3) .163 0.2 (0.0-1.6) 0.2 (0.0-1.7)
Respiratory

Cough 173 (94) 277 (92) .626 1.2 (0.6-2.5) 1.2 (0.6-2.6)

Sore throat 109 (59) 134 (45) .002 1.8 (1.2-2.6) 1.7 (1.2-2.5)

Rhinorrhea 158 (85) 272 (91) .076 0.6 (0.3-1.1) 0.6 (0.4-1.1)

Wheezing 9 (b) 3(1) .013 5.1 (1.4-18.9) 5.1 (1.3-19.0)

Rhonchi 10 (5) 4 (1) .012 4.2 (1.3-13.7) 4.6 (1.4-15.0)

Crepitations 10 (5) 1 (0) <.001 17.1 (2.2-134.6) 16.2 (2.1-128.7)

Pneumonia 10 (5) 2 (1) .002 8.5 (1.8-39.3) 8.0 (1.7-37.3)
Gastrointestinal

Nausea 32 (17) 20 (7) <.001 2.9 (1.6-5.3) 2.8 (1.5-5.1)

Diarrhea 5 (3) 5 (2) 435 1.6 (0.5-5.7) 1.5 (0.4-5.4)

Vomiting 21 (11) 42 (14) .399 0.8 (0.5-1.4) 0.8 (0.4-1.3)

Abdominal pain 19 (10) 31 (10) .982 1.0 (0.5-1.8) 1.0 (0.5-1.8)

Loss of appetite 98 (53) 109 (36) <.001 2.0 (1.4-2.9) 2.1 (1.4-3.1)

NOTE. Statistically significant variables are presented in boldface font. Cl, confidence interval.

@ Adjusted for the day of presentation after onset of illness.

used to determine crude and adjusted ORs. In multivariable
models, the day of presentation after onset of illness was cat-
egorized as the day of illness, 1 day after onset, or =2 days
after onset. Because of the longitudinal nature of the study,
some children presented with influenza more than once. To
assess the effect of participants presenting with influenza mul-
tiple times, several subanalyses were performed in addition to
the main analysis that treated each observation as an unrelated
case. First, an analysis limited to the first influenza episode was
performed and second, generalized estimating equations with
a binomial distribution were used to adjust for the correlation
between observations. Because no significant difference was
seen between the main analysis and the subanalyses, all reported
estimates are from the main analysis. Comparisons between
groups used the x* or Fisher exact test, as appropriate. A non-
parametric test for trend was used to examine the age distri-
bution of cases of HINIpdm and seasonal influenza cases.
Thirteen- and 14-year-old children were excluded from the
age comparison because of differences in the cohort age struc-
ture between years. Statistical analyses were performed using
Stata software, version 10.1 (StataCorp).

RESULTS

During the period from 1 June 2007 through 15 November
2009, of the 4397 children invited to participate in the NICS,

4362 children (99.2%) participated. The age distribution was
similar in all years, except that there were more 13- and 14-
year-old children in years 2 and 3. Among participants, 631
laboratory-confirmed influenza cases were detected that met
the testing definition. Of those, 300 were seasonal influenza A
cases, 146 were influenza B cases, and 185 were influenza A
H1N1pdm cases (Tables 1 and 2 and Table 3, which appears
only in the electronic version of the journal). The first case of
H1N1pdm in Nicaragua was detected in the cohort on 1 June
2009. Additionally, there were 3 HIN1pdm cases that involved
coinfection with influenza and dengue viruses. Patients with
coinfections were excluded from the main symptoms analysis,
although inclusion of patients with coinfection did not signif-
icantly change the results other than hospitalization rate.

The estimated clinical attack rate of HIN1pdm in the 3680
children who were enrolled in the cohort study for the entire
period from 1 June 2009 through 15 November 2009 was
20.1%. In 2007 and 2008, the estimated clinical attack rate for

Table 3. Distribution and Odds Ratios (ORs)
for Symptoms of HIN1pdm Influenza versus Sea-
sonal Influenza A and B

The table is available in its entirety in the online
edition of the Journal of Infectious Diseases.
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Figure 1. Weekly estimated attack rate of the first wave of influenza
A HIN1pdm in the Nicaraguan Influenza Cohort Study.

influenza A was 11.7% and 15.1%, respectively; for seasonal
influenza A or B, it was 11.9% and 24.2%, respectively. The
weekly HIN1pdm and seasonal influenza A activity in the co-
hort is shown in Figure 1. Although influenza A HINI1pdm
was detected in the cohort and surrounding area on 1 June
2009, peak influenza attack rates were not observed until Au-
gust 2009.

The age distribution of febrile HIN1pdm cases was signifi-
cantly different (P<.001) from the age distribution of febrile
children with seasonal influenza A, with more HIN1pdm cases
occurring among older children (Figure 2). There were no ob-
served significant differences in the sex distribution or day of
presentation after onset of illness between the case and control
subjects (Table 1). Two (1.1%) of the children with HIN1pdm
influenza and 2 (0.4%) of the children with seasonal influen-
za were hospitalized for pneumonia <1 week after the onset of
symptoms (P = .585).

We examined the percentage of febrile children with HIN1pdm
and seasonal influenza cases who presented with a range of sys-
temic, gastrointestinal and respiratory symptoms. Significant dif-
ferences (P<.05) in the percentage of children presenting with
sore throat, runny nose, wheezing, rhonchi, crepitations, pneu-
monia, nausea, and loss of appetite were observed in children
with HINIpdm infection, compared with those who had sea-
sonal influenza virus A infection (Tables 2 and 3). The adjusted
OR was 1.7 for sore throat (95% confidence interval [CI], 1.2—
2.5), 5.1 for wheezing (95% CI, 1.3-19.0), 4.6 for rhonchi (95%
CI, 1.4-15.0), 16.2 for crepitations (95% CI, 2.1-128.7), and 8.0
for pneumonia (95% CI, 1.7-37.3) for children with HIN1pdm
infections, compared with children who had seasonal influenza
A infection, when adjusted for day after onset of symptoms.
Among gastrointestinal symptoms, the OR was 2.8 for nausea
(95% CI, 1.5-5.1) and 2.1 for loss of appetite (95% CI, 1.4-3.1),
compared with seasonal influenza A infection, when adjusted for
day after onset of symptoms.

Three influenza and dengue virus coinfections were identi-
fied during the period from 27 August 2009 through 6 October
2009. Of the 3 children with coinfections, 100% were hospi-

talized, compared with 1.1% of those with HIN1pdm infection
(P<.001) and 42.1% of those with laboratory-confirmed den-
gue (P = .080). The age of children presenting with coinfection
ranged from 3 to 13 years. All children with coinfections re-
covered fully.

DISCUSSION

This study describes the first wave of influenza A HIN1pdm
in the NICS, examines the symptoms at presentation for febrile
children with influenza A HINIpdm versus febrile children
with seasonal influenza, and derives the estimated respective
clinical attack rates. The estimated clinical attack rate in the
first wave of the influenza pandemic (5.5 months) was 20.1%,
consistent with the high rate expected from a pandemic strain.
The age distribution of cases differed between seasonal and
pandemic influenza, with a higher proportion of older children
presenting with HIN1pdm influenza. Overall, children with
H1N1pdm influenza had a higher odds of presenting with sore
throat, lower respiratory tract symptoms (eg, wheezing, rhon-
chi, crepitations, and pneumonia), and gastrointestinal symp-
toms (eg, nausea and loss of appetite).

The pandemic clinical attack rate was higher than the influ-
enza clinical attack rate in 2007 (11.9%), a year dominated
primarily by influenza A, but lower than the clinical attack rate
in 2008 (24.2%), when peaks of both influenza A and influenza
B occurred. When the attack rates for only influenza A are
compared, the clinical attack rate in 2009 is higher than that
in 2007 and 2008. It should be noted that, in 2009 during the
pandemic wave, the government of Nicaragua put into effect
numerous control measures, including use of oseltamivir,
school closures, separate health care clinics for patients with
respiratory symptoms, and contact tracing, which may have
affected the transmission of influenza.

Three influenza and dengue virus coinfections were identi-
fied in the cohort study. Coinfections had not previously been
identified in the cohort, most likely due to separate peak trans-

EH1N1pdm

D Seasonal influenza A

Percentage of cases

2 3456 7 8 910112
Age (years)

Figure 2. Percentage of laboratory-confirmed influenza A H1N1pdm
and seasonal influenza A cases in each 1-year age group. Ten cases
among 13- and 14-year-old children were excluded from the figure because
of differences in the age structure of the cohort between study years.
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mission seasons for the 2 diseases. Typically, peak influenza
activity occurs from May through July [18], whereas peak den-
gue activity occurs from September through December [19].
However, this year—Ilikely because of the pandemic—the peak
influenza season was delayed and a substantial overlap with the
peak dengue season occurred.

A major strength of our study is that the cohort study has
been ongoing for several years, allowing comparison of seasonal
influenza data with the introduction of HIN1pdm, because the
study protocols did not change between the years of seasonal
and pandemic influenza circulation. The large size of the cohort
together with the use of current gold standard methods for
influenza testing are additional strengths.

One limitation of this study was that the analyses depended
upon the child presenting at the health center and meeting the
testing criteria used in the study. Therefore, the clinical attack
rate of 20% reported is undoubtedly an underestimation of the
attack rate in the cohort, which includes asymptomatic or sub-
clinical infections in addition to febrile infections. It is not
possible to estimate the percentage of influenza virus infections
that cause asymptomatic or subclinical infection in children,
because no pediatric volunteer challenge studies of influenza
have been performed. In influenza challenge studies among
adults, >40% of infections are asymptomatic; however, evi-
dence suggests that the clinical presentation of influenza in
children differs significantly from that in adults [20]. Because
the dengue cohort study that forms the basis of the NICS in-
corporates an annual blood sample from healthy children for
dengue serological testing, with additional funding, we hope to
be able to determine the true incidence of HIN1pdm infec-
tion by comparing the hemagglutination inhibition titers to
HIN1pdm antigen in the 2009 and 2010 annual blood samples
from study children. For the analysis comparing HIN1pdm cases
to seasonal influenza cases, the same limitations apply regarding
the need for presentation to the health center and meeting the
testing criteria. However, the effect of these limitations is miti-
gated by the fact that the study protocols and testing criteria did
not change between seasonal and pandemic years. Nonetheless,
it is possible that the care-seeking behavior of parents changed
during the influenza pandemic, resulting in parents being more
(or less) likely to bring children in to the health center with
milder symptoms than during a seasonal influenza year; this
could result in a systematic bias in the study. To try to minimize
this bias, we encouraged parents to always bring their children
to the health center at the first sign of illness. In yearly partici-
pation surveys, only 0.8%—6.1% (mean, 2.8%) of parents re-
ported that their child had had a fever and was not brought in
for medical care [16]. Another limitation of this study is that we
did not differentiate between seasonal influenza A (H3N2) and

seasonal influenza A (H1N1) influenza virus, because subtyping

was not routinely performed on all samples in the study in 2007
and 2008 because of resource constraints.

In conclusion, we present the first report (to our knowledge)
of the clinical attack rate and symptoms of febrile influenza A
HINlpdm in a community-based pediatric population. Taking
advantage of our established pediatric cohort, we found that
cohort children who had HIN1pdm influenza had a higher
odds of sore throat, lower respiratory tract symptoms, and
gastrointestinal symptoms, compared with cohort children who
had seasonal influenza. The clinical attack rate estimated for
laboratory-confirmed influenza was 20.1% for the first pan-
demic wave and is within the expected range. This ongoing
cohort study will continue to provide essential data on influ-
enza in the tropics.

Acknowledgments

We are grateful to Oscar Ortega, Katherine Standish, Douglas Elizondo,
William Avilés, Andrea Nuifiez, Mirtha Monterrey, and Josefina Coloma
for their invaluable contributions to this study. We would like to thank
Drs. Sergio Benito Ojeda Munguia, Luis Nery Sanchez Palma, Grethel Maria
Navas Pasquier, and Jackeline Herrera Morales for providing medical at-
tention to participants; and Maria Celina Perez Ztinigas, Carolina Flores
Hernandez, Heyri Roa Solis, Moises Navarro Martinez, and Patricia Castillo
Palma for laboratory assistance. In addition, we would like to thank Rain
Mocello for editorial assistance, Cecile Viboud and Art Reingold for support
and advice, and the study participants and their families.

Financial support. The Fogarty International Center of the National
Institutes of Health, the Pediatric Dengue Vaccine Initiative, the US Na-
tional Institute of Allergy and Infectious Diseases, and the Centers for
Disease Control and Prevention. The sponsors of this study had no role
in study design, data collection, data analysis, data interpretation, or writ-
ing of the report. The corresponding author had full access to all the da-
ta in the study and had final responsibility for the decision to submit for
publication.

Potential conflicts of interest. All authors: no conflicts.

References

1. Centers for Disease Control and Prevention. Outbreak of swine-ori-
gin influenza A (HIN1) virus infection—Mexico, March-April 2009.
MMWR Morb Mortal Wkly Rep 2009;58(17):467—470.

2. World Health Organization. DG statement following the meeting
of the Emergency Committee. 2009. http://www.who.int/csr/disease/
swineflu/4th_meeting_ihr/en/print.html. Accessed 10 November 2009.

3. Webb SA, Pettila V, Seppelt I, et al. Critical care services and 2009
HINI influenza in Australia and New Zealand. N Engl ] Med 2009;
361(20):1925-1934.

4. Perez-Padilla R, de la Rosa-Zamboni D, Ponce de Leon S, et al. Pneu-
monia and respiratory failure from swine-origin influenza A (HIN1)
in Mexico. N Engl ] Med 2009;361(7):680-689.

5. Jain S, Kamimoto L, Bramley AM, et al. Hospitalized patients with
2009 HINI influenza in the United States, April-June 2009. N Engl J
Med 2009;361(20):1935-1944.

6. Rello J, Rodriguez A, Ibanez P, et al. Intensive care adult patients with
severe respiratory failure caused by influenza A (HIN1)v in Spain. Crit
Care 2009; 13(5):R148.

7. Louie JK, Acosta M, Winter K, et al. Factors associated with death or
hospitalization due to pandemic 2009 influenza A(HIN1) infection in
California. JAMA 2009; 302(17):1896—1902.

8. Cao B, Li XW, Mao Y, et al. Clinical features of the initial cases of
2009 pandemic influenza A (HIN1) virus infection in China. N Engl
] Med 2009; 361:2507-2517.

1466 « CID 2010:50 (1 June) ¢ Gordon et al



10.

11.

12.

13.
14.

15.

. Reed C, Angulo FJ, Swerdlow DL, et al. Estimates of the prevalence

of pandemic (HIN1) 2009, United States, April-July 2009. Emerg Infect
Dis 2009; 15(12):2004-2007.

Glezen WP, Couch RB. Interpandemic influenza in the Houston area,
1974-76. N Engl ] Med 1978;298(11):587-592.

Sullivan KM, Monto AS, Longini IM Jr. Estimates of the US health
impact of influenza. Am J Public Health 1993;83(12):1712-1716.
Neuzil KM, Zhu Y, Griffin MR, et al. Burden of interpandemic influ-
enza in children younger than 5 years: a 25-year prospective study. J
Infect Dis 2002; 185(2):147—152.

Frost WH. Epidemiology of influenza. JAMA 1919;73(5):313-318.
Davis LE, Caldwell GG, Lynch RE, Bailey RE, Chin TD. Hong Kong
influenza: the epidemiologic features of a high school family study
analyzed and compared with a similar study during the 1957 Asian
influenza epidemic. Am ] Epidemiol 1970;92(4):240-247.

Sharrar RG. National influenza experience in the USA, 1968-69. Bull
World Health Organ 1969;41(3):361-366.

16.

17.

18.

19.

20.

Kuan G, Gordon A, Aviles W, et al. The Nicaraguan pediatric dengue
cohort study: study design, methods, use of information technology,
and extension to other infectious diseases. Am ] Epidemiol 2009;
170(1):120-129.

Dawood FS, Jain S, Finelli L, et al. Emergence of a novel swine-origin
influenza A (HIN1) virus in humans. N Engl ] Med 2009; 360(25):
2605-2615.

Gordon A, Ortega O, Kuan G, et al. Prevalence and seasonality of
influenza-like illness in children, Nicaragua, 2005-2007. Emerg Infect
Dis 2009;15(3):408—414.

Balmaseda A, Standish K, Mercado JC, et al. Trends in patterns of
dengue transmission over 4 years in a pediatric cohort study in Nic-
aragua. J Infect Dis 2010;201(1):5-14.

Carrat F, Vergu E, Ferguson NM, et al. Time lines of infection and
disease in human influenza: a review of volunteer challenge studies.
Am ] Epidemiol 2008;167(7):775-785.

HINI1 Influenza in a Pediatric Cohort * CID 2010:50 (1 June) * 1467



