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Objective: To evaluate the clinical features, risk of prolonged hospitalization, and household infection in Thai children
hospitalized with 2009 pandemic influenza A/HINI virus (pHIN1).

Material and Method: The authors conducted a retrospective chart review of children hospitalized in four Thai tertiary care
hospitals between June 1 and September 30, 2009, with reverse-transcriptase-polymerase-chain-reaction confirmed pHINI.
Household contact data were obtained by telephone.

Results: Pediatric admissions numbered 115, 58 were females (50.4%). Median age was 5.2 (range 0.5 to 15) years.
Fifty-one (44.4%) children had underlying diseases, most commonly asthma 17 (14.8%). Median preadmission illness
duration was two days (range 1 to 10). Sixty-one (53.0%) children had lymphopenia. Chest X-ray infiltration was detected in
89 (77.4%) children. Oseltamivir was prescribed in 104 (90.4%) children; 47 (45.2%) within 48 hours of illness. 70 (60.9%)
children received antibiotics. The median hospitalization was three days (range 1 to 94). Independent (multivariate analysis)
factors associated with prolonged hospitalization (> 7 days) were aged five to nine years (OR 7.4, 95% CI 1.1-48.9,
p =0.037) and having an underlying disease (OR 5.9; 95% CI 1.5-23.3, p = 0.01). Five (4.3%) children required mechanical
ventilation, two (1.7%) children died. Household data showed that 63 of 109 (57.8%) patients had contact with a suspected
or confirmed pHINI case. There were 39 (15.7%) of 249 household contacts who were probable secondary cases: 23
suspected and 16 confirmed pHINI of whom 25 (64.1%) were aged < 18 years.

Conclusion: Most pHINI infected hospitalized children had pneumonia, an uneventful short hospitalization, and a low in
hospital mortality. Half of the patients were household acquired. Secondary household cases affected mostly children.
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The 2009 pandemic HIN1 (pHINT1), a newly
assorted influenza A virus consisting of swine, avian,
and human influenza virus genes, first caused human
disease in March and April 2009 in Mexico and the
USA. Thereafter, the virus spread globally and, in
June 2009, the WHO announced the world had a
pandemic on its hands"?. The first clinical indications
suggested pHIN1 caused readily severe disease.
Hospital admission and in hospital mortality rates
were double and ten times higher in Argentinian
children compared to seasonal influenza in the same
setting®.

In Mexico, the pattern of pHIN1 associated
mortality and morbidity was focused on the five to
59 years old age group, rather than the extremes of age
of seasonal influenza, in which age specific mortality
rates were between 1.2 to 11 times higher compared to
those of seasonal influenza. The overall in-hospital
case fatality rate (CFR) was ~12%. A similar pattern
was seen in hospitalized patients in the USA who
suffered a CFR of 7%%.

As the pandemic progressed, the clinical
features were found to be similar to those of seasonal
influenza ranging from a mild illness to a severe
respiratory illness®. Features associated with more
severe disease and death in children included younger
age in some series, underlying disease, especially
asthma and neurodevelopmental abnormalities,
and secondary bacterial co-infections. Half of the
13 deaths in the Buenos Aires series were children
aged less than 12 months®*!0),

The first cases of confirmed pHIN1 infection
in Thailand were documented in May 2009. As of
June 2010, the incidence rate was 58.25 per 100,000
populations"” compared with 21.7, 41.6, and 65.5 per
100,000 populations for seasonal influenza in 2006,
2007and 2008"*!9). Children also play a major role in
household transmission'®!” but data are lacking for
Thailand.

Herein, the authors described their experience
of Thai children who were hospitalized in tertiary care
hospitals with pHIN1 infection. The authors also
evaluated the risk factors for prolonged hospitalization
and household infection of these children.

Material and Method

The authors conducted a retrospective, case
note study of children, aged less than 18 years, who
were admitted to four tertiary care public hospitals in
Thailand between June 1 and September 30, 2009. The
hospitals were Siriraj Hospital (in Bangkok, n = 56),
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Buddhachinaraj hospital (in northwestern Thailand,
n = 40), Pranungklao Hospital (in western Bangkok
conurbation, n = 13) and Thammasat University
Hospital (northern Bangkok, n = 6). All children in
this report had confirmed pH1N1 infection by reverse-
transcriptase-polymerase-chain-reaction (RT-PCR)
base on the US CDC method®.

The authors extracted data from the medical
records, using a standardized case record form. The
data collected were demographic, clinical, laboratory,
and radiological. Household contact data were
obtained by telephone contact to the parents or
caretakers of the patients soon after the patients were
discharged from the hospitals.

Data were double entered and checked for
inconsistencies before analysis by STATA v.9.2
software for Windows (Stata Corporation, USA).
Continuous variables were summarized medians
(ranges). Proportional data were analyzed by Chi-
squared or Fisher’s exact test, as appropriate. A two
sided p-value < 0.05 indicated statistical significance.

Prolonged hospitalization was defined as
duration of hospital stay longer than the third quartile
of the whole group, i.e. > 7days in the present
study. Risk factors for prolonged hospitalization
were analyzed by univariate analyses and, if
significant (p < 0.05) were entered into a multiple
logistic regression model. The authors calculated
the secondary attack rate (SAR) as the percentage of
household contacts reporting influenza like illness (ILI)
and/or pHINI after the development of symptomatic
disease by the hospitalized child (index case).

The present study was approved by the
Ethics committee of each participating institution.

Results

One hundred fifteen patients, 58 females,
were identified. The median age was 5.2 (0.5 to 15)
years and 46% were younger than 5 years. The RT-PCR
confirmed pHINI1 infection was made by throat
swab (n = 59), nasopharyngeal aspirate (n = 54), and
endotracheal aspirate (n = 2). In addition, the influenza
rapid test (QuickVue®, Quidel Corporation, USA) was
positive in 19 (39.6%) of 48 patients tested. Fifty-one
(44.4%) patients had underlying illnesses: (i) allergic
disorders (asthma n = 17, allergic rhinitis n =9, other
n=2), (ii) hematologic diseases (n=5), (iii) congenital
heart disease (n = 3), (iv) prematurity(n=3), (v) epilepsy
(n=4), (vi) congenital anomaly (n = 2), (vii) develop-
mental delayed (n=2), (viii) immunodeficiency (n=2),
and (xi) renal disease (n =2).
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The median duration from symptom onset
and hospitalization was two days (range 1 to 10). One
hundred and six (92.2%) patients presented with ILI,
defined as fever > 37.8°C or 100°F with cough and/or
sore throat!?. At presentation, 58 (50.4%) patients
had tachypnea (defined as respiratory rate of more
than 60, 50, 40, and 30 in patients age < 1 months,
1-12 months, 1-5 years, and > 5 years, respectively),
and of these, 48 patients had dyspnea (Table 1). Upon
chest examination, crepitation and wheezing were
detected in 27.8% and 9.6%, respectively. Forty-four
(38.3%) had gastrointestinal symptoms. Thirteen
(11.3%) patients had neurologic signs, mostly a
decline in level of consciousness (Table 1).

The complete blood counts available in
113 patients revealed leukopenia (< 5000/uL),
lymphopenia (< 3000/uL age < 1, < 1500/uL in > 1
year)@”, and neutropenia (< 1000/uL) in 23 (20.4%),
61 (53.0%) and 11 (9.6%) patients, respectively. Five
(4.3%) patients had thrombocytopenia (platelet
< 100,000/uL). The chest X rays (CXR) revealed
infiltrations in 89 (77.4%) patients. The most common
pattern was bilateral interstitial (80.5%). Consolidation
was found in 16 (13.9%) patients. Two patients had
bilateral pneumothorax, one at presentation (age
7 months) and another during mechanical ventilation
(age 5 years). Inroom air, 17 of 96 (17.7%) patients had
percutaneous oxygen saturation (SpO2) < 95%, and
four (4.2%) were < 90%. The blood culture was
performed in 48/115 (41.7%) patients, all were reported
no growth.

Eleven (9.6%) patients did not receive
oseltamivir or any other antiviral treatment. The
median time to start oseltamivir treatment was
three days (range 1 to 10); and 47 (45.2%) children
received oseltamivir within 48 hours of onset.
Antibiotics were given to 70 (60.8%) patients.
Bronchodilators were administered for a median of
three days (range 1 to 10) to 39 (33.9%) patients, of
whom 17 were known asthmatics. Oxygen therapy was
required by 45 (39.1%) patients. Five (4.3%) patients
required admission to the intensive care unit (ICU)
for mechanical ventilation, four for acute respiratory
distress syndrome (ARDS) and one for coma due to a
presumed viral encephalopathy. Median duration of
ventilation was 18 (range 2 to 66) days.

The patients were admitted to hospital
for the median of three days (range 1 to 94). Influenza
or treatment related complications included
encephalopathy (n = 3), ARDS (n = 4), and ventilator
associated pneumonia (VAP, n = 4) caused by
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Acinetobacter baumanii (n = 2) and Pseudomonas
aeruginosa (n = 2); both organisms were multidrug
resistant. There were two deaths due to a VAP and
a VAP with acute renal failure, for a case fatality rate
of 1.7%.

Table 1. Clinical features at the time of hospitalization in
children admitted to four referral hospitals in
Thailand with RT-PCR confirmed pHINI virus
infection

Clinical presentation
and laboratory value

All patients (n = 115)
number (percent)

Clinical features
Fever 109 (94.7)
Cough 106 (92.17)
Rhinorrhea 79 (68.7)
Sore throat 56 (48.7)
Tachypnea* 58 (50.4)
Dyspnea 48 (41.7)
Nausea 44 (38.3)
Vomiting 40 (34.8)
Diarrhea 28 (24.3)
Muscle pain 23 (20)
Headache 20 (17.4)
Alteration of consciousness 9(7.8)
Seizure 3(2.6)
Hemiparesis 1(0.9)
Conjunctivitis 2(1.7)
Joint pain 2 (1.7)
Chest pain 1(0.9)
Pufty eyelid & 1(0.9)
pitting edema

Laboratory findings (n = 113)
Haematocrit 36 (18.4-43)
(percent) (range)
Haemoglobin 12.4 (6.2-14.4)
(g/dL) (range)
Total white cell count 8,132 (500-26,130)
(cells/uL)
< 5,000 23 (20.4)
5,000-10,000 57 (49.57)
10,001-15,000 24 (20.87)
15,001-20,000 5(4.35)
> 20,000 2 (1.74)
Neutrophil count 4,103 (247-21,087)
(cells/mm?)
Lymphocyte count 1,540 (234-14,275)
(cells/mm?)

Platelet count (cells/uL) 237,000 (64,000-740,000)

* Tachypnea defined as respiratory rate of more than 60, 50,
40, 30 in patients age <1 months, 1-12 months, 1-5 years
and > 5 years, respectively
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Twenty-two (19.1%) patients hospitalized for
> 7 days. In univariate analysis, age five to nine years,
presence of underlying disease, leukopenia, and a
requirement for oxygen therapy were associated
factors of prolonged hospitalization for > 7 days. In
multivariate analysis, only age of five to nine years as
compared to 10 to 18 years (OR 7.4;95% CI 1.1-48.9,
p = 0.037) and presence of underlying disease (OR

5.9;95% CI 1.5-23.3, p = 0.01) were associated with
prolonged hospitalization (Table 2).

The authors were able to obtain contact data
from 109 of 115 (94.7%) patients thus, 249 household
members (Table 3). Sixty-three (57.8%) patients had
been in contact with someone at home who had a
suspected or confirmed pHINI infection before
becoming ill. Of all the household members, 210

Table 2. Risk predictors for prolonged hospitalization more than 7 days

Characteristic Number* Duration of Days in hospital Univariate  p-value Multiple p-value
(percent) hospitalized analysis logistic
median, [QR > 7 days <7 days OR (95% CI) regression
n (%) n (%) OR (95%CI)

Sex
Male 57 (49.6) 3 (2-5) 8(36.4) 49(52.7) 0.5(0.2-1.5) 0.169
Female 58 (50.4)  4(2-6) 14 (63.6) 44(47.3) 1

Age (Years)
<5 53 (46.1) 3 (3-6) 10 (18.9) 43 (81.1) 3.3(0.6-32.4) 0.196" 6.7 (0.9-50.0) 0.063
5-9 32(27.8)  4(3-8) 10 (31.3) 22(68.7) 6.4(1.1-63.8) 0.023" 7.4(1.1-48.9) 0.037
10-18 30 (26.1)  2(2-4) 2(6.7) 28(933) 1

Presence of underlying disease
Yes 51(44.4) 4(3-7) 17(33.3) 34(66.7) 5.9(1.8-22.0) <0.001 5.9(1.5-23.3) 0.010
No 64 (55.6) 3(2-4) 5(7.8) 59(922) 1

Asthma
Yes 17(14.8) 3 (3-7) 6(35.3) 11(64.7) 2.8(0.7-9.7) 0.066 1.0(0.2-4.3)  0.996
No 98 (85.2)  3(2-5) 16 (16.3) 82(83.7) 1

Dyspnea
Yes 48 (41.7)  53-7) 13(27.1) 35(72.9) 2.4(0.8-7.0) 0.067 1.1(0.2-4.6)  0.930
No 67 (58.3) 3(2-4) 9(13.4) 58(86.6) 1

CXR
Infiltration 89(77.4)  4(3-6) 19 (21.4) 70(78.6) 2.1(0.5-11.9) 0.396" 0.9 (0.2-4.6)  0.890
No infiltration 26 (22.6)  2(2-3) 3(11.5) 23(88.5) 1

Oxygen requirement
Yes 4539.1)  5@3-7) 14 (31.1) 31(68.9) 3.5(1.2-10.6) 0.009 1.5(0.3-6.9)  0.593
No 70 (60.9) 3 (2-4) 8(11.4) 62(88.6) 1

Time to first dose of oseltamivir (n = 104)""
> 48 hr 57 (54.8)  5(3-7) 15(26.3) 42 (73.7) 2.0(0.7-6.5) 0.156 1.4(0.4-5.7)  0.595
<48 hr 47(452) 324 7(149) 40(85.1) 1

Time from symptom onset to admission (n = 115)
> 72 hr 30 (26.1)  5(3-6) 6(20.0) 24(80.0) 1.1(0.3-3.3) 0.888 0.4 (0.1-1.8)  0.261
<72 hr 85(73.9)  3(2-5) 16 (18.8) 69 (81.2) 1

Leukopenia
Yes 23(204)  5(3-11) 9(39.1) 14(60.9) 3.8(1.2-11.8) 0.007 3.1(0.8-12.3) 0.100
No 90 (79.6)  3(2-5) 13 (14.4) 77 (85.6) 1

Lymphopenia
Yes 61 (54.0)  3(2-5) 14 (23.0) 47 (77.0) 1.6 (0.6-4.9) 0311 1.6(0.4-6.0) 0.514
No 52 (46.0) 4 (3-6) 8(15.4) 44B4.6) 1

* Total number of patient was 115 unless stated otherwise
*Fisher’s exact
** 11 children did not receive oseltamivir
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Table 3. Household risk factors and secondary attack rates (SAR) of influenza like illness (ILI) and confirmed pHIN1

virus infection in 249 household members

Variable No. of secondary of ILland ~ No. of household  SAR (%) OR (95% CI) p-value
confirmed pHIN1 (n=39)  contacts (n = 249)
Age ranges in years
0-5 8 10 80.0 116.0 (7.3-5302.5)  <0.001
6-18 17 47 36.2 16.4 (2.2-709.8) <0.001
19-50 3 162 8.0 2.5(0.4-111.2) 0.701
> 50 1 30 33 1
Sex
Female 21 134 15.7 1
Male 18 115 15.7 1.0 (0.5-2.1) 0.997
Persons in household
2-3 19 126 15.1 1
4-5 11 94 11.7 0.7 (0.3-1.8) 0.554
>6 9 29 31.0 2.5(0.9-6.9) 0.060

(84.3%) remained well, 23 (9.2%) and 16 (6.4%) reported
an ILI and confirmed pHINI infection, respectively,
that developed soon after the onset of the index
patients. The SAR was inversely related to age (Table 3).
80.0%, 36.2%, 8.0%, and 3.3% in the household
member aged 0-5, 6-18, 19-50, and > 50 years of age,
respectively (p <0.001) for both 0 to 5 and 6 to 18 years
compared to adults > 50 years of age. There was no
difference in clinical or laboratory characteristics
between patients who were transmitters or non-
transmitters (data not shown).

Discussion

This case series summarizes the clinical
features of 115 pHINI infected Thai children who
were hospitalized during the first wave of the HIN1
pandemic in Thailand. The authors found that most of
the hospitalized children had radiographic confirmed
pneumonia and more than 98% recovered well. Half
of the admitted children were aged five years and
under. This is consistent with seasonal influenza
associated hospitalization in Thailand®"*? and many
of the reports of pHINT1 influenza in industrialized
and developing countries®332%,

The majority of the presented hospitalized
children had a mild to moderate clinical diseases, with
about one third complaining of gastrointestinal
symptoms, most were treated with oseltamivir and the
mortality was low (<2%). This broad clinical picture is
now well documented with pHIN1¢892529_ Several
studies have reported similar GI symptom rates®272%
whilst in China these rates were much less frequent®?.
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Some of the presented hospital admissions, as
elsewhere, may have been based more on parental or
physician anxieties®?.

A recent report found a higher rate of
neurologic complications in pHINTI infections than
that in seasonal influenza infection, and up to 22%
still had neurologic symptoms at discharge®?. At
presentation, 11% of our children had neurological
signs, mostly reduced consciousness. It included
six that had underlying neurologic disorders that
probably were exacerbated by pHINT1 infection, but
no child had neurologic sequelae.

Earlier reports found underlying medical
conditions in approximately 30 to 75% of pHINI1-
infected children who were hospitalized or died. The
most common comorbid illnesses were either asthma
or neurodevelopmental condition®?3%. In one small
pediatric study, asthma in pHIN1 was significantly
more likely to result in hospitalization and ICU
admission compared to seasonal influenza®?. Just
under half of the presented children had a clinically
significant underlying disease; asthma was the most
common, affecting about 15%.

In common with others, the authors also
noted leukopenia, lymphopenia, neutropenia, and
thrombocytopenia®-*'*¥. The Chinese series was
noted for a very high (92%) rate of lymphopenia in
children®”. Lymphopenia is associated with severity
in HSN169 but it remains unclear if this also applies
to pHINI. Series of adults and children combined
suggest lymphopenia is associated with more severe
disease®®3? but one small study of children did not®®.
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The authors found no association of leukopenia and
lymphopenia with prolonged hospitalization.

Pneumonia was found more in pHIN1 than
seasonal influenza probably due to the higher
virulence and the presence of receptors in lower
respiratory tract demonstrated in an animal model©@*4.
In the present study, the main abnormal radiological
finding was consistent with a bilateral interstitial
pneumonia (77%) followed by lobar consolidation
(14%). The authors had a low rate of ventilator-induced
pneumothorax with the use of a low tidal volume,
consistent with findings of others and in HSN1¢!354D,

Oral oseltamivir and inhaled zanamivir,
approved in Thailand for the treatment and prophylaxis
of influenza in pediatric patients, can reduce the
severity and duration of illness">*?. In the present
study, 90% of the patients received oseltamivir and
delaying oseltamivir treatment (i.e. > 48 hours) was not
associated with prolonged hospitalization.

The present study found 4.3% of the patients
required mechanical ventilator and intensive care
unit and the case fatality rate of 1.7% not different
from previous study®>%233D, More than 95% of the
presented patients had uncomplicated course and
were recovered promptly after initiation of treatment.
The present study found 5-9 years age group and the
presence of an underlying disease were associated
with prolonged hospitalization of > 7 days, another
surrogate marker of disease severity. Of note was that
delayed oseltamivir treatment was not found to
associate with prolonged hospitalization. This could
be because of milder spectrum of disease in most of
the presented patients.

Previous studies reported SAR from pHI1H]1
infection estimate of 10 to 11.3% with acute respiratory
illness and ILI"4), Both studies did not report SAR
with confirmed pHINI infection. Recently, another
report of laboratory confirmed secondary cases
revealed the rate of 45%, and 9% were asymptomatic
infection"®. The attack rates in children, especially
younger than 7 years of age, were significantly higher
than in older children'®'”. The higher susceptibility
may be due to lower immunity, poorer hygiene, and
more frequent contact with the index case. The authors
found an overall SAR of 15.7% with a much higher
rate in children < 5 years. Of note was that, more than
half of the presented patients acquired infection in
household settings. The report from Argentina also
found 42% of pediatric patients had prior contacted
with ILI patients®. These evidences suggested that
children are the frequent recipients and spreaders of
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influenza in the family. The authors’ estimates of age-
specific susceptibility also provide useful information
for guiding public health policies to reduce spread
within households®. Oseltamivir treatment did not
significantly reduce household transmission of
seasonal influenza although it was effective in
reducing the duration of symptoms“®. Targeting
young children for influenza vaccine may be a sound
approach.

There are several limitations in the present
study. This was an observational and retrospective
study. Despite the use of standardized data-collection
form, not all information was collected for all patients.
The authors provide information of only hospitalized
children in tertiary care hospitals who may represent
the more severe end of the clinical spectrum.

In conclusion, the authors found that the
majority of children hospitalized with pHIN1 infection
had pneumonia but were not severely ill and required
only a short hospital stay. The clinical features of
children in the present study was not different from
others but with some higher tendency of gastro-
intestinal symptoms and neurologic manifestations.
Prolonged hospitalization was associated with age five
to nine years and presence of underlying disease.
Household transmission is a major route of disease
acquisition in children, especially the younger ones.
Measures to prevent infection in children and
household transmission are key areas for intervention.
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