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The influenza A (H1N1) virus responsible for the 2009 pandemic follows a 
more severe course in children, thus increasing the need for hospitalization. 
On the other hand, during the first weeks of the pandemic, use of oseltamivir 
(Tamiflu®) in children was restricted, and it was not yet approved for use 
in children younger than one year of age because of the lack of adequate 
safety and efficacy data and because of concerns regarding central nervous 
system (CNS) toxicity in newborn rats. However, citing a state of emergency, 
conditional approval was granted first in the United States, then Europe and 
finally in Turkey. The main aim of this study was to share our experience 
with oseltamivir in 35 patients less than one year of age during the 2009 
H1N1 pandemic. A total of 35 infants (21 boys, 14 girls; mean age: 160 
days [24-335]) were treated during the study period. Six patients required 
hospitalization, five of whom (14.2%) had an underlying chronic disorder. 
During the pandemic, we diagnosed H1N1 infection based on clinical symptoms. 
Nasal swabs were positive for H1N1 in 88.5% of cases. Mild elevations in 
liver enzymes were present in 39.1% of patients with available blood work-
up at presentation, and no changes in liver enzymes were observed with 
oseltamivir treatment. None of the patients developed any neurological, 
dermatological or gastrointestinal side effects in association with oseltamivir 
treatment. No complaints of drowsiness, lethargy or sleep disturbance were 
reported by the parents. Although our case number is very limited, our study 
results suggest that oseltamivir is well tolerated in young infants, and we 
can conclude that oseltamivir could be used in the treatment of influenza A 
in this age group. Nevertheless, further studies are needed to evaluate using 
oseltamivir in more cases among infancy age groups.
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The influenza virus is known to result in an 
acute respiratory infection with significant 
morbidity and mortality1,2. In the fall of 2009, 
many people from both the northern and 
southern hemispheres were affected by the 
influenza A (H1N1) pandemic. The H1N1 
strain of 2009 differed from previous strains 
in that infections followed a more severe 
course in children, with a higher frequency 
of complications requiring hospitalization3. 
The neuraminidase inhibitors oseltamivir 
(Tamiflu®) and zanamivir (Relenza®) were the 
two antivirals used to treat the 2009 H1N1 
pandemic. However, before the pandemic 

influenza, the use of both drugs was associated 
with several restrictions, particularly age4. 
Initially, the prophylactic and therapeutic 
use of oseltamivir was not recommended 
for patients less than one year of age, while 
recommendations for zanamivir included a 
minimum age of seven years for therapeutic use 
and a minimum age of five years for prophylactic 
use3. Oseltamivir was not recommended under 
one year of age because of the neuropsychiatric 
adverse events, especially in Japanese infants. 
Oseltamivir use was associated with a high 
rate of neurological conditions like delirium, 
abnormal behavior, hallucinations, convulsions, 
and encephalopathy. On the other hand, infants 
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under one year of age are more susceptible to 
influenza-associated encephalopathy than older 
children5. Considering these adverse event 
reports, the use of oseltamivir was restricted 
for infancy due to safety concerns. However, by 
April 2009, the United States-based Food and 
Drug Administration (FDA) approved the use 
of oseltamivir in infants younger than one year 
of age for pandemic influenza6. However, today, 
data on the use of this drug in young infants 
and its side effect profile are still limited. The 
goal of this study was therefore to share and 
evaluate the adverse effect profile associated 
with oseltamivir use in infants.

Material and Methods

Infants younger than one year of age who 
presented to the Infectious Diseases outpatient 
clinic at Hacettepe University İhsan Doğramacı 
Children’s Hospital between 28 October 2009 
and 30 December 2009 with flu-like symptoms 
(fever, cough, nasal discharge and blockage, 
breathing difficulty) and who were treated 
with oseltamivir were evaluated. Information 
regarding age, gender, time to presentation 
after onset of symptoms, presenting complaints, 
disease complications, comorbid conditions, 
results of laboratory work-up on presentation, 
and adverse effects of antiviral therapy was 
collected. 

During the pandemic, a standard protocol was 
followed by our hospital, which required the 
patients to attend follow-up visits on the 3rd 
and 5th day of the treatment, with the aim of 
ensuring patient compliance and monitoring 
side effects. For patients who could not be 
brought to the hospital, parents were contacted 
by telephone. As per protocol, nasal swabs 
were obtained for all patients to be tested for 
real-time reverse transcriptase polymerase chain 
reaction (RT-PCR) specific to 2009 H1N1 at the 
Refik Saydam National Public Health Agency. 
All patients were given oseltamivir (2 doses at 
a dose of 3 mg/kg/dose for 5 days)3,6. 

Results

The complete records of 35 patients who 
were treated with antiviral therapy during the 
study period could be retrieved for analysis. 
RT-PCR results of nasal swabs were positive 
in 31 (88.5%) patients. The mean age of 
patients was 160 (min: 24 - max: 335) days, 

and 21 (60%) were male and 14 (40%) were 
female. Four (11.4%) of these patients were 
<3 months, 13 (37.1%) were 3-5 months, 10 
(28.5%) were 6-9 months, and 8 (22.8%) were 
10-12 months of age.

With regard to presenting symptoms, 32 
patients (91.4%) had fever, 27 (77.1%) had 
nasal discharge-blockage, 31 (88.5%) had a 
cough, and 14 (40%) had breathing difficulties 
(Table I). The mean time to presentation in 
our patient population was 2 days. A total of 
6 patients (17.1%) required hospitalization, 5 
of whom had an underlying comorbid condition 
(2 congenital heart disorder, 1 prematurity, 1 
Hirschsprung disease, 1 progressive metabolic 
disorder). Four (66.6%) of the hospitalized 
patients were <6 months.

Results of liver enzyme assay were available 
for only 23 patients, 9 of whom (39.1%) had 
mildly elevated aspartate aminotransferase 
(AST) (32.1±17.1 U/L, max.: 65 U/L) and 
alanine aminotransferase (ALT) (31.8±21.6, 
max.: 70 U/L) levels. In our laboratory, the AST 
reference value is <46 and the ALT reference 
value is <39 U/L. None of the patients 
developed H1N1-related complications. 

All patients were given oseltamivir (2 doses at 
3 mg/kg/dose for 5 days). None of the patients 
manifested any gastrointestinal side effects 

Table I. Distribution of Demographic 
Characteristics and Symptoms of the Patients

Demographic characteristics n (%)
 Gender
  Male 21 (60)
  Female 14 (40)
 Age
  <3 months 4 (11.4)
  3-5 months 13 (37.1)
  6-9 months 10 (28.5)
  10-12 months 8 (22.8)
Symptoms
  Fever 32 (91.4)
  Nasal discharge-blockage 27 (77.1)
  Cough 31 (88.5)
  Breathing difficulties 14 (40)
Hospitalization rate 6 (17.1)
RT-PCR positivity 31 (88.5)
RT-PCR: Real-time reverse transcriptase polymerase 
chain reaction.
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(vomiting, nausea, diarrhea, etc.), feeding 
problems, dizziness/confusion, sleepiness, 
change in behavior, encephalopathy, skin rashes, 
or any other adverse effects. Elevations in 
AST (33.2±15.7 U/L) and ALT (32.7±20.4 
U/L) were not observed in association with 
oseltamivir, and the elevation rate was the 
same at admission and after treatment (8/23, 
34.7%). Use of oseltamivir treatment did not 
have a statistically significant effect on liver 
enzymes (p>0.05). 

Discussion

Four antiviral agents are currently approved for 
the treatment of influenza. The H1N1 influenza 
A strain responsible for the 2009 pandemic is 
naturally resistant to the adamantanes (M2 
inhibitors): amantadine and rimantadine7-

12. The neuraminidase inhibitors zanamivir 
(Relenza®) and oseltamivir (Tamiflu®) are 
the only available treatment options for the 
management of both influenza A and influenza 
B infections8-11,13. Oseltamivir (Tamiflu®) is 
a widely used antiviral for the treatment and 
prophylaxis of influenza. Prior to the pandemic, 
use of oseltamivir was not recommended in 
patients younger than one year of age. However, 
the severe course of infection observed in 
children younger than one year of age prompted 
the FDA to approve the use of oseltamivir in 
this age group, despite the potential risk of 
adverse effects. 

In recent years, there have been case reports 
of neuropsychiatric events during oseltamivir 
treatment mainly in Japan, the United States 
and other countries14. Reported neuropsychiatric 
side effects include delirium, abnormal 
behavior, hallucinations, convulsions, and 
encephalitis5,15-20. Especially in Japan, a high 
rate of neurological symptoms was reported due 
to the influenza A infection itself, as well as 
in association with oseltamivir treatment. This 
difference may be attributed to variations in the 
pharmacokinetic profile and drug metabolism 
of the Japanese population5,15,17-19. Deaths due 
to oseltamivir have also been reported, mainly 
from Japan20. In a study by Morishima et al.5, 
148 of 202 patients (73.2%) had influenza-
related encephalitis/encephalopathy. In animal 
studies with oseltamivir, it was observed that 
drug concentrations in the brains of baby rats 
were 1500 times higher than in the brains of 

adult rats, which led to restrictions in the use 
of this drug in young infants21. 

In another study from Japan, the frequencies of 
neurological symptoms before and after initiation 
of oseltamivir treatment were compared, 
and no statistically significant difference was 
observed22. Neurological symptoms reported 
in that study included abnormal behaviors, 
illusions, delusions, loss of consciousness, 
and phobias. The authors suggested that the 
development of neurological symptoms does 
not necessarily warrant antiviral treatment, and 
that initiation of treatment does not worsen 
the clinical picture. In contrast to the high 
incidence of neurological findings in Japan, 
none of the patients in our study developed 
any neurological symptoms during the course of 
the disease or after treatment was initiated.

Several dermatological side effects have also 
been reported in association with oseltamivir, 
ranging from localized conditions such as 
eczema, petechia and urticaria to more systemic 
involvement in the form of Steven-Johnson 
syndrome, erythema multiforme and toxic 
epidermal necrolysis23-25. None of our patients 
developed any dermatological symptoms.

Gastrointestinal adverse effects limit the use 
of the drug in young children, with nausea 
and vomiting being a particular problem 
in this age group26. In a study of 157 
infants, gastrointestinal side effects were 
the most frequently observed adverse effects 
of oseltamivir, with nausea and vomiting 
developing in 50% of patients1. Interestingly, 
oseltamivir was well tolerated by patients in our 
study, with no record of nausea and vomiting 
developing in any of them. 

Transient elevations in liver enzymes associated 
with H1N1 infection have been reported in less 
than 3% of patients27, and fulminant hepatitis 
is very rare28. Whitworth et al.29 reported 
on four cases of acute liver failure due to 
influenza A infection in their group of patients 
ranging from 14-39 years of age. Hancerli et 
al.30 showed that the rate of elevation in AST 
was 21% in hospitalized pediatric patients at 
admission. In our study, mild elevations in 
liver transaminases were observed in 39.1% 
of patients at admission and there was no 
progression in those for whom results of a 
blood work-up were available, with no case 
of acute liver failure. 

Volume 54 • Number 1 Oseltamivir Use in Infants  27



Children under one year of age are considered 
a high-risk group and should be treated. The 
youngest patient treated with oseltamivir 
reported in our country (Turkey) was 28 days 
old31 and in our patients, the youngest was 
26 days old. Treatment should be initiated 
as soon as possible after the onset of 
symptoms, without delaying until test results 
are obtained6,32. During the pandemic, our 
hospital adhered to a similar protocol where 
treatment was offered upon suspicion of H1N1 
influenza A infection. Although the greatest 
clinical benefit is observed when treatment is 
started within 48 hours after the appearance 
of initial symptoms, several investigators have 
reported lower mortality rates and shorter 
hospital stays even when treatment is initiated 
after the first 48 hours6,32. The mean time 
to presentation in our patient population 
was two days. However, the lack of a control 
group prevents us from drawing a conclusion 
regarding the clinical benefits of oseltamivir. 
The highest hospitalization rate occurred in 
children aged less than six months, and 83.3% 
of all hospitalized children had at least one 
underlying chronic disorder. In all 35 of our 
patients, oseltamivir treatment was initiated 
upon suspicion of H1N1 infection. 

Practicing pediatricians are still confused about 
oseltamivir use because of the lack of clinical 
data, and thus our findings provide preliminary 
evidence in support of the use of this drug. 
Our study results suggest that oseltamivir is 
well tolerated in young infants and could be 
used in the treatment of influenza A in this 
age group. However, there is a need for more 
comprehensive prospective studies before a 
conclusion can be made regarding the efficacy 
and safety of this drug in young children. 
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