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1  | INTRODUC TION

Among all children, the burden of influenza is greatest on the young-
est ones. The rates of influenza- associated deaths and hospitaliza-
tions are highest among infants during the first 6 months of life, and 

substantial numbers of infants in this age group present with severe 
sepsis- like illnesses.1- 6 However, even in the youngest age groups, 
most infants with influenza are managed as outpatients.7- 9

Prevention of influenza in infants is challenging because in-
fluenza vaccines are not licensed for use in children younger than 
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Abstract
Background: Oseltamivir treatment is currently the only way of managing influenza 
in young infants for whom influenza vaccines are not licensed, but little data exist on 
the effectiveness of the treatment in this age group.
Methods: In a prospective study, we enrolled 431 newborn infants and followed them 
up for 10 months during their first respiratory season (September 2017- June 2018). 
During each respiratory illness, we examined the infants and obtained nasopharyn-
geal specimens for determination of the viral etiology. Infants with influenza were 
re- examined at short intervals, and additional nasopharyngeal specimens were ob-
tained at each visit for measuring the viral load. All infants with symptoms <48 hours 
received oseltamivir treatment. The parents filled out daily symptom diaries.
Results: Among 23 infants with influenza A, the mean total duration of illness in 
oseltamivir recipients was 82.1 hours, compared with 253.5 hours in infants without 
treatment (P = .0003). For infants with influenza B, the corresponding durations were 
110.0 and 173.9 hours, respectively (P = .03). In infants with influenza A, total symp-
tom scores were significantly lower in oseltamivir- treated infants at all time points 
between days 3 and 11 after the onset of therapy. In most children with either influ-
enza A or B, viral antigen concentrations declined rapidly within 1- 2 days after the 
initiation of oseltamivir treatment.
Conclusions: Oseltamivir treatment of infants with influenza rapidly decreased the 
viral load in nasopharyngeal secretions and shortened the duration and severity of 
symptoms. The clinical effectiveness of oseltamivir appeared to be greater against 
influenza A than against influenza B infections.

K E Y W O R D S

infant, influenza A, influenza B, oseltamivir, viral load

www.wileyonlinelibrary.com/journal/irv
mailto:
https://orcid.org/0000-0001-6504-0116
http://creativecommons.org/licenses/by/4.0/
mailto:terho.heikkinen@utu.fi
http://crossmark.crossref.org/dialog/?doi=10.1111%2Firv.12862&domain=pdf&date_stamp=2021-05-03


2  |     MATTILA eT AL.

6 months of age, and even in older infants, the immune response to 
influenza vaccination may be suboptimal compared with that later in 
childhood.10 Although maternal influenza vaccination during preg-
nancy provides some protection against influenza for young infants, 
the duration of protection is limited to the first few months of life.11 
In the absence of vaccine- based prevention of influenza in young 
infants, the only available way of reducing the clinical impact of in-
fluenza is by the use of oseltamivir treatment. Oseltamivir is the only 
antiviral drug licensed and recommended for use also in young in-
fants.12 Oseltamivir treatment should be started within 2 days after 
getting sick, but its efficacy is highest when started as soon as pos-
sible after the onset of symptoms.13- 15

Despite the clinical importance of oseltamivir treatment in young 
infants, there are scarce data on the effectiveness of this drug espe-
cially among infants treated as outpatients.16,17 The aim of this study 
was to evaluate the effectiveness of oseltamivir in reducing the dura-
tion of illness, severity of clinical symptoms, and viral load in outpatient 
infants younger than 1 year of age with influenza A or B infection.

2  | METHODS

2.1 | Subjects and study design

This prospective cohort study was carried out at a primary care study 
clinic in Turku, Finland, as described earlier.9 Briefly, 431 infants born 
at Turku University Hospital in June- August 2017 were enrolled in 
a cohort that was followed for 10 months from September 1, 2017, 
through June 30, 2018. Infants were eligible for participation if they 
lived within the catchment area of the hospital, the parents were 
able to communicate in Finnish language, and the infant did not have 
any major congenital defects or serious illnesses. Approximately 
half of all infants born during the enrollment period were enrolled in 
the follow- up cohort. The Ethics Committee of the Hospital District 
of Southwest Finland approved the study protocol, and written in-
formed consent was obtained from the parents of all participating 
infants. Before commencement of the study, the parents provided 
background information about the family, pregnancy, and delivery 
via a questionnaire.

2.2 | Study procedures

The parents were asked to bring their child for clinical examination 
at the study clinic as soon as possible after the onset of fever or 
any signs of respiratory infection. The study clinic was open every 
day, and all visits were free of charge to the families. At each visit, 
a study physician examined the child, recorded the signs and symp-
toms, clinical findings, and treatment in a structured medical record, 
and obtained nasopharyngeal specimens for determination of the 
viral etiology of the illness. To enable diagnosing any complications 
that might develop later during the course of the illness, the infants 
were re- examined whenever the parents deemed it necessary, and 

in any case on scheduled visits 5- 7 days after illness onset. Infants 
diagnosed with influenza were routinely re- examined at shorter in-
tervals, mostly at intervals of 2 days.

2.3 | Virologic methods

At the initial visit for each respiratory illness, regardless of the se-
verity of symptoms or the presence or absence of fever, two naso-
pharyngeal flocked swab specimens (Ultra minitip, Copan Italia S.p.a, 
Italy) were collected for viral analyses. One of the specimens was 
analyzed by multiplex reverse transcription- polymerase chain reac-
tion (RT- PCR) assays for 16 viruses at the Department of Clinical 
Microbiology, Turku University Hospital (Allplex™ Respiratory Panels 
1- 3, Seegene Inc.). The other specimen was analyzed immediately at 
the study clinic by study nurses using an automated rapid antigen test 
that identified 11 respiratory pathogens and provided initial results 
within 20 minutes (mariPOC Respi test, ArcDia International Ltd.). 
The antigen test differentiated between influenza A and B viruses, 
and it also provided semi- quantitative data on antigen concentra-
tions in the specimens. Compared with PCR, the reported sensitivi-
ties of the antigen test for influenza A and B viruses are 92.3% and 
87.5%, with corresponding specificities of 99.8% and 100%, respec-
tively.18 To allow for evaluation of viral loads during the course of 
the illness, a specimen for antigen testing was obtained during each 
re- examination of an infant with confirmed influenza infection until 
antigen detection turned negative. Calculation of antigen concentra-
tions in the specimens was based on dose- response curves of stand-
ardized influenza A and B virus nucleoprotein antigen preparations.

2.4 | Oseltamivir treatment

All infants who were diagnosed with influenza A or B infection within 
48 hours of illness onset received oral oseltamivir treatment. The 
dosage of oseltamivir was 3 mg/kg twice daily for 5 days. The first 
dose of oseltamivir was given already at the study clinic to all infants 
in whom the initial antigen test result was positive for influenza.

2.5 | Symptom diaries

The parents of all infants were asked to complete daily symptom 
diaries throughout the 10- month follow- up period. For infants diag-
nosed with influenza, the parents were additionally asked to fill out 
a separate, more detailed influenza symptom diary twice daily (in the 
morning and in the evening) until their child was asymptomatic, but 
at least for 8 days. The day of the first dose of oseltamivir treatment 
(or the day of the first visit to the study clinic for infants who did not 
receive oseltamivir treatment) was recorded as day 1 in the influenza 
symptom diary. At each time point, the parents recorded the infant´s 
measured temperature, the presence and severity of cough, rhini-
tis, vomiting, and diarrhea (on a 4- point scale), the administration 
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of oseltamivir, and the doses of antipyretic/analgesic medications 
administered during the preceding 12 hours.13

2.6 | Definitions

The total influenza symptom score at each time point was calculated 
by summing the scores for fever, cough, rhinitis and antipyretic/an-
algesic medications (Table 1). Total symptom scores were analyzed 
starting from the evening of day 1.

The duration of preceding symptoms was calculated as the time 
interval from the onset of illness symptoms reported by the parents 
to the time of the initial visit at the study clinic. The total duration 
of illness was defined as the time interval from the onset of illness 
symptoms to the first time when the following conditions were met 
simultaneously and lasted so for ≥24 hours: temperature <37.5⁰C, 
and rhinitis and cough either absent or mild.

2.7 | Statistical analyses

Differences in means were compared by the unpaired t test, and 
medians were compared by the Mann- Whitney U test. Two- sided 
P values of <.05 were considered to indicate statistical significance. 
All statistical analyses were performed using StatsDirect software, 
version 3.2.7 (StatsDirect Ltd.).

3  | RESULTS

3.1 | Patients and influenza illnesses

Of a total of 55 episodes of laboratory- confirmed influenza diagnosed in 
the follow- up cohort, 5 were excluded from these analyses because of 

double viral infections in which influenza virus was not the predominant 
virus (3 cases with rhinovirus and 2 with respiratory syncytial virus). 
Among the remaining 50 infants, the influenza symptom diary was not 
available for 10 infants, and the duration of illness could not be reli-
ably determined in 2 cases, leaving 38 infants in the final analyses. The 
mean age of these infants at the diagnosis of influenza was 7.6 months 
(range 4.3- 10.9), and 21 (55.3%) of them were boys. Influenza A was 
detected in 23 (60.5%) and influenza B in 15 (39.5%) infants; all these 
infections were positive for influenza by both antigen detection and RT- 
PCR. Influenza was diagnosed within 48 hours of symptom onset in 31 
(81.6%) infants, and all of them received oseltamivir treatment.

3.2 | Duration of illness

Among 31 infants treated with oseltamivir, the mean duration of 
symptoms preceding the first visit to the study clinic was 15.9 (SD 
9.5) hours for infants with influenza A and 19.1 (SD 12.4) hours for 
those with influenza B (P = .43) (Table 2). In infants with influenza A, 
the mean total duration of illness in oseltamivir recipients was short-
ened by 171.4 hours (82.1 vs 253.5 hours) compared with infants 
without oseltamivir treatment (P = .0003). For infants with influenza 
B, the corresponding reduction in the total duration of illness among 
infants receiving oseltamivir was 63.9 hours (110.0 vs 173.9 hours; 
P = .03). No significant difference in the mean total duration of ill-
ness was observed between infants with influenza A and B treated 
with oseltamivir (82.1 vs 110.0 hours; P = .20).

3.3 | Symptom scores

The total influenza symptom scores at different time points in infants 
with and without oseltamivir treatment are presented in Figure 1. 
In infants with influenza A, the mean symptom scores were signifi-
cantly lower in oseltamivir- treated infants at all time points from the 
evening of day 3 through the morning of day 11. For influenza B, the 
differences in mean symptom scores in infants with and without os-
eltamivir treatment did not reach statistical significance at any time 
point. When comparing oseltamivir- treated infants with influenza A 
and B, the symptom scores were significantly lower in infants with 
influenza A from the morning of day 4 through the morning of day 5.

3.4 | Viral load

A mean number of 4.1 (range 2- 8) nasopharyngeal swab specimens 
were obtained from the infants for determination of the antigen 
concentrations of influenza viruses at various time points during the 
follow- up. The antigen concentrations of influenza A and B viruses 
during the first 5 days of treatment are shown in Figure 2. In most 
children with either influenza A or B, viral antigen concentrations 
declined rapidly within 1- 2 days after the initiation of oseltamivir 
treatment.

TA B L E  1   Scoring of symptoms in infants with influenza

Variable
Degree of 
severity Score

Temperature (oC) <37.5 0

37.5- 37.9 1

38.0- 38.4 2

38.5- 38.9 3

39.0- 39.4 4

39.5- 39.9 5

≥40.0 6

Cough and rhinitis (both symptoms 
scored separately)

Absent 0

Mild 1

Moderate 2

Severe 3

Antipyretic/analgesic medications 
administered during past 12 h

Each dose of 
medication

1
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3.5 | Adverse events

Vomiting during oseltamivir treatment was reported by the parents 
in 15 (48.4%) of 31 infants. In 5 (33.3%) of these 15 infants, vom-
iting was already present before the first dose of oseltamivir. In 2 
other infants, vomiting occurred before oseltamivir treatment but 
disappeared after the first dose of the drug. In most cases, vomiting 
was rated as mild and it ceased by the second day of treatment. The 
administration of oseltamivir was not discontinued in any infant be-
cause of vomiting. In infants without oseltamivir treatment, vomiting 
was reported in 2 (28.6%) of 7 cases.

Diarrhea during oseltamivir treatment was reported in 14 
(45.2%) of 31 infants; in 4 (28.6%) of these 14 infants, diarrhea was 
present already before the first dose of oseltamivir. Among 7 infants 
not receiving oseltamivir, diarrhea was reported in 4 (57.1%) cases.

4  | DISCUSSION

Our prospective study performed in a real- life setting among out-
patients provides new information about the benefits of oseltamivir 
treatment in young infants with influenza. Oseltamivir treatment 
initiated soon after illness onset shortened the duration and sever-
ity of symptoms and rapidly decreased the influenza viral load in 
nasopharyngeal secretions. The clinical importance of our findings 
derives from the fact that none of the currently available influenza 
vaccines is licensed for use in infants <6 months of age. As a result, 
antiviral treatment with oseltamivir is the only option for the man-
agement of influenza in young infants in whom the severity of this 
illness is greatest.

Our study was not a randomized controlled trial. In light of wide-
spread recommendations for antiviral treatment of patients with 
influenza,12 it would have been ethically questionable to withhold 
effective therapy especially in this vulnerable group of young chil-
dren. Because all infants diagnosed with influenza within 48 hours 

of symptom onset received oseltamivir, and those with a longer 
duration of symptoms did not receive the drug, it is obvious that 
the groups differed with respect to the duration of symptoms be-
fore the first visit to the study clinic. However, regarding any other 
variables, especially age and sex, the groups were fully compara-
ble. Although the duration of symptoms before the first visit to the 
study clinic was different between oseltamivir- treated and non- 
treated infants, it did not affect the determination of the total dura-
tion of illness because the times of illness onset and the resolution 
of symptoms were known for each infant. It is also worth noting 
that although infants not treated with oseltamivir had a longer du-
ration of symptoms before their first visit to the study clinic, the 
duration of symptoms also after their visit was longer than in those 
treated with oseltamivir. If the antiviral therapy had not had any 
impact on the course of the illness, infants with a longer duration of 
symptoms before the diagnosis of influenza should have been ex-
pected to recover sooner than those diagnosed with an early- onset 
illness. Furthermore, our findings about the duration of illness after 
the start of oseltamivir treatment are well in line with the results 
from a previous randomized controlled trial in which oseltamivir 
treatment in young children was started within 24 hours of illness 
onset.13 In that study, the median time to resolution of illness after 
the administration of the first dose of oseltamivir was 3 days in chil-
dren with influenza A.

The baseline symptom scores in infants not treated with oseltami-
vir appeared to be slightly higher than those in infants who received 
antiviral treatment, although the differences at baseline were not 
statistically significant. The mean duration of preceding symptoms 
before the initial visit to the study clinic was approximately 17 hours 
among infants who received oseltamivir and about 72 hours among 
those not receiving the treatment. As the symptoms of viral respira-
tory infections are generally considered to peak 2- 3 days after the 
onset of illness, it could be speculated that non- treated infants were 
already at the peak of their symptoms during their initial visit, while 
symptoms in oseltamivir- treated infants would have still increased 

TA B L E  2   Duration of symptoms in infants with influenza A and B infection

Duration of 
symptoms

Influenza A Influenza B

Oseltamivir treatment 
(n = 21) No treatment (n = 2) P value

Oseltamivir treatment 
(n = 10)

No treatment 
(n = 5) P value

Before the initial visit (h)

Mean (SD) 15.9 (9.5) 84.4 (15.0) ND 19.1 (12.4) 66.5 (36.6) ND

Median (IQR) 14.0 (8.1- 22.1) 84.4 ND 14.0 (10.4- 29.6) 80.8 (32.5- 93.4) ND

After the initial visit (h)

Mean (SD) 66.2 (51.2) 169.1 (21.0) ND 90.8 (59.2) 107.5 (43.7) ND

Median (IQR) 46.8 (30.1- 97.6) 169.1 ND 96.5 (27.9- 138.1) 91.5 (82.9- 140.0) ND

Total duration of illness (h)

Mean (SD) 82.1 (54.1) 253.5 (36.1) .0003 110.0 (55.9) 173.9 (20.1) .03

Median (IQR) 59.0 (47.3- 110.0) 253.5 .02 108.5 (55.6- 156.8) 180.0 
(152.8- 192.0)

.04

Note: SD, standard deviation; IQR, interquartile range; ND, not done.
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after the first visit without the intervention with effective antivi-
ral therapy. Of note, there were no differences in baseline symptom 
scores between oseltamivir- treated infants with influenza A and B, 
among whom the durations of preceding symptoms were practically 
similar.

Some previous studies among children have concluded that the 
clinical effectiveness of oseltamivir is lower against influenza B than 
against influenza A,13,19,20 although some effectiveness has also 
been reported.21 The lower clinical effectiveness might be explained 
by reduced susceptibility of influenza B viruses to neuraminidase 

F I G U R E  1   Total influenza symptom 
scores at different time points in infants 
with or without oseltamivir treatment. 
1E denotes the evening of day 1, and 2M 
denotes the morning of day 2, etc. Day 1 
is the day of the first dose of oseltamivir. 
A, Infants with influenza A; B, Infants 
with influenza B; C, oseltamivir- treated 
infants with influenza A or B. Green 
boxes indicate the time points at which 
the differences between the groups were 
statistically significant
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inhibitors that has been demonstrated in in vitro studies.22 In our 
study, the total duration of illness in infants with influenza B was sig-
nificantly shorter among those who received oseltamivir compared 
with non- treated infants, and also the reduction in influenza B viral 
load in oseltamivir recipients was rapid and comparable to that seen 
in infants with influenza A. However, due to relatively small num-
bers of children and the study design that was not optimal for di-
rect comparison between infants with influenza A and B, the results 
should be interpreted with caution. Overall, our findings support the 
concept that oseltamivir has some clinical effectiveness against in-
fluenza B in children, but that effect appears to be smaller than that 
against influenza A.

The determination of changes in viral loads during the course 
of the illness was based on influenza A and B antigen concen-
trations in nasopharyngeal specimens obtained at the follow- up 

visits. Although PCR is generally considered the most sensitive 
method for viral identification, PCR results may remain positive 
long after the period of true infectivity and the potential for in-
fluenza virus transmission. According to a recent study, antigen 
detection is far more informative than PCR for estimating the 
cessation of transmission of influenza viruses.23 As could be ex-
pected, short- lived vomiting and diarrhea were reported in almost 
half of the infants treated with oseltamivir.13,16 In many infants, 
however, these symptoms were present already before the first 
dosage of the drug. Moreover, substantial proportions of infants 
who did not receive oseltamivir had vomiting or diarrhea, indicat-
ing that these symptoms are frequent features of influenza illness 
in this age group.

It is well established that to gain maximal clinical effectiveness, 
the administration of oseltamivir should be started as soon as pos-
sible after the onset of illness.13- 15 Because the accuracy of clinical 
diagnosis of influenza is notoriously poor in young children and sev-
eral other viruses usually circulate in the community during influenza 
outbreaks,24,25 confirmation of the influenza viral etiology of the ill-
ness is necessary for optimizing the use of oseltamivir in children. 
To enable appropriate use of antiviral therapy early in the course of 
the illness when the benefit from the treatment would be greatest, 
rapid influenza diagnostic assays with high sensitivity and specificity 
that can provide results already during the clinical visit would best 
streamline the treatment of influenza in outpatient settings.26
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