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Oseltamivir efficacy, side effects, and safety in children with influenza
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Purpose : Although oseltamivir is widely used for treatment of influenza, few clinical studies of its efficacy and resistance
have been performed in Korea. We evaluated the safety, side effects, and efficacy of oseltamivir treatment in Korean
pediatric patients.

Methods : We analyzed 321 children diagnosed with influenza at Busan St. Mary's Medical Center, Korea, between January
2008 and June 2008 (first study period) and November 2008 and January 2009 (second study period). Patients were
divided into two groups: those receiving oseltamivir treatment for 5 days and those receiving only symptomatic treatment.
We investigated clinical symptoms, side effects, and resistance to oseltamivir. We also identified influenza strains and
evaluated resistance to oseltamivir using an influenza virus culture.

Results : One hundred eighty-six patients were assigned to the treatment group, and 135 were assigned to the control
group. The treatment group showed shorter admission duration (4.4 days) compared with controls (5.0 days) (P=0.000)
and had fewer lower respiratory tract complications compared with controls (P<0.05). No significant statistical difference
in the virus antigenic type was observed between the groups. In the first study period, virus culture showed influenza B
(41.7% vs. 49.6%), A/H3N2 (7.9% vs. 8.4%), and A/HIN1 (9.4% vs. 6.5%). In the second study period, only A/HTN1
(55.3% vs. 50.0%) was isolated, except for one case of A (H3N2) in the treatment group. No differences in short- and
long-term side effects, including neuropsychologic side effects, were noted between groups. There was no resistance to
oseltamivir before or after treatment in the first study period.

Conclusion : Based on our results, we suggest that osetalmivir therapy in pediatric patients is effective. (Korean J Pediatr
2010;53:56-66)
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Fig. 1. Results of the quick influenza test and virus isolation for the oseltamivir treatment
group and nontreatment group during the study period.
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75 mgs, 1A olgtell M= 2 me/kgE 14 23] T 5URE Foi3)
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Aol S =2 918 acetaminophen® 72 NSAIDs
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(fetal bovin serum, Gifco, USA)”7} 7+ MEM (minimum
essenttial medium, Gifco, USA)-& 7]¥ vAZ 3} 5% CO;
HjeF7el A 37 CE vjeksiaint. A AXHE flste] W52 Al
A8k nloleA 4248 vl «] el penicillin (5 U/mL), streptomy-
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rpm, 15 min)sto] FEN3 AZFAES —E—E]f‘i —fF ~70C]
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assay, WHO—-025)% AME3IItE NA oAA %71 0—
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Fig. 2. Genetic and phenotypic analysis for oseltamivir—resistant
influenza viruses.
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ZAAN ATk (Fig. 1), Oseltamivir X2 A% 2
gk 3.8A4 (AREZ]; 3.941, $917]; 4.3A4D) 1L, Folrl 98
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715 3741, 31715 3.84D)01aL, Holrk 859 (63.0%. AREY;
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Zpol= QITH(Table 1). Q1&F
] ZtolA 807 (43.0%), oseltamivir H]|X]B1*
%) Z T w7 on Q= Aol fldTh

49 3xF 5 HA H™, ddb7]oA oseltamivir X &5t
(617/139™, 43.9%) 3 VX 27 (45T/107%, 42.1%) %Fa-e]
A 296 71 B2 Fobso] Ydstoyt T rgtel om|Ql=
2ol 9191aL, FH70IA oseltamivir X E-(3678/477, 76.6
%) 3} X 2T (2478/28%, 85.7%) OE%ﬂH 12€e 71 w2
Flol5o] Qs @%718} TR R £ el vl
Aol= A ch(Fig. 3).

AL WAl A4EEE oseltamivir

o4 627 (45.9

0| A Oseltamivir 28| £ 1t

ok, oseltamivir X879 FE Aty e gt
#H o] 327

BTe TNEkA %% IEFAA 66 (47.5%),

(23.0%), 7184A19 289 (20.1%), & 94 (6.5%) =22 UE}h
Wl oseltamivir HIX| &7 ol T EFS FH6HA] 42 A&
Tz} 339 (30.8%), HH 459 (42.1%), 71¥AY 169 (15.0
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Fig. 3. Monthly distribution of children with influenza infection
in the oseltamivir treatment group and nontreatment group during
the study period.

Table 1. Characteristics of the Children with Influenza Infection during the Study Period

Intention to treat

Proven
First study Second study Total influenza patients
(2008.1.1-2008.6.30) (2008.11.1-2009.1.31)

Treatment Control Treatment  Control Treatment Control Treatment  Control
(n=139) (n=107) (n=47) (n=28) (n=186) (n=135) (n=109) (n=83)

Median age (Range) 3.9 3.7 43 3.8 3.8 3.7 3.1 4.1
(0.8-13.4) 0.1-14.7) (1.0-12.7)  (0.7-15.6) (0.8-12.7) (0.1-15.6) 0.1-13) (0-15)
Male sex (%) 77 (55.4) 67 (62.6) 21 44.7) 18 (64.3) 98 (52.7) 85 (63.0) 52 (47.7) 50 (60.2)
Influenza vaccination (%) 56 (40.3) 46 (43.0) 24 51.1) 16 (57.1) 80 (43.0) 62 (45.9) 64 (58.7) 45 (54.2)
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%), A+ 6 (5.6%) w22 YElEoH, Fhb7) <
EroA TETE WA 2 JIEFAA 5“5 53.2 %), =
H 119 (23.4%) 01303 HA 5Tl E S T8k &2
QAZFA} 87H (28.6%), ¥ o] 147 (50. O%)E AdL7], 3R
5 oseltamivir X|FE oA Bl STl HF 7%= PS50l
oul A AA LASIATHEREY], FHE7] P=0.007, P=
0.046, Table 2).

g A IR WA HE ARl SRt 2290
7D E MARTY TR 1L.8L0-7D) Bk A0d 7:‘f*(P—
0.065)& Hglom, ok W 4817kl Wit 5o o)

BT A5 26.9% (50/186)F HIA & 39.3% (53/
135) 8t A o v e on] QA FAtH(P<0.05). F 77t
of 1 A Iy 7IEe] Alol= QIO kAl Fo] & Ama ¥
HIX 879 B 7|7 ESE 0.69(0-4.59) vs. 0.5(0-7.5
Dol gu) Sl Ael7b $ISich(Table 3). Intention to

treat =234 proven influenza patients 527 +4A % 5
d& AHE Heloh

A 71 ARmTOA FEE 449 C-9DE HIAET
5.04@2-15) el nlall 2wn YA d=FE o] AATHP =0.000,
Table 3). Intention to treat -4 ©]4 proven infuenza pati-
ents EE25 AR FUst A9E Bk A 71tel 9
= T e e HFE S A, Yol 1d, °ﬂ/“7ﬂe:‘°4ldr, Sl
5} vpoly 2~ o},
multiple regression analysis®l|4 & oseltamivir X] &2 ,J
717kl tiet 591 A 9@ QAR 4 HJITHP=0.018). &gt
A7l ¥ & F UE 5 IAE 2] T stepwise
regression model (Table 4)°llA] oseltamivir X5, Ao},
ol Ak k2 A5, 44 Aol FHEA] &L A9l
Al G717 dEAIE 5 e AR A=l SlTh

=
AHb7] Gt 717F Fetoll= oseltamivir X E 1399 =

X

1

571— c;ﬂl:l]— 7(4

Table 2. Clinical Final Diagnosis of the Children with Influenza Infection during the Study Period

Intention to treat

First study (2008.1.1-2008.6.30)

Second study (2008.11.1-2009.1.31)

Diagnosis™
Treatment Control Treatment Control
P P
n=139 % n=107 % n=47 % n=28 %

Influenza only 66 47.5 33 30.8 25 53.2 8 28.6

Pneumonia 32 23.0 45 42.1 11 23.4 14 50.0

Bronchitis 28 20.1 16 15.0 0.007 2 4.3 3 10.7 0.046
Croup 9 6.5 6 5.6 0 0.0 0 0.0

Bronchiolitis 4 2.9 7 6.5 9 19.1 3 10.7

Table 3. Efficacy of Oseltamivir Treatment on Children with Influenza Infection during the Study Period

Intention to treat

First study Second study

Proven influenza patients

(2008.1.1-2008.6.30) (2008.11.1-2009.1.31) Toral
Treatment Control Treatment Control Treatment Control Treatment Control
(n=139) (n=107) (n=47) (n=28) (n=186) (n=135) (n=109) (n=83)

Prefever (day) 25+1.4 2.1+£1.4 2.1£0.9 2.1+1.1 24+13 2.1+£1.3 23+1.2 2.1+£1.3
(Mean+£SD) [2.2 (0-7)] [1.8 (0-7)] 2.1 (1-6)] [1.8 (1-7)]
[Median (range)]

After fever (day) 0.9+0.9 0.9+1.2 0.76+0.9 0.63£0.8 09+1.0 09+1.1 09+1.0 0.9+1.0
(Mean%£SD) [0.6 (0-4.5)] [0.5 (0-7.5)] [0.6 (0-4.5)] [0.5 (0-4)]
[Median (range)]

Prefever {48° 37/139 45/107 13/47 8/28 50/186° 53/135 32/109° 35/83
at admission (%) (26.6) (42.1) 27.7) (28.6) (26.9) (39.3) (29.4) (42.2)

Admission 46+16"  53+19" 45+13"7 56+1.97 464157 53+1.9 45%15 51+1.8
duration (day) [4.4 (2-9)] [5.0 2-15)] [43 2-9]1 [4.9 (2-15)]
(Mean+SD)

[Median (range)]

"P=0.065, <0.005, 0.0007

Note: Prefever <48 at admission' means duration of time between fever onset and admission point is less than 48 hours. 'Prefever’
means duration of time between fever onset and admission point. 'After fever' means time duration since admission.
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(9.4%), B%F 68(4.3%), ¥l 58 (3.6%), 24 2 FE 51
(3.6%), F% 44(2.9%), 38 14(0.7%) <2o% Yk, )
A5TAME AR RIS F24do] #AE TP =0.958, Table
5). ZHt7] E]to= oseltamivir X &7+ 4794 5 359 (74.5%)
of| A ofAl F-2hg-2 AEER] gk, W] Aol nls|A] &
E9 NIL7HA BT vs. HIA BT, 59 (10.6%) vs. 1‘3#(3 6%)]
oFTE FA T FHUA R, oAl Ftol f‘z !
Atk TR Fel = oA ‘ﬂﬂ%oﬂ g w
U}i&ﬂﬂi H|X| Erel A 9] 1EF4lAt HM
733 vl3 Al eJu] Qe Apo l
IE AL} HIX BT BFA A
HolE 3AES (%, HY 4-870€

3
=L

2} vlo]z] A uj

ok AAFE AW, X BFS 1399 = 824 (60%), HIX &
T2 10794 T 689 (63.6%) oA AEZFAA} wlo]H 7} w8

Table 4. Stepwise Regression Model for Admission Duration
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Hnt A=A = FAzk A (HIND 7} 138 (9.4%), A
(H3N2)7} 1198 (7.9%), B7} 598 (41.7%) 0. & AZF<A B
o] HjkEe]l 7Y =Skew, MARTAME AEZFAA A
(HIND 7} 778(6.5%), A (H3N2)7} 9% (8.4%), B7} 52
(49.6%) © & 9A] Q1ZFA=} BY uHO%o] 7 =9ktH(Table
6, Fig. 4). 8] 73t & A= 478 F 278 (57.4%), H|A|
T 287 F 149 (50.0%) oA < %01 A} wtole 27t e =]
Ak TR Ftelle AmTelMe JEFAA A (HIND 7}
269 (55.3%), A (H3N2)7} 14 (2.1%), B7} 0% (0.0%) <13
H X 8o s AZFAdA A (HIND 7} 149 (50.0%), A
(H3N2) 7} 0% (0.0%), B7} 0% (0.0%) 2.2 X 5ol HIx &
T EFolA QIZZAzt AMHINDZF 7P wo] & =Hlch
(Table 6, Fig. 4).

T 1 s 4
ol M= Hnt7] 54.7%,
F7] 60.7%,

ol =
E'_

a,

A A A 53 vlolg A wiekE S X8
FR7] 51.1%%3 3L, RIA BTl = &
71 61.1% D, A9 4827 el 4] 724170] A
et = AE T A 53 AlolY A ke AmdexE
ARE7) 18.3%, IRk 36.4%Q41, HIAIBETolME AN
27.2%, FH7] SO.S%E T gbell FAIEAR] Aol gl

oHd
‘F‘

Py

1 51
er

Unstandardized Coefficients

Standardized Coefficients

95% CI for B

B standard error Beta t P value Lower bound  Upper bound

4.601 0.441 10.441 0 3.733 5.469
Group 0.521 0.221 0.149 2.358 0.019 0.086 0.957
Age -0.120 0.040 -0.185 -2.991 0.003 -0.198 -0.041
Diagnosis 0.227 0.105 0.134 2.158 0.032 0.02 0.434
Febrile convulsion -1.150 0.576 -0.124 -1.995 0.047 -2.286 -0.014
Sex -0.129 0.219 -0.037 -0.592 0.555 -0.560 0.301
Prefever 48* -0.092 0.232 -0.025 -0.396 0.692 -0.549 0.365
Note: Prefever <48 at admission' means duration of time between fever onset and admission point is less than 48 hours
Table 5. Side Effect in Children with Influenza Virus Infection during the Study Period

Intention to treat
First study (2008.1.1-2008.6.30) Second study (2008.11.1-2009.1.31)
Treatment Control Treatment Control P value
n=139 % n=107 % n=47 % n=28 %

Number of side effect 105 75.5 80 74.8 35 74.5 25 89.3 0.825
Loose stool, diarrhea 13 9.4 11 10.3 1 2.1 1 3.6
Abdominal pain 6 4.3 3 2.8 5 10.6 1 3.6
Rashes 5 3.6 4 3.7 1 2.1 0 0.0
Irritability 1 0.7 2 1.9 1 2.1 0 0.0
Nausea, vomiting 5 3.6 5 4.7 2 4.3 1 3.6
Headache 4 2.9 2 1.9 2 43 0 0.0
Neuropsychiatric S/E 0 0.0 0 0.0 0 0.0 0 0.0

Abbreviation : S/E, side effect
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(Table 7).
4. X223} HXIZ2Z0AM 2 S HAF A

2008V AW7]e] FAMIER A Aot Faddela 2 &
e JASFAA} vpol A A5 tIF 2 NA A4 (Zanamivir,
Oseltamivir) ©] 50% A5 % (50% Inhibitory Concentration,
IC50) & ZAFssith. A A} QIEF<lA}; vlo]) A A/H1E,

A/H3%, B8 22529 zanamivirell thdk IC50 #+2> Z+2+ 0.00—
3.02 nM, 0.00—0.7 nM, 0.00—0.42 nMe°]% °.H, oseltamivir
o i34+ 0.00—1.6 nM, 0.00—3.62 nM, 0.00—7.99 nMe]
SltH(Table 8). o HEAF
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- T mT o
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Fig. 4. Distribution of influenza organisms isolated during the study period.

Table 6. Influenza Virus Subtypes of Virus Isolated from Specimens during the Study Period in Busan St. Mary's Medical Center

Intention to treat

First study (2008.1.1-2008.6.30)

Second study (2008.11.1-2009.1.31)

Treatment Control Treatment Control P value
n=139 % n=107 % n=47 % n=28 %
Growth rate 82 60.0 68 63.6 27 57.4 14 50.0 0.467
Number of organism 57 41.0 39 36.4 21 44.6 14 50.0
A (HIND 13 9.4 7 6.5 26 55.3 14 50.0
A (H3N2) 11 7.9 9 8.4 1 2.1 0 0.0
B 59 41.7 52 49.6 0.0 0 0.0
Table 7. Isolated Virus Rate from Specimens during the Study Period in Busan St. Mary's Medical Center
Intention to treat
First study (2008.1.1-2008.6.30) Second study (2008.11.1-2009.1.31)
P value
Treatment Control Treatment Control
n=139 % n=107 % n=47 % n=28 %
Preculture growth rate 76/139 54.7 65/107 60.7 23/45 51.1 11/18 61.1 0.223
Afterculture growth rate  22/120 18.3 28/103 27.2 8/22 36.4 4/13 30.8 0.227
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Fig. 5. Amino acid sequence at position 274 (N2 numbering) in the NA regions of influenza
A/HINI1, A/H3N2, and B virus isolates and vaccine strains (genotype analysis) in the first

study period.

Table 8. Sensitivity of Influenza A/HINI, A/H3N2, and B Virus
Isolates to Oseltamivir and Zanamivir in the Neuraminidase—
Inhibition (NI) Assay (Phenotype Analysis) in the First Study
Period

Tvoe Total Number 1C50 (nM)

P isolates of tested oseltamivir* Zanamivir
A/H1 16 16 0.00-1.60 0.00-3.02
A/H3 5 5 0.00-3.62 0.00-0.70
B 32 32 0.00-7.99 0.00-0.42

*Resistance : 43-8,020 nM, Sensitivity : 0.001-25 nM

e ke o BT AR, NARE BE R WA 4
At AR 48N T2ARE O1FE) HANA A QBT v
olelz mFelA] HAP U WA e B sldleh =

o T RF R WA AR AR 48-72AF o) FE) HAeIA
A QBT Holel 2elA] NA FlAe] 971499 B8 o
le)

S3to] Ulid Tt A Qs ofu| Al H-919] Wo] o RE Fls)
o1} ol AR 9ksky, 3] oseltamivir WA H7C
Q FHQl 274 opu|:=AkS] Histidinel] Wol= #zw]x] kgt
o} (Fig. 5).
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