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( Abstract )

Efficacy and safety of peramivir and herbal medicine combination therapy for
influenza in children: a systematic review and meta-analysis
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Objectives
This study aimed to assess the efficacy and safety of peramivir combined with herbal medicine for treating
influenza in children by reviewing randomized controlled trials (RCTs).

Methods

We searched eight English, Chinese, Korean, and Japanese databases for studies published up to Apitl 6, 2026.
RCTs assessing the effects of combination therapy with peramivir and herbal medicine for influenza in children were
included. The risk of bias was assessed using the Cochrane risk-of-bias tool. A meta-analysis was performed for
outcome measures, including time to fever resolution, total effective rate (TER), and incidence of adverse events,
using Review Manager software.

Results

A total of nine RCTs involving 997 pediatric patients with influenza. Initially, the meta-analysis showed that
the treatment group had a significantly shorter time to fever resolution than the control group (Mean Difference:
-20.18 hours, 95% Confidence Interval: -28.13 to -12.24, p < 0.00001, I’ = 98%). After excluding two highly
heterogeneous studies, the adjusted meta-analysis showed that the treatment group had a significantly shorter time
to fever resolution than the control group (Mean Difference: -13.97, 95% Confidence Interval: -15.56 to -12.38,
p < 0.00001, I’ = 31%). The TER was significantly higher in the treatment group than in the control group (Risk
Ratio: 1.14, 95% Confidence Interval: 1.09 to 1.19, p < 0.00001, I’ = 0%). The incidence of adverse events was
significantly lower in the treatment group than in the control group (Risk Ratio: 0.65, 95% Confidence Interval:
0.43 to 0.97, p = 0.04, I’ = 0%).

Conclusion

Our meta-analysis showed that combination therapy with peramivir and herbal medicine may be an effective and
safe treatment for children with influenza. However, given the low certainty of the evidence and substantial
heterogeneity across the analyzed trials, further clinical studies are required to confirm its efficacy and safety.
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II. Materials and Methods
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— | Records identified from:
= PubMed (n = 4)
g CENTRAL (n = 1)
é CNKI (n = 77) Papers removed before screening:
E Wanfang data (n = 5) Duplicate records removed (n = 3)
< OASIS (n = 2)
2 RISS (n = 0)
- KCln=1)
CiNii (n = 1)
Records screened
(n=88)
2
'§ Records excluded on title and abstract
2 (n=13)
A
Records assessed
for eligibility (n = 75)
Records excluded:
Not RCT (n = 10)
Inappropriate population (n = 2)
Inappropriate intervention (n = 48)
Inappropriate route of administration (n = 6)
3 o .
3 Studies included in review
E (n=9)

Figure 1, Flowchart of the study screening and selection

Abbreviations. CENTRAL: Cochrane central register of controlled trials,
CNKI: China national knowledge infrastructure, OASIS: Oriental medicine
advanced searching integrated system, RISS: Research information service
system, KCI: Korea citation index, CiNii: Citation information by NII,
RCT: Randomized controlled trial
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ool Blsf B A ARe] Ht 13.97A1F #o
A S=EAIL A oA S e FEoE U
EPTH (MD: -13.97, 95% CI: -15.56 to -12.38, p <
0.00001, I* = 31%) (Figure 3).

2) 2888 (Total effective rate)

gHe] AFIINA FHEEES HIBIH o
EREAS AlEE A A 857 T EEL thxol
Hlsl Bt 11490 FoJshA E3kom, FAITE o2
< ol B2 FEOE YERRT (RR: 1.14, 95% CL:
1.09 to 1.19, p < 0.00001, I’ = 0%) (Figure 4).

3) o|Ak W& WAIE (Incidence of adverse events)

8] AT o)A o) kg WA ES HIBIH S
o WEHEA S AR A3 X809 o] wkg 2y
E2 U=l vlsl] Het 0.658] FelekA wker, &
AlSH o) &g - W& o= UERITH RR: 0.65,
95% CI: 043 to 0.97, p = 0.04, I* = 0%) (Figure 6).
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HM + Peramivir Peramivir Mean difference Mean difference
Study or Subgroup Mean  SD  Total Mean  SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Zhang (2019) 4335 513 34 5914 701 34 113% -A579[-18.71, 12.87] -
Luo (2021) 2273 1382 52 4508 1245 52 110% -12.35[17.41,7.29] —
Li (2022) 5064 16.32 60 6672 17.04 60 10.8% -16.08([22.05,-10.11] —
Wu (2023) 492 768 48 9552 936 48 112% -4632[-4975 4289] —
Ji (2023) 2325 317 60 3542 406 B0 114% -1217 1347 -1087] .
Wang (2023) 4704 1968 94 804 1008 94 111% -3336[-37 83, -2889] -
Lu (2023) 2928 912 41 4536 1248 41 110% -1608[2081, -1135] -
Zhao (2024) 3012 12.24 65 5376 1632 685 110% -14.64[-19.60,-9.58] -
Qu (2025) 2004 84 45 4368 1056 44 112% 14641851, -10.67] -
Total (Walda) 499 498 100.0% -20.18 [-28.13 , -12.24] <>
Test for overall effect: Z = 4.98 (P < 0.00001) 0 35 0 25 w0

Favours HM + Peramivir Favours Peramivir

Heterogeneity: Tau® (DLb) = 143.26: ChF = 391.96, df = 8 (P < 0.00001); I* = 98%
Footnotes

aCl calculated by Wald-type method.
bTauz calculated Dy DerSimonian and Laird method.

Figure 2. Forest plot of time to fever resolution

HM + Peramivir Peramivir Mean difference Mean difference
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Zhang (2019) 43.35 5.13 34 59.14 7.1 34 186% -15.79[-18.71,-12.87] -
Luo (2021) 3273 1382 52 4508 1245 52 83% -12.35[-1741,-7.29] —_—
Li (2022) 50.64 16.32 60 66.72 17.04 60 6.2% -16.08 [-22.05, -10.11]
Ji(2023) 23.25 317 60 39.42 4.06 60 371% 1217 [-13.47,-10.87] =
Lu (2023) 29.28 912 41 45.36 12.48 4 92% -16.08 [-20.81, -11.35] _—
Zhao (2024) 39.12 12.24 65 83.76 16.32 69 8.5% -14.64 [-19.60,-9.68] —_—
Qu (2026) 29.04 8.4 45 4368 10.56 44 121% -1464[-18.61,-10.67] —_
Total (Wald3) 357 356 100.0% -13.97 [-15.56, -12.38] 4
Test for overall effect: Z = 17.19 (P < 0.00001) 20 10 0 10 20

Favours HM + Peramivir Favours Peramivir

Heterogeneity: Tau® (DLD) = 1.34; Chi* = 8.67, df =6 (P = 0.19); 1= 31%
Footnotes

aCl calculated by Wald-type method.
bTau® calculated by DerSimonian and Laird method.

Figure 3. Forest plot of time to fever resolution except for 2 trials
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HM + Peramivir Peramivir Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Zhang (2019) 33 34 31 34 128% 1.06 [0.94 , 1.20] o
Li (2022) 57 60 48 60 9.5% 1.19[1.03 , 1.36] —_—
Wu (2023) 47 48 40 48  10.4% 1.18[1.03, 1.34] —
Ji (2023) 57 60 48 60 9.5% 1.19[1.03 , 1.36] —_—
Wang (2023) 93 94 83 94 314% 1.12[1.04,1.21] -
Lu (2023) 40 41 35 41 10.0% 1.14[1.00, 1.31] ——
Zhao (2024) 61 65 83 65 10.7% 1.15[1.01, 1.21] ——
Qu (2026) 42 45 34 44 58% 1.21[1.01, 1.44] —
Total (Walda) 447 446 100.0% 1.14 [1.09, 1.19] ¢
Total events: 430 372
Test for overall effect: Z = 6.05 (P < 0.00001) 05 07 1 15 2

Favours Peramivir Favours HM + Peramivir
Heterogeneity: Tau® (DLP) = 0.00; Chi*=2.96, df =7 (P = 0.89); 1= 0%
Footnotes
aC| calculated by Wald-type method.
bTau® calculated by DerSimonian and Laird method.
Figure 4. Forest plot of total effective rate
HM + Peramivir Peramivir Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 85% CI M-H, Random, 95% CI
Luo (2021) (5] 52 T 52 155% 0.86 [0.31 , 2.38] ——
Li (2022) 2 60 3 60 52% 0.67 [0.12 , 3.85] —
Wu (2023) 5 48 T 48 139% 0.71[0.24 ,2.09] ——
Ji (2023) 5 60 16 60 18.3% 0.31[0.12, 0.80] —_——
Wang (2023) 5 94 11 94  156% 0.45[0.16 , 1.26] e
Lu (2023) 4 4 6 4 11.4% 0.67 [0.20, 2.19] —
Zhao (2024) 6 65 4 65 10.9% 1.50 [0.44 |, 5.07] —
Qu (2026) 4 45 4 44 92% 098 [0.26 , 3.67] —_—
Total (Walda) 465 464 100.0% 0.65 [0.43 , 0.97] L 2
Total events: 37 58
Test for overall effect: Z = 2.11 (P =0.04) 0.02 01 1 10 50

Heterogeneity: Tau® (DLP) = 0.00; Chi*=5.32, df =7 (P=062); 17=0

Footnotes
aC| calculated by Wald-type method.
bTau? calculated by DerSimonian and Laird method.

Figure 5. Forest plot of incidence of adverse events
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Supplementary 1, Search Terms Used in Database

Database Search Terms
Pubmed (Influenza OR Flu) AND (Child* OR Pediatric* OR Adolescent®) AND (“Chinese Medicine” OR “Traditional Medicine”
my
" OR “Korean Medicine” OR Decoction®* OR Herb* OR Botanic*) AND (Peramivir OR Rapivab OR Peramiflu)
#1 (Influenza OR Flu):ti,ab,kw
#2 (“Chinese Medicine” OR “Traditional Medicine” OR “Korean Medicine” OR Herb* OR Decoction®):ti,ab,kw
CENTRAL
#3 (Peramivir OR Rapivab OR Peramiflu):ti,ab,kw
#4 #1 AND #2 AND #3
SU=CIHEKE + WHRPKHE + ‘peramivir) AND SU=( P8 + hEEgl o hie 4 S + U + U + B
+ K+ BERC + 7 + ‘herb’ + ‘herbal’ + ‘decoction’ + ‘remedy’ + ‘Chinese medicine’ + ‘Korean medicine’ + ‘oriental
CNKI medicine’ + ‘kampo’ + ‘formula’ + ‘herbal drug’ + ‘Chinese drug’ + ‘plant’ + ‘Chinese prescription’ + ‘traditional medicine’
+ ‘Medicine, East Asian Traditional’ + ‘Herbal medicine’) AND SU=(JL&E’ + “INL + %L + A4 + B4h)L) AND
SU=(CIRE + TATIHERED)
(EAUE OR A ATIERYE OR 2 OR MEELTATIEE) AND (#44:)LE OR #fiv]NL OR %5 LE
Wanfang data  OR fi&%/)NJL) AND (44 H4E OR B4 HiEE OR E4:% OR fE%: 48 OR #HZEHREE OR %% AND
(E£: IR E OR FEELIARK )
OASIS (AZFAAF OR 57hH AND (3HeF OR 3H) AND (#|2}P]HIZ OR peramivir)
RISS (IZF<17 OR 57h) AND (3HF OR ) AND (F2H[H| 2 OR peramivir)
KCI (VEZFNAHETh&(SHH &3] 217 H] Elperamivir)
CiNii (A7) OR it AND ()5 OR #5738 OR HITUEH: OR %9 AND (X7 IEJL OR F¥ 77 %)




