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Background: The comparative effectiveness of 
intravenous immunoglobulin (IVIG) for Kawasaki 
disease was regarded as inconclusive in the international 
guidelines. However, several new evidences have been 
published in recent years.

Data sources: A literature search of PubMed was 
conducted using key words of "Kawasaki disease 
or mucocutaneous lymph node syndrome" and 
"immunoglobulin" in combination. Only original articles 
published after 2004 were selected. A total of 813 papers 
were found in PubMed. These papers were screened 
manually by their titles and abstracts.

Results: Patients treated with IVIG prepared by beta-
propiolactonation might have worse outcome (a higher 
non-responsive rate in one report and a higher rate of 
coronary aneurysm in two reports). Storage of IVIG in 
acidic solution might be correlated with a higher rate of 
coronary aneurysm (two reports).

Conclusions: Different processes of preparation and 
conditions of preservation of IVIG may have profound 
effects on its clinical effectiveness. Randomized controlled 
studies are needed to further elucidate this issue.
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Introduction

Kawasaki disease was first described by Dr. 
Tomisaku Kawasaki in Japan in 1967.[1-4] Now, 
the disease is widely reported in young children 

of different ethnic populations.[3] It is also the most 
common cause of acquired heart disease among children 
in most industrialized countries.[5-13] It is capable of 
inducing carditis and vasculitis, which result in long-
term sequelae involving the coronary arteries. Thus, 
it is currently the subject attracting the attention of 
researchers.

For the management of Kawasaki disease, most 
physicians follow the guidelines of the American 
Academy of Pediatrics (AAP) and American Heart 
Associat ion (AHA) published in 2004,  which 
include the rapid infusion of high-dose intravenous 
immunoglobulin (IVIG) (2 gm/kg) in 12 hours, 
together with oral aspirin.[3] As such, IVIG is regarded 
as the most important medication for the treatment 
of Kawasaki disease in the acute stage.[14] Although 
the influence of different manufacturing processes on 
differences in IVIG effectiveness was briefly described 
in the AAP and AHA guidelines, the guidelines 
concluded that "potentially important product-
manufacturing differences exist. But the results of 
clinical studies....conflicted".

Almost 10 years have passed since the publication 
of these guidelines and several interesting studies have 
been published since then. This article aimed to review 
new evidences regarding this issue. PubMed was 
searched for articles by using the key words "Kawasaki 
disease or mucocutaneous lymph node syndrome" and 
"immunoglobulin" in combination. Only original articles 
published after the year 2004 were selected. A total of 
813 articles were found in PubMed. These articles were 
screened manually by their titles and abstracts.

The mechanisms of immunoglobulin 
therapy in Kawasaki disease
Because Kawasaki disease is recognized as vasculitis 
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of the coronary artery, it is almost impossible to obtain 
a human sample except for a few autopsy cases. Related 
literature on the pathology of Kawasaki disease is also 
quite limited[15-20] and most of the reports focus on 
vasculitis of the coronary artery. Such inflammatory 
process can trigger further remodeling of blood vessels, 
which can last for years.[15,19,20] This may somehow 
explain why Kawasaki disease induces long-term 
sequelae on the coronary artery. Meanwhile, some studies 
found that vasculitis not only occurs in the coronary 
artery but also in all medium-sized arteries.[16-19]

The mechanism of IVIG in the treatment of Kawasaki 
disease is still obscure. Researchers found that part of 
the effectiveness comes from an immuno-modulatory 
effect on the host immune system by binding the constant 
region (Fc portion) of host immunoglobulins.[3] IVIG 
can significantly inhibit the release of interleikin-1 by 
monocytes in peripheral blood but does not decrease 
cytotoxic anti-endothelial antibodies.[21] It may also 
reduce the release of interleukin-1 of macrophages via 
interaction with their Fc receptors.[22]

In short, IVIG may decrease the interleukin release 
of host immune cells via interaction with the Fc portion 
of host immunoglobulins. Thus, the inflammatory storm 
of Kawasaki disease is subsequently suppressed.

Differences in the effectiveness among 
immunoglobulins
Although IVIG is undoubtedly the major medication 

for acute-stage Kawasaki disease.[14] It is extracted from 
blood of many donors. The World Health Organization 
have established standards for the manufacture of 
immunoglobulins (at least 1000 donors, 90% of IgG 
preserved, the sub-categories consistent with normal 
population, and screening for hepatitis viruses B, 
hepatitis viruses C, and human immunodeficiency 
virus).[23] However, among different manufacturers of 
IVIG, there are still differences in the manufacturing 
processes, purification, IgA concentration, and 
conditions of preservation (Table 1).[23-29] Minor 
differences may cause side effects and complications, 
for instance, slightly higher concentrations of IgA 
or IgM induce severe anaphylactic reactions.[27,30] 
Moreover, hepatitis transmission results in defects in 
the manufacturing process.[31,32]

With regard to efficacy, a retrospective case control 
study (n=45) conducted in the United States of America 
comparing the efficacy of two brands, Venoglobulin I 
and Iveegam, has been published in 1995. This study 
found that Iveegam shortened febrile days and had less 
side effects,[33] but did not infer the practical reasons for 
the results. Unfortunately, the retrospective design and 
limited case numbers limited the value of this study. But 
the study was cited by the AHA and AAP guidelines in 
2004.

After the publication of the guidelines, Tsai et al[26] 
compared the effectiveness of four brands of IVIG, 
including Venoglobulin S, Gamimune, Intraglobin F, 
and SNBTSPF Center CBSF in 2006. They found that 
Intraglobin F had a higher non-responsive rate and 

Brand name Gamimune N Intraglobin F Venoglobulin-S Flebogamma "TBSF" human
  immunoglobulin
  for intravenous use

Iveegam Gamimune

ManufacturerTalecris 
 Biotherapeutics,
 INC.

Biotest Pharma
 GMBH 

Alpha Therapeutic
 Corp.

Instituto Crifols
 S.A.

CSL Limited Baxter 
 Corporation Bio
 Science Division

Bayer Health Care 
 Biologic Products
 Division

Country NC, USA Germany LA, USA Spain Australia IL, USA NC, USA
Preparation Cold etheanol-

 PEG precipitation,
 diafiltration/ 
 acidification

Cold etheanol- 
 PEG precipitation,
 β-propiolactonation

Cold etheanol-
 PEG precipitation,
 DEAE-Sephadex
 fractionation

Cold etheanol-
 PEG precipitation,
 nanofiltration down 
 to 20 nm

Cold etheanol-
 PEG precipitation,
 chromatographic
 fractionation

Cold ethanol 
 fraction 
 phosphoethylene
 glycol trypsin 
 treatment

Cold ethanol 
 fraction 
 phosphoethylene 
 glycol diafiltration/
 acidification

IgA conc.
 (μg/mL)

270 ≤2500 15.1 <50 <25 10 270 

IgM conc.
 (μg/mL)

76±15 ≤600 <11.1 Trace Trace N/A N/A

Osmolality
 (mOsmol/kg)

274 N/A N/A N/A Isotonic 240 mOsm/L 274 mOsm/L

pH 4.0-4.5 6.6 Non acidic 5.0-6.0 4.25 6.4-7.2 4.0-4.5
Sugar
 content

None Glucose Sorbital Sorbital Maltose 5 g/mL glucose None

IgG MWD Mono 99%,
 dimer <1%

Mono+dimer
 >90%

Mono+dimer
 >95%

Mono
 >99.8%

Mono+dimer
 >90%

N/A N/A

Table 1. Brands, manufacturing processes, and characteristics of immunoglobulins*[26,28,29]

MWD: molecular weight distribution; conc.: concentration; N/A: not available; PEG: phosphoethylene glycol; DEAE: diethylaminoethyl. *: no 
data available for brand E-com.
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Authors Brands Study design Periods Sample size Endpoints Results Comments

Tsai et al.[26] Venoglobulin S, 
  Gamimune N, 
  Intraglobin F, CBSF 
  Human immunoglobulin

Case series 1998-2003 437 (91, 182, 
  93, 71)

Prolonged fever 
  (non-responsive),
  CAA incidence

IVIG, prepared with 
  beta-propiolactonation 
  (Intraglobin F) having 
  higher CAA rate

Different periods 
  in single center no 
  longitudinal data

Kuo et al.[35] Gamimune N, 
  Intraglobin F, E-com

Case series 1999-2005 45 (19, 20, 6) Eosinophil counts No difference among 
  brands

Limited statistical 
  power

Manlhiot
  et al.[28]

Iveegam, Gamimune Case series 1990-2007 954 (862, 92) Prolonged fever 
  (non-responsive),
  CAA incidence

Lower IgA content and 
  non-acidic storage  
  IVIG (Iveegam) 
  having lower CAA  
  rate; acidified IVIG 
  having shorter hospital stay

Different periods 
  in single center, no 
  longitudinal data, 
  unbalanced case 
  numbers between 
  groups

Lin et al.
[29]

Gamimune N, 
  Intraglobin F, 
  Venoglobulin-S, 
  Flebogamma

Cohort study1997-2008 3830 (1894, 
  617, 1081, 
  238)

Non-responsive,
  CAA incidence,
  needing choric
  medication

Beta-propiolactonation  
  having higher treatment 
  failure and needing chronic 
  medication rate; 
  acidification increasing 
  CAA rate 

The only study 
  providing long-
  term follow up 
  data; lacking of 
  data validation and 
  laboratory results

Table 2. Summary of studies comparing the efficacy of different brands of immunoglobulins

CAA: coronary artery aneurysm; IVIG: intravenous immunoglobulin. 

more coronary aneurysms in the convalescent phase, 
which was attributed to beta-propiolactonation during 
IVIG purification. Beta-propiolactonation might change 
the Fc portion of IVIG, thereby interfering with its 
binding with the host macrophages. This subsequently 
decreased the ability of IVIG to inhibit interleukin-1 
release. At last, the immuno-modulatory effect of high-
dose IVIG was weakened.[26] This study collected 
certain case numbers, but the patients came from only 
one institution and the four groups of patients were not 
collected in the same period. Moreover, the significantly 
different numbers in each groups and the lack of long-
term follow-up became the weak points of the study.

In 2007, Kuo et al[34,35] found no differences in 
brands of IVIG, using data from a single hospital. 
However, they used a surrogate endpoint, eosinophil 
counts, instead of real clinical outcomes. The statistical 
power was also not enough because of limited case 
numbers, which make the results less persuasive.

In 2010, Manlhiot et al[28] compared two brands 
of IVIG, Iveegam (non-acidified) and Gamimune 
(acidified) and found that Gamimune was associated 
with a lower non-responsive rate and a shorter 
hospital stay, but a higher incidence of coronary artery 
aneurysms. They inferred that this phenomenon of 
Gamimune, which was preserved in acidic solution, 
could damage the elastin protein, especially when 
coronary arteries were involved in an inflammatory 
process,  subsequently causing more coronary 
aneurysms. On the other hand, the lower non-responsive 
rate was attributed to differences of concentration. 
Gamimune was prepared in a higher concentration 
(10%) compared to Iveegam (5%). This would allow 
physicians to have an easier delivery of high-dose IVIG 

in 12 hours. Although the cases came from several 
hospitals, the case distributions were significantly 
unequal. Care quality and outcome definition may vary 
from hospital to hospital. Moreover, the results only 
reached borderline statistical significance even after 
propensity score adjusting. Long-term follow-up data 
were also lacking.[36-38]

Our research team published a nationwide cohort 
study in 2013.[29] We found that beta-propiolactonation 
increased the IVIG non-responsive rate during the 
acute phase. Acidified IVIG might increase the rate 
of coronary aneurysm but it decreased the IVIG non-
responsive rate. The long-term results (need for 
medication after 6 months) were correlated with IVIG 
non-responsiveness in the acute stage. The observed 
higher non-responsive rate of beta-propiolactonation 
IVIG was consistent with the results of Tsai et al.[26] 
Although the increased rate of acute aneurysm and 
decreased refractory rate of acidified IVIG were similar 
to the observations by Manlhiot et al,[28] the concentration 
differences in Canada were not noted in Taiwan. The 
authors also did not explain why acidified IVIG was 
more effective. With regard to the effectiveness of IVIG, 
this study had the largest case numbers to date. It was 
also the first study to provide long-term follow-up data. 
However, the study had certain weak points stemming 
from the fact that the data were for insurance claims 
data. No validation could be provided in consideration of 
patient privacy. Moreover, the claims data of the Taiwan 
National Health Insurance lacked laboratory results and 
imaging reports.[39,40]

Some patients with Kawasaki disease developed 
hyponatremia during the acute phase. The pathogenesis 
was considered to be correlated with syndrome of 
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inappropriate antidiuretic hormone secretion and 
cytokine release.[41,42] Hyponatremia was also recognized 
as an index of disease severity and a predictor of 
coronary complications.[41,43] Immunoglobulin therapy 
was found to effectively reverse hyponatremia in 
Kawasaki disease.[42] Although immunoglobulins 
without sodium were reported to have an adverse effect 
on hyponatremia in patients with Kawasaki disease, 
their clinical efficacy was equivalent to that of those 
with a high sodium concentration.[44]

The four studies are summarized in Table 2. It 
might be better to perform a meta-analysis to confirm 
the different effectiveness by different manufacturing 
processes. However, it is not possible at present because 
of few papers published and lack of randomized 
controlled trials.

Conclusions
The immuno-modulatory effect of IVIG plays an 
important role in suppressing the inflammatory 
storm of Kawasaki disease. Different preparation 
processes (beta-propiolactonation or cold-ethanol-PEG 
precipitation) and conditions of preservation (acidified 
or not) of IVIG may exert profound effects on its 
clinical effectiveness. Randomized controlled studies 
are needed to elucidate this issue.

Funding: None.
Ethical approval: Not needed.
Competing interest: No benefits in any form have been received 
or will be received from any commercial party related directly or 
indirectly to the subject of this article.
Contributors: Lin MC proposed the study and wrote the draft.

References
1	 Kawasaki T. Acute febrile mucocutaneous syndrome with 

lymphoid involvement with specific desquamation of the fingers 
and toes in children. Arerugi 1967;16:178-222.

2	 Burns JC, Glodé MP. Kawasaki syndrome. Lancet 2004;364: 
533-544.

3	 Newburger JW, Takahashi M, Gerber MA, Gewitz MH, Tani LY, 
Burns JC, et al. Diagnosis, treatment, and long-term management 
of Kawasaki disease: a statement for health professionals from 
the Committee on Rheumatic Fever, Endocarditis, and Kawasaki 
Disease, Council on Cardiovascular Disease in the Young, 
American Heart Association. Pediatrics 2004;114:1708-1733.

4	 Harnden A, Takahashi M, Burgner D. Kawasaki disease. BMJ 
2009;338:b1514.

5	 Du ZD, Zhao D, Du J, Zhang YL, Lin Y, Liu C, et al. 
Epidemiologic study on Kawasaki disease in Beijing from 2000 
through 2004. Pediatr Infect Dis J 2007;26:449-451.

6	 Fischer TK, Holman RC, Yorita KL, Belay ED, Melbye M, 
Koch A. Kawasaki syndrome in Denmark. Pediatr Infect Dis J 

2007;26:411-415.
7	 Heaton P, Wilson N, Nicholson R, Doran J, Parsons A, Aiken 

G. Kawasaki disease in New Zealand. J Paediatr Child Health 
2006;42:184-190.

8	 Holman RC, Belay ED, Christensen KY, Folkema AM, Steiner 
CA, Schonberger LB. Hospitalizations for Kawasaki syndrome 
among children in the United States, 1997-2007. Pediatr Infect 
Dis J 2010;29:483-488.

9	 Huang WC, Huang LM, Chang IS, Chang LY, Chiang BL, Chen 
PJ, et al. Epidemiologic features of Kawasaki disease in Taiwan, 
2003-2006. Pediatrics 2009;123:e401-405.

10	Lynch M, Holman RC, Mulligan A, Belay ED, Schonberger LB. 
Kawasaki syndrome hospitalizations in Ireland, 1996 through 
2000. Pediatr Infect Dis J 2003;22:959-963.

11	 Ng YM, Sung RY, So LY, Fong NC, Ho MH, Cheng YW, et al. 
Kawasaki disease in Hong Kong, 1994 to 2000. Hong Kong 
Med J 2005;11:331-335.

12	Park YW, Han JW, Park IS, Kim CH, Cha SH, Ma JS, et al. 
Kawasaki disease in Korea, 2003-2005. Pediatr Infect Dis J 
2007;26:821-823.

13	Yanagawa H, Nakamura Y, Yashiro M, Uehara R, Oki I, Kayaba 
K. Incidence of Kawasaki disease in Japan: the nationwide 
surveys of 1999-2002. Pediatr Int 2006;48:356-361.

14	Hsieh KS, Weng KP, Lin CC, Huang TC, Lee CL, Huang SM. 
Treatment of acute Kawasaki disease: aspirin's role in the febrile 
stage revisited. Pediatrics 2004;114:e689-693.

15	Suzuki A, Miyagawa-Tomita S, Komatsu K, Nishikawa 
T, Sakomura Y, Horie T, et al. Active remodeling of the 
coronary arterial lesions in the late phase of Kawasaki disease: 
immunohistochemical study. Circulation 2000;101:2935-2941.

16	Rowley AH, Shulman ST, Mask CA, Finn LS, Terai M, Baker 
SC, et al. IgA plasma cell infiltration of proximal respiratory 
tract, pancreas, kidney, and coronary artery in acute Kawasaki 
disease. J Infect Dis 2000;182:1183-1191.

17	Naoe S, Takahashi K, Masuda H, Tanaka N. Kawasaki disease. 
With particular emphasis on arterial lesions. Acta Pathol Jpn 
1991;41:785-797.

18	Nagata S, Yamashiro Y, Maeda M, Ohtsuka Y, Yabuta K. 
Immunohistochemical studies on small intestinal mucosa in 
Kawasaki disease. Pediatr Res 1993;33:557-563.

19	Gavin PJ, Crawford SE, Shulman ST, Garcia FL, Rowley AH. 
Systemic arterial expression of matrix metalloproteinases 2 and 
9 in acute Kawasaki disease. Arterioscler Thromb Vasc Biol 
2003;23:576-581.

20	Brown TJ, Crawford SE, Cornwall ML, Garcia F, Shulman ST, 
Rowley AH. CD8 T lymphocytes and macrophages infiltrate 
coronary artery aneurysms in acute Kawasaki disease. J Infect 
Dis 2001;184:940-943.

21	Leung DY, Cotran RS, Kurt-Jones E, Burns JC, Newburger 
JW, Pober JS. Endothelial cell activation and high interleukin-1 
secretion in the pathogenesis of acute Kawasaki disease. Lancet 
1989;2:1298-1302.

22	Iwata M, Shimozato T, Tokiwa H, Tsubura E. Antipyretic 
activity of a human immunoglobulin preparation for intravenous 
use in an experimental model of fever in rabbits. Infect Immun 
1987;55:547-554.

23	Bonilla F, Geha R. Intravenous immunoglobulin therapy. In: 
Austen KF, eds. Therapeutic immunology, 2nd ed. Malden, 
Mass.: Blackwell Science, 2001: 264-286.

24	Gelfand EW. Differences between IGIV products: impact on 
clinical outcome. Int Immunopharmacol 2006;6:592-599.

25	Stiehm ER. Lessons from Kawasaki disease: all brands of IVIG 



118

World Journal of Pediatrics

R
eview

 article

World J Pediatr, Vol 10 No 2 . May 15, 2014 . www.wjpch.com

are not equal. J Pediatr 2006;148:6-8.
26	Tsai MH, Huang YC, Yen MH, Li CC, Chiu CH, Lin PY, et al. 

Clinical responses of patients with Kawasaki disease to different 
brands of intravenous immunoglobulin. J Pediatr 2006;148:38-
43.

27	Manlhiot C, Tyrrell PN, Liang L, Atkinson AR, Lau W, 
Feldman BM. Safety of intravenous immunoglobulin in the 
treatment of juvenile dermatomyositis: adverse reactions 
are associated with immunoglobulin A content. Pediatrics 
2008;121:e626-630.

28	Manlhiot C, Yeung RS, Chahal N, McCrindle BW. Intravenous 
immunoglobulin preparation type: association with outcomes for 
patients with acute Kawasaki disease. Pediatr Allergy Immunol 
2010;21:515-521.

29	Lin MC, Fu YC, Jan SL, Lai MS. Comparative effectiveness of 
intravenous immunoglobulin for children with kawasaki disease: 
a nationwide cohort study. PLoS One 2013;8:e63399.

30	Rieben R, Roos A, Muizert Y, Tinguely C, Gerritsen AF, 
Daha MR. Immunoglobulin M-enriched human intravenous 
immunoglobulin prevents complement activation in vitro and in 
vivo in a rat model of acute inflammation. Blood 1999;93:942-
951.

31	Greenbaum BH. Differences in immunoglobulin preparations 
for intravenous use: a comparison of six products. Am J Pediatr 
Hematol Oncol 1990;12:490-496.

32	Centers for Disease Control and Prevention (CDC). -Outbreak 
of hepatitis C associated with intravenous immunoglobulin 
administration--United States, October 1993-June 1994. MMWR 
Morb Mortal Wkly Rep 1994;43:505-509.

33	Rosenfeld EA, Shulman ST, Corydon KE, Mason W, Takahashi 
M, Kuroda C. Comparative safety and efficacy of two immune 
globulin products in Kawasaki disease. J Pediatr 1995;126:1000-
1003.

34	Khan S, Doré PC, Sewell WA. Both patient characteristics and 
IVIG product-specific mechanisms may affect eosinophils in 
immunoglobulin-treated Kawasaki disease. Pediatr Allergy 

Immunol 2008;19:186-187.
35	Kuo HC, Wang CL, Wang L, Yu HR, Yang KD. Patient 

characteristics and intravenous immunoglobulin product may 
affect eosinophils in Kawasaki disease. Pediatr Allergy Immunol 
2008;19:184-185.

36	Lau AC, Duong TT, Ito S, Yeung RS. Matrix metalloproteinase 
9 activity leads to elastin breakdown in an animal model of 
Kawasaki disease. Arthritis Rheum 2008;58:854-863.

37	Lau AC, Rosenberg H, Duong TT, McCrindle BW, Yeung RS. 
Elastolytic matrix metalloproteinases and coronary outcome in 
children with Kawasaki disease. Pediatr Res 2007;61:710-715.

38	Rowley AH, Shulman ST, Spike BT, Mask CA, Baker SC. 
Oligoclonal IgA response in the vascular wall in acute Kawasaki 
disease. J Immunol 2001;166:1334-1343.

39	Lin MC, Lai MS. Pediatricians' role in caring for preschool 
children in Taiwan under the national health insurance program. 
J Formos Med Assoc 2009;108:849-855.

40	Wen CP, Tsai SP, Chung WS. A 10-year experience with 
universal health insurance in Taiwan: measuring changes in 
health and health disparity. Ann Intern Med 2008;148:258-267.

41	Lim GW, Lee M, Kim HS, Hong YM, Sohn S. Hyponatremia 
and syndrome of inappropriate antidiuretic hormone secretion in 
kawasaki disease. Korean Circ J 2010;40:507-513.

42	Mori J, Miura M, Shiro H, Fujioka K, Kohri T, Hasegawa T. 
Syndrome of inappropriate anti-diuretic hormone in Kawasaki 
disease. Pediatr Int 2011;53:354-357.

43	Kobayashi T, Inoue Y, Takeuchi K, Okada Y, Tamura K, 
Tomomasa T, et al. Prediction of intravenous immunoglobulin 
unresponsiveness in patients with Kawasaki disease. Circulation 
2006;113:2606-2612.

44	Kaneko K, Hirabayashi M, Tateiwa A, Shimo T, Teranishi 
K, Tanaka S, et al. Immunoglobulin preparations affect 
hyponatremia in Kawasaki disease. Eur J Pediatr 2010;169:957-
960.

Accepted after revision January 28, 2014


