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Background: The aim of this study was to identify risk factors for immunoglobulin resistance, including
clinical symptoms such as arthritis and the pH of intravenous immunoglobulin.
Methods: The data of children with Kawasaki disease who had received immunoglobulin were evaluated. Data
regarding the brand of immunoglobulin administered were abstracted from the pharmacy records.
Results: Eighty consecutive children with Kawasaki disease were evaluated (Mdnage = 28 months, 66% male).
The prevalence of immunoglobulin resistance was 30%. Arthritis was a presenting symptom in the acute phase
of Kawasaki disease in 8% (6/80, all male) and was seen in significant association with immunoglobulin
resistance in comparison to those without arthritis (16.7% vs. 0.2%, p = 0.008). Next, the immunoglobulin brand
types were divided into two groups: the relatively high pH group (n = 16), including Carimune (pH 6.6 – 0.2),
and the low pH group (n = 63), including Gamunex (pH 4–4.5) or Privigen (pH 4.6–5). Overall, no significant
difference in immunoglobulin responsiveness was found between the low pH and the high pH groups (73% vs.
56%, p = 0.193), although the low pH group showed a trend toward a larger decrease in erythrocyte sedi-
mentation rate ( p = 0.048), lower steroid use ( p = 0.054), and lower coronary involvement ( p = 0.08) than those
in the high pH group.
Conclusions: Children presenting with arthritis in the acute phase of Kawasaki disease may be at risk for
immunoglobulin resistance.

Introduction

Immunoglobulin resistance with persistent disease
process and fever in Kawasaki disease is a more serious

condition with a need for earlier detection and management.1

Initial treatment with high-dose intravenous gammaglo-
bulin (immunoglobulin) along with oral acetylsalicylic acid
has been reported to reduce the risk of coronary artery se-
quelae. In the acute phase of Kawasaki disease, the response
to treatment is considered abatement of fever.1 However,
some children do not respond to the initial dose of immu-
noglobulin (2 g/kg) and present with refractory or recurrent
fever. This phenomenon is described as immunoglobulin
resistance and is reported in 10–30% of Kawasaki disease
patients.2,3

Immunoglobulin resistance has been linked to a higher
degree of overall inflammation as determined by higher
levels of inflammatory markers, including erythrocyte sed-
imentation rate (ESR), C-reactive protein, and serum inter-
leukin 6.4 Further, higher C-reactive protein levels have
been linked to worse cardiac sequelae in Kawasaki disease.5

Often, a repeat dose of immunoglobulin leads to resolu-
tion of fever and other symptoms; otherwise treatment with

immunomodulators such as steroids, infliximab, methotrex-
ate, cyclophosphamide, or plasmapheresis is needed for the
alleviation of symptoms.1,6 Currently, there remains a need
for early detection of immunoglobulin resistance, and vari-
ous predictors such as risk factors, biomarkers, or scoring
systems have been reported.3,4 However, there is still much
to know about this group of resistant patients, and they
warrant further investigation in order to determine factors
that contribute to their resistance. Arthritis has previously
been reported in Kawasaki disease in 7.5–45% of cases, in
both acute or subacute phases,7–9 and although determined
to be a transient finding,1,7 it has also been reported after
immunoglobulin therapy.10,11 It was hypothesized that ar-
thritis would be associated with a higher degree of inflam-
mation and thus immunoglobulin resistance.

Difference in outcomes after Kawasaki disease based
on different immunoglobulin brands has been reported in
the literature.12,13 Immunoglobulins are human pooled im-
munoglobulin (IgG) that on exposure to low pH (pH 4, acid
buffer treated preparation) results in increased binding to
self-antigens, to inflammatory cytokines, and to foreign
antigens, thus improving its efficacy.14 Low pH-treated
immunoglobulin preparations have been shown to have a
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stronger inhibiting effect on proliferation of phytohemag-
glutinin-stimulated peripheral blood mononuclear cells and
a higher antigen-binding capacity.14 It was hypothesized
that immunoglobulin resistance may be related to the pH of
the commercial brands of immunoglobulin.

The specific aims for this study were to determine: (a)
clinical and laboratory risk factors for immunoglobulin resis-
tance in both complete and incomplete Kawasaki disease, and
(b) whether incidence of immunoglobulin resistance is related
to the pH of the commercial brands of immunoglobulin.

Materials and Methods

A retrospective chart review of medical records was
performed of patients diagnosed with Kawasaki disease
(ICD 9 diagnostic code 446.10) over a 10-year period, from
2001 to 2011, at the Children’s Memorial Hermann Hospital
in Texas Medical Center after obtaining approval from the
Institutional Review Board at the University of Texas
Health Science Center at Houston (HSC-MS-07-0226).

Information on demographics and clinical course were
abstracted from the medical records. Only those children
who met the criteria for complete or incomplete Kawasaki
disease1 and who were treated with immunoglobulins in
accordance with the published guidelines1 at the Children’s
Memorial Hermann Hospital were included in the study.
The diagnosis of arthritis was made upon identification of

joint swelling and/or limitation in the range of motion of the
affected joint upon evaluation of a rheumatologist and/or
other subspecialists based on joint swelling, or limitation in
the range of joint movement along with joint pain or ten-
derness15 and clearly documented in the chart. Children with
arthritis underwent serological tests for related infections.
Diffuse swelling and erythema of the palms and soles with
erythema was not considered arthritis. All Kawasaki disease
children were initially treated with acetylsalicylic acid along
with high-dose immunoglobulin 2 g/kg given as a single
infusion over 10–12 h, and had laboratory testing done after
completion of the infusion, including measurement of in-
flammatory markers. Any child who had persistence of fever
beyond 48 h and/or required a second dose of high-dose
immunoglobulin 2 g/kg after the first dose was labeled as
immunoglobulin resistant1 for this study. All Kawasaki dis-
ease children underwent serial echocardiograms with a focus
on evaluating the coronary arteries. Coronary artery dilatation
and aneurysms were reported based on z-scores as described
by de Zorzi et al.1 All clinical symptoms were assessed, in-
cluding respiratory symptoms, arthritis, and mucosal and skin
changes. Several clinical parameters were evaluated before
the first immunoglobulin dose, along with the outcome of
treatment in each patient. The days of fever and change in
laboratory markers of inflammation (erythrocyte sedi-
mentation rate [ESR] and C-reactive protein) after the first
immunoglobulin dose were recorded. The data regarding the

Table 1. Demographic and Clinical Findings in Children with Immunoglobulin

Responsive versus Resistant Kawasaki Disease

All IgG responsive IgG resistant p-Value

Patients, n 80 56 24
Age at onset, months (median, range) 27.5 (3–168) 25.5 (3–132) 37 (6–168) 0.225

Age < 6 months, n (%) 6 (8) 6 (11) 0 (0) 0.213
Age £ 6 months and < 1 year, n (%) 10 (13) 6 (11) 4 (17)
Age ‡ 1 year, n (%) 64 (80) 44 (79) 20 (83)

Gender, males, n (%) 53 (66) 37 (66) 16 (67) 0.959
Weight, kg (median, range) 13.6 (6.2–65.9) 12.3 (6.2–37.1) 14.6 (7.2–65.9) 0.084

Ethnicity, n (%) 0.657
African American 18 (22.5) 14 (25) 4 (17)
Caucasian 18 (22.5) 11 (20) 7 (29)
Hispanic 33 (41.2) 24 (43) 9 (37)
Asian 11 (13.3) 7 (12) 4 (17)

Fever
Duration before IgG, days (median, range) 6 (2–35) 6.5 (2–31) 6 (3–35) 0.612
Patients with £ 4 days of fever before IgG (n, %) 7 (9) 5 (9) 2 (8) 0.650
Total duration, days (median, range) 7 (2–37) 6.5 (2–31) 9.5 (5–37) 0.017

Signs/symptoms, n (%)
Fever 80 (100) 56 (100) 24 (100) 1.000
Rash 72 (90) 50 (89) 22 (92) 1.000
Adenopathy 36 (45) 27 (48) 9 (38) 0.377
Swollen hands and/or feet 34 (43) 24 (43) 10 (42) 1.000
Oral mucosal changes 59 (74) 42 (75) 17 (71) 0.698
Conjunctivitis 59 (74) 44 (79) 15 (63) 0.134
Coronary ectasia 14 (18) 4 (7) 10 (42) 0.001
Coronary aneurysm 3 (4) 0 (0) 3 (13) 0.025
Periungual desquamation 24 (30) 20 (36) 4 (17) 0.114
Respiratory distress 14 (18) 8 (14) 6 (25) 0.248
Arthritis 6 (8) 1 (2) 5 (21) 0.008

Patients with incomplete KD, n (%) 34 (42.5) 24 (43) 10 (42) 0.921

n, number; IgG, immunoglobulin; KD, Kawasaki disease.
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brand of immunoglobulin administered were extracted from
the pharmacy records for those patients.

Statistical analysis

Descriptive analysis was performed on the data using
Stata v10 (StataCorp, College Station, TX). Contingency
tests were used to compare categorical variables between
groups. Comparison of continuous variables between groups
was performed using a two-tailed t-test (for parametric data)
and a Mann–Whitney U-test (for nonparametric data).
Logistic regression models were fitted to evaluate the in-
dependent effect of different clinical and biochemical pa-
rameters on resistance to therapy. Statistical significance
was assumed at p < 0.05.

Results

A total of 80 consecutive multiethnic patients with Ka-
wasaki disease were evaluated, and their demographic and
clinical data are described in Tables 1–4. Using established
definitions, the cases were stratified into ‘‘complete’’ or
‘‘incomplete’’ Kawasaki disease as well as by responsive-
ness to immunoglobulin therapy,1 and immunoglobulin
resistance was seen in 30% of these children (Table 1). The
frequency of each symptom prior to immunoglobulin ther-

apy is reported in Table 1. The total duration of fever from
the beginning of the disease until its alleviation after im-
munoglobulin therapy is also reported in Table 1.

The prevalence of immunoglobulin resistance in the
children with Kawasaki disease was 30%. As expected,
there was a significantly longer total duration of fever in the
immunoglobulin-resistant versus -responsive children. No
difference was found in the duration of fever prior to im-
munoglobulin therapy between responsive versus resistant
children. Children with a fever lasting £ 4 days prior to
immunoglobulin therapy did not differ between the two
groups either. Comparisons of laboratory findings between
the immunoglobulin responsive and resistant patients were
also performed (Table 2). There was no significant differ-
ence between any of the laboratory findings between the two
groups prior to therapy.

Arthritis was significantly more common among the
immunoglobulin-resistant children (Tables 1 and 4). Overall,
the presenting signs and symptoms prior to immunoglobulin
therapy were quite similar between the two groups, except for
arthritis, which was significantly higher in resistant children.
Further, a significantly higher number of resistant children
had coronary aneurysms (3/3, 100%) and coronary ectasia
(10/14, 71%) prior to immunoglobulin therapy.

The response based on the pH of the immunoglobulin
was analyzed (Table 3). The pharmacy record of specific

Table 2. Treatment and Laboratory Findings in Children with Immunoglobulin Responsive

versus Immunoglobulin Resistant Kawasaki Disease Prior to Therapy

All IgG responsive IgG resistant p-Valuea

Erythrocyte sedimentation rate, mm/h, n = 71
Pre IgG, median (IQR), n = 71 70 (52–97) 72 (50–97) 68 (57–97.5) 0.730
Post IgG, median (IQR), n = 32 97.5 (76–115.5) 92 (68–111) 108 (77–118) 0.317
Change in ESR, median (IQR), n = 29 14 (–4 to 23) 0 (–15.5 to 18.5) 20 (12–36) 0.064

C-reactive protein, mg/dL
Pre IgG, median (IQR), n = 42 7.2 (0.02–95.0) 7.2 (0.02–95) 7.3 (0.28–24.2) 0.911
Post IgG, median (IQR), n = 13 2.2 (0.07–57.6) 1.7 (0.07–57.6) 11.5 (1.17–23.6) 0.770
Change in CRP, median

(IQR), n = 13
- 5.95 ( - 7.1 to - 2.6) - 6.4 ( - 15.0 to - 3.0) - 4.4 ( - 5.95 to - 2.6) 0.380

Serum sodium, mEq/L
(mean, SD), n = 63

135 (3) 135 (3) 134 (2) 0.110

Serum sodium < 133 mEq/L, n (%) 56 (100) 4 (7) 4 (17) 0.232
Serum bicarbonate, mEq/L

(mean, SD), n = 64
22.2 (3.4) 22.3 (3.3) 21.9 (3.8) 0.648

Lactase dehydrogenase, mg/dL,
median (IQR), n = 7

239 (169–341) 239 (4–335) 275 (189–386.5) 0.480

Aspartate transaminase, mg/dL,
median (IQR), n = 61

34 (28–62) 32 (25–57) 47.8 (31–85) 0.053

Alanine transaminase, mg/dL,
median (IQR), n = 62

38 (20–91) 38 (16–87) 37 (27–138) 0.219

Albumin, mg/dL, (mean, SD), n = 59 2.9 (0.6) 3.0 (0.6) 2.7 (0.6) 0.119
Albumin £ 2.9 mg/dL, n (%) 29 (49) 18 (43) 11 (65) 0.128
White blood cell count, mm3,

median (IQR), n = 80
15.1 (11.3–19.3) 15.4 (11.3–19.0) 14.7 (9–20.1) 0.466

Bands, mm3, median (IQR) 2 (0–7) 2 (0–6) 5 (0–11) 0.267
Eosinophils, mm3, median (IQR), n = 80 1.6 (1–4) 2.3 (1–4) 1 (0.8–3.3) 0.227
Platelets, mm3, median (IQR), n = 80 424 (282.5–536) 442.5 (319–541.5) 309.5 (236.5–480) 0.065
Platelets < 100,000 mm3, n (%) 3 (4) 1 (2) 2 (8) 0.213
Hemoglobin, g/dL (mean, SD), n = 80 10.9 (1.4) 10.9 (1.4) 10.9 (1.4) 0.870

All values are from tests performed prior to immunoglobulin therapy except for ESR and CRP as stated.
ap-Values for nonparametric data obtained using Mann–Whitney U-tests and for parametric data using t-tests unless otherwise stated.
IQR, interquartile range; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; SD, standard deviation.
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immunoglobulin brands was available for all 80 Kawasaki
disease patients, along with the pH of each brand, as re-
ported by the manufacturer. The brand types used during the
10-year study varied based on price and availability and
were divided into two groups: high pH group, including
Carimune (pH 6.6, SD 0.2, immunoglobulin A, IgA, 720mg/
mL) in 16 patients; and the low pH group, including Ga-
munex (pH 4–4.5, IgA 46 mg/mL) or Privigen (pH 4.6–5,
IgA £ 25 mg/mL) in 63 patients.

Frequencies of symptoms and signs and distributions of
biochemical parameters were compared after stratification
by the pH of the immunoglobulin used for therapy. Over-
all, no difference was found between the two groups, al-
though after the first dose of immunoglobulin (2 g/kg), the

low pH group showed a trend toward a larger decrease in
erythrocyte sedimentation rate ( p = 0.048), a lower steroid
use ( p = 0.054), and lower coronary involvement ( p = 0.08)
than those in the high pH group. Furthermore, while 37.5%
of the patients on high pH treatment had coronary in-
volvement, only 15.9% of patients on low pH treatment
had coronary involvement.

Finally, a multivariate logistic regression was performed
to assess the independent effect of specific factors (initial
ESR, initial C-reactive proteins, pH group of immunoglob-
ulin, presence of arthritis, coronary ectasia and aneurysm,
and presenting with Kawasaki disease). Results from the
model showed a significant effect of coronary ectasia, where
the odds of dilatation were nearly 10 times higher in patients

Table 3. The pH of Immunoglobulin Used in Treatment of Children with Kawasaki Disease

Low pH (4.0–5.0) High pH (6.2–7.6) p-Value

Patients, n 63 16
IgG responsive 46 (73) 9 (56) 0.193
Duration of fever prior to first IgG (IRV), days 6 (5–8) 6.5 (5–9.5) 0.602
Duration of fever prior to first IgG (IR), days 6 (4–8) 6 (5–9) 0.542
Duration of fever after first IgG (IRV), days 0 (0–1) 0 (0–1) 0.871
Duration of fever after first IgG (IR), days 3 (1–4) 2 (1–3) 0.375
Total dose of IgG, g/kg 2 (2–2.2) 2 (2–2.1) 0.712
Steroids, n (%) 2 (3) 3 (19) 0.054
Serum bicarbonate prior to IgG, mEq/L 22.1 (3.5) 22.5 (3.2) 0.661
Peak ESR prior to first IgG, mm/h 70 (52–106) 66 (50–92) 0.371
Change in ESR after IgG, mm/h 4 ( - 4 to 20) 21.5 (18.5–35) 0.048
Peak C-reactive protein, mg/dL 8.1 (3.6–12.1) 5.0 (2.1–7.8) 0.195
Coronary ectasia/aneurysm 10 (15.9) 6 (37.5) 0.080

Values in median (interquartile range) for all continuous (except serum bicarbonate, which is mean (SD)) or n (%) for categorical
variables.

IRV, immunoglobulin responsive patients; IR, immunoglobulin resistant patients.

Table 4. Kawasaki Disease Children with Arthritis

Age,
years Gender Race

Complete
Kawasaki

disease Arthralgia/arthritis before Ig Cardiac findings ESR
Ig

resistance

2 M Hispanic Yes Left knee pain with limitation of
motion (no swelling or redness
of palms or soles)

None 50 Yesa,b

4 M Caucasian No Pain and stiffness in joints
(bilateral knees and shoulders,
hip, neck)

Pericardial effusion
(pericarditis
confirmed by
Gallium scan),
coronary ectasia

94 Yes

4 M Caucasian Yes Leg and ankle pain with
limitation of motion (bilateral
knee and ankles)

Coronary artery
ectasia

140 Yes

4 M Hispanic Yes Swollen knuckles with limitation
of motion (no swelling or
redness of palms or soles)

None 78 No

6 M African American Yes Pain and stiffness in joints in
legs and hands (no swelling or
redness of palms or soles)

Coronary ectasia 65 Yesb

12 M Hispanic No Wrist and ankle pain with
limitation of motion (no
swelling or redness of palms
or soles)

Coronary ectasia 23 Yes

aRe-admission for persistence of symptoms; btreated with steroids.
M, male.
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who were resistant to therapy compared to those who were
responsive (odds ratio, OR = 9.97 [95% confidence interval,
CI = 1.37–72.32]). A second model was fitted that combined
the presence of coronary dilatation or aneurysm into a single
‘‘any coronary involvement’’ category. The odds of ‘‘any
coronary involvement’’ were nearly 15 times higher in pa-
tients who were resistant to therapy compared to those who
were responsive (OR = 5.6 [95% CI 2.1–115.9]).

Discussion

Kawasaki disease children who are resistant or refractory
to initial immunoglobulin therapy with recrudescence of
fever are thought to be a ‘‘hyperinflammatory phenotype’’
and are considered to be at a higher risk for coronary artery
aneurysms3,16–19 and other complications.20,21 Several fac-
tors have been reported to be associated with refractory
cases, including younger age,22 male gender,23 earlier pre-
sentation,3 initial treatment before day 4 of fever, lower
platelets,3,22 lower hemoglobin,3,24 higher white blood cell25

and bands counts,3 elevated C-reactive protein3,19,22,24,26,27

and erythrocyte sedimentation rate,18 elevated lactate dehy-
drogenase,19,24 abnormal liver function,3,19,22,23,26,27 lower se-
rum albumin23,28,29 and certain biomarkers,30–33 among others.3

Thus, failure to reduce inflammation and fever after immuno-
globulin therapy are markers for immunoglobulin resistance in
Kawasaki disease. Various scoring systems have been devel-
oped to detect the immunoglobulin-resistant phenotype early,
but these are not interchangeable amongst different ethnic
and regional backgrounds,3,4,22,23,34–37 possibly due to the
genotypic heterogeneity. Higher transcript abundance along
interleukin-1 pathway genes has been seen with immuno-
globulin resistance, which may be a host-specific response.30

Steroid therapy has been recommended, more so in the im-
munoglobulin-resistant phenotype, to reduce the incidence
of coronary artery aneurysms.38–42 Infliximab, a monoclonal
antibody against tumor necrosis factor a associated with sig-
naling pathways of inflammation in Kawasaki disease,43 has
been reported to control fever in immunoglobulin-resistant
children.44

The immunoglobulin-resistant phenotype in the patients in
the current study was similar to that described in previously
published literature with a similar prevalence, and there were
associations with a significantly longer duration of fever and
a higher coronary artery involvement, signifying a hyperin-
flammatory status in resistant children. The prevalence of
immunoglobulin resistance may differ between regions and at
different time intervals.3 Similar to other studies,3 a preva-
lence of immunoglobulin resistance at 30% was found in the
children with Kawasaki disease, without any gender or racial
predilection. Several previously described risk factors in the
literature associated with this phenotype were evaluated (see
Tables 1 and 2). A significant association of immunoglobulin
resistance with coronary artery ectasia or aneurysm was found,
whereby the odds of any coronary involvement were nearly
15 times higher in patients who were resistant to therapy
compared to those who were responsive. Arthritis in the acute
phase and therapy with relatively higher pH immunoglobulin
may be novel risk factors associated with a persistence of
inflammation and possibly resistance in Kawasaki disease as
seen in the present study.

Arthritis was significantly more common among immu-
noglobulin-resistant compared with -responsive children

(16.7% vs. 0.2%, p = 0.008). A prevalence rate of arthritis of
6.3% was found in the acute phase of Kawasaki disease in
patients in the current study, similar to a previously pub-
lished report where it was 7.5%.7 In patients in the present
study, arthritis was seen in the acute phase of Kawasaki
disease prior to any immunoglobulin therapy, all in male
gender, usually involving large joints, and was both oli-
goarticular and polyarticular (one child also had cervical
arthritis). This may be explained by the fact that a higher
degree of ‘‘leaky’’ vessels45 would lead to more joint effusions
and edema in children with immunoglobulin-resistant Kawa-
saki disease. Furthermore, involvement of bradytrophic carti-
lage within joints may represent worse inflammation that
may be less responsive to immunoglobulin. An association of
Kawasaki disease and arthritis is also seen in a case report in a
child with coronary ectasia who had arthritis of the temporo-
mandibular joint and cervical joint and was reported to be
resistant requiring a second course of immunoglobulin and
indomethacin with resolution of symptoms.46 Arthritis in
Kawasaki disease has been found to be associated with
significantly increased inflammatory markers,7 a phenome-
non that is also seen with immunoglobulin resistance, a
‘‘hyperinflammatory phenotype’’ as described above. Thus,
the presentation of Kawasaki disease along with arthritis
should alert a clinician for increasing vigilance for immu-
noglobulin resistance.

Although no significant difference was found in immu-
noglobulin responsiveness between those treated with low
pH versus high pH (73% vs. 56%, p = 0.193), a trend was
found toward persistent inflammation and possibly immu-
noglobulin resistance (a smaller decrease in ESR, higher
steroid use, and higher coronary involvement) in children
treated with a relatively higher pH in comparison to low
pH immunoglobulin. While 37.5% of patients on high
pH treatment had any coronary involvement, only 15.9% of
patients on low pH treatment had any coronary involvement.
In the present study, the high pH group included Carimune
(pH 6.6, SD 0.2, IgA 720 mg/mL) and the low pH group
included Gamunex (pH 4–4.5, IgA 46 mg/mL) or Privigen
(pH 4.6–5, IgA £ 25 mg/mL). Therefore, it is possible that
treatment with a relatively high pH immunoglobulin
(pH > 6.2) maybe associated with a higher degree of in-
flammatory state after therapy.

Other studies in the literature have demonstrated (al-
though not reported as such) that a relatively higher pH
immunoglobulin was associated with more immunoglob-
ulin resistance. One study found significantly higher im-
munoglobulin resistance (53% vs. 20%, p = 0.001) with
Intraglobin F (pH 5.2, IgA £ 2,500 mg/mL) in comparison
to three other brands.12 In that study, the resistance was
lowest in the Gamimune-N-treated group (pH 4–4.5, IgA
270 mg/mL).12 The investigators attributed this to the beta-
propiolactone-treated immunoglobulin G, which may have
low monocyte Fc receptor inhibitory activity compared to
other methods of preparation.12,47 In another study, Iveegam,
an immunoglobulin preparation with a higher pH (pH 6.4–7.2,
IgA 10mg/mL) was shown to be associated with more resis-
tance when compared to Gamimune-N, an immunoglobulin
preparation with lower pH.13 Thus, therapy with a relatively
higher pH immunoglobulin may be associated with persistent
inflammation and possibly resistance.

Besides the pH, there may be other differences in the im-
munoglobulin preparations, which might affect their efficacy
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in Kawasaki disease. Since the immunoglobulin brand with a
high pH also had a higher IgA content relative to the low pH
brands in the present study, the effect of higher incidence of
coronary ectasia and an increase in erythrocyte sedimenta-
tion rate after immunoglobulin therapy could also be at-
tributed to a higher IgA content in the immunoglobulin. A
similar trend of increased immunoglobulin resistance with a
higher IgA content was seen in other studies described
above although not reported as such.12,47 More recently, a
significant association between the IgG–Fc region receptor
genotype and immunoglobulin response has been detected
in Kawasaki disease, indicating that the responses may also
be genetically mediated.48

This study had all the limitations of a retrospectively
conducted chart review study. Furthermore, the power to de-
tect any difference in response between various pH of im-
munoglobulin was small due to the study’s limited sample
size. Other factors that may be different between different
brands of immunoglobulins were not evaluated, limiting the
study to the pH alone based on the hypothesis. The study also
lacked longitudinal follow-up of the Kawasaki disease chil-
dren after discharge. Furthermore, the significant associations
that were identified with coronary involvement and arthritis
were based on small samples that yielded significant yet im-
precise point estimates. A multicenter trial with a sufficiently
large sample size is recommended to study the incidence of
refractory or resistant cases, as well as factors contributing to
the resistance.

In summary, children presenting with arthritis in the
acute phase of Kawasaki disease may be at risk for immu-
noglobulin resistance.
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