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ABSTRACT

Background: We reported on six infants between 5 and 11 months old, with transient hypogammaglobulinemia of infancy
and severe refractory atopic dermatitis, who were treated with open-label immunoglobulin (Ig) after conventional therapy failed.
All six infants had an IgG level of �225 mg/dL, elevated eosinophil and IgE levels, and no urine or stool protein losses, but
they did exhibit hypoalbuminemia.

Objective: To evaluate the utility of open-label immunoglobulin in infants with severe atopic dermatitis for whom
conventional therapy failed. We reviewed the clinical utility of intravenous immunoglobulin in the treatment of severe atopic
dermatitis, the most recent research in the field, and suggested mechanisms for its benefit.

Methods: The six infants were identified from a retrospective chart review at the University of California Los Angeles
Allergy and Immunology outpatient pediatric clinic.

Results: All six patients were treated with 400 mg/kg/month of intravenous immunoglobulin and had normalization of their
IgG and albumin levels, and all but one had clinically improved atopic dermatitis.

Conclusion: Infants with severe atopic dermatitis who did not respond to conventional therapy avoidance may benefit from
intravenous immunoglobulin therapy.

(Allergy Rhinol 7:e69–e73, 2016; doi: 10.2500/ar.2016.7.0164)

We reported on six infants between 5 and 11
months old with transient hypogam-

maglobulinemia of infancy (THI) and severe refrac-
tory atopic dermatitis (AD) who were treated with
intravenous immunoglobulin (IVIG) after conven-
tional therapy failed. All six patients had an immu-
noglobulin G (IgG) level of �225 mg/dL, elevated
eosinophil and IgE levels, and no urine or stool
protein losses, but they did exhibit hypoalbumine-
mia. All the patients were treated with 400 mg/kg/
month of IVIG and had normalization of their IgG
and albumin levels; all but one patient had clinically
improved AD. We reviewed the clinical utility of
IVIG herein in the treatment of severe AD and indi-
cated mechanisms for its benefit.

METHODS
The six patients were identified from a retrospective

chart review at the University of California Los Ange-
les Allergy and Immunology outpatient pediatric
clinic. Approval was obtained through the University
of California Los Angeles Institutional Review Board
(IRB 15–001563) and consistent with ethical guidelines
for research that involves children. Procedures were in
accordance with ethical standards of the responsible
committee on human experimentation and the Hel-
sinki Declaration of 1975, as revised in 1983.

The following clinical criteria were used to diagnose
AD: chronically dry, itchy, inflamed skin in typical
distributions (i.e., flexor and extensor surfaces). No
objective measure was implemented to score the sever-
ity of AD. The following criteria were used to define
THI: infants �6 months old, with IgG levels two stan-
dard deviations below the mean for their age.1 Two
pediatric immunologists (R.R., E.R.S.) assessed the pa-
tients during and after treatment. IVIG infusions were
provided by registered nurses at the outpatient clinic’s
infusion center. Criteria for initiating IVIG were de-
cided on an individual basis and on an evaluation of
the severity of the AD lesions, extent of bacterial su-
perinfection, and degree of hypogammaglobulinemia.
The patients were administered monthly IVIG infu-
sions of 400 mg/kg. IgG levels were assessed before
each administration of IVIG. The discontinuation of
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IVIG was based on clinical improvement and normal-
ization of IgG levels by age-adjusted criteria.

RESULTS
The pertinent baseline clinical and laboratory fea-

tures of the patients are summarized in Table 1. Of the
six patients, two were girls and four were boys. One
patient was Hispanic, one was Asian, two were white,
and two were of white-Asian descent. Their initial
presentation of AD occurred between 1 and 4 months
of age (mean, 2.6 months; median, 3 months). The
mean age at presentation to the clinic was 6.7 months
(range, 5–11 months). All the patients had poor re-
sponses to combination oral and topical steroids, oral
antihistamines, and/or antibiotics for treatment peri-
ods of 2–8 months before our initial evaluation. There
was no evidence of coarse facial features and recurrent
refractory skin infections consistent with hyper-IgE
syndrome in these patients, nor was there evidence of
this syndrome in their family histories.

All the patients exhibited positive skin-prick test re-
sults or elevated serum-specific IgE levels to specific
foods, whereas three patients (case nos. 1, 2, and 3)
exhibited clinical IgE-mediated reactions (lip and facial
swelling or urticarial rash) to specific foods (milk, soy,
and fish). All the patients had elevated serum IgE
levels (reference value, �100 IU/mL) with a mean of
4957 IU/mL, and all had serum IgG levels below nor-
mal, with a mean level of 154 mg/dL (range, 70–225
mg/dL) and median of 143 mg/dL. The eosinophil
percentage was elevated (1–3%) in all the patients, with
a mean absolute count of 3283/mL (range, 1900–6700/
mL). The serum albumin level was decreased, with a
mean of 2.5 g/dL (range, 2.0–3.0 g/dL). All the pa-
tients had normal liver function enzymes at presenta-
tion. The stool � 1-antitrypsin results in four patients
(case nos. 2, 3, 5, and 6) were negative. Routine urinal-
ysis results for three patients (case nos. 2, 5, and 7)
were negative for proteinuria. Further studies, not in-
cluded in this article, consisted of IgG subsets, B- and
T-cell lymphocyte studies, and antibody response titers
to immunizations (Haemophilus influenzae and Strepto-
coccus pneumoniae), to rule out other immune abnor-
malities. The baseline clinical and laboratory character-
istics of the six patients are presented in Table 1.

All of the patients had normalized and sustained IgG
and albumin levels after multiple monthly treatments
with IVIG. One patient (case no. 6) had a normalized
IgG level, but his atopy was refractory to IVIG. As
such, IVIG was discontinued, and this patient was
considered to have a treatment failure. In addition, two
patients (case nos. 2 and 5) developed other forms of
atopy (asthma and allergic rhinitis) within a couple of
years after achieving good control of their AD. Clinical
results are presented in Table 2.

DISCUSSION
AD is a chronic inflammatory skin disease with hall-

mark dry patches, elevated serum IgE levels, and eo-
sinophilia.2 Infants with AD would be expected to have
normal immunoglobulin and albumin levels unless
they had profound malnutrition or severe AD, as in the
patients we presented herein. All six patients pre-
sented had hallmark signs of AD, elevated serum IgE
and eosinophil levels, and no urine or stool protein
losses, but they did exhibit hypoalbuminemia. We hy-
pothesize that, in these severe cases of AD, protein loss
occurs through the skin. All six patients presented had
IgG levels of �225 mg/dL, which indicated a diagnosis
of THI. THI is a well-recognized immunodeficiency of
infants 6 months to 4 years of age, in which serum IgG
levels are persistently two standard deviations below
the normal age-adjusted mean. Two groups have been
proposed within the THI population: those who re-
main asymptomatic, and those who are symptomatic
and present with recurrent sinopulmonary infections.
Although the incidence of concurrent atopy and THI
remains unknown,3–5 we propose a third group, in
which atopic disease is prominent. As in our institu-
tion, Dorsey and Orange6 describe 24 children with
THI who had comorbid atopic characteristics: 42%
with rhinitis, 38% with food allergy, 25% with AD, and
17% with urticarial rash.

The practice parameters for primary immunodefi-
ciency report that 10–20% of patients with THI and
with severe and recurrent infections were treated with
immunoglobulin while admitted to the hospital.7 The
treatment of these patients with immunoglobulin re-
mains controversial. The most recent primary immu-
nodeficiency practice parameters more clearly clarify
the role in those patients in whom antibiotic prophy-
laxis failed or was not tolerated, stating that immuno-
globulin replacement is to be considered as a second-line
therapy during periods of respiratory infections (sum-
mary statement 108).8 The hesitation to administer im-
munoglobulin treatment is that this therapy may cause a
delay in the maturation of the humoral immune system
because of the interference from passively transferred
antibodies. The practice parameters for AD9 are more
explicit in opposition to immunoglobulin replacement
and do not recommend the use of IVIG because of “con-
flicting results,”10 and that “it remains unproven.”3

We hypothesize that IVIG aids in the healing of
atopic dermatitis lesions by restoring normal immuno-
globulin levels. IVIG treatment leads to rapid improve-
ment not previously observed with other therapeutic
initiatives. Possible mechanisms for protective immu-
nomodulatory effects of IVIG are included in Table 3.
Of particular interest for the treatment of AD is the
blockade of Fas interactions by anti-Fas antibodies in
IVIG because a possible mechanism of AD is through

e70 Summer 2016, Vol. 7, No. 2



T
ab

le
1

B
as

el
in

e
ch

ar
ac

te
ri

st
ic

s

P
at

ie
n

t
N

o.
S

ex
A

ge of A
D

O
n

se
t,

m
o

A
ge

E
va

lu
at

ed
,

m
o

Ig
E

,
IU

/
m

L

Ig
G

(r
ef

er
en

ce
ra

n
ge

fo
r

ag
e)

,
m

g/
d

L
*

Ig
A

(r
ef

er
en

ce
ra

n
ge

fo
r

ag
e)

,m
g/

d
L

*

Ig
M

(r
ef

er
en

ce
ra

n
ge

fo
r

ag
e)

,m
g/

d
L

*

%
E

os
in

op
h

il
C

ou
n

t
(c

ou
n

t/
m

L
)

A
lb

u
m

in
L

ev
el

(2
.8

–5
.0

),
g/

d
L

Fa
m

il
y

H
is

to
ry

A
d

d
it

io
n

al
B

as
el

in
e

Fe
at

u
re

s

1
M

3
6

22
46

87
(4

27
�

38
6)

9
(2

1
�

13
)

27
(4

3
�

17
)

17
(2

80
0)

2.
5

M
ot

he
r

an
d

fa
th

er
w

it
h

al
le

rg
ic

rh
in

it
is

C
ow

’s
m

ilk
an

d
so

y
al

le
rg

y;
an

ti
bo

d
y

le
ve

ls
no

t
ob

ta
in

ed

2
F

2
5

30
9

19
7

(4
27

�
38

6)
25

(2
1

�
13

)
77

(4
3

�
17

)
17

(1
90

0)
2.

5
M

ot
he

r
w

it
h

at
op

ic
d

er
m

at
it

is

Fa
ilu

re
to

th
ri

ve
;c

ow
’s

m
ilk

,s
oy

,e
gg

al
le

rg
ie

s;
hi

st
or

y
of

St
ap

hy
lo

co
cc

us
au

re
us

ba
ct

er
em

ia
;

te
ta

nu
s,

in
fl

ue
nz

a,
an

d
H

ae
m

op
hi

lu
s

in
flu

en
za

ab
.

ne
g.

3
F

4
6

21
35

11
5

(4
27

�
38

6)
�

25
(2

1
�

13
)

38
(4

3
�

17
)

13
(2

00
0)

3
Fa

th
er

w
it

h
as

th
m

a
an

d
al

le
rg

ic
rh

in
it

is

Fa
ilu

re
to

th
ri

ve
;g

oa
t

an
d

co
w

’s
m

ilk
al

le
rg

y;
H

.
in

flu
en

za
,t

et
an

us
an

d
pn

eu
m

oc
oc

ca
l

ab
.p

os
.

4
M

3
5

85
6

16
4

(4
27

�
38

6)
31

(2
1

�
13

)
74

(4
3

�
17

)
23

(4
00

0)
2.

4
M

ot
he

r
w

it
h

al
le

rg
ic

rh
in

it
is

Sc
al

p
fu

ng
al

an
d

ba
ct

er
ia

l
in

fe
ct

io
n;

co
w

’s
m

ilk
,

eg
g,

ba
rl

ey
,o

at
,r

ic
e

al
le

rg
y;

te
ta

nu
s

an
d

H
.

in
flu

en
za

ab
.n

eg
.;

in
fl

ue
nz

a
ab

.p
os

.
5

M
1

7
11

,4
92

70
(6

61
�

11
9)

14
(3

7
�

18
)

21
(5

4
�

23
)

24
(6

70
0)

2.
5

M
ot

he
r

an
d

fa
th

er
w

it
h

at
op

ic
d

er
m

at
it

is

Fa
ilu

re
to

th
ri

ve
;e

gg
,

co
rn

,c
ow

’s
m

ilk
al

le
rg

y;
H

.i
nf

lu
en

za
,t

et
an

us
ab

.
ne

g.
;D

ip
ht

he
ri

a
ab

.p
os

.
6

M
3

11
12

,7
06

22
5

(6
61

�
11

9)
29

(3
7

�
18

)
�

20
(5

4
�

23
)

14
(2

30
0)

2
M

at
.u

nc
le

w
it

h
fo

od
al

le
rg

y,
m

at
.a

un
t

w
it

h
al

le
rg

ic
rh

in
it

is
,p

at
.

gr
an

d
fa

th
er

w
it

h
fo

od
al

le
rg

ie
s

Pe
ri

ph
er

al
ed

em
a;

se
ru

m
el

ec
tr

ol
yt

e
im

ba
la

nc
e;

eg
g,

co
w

’s
m

ilk
,p

ea
nu

t,
tr

ee
nu

t
al

le
rg

y;
im

m
un

iz
at

io
n

re
fu

sa
l;

H
.i

nf
lu

en
za

ab
.n

eg
.

A
D

�
A

to
pi

c
de

rm
at

it
is

;I
gE

�
im

m
un

og
lo

bu
lin

E
;a

b.
�

an
ti

bo
dy

;p
os

.�
po

si
ti

ve
;n

eg
.�

ne
ga

ti
ve

;m
at

.�
m

at
er

na
l;

pa
t.

�
pa

te
rn

al
.

*F
ro

m
R

ef
.1

.

Allergy & Rhinology e71



Table 2 Clinical outcomes

Case
No.

IVIG,
mo

IgG Levels after
IVIG, mg/dL

AD after
IVIG

Other Current Status

1 4 889 Improved Outgrew soy allergy; developed
peanut, tree nut, shellfish, and
fish allergies; developed
allergic rhinitis

10 years old; last seen in
the A&I clinic on Jul 5,
2012, with dry patches
on ankles

2 3 534 Improved Developed allergic rhinitis 10 years old; last seen in
the A&I clinic on Mar
4, 2005, with dry skin
and lichenified patches
on antecubital fossae
and extremities

3 11 607 Improved Developed sesame, legume
allergies

11 years old; last seen in
the A&I clinic on Aug
4, 2006, with mild AD
of the cheeks, elbows,
shoulder, knees

4 5 810 Improved 14 years old; lost to
follow-up, last seen in
emergency department
on Jun 1, 2003, with
cellulitis of elbow and
cheek

5 18 900 Resolved Developed asthma, allergic
rhinitis, FA

18 years old; last seen in
the A&I clinic on Dec
18, 2009; skin clear

6 7 677 Persistently
severe

Persistent dairy and egg
allergies, developed wheat
allergy

10 year old; last seen in
the A&I clinic on Jan
21, 2015; severely
excoriated,
erythematous, dry
areas on the arms,
legs, trunk, and face

IVIG� Intravenous immunoglobulin; IgG � immunoglobulin G; AD � atopic dermatitis; A&I � allergy and immunology;
FA � food allergy.

Table 3 Immunologic effects of intravenous immunoglobulin G

1. Inhibits antibody synthesis by direct effect on proliferating B cells
2. Contains anti-idiotypic antibodies, which can combine with autoimmune antibodies and remove them rapidly

from circulation
3. Combines with Fc receptors, which causes an Fc receptor blockade, reduces destruction of antibody-coated

cells in the spleen and liver
4. Combines with other cell surface receptors to inhibit cellular activation; prevents Fas-mediated cell death of

keratinocytes by blocking the Fas receptor
5. Downregulates immune activation by decreasing inflammatory cytokine release or action
6. Neutralizes bacterial superantigens and prevents them from activating T cells
7. Combines with complement components to prevent complement-mediated tissue injury
8. Neutralizes viral or bacterial antigens that may trigger or cause the disease

e72 Summer 2016, Vol. 7, No. 2



T-cell–mediated Fas-induced keratinocyte apoptosis.
Further mechanistic studies would be helpful in eluci-
dating this pathway.

For the proposed third group with AD, guidelines
for standardized treatment of severe AD in the setting
of THI do not exist. However, a recently published
randomized control trial of children with severe AD
and hypogammaglobulinemia treated with immuno-
globulin showed promising, although transient, re-
sults.11 Other investigators also showed improvement
in their patients with AD after they received regular
IVIG.4,5,11 Another report, of five children, ages 7 to 12
months, who received IVIG (2 g/kg/dose) monthly for
three doses had improved skin findings and signifi-
cantly decreased inflammatory markers (ICAM-1,
ELAM-1, ECP, and IL-2R).12 Perhaps most compelling
was the randomized, placebo-controlled study of 40
children with moderate-to-severe AD who were
treated with higher doses of IVIG (2.0 g/kg IVIG),
which showed that 3 months of therapy led to clinical
improvement, although results declined after 6 months
of treatment.

CONCLUSION
Given the small sample size, the nature of an open-

label, uncontrolled case series, it is not possible to
generalize these findings. However, these findings in-
dicated that restoring normal immunoglobulin levels
improved severe AD in patients with THI. We suggest
that infants with severe AD, especially those who have
recurrent skin infections, should be evaluated for pos-
sible hypogammaglobulinemia and, as such, a diagno-
sis of THI. We acknowledge that the diagnosis of THI
is one of exclusion and is often delayed until the re-
covery of antibody production occurs months to years
after it is suspected clinically. Despite this challenge,
the benefits of IVIG in the setting of protein loss sec-
ondary to skin barrier breakdown in infants with se-
vere AD should be considered, especially given that in
severe cases of hypoproteinemia, there is a risk of
hypovolemic shock. Thus, even before THI is con-
firmed, infants with severe AD who do not respond to

standard treatment with corticosteroids, antibiotics,
and appropriate allergen avoidance may benefit from
IVIG therapy.
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