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ABSTRACT. A group of 22 children presenting with re
current or severe respiratory tract infections who had low
IgA levels (more than 2 SD below the mean for age) were
examined for IgG subclass deficiency. Patients were
screened for possible defects in neutrophil chemotaxis,
bactericidal, fungicidal, and quantitative iodination activity,
as well as for complement function. The majority of the
patients showed IgG subclass levels below the mean for
age. Nine of the children showed definite IgG subclass
deficiency and at least two showed definite deficiency of
more than one IgG subclass. The predominant subclass
deficiency was found to be IgG1. While nine children
showed IgG4 levels below the level detectable by the
tecnhique used, it is not possible to assess whether these
patients are deficient in this isotype since some healthy
subjects also give values below the level of detection. Most
of the patients who had very low (1-6 mgJdl) or undetect
able «1 mg/dl) levels of serum IgA did not show IgG
.subclass deficiencies, while IgG subclass deficiencies were
common among those with borderline low IgA levels
(slightly more than 2 SD below the mean for age). Nine
children showed total IgG levels close to 2 SD below mean
for age, and at least six of these showed IgG subclass
deficiency. The result suggests that patients with recurrent
and/or severe respiratory infections who have borderline
IgA and IgG levels may have IgG subclass deficiencies and
if they do could benefit from immunoglobulin therapy.
(Pediatr Res 20:937-942, 1986)

Abbreviation

HBSS, Hanks' balanced salt solution

Selective 19A deficiency is relatively common. While some
19A-deficient subjects appear to be " normal," others are subject
to various problems, e.g. recurrent infections, gastrointestinal
tract diseases, autoimmune disorders, or malignancies (1). It has
been suggested that IgG subclass deficiency may be an important
factor in those patients with apparently isolated IgA deficiency
who are subject to recurrent infections (2). However, this corre
lation still remains to be clearly defined, particularly in view of
the fact that many such patients investigated previously were not
assessed for deficiencies of complement or neutrophils. The
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purpose of the present study was to examine for possible IgG
subclass deficiencies in patients with apparently selective IgA
deficiency presenting with recurrent and/or severe respiratory
infections and, in addition, to try to rule out possible complement
and neutrophil abnormalities.

MATERIALS AND METHODS

Patients. Twenty-two children previously found to have ap
parently selective 19A deficiency, and presenting with recurrent
and/or severe respiratory infections were studied. Their ages
ranged from 0.4 to 13.8 yr, with a mean of 3.5 yr. Twelve were
males and 10 females. Seven children had unusuaIly frequent
upper respiratory tract infections, e.g. sinusitis, tonsillitis, phar
yngitis, otitis media and ill-defined "URTIs," eight had recurrent
lower respiratory tract infections, as welI as, in many cases, upper
respiratory infections, and seven children had, in addition to
multiple respiratory tract infections, serious or unusual infections
in other sites. None of the children had cystic fibrosis, gastroe
sophageal reflux or other adequate explanations for their repeated
and often severe infections.

Preparation of neutrophils. Neutrophils were prepared from
heparinized-peripheral blood by the rapid single-step technique
(3, 4). Briefly 5 ml of blood from healthy volunteers were
carefuIly layered onto 3 ml of hypaque-ficoIl medium of density
1.114 in 15 X 115 mm conical polystyrene tubes. After centrif
ugation at 200-400 X g for 30 min at room temperature, the
second leukocyte-containing band, I cm below the first leukocyte
band was harvested and shown to contain neutrophils of >96%
purity and >99% viability (trypan blue dye exclusion technique).
These were washed and resuspended in the appropriate tissue
culture medium indicated below.

Chemotaxis. Neutrophil chemotaxis was assayed by the aga
rose technique (5) with some modification (6) using N-formyl-L
methionyl-L-leucyl-L-phenylalanine as the chemoattractant (7).

Bactericidal and fungicidal assays. To assay for neutrophil
bactericidal and fungicidal activity the methods as described
previously were used (8, 9). In the bactericidal assay I X 106

Staphylococcus aureus were added to I X 106 neutrophils in the
presence of 5% human serum and in a total volume of 0.5 ml in
HBSS in screw-capped plastic tubes. The ceIls were gassed with
5% COrair mixture and incubated at 37" C with end to end
mixing. Samples were taken at 0, 1, and 2 h and plated on to
nutrient agar to determine the number of viable bacteria.

Neutrophils were examined for ability to kill Torulopsis gla
brata with cell numbers and conditions as described above for
the bactericidal assay. The only differences were in the sampling
time (0, 1.5, 3 h) and the plating onto nutrient media (Sabouraud
agar).

Leukocyte iodination. The neutrophil iodination reaction used
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Table I. A summary ojclinical and immunological
presentations*

* URTIS, upper respiratory tract infections, e.g. otitis media, tonsillitis,
sinusitis; UTI, urinary tract infection; LRTIS = lower respiratory tract

decreased (see data in Figs.); j, increased; indicates
an IgG41evei of <1 mg/dl; HlgA indicates,,;;6 mg/dl.

DISCUSSION

Results from this study show that a group of patients with
"selective" IgA deficiency who had a history of recurrent or
severe respiratory tract infections fell into two almost distinct
groups with respect to their display of IgG subclass deficiencies,

bactericidal activity
WgA,
WgA,

I,

jlgE,
activity

WgA, jIgE

WgA

I,
WgA

WgA,
jIgE

IgG2 level close to
lower limit

jlgE

WgA
WgA, jlgE

Immunological abnormalities

LRTIS (bronchiec
tasis), URTIS

URTIS, "infectious
mononucleosis,"
UTI

LRTIS, URTIS
URTIS, asthma,

herpes zoster

19

20

21
22

Patient
(P) Clinical problems

I URTIS, salmonella
infection, UTI

2 LRTIS
3 LRTIS (shunted

hydrocephalus)
4 LRTIS
5 LRTI, salmonella

and monilia in-
fections

6 LRTIS, URTIS,
asthma

7 URTIS, PUQ
8 LRTIS, URTIS
9 URTIS

10 URTIS

II URTIS, LRTIS,
pneumococcal
meningitis

12 LRTIS, URTIS
13 URTIS, herpes

simplex
14 LRTIS, URTIS
IS URTIS, asthma
16 URTIS
17 LRTIS, URTIS,

haemophilus
meningitis

18 LRTIS, URTIS,
hay fever

16,17, 15, and 17 of the 22 patients had IgGI, IgG2, IgG3, or
IgG4 levels below the mean values for age respectively (Fig. 2).

No patients demonstrated defects of either neutrophil iodina
tion or fungicidal capacity (Fig. 3). Three children showed re
duced neutrophil chemotaxis (P5, P12, and P17) and at least two
of these were also IgG subclass deficient (Pl2 and P17; Table 1;
Fig. 3). Two patients had reduced neutophil bactericidal capacity
(PI and P18) and at least one of these (PI8) had IgG subclass
deficiency (Table 1; Fig. 3). Serum C3 and CHso were within
normal limits in all patients. Reduced levels of C4 occurred in
three children (P6, P 10, and P18) and one of these had an IgG
subclass deficiency (Table I; Fig. 4). None of the children with
extremely low IgA levels had defects in neutrophil function or
deficiencies of complement.

was similar to that described by Pincus and KJebanoff (10)
modified to asemiautomated microassay (11). Neutrophils were
resuspended in HBSS and 0.1 ml of this suspension was added
to each of the wells in the microtiter plates (1 x 106 cells), 0.1
ml of zymosan (2.5 mg/ml) and 0.05 ml of 25% human serum
diluted in HBSS containing sodium iodine C2SI). Controls re
ceived all the above except the zymosan.

Complement. Complement components C3 and C4 were
quantitated with commercially available plates by the technique
of radial immunodiffusion (Behringwerke, Marburg, W. Ger
many). The CHso units were measured essentially as described
previously (12). Briefly, sensitized sheep red blood cells were
incubated with various dilutions of serum at 3r C for 30 min.
Lysis was estimated by measuring spectrophotometrically the
hemoglobin released.

Measurement oj immunoglobulin isotypes. Serum IgA, IgG,
and IgM were measured by radial immunodiffusion technique
using commercially available plates (Behringwerke). Age-related
means ± SO of these immunoglobulins in normals have been
presented previously (13). IgG subclasses, IgGI, IgG2, IgG3, and
IgG4 were measured by electroimmunoassay using polyclonal
rabbit antiserum as described previously (14). Values for age
related normal children have been described previously (15, 16).
IgE was measured by the PRIST assay (Pharmacia, Sydney,
Australia).

Statistics. Significance was analyzed by the Fisher exact prob
ability test.

RESULTS

A summary of our findings is presented in Table 1. At least
nine of the 22 children were found to have IgG subclass defi
ciency (deficiency being defined as below the lower limit of the
age-related normal range). Of these nine, only one had a very
low serum IgA level. The others had much less severe degrees of
reduced IgA levels (Fig. I). Six children had undetectable levels
of serum IgA «I mg/dl) and none of these had a detectable IgG
subclass deficiency. One other child had a very low serum IgA
level (6 mg/dl) and no IgG subclass deficiency (Fig. 1). Ifa serum
IgG4 level of « I mg/dl) were considered as a deficiency, it was
found that in the group with markedly low IgA (:56 mg/dl), three
showed IgG subclass deficiency while five were normal, and in
the group with slightly low IgA (slightly more than 2 SO below
the mean) 12 showed IgG subclass deficiency while two were
normal. These results suggest that IgG subclass deficiency is
more likely to be associated with slightly rather than with mark
edly low IgA levels (p = 0.05). Most children with IgG subclass
deficiencies had total serum IgG levels close to 2 SO below the
mean (Fig. I). None ofthe children studied had serum IgG levels
more than the 2 SO above the mean. Serum IgM levels did not
appear to bear any relationship to the finding of IgG subclass
deficiencies (Fig. I). Serum IgE levels did not appear to be related
to any of the IgG subclass levels (data not presented).

The most common IgG subclass deficiency found in our
patients was that of IgG 1, occurring in six patients, although in
five of the six the level was only marginally below the normal
range. In three of them it occurred as an isolated deficiency (P9,
P12, and P IS; Table 1; Fig. 2). In another patient it was associated
with an IgG2 deficiency (PI8; Table I; Fig. 2) and in two with
IgG4 levels of < I mg/dl (P4 and P II; Table I; Fig. 2). Four of
the six had total serum IgG levels close to 2 SO below the mean
for age (Fig. I).

Serum IgG2 subclass deficiency was found in four children. In
three it was associated with a deficiency of either IgG I or IgG3,
or with undetectable IgG4 (PI8, P20, and P3; Table I; Fig. 2).
Three of these children also showed total IgG levels nearly 2 SO
below the mean for age.

Nine of our 22 patients had unmeasurable levels of serum
IgG4 and these included all seven children who were 3 yr old or
less. Four of them had low normal IgE levels (Table I).

A plot of IgG subclass levels against normal levels showed that
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levels «0.5 mgjdl) no subclass deficiency occurred. This study,
considered in conjunction with ours, suggests that in children
very low or undetectable 19A levels may predispose to recurrent
respiratory infections in the absence ofan associated IgG subclass
deficiency. Burgio el al. (18), in a series of 50 children with IgA
deficiency, showed that infections were a problem in 77% of
those with absent 19A, but in only 20% of those with partial IgA
deficiency. Our study rules out neutrophil defects and comple
ment deficiency as contributory factors indicating that the very
low 19A itself may be significant. The situation in adults may be
different as there may be as many healthy adults with undetect
able as with slightly low levels of 19A (19). Some investigators
have found that low 19A in healthy adults is associated with
increased IgG (19) which may compensate for the deficiency and
possibly explain why these subjects are not infection prone. None
of our children with very low IgA had raised IgG levels. The
inability to compensate for a lack of IgA by increasing IgG may
be a factor and may be age related.

In the other 14 of our patients who had IgA levels close to 2
SD below the mean, deficiencies ofIgGI, IgG2, or IgG3 were
common. In fact, they occurred in eight of these 14 children.
Ugazio el at. (17) found an even higher incidence of subclass
deficiencies in 13 19A-deficient children with respiratory infec
tions, and reported IgG2 subclass deficiencies in all four children
who had IgA levels above 5 mgjdl but more than 2 SD below
the age-normal mean. Oxelius el al. (2) have suggested that IgG
subclass deficiency may be responsible for proneness to infections
in some 19A-deficient subjects. Our results like those of Ugazio
el at. (17) would support this suggestion in children with mildly
reduced IgA levels. Our results appear different from those of
several other studies in that our predominant subclass deficien
cies appear to be those ofIgG I and possibly IgG4 whereas others
have generally seen deficiencies of IgG2 (and possibly IgG4),
sometimes with an elevated IgGI (2, 10, 16, 17). However, five
of our six IgG I -deficient children had levels only marginally
below the age related normal range.

Six patients of our total group of 22 19A-deficient children,
and of the nine with a deficiency of either IgGI, IgG2, or IgG3,
showed IgGI deficiency; three had an isolated IgGI deficiency,
two had a possible combined IgGI-IgG4, one had combined
IgG I-IgG2. Only one of the IgG I-deficient patients (isolated
IgG I deficiency) had a neutrophil chemotactic defect and an
other had decreased bactericidal activity and decreased C4.

Thus it is unlikely that either a neutrophil defect or comple
ment deficiency could explain the infection proneness in the
majority of these children.

There have been some other reports of patients with IgG I
deficiency and problems with coping with infections. Schur el
at. (21) described two children and an adult patient with life
long susceptibility to pyogenic respiratory infections in whom
low serum IgG I levels were found concurrently with other sub
class deficiencies; namely IgG I-IgG2-IgG4, IgG I-IgG2, and
IgGI-IgG2-IgG3. Consistent with our finding, these patients' sera
demonstrated a diminished IgG level on immunoelectrophoresis.
However, unlike our results, the 19A was normal or increased.

Only four of our 22 children showed IgG2 deficiency. One had
an isolated IgG2 deficiency and the other three had combined
IgGI-IgG2, IgG2-IgG3, and IgG2-possible IgG4 deficiency, re
spectively. One had a chemotactic defect and another decreased
bactericidial activity and slightly low C4. Although this incidence
ofIgG2 deficiency appears much less than the finding of Ugazio
el al. (17) of IgG2 deficiency in as many as eight of 13 IgA
deficient children with recurrent respiratory infections, it is evi
dent that 16 of our 22 patients had IgG2 levels below the mean
for age. Oxelius el al. (2) found IgG2 deficiency in seven patients
with respiratory infections in a group of 37 IgA-deficient patients
with various illnesses. While this overall incidence of IgG2 defi
ciency is similar to ours, the incidence in the subgroup of these
37 who had respiratory infections would be higher. Conversely
Cunningham-Rundles el al. (20) found IgG2 deficiency in only
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Fig. I. Serum 19A, IgG, and IgM levels, and associated IgG subclass
deficiencies in patients. The solid lines represent mean ± 2 SD for IgG
and IgM, and mean - 2 SD for IgA for normals. No deficiency (*),
deficiency in IgGI (0), IgG2 (.), IgG3 (0), IgG4 (e), IgGI-IgG2 (t),
IgG2-IgG3 (A), IgG I-IgG4 ('f'), IgG2-IgG4 (6). IgG4 deficiency refers to
values <I mgJdl.

i.e. those who had undetectable or very low IgA (".6 mgjdl) and
who did not display subclass deficiencies, and those who had IgA
levels close to 2 SD below the mean, many of whom did display
IgG subclass deficiencies. Only one child who had a very low
19A level had a subclass deficiency. Seven of the eight children
who had a very low, or undetectable level of 19A did not have
an associated IgG I, IgG2, or IgG3 deficiency. None of them had
either neutrophil defects (in chemotaxis, bactericidal activity, or
quantitative leukocyte iodination) or complement deficiencies.

Oxelius el al. (2) studied 37 IgA deficient patients (22 children)
and showed that 26 of the 30 with serum IgA levels <5 mgjdl
had no IgG subclass deficiencies. While three of our eight chil
dren with very low or undetectable IgA levels had serum IgG4
of <I mg/dl, without a more sensitive assay for IgG4 measure
ment, we can only speculate that they may have had IgG4
deficiency.

Ugazio el al. (17) reported that in a group of 13 IgA deficient
children with recurrent respiratory infections, subclass deficien
cies were common, but in four of five children with very low IgA
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Fig. 2. Serum IgG subclass levels in patients with recurrent and or severe respiratory infections. The solid lines represent mean and normal range

for age for IgG I, IgG2, and IgG3, and mean plus upper limit of range for IgG4. Circles represent serum levels in patients and semicircles represent
levels that were < I mg/dl.

four of 39 patients with IgA deficiency but these were patients at
a cancer center and may therefore represent an unusually selected
group. Four of our six IgG I-deficient patients and three of our
four IgG2-deficient patients had total IgG close to 2 SO below
the mean. This is not surprising as IgG I and IgG2 normally
make about 66 and 23% of total serum IgG, respectively.

Nine of the 22 children in our study showed IgG41eveis of <1
mgjdl. It can only be speculated that some of these may be IgG4
deficient since some normal healthy individuals are also found
to have IgG4 levels below the detection level of the assay system
used in this study. However, our finding of a 38% incidence of
IgG4 of <1 mgjdl is higher than that expected in the normal
population. Heiner (22), using a sensitive radioimmunoassay,
came to the conclusion that the absence of serum IgG4 is usually
associated with severe recurrent sinopulmonary infections.

Since antipolysaccharide antibodies are generally of the IgG2
type (23, 24), susceptibility to pyogenic infections would be
expected to be associated with IgG2 deficiency. In addition,
studies have suggested that antibodies to the polyribose phos
phate antigen of Haemophilus influenzae and to Streptococcus
pneumoniae polysaccharide can be of the IgG4 as well as the
IgG2 isotype (22). Oxelius (25) reported an inability of subjects
with IgG2-IgG4 deficiency to produce antibodies to bacterial
polysaccharide antigens and also found that otitis-prone children,
particularly when the pathogen was haemophilus, had reduced
IgG2 but not IgGI, IgG3, or IgG4 (16). There were 12 children
in our series in whom recurrent otitis media was a problem, and
in only one of these (PI8) was IgG2 deficient. Four of them had
low IgG I levels, four had IgG4 levels of < 1 mgjdl, and 4 had
extremely low IgA. While the pathogens were not identified in

three of our IgG2-deficient children, it is of interest that one
child in our series who had a documented haemophilus infection
(meningitis) was IgG2 deficient (P 17). It seems that in children
antibodies to carbohydrate antigens such as pneumococcal pol
ysaccharide, teichoic acid, and dextran are predominantly of the
IgG I isotype (26). The pathogens involved in the infections
occurring in our IgG I-deficient children were not generally iden
tified, but one of these children had had pneumococcal disease
(meningitis) (P11).

Oxelius et al. (2) reported six patients with recurrent upper
respiratory tract infections and one with chronic pulmonary
infection, bronchiectasis, and malabsorption who had both IgA
and IgG2 deficiencies. The study also demonstrated that while
the 11 healthy subjects with IgA deficiency were not IgG2
deficient, seven of 37 patients with illnesses and IgA deficiency,
were IgG2 deficient. Three of our four patients who were defi
cient in IgG2 (and IgA) had had pneumonias (P3, P17, and P18)
and the other had had upper respiratory tract infections (P20).

IgG2 and IgG4 subclass deficiencies may be associated (2, 16,
25). Undetectable IgG4 levels occurred in six of seven of the
IgG2-IgA-deficient subjects studied by Oxelius et al. (2). How
ever, only one of our four IgA-IgG2-deficient patients had an
undetectable IgG4 level (P3).

Our results suggest that a mild degree of IgA deficiency in
children with recurrent infections may often be associated with
IgG subclass deficiency, particularly when the total serum IgG is
in the low-normal range. Additionally, our results suggest that
an extremely low IgA level (as an isolated deficiency) may
predispose children to recurrent infections. Infections in such
children could not be explained by either a neutrophil defect or
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Fig. 3. Neutrophil functions in patients. Patients are grouped into
those showing IgG subclass deficiency (L1), very low 19A levels (0), both
of these two (_), or neither of the above (e). The solid line represents
mean and the broken line ± 2 SD of healthy children.

complement deficiency. However, our conclusions must be con
sidered with care since we were unable to relate IgG subclass
levels of patients to healthy controls of similar sex, ethnic, and
geographic background.

The finding that IgG subclass deficiencies may playa role in
increased proneness to infection has important therapeutic im
plications in the management of children with recurrent respi
ratory infections. Early detection of the hypogammaglobuline
mia followed by adequate treatment (efficient immunoglobulin
prophylaxis plus antibiotic support) may be the key to preventing
the development of chronic and disabling pulmonary disease.
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Announcements

Annual Meeting

The American Pediatric Society and The Society for Pediatric Research announce the abstract deadline for the 1987 Annual
Meeting (April 27-May I, Disneyland Hotel, Anaheim, CA) has been set as December 3, 1986.

Forfurther information contact: SPR-Debbie L. Wogenrich, The Society for Pediatric Research, Department of Pediatrics, UNM
School of Medicine, Albuquerque, NM 87131 (505)277-6629 or APS-Dr. Audrey K. Brown, Secretary-Treasurer, Department of
Pediatrics, Box 49, SUNY, Health Sciences Center at Brooklyn, 450 Clarkson Avenue, Brooklyn, NY 11203, (718)270-1692.

1987 Pediatric Hematology-Oncology Examination

The Sub-Board of Pediatric Hematology-Oncology of the American Board of Pediatrics will administer its next certifying
examination on Friday, July 10, 1987.

The following criteria must be met to be eligible to sit for the examination: I. Certification by the American Board of Pediatrics.
2. Physicians who entered pediatric hematology-oncology training prior to January I, 1986, may apply for admission to the
examination on the basis of their completion of two years of subspecialty residency training in pediatric hematology-oncology. 3.
Verification of training and recommendation by Program Director.

Each application will be considered individually and must be acceptable to the Sub-Board of Pediatric Hematology-Oncology.
Registration for this examination will extend from October I, 1986, to January 31, 1987. Requests for applications received prior

to the opening of registration will be held on file until that date, at which time application materials will be sent to those who have
requested them.

The application fee for the examination is $800 ($275 processing and evaluating fee plus $525 examination fee). Candidates not
approved to take the examination will be refunded the $525 examination fee. The processing and evaluating fee will be retained.

Please direct inquiries to the American Board of Pediatrics, III Silver Cedar Court, Chapel Hill, NC 27514-1651. Telephone
(919) 929-0461.
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