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Background- Human immunodeficiency virus (HIV) infection is associated with polyclonal 
B-cell activation, and elevated IgE levels ate found in infected adults. Chronic nasal symptoms, 
sinusitis, and otitis media are particularly common in children infected with H1V The possible 
allergic cause of nasal symptoms in children infected with HIV has not been explored. 
Objective" The study was designed to evaluate the relationship between H1V infection and 
IgE levels in a group of  children infected with HII~. 
Methods" Total serum IgE was measured by enzyme immunoassay and compared with values 
for age-matched normal subjects. Specific IgE was determined by RAST test to 
Dermatophagoides pteronyssinus, American cockroach, Bahia grass, short ragweed, cat, and 
oak. Lymphocyte subpopulations were determined by standard flow cytometry. 
Results: Fifty-seven total IgE and 342 specific IgE levels were determined from 29 infected 
children (19 girls and 10 boys," ages, 7 to 150 months; mean age, 49 months). Initial lgE 
levels of  29 subjects ranged from 1.4 to 787.6 IU/ml (mean = 123.4 + 34.4 IU/ml). Nine of  
29 (31%) subjects had initial IgE levels greater than two standard deviations higher than age- 
matched normal subjects. No patients had detectable specific IgE to any of the sLY 
aeroallergens. There was no correlation, as determined by linear regression analysis, between 
IgE levels and absolute CD4 number or CD4:CD8. 
Conclusion: Elevated total but not specific IgE is common in children infected with HIV  and 
does not correlate with absolute CD4 lymphocyte count, suggesting that the elevated IgE level 
reflects a somewhat independent polyclonal activation of  B lymphocytes. (J ALLERGY CLIN 
IMMUNOL 1996;97.'692-7.) 
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The incidence and prevalence of human immu- 
nodeficiency virus (HIV) infection in children has 
increased since the first cases were described in the 
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Abbreviation used 
HIV: Human immunodeficiency virus 

early 1980sfl =4 Sinusitis and upper respiratory tract 
infections frequently occur in children infected 
with HIV. 5 Allergic rhinitis, asthma, and atopic 
dermatitis have been associated with HIV infec- 
tion in adults, and atopic disease may occur with 
increased frequency in adult patients with progres- 
sive HIV illness. 6-1° HIV infection causes poly- 
clonal activation of B cells, resulting in increased 
serum levels of IgG, IgA and sometimes IgM. 11-14 
Increased serum IgE occurs in adults and is in- 
versely correlated with CD4 + absolute lymphocyte 
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TABLE I, Demograph ic  data (n = 29) 

Ethnic group 

African- 
Age (mo) Female Male Amer ican  Caucasian Hispanic Ha i t i an  Biracial 

7 to 150 (mean = 19 10 16 6 3 2 2 
49 _+ 6.8) (65.5%) (34.5%) (55.1%) (20.6%) (10.3%) (6.8%) (6.8%) 

numbers  less than 200/mm3; however,  studies in 
HIV- infec ted  children that  evaluate serum IgE are 
not  available. 15 Elevated total serum IgE  may not  
be a good  indicator of  allergy in children infected 
with H I V  because the polyclonal immunologic  
dysregulation may not  be accompanied  by in- 
creased specific IgE product ion.  Sinusitis and up- 
per  respiratory tract infections are frequently re- 
lated to allergic rhinitis in otherwise heal thy 
children; however,  the correlat ion between atopy 
and sinusitis in children infected with H I V  has not  
been  studied. 16 

METHODS 
Study population 

The study population consisted of 29 children infected 
with HIV, 7 to 150 months of age (mean age, 49 + 6.8 
months). Nineteen children were female and 10 were 
male. Sixteen children were African-American, six were 
Caucasian, three were Hispanic, two were Haitian and 
two were biracial (Table I). The subjects were treated by 
members of the Division of Allergy and Clinical Immu- 
nology, University of South Florida, College of Medi- 
cine, All Children's Hospital, Tampa and St. Petersburg, 
Florida during the past 5 years. All children enrolled in 
the study were infected with HIV as determined by HIV 
ELISA and Western blot in those older than 2 years or 
by two direct tests for HIV (polymerase chain reaction 
for HIV genetic sequences and/or HIV culture) if they 
were younger than 2 years old. Follow-up was long 
enough to unequivocally establish infection. Informed 
consent was obtained from all patients or their parents 
or guardians before HIV testing, and the study was 
approved by the Institutional Review Board of the 
University of South Florida. 

Medical records were reviewed for previous evidence 
of sinus disease. Acute and chronic sinusitis were de- 
fined according to the criteria proposed by W a l d .  17 

Acute sinusitis was defined as persistent symptoms of 
nasal discharge, congestion, or fever lasting more than 
10 but fewer than 30 days with radiographic evidence of 
sinus opacity or air fluid level. Chronic sinusitis was 
defined by symptoms lasting more than 30 days with 
positive radiograph results and evidence of mucosal 
thickening or opacification. 

From frozen stored sera, total IgE and specific IgE 
levels were measured by RAST. Six patients had one 
specimen tested, 19 had two specimens tested on differ- 

TABLE II. Prevalence of elevated total 
serum IgE in HIV-infected chi ldren 

Percentage of 
Normal serum IgE values specimen with 

Age range by age group: elevated IgE 
(mo) Mean -+ 2 SD (IU/ml) by age group 

0 to 11 0 to 57 1/5 (20.0%) 
12 to 23 0 to 83 4/13 (30.7%) 
24 to 35 0 to 86 0/8 (0.0%) 
36 to 59 0 to 228 2/7 (28.5%) 
60 to 83 0 to 126 7/13 (53.8%) 
84 to 119 0 to 211 3/8 (37.5%) 

120 to 179 0 to 615 0/8 (0.0%) 

ent dates, three had three specimens tested, and one had 
four specimens tested. Total IgE was determined by 
Kallestad Total IgE microplate (Sanofi Diagnostic Pasteur, 
Chaska, Minn.). Pediatric values for normal levels of IgE 
were obtained from Sanofi Diagnostics Pasteur, which 
assayed serum samples from 219 pediatric patients (<22 
years old) with no known history of allergies, la Elevated 
total serum IgE was defined as greater than two standard 
deviations from the normal values for age. 

Specific antibodies to six common aeroallergens 
(Bahia grass, American cockroach, Dermatophagoides 
pteronyssinus, cat, oak, short ragweed) were tested by 
RAST (Sanofi Diagnostic Pasteur). A modified RAST 
classification was used with class 0 defined as an absence 
of specific IgE, class I as equivocal, and classes 2 through 
6 as increased levels of specific IgE. 19 

T-cell lymphocyte subpopulations were determined by 
direct immunofluorescence with the EPICS automated 
flow cytometer (Coulter Diagnostics, Hialeah, Fla.) after 
standard Ficoll-Hypaque (Pharmacia, Uppsala, Sweden) 
separation, a° 

Statistical analysis 

Total serum IgE was compared with absolute CD4 
numbers and CD4:CD8 ratio by linear regression. R 
values were calculated by Pearson's correlation coeffi- 
cient. 

RESULTS 

Of the 57 total IgE  levels obta ined f rom 29 
patients, 17 (29.8%) were greater  than two stan- 
dard deviations f rom the age-matched control  
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TABLE Ill. Initial total serum IgE levels, CD4 
number, CD4:CD8, and presence or absence 
of sinusitis in HIV-infected children 

Absolute 
Age CD4 CD4/ IgE 

Patient (mo) (cells/mm 3) CD8 (IU/ml) Sinusitis 

DJ 31 1242 0.37 17.5 
AD 25 1427 1.45 20.2 
RS 28 20 0.02 5.6 
JD 13 637 0.17 2.8 
BM1 10 469 0.49 75.9 
BM2 10 1496 0.9 50.0 
RC 18 2536 1.06 93.7 
JC 62 512 0.5 244.9 
SW 54 1167 0.44 314.5 
SA 81 146 0.08 141.4 
RG 89 480 0.62 133.2 
MB 43 346 0.24 212.3 
CS 19 66 0.05 339.5 
KM 25 8 0.07 8.3 
MD 10 1329 0.84 2.7 
DO 14 527 0.32 3.2 
SD 28 265 0.07 4.2 
SS 7 234 0.22 6.8 
JM 14 1887 0.85 23.3 
AN 51 317 0.08 3.7 
LG 56 1932 2 5.2 
JL 69 713 0.74 12.7 
AS 64 562 0.6 311.9 
AH 96 3 0.03 1.4 
LS 87 184 0.38 5.5 
NC 71 790 1.26 787.6 
RH 79 123 0.14 5.2 
ER 119 15 0.02 504.9 
PJ 150 564 0.82 241.1 

Chronic 
No 
Unknown 
Acute 
No 
Acute 
Acute 
Acute 
No 
No 
Acute 
Chronic 
Acute 
Chronic 
Chronic 
Chronic 
Chronic 
Chromc 
Chronic 
Chronic 
Chronic 
Chronic 
Acute 
Unknown 
Chronic 
Chronic 
Chronic 
Acute 
Chronic 

value (Table II). Nine of 29 patients (31%) had 
initial total serum IgE levels greater than two 
standard deviations higher than the normal age 
group values (Table III). Initial total serum IgE 
(n = 29) ranged from 1.4 to 787.6 IU/ml (mean 
IgE = 123.4 _+ 34.4 IU/ml). Absolute CD4 num- 
bers at or within 1 week of the time of initial IgE 
determination ranged from 3 to 2536/mm 3 (mean, 
689 + 123). CD4:CD8 ratio ranged from 0.02 to 2 
(mean = 0.51 _+ 0.09). Six subjects had only one 
specimen tested; 23 had more than one specimen 
tested (Table I). Subsequent IgE determinations in 
19 patients who had two specimens tested revealed 
increased IgE levels in eight. The second specimen 
was collected 2 to 10 months after the first (mean 
= 5.53 _+ 3.02 months). Of the 19 patients with two 
IgE determinations, three had high initial total 
serum IgE, which remained high on subsequent 
determination. Two had normal initial total serum 

IgE levels, which became high on subsequent 
determination. Three patients had high initial IgE, 
which decreased with subsequent determination 
but remained greater than two standard deviations 
above the age-matched control group. Eleven pa- 
tients with initial normal IgE levels continued to 
have normal values with subsequent determina- 
tions. 

The three patients with high initial IgE values 
that subsequently increased had a decreased abso- 
lute CD4 count in the second determination. 
Three patients had three specimens. The second 
specimen was obtained 1, 4, and 6 months after the 
first specimen; and the third specimen was ob- 
tained 3, 3, and 9 months after the second. IgE 
progressively increased in all three on subsequent 
measurements. One patient with four specimens 
had serial levels that increased and decreased. 
Fourteen of 19 patients (73.6%) from whom two 
specimens were obtained had a decrease in CD4 
count on second determination. Nine of these 
patients (64.2%) had increased IgE levels in the 
second specimen. 

Fifteen of 29 patients (51.7%) had chronic si- 
nusitis. Eight of 29 patients (27.6%) had acute 
sinusitis. Four  of 29 patients (13.8%) had no 
episodes of documented sinusitis. Two patients 
(6.8%) had insufficient information regarding si- 
nusitis. 

None of 342 specific IgE levels for six common 
aeroallergens obtained from these 57 sera were 
positive; all were class 0. No correlation was found 
between initial total serum IgE (n = 29) and CD4 
count (r = -0.10949), Also, no correlation was 
found between initial total serum IgE levels (n = 
29) and absolute CD4:CD8 ratio (r = 0.09687). No 
correlation was found between total serum IgE (n 
= 57) and CD4 count (r = 0.053221) or between 
total serum IgE (n = 57) and CD4:CD8 ratio 
(r = 0.175942). 

DISCUSSION 

Total serum IgE is frequently elevated in chil- 
dren infected with HIV. Thirty percent of the IgE 
measurements were greater than two standard 
deviations above age-matched control values. 
However, specific IgE antibodies to common 
aeroallergens, including D. pteronyssinus, Ameri- 
can cockroach, cat, Bahia grass, short ragweed, and 
oak could not be identified. 

Total serum IgE was previously found to be 
increased in adults infected with HIV. Wright et 
al. is demonstrated that the mean total serum IgE 
in adults infected with HIV with CD4 number less 
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than or equal to 200/ram 3 was significantly greater 
than mean IgE levels of uninfected control groups 
and infected subjects with more than 200 CD4 + 
lymphocytes/mm 3. The increase in IgE did not 
reflect increased prevalence of atopic disease, is 
Lucey et al., 1° studying 622 patients with HIV 
infection, demonstrated that IgE increased in 
those subjects who experienced marked depletion 
of CD4 + lymphocytes. Israel-Biet et al. 9 demon- 
strated that increased IgE was associated with 
significant CD4 ÷ T-cell depletion and was corre- 
lated with a poor prognosis in adults. 

Elevated total serum IgE occurs in patients with 
several primary immunodeficiency diseases, in- 
cluding Wiskott-Aldrich syndrome, DiGeorge syn- 
drome, Nezelof syndrome, and primary hyper-IgE 
syndromes. 21-27 Allergy is not a consistent finding 
in patients with these diseases, which are charac- 
terized by abnormalities in thymus-dependent im- 
mune function. IgE is also elevated in patients with 
IgA deficiency; however, the frequency of allergic 
diatheses is increased in this population. 28 Clinical 
conditions resembling primary hyper-IgE syn- 
drome have been described in adults infected with 
HIV. 29 Elevated total serum IgE levels also occur 
in patients with a variety of nonallergic diseases, 
including parasitic infections, viral infections, 
atopic dermatitis, and neoplastic disease such as 
Hodgkin's lymphoma and IgE myeloma, g° This 
study did not include an exhaustive search for 
parasites in subjects; however, no such conditions 
were diagnosed, with the exception of giardisis in 
one child, a pathogen that is not associated with 
high IgE levels. 

Children with HIV infection have frequent viral 
infections that may alter total serum IgE levels. In 
this regard, cytomegalovirus, Epstein-Barr virus, 
and respiratory syncytial virus may all be associ- 
ated with increased IgE levels, g° Another report 
showed no consistent pattern of IgE levels in 
patients with acute viral upper and lower respira- 
tory tract infections. Children with measles have 
lower IgE levels during convalescence. 31 The 
mechanism by which viral infection may alter IgE 
production is not known. 

HIV may suppress the function of Tin-type 
CD4 + lymphocytes while sparing TH2-type lympho- 
cytes, resulting in increased IL-4 and IL-5 and 
decreased IL-2 and interferon-7 production; this 
cytokine profile favors IgE synthesis. Interferon-2~ 
suppresses IgE synthesis by normal B cells, and 
subjects infected with HIV have impaired produc- 
tion of this lymphokine in response to antigen 
stimulation. 32 This study suggests that IgE produc- 

tion is a result of polyclonal activation because no 
specific IgE was detected. In contrast to studies in 
adults, no correlation was found between CD4 and 
IgE levels or between CD4:CD8 ratios and IgE 
levels. This lack of correlation may be related to 
concurrent viral illness and its effects on IgE 
production. Alternatively, this study may not have 
included a sufficient number of patients or fol- 
low-up long enough to demonstrate such an asso- 
ciation. In this regard, two patients with high initial 
total IgE levels, which became higher in subse- 
quent measurements, and two patients with nor- 
mal IgE, which became greater than two standard 
deviations from normal values, subsequently expe- 
rienced a progressive decrease in the absolute CD4 
count. 

Specific IgE antibodies to viral and yeast anti- 
gens were previously detected in adults infected 
with HIV. Sample et al. 3g suggested a correlation 
among total IgE, specific RASTs to environmental 
antigens, and clinical atopy in patients infected 
with HIV and a history of invasive or life-threat- 
ening opportunistic infections. In other studies 
inconsistent associations between elevated IgE and 
the occurrence of atopic diseases in patients in- 
fected with HIV have been described, gg, 34 Specific 
IgE to common aeroallergens was not detected in 
this study. The majority of atopic subjects in the 
Tampa Bay area are sensitized to D. pteronys- 
sinus35; however, none of the children infected with 
HIV had specific IgE to D. pteronyssinus allergen. 
Specific IgE antibodies may be difficult to detect in 
infants because of very low IgE concentrations. 
The study population had a mean age of 49 months 
with a standard deviation of 6.8 months at the time 
the first specimen was obtained. Thus we expected 
to find evidence of specific IgE to the common 
aeroallergens tested in at least some of our pa- 
tients, but did not. The lack of specific IgE detec- 
tion does not rule out its presence. Skin prick 
testing is a more specific method, but it was not 
performed in this study. There may be IgE specific 
to antigens for which we did not test, such as fungal 
or viral protein, or IgE may be produced to HIV 
proteins. Alternatively, polyclonal B-cell activation 
in subjects infected with HIV occurs frequently in 
patients who do not produce a specific antibody 
after immunization. Perhaps specific IgE is pro- 
duced to multiple antigens in such small amounts 
that it cannot be detected. It seems likely that the 
children who were selected for the study were 
children who by genetic disposition do not produce 
IgE to environmental allergens. 

Small et al. 36 found an increased incidence of 
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sinusitis in adults infected with HIV and the sever- 
ity of the sinusitis was correlated with disease 
progression. They found a correlation between IgE 
levels and severity of sinusitis. This study demon- 
strates a very high frequency of sinusitis in children 
infected with HIV; however, the presence of sinus- 
itis could not be correlated with high IgE levels. 
The occurrence of sinusitis in children infected 
with HIV is probably not related to allergy. Also, 
high IgE levels do not correlate with the presense 
of atopic diseases in children infected with HIV. 
There may be a correlation between severity of 
sinus disease and progression of HIV disease, but 
sufficient follow-up to prove such a correlation was 
not carried out. The correlation between high IgE 
levels and sinusitis may be indirect in the adult 
study population, and progression of HIV disease 
results in both higher IgE levels and a tendency to 
develop and express sinusitis. 

Total serum IgE concentrations are higher in 
allergic adults and children compared with nonal- 
lergic control subjects; however, there is limited 
value in use of IgE as a screening test for atopic 
diseases? ° Total serum IgE does not have value to 
screen children infected with HIV for atopic dis- 
eases because there is no evidence for specificity of 
the IgE response. None of 57 sera from 29 infected 
children had specific antibodies to the six most 
common aeroallergens in the Tampa Bay area. 
This study demonstrates a high frequency of in- 
creased IgE in the serum of children infected with 
HIV. This IgE appears not to reveal specific 
immune responses and is most likely attributable 
to polyclonal activation and altered cytokine pro- 
duction associated with HIV infection and/or its 
effect on the immune system. A correlation be- 
tween IgE and CD4, previously demonstrated in 
adult studies, was not present in the children 
studied. 

We thank Mrs. Barbara Prokasky and Ms. Tazim 
Verjee for manuscript preparation. 
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