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ABSTRACT: Eight symptomatic individuals chronically exposed to indoor formaldehyde
(HCHO) at low concentrations (0.07-0.55 ppm) were compared to 8 nonexposed subjects
with respect to: (1) presence of IgG and IgE antibodies to HCHO conjugated to human
serum albumin (F-HSA); (2) the percentage of venous blood T and B cells by E and EAC-
rosetting; and (3) the ability of T and B cells to undergo mitogen (PHA, PWM) stimulated
blastogenesis as measured by the incorporation of tritiated thymidine. Anti-F-HSA 1gG, but
no IgE, antibodies were detected in the sera of the 8 exposed subjects; none were found in
7 of the unexposed controls. T lymphocytes were decreased in the exposed (48 + 11.5%)
compared to the control (65.9 + 4.97%) subjects (p > .001 < .01). B cells were 12.6 +
1.6% (HCHO group) and 14.75 + 2.1% (controls) (p > .02 < .05). The incorporation of
labeled thymidine by T cells (PHA) was decreased: 17,882 + 2,293 cpm (HCHO group)
and 28,576 + 3,807 cpm (p > .001 < .01). T and B cell blastogenesis (PWM) was 9,698 +
1,441 cpm (HCHO group) and 11,279 + 1,711 (controls) (p > .05 < .1). Exposure to
HCHO appears to stimulate IgG antibodies to F-HSA and decrease the proportion of pe-
ripheral T cells.

CHRONIC EXPOSURE to low concentrations of for-
maldehyde (HCHO) in indoor air is common in occupa-
tional and nonoccupational environments.' These indi-
viduals have many health complaints that involve the
skin, eyes, upper and lower respiratory tract, central ner-
vous system, and the gastrointestinal tract."® Symptoms
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suggest systemic involvement and may reflect that HCHO
acts as a hapten to produce antibodies.”'?

Individuals chronically exposed to low concentra-
tions of indoor HCHO have fatigue, headache, vertigo,
and upper and lower respiratory irritation that are diffi-
cult to classify by a single mechanism.*” Early observa-
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Table 1.—Anti-F-HSA 1gG Antibody Titers as Determined
by the ELISA Procedure

Mobile home Control HSA coated

occupants subjects wells

1:8 1:4 1:4

1:64 1:8 1:4

1:32 1:4 1:4

1:128 1:4 1:4

1:16 1:4 1:4

1:32 1:4 1:4

1:64 1:4 1:4

1:256 1:4 1:4

and were 1:8 in the subject with Parkinson’s disease.
No antibodies (IgE or 18G) were detected in the micro
ELISA wells coated with HSA. Thus, cross reactivity in
the assay for 1gG antibodies was absent.

T and B cell enumeration. T lymphocytes were de-
creased in the exposed vs. the control subjects (Table
2). In the HCHO-exposed individuals, T cells ranged
from 34% to 65%, mean 48 + 11.5% of the mononu-
clear cells. Controls ranged from 59% to 65%, mean
65.9 + 4.97%. The difference between means was sig-
nificant, p > .001 < .01.

B lymphocytes in the HCHO-exposed individuals
ranged from 11-15%, mean 12.6 + 1.6%. Controls
ranged from 12-18%, mean 14.75 + 2.1%. The differ-
ence between the means was not significant, p > .02
< .05.

T and B cell blastogenesis. T cell blastogenesis, as de-
termined by PHA stimulation, was lower in the ex-
posed group than in the controls (Table 2). The uptake
of 3H-Tdr in the HCHO-exposed subjects averaged
17,882 + 2,293 cpm, while that for the controls was
28,576 + 3,807. The difference between the means
was significant, p > .001 < .01.

T and B cell blastogenesis, as determined by PWM
stimulation, appeared lower in the experimental group
vs. the controls (Table 2). The uptake of 3H-Tdr aver-
aged 9,698 + 1,441 cpm in the HCHO-exposed individ-
uals, and controls were 11,279 + 1,711 cpm. The differ-
ence between the means was significant, p > .05 < .1.

Discussion

Inhaled HCHO is incorporated into nucleic acids or
is covalently bound to proteins in the nasal mucosa of
rats.' Inhalation exposure causes nasal epithelial cell
proliferation and metaplasia, congestion, and secretion
in rodents and monkeys.*™* Human subjects experi-
ence rhinitis, congestion, and epistaxis following
chronic HCHO exposure in the homes.**" Thus, dam-
age to mucosal tissue, including capillary beds, could
facilitate HCHO conjugation with blood proteins. I1gG
antibodies found in this study appear to be directed
towards F-HSA conjugates. This is deduced because
antigen/antibody cross reactivity to HSA was not
observed and IgE and IgG antibodies to F-HSA were ab-
sent or minimal in the asymptomatic controls. Thus,
anti-F-HSA antibodies probably indicates exposure to
HCHO. IgG subtype 4 antibodies are under investiga-
tion in individuals exposed to airborne HCHO.

IgE antibodies may have escaped detection because
they are present in trace amounts and have a half-life of
approximately 2 days.”* At the time of this investigation
these facts were not considered. Subsequently, IgE
anti-F-HSA antibodies have been detected.”

Modulation of cell-mediated immunity (CMI) by
HCHO has been demonstrated in rodents. Mice ex-
posed for 21 days (6 hriday, 15 ppm) showed enhanced
macrophage H,O, production. In addition, resistance
to L monocytogenes challenge was significantly in-
creased.” Conversely, F-344 rats in a 4-wk study
(HCHO for 6 hr/day at 3, 16, or 32 ppm) had depressed
numbers of peripheral B cells at the higher concentra-
tions and decreased production of antibodies to sheep
RBCs.” In this study, the exposed subjects had a de-
creased percentage and blastogenesis of T cells when
compared to the controls. Similar observations have
been reported in humans exposed to a variety of envi-
ronmental agents.” Although the mechanisms respon-
sible for changes in the CMI are poorly understood,
they may be related to chronic antigenic stimulation by
F-HSA.**% Also, PWM stimulates both B and T cells,
while PHA induces mitosis in T cells. Thus, the differ-
ences between the response of T and B cells of these
subjects is interpreted as T cell rather than B cell
modulation of the CMI. In addition, B cell modulation
may be minimal in humans.?*?

Table 2.—Summary of the Observations and Statistics on T- and B-Cell Numbers and Blastogenesis in HCHO-
Exposed and Control Subjects

Mobile home Control p value
Observation occupants subjects {t test)
T-cell 48 + 11.5% 659 + 4.97% > 001 < .01
number
B-cell 126 + 1.6% 14.75 + 2.1% > .02 < .05
number
T-cell (PHA) 17,882 + 2,293 cpm 28,576 + 3,807 cpm > .001 < .01
blastogenesis '
T/B-cell (PWM) 9,698 + 1,441 cpm 11,279 + 1,711 cpm > .05 < .1
blastogenesis
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tions, however, indicate that HCHO is a hapten, bind-
ing to human serum albumin (HSA) to form a new anti-
genic determinant, F-HSA.? Recently, IgE antibodies to
F-HSA have been demonstrated in anaphylactic shock
caused by HCHO in long-term hemaodialysis.” Also, IgG
and IgM hemolytic anti-HCHO red blood cell (RBC) an-
tibodies are present under similar hemodialysis condi-
tions.'™!" Moreover, an anti-F-HSA 1gG has been pro-
duced in dogs by the intravenous administration of
HCHO and F-DSA.'"* More recently, 1gG antibodies to
F-HSA have been found in asymptomatic renal dialysis
patients, IgE antibodies in two nurses with a history of
HCHO asthma, and no antibodies in two physicians
with HCHO rhinitis.'* Airborne HCHO apparently con-
jugates with proteins of the upper respiratory tract.'
This study examined for antibodies to F-HSA in subjects
chronically exposed to low concentrations of HCHO in
indoor air. In addition, the numbers and blastogenesis of
peripheral T and B lymphocytes were studied.

Materials and methods

HCHO-exposed subjects. Seven of the subjects re-
sided in mobile homes. One worked in the laboratory
and lived in a newly decorated energy-efficient apart-
ment. They had multiple health complaints'*® recorded
on a symptom checklist in their home developed by
Godish."” A medical history and physical examination
showed that three subjects had a history of allergies,
but otherwise no obvious explanation for their health
complaints. Physical examinations and diagnostic tests
(complete blood count, urinalysis, SMAC-24) were nor-
mal. One male who was 63 yr of age smoked 20 ciga-
rettes per day, while one female, age 28, smoked 0-5
cigarettes per day. The subjects had lived 2-7 yr in their
current residences. The exposed subjects included five fe-
males who were 28, 55, 58, 65, and 75 yr of age and three
males who were 63, 70, and 70 yr of age. They comprised
three married couples and two single females.

Unexposed (control) subjects. The control subjects
consisted of four laboratory personnel and four elderly
patients. The laboratory personnel included three men,
ages 42, 47, and 35 yr, and a 35-yr-old woman, all of
whom were asymptomatic. One (age 47) smoked two
packs of cigarettes per day. The four elderly patients
(i.e., two couples) were being treated for whiplash
(male, 75); probable stroke (male, 75); migraine
headaches and multiple pollen and grass allergies
(female, 63); and Parkinson’s disease (female, 67).

HCHO measurements. HCHO was measured by the
County Health Departments in Fresno (two mobile
homes) and Los Angeles (two mobile homes) counties,
utilizing the Na bisulfite impingement method recom-
mended by the Occupational Safety and Health Ad-
ministration (OSHA). Three of the homes had two
separate measurements, while the third had one
HCHO measurement. The concentrations of HCHO in
ppm and yr of occupancy were, respectively: 0.07,
0.16 (6 yr); 0.110, 0.117 (6 yr); 0.33, 0.33 (7 yr); and
0.55 (7 yr). Formaldehyde measurements were not

done in the laboratory worker's apartment nor in the

homes of the control subjects, which were at least 20 yr
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old. It was assumed that HCHO concentrations would
be similar to those reported and estimated by the Envi-
ronmental Protection Agency,' i.e., a mean value of
0.03 ppm. :

HCHO antibodies. Formaldehyde (F) was conjugated
to chromatographically pure human serum albumin
(Sigma) following the procedures of Patterson et al.’*"
Lymphocytes were separated from venous blood of ex-
posed and control subjects and immediately used for T
and B cell enumeration and blastogenesis. The sera were
used to measure IgG and IgE antibodies to F-HSA by the
methods of Patterson et al.'*" Mo

The anti-F-HSA antibodies were determined by the
ELISA procedure."” In brief, micro ELISA plates (Dyna-
tech Laboratories, Alexandria, VA) were coated with
various dilutions of either F-HSA or HSA as antigen
sources. After incubation for 2 hr, the plates were
washed with PBS-Tween (0.5%, Sigma). Dilutions of
test and control sera were made in PBS-Tween and in-
cubated for 2 hr. Diluted sera (200 pl) added to individ-
ual wells and the plates incubated for 2 hr. The plates
were then washed three times with PBS-Tween and 200
ul of alkaline phosphatase labeled anti-human IgG or
anti-human IgE were added. The plates were then incu-
bated for 12 hr at 4°C, washed in PBS-Tween, and 200 gl
of substrate (paranitrophenyl phosphate) was added.
Thirty minutes later the reaction was stopped by adding
50 pl of 3 mol/L of sodium hydroxide. The optical den-
sities were read at 405 nm on an automatic ELISA reader
(Dynatech Laboratories, Alexandria, VA). ELISA end-
point titers were read when the optical density reading
of the test sera (HCHO exposed) was 2 times that of the
negative control (HSA) wells.

T and B enumeration and blastogenesis. T and B
cells were enumerated by E- and EAC-rosetting meth-
ods, respectively.”® In both methods, lymphocytes with
binding of more than two sheep RBCs were considered
positive. The blastogenesis of T and B cells was meas-
ured by mitogen activation using phytohemagglutin (T
cells) and pokeweed mitogen (T and B cells). The lym-
phocytes from both exposed and control subjects were
cultured at 37°C in an atmosphere of 95% air and 5%
carbon dioxide. The cultures were done in quadrupli-
cate in wells of flat bottom micro-titer plates with op-
timum concentrations of either PHA (4.0 pg/ml) or
PWM (8.0 ug/ml). After 48 hr the cells were labeled
with 2 uCi of tritiated thymidine per well for 24 hr. The
lymphocytes were harvested and the incorporation of
the labeled thymidine into cellular DNA was measured
by liquid scintillation counting. The data were ex-
pressed as cpm + standard deviation for each of the ex-
posed and nonexposed subjects. The variability in the
blastogenesis assay was less than 20%."?

Results

¢

F-HSA antibodjes. IgE antibodies to F-HSA were not
detected in exposed and unexposed subjects (Table 1).
IgG antibodies to F-HSA ranged from 1:8 to 1:256 in the
mobile home occupants. Anti-F-HSA antibodies were
not detected in seven of the control subjects (titers 1:4)
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