Pediatricians have considered tobacco smoke exposure in the
troubled allergic child an identifiable problem to be faced. McGovern
and coworkers (70) emphasized that allergic disease represents a major
school health problem because children with hay fever, allergic rhinitis,
and asthma account for about one-third of all chronic conditions
reported under age 17. A survey is cited in which it was noted that
asthma accounted for 11.4 percent of all chronic conditions in children
and for 229 percent of days lost from school (8). These clinical
investigators have, therefore, emphasized the need and value of
removing the allergic child from all environmental sources of tobacco
smoke exposure as a valid preventive measure.

Since the chances for progression of disease are more likely to occur
in the face of continued and uncontrolled presence of causative factors,
the potential for chronicity among adults is evident. The magnitude of
the problem can be appreciated by noting the large population surveys
in the United States which estimate that as many as 15 to 17 percent of
the population suffers from asthma or hay fever (97). Thus, to
whatever extent tobacco and/or tobacco smoke play a causal or
contributory role in allergy, if they are ultimately shown to be
allergens, it would be important for allergic patients of all age groups
to take appropriate precautions to avoid exposure.

Effects of Cigarette Smoking on the immune System

That cigarette smoking can affect the immune system has been well
documented in both animals and humans. For purposes of discussion,
these alterations in immune function can be classified as local and
systemic. The local host defense system is comprised of the mucociliary
mechanisms and functionally specialized cells, such as the macrophages
and lymphocytes. Systemic defense mechanisms divide conveniently
along the lines of cellular and humoral immunity.

Microscopic examinations of the respiratory tract mucosa demon-
strate that chronic smoking leads to denuding of the ciliated
epithelium, an increased number of goblet cells, and squamous
metaplasia (89). On the other hand, studies attempting to quantify
toxicity of cigarette smoke to cilia have been difficult to evaluate
because of variation of mucus transport rates both among and within
species studied, differences in techniques used to measure ciliary
activity, and variations in methods and periods of exposure employed.

Studies on the short-term effects of smoke on ciliary function in
vitro and in vivo generally show decreased function. Ciliostasis has
been produced by in vitro exposure of the epithelium of the human
respiratory tract to smoke residue passed through an aqueous medium
(7) and, along with decreased rates of mucus transport, has also been
observed in many animal models (1, 26, 50, 55). However, the effects of
short-term smoking on mucociliary function in man have been
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contradictory. In studies by Yeates, et al. (128) which measured
mucociliary tracheal transport rates, some smokers showed slower
bronchial clearance rates, while others showed little or no change over
nonsmokers. Camner and coworkers (17), on the other hand, found
mucociliary transport to be significantly increased during periods of
intensive smoking (to the point of discomfort) compared to non-
smoking periods.

Studies of long-term exposure have also been undertaken and, again,
both animal and human studies are contradictory. Two studies were
carried out in dogs exposed to forced smoke inhalation. One showed no
change in tracheobronchial clearance (6) while the second, by different
methodology, showed that tracheal mucus velocity was 30 percent of
that found in controls (118).

In a study of 10 pairs of identical twins, discordant with regard to
smoking (16), five of the smoking twins had decreased clearance rates
while the other five demonstrated no differences over controls.
Similarly, Albert, et al. (2) found bronchial clearance impaired in 8 out
of 14 cigarette smokers tested. Lourenco and coworkers (65) found
delayed clearance of particles, particularly in the central airways, at 1
hour after inhalation in nine smokers when compared to controls. On
the other hand, Pavia, et al. (82) found no decrease in the efficiency of
removal of particulate matter in the lungs of smokers compared to
nonsmokers. However, the evidence indicates an adverse effect of
long-term smoking on the mucociliary transport mechanisms and
mucus composition (58).

It is necessary to understand the functions of alveolar macrophages
and lung phagocytic cells as well as the population of immunocompe-
tent lymphocytes in pulmonary tissue in order to appreciate how these
elements and their modification can affect the processing of tobacco
antigen and the resultant production of antibody and cell-mediated
immunity. Since hypersensitivity phenomena are products of the
immune system, these cellular elements can serve as determinants of
allergic inflammation as well as of immunity.

Alveolar macrophages are important to lung function because of
their role as phagocytes, engulfing and digesting particulate matter in
the lung. Also, these cells process antigens and interact with
lymphocytes in immune and allergic processes.

Many studies have examined the effect of smoking on macrophage
function and metabolism. Even though most of these are in vitro
studies, comparison is difficult because of differences inherent in the
human and animal models used. In addition, in some cases, human
subjects or animals were exposed to the smoke before the cells were
harvested, while in others, cells were exposed directly to the smoke.
Other variables included serious differences in amounts and lengths of
exposures, filtration of smoke, and different methods of harvesting
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cells. Nevertheless, it is clear from these studies that profound
alterations in macrophages result from smoke exposure.

One consistent finding concerning the effect of smoking on
macrophages is that the total number is increased in smokers. Keast
and Holt (57) used a special apparatus simulating human smoking in
exposed mice. They found initial and sustained elevations in macro-
phage populations. Other workers (56) also found increased macro-
phage numbers after only 2 weeks of cigarette smoking in humans.
Studies by Pratt, et al. (88) and Harris, et al. (44) showed that smokers
had strikingly increased numbers of macrophages when compared to
nonsmokers and, furthermore, that macrophages accounted for 90 to
95 percent of lavaged lung cells found in smokers. The authors (44)
speculate that increased alveolar macrophages in smokers might play
an important role in pulmonary defense against toxic components of
cigarette smoke. Also important is the possibility that macrophage
accumulations could contribute to the pathogenesis of chronic pulmo-
nary disease by the release of lysosmal enzyme content.

Changes in ultrastructure of macrophages have also been reported in
smokers. Pratt and associates (88) observed that macrophages obtained
in lung fluids of smokers were filled with cytoplasmic inclusions, and
Martin (67) identified multinucleated giant cells in some smokers but
none in nonsmokers. Martin (67) also noted that crystalloid refractile
cytoplasmic inclusions were more common among the smokers. Harris,
et al. (44) found the most salient feature of the macrophages from
smokers to be larger and more numerous lysosomal bodies.

The study by Holt and Keast (47) demonstrated that the immediate
toxic effects of tobacco smoke in vitro were greater in macrophages
than fibroblasts, with surviving macrophages showing an increase in
measured protein synthesis. Keast and Holt (57) also found that the
macrophages from mice exposed to smoke for many weeks were no
longer as susceptible to the untoward effects of smoke and had
apparently adapted to the toxic conditions in a fashion similar to that
seen in the tissue culture experiments.

Enzyme systems have also been shown to be affected by smoking.
Martin (67) demonstrated that increased macrophage acid hydrolase
directly correlated with daily cigarette consumption. Meyer, et al. (79)
examined the effect of various concentrations of nicotine on the
ATPase activity of sheep pulmonary alveolar macrophages and showed
significant inhibition of this activity. Additionally, lower concentra-
tions of this alkaloid stimulated cell respiration while higher concentra-
tions were inhibitory. Kasemir and Kerp (56) recorded decreased
oxygen uptake in sheep macrophages in eontact with tobacco extracts.
The in vitro studies of Harris and coworkers (44) on human alveolar
macrophages demonstrated increased glucose utilization in smokers.

In pertinent studies, macrophage function has been measured by
several methods. Green and Carolin (34), using an in vitro system to
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measure phagocytosis, showed that added cigarette smoke had a
depressant effect on the phagocytic activity of alveolar macrophages
for Staphylococcus albus. The studies by Maxwell, et al. (69) on lung
macrophages from guinea pigs exposed to tobacco prior to cell harvest
showed that, although these alveolar cells phagocytosed bacteria at
normal rates, their capacity for bacterial inactivation was impaired.

Laurenzi, et al. (61) demonstrated a 50 percent reduction in clearance
of staphylococci from the lungs of smoke-exposed mice. In two human
studies (22, 44) which measured phagocytic properties of alveolar
macrophages, no significant differences were found between smokers
and nonsmokers. Other studies of in vitro function of macrophages
after in vivo exposure to smoke (employing rat alveolar macrophages)
revealed no impairment of bactericidal inactivation of S. albus (49).

In the studies of Warr and Martin (119, 120), macrophages of
smokers demonstrated an impaired response to an immune effector,
MIF, paralleling those situations characterized by the absence of cell-
mediated delayed hypersensitivity as well as acquired resistance to
aggregate under in vitro conditions.

Though more work is needed to define the total qualitative and
quantitative influences of tobacco smoking on alveolar macrophages,
there is sufficient evidence in these studies to indicate measurable
degrees of physiological impairment. Since interference with phagocy-
tosis, endocytosis, and antigen processing can be anticipated as a
consequence, there is the potential diminution of specific immune
functions by these cells. In turn, the impairment of local immune
processes as the first line of host defense exerts its toll on the
dependent development of systemic immunity and influences emerging
allergic inflammation.

The B and T lymphocytes are involved respectively in the humoral
and cell-mediated arms of the immune system that functions both
locally and systemically. It is therefore pertinent to examine the effect
of smoking on these elements that provide the immunologic basis of
hypersensitivity.

Of the immunoglobulins, secretory IgA is known to be predominant
in bronchial mucus (29) (although the IgG/IgA ratio is increased in
smokers (90)) and presumably plays a role in first-line defense against
microbial invasion. Soutar’s (101) studies on the distribution of plasma
and other immunoglobulin-containing cells in the respiratory tract
indicated more IgA-containing cells then those of other immunoglobu-
lin classes. However, the only differential finding between smokers
and nonsmokers was localized to the lobar bronchi of smokers where
significant increases in IgA-containing cells were identified. Smoking
was found to have significant suppressive action on salivary secretory
IgA levels in normals, but not in patients with chronic diseases whose
IgA levels were already elevated above normal (63). While these
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studies show alterations in the expressions of local humoral immunity,
the clinical significance of these changes is unknown.

Investigations have also been done to determine the effect of
smoking on systemic humoral immunity. An assay which reflects
antibody production is the plaque-forming cell (PFC) response.
Thomas, et al. (108) examined PFC responses in samples of immuno-
competent lung cells from mice exposed to fresh cigarette smoke and
found progressive impairment of these responses over the exposure
period of up to 10 months. In the studies of Holt, Keast, Nulsen, and
Thomas (76,106,108,109,110) concerning the long-term effects of
smoking on mice, PFC responses to intratracheally or intraperitoneally
introduced antigens were shown to be initially enhanced and then
depressed by chronic smoking (108,109). The direct measurement of
serum hemolytic and hemagglutinating antibodies also showed depres-
sion, but the humoral response to a T cell-independent immunogen was
unaffected (109). The secondary PFC response reflecting another
aspect of humoral immunity was unaffected by smoking (109). PFC
response depression was found to be reversible in a group when
smoking was discontinued for 16 weeks (110). Other measurements of
humoral immunity in mouse models exposed to tobacco also demon-
strated impairment of the production of hemagglutinating antibodies,
including those raised in response to the influenza virus (66), although
some degree of suppression was reversible (28). Tar content of
cigarettes may also play an important role (46).

Roszman, et al. (93, 94, 95), investigating several aspects of smoking
and immunity in rabbits, found suppression of mitogen-induced
blastogenesis and suppression of the immunoglobulin M and G
antibody responses which correlated directly with the concentration
either of nicotine or of the water-soluble fraction from cigarette smoke
that was added to cultures.

Several surveys have attempted to address the issue of whether
smoking influences serum immunoglobulin levels. Vos-Brat and
Ruemke (116) found significant depression of IgG in smokers,
Kosmider, et al. (59) also found a decreased IgG but increased IgM and
IgA, while Wingerd and Sponzilli (127) found a decrease in the entire
gamma globulin fraction. A decrease in lymphocytotoxic antibodies
among smokers has also been demonstrated in pregnant women (77).
On the other hand, no reported differences in mean concentrations of
immunoglobulins were found when smokers were compared to
nonsmokers by geographic location (71).

While these reports suggest that humoral antibody responses are
influenced by cigarette smoke in a variety of ways, critical to this issue
is a consideration of possible biologic impact in humans. Whether
susceptibility to infection may be the end result of smoking effects on
constituent elements of the immune system should be addressed. Thus,
especially pertinent are the influenza vaccination studies of Waldman,
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et al. (117), indicating that smoking more than one-half pack of
cigarettes per day increased the risk of influenza-like illness, although
the duration of the illness was unaltered. Finklea and associates (32)
showed that the incidence of clinical influenza was 21 percent higher
among smokers than nonsmokers. Serological data from this study
suggested that smokers also had more frequent subclinical influenza.
In pursuing this observation, Finklea, et al. (31) showed that, while
serologic response to vaccination did not significantly differ between
smokers and nonsmokers, the persistence of antibody titers after either
natural infection or vaccination with Az antigens was significantly
decreased among smokers. Nymand (77), examining histories of
pregnant women, found that urinary tract infections and viral illness
were observed more often in smokers than nonsmokers.

That elements indicative of immune function appear in the lung is
evidenced by the identification of both T and B cells in fluid samples
recovered from this site (121). Of interest is the finding of both an
increased number of T and B cells and an increase in the T/B ratio in
smokers.

Several aspects of cell-mediated immunity have been studied in
animal models, including the ability of immunocompetent lymphocytes
to proliferate after mitogenic stimulation by phytohemagglutin
(PHA), pokeweed (PW), and Concanavalin A (Con-A). In mice, initial
increases of PHA responses in blood and regional lymph node
lymphocytes were found after brief exposure to cigarette smoke, but
decreases were found after prolonged exposure (107). Another study
(18) demonstrated inhibition of proliferation of mouse lymphocytes to
both PHA and pokeweed mitogen by an aqueous fraction of tobacco. In
the rabbit (94), both nicotine and water-soluble fractions from whole
cigarette smoke diminished peripheral lymphocyte blastogenic re-
sponse to lectin stimulation.

Because of variation in methodology, data from human studies are
difficult to compare. While increased numbers of T cells in peripheral
blood lymphocytes and enhanced PHA response were noted among
younger smokers, responses of older smokers or of those with a history
of heavier cigarette consumption did not differ from normals (100). In
examining peripheral bloods, Suciu-Foca, et al. (103) found no
differences in percent of T lymphocytes, PHA responses, or behavior in
mixed lymphocyte cultures between smokers and nonsmokers. In
another study (125), samples of blood taken from humans after
smoking showed no differences in PHA responses even when
physiologic levels of nicotine were added directly to the cultures. In
contrast, Neher (74) found decreased DNA synthesis in response to
PHA in the presence of nicotine. Desplaces, et al. (27) showed that
smoke inhibited lymphocyte transformation by PHA yet stimulated
lymphocytes in the absence of PHA. The clinical significance of this
single aspect of T-cell function has yet to be determined.
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Effects on other cellular elements of the immune system have also
been described. Vos-Brat and Ruemke (116) and Silverman, et al. (100)
demonstrated increased granular leukocytic levels in smokers. Others
(54,79,98,129) have shown that smokers have hypereosinophilia. In two
studies (79,98) the hypereosinophilia was reversible with abstinence
from smoking. Similar lymphocytic and eosinophilic increases among
smokers have been noted in patients’ post-myocardial infarctions (129).

Serum abnormalities also have been described in smokers, including
increased C-reactive (45) protein and an abnormal seroflocculant in
smokers. Effects of smoking on manifestations of immune hyperres-
ponsiveness add further evidence to the purported suppressive action
of tobacco. Of interest are the reports of diminution of amyloid
formation in the hamster model (123) and the inexplicable increase in
survival of cardiac transplants in patients who resumed smoking
postoperatively (35).

Target Organs of the Allergic Response

Despite the limitations, as previously noted, in appropriate materials
and methods to define any possible effects of tobacco and smoking on
allergic people, studies dealing with their roles in affecting various
organs are noteworthy. A variety of clinical conditions have been
ascribed to allergic manifestations to tobacco leaf or smoke, including
asthma, rhinitis, hives, dermatitis, migraine headaches, cardiac and
other vascular disturbances, as well as gastrointestinal disorders. The
respiratory system has been the most widely studied.

Allergic rhinitis, typified by hay fever due to seasonal pollens and
molds, is caused by exposure to a wide range of ubiquitous allergens,
Apart from investigations of tobacco workers, there are no available
studies to date to suggest that tobacco smoke or tobacco allergens are
in fact a cause of allergic rhinitis in the general population. Many
studies, however, have been reported showing that rhinitis patients
suffer exacerbation of symptoms upon exposure to smoke. Speer (102)
reported that 67 percent of allergic persons noted aggravation of nasal
symptoms upon exposure to smoke, compared to 29 percent of
nonallergic persons similiarly exposed. Broder, et al. (11) found that
most symptoms of allergic rhinitis could be attributed to other
definable allergens with smoking or smoke exposure playing only a
minor role. Allergic rhinitis believed to be related specifically to
hypersensitivity to tobacco leaf products was reported to occur in 14.6
percent of 355 tobacco plantation workers and 8.7 percent of 722
tobacco factory workers (114).

Another study (86) among tobacco workers demonstrated that
allergic rhinitis thought to be related to tobacco leaf occurred in
approximately 4 percent of cases. However, possible contamination of
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tobacco by molds or other allergens or irritants was not excluded in
these studies.

It is relevant to note that symptoms of nasal congestion and excess
mucous gland secretion, which may mimic those of allergic rhinitis or
hay fever, can be caused by the nonspecific irritant or pharmacologic
effects of vapor from the constituents of tobacco smoke. Thus,
although it is not known whether allergy to tobacco or tobacco smoke
plays a primary etiologic role in the usual case of allergic rhinitis,
tobacco smoke per se is known to aggravate this condition via an
irritant effect.

It is well known (102) that eye irritation manifested by itching,
burning, swelling, and lacrimation occurs commonly among both
allergic nonsmokers and nonallergic nonsmokers. To date, no studies
are available suggesting that this manifestation is due to anything
other than the nonspecific irritating effect of cigarette smoke.

Many studies have attempted to assess the relation between tobacco
or smoking and asthma. Early investigators, using a variety of skin
test materials (64, 91), inferred that allergy to tobacco could be
causally related to asthma. Subsequent reports have examined the
possible role of passive smoking in asthma. Speer (102) found that
wheezing occurred more frequently in allergic people than in
nonallergic people upon exposure to smoke. O’Connell and Logan (78),
in studying the effects of parental smoking, found that smoke
aggravated attacks of asthma in 26 percent of asthmatic children of
nonsmoking parents, in contrast to 67 percent of asthmatic children of
smoking parents. Importantly, they assessed the effects upon
asthmatic children whose parents stopped smoking and reported
improvement in 18 of 20 children. In contrast, only 4 of 15 asthmatic
children improved when parents continued to smoke. Cameron and
coworkers (15) concluded that asthmatic children of smoking parents
were more often ill with respiratory disease but that this was related
to nonspecific irritation rather than hypersensitivity. On the other
hand, Rosen and Levy (92) published a case report of an infant who
developed bronchial asthma associated with exposure to smoke. In this
study, reaginic antibody to tobacco extract was documented by passive
cutaneous transfer. More conclusive studies that tobacco may be
causally related to asthma are reported among tobacco workers.
Among 286 persons exposed to raw or fermented tobacco, the incidence
of allergic manifestations was 8 percent, of which 17 percent had
asthma (86). The possible role of tobacco additives has also been
considered. Burge, et al. (13) reported the occurrence of occupationally-
related asthma in a group of 21 industrial workers where colophony or
pine resin, a substance also present in cigarettes as adhesives and filter
fillings, was implicated.

The consequences of cigarette smoking in the asthmatic patient have
also been examined. Townley and coworkers (112) reported similar
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bronchial airway responses to lung function tests by methacholine
inhalation in both smoking and nonsmoking asthmatics. Pimm and
associates also reported that passive exposure of asthmatics to
cigarette smoke resulted in no consistent significant effect on lung
volumes and expiratory flow rates when compared with parallel room
air exposure (84). On the other hand, Burrows, et al. (14), in a study of
smoking and tests of lung function, found that an allergic predisposi-
tion, asthma or allergic rhinitis, as defined by positive skin reactivity,
were associated with an increased susceptibility to bronchoconstrictor
effects of cigarette smoking and to recurrent chest infections. That
smoking can adversely effect an asthmatic patient in an indirect
manner is illustrated by the finding of Powell, et al. (87) demonstrat-
ing interference with normal metabolism of the bronchodilator agent,
theophylline, in smokers.

The concept that hyperreactive airways in asthmatics are due to a
regulatory dysfunction of the autonomic nervous system is pertinent to
this discussion (30). In addition to the effects of specific allergens
inducing responsible mediators of bronchoconstriction, it is appreciated
that nonspecific irritants (for example odors, temperature extremes,
exercise, chemicals) can also act upon the affected cell receptors to
precipitate asthmatic attacks.

Thus, apart from any putative allergenic effects of tobacco in a
specifically sensitized patient, inhaled tobacco smoke carries the
irritant potential to trigger or to aggravate asthmatic symptoms in the
patient so affected. Hence, there is further support offered for both
cessation of smoking and the following of avoidance procedures of
passive exposure in the asthmatic individual.

Allergic effects of tobacco on the cardiovascular system have also
received considerable attention. It is well documented that cardiac
abnormalities occur in association with allergic phenomena, for
example, anaphylaxis or allergic shock (5, 25, 73). However, whether
tobacco may play a role in cardiovascular alterations apart from known
pharmacologic effects is still not clear. Harkavy’s series of observa-
tions (36, 37, 38, 39, 40, 42, 48) would support the concept that allergy to
tobacco leaf may have important implications in a variety of cardiac
and vascular diseases. In these he would include cardiac arrythmias,
intensification of coronary artery insufficiency, thromboangiitis
obliterans, migrating phlebitis, and some forms of allergic vasculitis.
Although acknowledging the pharmacologic effects of nicotine on the
cardiovascular system, Harkavy also suggests that it may act as a
hapten in inducing allergic responses. Recent observations by Becker
and coworkers (10), using a partially characterized antigenic compo-
nent of tobacco, led them to hypothesize that circulating tobacco
antigens in sensitive individuals might react with corresponding
antibody to produce focal injury of blood vessels. If this hypothesis is
corroborated, design of further studies of potential adverse conse-
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quences of possible tobacco allergy on the cardiovascular system will be
possible. ‘

That tobacco may operate through the mechanism of cell-mediated
immunity or delayed hypersensitivity is suggested by case reports of
contact dermatitis caused by tobacco smoke and tobacco smoke residue
(19, 24, 122). Recent surveys among tobacco workers have shown that
contact dermatitis related to tobacco was responsible for 14 percent of
skin eruptions occurring in this industrial sample (3). By contrast,
however, an earlier survey (96) could not implicate tobacco. as a cause
of dermatitis among cigar factory workers. It has been pointed out
that dermatitis among tobacco workers probably represents a nonspe-
cific response due to injury, moisture, or irritants, especially those
from the chemicals or other fertilizers used in the growing process
(122). To date, therefore, there is little evidence that allergic skin
manifestations due to tobacco occur with any significant frequency.

Summary

1. Tobacco and tobacco smoke extracts have been found to act as
antigens inducing both precipitating and reaginic antibodies in
experimental animals. Tobaceo leaf products can also sensitize
lymphocytes participating in cell-mediated immune functions. ;

2. Tobacco and its combustion products are known to be heterogene-
ous mixtures of particulate and gasous materials. Additionally, natural
contaminants and intentional additives increase the array of compo-
nents, presenting a complex of toxic, pharmacologic, irritant, and
inflammatory effects that can complicate interpretation of a precisely
defined role for tobacco in immune and allergic processes.

3. Several tobacco antigens have been isolated by chemical proce-
dures. Of special interest is a glycoprotein common to both tobacco
extracts and smoke antigenically corresponding with reaginic antibody
in humans.

4. Epidemiologic samplings to define the presence of true allergy to
tobacco, either among healthy persons or among those suffering from
known allergic conditions, are inconclusive.

5. Tobacco smokihg exerts a variety of effects on respiratory tract
structures involved in local host defense, and chronic smoking leads to
*onsistent histological changes in the respiratory tract.

(a) There is evidence to indicate an adverse effect of long-term
smoking on the mucociliary transport mechanisms and mucus
composition.

(b) The number of macrophages isolated from lung fluids of smokers
is increased over nonsmokers.

(c) Changes in the ultrastructure of macrophages—most notably the
presence of cytoplasmic inclusions—are found in smokers.
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(d) Alveolar macrophages from smokers have altered metabolism

and measurable degrees of physiologic impairment.

6. Alterations of indicators of humoral immunity have been
demonstrated in the respiratory tracts of smokers, and smoking may
impair systemic humoral immunity both in vitro and in vivo.

7. Alterations in assays of cell-mediated immunity are noted locally
and systemically in smokers.

8. Leukocytosis and reversible hypereosinophilia have been seen in
smokers.

9. The ability to make a definitive diagnosis of tobacco allergy is
complicated by the difficulty of demonstrating a cause and effect
relationship between immunologic events and disease manifestations;
additional evidence is required to establish whether there is a
definitive role for tobacco smoke sensitization in causing allergic
diseases.

10. Studies concerned with the adverse consequences of either active
or passive smoking have shown that allergic individuals, especially
those with rhinitis or asthma, may, in fact, be more sensitive to the
nonspecific noxious effects of cigarette smoke than healthy individu-
als.

Conclusion and Comment

Apart from symptom-relieving drugs, there are no known effective
therapeutic measures to prevent or combat the adverse effects of
smoking on immune function and on allergy-related problems. It is
evident that further studies defining tobacco antigens, determining
the clinical incidence of tobacco allergy, further clarifying the nature
of immune responses to tobacco, and improving the diagnostic agents
and materials should be undertaken. Such studies, however, can not be
expected to have an impact on improving the health of individuals
subject to tobacco’s adverse effects comparable to that which would
result from adhering to the mainstay of management of the allergic
patient—complete avoidance of the incriminated substance.

10—24



Allergy and immunity: References

6}

@

(%)
4

%)
(6

4]

¥

@

(10

un

(12)

(19

(14)
{15)

(16)

un

(18)

(19)

(20

ALBERT, R.E., BERGER, J., SANBORN, K, LIPPMANN, M. Effects of
cigarette smoke components on bronchial clearance in the donkey. Archives of
Environmental Health 29: 96-101, August 1974.

ALBERT, R.E., LIPPMANN, M. BRISCOE, W. The characteristies of bronchial
clearance in humans and the effects of cigarette smoking. Archives of
Environmental Health 18: 738-755, May 1969.

ANDREICHUK, LE. K voprosu o tabochnom dermatite (On tobacco dermatitis).
Vestnik Dermatologii I Venerologii (4): 57-59, 1975.

ARMEN, RN, COHEN, S.G. The effect of forced inhalation of tobacco smoke
on the electrocardiogram of normal and tobacco-sensitized rabbits. Diseases of
the Chest 35: 663-676, June 1959.

AUER, J., ROBINSON, G.C. An electrocardiographic study of the anaphylactic
rabbit. Journal of Experimental Medicine 18: 450-460, 1931.

BAIR, W.J., DILLEY, J.V. Pulmonary clearance of ®Fe:0s. and 5Crz0s in rats
and dogs exposed to cigarette smoke. In: Davies, C.N. (Editor). Inhaled
Particles and Vapours II. New York, Pergamon Press, 1967, pp. 251-268.

BALLENGER, J.J. Experimental effect of cigarette smoke on human respira-
tory cilia. New England Journal of Medicine 263(17): 832-835, October 27, 1960.

BARKIN, G.D., MCGOVERN, J.P. What the classroom teacher can do for the
asthmatic child. National Education Association J ournal 56(8): 4041, Novem-
ber 1967.

BECKER, C.G., DUBIN, T. Activation of factor XII by tobacco glycoprotein.
Journal of Experimental Medicine 146: 457-467, 1977.

BECKER, C.G., DUBIN, T., WIEDEMANN, H.P. Hypersensitivity to tobacco
antigen. Proceedings of the National Academy of Sciences 73(5): 1712-1716,
May 1976.

BRODER 1., HIGGINS M.W., MATHEWS K.P., KELLER J .B. Epidemiology of
asthma and allergic rhinitis in a total community, Tecumseh, Michigan, III.
Second Survey of the Community. Journal of Allergy and Clinical Immunology
53(3): 127-138, March 1974.

BROWN, A. Present day treatment of asthma. New York Medical Journal and
Medical Review 98(6): 333-336, September 19, 1923.

BURGE, P.S., HARRIES, M.G., O'BRIEN, LM, PEPYS, J. Respiratory disease
in workers exposed to solder flux fumes containing colophony (pine resin).
Clinical Allergy 8: 1-14, 1978.

BURROWS, B, LEBOWITZ, M.D., BARBEE, R.A. Respiratory disorders and
allergy skin-test reactions. Annals of Internal Medicine 84(2): 134-139 1976.

CAMERON, P. KOSTIN, J.S, ZAKS, JM., WOLFE, J.H., TIGHE, G,
OSELETT, B., STOCKER, R., WINTON, J. The health of smokers’ and
nonsmokers’ children. Journal of Allergy 43(6): 336-341, June 1969.

CAMNER, P., PHILIPSON, K. Tracheobronchial clearance in smoking-discor-
dant twins. Archives of Environmental Health 25: 60-63, July 1972.

CAMNER, P., PHILIPSON, K., ARVIDSSON, T. Cigarette smoking in man.
Short-term effect on mucociliary transport. Archives of Environmental Health
23: 421-426, December 1971.

CARLENS, E. Smoking and the immune response in the airpassages. Broncho-
Pneumologie 26(4): 322-323, July/August 1976.

CHANIAL, G., JOSEPH, J., COLIN, L., DUCLAUX, C. Les dermites chez les
travailleurs du tabac (a propos de 9 observations) (Cases of Dermatitis in
tobacco workers [reference to nine observations]). Bulletin de la Societe
Francaise de Dermatologie et de Syphiligraphie 77(2): 281-283, July 1970.

CHOBOT, R. The significance of tobacco reactions in allergic children. Journal
of Allergy 6: 383-386, 1934.

10—25



(21)

(22)

(22a)

(29)

(24)

(25)

(26)

27

(28)

(29)

(30)

(81)

(82)

(39

(34

(35)

(36)

(37

10—26

CHU, Y.M., PARLETT, R.C., WRIGHT, G.L., JR. A preliminary investigation of
some immunologic aspects of tobacco use. American Review of Respiratory
Disease 102(1): 118-123, 1970.

COHEN, A.B. CLINE, M.J. The human alveolar macrophage: Isolation,
cultivation in vitro, and studies of morphologic and functional characteristics.
Journal of Clinical Investigation 50(7): 1390-1398, July 1971.

COLLEY, JR.T., HOLLAND, W.W., CORKHILL, R.T. Influence of passive
smoking and parental phlegm on pneumonia and bronchitis in early childhood.
Lancet:1031-1034, November 2, 1974.

COOMBS, RRA,, GELL, P.GH,, Classification of allergic reactions responsible
for clinical hypersensitivity and disease. In: Gell, P.G.H., Coombs, R.RA.
(Editors). Clinical Aspects of Immunology. Oxford, Blackwell Scientific
Publications, 1963, pp. 575-596.

CORMIA, F.E,, DE GARA, P.F. Vesiculobullous dermatitis from tobacco smoke.
Journal of the American Medical Association 193(5): 141-142, August 2, 1965.

CRIEP, L.H. Electrocardiographic studies on the effect of anaphylaxis on the
cardiac mechanism. Archives of Internal Medicine 48(6): 1098-1109, 1931.

DALHAMN, T. Studies on tracheal ciliary activity. American Review of
Respiratory Diseases 8%6): 870-877, 1964.

DESPLACES, A., CHARREIRE, J., IZARD, C. Action de la phase gazeuse de
fumee de cigarette sur la transformation lymphoblastique du petit lymphocyte
humain (observations preliminaires) (Smoke inhibition of lymphocytes trans-
formation by PHA but stimulation of lymphocytes in the absence of PHA
{preliminary observations]). Revue European Etudes Clinque et Biologique 16:
822-826, 1971.

ESBER, H.J., MENNINGER, F.F, JR, BOGDEN, A.E, MASON, MM
Immunological deficiency associated with cigarette smoke inhalation by mice.
Primary and secondary hemagglutinin response. Archives of Environmental
Health 27(2): 99-104, August 1973.

FALK, G.A., OKINAKA, AJ., SISKIND, G.W. Immunoglobulins in the
bronchial washings of patients with chronic obstructive pulmonary disease.
American Review of Respiratory Disease 105: 14-21, 1972.

FARR, R.S. Asthma in adults: The ambulatory patient. Hospital Practice: 113-
123, April 1978.

FINKLEA, J.F., HASSELBLAD, V., RIGGAN, W.B, NELSON, W.C. HAM-
MER, D.I, NEWILL, V.A. Cigarette smoking and hemagglutination inhibition
response to influenza after natural disease and immunization. American
Review of Respiratory Disease 104(3): 368-376, September 1971.

FINKLEA, J.F., SANDIFER, S.H, SMITH, D.D. Cigarette smoking and
epidemic influenza. American Journal of Epidemiology 90(1): 390-399, 1969.

FONTANA, V.J., REDISCH, W, NEMIR, R.L., SMITH, M.K., DECRINIS, K..
SULZBERGER, M.B. Studies in tobacco hypersensitivity. III. Reactions to
skin tests and peripheral vascular responses. Journal of Allergy 30(3): 241-249,
May/June 1959.

GREEN, G.M., CAROLIN, D. The depressant effect of cigarette smoke on the in
vitro antibacterial activity of alveolar macrophages. New England Journal of
Medicine 276(8): 422-427, February 23, 1967.

GRIEPP, R.B., STINSON, E.B,, BIEBER, C.P., REITZ, B.A., COPELAND, J.G,
OYER, P.E., SHUMWAY, N.E. Control of graft arteriosclerosis in human
heart transplant recipients. Surgery 81(3): 262-269, March 1977.

HARKAVY, J. Cardiac manifestations due to hypersensitivity. Annals of
Allergy 28(6): 242-251, June 1970.

HARKAVY, J. Cardiovascular manifestations due to hypersensitivity. New
York State Journal of Medicine 69(21): 2757-2765, November 1, 1969.



(38)

(39)

(40)

(42)
(42)

(43)

(43a)

(44}

(45)

(46)

47

(48)

(49

(50)

C3)]

(52)

(5%)

(54

(55)

HARKAVY, J. Hypersensitiveness to tobacco and biopsy studies of skin
reactions in vascular disease. Journal of Allergy 9: 475488, 1938.

HARKAVY, J. Tobacco sensitiveness in angina pectoris and coronary artery
disease. Proceedings of the Society for Experimental Biology and Medicine
30(104): 683-684, 1932.

HARKAVY, J. Tobacco sensitiveness in thromboangiitis obliterans, migrating
philebitis and coronary artery disease. Bulletin of the New York Academy of
Medicine 9: 318-322, 1933. (Abstract)

HARKAVY, J. Tobacco sensitization in rats. Proceedings of the Society for
Experimental Biology and Medicine 36(3): 381-383, April 1937.

HARKAVY, J. Tobacco skin reactions and their clinical significance. Journal of
Investigative Dermatology 2: 257-279, 1939.

HARKAVY, J., WITEBSKY, E. Studies of specificity in multiple hypersensi-
tiveness by quantitative titration and absorption of reagins. Journal of Allergy
6: 437-447, 1935.

HARLAP, S, DAVIES, AM. Infant admissions to hospital and maternal
smoking. Lancet :529-532, March 30, 1974.

HARRIS, J.0., SWENSON, E.W., JOHNSON, J.E, III. Human alveolar
macrophages: Comparison of phagotytic ability, glucose utilization, and
ultrastructure in smokers and nonsmokers. Journal of Clinical Investigation
49: 2086-2096, 1970.

HEISKELL, C.L, MILLER, J.N, ALDRICH, H.J., CARPENTER, CM.
Smoking and serologic abnormalities. Journal of the American Medical
Association 181(8): 674-677, August 25, 1962.

HOLT, P.G., CHALMER, J.E, ROBERTS, L.M., PAPADIMITRIOU, J.M,
THOMAS, W.R.,, KEAST, D. Low-tar and high-tar cigarettes. Comparison of
effects in two strains of mice. Archives of Environmental Health 31(5): 258-
265, September/October 1976.

HOLT, P.G., KEAST, D. Acute effects of cigarette smoke on murine
macrophages. Archives of Environmental Health 26(6): 300-304, June 1973.

HOSEN, H. Letter to the editor. Tobacco Sensitivity. Annals of Allergy 29(11):
608-610, November 1971.

HUBER, G.L., SHEA, J. Does tobacco smoke impair alveolar macrophage
function. Chest 70(3): 429, September 1971. (Abstract)

IRAVANTI, J. Effects of cigarette smoke on the ciliated respiratory epithelium
of rats. Respiration 29: 480-487, 1972.

ISHIZAKA, K., ISHIZAKA, T. Identification of yE-antibodies as a carrier of
reaginic activity. Journal of Immunology 99(6): 1187-1198, 1967.

ISHIZAKA, T., ISHIZAKA, K., ORANGE, R.P., AUSTEN, K.F. The capacity of
human immunoglobulin E to mediate the release of histamine and slow
reacting substance of anaphylaxis (SRS-A) from monkey lung. Journal of
Immunology 104(2): 335-343, 1970.

JUSTUS, D.E., ADAMS, D.A. Evaluation of tobacco hypersensitivity responses
in the mouse. A potential animal model for critical study of tobacco allergy.
International Archives of Allergy and Applied Immunology 51(6): 687-695,
1976.

KAMESWARAN, L., KANAKAMBAL, K., VIJAYASEKARAN, V. Studies on
plasma histaminase levels in normal and allergic individuals. Indian Journal of
Physiology and Pharmacology 12(4): 159-165, October 1968.

KAMINSKI, EJ., FANCHER, O.E., CALANDRA, J.C. In vivo studies of the
ciliastatic effects of tobacco smoke. Archives of Environmental Health 16: 188-
193, February 1968.

10—27



(56)

(57

(58)

(59)

(60)

(61)
(62)

(69

(64)

(65)

(66)

67)

(68)

(69)

(70)

(71)

(72)

(79)

(74

10—28

KASEMIR, H.,, KERP, L. Gesamteinwirkungen von luftverunreinigungen auf
den menschen aus der sicht der immunologie (Total effects of air pollution on
man from an immunological viewpoint). Praxis Der Pneumologie 28(special
issue): 776-780, December 1974.

KEAST, D., HOLT, P. Smoking and the immune response. New Scientist
61(891): 806-807, March 28, 1974.

KOLLERSTROM, N., LORD, P.W,, WHIMSTER, W.F. A difference in the
composition of bronchial mucus between smokers and non-smokers. Thorax
32(2): 155-159, 1977.

KOSMIDER, S., FELUS, E., WYSOCKI, J. Ocena niektorych wyznacznikow
odpornosci humoralnej palaczy papierosow (Evaluation of some humoral
resistance determinants in smokers). Polski Tygodnik Lekarski 28(2): 47-50,
January 8, 1973.

KREIS, B, PELTIER, A, FOURNAUD, S., DUPIN-GIROD, S. Reaction de
precipitation entre certains serums humains et des extraits solubles de tabac
(Precipitation reaction between some human serums and soluble tobacco
extracts). Annales de Medecine Interne 121(4): 437-440, April 1970.

LAURENZI, G.A., GUARNER], J.J,, ENDRIGA, R.B., CAREY, J.P. Clearance
of bacteria by the lower respiratory tract. Science 142: 1572-1573, 1968.

LEHRER, S., WILSON, M, SALVAGGIO, J.E. Immunogenie properties of
tobaceo smoke. Journal of Allergy and Clinical Immunology 62: 368-370, 1978.

LEWIS, D.M., LAPP, N. LeR, BURRELL, R. Quantitation of secretory
immunoglobulin A in chronic pulmonary disease. American Review of
Respiratory Disease 101(1): 55-61, January 1970.

LIMA, A.O., ROCHA, G. Cutaneous reactions to tobacco antigen in allergic and
nonallergic children. Annals of Allergy 7(4): 528-531, July/August 1949.

LOURENCO, R.V., KLIMEK, M.F., BOROWSKI, C.J. Deposition and clearance
of 2 p particles in the tracheobronchial tree of normal subjects—smokers and
nonsmokers. Journal of Clinical Investigation 50: 1411-1420, 1971.

MACKENZIE, J.S. The effect of cigarette smoke on influenza virus infection: A
murine model system. Life Sciences 19(3): 409-412, August 1, 1976.

MARTIN, R.R. Altered morphology and increased acid hydrolase content of
pulmonary macrophages from cigarette smokers. American Review of
Respiratory Disease 107: 596-601, 1973.

MATSUSHITA, H., NOGUCHI, M., TAMAKI, E. Conjugate of bovine serum
albumin with nicotine. Biochemical and Biophysical Research Communications
57(4): 1006-1010, 1974.

MAXWELL, K.W., MARCUS, 5, RENZETTI, A.D., JR. Effect of tobacco
smoke on the phagocytic and cytopeptic activity of guinea pig alveolar
macrophages. American Review of Respiratory Disease 96(1): 156, 1967.

MCGOVERN, J.P., PEIRCE, K.E, LEE RE, JR. The allergic child and his
challenge to the achool. Clinical Pediatrics 10(11): 636-644, November 1971.

MELOY LABORATORIES, INC. Air pollution exposure and immunoglobulin
levels. Springfield, Virginia, Meloy Laboratories, Inc., Biological Products
Division, March 1974, pp. 1-15.

MEYER, D.H., CROSS, C.E, IBRAHIM, A.B., MUSTAFA, M.G. Nicotine
effects on alveolar macrophage respiration and adenosine triphosphatase
activity. Archives of Environmental Health 22(3): 362-365, Mareh 1971,

MIKULICICH, G. Electrocardiographic changes in experimental anaphylactic
reactions. Journal of Allergy 2(3): 249-263, May 1951.

NEHER, G.H. Nicotine-induced depression of lymphocyte growth. Toxicology
and Applied Pharmacology 27(2): 253-258, February 1974.



(75)

(75a)

(76)

(7

(78)

(79)

(80)

(81

(82)

(83)

(84)

(85)

(86)

(87)

(88)

(89)

(90)

(91)

NORMAN, V. An overview of the vapor phase, semivolatile and nonvolatile
components of cigarette smoke. In: Recent Advances in Tobacco Seience.
Volume 3. Tobacco Smoke: Its Formation and Composition. Thirty-first
Tobacco Chemists Research Conference. Greensboro, North Carolina, October,
5-7,1977, pp. 27-58.

NORMAN-TAYLOR, W., DICKINSON, V.A. Dangers for children in smoking
families. Community Medicine: 32-33, April 21, 1972.

NULSEN, A., HOLT, P.G., KEAST, D. Cigarette smoking, air pollution, and
immunity: A model system. Infection and Immunity 10(6): 1226-1229,
December 1974.

NYMAND, G. Maternal smoking and immunity. Lancet 2(7893): 1379-1380,
December 7, 1974. (Letter)

O’'CONNELL, EJ., LOGAN, G.B. Parental smoking in childhood asthma.
Annals of Allergy 32: 142-145, March 1974.

PAINTAL, LS., MININA, RJ. Tobacco smoking—a probable cause of eosino-
philia. Indian Practitioner 28(5): 243-245, May 1975.

PANAYOTOPOULOS, S., GOTSIS, N., PAPAZOGLOU, N., CONCOURIS, L.
Antigenic study of nicotiana tabacum and research on precipitins against
tobacco antigens in the serum of smokers and nonsmokers. Allergologia et
Immunopathologia 2(1): 111-114, January/February 1974.

PATON, W.D.M. The mechanism of histamine release. In: Wolstenholme,
G.E.W., O’Connor, C.M. (Editors). Histamine. Boston, Little, Brown and Co.,
1956, pp. 59-73.

PAVIA, D., SHORT, M.D., THOMSON, M.L. No demonstrable long term effects
of cigarette smoking on the mucociliary mechanisms of the human lung.
Nature 226: 1228-1231, June 27, 1970.

PESHKIN, M.M.,, LANDAY, L.H. Cutaneous reactions to tobacco antigen in
allergic and nonallergic children with the direct and indirect (local passive
transfer) methods of testing. Journal of Allergy 10: 241-245, 1939.

PIMM, P., SHEPHARD, R.J., SILVERMAN, F. Physiological effects of acute
passive exposure to cigarette smoke in asthmatics. Proceedings of the
Federation of American Societies for Experimental Biology, 61st Annual
Meeting, Chicago, Illinois, April 1-8, 1977, 36: 606, 1977. (Abstract)

PIPES, D.M. Allergy to tobacco smoke. Annals of Allergy 28(3): 277-282,
July/August 1945.

POPESCU, 1. GR,, PAUN, R, MOLNER, C., OLARU, C.,, GHEORGHIU, T.,
I0TA, C.G. Contributions to the study of tobacco allergy. Revue Roumaine de
Medecine Interna 1(5): 427-436, 1964.

POWELL, J.R., THIERCELIN, J.-F., VOZEH, S., SANSOM, L., RIEGELMAN,
S. The influence of cigarette smoking and sex on theophylline disposition.
American Review of Respiratory Disease 116: 17-23, 1977.

PRATT, S.A., FINLEY, T.N., SMITH, M.H., LADMAN, AJ. A comparison of
alveolar macrophages and pulmonary surfactant (?) obtained from the lungs of
human smokers and nonsmokers by endobronchial lavage. Anatomical Record
163: 497-508, 1969.

REGLAND, B.,, CAJANDER, 8., WIMAN, L.-G., FALKMER, S. Scanning
electron microseopy of the bronchial mucosa in some lung diseases using
bronchoscopy specimens. Scandinavian Journal of Respiratory Diseases 57:
171-182, 1976.

REYNOLDS, H.Y., NEWBALL, H.H. Analysis of proteins and respiratory cells
obtained from human lungs by bronchial lavage. Journal of Laboratory and
Clinical Medicine 84(4): 559-573, October 1974.

ROSEN, F.L. Studies in tobacco allergy. Journal of the Medical Society of New
Jersey 51(3): 109-114, March 1954.

10—29



(92)

(95

94)

(95)

(96)

(97

(98)
(99
(100)

(101)

(102)

(108)

(104)

(105)

(106)

(107)

(108)

(109)

(110)

10—30

ROSEN, F.L., LEVY, A. Bronchial asthma due to allergy to tobacco smoke in an
infant. Journal of the American Medical Association 144: 620-621, 1950.

ROSZMAN, T.L. Effect of nicotine and water soluble condensate from whole
smoke in the in vitro secondary antibody response. Proceedings of the
University of Kentucky Tobacco and Health Research Institute, Tobacco and
Health Workshop Conference, Lexington, Kentucky, March 26-28, 1973, pp.
530-541.

ROSZMAN, T.L., ELLIOTT, L.H., ROGERS, A.S. Suppression of lymphocyte
function by products derived from cigarette smoke. American Review of
Respiratory Disease 111(4): 453-457, 1975.

ROSZMAN, T.L., ROGERS, A.S. The immunosuppressive potential of products
derived from cigarette smoke. American Review of Respiratory Disease 108(5):
1158-1163, November 1973.

SAMITZ, M.H., MORI, P., LONG, C-F. Dermatological hazards in the cigar
industry. Industrial Medicine and Surgery 18(10): 434-439, QOctober 1949.

SCHACHTER, J., Allergy Statisties: Allergic Conditions in the United States.
U.S. Department of Health, Education and Welfare, Public Health Service,
National Institutes of Health, National Institute of Allergy and Infectious
Diseases, DHEW Publication No. (NIH) 75-757, 1975, 2 pp.

SCHOEN, L, PIZER, M. Eosinophilia apparently related to cigarette smoking.
New England Journal of Medicine 270(25): 1844-1347, June 18, 1964.

SELYE, H. The Mast Cells. Washington, Butterworths, 1965, pp. 132-216.

SILVERMAN, N.A., POTVIN, C., ALEXANDER, J.C., JR., CHRETIEN, P.B.
In vitrolymphocyte reactivity and T-cell levels in chronic cigarette smokers.
Clinical and Experimental Immunology 22(2): 285-292, November 1975.

SOUTAR, C.A. Distribution of plasma cells and other cells containing
immunoglobulin in the respiratory tract of normal man and class of
immunoglobulin contained therein. Thorax 31(2): 158-166, April 1976.

SPEER, F. Tobacco and the nonsmoker. A study of subjective symptoms.
Archives of Environmental Health 16(3): 443-446, March 1968.

SUCIU-FOCA, N., MOLINARO, A., BUDA, J, REEMTSMA, K. Cellular
immune responsiveness in cigarette smokers. Lancet 1: 1062, May 25, 1974.
(Letter)

SULZBERGER, M.B. Studies in tobacco hypersensitivity. 1. A comparison
between reactions to nicotine and to denicotinized tobacco extract. Journal of
Immunology 24(1): 85-91, 1933.

SULZBERGER, M.B., FEIT, E. Studies in tobacco hypersensitivity. IL
Thromboangiitis obliterans with positive urticarial skin reactions and negative
reagin findings. Journal of Immunology 24(5): 425432, 1933.

THOMAS, W.R, HOLT, P.G, KEAST, D. Antibody production in mice
chronically exposed to fresh cigarette smoke. Experientia 30(12): 1469-1470,
December 15, 1974.

THOMAS, W.R., HOLT, P.G., KEAST, D. Cellular immunity in mice chronically
exposed to fresh cigarette smoke. Archives of Environmental Health 27(6):
372-375, December 1973.

THOMAS, W.R., HOLT, P.G, KEAST, D. Development of alterations in the
primary immune response of mice by exposure to fresh cigarette smoke.
International Archives of Allergy and Applied Immunology 46(4): 481-486,
1974.

THOMAS, W.R,, HOLT, P.G, KEAST, D. Humoral immune response of mice
with long-term exposure to cigarette smoke. Archives of Environmental
Health. 30(2): 78-80, February 1975.

THOMAS, W.R, HOLT, P.G, KEAST, D. Recovery of immune system after
cigarette smoking. Nature 248(5446): 358-359, March 22, 1974.



(111)

(112)

(11%)

(114)

(115)

(116)

(217)

(118)

(119)

(120)

(120

(122)

(129)

(124)

(125)

(126)

(127)

TOMIOKA, H., ISHIZAKA, K. Mechanisms of passive sensitization. II. Presence
of receptors for IgE on monkey mast cells. Journal of Immunology 107(4): 971-
978, October 1971.

TOWNLEY, RG., RYO, UY. KOLOTKIN, BM., KANG, B. Bronchial
sensitivity to methacholine in current and former asthmatic and allergic
rhinitis patients and control subjects. Journal of Allergy and Clinical
Immunology 56(6): 429442, December 1975.

TRASOFF, A., BLUMSTEIN, G., MARKS, M. The immunologic aspect of
tobacco in thromboangiitis obliterans and coronary artery disease. Journal of
Allergy 7: 250-253, 1936.

TULEBAEV, RK., MOSHKEVICH, VS Allerglcheskle zabolevaniya ver-
khnikh dykhatel, nykh pytei u rabochikh tabachnogo proizvodstva (Allergic
diseases of the upper respiratory tract in tobacco production workers). Zhurnal
Ushnykh Nosovykh I Gorlovykh Boleznei (4): 12-14, 1975.

VON PIRQUET, C. Allergie, Muenchener Medizinische Wochenschrift. 53: 1457,
1906. In: Gell, P.G.H., Coombs, R.R.A. (Editors). Clinical Aspects of Immunolo-
gy. Philadelphia, F.A. Davis Co., 1963, pp. 40-41.

VOS-BRAT, L.C., RUEMKE, P. Immunoglobuline concentraties, PHA reacties
van lymfocyten in vitro (Immunoglobulin concentrations, PHA reactions of
lymphocytes in vitro, and some antibody titers of healthy smokers). Jaarboek
Karkeronderzoek Kankerbestruding 19: 49-53, 1969.

WALDMAN, RH,, BOND, J.0., LEVITT, L.P., HARTWIG, E.C., PRATHER,
E.C., BARATTA, RL, NEILL, J.S, SMALL, P.A, JR. An evaluation of
influenza immunization. Influence of route of administration and vaccine
strain. Bulletin of the World Health Organization 41: 543-548, 1969.

WANNER, A., HIRSCH, J.A., GREENELTCH, D.E,, SWENSON, E.W., FORE,
T. Tracheal mucous velocity in beagles after chronic exposure to cigarette
smoke. Archives of Environmental Health 27: 370-371, December 1973.

WARR, G.A., MARTIN, R.R. Concanavalin-A agglutination of human pulmo-
nary alveolar macrophages from nonsmokers and cigarette smokers: A
comparison. Life Sciences 18(10): 1177-1184, May 15, 1976.

WARR, G.A., MARTIN, RR. In vitro migration of human alveolar macro-
phages: Effects of cigarette smoking. Infection and Immunology 8(2): 222-221,
August 1973.

WARR, G.A., MARTIN, R.R., HOLLEMAN, C.L., CRISWELL, B.S. Classifica-
tion of bronchial lymphocytes from nonsmokers and smokers. American
Review of Respiratory Disease 113(1): 96-100, January 1976.

WEARY, P.E., WOOD, B.T. Allergic contact dermatitis from tobacco smoke
residues. Journal of the American Medical Association 208(10): 1905-1906, June
9, 1969.

WEHNER, A.P., OLSON, R.J., BUSCH, R.H. Increased life span and decreased
weight in hamsters exposed to cigarette smoke. Archives of Environmental
Health 31(8): 146-153, May/June 1976.

WESTCOTT, F.H., WRIGHT, LS. Tobacco allergy and thromboangiitis
obliterans. Journal of Allergy 9: 555-564, 1938.

WHITEHEAD, RH. HOOPER, BE. GRIMSHAW, D.A., HUGHES, LE
Cellular immune responsiveness in cigarette smokers. Lancet 1(7868): 1232-
1233, June 15, 1974.

WIDE, L., BENNICH, H., JOHANSSON, 8.G.O. Diagnosis of allergy by an in-
vitro test for allergen antibodies. Lancet 2: 1105-1107, November 25, 1967.

WINGERD, J., SPONZILL], E.E. Concentrations of serum protein fractions in
white women: Effects of age, weight, smoking, tonsillectomy, and other
factors. Clinical Chemistry 23(7): 1310-1317, 1977.

10—-31



(128) YEATES, D.B., ASPIN, N., LEVISON, H., JONES, M.T,, BRYAN, AC.
Mucociliary tracheal transport rates in man. Journal of Applied Physiology
39(3): 487-495, September 1975.

(129) ZDICHYNEC, B. Zmeny v bilem krevnim obraze u dlouhodobych kuraku. (Na
Zaklade srovnani souboru nemocnych 8 transmurainim srdecnim infarktem a
nemocnych bez priznaku koronarni choroby v predchorobi) (The change of the
white blood cells count in long-term smokers. [Basis for the comparison of
patients with transmural myocardial infarct and patients without symptoms
of coronary disease]). Vnitrni Lekarstvi 17(4): 327-380, April 1971

(130) ZUSSMAN, BM. Atopic symptoms caused by tobacco hypersensitivity. South-
ern Medical Journal 61(11): 1175-1179, 1968.

(181) ZUSSMAN, BM. Tobacco sensitivity in the allergic population. Journal of
Asthma Research 11(4): 159-168, 1974.

10—-32



11. INVOLUNTARY SMOKING.

Center for Disease Control



CONTENTS

TNLLOAUCTION « o neene e enie ittt et v ene et aaas 5

Constituents of Tobacco Smoke and Their Absorption by

the NODSIMOKEL . ..neneinitiaieieaeteia i aanrataneene e 6
Carbon Monoxide........ooeiviemeiaiiiiniiiiieas 15
NICOUITIE o vv s vneee e e et et aaneeaae e e e sansana s saananaeanees 24
Other SUDSLANCES. ... ittt e e raeeenans 24

Effects of Tobacco Smoke on the Nonsmoker................ 25
General Population ...........coooiviiiiiiiiiien. 25
Effects of Carbon Monoxide in Psychomotor Tests ...28
Special Populations ...........ccooooiiiin 29
Cardiovascular DiSease .......coovvviieiiiiiiiiieiiiianienaeanns 29
Chronic Obstructive Lung Disease...............coeeeinnn 31
Hypersensitivity ........ccoeeveiiiiniiiiiiiniiiiienne 31
(031000 s ¢ FUTTT T USSP PPPPR 31

P11 1T o PO P R RREE 33

Recommendations .......ccooevvveeerviiiiiiannes i 35

RETOIOIICES + oo eeens e e et eteeea e e eaateananeensaanaaaoaanson 36

LIST OF FIGURES

Figure 1.—Calculated buildup of CO under varying
conditions of ventilation and smoking........................ 22

11-3



LIST OF TABLES

Table 1.—Constituents of cigarette smoke: ratio of
sidestream smoke to mainstream SMOKe .......covevereraenss 6

Table 2.—Measurement of constituents of tobacco smoke in
experimental conditions ......cccoooournrennsimmnernme e 7

Table 3.—-Measurement of constituents of tobacco smoke
under natural conditions.........ooeveiemmiimmrreermanererereenes 16

Table 4.—Median percent carboxyhemoglobin (COHb)
saturation and 90 percent range for nonsmokers by
JOCALION. 1o v vveeerrereemsan e neermmans s s s e st 23

Table 5.—Admission rates (per 100 infants) by diagnosis,
birth weight, and maternal SINOKING ... cvnvereernnimraensses

Table 6.—Pneumonia and bronchitis in the first 5 years of
life, by parents’ smoking habit and morning phlegm....34

11—4



Introduction

The effects of smoking on the smoker have been extensively
documented in other chapters of this report. This chapter will review
the effects of tobacco smoke on the nonsmoker, an area in which there
has been increasing concern in the past several years (66a, 76, 77). This
topic has been referred to as “passive smoking” or “secondhand”
smoking as well as “involuntary smoking.” The term involuntary
smoking will be used to mean the inhalation by the nonsmoker of
tobacco combustion products from smoke-filled atmospheres. This type
of exposure is, in a sense, “smoking” because it provides exposure to
many of the same constituents of tobacco smoke that voluntary
smokers experience. It is also “involuntary” because the exposure
occurs as an unavoidable consequence of breathing in a smoke-filled
environment.

The chemical constituents found in an atmosphere filled with
tobacco smoke are derived from two sources—mainstream and
sidestream smoke. Mainstream smoke emerges from the tobacco
product while being drawn through the tobacco during puffing.
Sidestream smoke rises from the burning cone of tobacco. For several
reasons, mainstream and sidestream smoke contribute different
concentrations of many substances to the atmosphere: different
amounts of tobaceo are consumed in the production of mainstream and
sidestream smoke; the temperature of combustion for tobacco is
different during puffing than while smouldering; and certain sub-
stances are partially absorbed from the mainstream smoke by the
smoker. The amount of a substance absorbed by the smoker depends on
the characteristics of the substance and the depth of inhalation by the
smoker.

When the smoker does not inhale the smoke into his lungs, the smoke
he exhales contains less than half its original amount of water-soluble
volatile compounds, four-fifths of the original nonwater-soluble
compounds and particulate matter, and almost all of the carbon
monoxide (25). When the smoker inhales the mainstream smoke, he
exhales into the atmosphere less than one-seventh of the amount of
volatile and particulate substances that were originally present in the
smoke, and he also reduces the exhaled CO to less than half its original
concentration (26). As a result, different concentrations of substances
are found in exhaled mainstream smoke depending on the tobacco
product, composition of the tobacco, and degree of inhalation by the
smoker.

The effects of cigarette smoke on the environment and on the
nonsmoker in the environment will be examined by reviewing data on
the constituents of cigarette smoke measured under various conditions
and on the absorption of these constituents by the nonsmoker. The
physiologic effects of this “involuntary smoking” will then be
considered.
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