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1. Introduction 

More than 80% of acute respiratory infections 
are caused by viruses. These viruses are wide 
in diversity and distribution (Table 1). Respi
ratory viruses are highly infectious and are 
easily spread in the community. At the present 
time, immunity derived from previous expo
sure is the only effective means by which to 
stop the spread of these agents. 

Rhinoviruses are comprised of at least 100 
antigenically distinct types associated with the 
common cold, accounting for about 25% of 
acute upper respiratory infections. The precise 
epidemiologieal pattern of rhinovirus infection 
is not clear but presumably is complex because 
of the multiplicity of antigenic types. Rhino
virus infection appears to be more common in 
early spring and late winter. Some types pro
duce sharp' epidemies and then vanish com
pletely while others reappear after a few years. 
Others produce a small number of infections 
and appear at frequent intervals (Hamre, 
1968). 

Humans provide the only known reservoir 
for strains of adenoviruses whieh infect hu
mans. Epidemiological studies indieate that 
adenoviruses cause 4-5% of viral respiratory 
illnesses in civilians. These agents have been 
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classified into "endemie" or "epidemie" groups 
on epidemiologie al grounds. The "endemie" 
group infects young children and causes spo
radic pyrexial illness with respiratory symp
toms. These viruses belong to types 1, 2, and 
5. Types 3, 4, 7, and 21, on the other hand, 
grouped as "epidemic," cause fairly severe 
respiratory disease in semiclosed communi
ties, such as military recruits. Adenovirus in
fections are not always associated with disease 
and often lead to latent infection, with pro
longed persistence of the virus. It has also 
been observed that adenovirus may be de
tected in various body secretions and excreta 
from apparently normal individuals. This im
poses considerable difficulties in the estab
lishment of etiologieal relationships between 
adenoviruses and disease. One ofthe most im
portant features of adenoviruses of human and 
other sources is their ability to induce tumors 
in experimental animals, but these viruses 
have not been demonstrated to be causative 
agents for naturally occurring tumors. AI
though adenoviruses usually cause mild infec
tions, this is not invariably the case. They may 
give rise to serious epidemies; this has led to 
development of vaccines for use in certain cir
cumstances. 

Natural infections with respiratory syncytial 
viruses occur only in humans and chimpan
zees. They are a leading cause of respiratory 
disease in young children, appear to have 
worldwide distribution, and occur in yearly 
epidemics of varying magnitude. Adults usu
ally have mild or inapparent infections. It has 
been shown that over 85% of children are in-
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TABLE 1. Incidence and Type of Acute Illness 
in the United States in 1970" 

Category of acute illness 

Infectious diseases 
Upper respiratory tract 

infections 
Influenza 
Digestive 
Virus (unspecified) 
Pneumonia 
Common childhood 
Others 

Injuries and other acute 
diseases 

Percent 

31.3 

19.7 
5.7 
4.6 
3.0 
1.9 
5.4 

Subtotal: 71. 6 
38.4 

Total: 100.0 

a Modified from current estimates, Health Interview Survey 1970, 
National Health Survey Series 10, No. 72. 

fected with respiratory syncytial virus by the 
age of 14 (Hambling, 1964). 

Adults and older children are the chief vie
tims of respiratory coronavirus infection. 
U sually a single immunological type appears 
to be the causative agent during a particular 
respiratory disease season. All segments ofthe 
population are affected during an epidemie, 
although the infection spreads preferentially 
within families. In adults, coronavirus infec
tion is often associated with common colds. 
Coronavirus infections occur predominantly 
during the winter and early spring. 

Influenza occurs in recurrent epidemies 
whieh begin relatively abruptly, spread rap
idly, and frequently have worldwide distribu
tion. Epidemics of influenza A viruses are 
usually more widespread and severe than in
fluenza B. Influenza C rarely causes signifi
cant disease, although serum antibody against 
influenza Cis widely present in the population, 
suggesting that subclinical infection is com
mon. 
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Parainfluenza viruses produce disease 
throughout the year, but the peak incidence 
is noted during the "respiratory disease sea
son" (late fall to early spring). Small epidemics 
occur occasionally with types 1 and 3, pri
marily infecting children. Almost all children 
are infected by the age of 6. The spectrum of 
illness produced by respiratory viruses is 
shown in Table 2. 

2. Host-Parasite Interaction 

2.1. Primary Defense Mechanisms 

Natural host defense mechanisms, as weIl 
as acquired immune responses, are vital for 
the survival of the host against harmful inhaled 
agents. The respiratory tract, and in partieular 
the upper respiratory tract, is continuously 
exposed to a wide variety of particulate ma
terial. This includes microbial organisms in 
droplets and on dust. Nonspecific host defen
ses include the nasal hairs and turbinates, as 
weIl as mucous secretions whieh trap such 
particles. Mucous secretions cover the surface 
of the upper respiratory tract including the 
nasal turbinates, whieh provide a large surface 
area. The inhaled partieies trapped in the mu
cous secretions are continuously swept out
ward; those in the lower respiratory tract are 
transported to the base ofthe tongue and swal
lowed. This mucous flow is maintained and 
directed by ciliated epithelium, whieh effects 
elimination of 90% of the inhaled objects. The 
ease with whieh inhaled objects penetrate to 
the lower respiratory tract is inversely related 
to the size of the particle. 

2.2. Infection by Aerosols 

Particles discharged from the respiratory 
tract into the ambient air lose moisture and 

T ABLE 2. Spectrum of Illness by Some Respiratory Virus es" 

Febrile 
Agents Cold URI 

Rhinovirus ++++ ++ 
Coxsackie A21 ++++ +++ 
Influenza A + ++ 
Respiratory syncytial ++ ++ 
Parainfluenza 3 ++ ++ 
Parainfluenza I ++ ++ 

a Modified from Youmans et al. (1975, p. 258). 

Influenza 
like 

++ 
++++ 

+ 
+ 

+++ 

Pneumonia 

++ 
+++ 

++++ 
++++ 

Bronchiolitis 

+ 
+++ 
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become smaller. On inhalation, these particles 
take up moisture from the saturated air within 
the respiratory tract, increasing in size as they 
travel to the lower respiratory tract, thus in
creasing their retention in tertiary bronchioles 
and alveoli. Particles 6 !-Lm or greater in size 
are trapped in the nose. In the range 0.6-6!-Lm, 
appreciable numbers are retained in the no se 
as weIl as in the lower respiratory tracL Par
ticles which deposit are removed by the mu
cociliary stream into the pharynx and swal
lowed. Inhaled particles reaching the alveoli 
are phagocytosed and digested by the mac
rophages. The inhaled partic1e size may be im
portant in explaining the differing c1inical pic
ture seen in patients infected with the same 
virus species. Other nonspecific host defense 
mechanisms also play important roles, e.g., 
opsonins, lysozyme, and interferon. The upper 
respiratory tract possesses a large number of 
indigenous bacteria, but the extent to which 
these are involved in determining viral infec
tion is not known. 

The outcome of inoculation with infectious 
agents in aerosol also depends on the inoculum 
size. The number of viral particles required to 
produce infection in man with rhinovirus, ad
enovirus, coxsackie A virus, and influenza 
viruses is shown in Table 3 (Knight, 1973; 
Couch et al., 1968, 1969; Turner-Warwick, 
1975; Cohen and Gold, 1975). 

With coxsackie virus and rhinovirus, a 
lower dose is required if the agent is given by 
nose drops as compared to aerosol, suggesting 
the nasal mucosa may be the optimum site for 
infection, and that personal contact may be an 
important mode of transmission of the di
seases. With influenza and adenovirus, on the 
other hand, small-partic1e aerosols are more 
infective, whereas nasal inoculation usually 
leads to asymptomatic infection. A number of 
studies have been conducted on the number 

TABLE 3. 50% Human Infectious Dose of 
Various Respiratory Virusesa 

Virus Aeroso1b 

Rhinovirus 15 
Coxsackie A21 
Adenovirus 4 
Influenza A 

, Modified from Knight (1973). 
b As 1.5-fLm-diameter aerosol. 

0.7c 

28 
0.5 
3 

c 50% tissue culture infectious doses. 

Nose drops 

0.03 
6 

35 
4 
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and size of particles expelled by sneezes, 
coughs, talking, or singing, but the data have 
been variable, depending to a large extent on 
the techniques and conditions employed. Of 
particular interest is the work of Artenstein 
and Miller, who recovered adenovirus type 4 
from coughs of military recruits naturally ill 
with the disease, and from the air ofthe rooms 
occupied by them (Artenstein et al., 1968). 
This suggests a significant role for airborne 
transmission in the spread of the disease, and 
the need and potential for developing physical 
measures for stopping spread. 

2.3. Immune Apparatus of the Respiratory 
Tract 

Since this chapter is mainly concerned with 
the immune responses to respiratory viruses, 
a description of lymphoid tissues of the res
piratory tract is important to an understanding 
of the host responses to the agents. 

A detailed treatment of the normal anatomy 
of the lymphatic drainage and the distribution 
of lymphoid tissue throughout the respiratory 
tract can be found in artic1es by Nagaishi 
(1972) and Von Hayek (1960). The respiratory 
tract from the nasopharynx to the respiratory 
bronchioles contains lymphoid tissue. As 
pointed out by Kaltreider (1976), at least three 
levels of lymphoid tissue organization exist in 
the lung: (1) lymph nodes, (2) lymphoid nod
ules, and (3) lymphoid aggregates and infil
trates (Nagaishi, 1972). 

The structural organization of the lymphatic 
tissues progressively decreases from the prox
imal airways to the peripheral air spaces. 
Lymph nodes with limiting capsules and well
developed follic1es and germinal centers are 
limited to the region of the trachea and around 
major bronchi, receiving lymphatic drainage 
from most of the respiratory tract and serving 
as the regionallymph nodes. Lymphoid nod
ules occur in aggregates in the walls of bron
chi, especially at the points of branching, ex
tending from the subepithelium through the 
submucosa to the peribronchial connective tis
sue (Bienenstock et al., 1973a). The nodules 
are covered with epithelium which is infil
trated by lymphocytes (lymphoepithelium). 
Ultrastructural analysis in rats has demon
strated an abundance of lymphatic channels 
and blood vessels within follic1es. Morpholog
ical studies indicate transvascular and tran-
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sepithelial migration of lymphocytes (Cham
berlain et al., 1973), providing potential 
pathways for interchange of lymphoid cells 
among vascular, interstitial, and intraalveolar 
compartments. 

Nodules, aggregates, and diffuse collections 
oflymphocytes and phagocytes are distributed 
along the entire submucosa and lamina propria 
of airways, interstitial tissues, and in elose 
approximation to lymphatic and blood vessels 
(Nagaishi, 1972; Von Hayek, 1960). It is sug
gested that "lymphoepithelial organs" of Von 
Hayek (1960), consisting of discrete aggre
gates of densely packed lymphatic tissue sub
jacent to morphologically specialized lym
phoepithelium, serve as filters for dust and as 
functional pathways for the removal of alveo
lar fluids and particulates from airways to lym
phatics ("pulmonary sumps") (Macklin, 1954). 
These considerations are of importance in 
view of the interaction of antigen with lymph
oid tissue after inhalation, as well as their 
transit from distal airways to hilar lymph 
nodes (Morrow, 1972). Materials gaining ac
cess to lymphatic channels in peripherallung 
encounter multiple collections of lymphocytes 
and phagocytes on their way to hilar lymph 
nodes. These are immune apparatus poten
tially available for pulmonary defense, but lit
tle is known about their functional attributes. 

2.3.1. Bronchus-Associated Lymphoid Tissue 
Recent studies by Bienenstock and col

leagues (Rudzik et al., 1975a,b; Bienenstock 
et al., 1973b, 1976; Clancy and Bienenstock, 
1974) have delineated the anatomic and func
tional characteristics of lymphoid aggregates 
they called the bronchus-associated lymphoid 
tissues (BALT). They described anatomically 
organized lymphoid tissue in direct contact 
with the respiratory mucosa of bronchi, con
sisting mainly of follieles having small- and 
medium-sized lymphocytes but lacking cap
sules, germinal centers, and plasma cells typ
ical of lymph nodes. The nodules are covered 
with "lymphoepithelium." The relationship of 
this tissue to the less-well-organized aggre
gates of lymphoid cells occurring throughout 
the lung is not elear. In its morphological fea
tures BALT resembles gut-associated lymph
oid tissue (GALT) and Peyer's patches. These 
studies also suggested that BALT lacks B cells 
synthesizing immunoglobulins. Surface mark
ers of T cells are present on 20% or less of the 
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lymphocytes; thus the remaining 80% cannot 
be elassified. Their data and those of Craig and 
Cebra (1971) suggest that BALT is only indi
rectly involved in the mucosal immune re
sponse, i.e., BALT and GALT contain lym
phocytes which are precursors for IgA
producing cells in the lamina propria. These 
cells repopulate the lamina propria of both gut 
and lung mucosa with IgA-producing cells 
after lethai irradiation of recipient animals 
(Rudzik et al., 1975b). These data indicate a 
cellular reservoir function for BAL T, supply
ing immunocytes to mucosal surfaces. There
fore, it may be possible to elicit an immune 
response in the respiratory tract by introduc
ing antigen in GALT and vice versa. Although 
there are apparently more null cells in the lu
mina of the lower respiratory tract-a point 
that could be of importance since some data 
suggest that null cells and "killer cells" are 
the same-the ratio of B:T cells is essentially 
the same as in circulating blood. 

There are also scattered lymphocytes found 
beneath the mucosa, but there has been no 
reported characterization of these lympho
cytes. The relationship between the cells 
found in bronchoalveolar washings and the 
lymphocytes in other sites such as those found 
in the submucosa has also not been studied. 

2.3.2. Tonsils 
Tonsils consist of organized lymphatic tis

sue in elose approximation to the mucosal sur
face in the upper respiratory tract and possess 
well-defined germinal centers, follieles, and 
perifollicular regions. T cells, B cells, and 
phagocytes are present in suspensions of cells 
from human tonsils and are capable of primary 
and secondary immune responses in vitro 
(Watanabe et al., 1974; Platts-Mills and Ishi
zaka, 1975; Ogra, 1971b; Ogra and Karzon, 
1971; Ogra et al., 1971). 

Further, tonsils appear to recruit, generate, 
and serve as a reservoir of antigen-reactive 
precursor cells to populate the lamina propria 
of the secretory surfaces with IgA antibody
forming cells (Rossen and Butler, 1973) in 
much the same way as BALT and GALT. 

2.4. Immunophysiological Changes following 
Respiratory Viral Infection 

Following viral infection of the respiratory 
tract, there is a short latent period without 
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signs or symptoms of the disease. U sually be
tween 24 and 96 hr, rhinorrhea begins, and 
there is a substantial transudation of plasma 
proteins, including immunoglobulins, into the 
nasal secretions (Rossen and Butler, 1973). 
Within 24 hr, IgA in the nasal secretions in
creases, in excess of that resulting from tran
sudation, and often without detectable anti
body activity to the specific viral agent. This 
increase may lead to a more than doubling of 
the preinoculation values. In some this in
crease may continue for the next 2-3 weeks. 
This IgA released during the first few days fol
lowing infection may represent IgA which has 
been stored within epithelial cells. Thus the 
outpouring of IgA and IgG may represent a 
nonspecific response that bathes the mucous 
membranes with immunoglobulins active 
against previously encountered pathogens 
(Alford et al., 1967; Kaur et al., 1972). Secre
tory IgA antibody specific against the viral 
agent is locally produced, usually reaching a 
maximum at 2-3 weeks (Cate et al., 1966; 
Rossen et al., 1966). Monomerie IgA and IgG 
antibodies mayaiso be locally produced (Al
ford et al., 1967; Butler et al., 1967). Local 
antibody may pers ist for at least a year (Bus
cho, 1972; Kasel, 1969). 

2.5. Local Nature of Antibody Production 

It is of importance for development of op
timum stimulation of respiratory secretion an
tibody to determine whether stimulation of one 
area will lead to production of antibody in an
other. Live and inactivated influenza viruses, 
applied subcutaneously or locally into the res
piratory tract, stimulate very little neutralizing 
antibody activity in saliva (Waldman et al., 
1968; Mann et al., 1968). These findings sup
port the hypothesis of local production and 
stimulation of secretory antibody because the 
salivary glands are not stimulated directly by 
antigen neither during influenza infection nor 
after aerosol or subcutaneous immunization. 
In studies in which killed influenza or atten
uated rubella virus vaccines were adminis
tered into the respiratory tract of volunteers, 
it was observed that better production of an
tibody was related to the area of the respira
tory tract onto whieh the immunogen droplets 
landed, depending on the size of the particle 
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and method of administration (Ogra, 1971a). 
In other words, antigens delivered into the 
nose stimulated antibody only in the nasal se
cretions and not in the bronchial secretions. 
However, production of antibody in lacrimal 
secretions (in the absence of detectable viral 
replication in the conjunctivae) after intranasal 
challenge with live rhinovirus has been re
ported by Douglas et al. (1967). It is possible 
that excess antigen absorbed into the circu
lation may reach other mucosal sites to stim
ulate immunocompetent cells at that site. 
From the discussion above regarding the func
tion of BAL T and GALT, it would seem that 
orally administered or inhaled antigens would 
stimulate secretory IgA antibody on all mu
cosal surfaces. As yet, this has not been dem
onstrated to be of practical importance. Thus 
one must conclude at the present time that the 
optimal way to stimulate antibody at a partie
ular mucosal site is to deli ver antigen to that 
secretory surface. 

2.6. Specificity 

Some data indieate that secretory IgA an
tibody may be of broader specificity than 
serum IgG antibody. Dowdle et al. (1971) dem
onstrated significant rises in nasal secretion 
antibody to an influenza Astrain from an ear
lier epidemie after immunization with AzfHong 
Kong virus, whereas there was little or no rise 
in serum antibody to the heterologous strain. 
In another study volunteers were immunized 
by aerosol with an Asian strain of inactivated 
influenza virus vaccine before the appearance 
ofthe Az/Hong Kong,variant (Waldman et al., 
1970b). A rise in antibody was demonstrated 
against the vaccine strain in both respiratory 
secretions and serum. Whereas there was no 
rise in serum antibody to the heterologous 
strain, A/PR8 and Az/Hong Kong, there was 
a significant rise in IgA antibody to these het
erologous strains. In arecent study using an 
intranasallive attenuated influenza virus vac
cine, it was shown that volunteers were pro
tected against heterologous influenza chal
lenges, as weil as against the homologous 
vaccine strain (Lee, 1977). This suggests that 
immunization against the multitudes of viral 
strains responsible for respiratory infections 
may not be such an overwhelming and hope
less task as is usually believed. 
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2.7. Cellular Immunity and Respiratory 
Infection 

2.7.1. Phagocytes: Nonspecific 
It has been suggested above that macro

phages occupy a central position in host de
fense machinery against respiratory infec
tions. In general, these cells are involved in 
the initial processing and presentation of an
tigen to the immune system to stimulate T and 
B cells. In the effector arm, they are activated 
or directed by the products of T or B cells in 
the localization and elimination of pathogens. 

Alveolar macrophages may be regarded as 
facultative aerobes. They have a much higher 
level of oxygen uptake than do either PMN s 
or peritoneal macrophages. Furthermore, in
hibitors of oxidative phosphorylation suppress 
their phagocytic ability. Thus these cells de
pe nd on aerobic oxidative metabolism for de
riving energy required in the process of phag
ocytosis. 

The stimuli encountered in alveoli are ob
viously more numerous and intense than those 
in the peritoneum. Microbes and certain in
haled gases activate alveolar macrophages. In 
the small airways of the lung, the alveolar 
macrophage is the first-line cellular defense 
against inhaled particles. By the process of 
phagocytosis and movement of the particle
laden macrophage onto the mucocilliary blan
ket, particles reaching the small airways are 
coughed or swallowed. Most normal alveolar 
macrophages are moderately activated and are 
more effective than immature blood mono
cytes in suppressing pathogens. Influenza 
virus is phagocytosed, but there is evidence 
that it may remain infective for extended pe
riods (Board et al., 1957; Hanson et al., 1957). 
Mter phagocytosis, the viral particles enter 
the phagocytic vacuole. Within the vaeuole, 
the viral envelope interaets with the vaeuolar 
membrane, resulting in dissolution of the 
membrane. The viral nucleic acid is released 
into the eytoplasm and viral synthesis begins. 
In the presenee of antibody, the virus eom
plexed with antibody enters via a phagoeytic 
vaeuole similar to the unsensitized virus, but 
it eannot eseape from the vaeuole because an
tibody inhibits fusion of the viral envelope 
with the membrane of the phagocytic vaeuole. 
The phagoeytic vaeuole fuses with lysozomes; 
then aeid hydrolases are released, degrading 
the viral nucleic acid to acid soluble fragments. 
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The viral proteins are most likely degraded in 
a similar manner (Burrows, 1973). The diges
tive proeesS is probably aided by the presence 
of lymphokines whieh enhanee these meta
bolie aetivities. Stott et al. (1975) demon
strated in vitro eytotoxic effects of normal al
veolar macrophages. This macrophage activity 
was found to be enhanced in eells from im
mune animals. These studies corroborated 
previous data on macrophage eytotoxieity by 
Maekaness (1969), Hibbs et al. (1972), and 
Evans and Alexander (1970). 

2.7.2. Cell-Mediated Immunity: Specific 
Although direet proof is laeking, there is 

suggestive evidence that eeIl-mediated im
munity (CMI) is the most important defense 
meehanism against so me respiratory viral in
fections. Patients with hypogammaglobuline
mia do not seem to have an inereased fre
quency or severity of viral respiratory 
infections, although they do have a greater in
cidence of ehronic respiratory tract problems 
that are probably bacterial in etiology, such 
as ehronie sinusitis, ehronic bronchitis, and 
bronehieetasis. Patients with a defieiency of 
CMI, on the other hand, do have a problem 
with some respiratory viral infeetions. Cell
mediated immunity in the respiratory tract ap
pears to operate somewhat independently 
from systemic CMI. Evidenee of the com
partmentalization of CMI and the relationship 
to protection were presented by Galindo and 
Myrvik (1970) and Yamamoto et al. (1970) 
using mycobacterial antigens, and by Henney 
and Waldman (1970) using dinitrophenylated 
human 'Y-globulin. Immunization via the res
piratory tract leads to more pronounced CMI 
by pulmonary lymphocytes than following sys
temic immunization. It was noticed that the 
separation of CMI into systemic and loeal re
sponses eould be partially overeome, how
ever, depending on antigen dosage (Waldman 
et al., 1972a). In other words, both respiratory 
and systemic CMI eould be elicited using high
dose local or parenteral immunization with in
activated influenza virus. The duration ofCMI 
in the respiratory traet, as weIl as circlilating 
CMI, was relatively brief, having disappeared 
or greatly deereased by the fourth week, 
whereas influenza neutralizing antibody per
sisted much longer. U sing rubella immuniza
tion, a similar short duration of loeal and sys
temie CMI was found by Morag et al. (1974). 
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The studies mentioned above concerning 
local CMI were all done in animals. Cellular 
immune responses in the human respiratory 
tract follow a similar pattern (Jurgensen et al., 
1973). Normal volunteers were tested for CMI 
against influenza and mumps viruses by use 
of circulating lymphocytes and cells from 
bronchial washes (BW). In vitro cellular re
sponses to mumps by both circulating and BW 
cells correlated with the presence of a positive 
delayed skin test. Influenza CMI in the lower 
respiratory tract was best stimulated by aer
osol immunization, whereas subcutaneous im
munization elicited primarily circulating CMI. 

Morag et al. (1975) examined the appear
ance of CMI to rubella virus in tonsillar lym
phocytes after natural infection or immuni
zation with live attenuated rubella virus vaccine. 
Development of CMI in circulating lympho
cytes was reguIarly observed after natural in
fection and frequently after immunization. 
Natural infection or intranasal vaccine re
sulted in appearance of CMI in tonsillar 
lymphoid tissue and often persisted over sev
eral years. Subcutaneous immunization, how
ever, resulted in low levels of CMI in the ton
sils. These data suggest that the induction of 
local CMI in tonsillar lymphoid tissue devel
oped best after local mucosal application of 
rubella virus. 

The existence of CMI memory in the res
piratory tract was studied in previously sen
sitized animals, which on reexposure to anti
gen demonstrated an earlier local CMI response 
compared to primary response (Gadol, et al., 
1974). There was, however, no difference in 
the magnitude or duration of the activity. This 
anamnestic response on mucosal surfaces may 
be important, since a few days' difference be
tween the onset of Iocal CMI in the sensitized 
and nonsensitized individuals might be a de
termining factor in whether or not disease oc
curs on exposure to the infectious agent. Con
ceivably, protection from CMI is a result not 
of enduring immunity but rather of the rapid 
activation of immune lymphocytes following 
reintroduction of the organism. This also 
serves as a repriming mechanism for the im
mune system. Cambridge et al. (1976) evalu
ated the presence and specificity of local and 
systemic CMI after influenza infection in 
mice. They demonstrated a secondary re
sponse by pulmonary lymph node cells in the 
leukocyte migration inhibition test on rechal-
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lenge at 7 weeks, although no seeondary re
sponse was observed in the lymphoeyte-me
diated eytotoxicity assay. 

By its very nature, loeal immunization onto 
a mueosal surfaee may lead to very short eon
taet between the immunogen and the immu
nocompetent cells. This might explain the 
often observed phenomenon of a weak seere
tory response in both humoral and eellular 
reaetivities. Therefore, a reasonable approach 
for prophylaxis may be to administer the an
tigen repeatedIy in order to reach and maintain 
satisfaetory levels of immunity. Attempts have 
been made to develop adjuvants for elieiting 
mueosal immunity of longer duration and of 
greatermagnitude (Ganguly etal., 1977; Wald
man et al., 1972b). This is another area where 
much work needs to be done. 

3. Immune Response to Specific 
Respiratory Viruses 

3.1. Adenoviruses 

Within a week after the onset of illness, 
hemagglutination-inhibiting, eomplement-fix
ing, and neutralizing antibodies appear (Fox 
et al., 1969; Foy et al., 1968; Schmidt and 
Lennette, 1971). The maximum titer is reaehed 
by 2-3 weeks. Nasal seeretion antibodies of 
the IgA and IgG classes ean be detected si
muItaneousIy with the appearanee of serum 
antibodies. Neutralizing and hemagglutina
tion-inhibiting antibodies appear to persist 
without appreciable decline for a prolonged 
period of time. A deerease of only two- to 
threefold in these titers may be observed over 
8-10 years. In contrast, eomplement-fixing 
antibodies begin to decline 2-3 months after 
infection and may be onIy barely deteetable 
at 1 year. Heterologous infeetion oceasionally 
boosts previousIy existing neutralizing anti
body titers. The immunity is usually type spe
cifie, and a second attaek of disease due to the 
same type of adenovirus is rare. This makes 
this viral agent unique, sinee viral infeetions 
of the respiratory traet usually induee resist
anee of relatively short duration. At least two 
morphologieal subunits eontribute to the im
munologieal reaetivity of adenovirus (Wilcox 
and Ginsberg, 1963). The eapsomer hexon an
tigen earries the family-reaetive determinants. 
This antigen eross-reacts with a similar antigen 
in almost all adenoviruses. The serological 
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identification of these viruses as a group is 
based on the recognition of this Cl antigen of 
the hexon by complement fixation. The neu
tralizing antibody test determines serotypes by 
recognizing the e antigen of the hexon. The 
fiber antigen also induces type-specific neu
tralizing antibody for some types. With few 
exceptions, the neutralizing antibody titers 
parallel serotyping by hemagglutination-inhi
bition assays. 

3.2. Rhinoviruses 

Considerable data have now accumulated 
demonstrating that naturally acquired neu
tralizing antibody is protective in rhinovirus 
infection. Both the M (which grow in monkey 
kidney cells) and H (which grow in human em
bryo kidney cells) rhinoviruses, when admin
istered intranasally into human volunteers, 
almost invariably result in development of 
colds in individuals possessing very little or 
no serum antibodies (Bynoe et al., 1961; Muf
son et al., 1963; Taylor-Robinson and Bynoe, 
1964). However, this immunity is type spe
cific, so that possession of antibodies to ser
otypes other than the challenge virus did not 
prevent illness. Presence of serum-neutraliz
ing antibody against rhinovirus has been as
sociated with type-specific protection against 
natural infection as weIl (Dick et al., 1967; 
Buckland et al., 1964; Gwaltney et al., 1967). 

Subclinical infection was noted in persons 
with low antibody titers (Gwaltney et al., 
1967). However, it has been shown that host 
factors distinct from serum antibodies play im
portant roles in the outcome of rhinovirus in
fection (Douglas et al., 1966). In the above
mentioned studies, which suggest a relation
ship between serum antibody and protection, 
the serum antibody resulted from infection, 
which almost certainly stimulates a whole se
ries of immunological factors, inc1uding nasal 
secretion antibody (perkins et al., 1969). Tem
porary increased resistance to reinfection with 
rhinovirus serotypes differing from the one 
which caused a primary infection has also been 
observed (Fleet et al., 1965), although serum 
antibody responses to rhinoviruses appear to 
by type specific(Hamparian et al., 1964). The 
mechanism of the resistance to other strains 
was not related to interferon production (Cate 
et al., 1961). Rhinovirus neutralizing antibody 
responses to infection and to intranasal im-
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munization with killed rhinovirus have been 
detected in the secretory IgA immunoglobulin 
and found to be present in nasal, parotid, and 
lacrimal secretions (Cate et al., 1964; Gwalt
ney, 1970; Knopf et al., 1970). 

These studies also demonstrated that, de
pending on the route of administration of in
activated rhinovirus vaccine (intramuscular or 
intranasal), a complete dichotomy between 
local and circulating antibody responses can 
be induced (Cate et al., 1964). The intranasal 
route of administration of the vaccine induced 
a better local antibody response, whereas the 
intramuscular route induced a better serum 
antibody response. However, after intranasal 
challenge, only local secretory antibody cor
related with protection against infection and 
illness (Gwaltney et al., 1967). Shortly after 
the primary infection, these volunteers usually 
demonstrated a high degree of resistance to 
rechallenge due to the presence of local anti
bodies, although their serum antibody was 
often relatively low. 

3.3. Respiratory Syncytial Virus 

Respiratory syncytial virus (RSV) causes 
severe respiratory tract disease in infants and 
young children. With increasing age, the host 
develops a relative resistance to sub se quent 
severe RSV illness. The frequency of detect
able antibody (serum neutralizing and com
pIe me nt-fixing antibodies) in the population 
rises steadily to a level of about 60-70% by 
age 7-10 years, and by adulthood nearly all 
persons possess antibodies. RSV is a signifi
cant respiratory viral pathogen of infants and 
children: about 60% of infants with bronchiol
itis and bronchopneumonia were found to be 
infected with RSV (Chanock et al., 1961). 
Adults with preexisting serum neutralizing an
tibody can still be infected, usually resulting 
in mild coryza (Kravetz et al., 1961). How
ever, in elderly patients with low levels ofneu
tralizing antibodies, severe respiratory illness 
has been reported (Sommerville, 1963). John
son et al. (1961) screened 211 young adults and 
all had measurable neutralizing antibody to 
RSV. Nevertheless, when exposed to the 
virus, a number of these subjects developed 
RSV infection and the common cold syn
drome. It appears that serum neutralizing an
tibody does not playamajor role in protection, 
since in the presence of maternal antibodies 
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RSV infection most commonly occurs during 
the first 4 months of life. First infection with 
RSV does not seem to provide complete pro
tection against the effects of a second infection 
occurring within 1-3 years. RSV character
istically induces formation of syncytia in tissue 
culture and attacks the respiratory tract epi
thelium, thus minimizing the possibility of in
itial protection by serum antibodies. RSV an
tibodies also appear in nasal secretions following 
infection and are boosted on reinfection. In 
spite of this, the apparent reinfection can be 
quite severe. 

3.4. Parainfluenza and Influenza Viruses 

Parainfluenza viruses cause severe respi
ratory tract illness during the first 3-5 years 
of life. The host develops relative resistance 
to subsequent severe reinfection with age. 
Reinfection most commonly occurs wth par
ainfluenza virus type 3 (Banatvala e tal., 1964). 
In a nursery population, type 3 infection has 
been reported to occur in as high as 12% of 
children within a 9-month period. However, 
reinfection usually is accompanied by milder 
disease compared to the primary infection. 
Serum neutralizing antibodies do not afford 
complete protection of virus shedding (Smith 
et al., 1966). Moderate levels of serum anti
body do not afford protection against febrile 
illness. About half of the infected individuals 
with moderate levels of serum antibody be
come ill, and the illness is comparable to that 
which is seen during primary infection. Nasal 
secretory IgA antibodies seem to playamore 
significant role in resistance. 

Recovery from influenza virus infection re
sults in the appearance of antibody to both S 
(type-specific) and V (strain-specific) anti
gens, and antibody to the viral neuraminidase 
gives rise to serum complement-fixing, neu
tralizing, hemagglutination inhibition, and an
tineuraminidase reactions. Effective immunity 
is associated with antibody to the strain-spe
cific V antigen and to the viral neuraminidase 
(Burrows, 1973), the latter apparently inter
fering with adsorption of the virus to the host 
cells. Immunity is short lived, on the order of 
only a few months, and may be better related 
to the secretory antibody response at the mu
cosal site (Waldman et al., 1968). Immunity 
seems to increase in effectiveness with re
peated exposures; however, such immunity is 
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overcome if a newer strain develops with 
major antigenic changes. 

Several antigenic components are present 
in the influenza virus. The internal or nucleo
capsid antigen in the internal helical compo
ne nt and is present as soluble antigen in in
fected cells and is assayed by complement
fixation titration. One of the surface glycopro
tein antigens is hemagglutinin and is measured 
by the hemagglutination inhibition assay, neu
tralization of infectivity, or complement fixa
tion (Killbourne et al., 1972). The other gly
coprotein projection on the virion surface is 
neuraminidase and is assayed by inhibition of 
the enzyme activity. Antibodies to this antigen 
inhibit release of budding virus from infected 
cells and decrease thereby virus yield (Kil
bourne et al., 1968). The major structural 
protein of the viral envelope (M protein) is 
measured by complement-fixation and im
munodiffusion assays, but antibodies against 
this antigen do not neutralize infectivity nor 
inhibit hemagglutinin and neuraminidase ac
tivities. Based on the nucleocapsid and M pro
tein antigens, three major immunological spe
cies, A, B, and C, ofinfluenza virus have been 
established, with distinct, non-cross-reacting 
antigens. Within types A and B, however, 
based on the surface antigens, hemagglutinin 
and the neuraminidase subtypes are distin
guished. In addition, there are numerous minor 
antigenic changes which occur in the surface 
antigen, especially ofthe type A viruses (Jack
son and Muldoon, 1975). Influenza viruses are 
unique in their ability to undergo antigenic 
change of the envelope proteins, the hemag
glutinin and neuraminidase, while retaining a 
stable nucleocapsid antigen. Minor antigenic 
differences occur in the population at periodic 
intervals, probably due to mutational changes 
in the viral genome, possibly as a result of se
lective immunological pressure. This varia
tion, resulting from amino acid variation in 
surface proteins known as antigenic drift, is 
observed more frequently with A and B sub
types, but probably occurs to some extent in 
type C, also. Influenza A virus undergoes an
other type of change, termed "antigenic shift," 
which involves a complete replacement of one 
or both envelope antigens, although the mech
anism of such a variation is poorly understood 
(Jackson and Muldoon, 1975). 

Infection or artificial immunization with in
fluenza virus induces an antibody response 
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which is predominantly directed against the 
antigens of the viral strain with whieh the sub
ject was first infected. With advancing age and 
number of infections, the antibody response 
becomes broader, but titer of the virus from 
the original infection remains highest, this phe
nomenon being termed "the doctrine of orig
inal antigenie sin" (HenIe and Lief, 1963). As 
already pointed out, immunity to influenza is 
of short duration. Immunity is induced by the 
hemagglutinin on the virion surface. Purified 
hemagglutinin isolated from the virus and in
jected into the host can evoke such immunity. 
Neuraminidase antibodies also playa role in 
protection, probably by inhibiting viral spread 
from infected cells, thus resulting in subclin
ical infection. The marked antigenic variation 
of the virus necessitates simultaneous devel
opment of a vaccine for mass prophylaxis in 
the face of an epidemie threat which is some
times not feasible in a short time period. 

It was demonstrated in later studies that 
protective immunity was more closely related 
to secretory antibody levels in the nasophar
yngeal tract than to serum antibodies (Smith 
et al., 1967). Aerosol immunization with in
active parainfluenza type 2 vaccine has re
sulted in the safe development of nasal secre
tory antibodies in adults (Wigley et al., 1970). 
Similarly, local immunization with an atten
uated strain has resulted in effective immunity 
against bovine parainfluenza type 3 infection 
(Gutekunst et al., 1969). This immunity was 
not associated with more severe disease in 
calves during subsequent infections. These 
local antibodies, shown to be important for 
protection (Waldman and Ganguly, 1974, 1975), 
probably are not very long lasting. Various 
monovalent and bivalent vaccines, whole cell, 
and/or split antigens have been tested in hu
mans for influenza prophylaxis and recently 
summarized elsewhere (Galasso et al., 1977). 

Very few data are available as to the role 
of cell-mediated immunity in protection against 
influenza virus infection. There is increasing 
evidence of the importance of cell-mediated 
immunity in viral infections. Of particular in
terest are the roles of antibody-dependent and 
antibody-independent destruction of virus in
fection cells. It has been observed in mice that 
cytotoxic T cells generated in response to viral 
infections lyse virus-infected H-2 compatible, 
but not H-2 incompatible, target cells (Doherty 
and Zinkernagel, 1975). This observation has 
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been confirmed with several different virus 
infections (Doherty and Zinkernagel, 1976; 
Blank et al., 1976). It is postulated that viral 
antigens specifically modify the cellular H-2 
antigens, which then function as the antigenic 
target for cytotoxic T cells in an essentially 
one-step recognition process ("altered self' 
concept) (Doherty et al., 1976). The alterna
tive postulation suggests that the T cell recog
nizes either normal or modified H-2 antigens 
and that both viral and H-2 specific antigenic 
recognition are required for cell lysis ("dual 
recognition" phenomenon) (Doherty and 
Zinkernagel, 1975). Whatever the mechanism 
of this cytotoxie phenomenon, these above
mentioned studies did not delineate the spec
ificity of this interaction between the virus-in
fected cells and the cytotoxie T cells. 

Influenza viruses are characterized by a 
spectrum of antigenic variations ranging from 
differences in virus type, subtype, and minor 
antigenic drift among the subtypes. Therefore, 
Ennis et al. (1971a) utilized these variant in
fluenza viruses as a tool to define both the 
mechanism and the degree of specificity ofthis 
cell-mediated cytotoxic reaction. They readily 
detected cytotoxic T cells in spleens of mice 
innoculated intranasally with mouse-adapted 
AlPort Chalmers (H3Nz), A/England (H3Nz), 
AlPR8 (HONt), and B/Hong Kong influenza 
viruses. They observed that T-cell-mediated 
lysis of H-2 compatible target cells infected 
with the strain of virus used to immunize the 
mice was considerably higher than lysis of 
either syngeneic cells infected with a different 
strain of influenza virus or allogeneie cells in
fected with the immunizing strain of influenza 
virus. This indieated that this cytotoxic reac
tion is highly specific in nature. The findings 
that cytotoxic lymphocytes can distinguish 
minorantigenic variants among influenza vi
ruses and that lysis depends on H-2 histocom
patibility between lymphocytes and target cell 
furthermore support the concept of "dual rec
ognition" or viral and H-2 histocompatibility 
antigens in T-cell-mediated antiviral immun
ity. In another article, these authors indicated 
that this specificity of the cytotoxic reaction 
is related to the surface hemagglutinin (Ennis 
et al., 1977b). In addition, however, they ob
served that some degree of cross reactivity of 
the cytotoxic response occurs during influenza 
infection; this is unrelated to the surface he m
agglutinin. 
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Lymphocyte cytotoxicity to influenza-virus
infected cells and response to vaccination 
were studied in volunteers by Greenberg et al. 
(1978), who studied the peripheral blood leu
kocytes at various times following influenza 
vaccination or infection. Cytotoxicity was 
highest on days 3 and 7 following vaccination 
with commercial AlPort Chalmers /1/73 inac
tivated influenza virus vaccine. Maximal cy
totoxicity was found 9 days after intranasal 
infection with astrain of AlScotland /840/74 
influenza virus. Individuals having natural in
fection with AIVictoria /3/75 developed ele
vated cytotoxicity approximately 7 days after 
the on set of illness. Cytotoxicity levels de
creased toward baseline about 4 weeks after 
the virus exposure. Since it was noted that the 
maximal cytotoxicity responses after live virus 
infection appeared in most instances during 
the period of recovery from infection and ill
ness, these authors postulated that this im
mune response could playa role in the recov
ery phase of influenza virus infection. Although 
an in vivo function for cell cytotoxicity has not 
been demonstrated, such a mechanism for de
stroying virus-infected cells could help pro
mote recovery by impairing the full develop
ment and release of influenza virus from 
infected cells. 

Some information is also available regarding 
the antibody-dependent cell-mediated cyto
toxie response in influenza virus infection 
(Greenberg et al., 1977). Peripheral blood lym
phocytes having the cytotoxicity were shown 
to have associated influenza virus antihem
agglutinin antibody detected only by radioim
munoassay. This antibody could be removed 
by incubating the lymphocytes at 37°C for 30 
min. The cytotoxic lymphocytes were nona
dherent and nonphagocytic in nature and gave 
comparable levels of cytotoxicity when tested 
by using either xenogeneic or allogeneie virus
infected target cells. These results indicated 
that lymphocyte cytotoxicity to influenza-virus
infected cells may be mediated by small quan
tities of ant~body and by lymphocytes that pos
sess characteristics of T cells. U sing baby 
hamster kidney cells as targets, these authors 
found no evidence of T-cell-mediated cyto
lysis. 

3.5. Coronaviruses 

Complement-fixation, neutralization, and 
hemagglutination-inhibition antibodies have 
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been detected after coronavirus infection (Ka
pikian et al., 1969b, 1972; McIntosh et al., 
1969). Serologieal tests, however, give less 
than optimal results because of difficulties in 
preparing antigen and also because there is a 
wide variation in host responsiveness to in
fection with these viruses. Neutralizing anti
bodies are present in 50-80% of the popula
tion, and, in spite of frequent reinfection, 
measurable increase in the titer is difficult to 
demonstrate. Complement-fixing antibody tests 
may be useful for screening during an out
break. 

4. Immunodiagnosis 

Serodiagnoses of viral infections of the res
piratory tract are relatively simple and less 
expensive than viral isolation procedures, but 
since such procedures consist of testing for a 
rising titer of antibody in aserum specimen 
obtained from the patient during convalesc
ence a great amount of time is required. A 
fourfold or greater rise in antibody titer against 
the agent is considered significant. Tests em
ployed for serodiagnosis in viral infections are 
the complement-fixation (CF), hemagglutina
ti on-inhibition (HI), neutralization, and im
munofluorescence tests. The CF test is the 
most commonly used procedure for diagnosis 
of influenza, adenovirus, and respiratory syn
cytial virus infections. For parainfluenza virus, 
antigenic relationships to mumps virus make 
interpretation of the test difficult. 

Influenza, paramyxoviruses, and adenovi
ruses hemagglutinate erythrocytes; this reac
tion is inhibited in the presence of type-spe
cific antibodies. HI tests, in contrast to the CF 
test, are type or strain specific, and utilize spe
cific antigens from recently prevalent viruses. 
In the influenza antibody determination, the 
sera are treated with various combinations of 
heat, trypsin, potassium periodate, carbon 
dioxide, or receptor-destroying enzyme to re
move nonspecific inhibitors. 

Nonspecific or nonantibody inhibitors are 
frequently present in sera of many species of 
animals, inc1uding man, and react with certain 
viruses to prevent hemagglutination (Kriza
nova and Rathova, 1969). These inhibitors 
have diverse chemieal characteristies. The a 
and 'Y inhibitors are mucoproteins and muco
polysaccharides, and can be removed from 
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sera by treatment with a receptor-destroying 
substance, such as trypsin or potassium per
iodate. The ß inhibitor, which is a heat-Iabile 
protein, can be completely inactivated by 
heating at 56°C for 30 min. The significance 
of these inhibitors, with respect to protection 
against infection, is unknown. 

Neutralizing antibodies react with type-spe
eific antigens and require tissue culture or em
bryonated eggs for assay. They usually relate 
more closely to protection and hence are of 
greater biological significance. This is the only 
test available for detecting antibodies to rhi
novirus. Serological diagnosis of this virus is 
complicated by the presence of numerous ser
otypes. 

It is possible to detect viral antigens by di
rect immunofluorescent techniques in nasal 
secretions. This is a very rapid technique when 
looking for a speeific antigen. The technique 
is 70-80% effective in rapid diagnosis of res
piratory syncytial virus in children (Gardner 
and McQuillin, 1968). Technical skill and spe
eific reagents are required. Improved accurate 
and sensitive immunofluorescence methods 
have been developed for influenza, parainflu
enza, and respiratory syncytial viruses (Gard
ner and McQuillin, 1968). 

Coronaviruses can be isolated in tissue cul
ture for diagnostic purposes (Bradburne and 
Somerset, 1969). These viruses are, however, 
fastidious in their host requirements. There
fore, routine diagnostic isolation is not usually 
done. Repeated blind passages of the virus in 
human embryo fibroblast cell cultures or human 
kidney cells may be needed to detect the virus 
through cytopathic effects. The presence of 
the speeific virus in the tissue cultures may be 
made by immunofluorescence techniques. 
Some strains require human embryo tracheal 
organ culture for their isolation, and the virus 
may be detected by electron microscopy (Har
nett and Hooper, 1968; McIntosh et al., 1967). 

Serological diagnosis of coronavirus infec
tion may be made by assessing complement
fixing, hemogglutination-inhibition, or neu
tralizing antibodies (Kaye et al., 1972). A ris
ing titer of complement-fixing antibodies is 
evidence of recent coronavirus infection and 
is the most commonly followed procedure. 
Neutralizing antibodies mayaiso be measured, 
but it is an expensive procedure. Nearly 
50-80% of the population have these antibod
ies in their sera, and it is often difficult to 

R. GANGULY AND R. H. WALDMAN 

measure ademonstrated rise in their titers. 
Neutralizing antibodies are useful for serol
ogical surveys, whereas complement-fixing 
antibodies decline rapidly after infection 
(Mclntosh et al., 1970). Only two serologically 
related types of coronaviruses show he mag
glutination (Kaye and Dowdle, 1969). 

5. Immunoprevention: Vaccination 

The presence of secretory antibody and pro
tection against viral infection have been found 
to be correlated in several studies in volun
teers (perkins et al., 1969; Waldman and Gan
guly, 1974; Ganguly et al., 1973).Secretory 
antibodies belong predominantly to the IgA 
class, and these antibodies are locally pro
duced on mucosal surfaces (Waldman and 
Ganguly, 1974; Fazekas de St. Groth and Don
nelley, 1950). A wide variety of naturally oc
curring antibodies directed against both vi
ruses and bacteria have been described in 
secretions, including those of saliva and the 
respiratory tract. It is possible that these an
tibodies are a result of either the various cross
reactive antigens present on different indige
nous microbes or inapparent infections. Se
cretory IgA antibodies possess anti viral activ
ity in the absence of complement. They may 
act as an initial immunological barrier to the 
entry of respiratory viruses. 

It is important to know the optimal methods 
for stimulating whichever of the host defense 
mechanisms is (are) important in protection 
against the viral agent. It is generally believed 
that live attenuated organisms elicit better im
munity than do killed organisms. This asser
tion seems to be supported by the common 
finding that immunity following recovery from 
natural infection is more effective and endur
ing than that resulting from killed vaccines. 
There have been, however, no controlled stud
ies comparing live and inactivated vaccines. 
While they have not been compared directly 
in a well-controlled study, it would appear that 
experimental live attenuated influenza vac
eines induce better protection than do inactive 
influenza vaceines given parenterally. It should 
be emphasized, however, that there are two 
variables involved, the status of virus with re
spect to viability and the route of administra
tion. It is possible that the process of inacti
vating a microbe destroys some of the 
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prospective immunogens that are relevant to 
the pathogenic mechanism. Moreover, repli
cating live infectious agents tend to pers ist 
longer, possibly resulting in the development 
of more solid immunity. This effect might in
volve a greater antigenie mass and/orlonger 
contact with the immunocompetent cells. The
oretically, the same result would be obtained 
by repeated administration of larger doses of 
the inactivated (but not denatured) organisms. 
Thus the advantage of a live vaccine may be 
easier immunization procedures for wider ap
plication. 

However, there are several disadvantages 
in the use oflive vaccines. (1) They necessitate 
more careful handling, since if the organisms 
die from lack of refrigerated conditions (as is 
possible in developing countries or if a lyoph
ilized vaccine becomes moist), the result is a 
killed vaccine with very little antigenic mass. 
(2) The ever-present danger of administration 
of an adventitious agent along with the live 
organism is especially important with respect 
to viral vaccines which are grown in a living 
cellular milieu, meaning that it is virtually im
possible to exclude the possibility of the pre
sence of another virus or a mycoplasma. (3) 
Live vaccines are subject to the risk of mu
tation to virulence. 

5.1. Direct Application 

Parenterally administered vaccines can elicit 
a secretory antibody response (Waldman et 
al., 1970a, 1973), probably by transportation 
ofthe antigen to the secretory lymphoid tissue. 
Such antibody levels at mucosal sites are usu
ally low and result in partial protection (Ogra, 
197Ia). On the other hand, a much more pro
nounced antibody response is induced using 
directly applied live or inactivated vaccines. 
Perkins et al. (1969) have demonstrated the 
importance of local immunization against rhi
novirus by showing that significant protection 
against viral challenge was seen only in those 
vaccinees with secretory IgA nasal antibodies. 
With influenza vaccines administered by aer
osol, higher levels of secretory antibody (pre
dominantly secretory IgA and some IgG) have 
been obtained (Waldman et al., 1968, 1970a). 
These antibodies also correlate with protec
tion (Ganguly et al., 1973). Similarly, using 
polio vaccine, Ogra et al. (1968) showed sig
nificant titers in nasal and duodenal secretions 
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only after oral immunization. Intranasal in
stillation of inactivated vaccine led to the pro
duction of nasal antibodies but very little or 
no serum antibodies (Ogra, 1971a; Ogra and 
Karzon, 1969; Ogra et al., 1968). On the other 
hand, in studies using an inactivated influenza 
virus vaccine subcutaneously in humans, a 
greater systemic antibody and very little local 
antibody have been obtained (Waldman et al., 
1968, 1971). The magnitude of the local and 
systemic antibody responses usually depends 
on prior experience with the immunogen. Ros
sen et al. (1970) have observed that nasal an
tibody activity tends to appear earlier in those 
individuals with a higher base-li ne concentra
tion of IgA in nasal wash specimens. When 
volunteers were divided into those with high 
or low baseline IgA levels, none in the higher 
baseline group developed illness after chal
lenge, whereas 75% ofthe men with low base
line levels did. The early detection of neu
tralizing activity in secretions was not related 
to the level of serum antibody. 

Adenovirus is spread by inhalation of small
particle aerosol and results in afebrile respi
ratory illness (Ginsberg et al., 1955; Couch et 
al., 1966, 1968). Prevention of adenovirus in
feetion has been successfully achieved through 
prophylactic means in military recruits (Pierce 
et al., 1968). They have been immunized with 
mono valent or polyvalent formalin-inacti
vated preparations, resulting in durable im
munity. The vaccine is mainly applicable to 
military recruits since the incidence of aden
ovirus infection in the general population is 
usually low. Adenoviruses grow poorly in 
monkey kidney and in human diploid cell cul
tures. Therefore, production of a vaccine of 
sufficient antigenic potency has been difficult 
to achieve. Another difficulty in vaccine pro
duction is the common contamination of the 
cell cultures with adventitious simian agents 
like SV40, which are oncogenic. Therefore, 
general use of the vaccine for mass prophy
laxis has been discontinued. Oral administra
tion of a live adenovirus vaccine in enteric 
coated capsules has also induced significant 
antibodies without side effects (Couch et al., 
1963). Applied to the military recruits, this 
vaccine also resulted in significant protection 
(Edmondson et al., 1966), especially when 
given to the subjects 3 weeks before exposure 
(pierce e tal., 1968). 

Thus bivalent adenovirus vaccine has been 
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effective in controlling infection with types 4 
and 7 (Couch et al., 1963). However, the oral 
live adenovirus strain administered via enteric 
capsules was shown to be spread, often 
asymptomatically, to contacts (Stanley and 
Jackson, 1969). It is noteworthy, in this con
nection, that the common pathogenic ade no
viruses (e.g., types 3 and 7) are oncogenic for 
animals, although there is no evidence that 
they have oncogenic potential for humans. 
Thus, even though the risk may be remote, the 
application of the vaccine has been limited, 
especially in view of the self-limiting nature 
of this disease. Adenovirus subunit vaccines, 
free of viral nucleic acid and containing both 
the group- and type-specific antigens, have 
been prepared. These vaccines, free of de
tectable nucleic acids, resulted in significant 
rises in neutralizing antibodies and induced 
impressive protection in human volunteers 
(Kasel et al., 1966). Interferon, interferon in
ducers, and antiviral agents have not been 
found effective in the control of the disease 
(Jackson and Muldoon, 1973). 

Respiratorysyncytial virus (RSV) is one of 
the major causative agents of severe respira
tory disease in young children, particularly 
during the first 6 months of life. Therefore, 
prophylactic measures for prevention are 
greatly needed. Formalin-inactivated, alum
precipitated vaccine has been prepared and 
used in humans, inducing a good antibody re
sponse (Chin et al., 1969). Compared to the 
matched control group, however, subjects 
given these vaccines developed more frequent 
and more severe lower respiratory tract illness 
in subsequent outbreaks (Kapikian et al., 
1969a). It appears that a component of the 
virus itself caused the potentiation of the dis
ease by the vaccine, through a cell-mediated 
immune hypersensitivity reaction or due to 
deposition of the antigen-antibody complexes. 
This adverse outcome from the use of the vac
cine has deterred further attempts at devel
oping RSV vaccines. At present, there is no 
vaccine available for active immunization 
against this disease. 

Natural disease with RSV results in a defi
nite degree of protection, and studies show 
that serum antibodies are not protective (Ka
pikian et al., 1969a). This may imply thatlocal 
immunity in the respiratory tract plays a sig
nificant role in immunity. At present, there-
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fore, attempts are directed toward develop
me nt of attenuated temperature-sensitive 
mutants for live virus immunization. The pur
pose is to generate local immunity without 
causing illness. U nfortunately, some of these 
temperature-sensitive mutants are probably 
genetically unstable on human passage (Hodes 
et al., 1974), since isolates initiated foci of in
fection in tissue culture at or above 37°C. Fur
thermore, in several of the young vaccinees, 
other complications occurred (Kim et al., 
1973), e.g., rhinitis followed by mild otitis 
media. At present, attempts are being made 
to develop temperature-sensitive RSV of greater 
genetic stability. 

Recently, Henderson et al. (1979) examined 
the acquired nature of immunity in RSV in
fection from a 10-year study of respiratory ill
ness in normal children who were followed 
longitudinally from early infancy. Immunity 
was measured in terms of failure to become 
infected or reduction in severity of clinical ill
ness on reinfection. Outbreaks of infections 
occurred seven times over the 10-year period. 
These workers observed that during epidemics 
the attack rate for first infection was 98%. The 
rates for the second and third attacks were 75 
and 65% (modestly reduced, p < 0.001), re
spectively. Age of patient and history of in
fection both influenced illness. Immunity in
duced by a single infection had no demonstrable 
effect on illness associated with reinfection 1 
year later; however, a considerable reduction 
in severity occurred with the third infection. 
These workers suggested that amelioration of 
illness rather than prevention of infection may 
be a realistic goal for immunoprophylaxis 
against RSV. 

Various parainfluenza virus vaccines have 
been used in the past. These include monov
alent or polyvalent vaccines, aqueous suspen
sion of alum-absorbed egg-grown virus vac
eines (Fulginiti et al., 1969). Inactivated 
vaccines prepared with parainfluenza virus 
types 1, 2, and 3 stimulated fourfold or greater 
rises in serum antibody titers in the majority 
of the vaccinees (Chin et al., 1969). Despite 
this humoral response, the vaccines were not 
found to be protective (Vella et al., 1969). 
However, there was no enhanced severity of 
the disease in subjects given the bivalent 
aqueous parainfluenza vaccine compared to 
the placebo controls (Kim et al., 1966). 
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6. Immunopotentiation 

It is conceivable that one of the approaches 
to prevent or treat viral respiratory diseases 
will be by application of agents that operate 
by enhancement of the host's immunologie al 
functions. In this area, again, data are scanty. 
Agents known to act against viral infections 
are limited. Interferon acts intraceIIularly to 
limit viral synthesis, although it has no effect 
on viral attachment, penetration, or release. 
The true biological function of interferon is not 
clear and is discussed elsewhere in this series. 
Interferon may be a major factor in recovery 
from viral infections since it usuaIIy appears 
at about the same time that virus shedding 
ends and clinical improvement begins. 

Isoprinosine, the paracetamidobenzoic acid 
salt of inosine dimethylaminoisopropanol, 
seems to operate against viral infection by im
munopotentiation (Glasky et al., 1975; Glasky 
et al., 1975). This compound has been shown 
in several clinical studies to produce a degree 
of enhancement of the serum antibody re
sponse in patients with viral respiratory illness 
secondary to influenza or rhinovirus. This 
agent is also known to protect hamsters and 
mice from herpesvirus or influenza virus (Gor
don et al., 1974), and its effects are abrogated 
by antilymphocytic globulin or cortisone ace
tate. It thus appears that isoprinosine might 
enhance both cellular and humoral immunity. 
Hadden et al. (1976) have analyzed the effects 
of this drug on an in vitra assay of the prolif
erative response of lymphocytes by phyto
hemagglutinin (PHA) and demonstrated that 
isoprinosine significantly augments mitogenic 
stimulation and that it does not do so through 
action on the cyclic nucleotide regulatory 
pathways. Enhancement of lymphocyte pro
liferation by isoprinosine has been reported in 
another study (Waldman and Ganguly, 1977). 
Lymphocytes from volunteers taking placebo 
and infected with rhinovirus showed a reduc
tion in PHS-induced proliferation (it is known 
that a wide variety of viral infections are as
sociated with suppression of cell-mediated im
munity); at the same time, lymphocytes from 
volunteers taking isoprinosine and infected 
with the virus showed an increase in PHA
induced proliferation. The difference between 
the two groups was statistically significant. 
Further studies are required to explore the fuII 
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potential of this agent against respiratory viral 
infections. 
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