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ABSTRACT 

Best conditions for growth of RSv included HEp-2 

cells as host for virus, heat-inactivated fetal bovine sera 

as enrichment, a low multiplicity of infection, and growth 

in monolayer culture. RSv was purified by sucrose gradient. 

The virus banded at a density of 1,21 g/ml. 

Many preparations of RSv caused production of CF 

antibody in the hamster: live virus IN; live virus IMf and 

ultraviolet light-inactivated, concentrated virus IM„ The 

addition of adjuvants to virus caused elevated levels of 

antibody to be produced. Complete Freund•s adjuvant caused 

the antibody to remain high for at least 14 weeks. In 

contrast, caused a transient elevation of antibody 

titer. 

Positive skin tests only occurred when the hamsters 

were immunized with adjuvant in addition to concentrated, 

ultraviolet light-inactivated virus. Addition of complete 

Freund*s adjuvant to the virus only caused an early response 

to occur. Forty-eight hour responses, characteristic of 

delayed hypersensitivity, were seen only in animals which 

received A^O^ in addition to concentrated, ultraviolet 

light-inactivated virus. These delayed hypersensitivity 

reactions were seen at 2 and 4 weeks after immunization, but 

were absent at 14 weeks. 

xi 
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Greatest lung pathology occurred in hamsters given 

concentrated, ultraviolet light-inactivated virus without 

adjuvants. There was a great heterogeneity of response in 

lung pathology, despite animal preparation or sensitization. 

Heterogeneity of response interfered with interpretation of 

lung pathology, as did the fact that control animals often 

developed pneumonia due to causes other than RSv, There was 

no correlation between lung pathology and presence or 

absence of immune responses. 

Spleen cells from thymectornized hamsters did not 

respond to phytohemagglutinin in vitro, in contrast to 

spleen cells from normal hamsters, which did respond. 

Thymic-dependent factors were not required for 

production of complement fixing antibody to RSv, 

Cyclophosphamide caused complete obliteration of the 

antibody response to RSv in the golden hamster. 

Complete immunosuppression did not significantly 

alter the hamster's response to RSv as measured by lung 

pathology. 

RSv was suggested to grow in hamster lungs, to an 

equal degree in immunosuppressed hamsters as in normal 

hamsters. Total virus regained from the lungs was not 

greater than amount inoculated. Therefore, it was not 

conclusive that RSv replicated in the lungs. 

RSv antigens were localized in the cytoplasm of 

cells lining the alveoli. 



Xlil 

Spleen cells from hamsters known to have positive 

skin tests to RSv did not demonstrate cell-mediated 

immunity to the virus in vitro. Comparable results were 

obtained when hamsters were immunized with another antigen, 

tubercle bacillus. 



INTRODUCTION 

Respiratory syncytial virus (RSv) is the most 

important viral pathogen of the respiratory tract during 

early life (Ross, Pinkerton, and Assaad, 1971; Jacobs et 

al., 1971; Chanock et al., 1970; Chanock and Parrott, 1965). 

In one two-year study, RSv infection was responsible for 40% 

of hospital admissions for respiratory infection in infants 

under one year of age (Jacobs et al., 1971). When RSv is 

introduced in a family, approximately half the family 

members become infected, with production of illness with an 

inverse correlation with age (Hall et al,, 1976). RSv is 

the major definable etiologic agent of the bronchiolitis 

syndrome. It also causes pneumonia, croup, bronchitis, and 

febrile upper respiratory tract disease. 

Properties of RSv 

RSv is tentatively classed as a paramyxovirus 

(Fenner et«al., 1974), However, unlike other paramyxo

viruses, RSv does not cause hemagglutination (Richman, 

Pedreira, and Tauraso, 1971). RSv is an RNA virus, has a 

diameter of 90-120 nm (Jackson and Muldoon, 1973), and is 

surrounded by a lipoprotein envelope. Electron microscopy 

shows RSv to be pleomorphic (Bachi and Howe, 1973): 

filamentous, round and kidney-shaped RSv particles were 

1 
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identified, each with protruding spikes, both with (com

plete) and without (incomplete) internal structures. The 

virus was originally isolated from a chimpanzee in 1956 and 

was called chimpanzee coryza agent (Morris, Blount, and 

Savage, 1956). A virus recovered from an infant with 

broncho-pneumonia was shown to be indistinguishable from 

the chimpanzee coryza agent by occurrence of characteristic 

cytopathic effect of syncytia in tissue culture and produc

tion of a complement fixing antigen (Chanock, Roizman, and 

Myers, 1957). It was suggested the isolated agent and 

chimpanzee coryza agent be grouped together and called 

respiratory syncytial virus (Chanock and Finberg, 1957). 

Man, chimpanzee, and cows are natural hosts for RSv 

(Rosenquist, 1974; Paccaud and Jacquier, 1970; Doggett, 

Taylor-Robinson, and Gallop, 1968), as are pigs (Paccaud 

and Jacquier, 1970) and sheep (Berthiaume et al., 1973), 

Several species of animals can be experimentally infected, 

including the golden Syrian hamster (.Wright, Woodend, and 

Chanock, 1970; Tankersley, 1969), ferrets, mink, marmosets, 

guinea pigs, mice, and chinchillas (Coates and Chanock, 

1962). 

Factors Which Contribute to Disease 
Caused by Viruses 

In conducting any experiment, it is essential the 

investigator keep things in proper perspective, and not lose 

sight of the total picture. Viral infection has been viewed 



as a race between the virus and host defenses in which many 

factors determine the outcome, i.e., host age, sex, genetic 

constitution, and physiological status; and virus virulence, 

dose, and route of inoculation (Nathanson and Cole, 1971}. 

When considering the pathogenesis of a virus for a host, one 

must consider the many factors involved. For example, 

immunosuppression renders a host much more vulnerable to 

certain viruses. Vaccinia, cytomegalovirus, varicella 

zoster, herpes simplex, papilloma, papova group agent 

associated with multifocal leukoencephalopathy, measles, 

and possibly Epstein-Barr virus and adenovirus cause severe 

infections in the immunosuppressed human, and sometimes 

cause death (Merigan and Stevens, 1971), Alternatively, 

there are virus diseases in which there is no increase in 

pathogenicity after immunosuppression of the host, including 

influenza, 17D yellow fever, lymphocytic choriomeningitis, 

and rabies (Wheelock and Toy, 1973). These viruses are 

most probably controlled by means other than cell-mediated 

immunity. 

Congenital immune deficiencies in man which pre

dispose him to certain viral diseases include thymic 

hypoplasia and lymphopenia, DiGeorge1s syndrome, Wiskott-

Aldrich syndrome, Swiss-type agammaglobulinemia (hereditary 

thymic dysplasia) and cartilage-hair hypoplasia syndrome 

(Merigan and Stevens, 1971), There are also acquired 

states of immunosuppression which are associated with viral 
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disease: splenectomy, malignancies (including lymphomas), 

drug therapy (corticosteroids, 6-mercapto purine, azathio-

prine, etc.), X-irradiation, sarcoidosis, lepromatous 

leprosy, viral infections, malnutrition, aging, burns, 

eczema, etc. (Merigan and Stevens, 1971). 

Patients receiving immunosuppressive therapy in the 

form of cytotoxic drugs have been shown to have an increased 

rate of cytomegalovirus infection (Dowling et al,f 1976). 

The immunosuppressant drug cyclophosphamide caused mice to 

become greatly susceptible to herpes simplex virus-1 (Rager-

Zisman and Allison, 197 6). The development of fatal infec

tion could be curtailed with transfer of immune spleen 

cells. This protection was significantly reduced if cells 

were pretreated with anti-G serum. Passive transfer of 

antibody did not produce this effect. However if antibody 

were added to normal spleen cells, the mixture did produce 

significant protection. Protection is thus predominantly 

T-cell dependent, and perhaps antibody-dependent cell-

mediated protection in vivo is also operative. 

In an extensive study with mice, immunosuppression 

was caused by treatment with antilymphocyte serum {ALS) and 

the resultant effect on host response to a number of 

viruses was studied (Hirsch, 1970). For two of the viruses 

used, injection of ALS had no effects rabies and influenza. 

The route of inoculation was critical for vaccinia and 

herpes simplex viruses. In ALS-treated mice, those injected 
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with vaccinia intracranially were not affected, but those 

injected intraperitoneally with the virus became severely 

ill, and many died. With herpes simplex virus injected 

intraperitoneally or intragenitally, ALS-treated animals 

died; but with virus injected intracranially, few ALS-

treated animals died. Perhaps virus did not replicate 

efficiently after intracranial injection. Delayed infec

tions were seen in ALS-treated animals injected with yellow 

fever virus and lymphocytic choriomeningitis. Increased 

severity of disease of ALS-treated mice caused by the 

following viruses occurred: mouse hepatitis virus, Maloney 

leukemogenic, Rauscher leukemogenic, murine sarcoma, 

polyoma, Adeno 12, and SV 40 virus. One might conclude 

that in those diseases where ALS caused an increased 

severity of disease as measured by morbidity and mortality, 

cell-mediated immunity is beneficial to the host in 

combating that pathogen and the converse* in those diseases 

where ALS caused a decrease in severity of disease caused 

by the virus, that cell-mediated immunity is detrimental 

to the host. 

In some instances, both B and T cells have been 

shown to be involved in the protection of the host from 

virus. Mice deficient in T cells (Nu/NU) and T cell 

competent Nu/+ littermates were inoculated with murine 

cytomegalo virus (MCMV) . The LD^Q for Nu/Nu mice was 10r-

fold lower than for Nu/+ mice. B-cell deficient mice 



6 

(treated with goat anti mouse IgM serum) also had a 10-fold 

lower for MCMV than mice treated with normal goat 

serum (Selgrade et al., 1976). In a study by Chesebro and 

Wehrly (1976a/ 1976b), both antiviral and antileukemia 

cell antibodies and cell-mediated immunity were involved 

in recovery of mice from Friend virus leukemia. In vitro 

studies by another investigator (Ennis, 1973) also demon

strate the effectiveness of both types of immunity in 

protection from viral infection. Sensitized mouse spleen 

cells decreased the spread of herpes simplex virus in

fection in cell culture lines derived from human and murine 

tissues. The washed/ sensitized cells acted alone and 

additively in combination with antibody to diminish the 

ability of single virus-infected cells to spread infection 

to contiguous cells. 

In other instances, however, the immune response 

is the mechanism of the pathogenesis of the disease 

(Notkins and Koprowski, 1973). Lymphocytic choriomenin

gitis is an outstanding example of cell-mediated immunity 

being detrimental to the host. Intracerebral inoculation 

of adult mice with the virus produced a lethal disease 

within 6-8 days. Mononuclear cells infiltrated all 

membranes of the brain. Animals treated with immuno

suppressive agents were protected against the acute 
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manifestations of this disease and survived (Wheelock 

and Toy, 1973). Cell-mediated immunity proved detrimental 

to the host in influenza pneumonia as well. Syngeneic mice 

adoptively immunized intravenously with lymph node and 

spleen cells from donors vaccinated subcutaneously with 

formolized APR8 had a higher mortality with influenza 

pneumonia after challenge with homologous virus than 

occurred in recipients of similar cells from unsensitized 

donors, and this increased mortality was prevented by 

treatment of the sensitized cells with anti-thymocyte 

serum (Cate and Mold, 1975). 

Not only does immunosuppression render a host more 

susceptible to many viruses, but some viruses cause 

immunosuppression of the host. The immunosuppression is 

demonstrated both in vivo and in vitro. Patients with 

influenza pneumonia had a marked impariment of skin test 

reactivity to mumps, histoplasmin, streptokinase-

streptodornase, and purified protein derivative of Myco

bacterium tuberculosis (Kauffman et al., 1976). In addi

tion peripheral blood lymphocytes from these patients had 

a diminished response to phytohemagglutinin and 

streptokinase-streptodornase stimulation in vitro. Sup

pression of cell-mediated immunity was related to severity 

of disease. In a similar study, delayed hypersensitivity 
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skin test and in vitro response of lymphocytes were 

evaluated after inoculation with live attenuated influenza 

vaccine and subsequent challenge with virulent influenza 

virus (Kantzler et al. , 1974). Suppression was not 

uniform. Of eight volunteers who showed evidence of viral 

replication after administration of the attenuated vaccine; 

four had a significant diminution in their skin test 

response, whereas 8 of 13 volunteers infected with virulent 

influenza virus showed a diminution. Of the 21 volunteers 

who were infected with either attenuated or virulent 

influenza virus, 12 showed suppression of their phyto-

hemagglutinin response. None of the volunteers who were 

given placebo vaccine/ or who showed no evidence for viral 

replication after immunization or challenge, had a sup

pression of their skin test or phytohemagglutinin re

sponses. Although most of the infected volunteers demon

strated suppression of their T-cell function, there was no 

evidence of a similar suppression of B-cell function as 

there was no significant change in antibody titer to an 

unrelated antigen, rubella virus. 

In another study with influenza, no immunosuppres

sion was found. This could be a reflection of severity of 

disease, as patients had only localized upper respiratory 

infections (Kauffman et al., 1974). Skin test reactivity 
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and in vitro lymphocyte stimulation to streptokinase-

streptodornase was unaffected, as was lymphocyte stimulation 

to phytohemagglutinin in patients with mild infections with 

Flu Eng, influenza A2/Hong Kong/8/68 (H^^) (Flu HK) , or 

rhinovirus type 44. 

Live measles virus causes inhibition of in vitro 

lymphocyte stimulation to phytohemagglutinin (Sullivan et 

al, , 1975), This inhibition is temporary. Response of 

lymphocytes to phytohemagglutinin after rubella vaccination 

was significantly suppressed within two weeks after 

vaccination, returning to normal by day 2 0 (McMorrow et al,, 

1974). Another report of in vitro inhibition of cell-

mediated immunity by virus is that of Bonnard et al. 

(197 6). Minute virus of mice caused inhibition of BALB/c 

versus C57BL/6 mixed lymphocyte culture reactions. 

The immunosuppression caused by viruses may not be 

complete. Immunosuppression only to certain antigens 

occurred in a study of mice infected with lymphocytic 

choriomeningitis CLCM) virus (Oldstone et al., 1973). In 

this report, LCM caused depression in numbers of cells 

making antibody to mammalian and avian immunoglobulin. 

Normal numbers of cells making antibody to sheep red blood 

cells and keyhole limpet hemocyanin were retained in the 

virus-infected mice. 

Both B and T lymphocytes were shown to be affected 

by viruses CSelgrade et al,f 1976). Lymphocyte responses 
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to B and T cell mitogens in vitro were depressed by in vitro 

or in vivo infection of mice with MCMV, 

Changes in Cells Caused by Viruses 

Viruses cause several short-lived changes in 

lymphocytes. Transient chromosomal damage in lymphocytes 

has been shown to be caused by a variety of viruses, i.e. , 

measles, mumps, yellow fever virus, Rous sarcoma virus, 

poliovirus, hepatitis, Adenovirus-12, chicken pox, infec

tious mononucleosis, and herpes simplex virus (Wheelock and 

Toy, 1973). Viral infections have also been reported to 

alter, for short periods of time, the relative and absolute 

numbers of leukocytes in the circulation. Such infections 

causing lymphocytopenia in man include poliovirus, 

Coxsackie A, rhinovirus, measles, influenza A, and 

adenovirus. Viral replication was not a prerequisite for 

induction of lymphocytopenia in the mouse (Woodruff and 

Woodruffr 1970). Newcastle disease yirus exposed to 

ultraviolet irradiation for 15 minutes was rendered non-

infective, but still able to induce marked lymphocytopenia 

in mice similar to that caused by nonirradiated virus. 

Woodruff and Woodruff suggest the lymphocytopenia may be 

due to transient sequestration of circulating lymphocytes 

into various organs of the infected animal. 

Viral particles have been associated with lymphocytes 

from diseased and healthy human beings. Herpes-like 



11 

viruses have been seen in lymphocytes from blood dyscrasias, 

i.e., chronic myelogenous leukemia, idiopathic thrombocyto

penic purpura, and leukemia {Wheelock and Toy, 1973). 

Virus related components were found in Epstein-Barr virus 

(EBV)-infected continuous cell lines: an unenveloped, heat-

stable EBV particle, a heat-labile, subviral particulate 

antigen, and a heat-resistant soluble antigen (Walters and 

Pope, 1971). Lymphocytes activated by antigens or mitogens 

have been shown to allow the replication of vesicular 

stomatitis virus (.Nowakowski et al., 1973). The replication 

does not occur in blast cells. In a mixed lymphocyte 

Ic 
response, stimulation of BALB/c (1^ ) lymphocytes versus 

DBA/2 ) lymphocytes resulted in high levels of thymidine 

incorporation with a virtual absence of virus plaque forming 

cells. In this study plaque-forming cells correlated with 

generation of cytotoxic lymphocytes (Kano, Bloom, and Howe, 

197 3), The activated thymic-dependent lymphocyte is the 

cell responsible for the virus replication. When T-depleted 

lymphocytes derived from anti-T-treated or nude (athymic) 

mouse spleens were used, there were no virus plaque forming 

cells produced after culture with concanavalin A or 

pokeweed mitogen CKano et al., 1973). Unstimulated 

lymphocytes as well as polymorphonuclear cells are incapable 

of supporting viral replication (Wheelock and Toy, 1973; 

Wheelock and Edelman, 1969), 
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Infection with virus, in addition to causing 

changes in the lymphocyte, causes changes in the reticulo

endothelial system as well. Attenuated Venezuelan equine 

encephalitis virus caused a proliferation of reticoluendo-

thelial cells and an enhancement of phagocytosis (Staab, 

Normann, and Craig, 1970). In a study of peritoneal 

exudate cells of the rat infected with poxvirus strain WR, 

all elements of the reticuloendothelial system helped 

eliminate the virus. Electron microscopy studies indicated 

virus was at least partially digested by polymorphonuclear 

cells, macrophages, eosinophils, and mast cells (Padawer, 

1971). 

Not only does virus cause a proliferation of 

reticuloendothelial cells and enhancement of phagocytosis, 

restriction of viral replication by macrophages has been 

shown. Macrophage immunity to vaccinia virus has been 

demonstrated by Schultz, Woan, and Tompkins (1974), 

Peritoneal macrophages from rabbits immunized with vaccinia 

virus restricted replication of vaccinia virus when 

infected in culture. Addition of immune lymphocytes to 

normal macrophages prior to infection in culture did not 

alter the susceptibility of normal macrophages to viral 

infection. In another study (Rouse and Babiuk, 1975), 

inhibition of infectious bovine rhinotracheitis virus was 

achieved with glass-adherent peritoneal exudate cells. 
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Control of Virus Infections by Lymphokines 

In cell-mediated immune reactions, interaction 

between an immune lymphocyte and a specific virus causes the 

release of mediators which affect neighboring cells, some 

of which are interferon, lymphotoxin, and macrophage 

inhibition factor (Wheelock and Toy, 1973). Such mediators 

are called lymphokines. The production of lymphokines is a 

normal component of lymphocytes' response to antigen. 

Interferon is a protein which produces an antiviral 

effect in cells by inducing the formation of a second 

protein which inhibits replication of many intracellular 

parasites (Burke, 1973). Interferon is species-specific 

but is not specific in its inhibition of intracellular 

parasites. Two separate types of interferon have been 

found, classical interferon and immune interferon. Immune 

interferon is acid labile (pH 2, 24 hours at 4°C) and heat 

labile (56°C for 1 hour) in contrast to classical 

interferon, and is not neutralized by antisera to human 

leukocyte interferon (Valle et al., 1975). Viruses shown 

to cause classical interferon production by human 

leukocytes in vitro include measles, mumps, Newcastle 

disease virus, 17D yellow fever, Sendai (Wheelock and Toy, 

1973), and respiratory syncytial virus (Corbitt, 1971). 

A virus shown to cause immune interferon is herpes simplex 

virus (Valle et al., 1975) . As characterization of immune 

interferon is rather recent, there is a possibility that 
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the interferon induced by the other viruses was immune as 

well. 

Lymphotoxin is associated with nonspecific target 

cell death and inhibits the capacity of cells to divide 

(Sabbadini, 1970; Williams and Granger, 1973). Lymphotoxin 

apparently acts on cell membranes and can destroy cells 

from several mammalian species including man (Williams and 

Granger, 1973). This mediator has been shown to be released 

by lymphocytic choriomeningitis-immune lymphocytes 

(Oldstone and Dixon, 1970), When spleen or lymph node 

cells from mice infected with or immunized against 

lymphocytic choriomeningitis virus were incubated with 

living or killed virus in vitro, lymphotoxin was produced. 

The production was immunologically specific as it was not 

produced when lymphocytic choriomeningitis virus-immunized 

lymphoid cells were incubated with other viruses or 

antigens. Lymphotoxin has also been shown to be produced 

by leukocytes from seropositive humans stimulated with 

herpes simplex virus {Rosenberg, Snyderman, and Notkins, 

1974 ) . 

Macrophage inhibition factor is a glycoprotein which 

inhibits macrophage migration. Virus infections induce 

delayed hypersensitivity which can be measured by elabora

tion of macrophage inhibition factor from immunized 

lymphoid cells cultured with specific antigen. Macrophage 

inhibition factor has been demonstrated in a number of 
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animal-virus systems: mice with mumps or influenza virus 

(Feinstone, Beachey, and Rytel, 1969), rabbits with fibroma 

virus (Tompkins, Adams, and Rawls, 1970), mouse with 

lymphocytic choriomeningitis, lactic dehydrogenase virus, 

or mumps (Tubergen and Oldstone, 1971). Macrophage inhibi

tion factor would cause macrophages to remain in the area, 

aiding lymphocytes in immune reactions and, in some cases, 

exert control of replication of viruses, as cited above. 

Macrophage inhibition factor has been shown to be 

associated with activation of macrophages (David, 1975), 

It is apparent, then, that cell-mediated immunity 

is important in regulating many viral diseases. The 

sensitized T lymphocyte is not only directly cytotoxic to 

virus-altered cells, but, upon reacting with its sensitizing 

antigen, releases a host of soluble mediators which affect 

neighboring cells. Once stimulated, the T lymphocyte may 

also support viral replication which could have a signifi

cant effect on the animal. The cellular metabolism of this 

effector of major defense against invaders of the body 

would be preferentially occupied with production of virus 

rather than its varied responses in immunological protec

tion. The transitory virus-caused chromosomal changes in a 

lymphocyte as well as the temporary sequestration of 

lymphocytes in organs could leave an animal susceptible to 

other pathogens. More study of the dynamics of virus-cell 
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interactions may provide insight into the kinetics of the 

immune system. 

Rationale 

RSv is unique among viral respiratory pathogens in 

that it has a predilection for affecting children in the 

first six months of life with a peak incidence of disease 

at two months (Jacobs et al., 1971). During this period of 

life, passively acquired maternal levels of IgG against RSv 

are found to be high, but provide no protection to the 

children (Jacobs et al., 1971). 

Although not unique to RSv, an unusual response 

occurred in recipients of vaccine (Fulginiti et al., 1969; 

Parrott et al., 1970; Kapikian et al., 1969; Chin et al., 

1969; Kim et al., 1969). Infant vaccinees had an increased 

rate of serious RSv disease when they came in contact with 

the virus in its natural state. Older vaccinees did not 

have this altered response to the vaccine (Kim et al., 

1969). The heightened response of vaccinees could be 

caused by the same mechanism which is responsible for the 

heightened susceptibility of infants to the virus in its 

natural state, or different mechanisms may be responsible 

for the two phenomena. 

Further efforts to develop an effective vaccine 

have involved the development of temperature-sensitive 

mutants of RSv {Wright et al., 1970; Gharpure, Wright, and 
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Chanock, 1969? Kim et al., 1971). These mutants should 

replicate in the upper respiratory tract, cause formation of 

local antibody, but cause no illness. Experiments conducted 

with hamsters indicated each of four temperature-sensitive 

mutants induced resistance to subsequent challenge with the 

wild-type virus (Wright, Mills, and Chanock, 1971). In 

human infants and children, however, the temperature-

sensitive virus retained a low level of virulence, preclud

ing its use in vaccine (Kim et al., 1971) . 

In speculating on the mechanism of the pathogenesis 

of RSv disease, one should not overlook the fact that the 

cow is a natural host for a virus antigenically related to 

RSv (Rosenquist, 1974; Jackson and Muldoon, 1973; Chanock 

and Finberg, 1957; Paccaud and Jacquier, 1970), Pasteurized 

milk (Burrows, 1959) could provide a source of passive 

antibody and inactivated virus. If absorbed, the inactivated 

virus would, in effect, constitute a vaccine and might 

produce a heightened response in the infant when he came in 

contact with the live virus. 

RSv affects many more male infants than female, a 

quality shared with many pathogens (Ross et al., 1971; 

Washburn, Medearis, and Childs, 1965; Michaels and Rogers, 

1971). Several different factors may be involved in the 

increased resistance of the female to disease. Animal 

studies have shown hormones to have effect on leukocytes, 

effector cells of the immune response. Nicol, 
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Vernon-Roberts, and Quantock (1965) demonstrated that 

estrogen strongly stimulated the reticulo-endothelial 

system, in contrast to testosterone which had no effect. 

Leukocyte alkaline phosphatase is stimulated by mestranol, 

a synthetic estrogen (Abul-Fadl and Scott, 1969). In 

addition, a sex difference in response of lymphoid cells to 

gonadal hormones has been suggested (Rifkind, Frey, and 

Davis, 1973). Each of the major cell types among the 

leukocytes could thus be involved in the sex difference of 

resistance to disease. 

Three major lines of defense to virus have been 

defined in the body: interferon, antibody, and cell-

mediated immunity (Wheelock and Toy, 1973). Interferon 

and antibody have been studied with respect to RSv. Cell-

mediated immunity has not. 

Interferon has been shown to be induced by several 

strains of RSv in fibroblast cells (Moehring and Forsyth, 

1971) and in human leukocytes (Corbitt, 1971). The virus 

is also sensitive to the antiviral action of this interferon 

(Moehring and Forsyth, 1971; Corbitt, 1971; Gardner, 

McGuckin, et al., 1970). 

Passively acquired maternal IgG and serum IgA were 

found to be of no benefit in protecting against RSv (Ross 

et al.r 1971). Local secretory IgA has a good correlation 

with resistance to RSv in adults (Mills et al., 1971), but 

infants in the acute phase of RSv infections had moderate 
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to high levels of neutralizing antibody in their nasal 

secretions CScott and Gardner, 1970). Also, in vitro 

studies showed addition of antiviral serum to medium after 

virus adsorption did not inhibit infectious center and 

syncytium formation for at least 3 6 hours, RSv, once 

adsorbed, was unaffected by the presence of antibody, 

spreading from cell to cell (Shigeta et al., 1969). The 

equivocal findings presented here plus the lack of 

immunoglobulin in diseased areas of lungs from infants 

with bronchiolitis or pneumonia due to RSv (Gardner, 

McQuillin, and Court, 1970) might discount the role of 

antibody in the pathogenesis of the disease. 

Several studies suggest that cell-mediated immunity 

is involved in RSv disease, Mononuclear infiltration has 

been noted in the lungs of an infant who died from 

bronchopneumonia due to RSv infection, indicating a delayed 

hypersensitivity reaction (Parrott et al., 1970), Delayed 

hypersensitivity to inactivated RSv has been demonstrated 

in the human by in vitro lymphocyte stimulation by RSv 

(Sieber, Lucas, et al., 1976; Kim et al., 1976). The 

unusual heightened response to RSv by infant vaccinees 

could well have been a delayed hypersensitivity response. 

These indicators of cell-mediated immunity involvement in 

RSv disease prompted the investigation of the role of 

cell-mediated immunity in the mechanism of RSv disease. 

In order to gain a complete picture of the immune responses 
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to the disease, the role of humoral antibody in RSv disease 

was also investigated. 

As it is not possible to do the controlled studies 

necessary to elucidate the role of immune responses in RSv 

disease in humans, one must work with an animal model. 

The golden Syrian hamster was chosen as the animal model. 

Although hamsters show no signs of RSv disease, the virus 

appears to replicate in the lungs as well as nasal 

turbinates of the animal (Wright et al., 1970). 

Statement of Purpose 

The purpose of this study was to define the effect 

of presence of antibody and/or cell-mediated immunity or 

lack of these specific immune responses on the pathology 

of the lung of the hamster due to infection with respiratory 

syncytial virus. 



MATERIALS AND METHODS 

Culture Media 

Culture media for HEp-2 monolayers was Eagle's 

minimal essential medium (MEM) (F-ll MEM, GIBCO, Grand 

Island, N.Y.) with 5% fetal calf serum (Flow, Inglewood, 

Ca.; or GIBCO, Grand Island, N.Y.), unless otherwise 

designated. HeLa cells were cultured in identical medium 

with the addition of nonessential amino acids (GIBCO, 

Grand Island, N.Y.). Culture media for spinner preparations 

consisted of Joklik's MEM (Flow, Inglewood, Ca.) with 

various concentrations of fetal calf serum. HL cells were 

cultured in Autopow MEM (Flow, Inglewood, Ca.) with 5% calf 

serum, 1% 1M Tricine buffer (N-tris/hydroxymethyl/methyl 

glycine), 1.8% of 8.8% sodium bicarbonate, to achieve a 

final pH of 6.7 to 6.9. In vitro lymphocyte cultures were 

grown in RPMI 1640 (GIBCO, Grand Island, N.Y.) and 5% human 

AB serum. All sera were heat-treated at 56°C for 30 min. 

Each medium was supplemented with 50 units/ml penicillin 

(P) , 50 ijg/ml streptomycin (S) , and 200 mM glutamine. 

Virus Growth, In Vitro 

The Long strain of respiratory syncytial virus 

(American Type Culture Collection, Rockville, Md.) was grown 

in several cell lines: (1) HEP-2, a cell line of human 

21 
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origin from an epidermoid carcinoma of the larynx (Shannon 

and Macy, 197 2); (2) HeLa, from human eptheloid carcinoma 

of the cervix (Shannon and Macy, 1972); or (3) HL cells, a 

human cell line of unknown origin (Cavallaro and Monto, 

1972). Cells were allowed to attain confluence in various 

culture preparations: Blake bottles, plastic flasks, or 

plastic petri dishes. Cultures were washed with MEM plus 

P and S. A small volume, approximately 0.1 ml, of RSv was 

added to the culture and adsorbed for 2 hours at 34°C in a 

humidified incubator in the presence of 5% C02. Cultures 

were tilted at 15 minute intervals to insure even distribu

tion of virus. Medium was then added. When the cytopathic 

effect was approximately 90% complete, at 3 to 4 days, the 

supernatant was harvested and centrifuged at 1200 rpm for 

10 minutes at 4°C. The supernatant was quick-frozen in 

acetone and dry ice, and stored at -90°C. 

HEp-2 cells were cultured for mycoplasma with a 

mycoplasma isolation kit (Flow, Inglewood, Ca.). Chicken, 

horse, or fetal bovine serum have been used as nutrient in 

concentrations varying from 1 to 10%. Conditions investi

gated for optimum propagation of virus include growth in 

cells in spinner culture or in monolayers, and different 

multiplicities of infection. Cells in spinner cultures 

5 
were allowed to reach a density of approximately 5 x 10 /ml 

before use in growth of virus. Viability of cells was 

assessed by trypan blue dye exclusion (Phillips, 1973). 
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Virus Purification 

Virus was pelleted at 30,000 g at 4°C for 1 hour. 

Concentrated virus was resuspended in a total of 10 ml of 

Tris-EDTA buffer at 4°C for 16 hours. Virus was then 

homogenized with a Dounce homogenizer in ice, and layered on 

a continuous gradient of 44 to 88% glycerol or 30 to 70% 

sucrose. Continuous gradients were prepared with the aid 

of a Buchler density gradient mixer (Scientific Products, 

McGraw Park, II.). The gradient was centrifuged at 25,000 

rpm at 4°C in the SW 25.1 rotor in the Beckman Model L 

ultracentrifuge for 4 hours. The resultant gradient was 

fractionated into 30 1-ml aliquots with a Buchler poly-

staltic pump {Scientific Products, McGraw Park, II.). 

Fractions were kept in ice overnight. Refractive indices 

of alternate samples were measured and each fraction titered 

for presence of infective virus. 

Identification of Virus 

HEp-2 cells were plated in 16-mm Linbro Multi-dish 

5 
disposo trays (New Haven, Conn.) at 1 x 10 /ml, 1 ml/well. 

Plates were incubated at 34°C in a humidified incubator in 

the presence of 5% CC^ until cells were confluent, from 1 

to 3 days. Medium was removed by aspiration, and the cells 

were washed with Eagle's MEM containing P and S. Virus 

dilutions were added to cells in 0.1 ml aliquots. Virus 

was allowed to adsorb to cells for 2 hours at 34°C in the 
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presence of 5% CC^ and water. Virus was redistributed over 

cells every 15 minutes. Two different overlays were used: 

1, Autopow MEM (Flow, Inglewood, Ca.) with 0.75 methyl 

cellulose, 10% fetal bovine serum (heat-treated at 

56°C for 30 min.), 2.9 mg/ml glutamine, penicillin 

(50 units/ml) and streptomycin (50 yg/ml), and 

Gentamycin (50 yg/ml). When cytopathic effect was 

optimal, usually three days after addition of virus, 

the overlay was removed by aspiration. Cells were 

then fixed with 10% formalin for 3 hours and stained 

with Harris' hematoxylin for 30 minutes followed by 

2% eosin Y for 10 minutes. 

2. Eagle's MEM with 1% agar (Bacto-agar, Difco, 

Detroit, Mich.), 0.08% protamine sulfate, ImM sodium 

pyruvate, nonessential amino acids (GIBCO, Grand 

Island, N.Y.), 2% fetal bovine serum (heat-treated 

at 56°C for 30 min.), glutamine (2.9 mg/ml), 

penicillin (50 units/ml), and streptomycin (50 

yg/ml). When the cytopathic effect was optimal, 

usually 4 days after addition of virus, the mono

layer was fixed with 10% formalin for at least 3 

hours, and agar removed before cells were stained 

with hematoxylin and eosin, as above. Syncytia 

stain pink, and are easily distinguished, as are 

plaques, with the aid of a dissecting microscope. 
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Neonatal Thymectomy 

Hamsters were obtained from Lakeview Hamster Colony 

(Newfield, N.J.) and bred at the Division of Animal 

Resources at The University of Arizona Medical Center. Over 

500 hamsters were thymectomized at less than 48 hours of 

age, with 66% survivors. 

The hamster was secured to a tin can by means of 

adhesive tape. Immersion of the hamster in ice water for 

approximately 2 minutes served as an anesthesia. The 

sternum and three ribs were cut using a Castroviejo iris 

scissors (Roboz Surgical Instruments Co., Inc., Washington, 

D.C.), the thymus was removed with gentle suction, saline 

added to the cavity, and the wound closed with Celloidin. 

Celloidin was superior to commercially available Collodion 

as it was more flexible. 

Celloidin: 

40 g pyroxilin 
30 g castor oil 
20 g camphor cake 
600 ml ether 
600 ml absolute ethanol 

Allow a week for ingredients to dissolve. 
The solution should be stirred occasionally 
to aid dissolving. 

The immediate addition of saline to the cavity 

helped to prevent pneumothorax. The size of the tip of 

pipette used for aspiration was important. If the tip was 

too large, the resultant suction caused a great deal of 

damage to surrounding tissues. Animals were sprayed with 
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Chloraseptic (Eaton Laboratories, Norwich, N.Y.) or perfume 

before return to the mother to aid in masking odors con

tracted during the operation. 

When thymectomized animals were used in experiment, 

any tissue resembling thymus found was subjected to 

pathology for identification. Presence of Hassall's 

corpuscles positively identified the tissue as thymus (Bloom 

and Fawcett, 1964). In addition, spleen cells were in

cubated in vitro with phytohemagglutinin-P (PHA-P) (Difco 

Laboratories, Detroit, Mich.), a mitogen which preferen

tially stimulates T-dependent lymphocytes (Janossy and 

Greaves, 1971). A low response to PHA-P in comparison to 

that of spleen cells from control hamsters indicated the 

hamsters had been neonatally thymectomized. 

Immunization of Hamsters 

Hamsters were immunized by various routes and 

preparations of RSv. Routes included intradermal (ID), 

intramuscular (IM), and intranasal (IN). IN inoculation 

was achieved by two methods: 

1. Virus was administered with the aid of a tuberculin 

syringe with a 27 gauge needle to which was attached 

approximately 1 inch of polyethylene tubing (0.024 

O.D. Intramedic Polyethylene Tubing, Clay Adams, 

Parsippany, N.J.). Animals were anesthetized with 

an IM inoculation of Ketamine hydrochloride (Bristol 
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Laboratories, Syracuse, N.Y.) at 40 mg/kg body 

weight prior to IN inoculation with RSv. 

2. An alternate method of IN inoculation consisted of 

anesthetization with ether and allowing the hamster 

to breathe in the virus at a critical stage of 

anesthesia. 

Preparations of virus included: (1) RSv with a 

titer of 2.65 x 10^ PFU/ml, inactivated with ultraviolet 

light at a distance of 10 inches from the source, a 15 watt 

germicidal light (General Electric, Cleveland, Ohio); (2) 

RSv purified on a sucrose density gradient (titer of 7.3 x 

5 6 
10 or 3.5 x 10 PFU/ml, also inactivated with ultraviolet 

£ 

light); and (3) live RSv with a titer of 8.7 x 10 or 

4 6.4 x 10 PFU/ml. Each antigen had an appropriate cell 

control, a preparation handled in an identical manner as was 

the virus, but not infected. The control for the purified 

virus was another virus, vesicular stomatitis virus (VSV), 

grown in HEp-2 cells, and purified in an identical manner 

as the RSv. VSV, an RNA enveloped virus, is of similar size 

to RSv? VSV's dimensions are 175 x 70 nm (Fenner et al., 

1974) compared to RSv which has a diameter of 90-120 nm 

(Jackson and Muldoon, 1973). Adjuvants used in conjunction 

with RSv were A^O^ ("Alhydrogel," 1/3% AI2O3 Super Fos A/C 

Inc., Copenhagen, Denmark) and complete Freund's adjuvant 
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(Difco Laboratories, Detroit, Mich.). Equal volumes of 

adjuvant and antigen were mixed just prior to inoculation. 

Humoral CF Antibody 

Animals were lightly anesthetized with Ketamine 

hydrochloride, as above, and bled to death by severance of 

the aorta. 

Antibody titers were measured in a micro test of 

complement fixation using a CF antigen and cell control from 

one of two sources: (1) Flow (Inglewood, Ca.)—the cell 

line used was KB, a cell of human origin, from a carcinoma 

of the soft palate of the mouth (Shannon and Macy, 1972); 

or (2) Microbiological Associates (Los Angeles, Ca.)--the 

cell line used in this case was Vero, kidney cells from a 

normal adult African green monkey (Cercopithecus aethiops) 

(Shannon and Macy, 1972). Either of these cell lines are 

antigenically distinct from HEp-2, the cell in which the 

virus was grown for sensitization purposes. Thus, cross 

reactions between antibody and the cells in which the virus 

was grown were unlikely. 

Diluent in all test preparations was prepared as 

follows: 

Mg~Ca Saline: 

10 g MgC^'f^O 

4 g CaCl2*H20 

100 ml distilled 1^0 

One ml of above solution was added to 1000 ml 
of 0.85% NaCl 
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A 1:4 dilution of serum was made in Mg-Ca Saline and 

heat-treated at 56°C for 30 min. Serial 1:2 titrations were 

made with the aid of microtiter diluters in a "U" micro-

titer plate (System Cooke, C. A. Greiner, Niirtingen, 

Germany). Strength of reagents were pre-measured with known 

standards. CF antigen (0.025 ml) containing 4 units was 

added to each well. Complement (0.025 ml) (Bioquest, 

Cockeysville, Md.) containing 2 units was added to each 

well. Preparations were incubated at 4°C overnight. Sheep 

red blood cells (SRBC) (Microtech, Tucson, Arizona) were 

washed three times with saline. A 2% solution in Mg-Ca 

Saline was used. Three units of hemolysin (Hyland, Costa 

Mesa, Ca.) were added to SRBC and poured back and forth 

three times to sensitize the SRBC. The mixture was in

cubated at room temperature for 30 minutes. The plates were 

also incubated at room temperature for the same 30 minutes. 

Sensitized SRBC (0.05 cc) were added to each well. The 

plates were incubated at 37°C approximately 45 minutes with 

vigorous shaking every 15 minutes. Plates were centrifuged 

at 2000 rpm 5 minutes. Three to four plus reactions were 

considered positive. 

Lung Pathology 

After hamsters were exsanguinated, their lungs were 

removed and inflated with 10% buffered formalin: 
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100 ml 37-40% formaldehyde 
900 ml distilled water 
4 g monobasic sodium phosphate 
6.5 g dibasic sodium phosphate 

Paraffin sections were cut and stained with 

hematoxylin and eosin. Pathology was assessed by an 

experienced pathologist. 

Lungs were scored in the following manner: 

0 — Normal 
1 — Mild pneumonitis* 
2 — Moderate pneumonitis 
3 — Severe pneumonitis 
4 — Grade I interstitial pneumonia** 
5 — Grade II interstitial pneumonia 
6 — Grade III interstitial pneumonia 
7 -- Grade IV interstitial pneumonia 
8 — Supperative pneumonia 
Drop 0.5 below score for focal response 
Add 0.5 to score for proliferation of epithelium 

* Cellular infiltrate of walls of alveoli 
** Cellular infiltrate of lumen 

Lack of Humoral Immunity 

The drug cyclophosphamide (Cytoxan®, Mead Johnson, 

Evansville, Ind.) was used to suppress the humoral immune 

response. Weight was monitored as an indicator that the 

drug was effective. In addition, the composition of peri

pheral white blood cells (WBC) were monitored to assure the 

drug was affecting the animals. 

Neonatally thymectomized and control hamsters were 

each divided into four groups each containing 4 animals: 

cyclophosphamide (CY) and RSv, Cy, RSv, and saline. Cy was 

administered intraperitoneally (IP) on day zero at a dosage 
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of 300 rag/kg body weight. On day 1 RSv was given IN, 

approximately 0.75 ml of RSv with a titer of 9.8 x 10^ 

PFU/ml, to hamsters anesthetized with Ketamine hydrochloride, 

described above. On day 6, a second inoculation of Cy was 

given at 100 mg/kg body weight. Blood was obtained from 

the orbital sinus (Pansky et al., 1961) on days zero, one; 

and six. On day 15, hamsters were anesthetized with 

Ketamine hydrochloride and exsanguinated by severance of 

the aorta. White blood cell counts and differentials were 

made on days zero, one, six, and fifteen. 

Sera collected on day 15 were frozen at -20°C and 

later titered for CF antibody to RSv. 

Growth of RSv In Vivo 

In order to determine if virus grows in lungs of 

the hamster, the following experiment was performed. Two 

groups of animals were used: neonatally thymectomized 

hamsters which were treated IP with Cy (300 mg/kg body 

weight), followed six days later with 100 mg/kg body weight); 

and control hamsters given saline IP at zero and 6 days. 

On day 7, animals were given 0.1 to 0.2 ml RSv IN. (Titer 

4 of virus was 6.4 x 10 PFU/ml.) At 4 and 4 8 hours four 

animals from each group were killed by severance of the 

aorta after anesthetization with an IM inoculation of 

Ketamine hydrochloride. The lungs were removed asceptically 

and placed in a pre-weighed tube containing Eagle's MEM, 
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penicillin (50 units/ml) , streptomycin (50 jjg/ml) , and 1% 

fetal calf serum (heat-treated for 30 min. at 56°CJ. The 

weight was again measured, and weights of lungs were ob

tained by difference. Lungs were homogenized in the 

presence of ice with a Dounce homogenizer. Three aliquots 

of the mixture were made and frozen at -90°C. Amount of 

virus was determined by plaque titration in HEp-2 cells. 

Virus was titered at unit concentration, 1:10 and 1:100. 

Identification of Viral Antigens 

Viral antigens were identified by the immuno-

peroxidase method/ an assay with greater sensitivity and 

less nonspecificity than fluorescent antibody (Palmer, 

DeLellis, and Wolfe, 1974; Sternberger et al., 1970). An 

indirect method was used. Rabbit anti-guinea pig immuno

globulin G (IgG) was coupled to horseradish peroxidase. 

This preparation identified presence of guinea pig anti-RSv 

which was bound to viral antigen. 

In preparation of anti-RSv, antibody was prepared 

in outbred guinea pigs obtained from Camm Research, Wayne, 

N.J. Two routes of inoculation were used. Guinea pigs 

inoculated intramuscularly (IM) received 0.1 ml of virus, 

5 
purified on a sucrose gradient, with a titer of 7.3 x 10 

PFU/ml, followed by an identical injection at 2 weeks. 

Guinea pigs inoculated intranasally (IN) were anesthetized 

with 0.15 ml/lOOg body weight of 6.5% sodium pentobarbitol 



33 

intraperitoneally (IP) and inoculated with 0.1 ml of un-

purified RSv with a titer of 5.75 x 10"^ PFU/ml. Unpurified 

RSv was used, as it is reported if inoculation is IN, 

immune serum free of antibodies reacting to tissue culture 

components will be produced (Lennette and Schmidt, 1969). 

Animals were anesthetized with sodium pentobarbitol as above 

and bled by cardiac puncture at 1 month. 

Commercially obtained rabbit anti-guinea pig anti

body (Meloy Laboratories, Inc., Springfield, Va.) was 

coupled to horseradish peroxidase according to the method 

of Avrameas and Ternynck (1971). Briefly, 1 mg of horse

radish peroxidase was added to 0.2 ml of 0.1 M phosphate 

buffer, pH 6.8, containing 1.25% glutaraldehyde. This was 

incubated at room temperature for 18 hours, and then 

purified on a G-25 Sephadex column equilibrated with 0.15 M 

sodium chloride. The brown colored fractions containing the 

activated peroxidase were pooled. To this solution was 

added 1 ml of 0.15 Msodium chloride containing 5 mg of 

antibody followed by 0.1 ml of 1 M carbonate-bicarbonate 

buffer, pH 9.5 (Coldwick and Kaplan, 1955). After 24 hours 

at 4°C, 0.1 ml of 0.2 M lysine was added and the mixture 

was allowed to stand an additional 2 hours. The preparation 

was dialyzed at 4°C against several changes of buffered 

saline. 

In place of the above, a commercially obtained 

peroxidase-conjugated antiglobulin to guinea pig IgG 
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(Cappel Laboratories, Inc., Downington, Pa.) was sometimes 

used. 

Appropriate dilutions of the anti-RSv antibody and 

the anti-guinea pig conjugate were determined on HEp-2 cells 

infected with RSv. The cytopathic effect in the tissue 

helped localize positive reactions. 

Paraffin sections of hamster lungs were found to be 

devoid of endogenous peroxidase, and suitable for identifi

cation of viral antigens. 

Lung sections were washed thoroughly with phosphate 

buffered saline. Guinea pig antibody to RSv was added to 

the lung sections and the slides were incubated at 34°C in 

a humidified incubator for 45 to 60 minutes. The sections 

were then washed three times with phosphate buffered saline 

and rabbit antibody to guinea pig IgG to which had been 

coupled horseradish peroxidase was added. The preparations 

were incubated again in a humidified atmosphere for 45 to 60 

minutes. Slides were washed thoroughly with phosphate 

buffered saline. Preparations were stained with Kaplow's 

reagent (Kaplow, 1965), using benzidine, which stained blue 

with a pink counterstain; safranin; or Bioware, with 3-3 

diamino-benzidine, which stained brown. 



35 

Kaplow's Medium: 

100 ml 30% ethyl alcohol 
0.3 g benzidine dihydrochloride 
1.0 ml 0.132 M (3.8 & w/v) ZnS04*7H20 

1.0 g sodium acetate (NaC2H^02*3H20) 

0.7 ml 3% hydrogen peroxide 
0.2 g Safranin O 

Mix reagents in order listed, mixing well after each 
addition. The benzidine salt may contain a small 
amount of inert residue which will not go into solution. 
A precipitate forms upon addition of the zinc sulfate. 
This dissolves upon addition of the remaining reagents. 
Oinit the safranin if nuclear staining is not required. 
Final pH is adjusted to 6.1 with 1 N HC1. Filter 
solution before using. This may be reused for several 
months. Stain for 60 seconds. 

Bioware Stain: 

Phosphate buffer: 
I^HPO^ — 17.4 g/liter in distilled water 

Nal^PO^ -- 13.8 g/liter in distilled water 

Combine the two solutions in order to achieve a final 
pH of 7.1. To 10 ml of phosphate buffer, the following 
is added: 

0.03 g 3-3 diaminobenzidine 
2 drops 3% hydrogen peroxide 

Filter stain before use. Use immediately after 
preparation. Stain for 20 to 30 minutes. 

Measurment of Cell-Mediated 
Immunity In Vivo 

Skin tests were performed in the footpad with intra

dermal (ID) injections (Glaspak 1/2 cc syringe with 26 g 

3/8" intradermal needle, Becton, Dickinson and Co., 

Rutherford, N.J.) of 0.05 ml test substance per footpad. 

Skin test materials included saline, to measure nonspecific 

response; commercial CF antigen grown in KB cells (Flow, 

Inglewood, Ca.) or Vero cells (Microbiological Associates, 
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Los Angeles, Ca.)/ each with an appropriate cell control; 

and purified protein derivative (PPD) (Parke Davis, Detroit, 

Mich.). The footpad thickness was measured with a skin 

thickness dial gauge (Oditest Odi 00T, H. C. Kroplin, 

Hessen, German Federated Republic). Measurements were made 

at zero, 4, 24, and 4 8 hours. 

Measurement of Cell-Mediated 
Immunity In Vitro 

Cell-mediated immunity studies were conducted in 

vitro on spleen, lymph node, and thymus cells from hamsters 

sensitized by various means and routes. Animals were 

killed by suffocation with CC>2 or anesthetized with Ketamine 

hydrochloride, described above, and bled to death by 

severance of the aorta. Spleen, cervical lymph nodes, and/ 

or thymus were removed asceptically and placed in Eagle's 

MEM with penicillin (50 units/ml) and streptomycin (50 

pg/ml). Cells were teased from these specimens with scalpel 

blades, washed three times in the above solution, and 

centrifuged each time at 1200 rpm at 4°C. Cells were 

diluted in 3% acetic acid to which a small amount of 

gentian violet was added and counted with the aid of a 

Neubauer haemocytometer (American Optical, Buffalo, N.Y.). 

Per cent cell viability was determined by trypan blue dye 

exclusion (Phillips, 1973). The concentration was adjusted 

to 5 x 10^ cells/ml of culture media: RPMI 1640 (GIBCO, 

Grand Island, N.Y.) with 5% human AB serum, penicillin (50 
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units/ml) and streptomycin (50 pg/ml). Cells were cultured 

in 0.1 ml quantities with 0.01 ml test substance in rigid 

"U" microtiter plates (Cooke Laboratory Products/ 

Alexandria, Va.). Quadruplicate cultures were made. 

Cells were cultured with a 1/20 dilution of a 

purified preparation of phytohemagglutinin (PHA-P/ Difco 

Laboratories, Detroit, Mich.) for 2 days or with specific 

antigens: various RSv antigens and appropriate cell controls; 

or with purified protein derivative (PPD, Parke Davis, 

Detroit, Mich.) at a final concentration of 10 and 20 yg/ml 

for 5 days. Cells were cultured at 37°C in a humidified 

incubator in the presence of 5% C02- RSv antigens included 

RSv which was inactivated with ultraviolet light as 

described above; 100-fold concentrated RSv, inactivated 

with ultraviolet light; 100-fold concentrated ultraviolet 

light-inactivated RSv added to an equal volume of aluminum 

oxide; RSv purified on a sucrose gradient and inactivated 

with ultraviolet light; or commercial CF RSv antigen (Plow, 

Inglewood, Ca.), inactivated with heat at 60°C for 1 hour. 

In each case an appropriate cell control was used. In the 

case of RSv purified on the sucrose gradient, the cell 

control consisted of another RNA enveloped virus, vesicular 

stomatitis virus, grown in th^ same cell line as RSv and 

purified in the same manner. Titer of purified RSv was 

3.5 x 10 /ml; of VSV, 4.86 x 10 PFU/ml. 
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Four hours before harvest, 0.1 mC of tritiated 

thymidine (H^TdR, New England Nuclear, Boston, Mass.) was 

added per well. Cells were harvested by means of a micro-

harvester on glass fiber filter paper (Adaps, Inc., Dedham, 

Mass.), wells washed three times with saline, followed with 

95% ethanol. The resultant discs were air-dried and radio

activity assessed by means of liquid scintillation, 5 ml 

Omnifluor (New England Nuclear Corporation, Boston, Mass.) 

per glass vial. The scintillation counter was a Mark I of 

Nuclear Chicago, refrigerated to -12 to 10°C. Samples were 

counted to a 2% pre-set error or for 4 minutes. Scintilla

tion counts were transformed into logarithms as radioactive 

counts are in Poisson distribution (Remington and Schork, 

1970). Conversion of data into logarithms allows the 

distribution to be normalized. Results were analyzed by 

analysis of variance. 



RESULTS 

Virus Growth In Vitro 

Various cell lines were tested for optimum growth 

of RSv in vitro. HEp-2 cells provided the best cell source 

for growth of RSv. RSv grown in HEp-2 cells had a more 

definite cytopathic effect than it did when grown in HeLa 

cells, as no syncytia were produced in the HeLa cells. In 

contrast, HL cells did support syncytia, and yielded 

comparable titers of RSv as did HEp-2. Syncytia in HL 

cells, however, were not so well defined as in HEp-2. 

HEp-2 cells from six individual sources were utilized for 

virus propagation, with varying results. The HEp-2 cells 

most regularly yielding highest titers of virus came from 

Flow Laboratories (Inglewood, Ca.) and had been maintained 

in the Infectious Disease Laboratory in the Department of 

Pediatrics at The University of Arizona Medical Center. 

Serum from different species was tested for optimum 

support of cytopathic effect due to RSv, Fetal bovine serum 

proved to be the best enrichment for viral growth. Chicken 

serum was toxic to the HEp-2 cells. Horse serum supported 

production of fewer and smaller syncytia than did fetal 

bovine sera. There was considerable lot to lot variation 

with fetal calf serum in respect to its support of 

cytopathic effect of RSv. Sera were screened for optimum 

39 
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support of the cytopathic effect due to RSv before use. In 

addition, all sera used were heat-treated at 56°C for 30 min 

prior to use. 

Conditions for Virus Replication 

Optimum growth conditions were further investigated 

by varying the multiplicity of infection (m.o.i.) in 

monolayer cultures (Table 1). Experiments were done in 

plastic petri dishes (a) and plastic flasks (b). 

In order to analyze these data, the virus titers 

were converted to logarithms. Rationale for transformation 

of data and explanation of statistics are found in Sokal 

and Rohlf (.1969) . Virus titers are in Poisson distribution. 

Conversion of titers to logarithms makes the distribution 

a normal one. The means of the logarithms of the titers 

for each m.o.i. were compared by analysis of variance, 

which tests the statistical significance of the differences 

between means of several samples. Analysis of variance 

can also be used to compare only two means. 

Although there was a greater yield of virus with 

an m.o.i, of 0.01 compared to an m.o.i. 10- or 100-fold 

higher, this difference was not statistically significant, 

nor was it reproducible. In experiment (b) the titer of 

yirus at an m.o.i, of 0.01 is only slightly higher than 

that at 0,1. Further reduction of m.o.i. to 0,001 did not 

prove to increase the titer. 
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Table 1. RSv titer at different multiplicities of infection. 

m.o.i. Virus titer (PFU/rnl)a 

(a) 0. 01 5.3 x 10<? 
6.1 x 10° 

0.1 1.1 x 104 

2.0 x 103 

0.1 2.4 x 10^ 
2.7 x 105 

1. 0 0.99 x 105 
1.22 x 105 

1.0 1.95 x 105 
2.11 x 105 

lb) 0. 001 5.0 x 10l 
4.5 x 10b 

0, 01 1.69 x 10;? 
1.92 x 105 

0. 01 5.1 x 10;? 
4.6 x 105 

0,1 4.3 x 104 

3.5 x 104 

0.1 1.12 x 10^ 
1.11 x 105 

a 
Each figure represents titer of virus as determined 

by plaque count in 1 test well. 
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The lack of a significant difference in titer of 

virus at m.o.i.'s varying over a range of 1000-fold might 

signify the cells were only capable of producing a certain 

level of virus. The growth cycle for RSv is reported to 

be 20 to 30 hours (Levine and Hamilton, 1969). Virus in 

the above experiments was harvested when cytopathic effect 

was evident in approximately 80% of the cells, (a) day 3 

and (b) day 4. Several cycles of replication had been 

allowed to occur by that time. As there is no statistical 

difference between virus yield at m.o.i.'s of 0.001 to 1,0, 

the most efficient growth is accomplished at an m.o.i. of 

0.001. 

Spinner cultures were also used to propagate virus. 

The m.o.i,, again, did not prove to be a critical factor in 

optimum virus yield. A critical factor in achieving good 

virus propagation was cell viability. Spinner cultures 

needed to be maintained at a cell density of 1 to 5 x 10^/ml 

to retain viability > 80%. Cell densities of less than 

1 x 10^/ml resulted in diminished cell viability which 

contributed to greatly decreased yield of virus. 

A comparison was made between growth of virus in 

spinner culture and that in monolayer culture {see Table 2). 

Comparable m.o.i.'s were used in the spinner and 

monolayer cultures. Optimum day of harvest in spinner 

culture was sooner than that for monolayer, 2 to 3 days 

for spinner as compared to 5 to 6 days for monolayer, as 



Table 2. RSv growth in spinner and monolayer cultures. 

Source 
of 

m,o,i. virus 

Virus recovered 
Max. 

Virus 
used . .Culture 

Source 
of 

m,o,i. virus 
Day of 
harvest 

Titer 
(PFU/ml) 

Total 
(PFU) 

% Cell 
associated0 

Max. 
Virus 
used Gaine 

Spinner 0,05 SN 
SN 
CD 

2 
3 
3 

sa 
1.4x10^ 
7, 3x10 
1x10 

2,7xl07 

14,6xl07 

1x10 

6xl0~4 2.3xl06 75 

Monolayer 0,08 SN 
SN 
CD 

5 
6 
6 

5.7xl0^9 

5,8x10 
2.5x10® 

2,7xl07 

31,6x10; 
0.95xl07 

2.7 6, 8xl05 518 

aEach titer represents the mean of plaque counts in 3 test wells. 

^Total PFU = PFU/ml x volume (ml), 

c% cell associated = Total PFU (SN's + CD)/Total PFU (CD). 

ci 
Maximum virus used = Total PFU used to start culture, 

eGain = Total PFU (SN's + CD)/Maximum virus used. 

fCell debris was sonicated in ice for 30 sec. Supernatant was used for 
virus titration, 

^Each titer represents means of plaque forming units in 2 test wells. 
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determined by previous titration at different times after 

addition of virus. Virus titers were higher in monolayer 

cultures than in spinner cultures. In addition, the 

increase in total virus as compared to input virus (gain) 

was higher in monolayer cultures. A 518-fold increase in 

virus was achieved in monolayer culture, 75-fold in spinner. 

Monolayer cultures produced virus more efficiently than did 

spinner cultures. 

These experiments are consistent with the theoreti

cal consideration that maximum viral growth would occur in 

monolayer culture. Since RSv matures by budding from the 

cell surface (Bachi and Howe, 1973), it might be expected 

that optimum cell-cell infection would occur if the cells 

were contiguous rather than dispersed throughout the 

medium. Conversely cells in suspension would have larger 

available surface area. 

Virus Purification 

Glycerol gradients resulted in very low recovery 

of infectious RSv. When the resultant 3 0 fractions were 

2 
titered for infectious virus, less than 10 PFU/ml was 

recovered from each fraction. At which step in purification 

infectivity was lost was not determined. 

Sucrose gradients resulted in recovery of 1% of the 

infectious virus added to the gradient. Virus was con

centrated by centrifugation at 30,000 x g for one hour, 
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then resuspended in a total volume of 10 ml of Tris-EDTA 

buffer at 4°C for 16 hours. Virus was then homogenized 

with a Dounce homogenizer in ice, and layered on a con

tinuous gradient of 30-70% sucrose. The gradient was 

centrifuged at 25,000 rpm for 4 hours at 4°C. The resultant 

gradient was collected in 30 1-ml aliquots with the aid of 

a Buchler polystaltic pump. Fractions were kept on ice 

overnight. Refractive indices of alternate samples were 

measured to determine concentration of sucrose present in 

order to establish that a true gradient had been formed 

and to identify density of each fraction. Refractive index 

is directly proportional to density (Weast, 1972-1973). 

Each fraction was titered for presence of infective virus. 

RSv was found to band at a density of approximately 

1.21 g/ml (see Figure 1). 

Comparisons Among Humoral Immunity, Cell-Mediated 
Immunity and Lung Pathology 

Conditions necessary for establishment of humoral 

and cell-mediated immunity to RSv and their influence on 

lung pathology was investigated. 

Four separate preparations were used to immunize 

hamsters IMt live RSv (L*-IM) ; 100-fold concentrated, 

ultraviolet light-inactivated RSv (100 x K-IM); 100 x K 

with AI2O3 (100 x KA-IM); and 100 x K with complete 

Freund's adjuvant (100 x KCFA). At 14 days each group of 

hamsters plus one group of non-treated hamsters was given 



Figure 1. Infectivity and density of respiratory syncytial virus after purifica
tion on a sucrose gradient — Concentrated RSv was layered on a con
tinuous gradient of 30-70% sucrose. The gradient was centrifuged at 
25,000 rpm for 4 hours at 4°C. The resultant gradient was collected 
into 30 1-ml aliquots. Refractive indices were converted to density 
CWeast, 1972-1973). Infectivity was measured by a plaque assay. 

a 
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live RSv intranasally (dl4L-IN). Each group of hamsters was 

compared to a group receiving no treatment at all. Animals 

were killed at 2, 4, 12, and 14 weeks. Antibody levels 

were measured at each time period and at 9 weeks as well. 

(Those hamsters in the week 12 group were bled from the 

orbital sinus on week 9.) Skin tests were measured at 

weeks 2, 4, and 14 to saline, RSv, and cells in which RSv 

was grown. Measurements were made at 4, 24, and 4 8 hours. 

In all antibody and skin tests, test antigen was grown in a 

cell line other than that used for growth of immunizing 

antigen. This discouraged possible cross-reactions between 

test antigen and the cells in which the virus was grown, 

CF Antibody to RSv 

CF antibody titers were different according to the 

immunization of the hamster (see Figure 2). At week 2t 

significant levels of antibody (greater than 4-fold, or 

log22f represented by the dotted line) were measured for 

each IM sensitization excepting L-IM. Control hamsters 

had antibody levels of less than 1:4. 

At this time each group of hamsters was given live 

RSv IN, In an additional two weeks, an 8-fold increase in 

antibody titer was seen in each group. Hamsters given only 

live RSv intranasally showed a high antibody titer two 

weeks later (titer greater than 1:32). Again, control 

animals' CF antibody titers were less than 1:4, 
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By week 9, antibody levels, dropped in all groups 

except hamsters first inoculated IM with 100 x KCFA. 

Hamsters given live RSv IM followed by live RSv IN no 

longer had a significant level of humoral CF antibody. At 

week 12 there was a further drop in titer for groups other 

than those given CFA. Antibody titers were lower at week 

9 for most groups. An exception were hamsters given L-IM 

and dl4L-IN, These animals had approximately equal titers 

at week 12 compared to week 9, 1:3.5 and 1:4, respectively. 

At week 14 the two groups of hamsters inoculated with an 

adjuvant show significant antibody titers. Again, antibody 

titers from animals inoculated with A^O^ were lower than 

those from hamsters given CFA. Titers for hamsters given 

A^O^ and CFA both remained at the same level at week 14 

as at week 12. 

Figure 3 is a composite graph showing antibody 

patterns of the respective groups of hamsters. CF antibody 

to RSv was found in the peripheral blood of hamsters when 

inoculated with live virus IN, or live or inactivated, 

concentrated virus IM. Addition of A^O^ or CFA to IM 

preparations caused production of elevated antibody titers. 

Note that all groups show a decrease in titer after four 

weeks with the exception of those hamsters given 100 x KCFA. 

Therefore, complete Freund's adjuvant was more effective 

than AI2O2 in producing high and persistent antibody titer 

to RSv. 
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At week 12, control animals had CF antibody titers 

of 1:4 to RSv, indicating infection with the virus. At 

no other time did control hamsters have detectable antibody 

to RSv. 

Cell-Mediated Immunity to RSv 

Cell-mediated immune responses were assayed in vivo 

by skin tests in the footpads. Skin tests were performed 

at 2, 4, and 14 weeks after immunization with saline, L-IM, 

100 X K-IM, 100 X KA-IM, 100 x KCFA-IM. At 2 weeks, each 

group was given live RSv IN. Measurements with a skin 

thickness dial gauge were made at 4, 24, and 48 hours. 

At two weeks after IM immunization with the various 

preparations of inactivated virus, two groups of hamsters 

showed a positive response to RSv at 4 hours: animals 

inoculated with 100 x KA and 100 x KCFA, This indicates 

that these animals had an Arthus response (Martins and 

Raffel, 1964) due to the presence of antibody to RSv (see 

Figure 4). By 24 hours, no animals had positive skin tests 

compared to control hamsters. At 4 8 hours only hamsters 

which received 100 x KA-IM showed a positive skin test when 

compared to controls. This difference was significant at 

the 95% confidence level. Pathology showed the primary cell 

infiltrate consisted of macrophages with a secondary 

infiltrate of polymorphonuclear cells. In contrast, 

pathology of skin tests of hamsters that were immunized with 
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100 x KCFA showed the infiltrate to be mixed, with many more 

polymorphonuclear cells. 

At four weeks after IM immunization only 2 4 and 48 

hour readings were made (see Figure 5). No hamsters showed 

positive responses to the virus when compared to control 

values at 24 hours. At 48 hours, however, animals given 

100 x KA showed positive skin tests. Pathology showed half 

these animals' skin tests had an infiltrate primarily com

posed of mononuclear cells and half had an infiltrate of 

mononuclear and polymorphonuclear cells in equal propor

tions . 

At 14 weeks, illustrated in Figure 6, control 

values were quite high at 4 hours. Although two groups of 

hamsters (animals given 100 x KA and 100 x KCFA) had 

positive skin tests, they were not significantly different 

from control values. At 24 hours there was no statis

tically significant difference among groups, This was true 

at 48 hours as well. 

The following chart, Figure 7, illustrates a 

composite picture of skin test responses, including 

responses to saline and to the cell control, Statistical 

analysis showed the measurements at 4, 24, and 48 hours not 

to be significantly different. Thus they were averaged. 

In most cases the response to the virus was greater than it 

was to the cell control or to saline. In the positive 

responses, notable in hamsters given 100 x KA, measured at 
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Figure 7. Composite graph of change in footpad thickness 
after skin test with saline, cell control, or 
RSv in hamsters immunized with RSv — Values 
are averages of 4, 24, and 48 hour readings as 
there was no significant difference among them. 
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2 and 4 weeks after immunization, response to the virus was 

greater than to the cell control or to saline, thus 

indicating the response was specific for the virus. 

Therefore, incorporation of adjuvant with RSv in 

sensitization of the hamster was necessary to elicit a 

positive skin test. In these experiments, only virus with 

A^2°3 as a^juvant elicited delayed hypersensitivity. The 

delayed hypersensitivity was evident for at least four 

weeks after sensitization. By 14 weeks after initial 

immunization, the response was no longer positive, In 

contrast, addition of complete Freund*s adjuvant caused only 

an Arthus response measured 2 weeks after immunization. 

This result was not expected since incorporation of antigen 

with complete Freund's adjuvant ordinarily elicits a cell-

mediated response (Davis et al., 1973). 

In these experiments we see immune deviation, or 

the induction of antibody formation without delayed type 

hypersensitivity CDavis et alw 1973). Live RSv IN, live 

RSv IM, and lOQ'-fold concentrated, ultraviolet light-

inactivated RSv IM each caused antibody formation without 

detectable cell-mediated immunity. Incorporation of 

complete Freund's adjuvant did not produce the expected 

delayed hypersensitivity. Only incorporation of AI2O3 

produced measureable levels of both types of immunity. 
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Lung Pathology 

Pathology of the lung was scored as follows: 

0 Normal 

£ 1 Mild pneumonitis 

2 Moderate pneumonitis 

3 Severe pneumonitis 

4 Grade I interstitial pneumonia 

5 Grade II interstitial pneumonia 

6 Grade III interstitial pneumonia 

7 Grade IV interstitial pneumonia 

8 Supperative pneumonia 

Drop 0.5 below score for focal response. 

Add 0,5 to score for proliferation of epithelium. 

a. Cellular infiltrate of walls of alveoli. 

b. Cellular infiltrate of lumen 

Pathology of the lung was studied for the various 

groups. Findings are shown in Figure 8. At two weeks, 

each group of hamsters given immunization had lung scores 

significantly greater than control animals. At four weeks, 

control hamsters had developed significant pathology. This 

could have been caused by many agents CRenshaw, Van Hoosier, 

and Amendr 1975). The lack of detectable antibody in these 

animals would suggest the pneumonia was not caused by RSv. 

Immunized hamsters given only live virus two weeks 

previously, or given IM inoculations of L, 100 x K, or 
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100 x KA followed by live virus IN at 2 weeks each had lung 

scores significantly greater than those of control animals. 

Only hamsters immunized with 100 x KCFA followed by live 

virus IN at 2 weeks each had lung scores significantly 

greater than those of control animals. Only hamsters 

immunized with 100 x KCFA followed by live virus IN at 2 

weeks did not achieve lung scores significantly greater than 

those of controls. At week 14, control hamsters had higher 

lung scores than at week 4. Again, the pathology must have 

been due to agents other than RSv as these animals did not 

have detectable levels of antibody to RSv in their sera. 

Three groups were significantly higher than controls: L-IM, 

100 x K-IM, 100 x KA-IM, each followed by live virus IN 

on day 14, 

Consistently, the highest lung scores were seen in 

animals given 100 x K-IM with the addition of live virus 

IN at week 2 [see Figure 9). The addition of adjuvant 

caused the hamsters to be somewhat protected from pathology, 

but not always to a significant degree. Lung scores of 

hamsters given CFA were lower than those given A^Og at 

week 4 and week 14. There was no significant difference in 

degree of pathology by treatment given, with one exception. 

At week 2, hamsters given 100 x K-IM had significantly 

greater pathology than did hamsters given L-IM, Control 

animals with pneumonia probably developed it from causes 
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other than RSv because antibody to RSv was not found in the 

sera of those animals. 

The presence or absence of antibody and/or cell-

mediated immunity is not correlated with lung score. 

Highest lung scores were seen in animals given 100 x K, 

These animals developed antibody and not cell-mediated 

immunity to the virus. But significant lung scores were 

seen in animals without significant antibody and without 

positive skin tests. In addition, significant lung scores 

were seen in animals with significant antibody and positive 

skin tests (see Figure 10)„ 

The fact that control hamsters got pneumonia tends 

to negate lung pathology in immunized hamsters. Despite 

this pneumonia induced by sources other than RSv, signifi

cant differences in lung pathology were seen in animals 

immunized with RSv when compared to control hamsters. 

It is therefore suggested that RSv caused pneumonia 

in the golden hamster. Animals immunized with RSv had 

significantly greater amounts of pathology in the lung 

than did control hamsters. In addition, immunized hamsters 

had CF antibody specific for RSv, in contrast to control 

hamsters, which rarely had detectable levels of antibody 

to RSv. Occasional presence of antibody in control 

hamsters, coupled with presence of pneumonia in control 

animals requires consideration of the possibility that RSv 

set up conditions for another agent to cause pneumonia. 
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Figure 10. Correlation of lung pathology, CF antibody to RSv, and skin test 
responses to RSv in hamsters immunized with RSv. 
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To obtain definitive lung pathology results, one 

must work in germ-free conditions, with animals bred in 

germ-free conditions. Such facilities were not available 

for the present investigation. 

The Role of Immunity in the Response of 
the Golden Hamster to RSv 

It was investigated if lack of specific immune 

responses would change pathology of the lung of the hamster 

due to infection with RSv. 

Lack of Cell-Mediated Immunity 

In order to determine the role of cell-mediated 

immunity in the response of the golden hamster to RSv, it 

was investigated whether neonatally thymectomized hamsters 

would respond differently to the virus than normal hamsters, 

Neonatally-thymectomized and non~thymectomized hamsters 

were given 100-fold concentrated, ultraviolet light-

inactivated RSv plus AI2O3 intramuscularly (100 x KA-IM) 

and, 14 days later, live virus intranasally Cdl4L-IN). 

Animals were nasal-washed with veal infusion broth (VIB) 

on alternate days following inoculation with live virus. 

The resultant liquid was cultured in HEp-2 tissue culture 

tubes to determine whether virus was shed by the animal. 

Animals were bled from the orbital sinus on day zero and on 

day 14. On day of killing, blood was obtained from the 

severed aorta. 
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The thymectomized animals which were used were 

confirmed to have been thymectomized by absence of thymic 

tissue in paraffin sections of any remaining tissue in the 

area of the thymus and by absence of in vitro spleen cell 

response to phytohemagglutinin-P (PHA-P), a mitogen which 

preferentially stimulates Independent lymphocytes (Janossy 

and Greaves, 1971). Results are expressed as log ratios 

of counts of incorporated tritiated thymidine of experi

mental preparations divided by control preparations. All 

tests were done in quadruplicate (see Figure 11) . Animals 

were killed 24 days after initial immunization. The dotted 

line represents a two-fold response, which is considered the 

threshold of positive response. The bars indicate 95% 

confidence intervals. Where bars do not overlap, there is 

a significant difference. Spleen cells from thymectomized 

hamsters do not show a positive response to PHA-P, in 

contrast to spleen cells from normal hamsters, which do 

respond. 

Complement fixing (CF) antibody to RSv was approxi

mately equal in immunized normal and neonatally-thymectomized 

hamsters, 

Lung pathology appeared greater in immunized 

thymectomized hamsters, but the difference was not 

statistically significant at the 95% confidence level. The 

unimmunized hamsters also showed abnormal pathology of the 

lung. 



Figure 11. Day 24 responses of thymectomized and non-thymectomized hamsters after 
immunization with RSv: spleen cell response to PHA-P in vitro, humoral 
CF antibody to RSv, lung pathology — Hamsters were inoculated with 
100-fold concentrated ultraviolet-light-inactivated RSv + AI2O3 IM and 
with live RSv IN on day 14, Bars represent 95% confidence intervals. 
Dotted line represents threshold of + responses. 
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immunization with RSv: spleen cell response to PHA-P in vitro, humoral 
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In another experiment, the same regimen was followed 

as above, but hamsters were killed at 19 days (see Figure 

12). Again it was evident that spleen cells from the 

thymectomized hamsters did not respond to PHA-^P in vitro. 

In this experiment, response of normal hamsters to the 

mitogen was also poor, 

CF antibody titer of normal hamsters was greater 

than that of thymectomized hamsters, but not significantly 

so. 

Lung pathology was not significantly different for 

the separate groups of hamsters. These animals were not 

nasal washed, which might explain the lower lung scores. 

Although a flexible tube was used to perform nasal washing, 

the procedure caused damage to the nasal passage to the 

extent that bleeding often occurred. The injured cells 

lining the nasal passage would be in a more susceptible 

condition to any adventitious agents in the environment. 

In a third experiment with thymectomized hamsters, 

two additional groups were addedc normal and thymectomized 

hamsters given 100 x KA'-IM only, Animals were killed 28 

days after initial immunization (see Figure 13). In this 

experiment the spleen cells from thymectomized hamsters 

responded near the borderline of a positive response 

indicating some thymic-dependent lymphocytes were present. 

However, pathology of tissue from the thymic area was 

negative. 



Figure 12. Day 19 responses of thymectomized and non-thymectomized hamsters after 
immunization with RSv: spleen cell response to PHA-P in vitro, humoral 
CF antibody to RSv, lung pathology *-<- Hamsters were inoculated with 
lOO'-fold concentrated ultraviolet-light-inactivated RSv + AI2O3 IM and 
with live RSv IN on day 14, Bars represent 95% confidence intervals. 
Dotted line represents threshold of + response. 
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Figure 12. Day 19 responses of thymectomized and non-thymectomized hamsters after 
immunization with RSv: spleen cell response to PHA-P in vitro, humoral 
CF antibody to RSv, lung pathology. 



Figure 13. Day 28 responses of thymectomized and non-thymectomized hamsters after 
immunization with RSv: spleen cell response to PHA-P in vitro, humoral 
CF antibody to RSv, lung pathology -- Hamsters were inoculated with 
lOO'-fold concentrated ultraviolet light--inactivated RSv + AI2O3 IM and 
with live RSv IN on day 14, Bars represent 95% confidence intervals. 
Dotted line represents threshold of + response. 
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Antibody levels in animals which received L-IN 14 

days after the IM injection of 100 x KA were far greater 

than those in hamsters given 100 x KA-IM alone, an expected 

response to additional antigen. The response of normal 

hamsters given both injections was greater than that of 

thymectomized hamsters, yet the difference was not 

significant at the 95% confidence level. Lung pathology 

is not shown in this experiment. The control animals had 

a supperative pneumonia as evidenced by the infiltration 

of the lungs with polymorphonuclear cells. 

Nasal wash material cultured for virus did not 

yield conclusive results. There was a lot of contamination 

despite presence of penicillin and streptomycin in concen

trations 4 times that normally used in culture media. Both 

thymectomized and nonthymectomized hamsters yielded virus 

consistently through five days after inoculation with live 

virus. One hamster yielded virus twelve days after 

infection. Occasionally the amount of virus was so small 

that it took 11 days before the cytopathic effect appeared 

in the cultures. The virus isolated was considered to be 

respiratory syncytial virus on the basis that the cytopathic 

effect seen in HEp^-2 cells infected with the virus was 

characteristic of RSv, and the virus could be neutralized 

by known antibody to respiratory syncytial virus. 

From this set of experiments one may conclude the 

followingi 



\ 

71 

1. Spleen cells from thymectomized hamsters do not 

respond to PHA-P in vitro, in contrast to spleen 

cells from normal hamsters, which do respond. This 

indicates that the thymectomized hamsters were 

depleted of T-dependent lymphocytes. 

2. T-dependent factors enhance the production of CF 

antibody but are not required, 

3. Lung pathology of thymectomized hamsters given RSv 

did not vary significantly from that of immunized 

nonthymectomized hamsters indicating T-dependent 

factors are not critical in the response of the 

hamster to the virus. In other words, cell-

mediated immunity plays no central role in the 

pathology of the lung normally resulting from RSv 

infection of the golden hamster. 

Lack of Humoral Immunity 

It was next investigated whether a more complete 

immunosuppression would alter the hamster's response to 

respiratory syncytial virus. An immunosuppressing drug, 

cyclophosphamide (Cy) was used. Thymectomized and non

thymectomized hamsters were each divided into 4 groups of 

treatment* (1) Cy and RSv, (2) Cy, (3) RSv, and (4) none. 

Cyclophosphamide caused dramatic changes in three 

parameters in the golden hamstere CD the drug caused a 

significant loss of weight within six days, (2) Cy caused 
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a change in the composition of cell types in the peripheral 

blood as well as a change in morphology of the cells, and 

(3) Cy caused the obliteration of the CF antibody response 

to RSv. These changes were profound. Yet, Cy caused no 

dramatic change in pathology of the lung due to infection 

with RSv compared to Cy alone or no treatment. Cy alone 

caused pneumonia in the lungs of the golden hamster. These 

findings were made in lungs from thymectomized as well as 

from nonthymectomized hamsters. 

Effects of Cy on Weight. Cy was administered intra

peritoneal ly (IP) at 3 00 mg/kg body weight. On day six a 

significant weight loss was measured in animals which had 

received Cy compared to hamsters which had not (see 

Figure 14). 

vEffects of Cy on Peripheral White Blood Cells. Many 

differences in composition of white blood cells (WBC) were 

seen among untreated hamsters. This may be attributable to 

a cixcadian rhythm in composition of blood leukocyte types 

which is found in some animals (Brown, 1962). Different 

levels of polymorphonuclear cells (PMN) and lymphocytes (L) 

are seen at different times of day. In addition, some 

samples of blood clotted which interfered with accurate 

differentials. Despite this variation, significant differ

ences were seen at different times according to experimental 

treatment and animal preparation. 
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Cy was given IP on day zero at 300 mg/kg body 

weight. Live respiratory syncytial virus was given IN on 

day 1. An additional IP injection of Cy was given on day 6. 

Animals were killed on day 15. Although extreme differences 

in WBC composition were evident at six days, the number of 

cells found on the slides of those animals given Cy were so 

small that statistics could not be effectively used on 

differential counts. In addition, the morphology of WBC 

of hamsters given Cy was dramatically changed. Cytoplasm 

of PMN was blue in preparations stained with Wright's stain. 

This indicates toxicity (Diggs, Sturm, and Bell, 1954). 

In addition, atypical lymphocytes and cells with pyknotic 

nuclei were common, 

Cy caused a depression of lymphocytes throughout the 

duration of the experiment (see Figure 15). Polymorpho

nuclear cells were lowered only in thymectomized hamsters 

six days after treatment with the drug (see Figure 16). 

The data for the Cy-treated hamsters on day six are not 

shown as numbers of WBC were so low, statistics could not 

be performed. At the time the hamsters received live 
! 

virus, day 1, absolute numbers of lymphocytes were depressed, 
i 

in contrast to absolute numbers of polymorphonuclear cells 

which were normal or above normal. 
i 

I 
Effect of Cy on CF Antibody to RSv. CF antibody 

levels in sensitized thymectomized hamsters were 
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approximately equal to those of normal sensitized hamsters 

(see Figure 17). In this experiment, antibody titers to 

the cells in which the virus was grown was equal to that 

of antibody to the virus itself. Although the antibody 

level of normal hamsters was slightly higher than that of 

thymectomized hamsters, the difference was not significant. 

This was true in earlier studies as well, Thymectomy in 

no case caused a significant change in antibody titer. 

The antibody titers in this experiment were lower than those 

achieved in earlier experiments. The major difference 

between this and earlier experiments was that in this 

experiment animals were immunized only with live virus IN, 

and antibody was measured at 14 days. A titer of 1:64 was 

achieved in this experiment compared to 1:384 for hamsters 

given 100 x KA-IM followed with L-IN at day 14, and anti

body measured at day 28. 

In severe contrast, Cy obliterated the antibody 

response to RSv both in normal and in thymectomized 

hamsters, 

Effect of Cy on Lung Pathology; Lung pathology 

showed a great heterogeneity of response among animals in 

each experimental group, as illustrated in Figure 18. 

Therefore, although degrees of pathology were different, 

they were not significantly different. in no case did a 

hamster die from inoculation with virus. Only one hamster 



Figure 17. Humoral CF antibody to RSv and to cell control in thymectomized and 
nonthymectomized hamsters inoculated with Cy and/or RSv — Hamsters 
were given Cy IP on two occasions: 300 mg/kg body weight on day zero 
and 100 mg/kg body weight on day six. Live RSv was administered IN 
on day one. Hamsters were sacrificed on day fifteen. Bars represent 
95% confidence intervals. Blood was obtained from the aorta. 
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Figure 18, Lung pathology of thymectomized and nonthymectomized hamsters inocu
lated with Cy and/or RSv — Hamsters were given Cy IP on two 
occasions: 300 mg/kg body weight on day zero and 100 mg/kg body 
weight on day six. Live RSv was administered IN on day one. 
Hamsters were sacrificed on day fifteen. Bars represent 95% 
confidence intervals. 
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died before time of sacrifice and it had received cyclophos

phamide alone. 

Immunosuppression did not increase the degree of 

pathology or mortality in hamsters infected with RSv. 

Hamsters without ability to muster a cell-mediated response 

(thyrnectomized) , or without ability to muster a humoral 

response (Cy-treated) did not develop pneumonia to a degree 

significantly different from nonimmunosuppressed hamsters. 

Therefore neither cell-mediated immunity nor antibody 

response plays a significant role in blocking or ameliorating 

pathology of the lung caused by RSv in the hamster. 

Viral Growth In Vivo 

The following experiment was designed to confirm 

that RSv can, in fact, replicate in hamster lungs. Two 

groups of hamsters were tested: (1) immunosuppressed 

hamsters (neonatally thyrnectomized hamsters given two 

inoculations of Cy IP, 3 00 mg/kg on day zero and 100 mg/kg 

on day 6) and (2) control animals (nonthymectomized hamsters 

given saline IP on days zero and 6). Each group of animals 

4 
was given live virus intranasally, 0.1 ml of 6.43 x 10 

PFU/ml, on day 7. Half of each group were sacrificed at 

4 hours, and half at 48 hours. Lungs were weighed by 

difference in 2 ml MEM + PS, homogenized in the presence of 

ice, aliquoted into 3 portions, and frozen at -90°C until 

titered (Table 3), 
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Table 3. Titer of RSv in hamster lungs 4 and 48 hours after 
inoculation with RSv. 

Animal 
preparation Time Titer RSv (PFU/ml) 

<loj, <10*, <10?-
<10?-, <10* <ioj 
<101, <101/ <101 

Average titer 
per gram lung 
(PFU/ml/g) 

Thymec tomi zed 
& Cy 

4h <icr 
<10?-
<io1 

48h 1.2x10* 
1.2xl04 

1.4xl04 

1.6x10 

None 4h 

48h 

<io}-, <101. < 
<10 , 8xl02, 

101 <io}-, <101. < 
<10 , 8xl02, <10 
3xl02, <101, <10 

6.2xl03 

5.7xl03 

6.5xl03 

6.0xl02 

5.lxlO3 

6,3xl03 

< 1 0 ,  
3,6x10: 
1.5x10' 

7.6x10-

5.8xl03 

The amount of virus at 48 hours in each group of 

hamsters was statistically greater at the 99.5% confidence 

level when analyzed by the students' "t" test. There was no 

significant difference in titer of virus in treated hamsters 

compared to untreated hamsters. Therefore immunosuppression 

has no effect on RSv growth in vivo. It was unfortunate 

that a greater amount of virus was not harvested than was 

instilled in each hamster. By 48 hours, if RSv had 
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replicated in the lungs of infected animals, one would 

expect to see an increased amount of virus compared to 

amount inoculated. In this experiment total virus regained 

from the lungs was not greater than amount inoculated. It 

is therefore not conclusive that RSv grows in the lungs of 

hamsters. 

Identification of Viral Antigens 

Viral antigens in lungs of hamsters were identified 

by the immunoperoxidase assayr guinea pig antibody to RSv 

was added to paraffin sections of hamsters' lungs, 

Visualization of antibody fixation was accomplished with 

peroxidase-labelled antibody to guinea pig immunoglubulin. 

The label was horseradish peroxidase, which causes a color 

change in several benzidine-containing stains (Taylor and 

Burns, 1974), 

All slides were coded so the identity of the 

preparation was unknown to the investigator. Magnitude 

of response was scored on a + to ++++ basis, with ++++ 

being the greatest magnitude. 

Although the 3-3, diaminobenzidine stain was found 

to be more sensitive, there were also more nonspecific 

reactions. Therefore Kaplow's reagent, made with benzidine 

base, was used. To determine that the reaction was not a 

nonspecific one, the following preparations were made: stain 

alone was added to a paraffin section to react with 



endogenous peroxidase. Goat antibody to guinea pig IgG 

tagged with horseradish peroxidase was added to another 

paraffin section of the same lung to check for a cross-

reaction with hamster antibody that might be present in the 

lung preparation. No endogenous peroxidase was found. 

There were, however, some crossreactions of goat anti-

guinea pig IgG with hamster antibody, notably in two 

animals in the thymectomy group given 100 x KA (Table 4). 

Table 4, Viral antigens in lungs of hamsters immunized with 
RSv. 

Immunoperoxidase Lung 
Treatment Immunization reaction pathology 

None 10 0xKA-IMa + 3.5 
++ 2.0 
++++ 1.5 
++++ 0.5 

lOOxKA-IM ++ 2.5 
dl4L-INb + 5.5 

++ 5.0 
+ 5.5 

Thymectomized lOOxKA-IM ++++ (Non-sp-f+++) 2.0 
++ (Non-sp++++) 6.5 
++ 6.5 

lOOxKA-IM +++ 4.0 
dl4L-IN ++++ 5.0 

None None ++++ 8.0 
+++ 5.0 
++++ 8.0 
++ 0.0 

al00-fold concentrated, ultraviolet light 
inactivated RSv + AI2O3 inoculated intramuscularly. 

^On day 14, live RSv inoculated intranasally. 
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There was no correlation between lung scores and 

immunoperoxidase results. It was unfortunate that three 

of the four controls in the experiment had pneumonia. But 

even in the one control animal whose lungs were normal 

there was positive immunoperoxidase staining; Several 

attempts were made to determine the cause of this positive 

staining in control animals. The positive reactions could 

not be removed by extensive absorption of the antibodies 

with calf liver powder, normal hamster lung, and with 

uninfected HEp-2 cells. This absorption would remove any 

antibody to contaminants of the virus preparation which 

came from the cell, antibody crossreacting with normal 

hamster lung cells, and nonspecific binding. Under condi

tions of these experiments, the test did not correlate with 

immunization with virus. Low levels of antibody were 

measured in the sera from these hamsters, It would appear, 

then, that the positive reactions indicate presence of RSv 

antigens. The control animals with positive reactions must 

have contacted the virus from a source other than immuniza

tion. 

Antigens appeared to be in the cytoplasm of cells 

lining the alveoli, identified by a diffuse blue color. 

Nonspecific staining, found in preparations using the 

conjugate alone, was present in areas of edema, fat, and 

red blood cells in capillaries, with occasional flocks in 
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the lumens. The staining was crystalline or granular in 

appearance, not diffuse. 

This experiment gives presumptive evidence for the 

presence of receptors for RSv in the cells of the lung of 

the hamster. Animals given 100 x KA-IM in the left hind 

flank had evidence of viral antigens in their lungs. 

Unfortunately, the control hamsters did as well. These 

control animals were in a room separate from experimental 

hamsters. And all animals were housed singly in cages with 

filter tops. Despite these precautions, the presence of 

low titers of antibody to RSv in control hamsters indicates 

infection with the virus. Only 2 of the 4 normal hamsters 

given 100 x KA-IM had low levels of CF antibody to RSv at 

day 1, None of the thymectomized hamsters given 100 x KA-IM 

had levels of CF antibody as great as 1:4, Five hamsters 

injected with inactivated RSv IM thus appeared to have been 

uninfected at the beginning of the experiment. It cannot be 

denied that the animals might have received live virus from 

a source other than inoculation throughout the course of the 

experiment. The presence of viral antigens in their lungs 

suggests presence of viral receptors there. An alternative 

explanation for presence of viral antigens in the lungs 

would be that the virus arrived via phagocytic white blood 

cells and was being degraded in those phagocytic cells in 

the lung. Therefore the presence of adsorption sites for 

RSv in cells of the lung of the hamster is not confirmed. 
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In Vitro Measure of Cell-Mediated 
Immunity 

Animals with a regimen giving positive skin tests 

were tested for an in vitro response to antigen. Immuniza

tion was 100 x KA-IM followed by dl4L-IN. Preliminary 

studies with various sources of lymphocytes from immunized 

animals were done. Thymus cells, cervical lymph node 

cells, and spleen cells were cultured in vitro with RSv 

and a cell control. Only spleen cells showed an occasional 

positive response to RSv, Therefore spleen cells were used 

in further in vitro studies. In addition, many virus 

preparations were used: ultraviolet light-inactivated; 

100-fold concentrated RSv, ultraviolet light-inactivated, 

with A^O^; and heat-inactivated commercial CF antigen for 

RSv. Each preparation had an appropriate cell control, a 

preparation of uninfected cells, grown under the same 

conditions as was the virus. In the case of purified RSv, 

the control was another virus of similar size to RSv, 

vesicular stomatitis virus (Davis et al., 1973), grown in 

the same cell line under conditions identical to those of 

RSv, 

When spleen cells from four separate groups of 

hamsters (nonthymectomized, immunized and not immunized; 

and thymectomized, immunized and not immunized) were 

cultured in vitro with RSv or the cells in which RSv was 

grown, no average response was positive, nor was the 
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response of any group significantly different from that of 

any other group (see Figure 19). In this experiment, 

spleen cells from nonthymectomized hamsters were not 

responsive to PHA-P at a significant level. Therefore, 

spleen cells from these animals were incapable of response 

or in vitro culture conditions were unfavorable for 

response. 

In a separate experiment, response of spleen cells 

from sensitized hamsters was again not significantly 

different from that of control hamsters. This was also 

true of the response to the cells in which the virus was 

grown (see Figure 20), In this experiment spleen cells 

from nonthymectomized hamsters did respond positively to 

PHA-P. Therefore the cells were capable of response. The 

lack of response to RSv in vitro remains unexplained. 

To investigate the diverse results, the presence 

of cell-mediated immunity in vivo but lack of ability to 

demonsLrate it in vitro with cells from known sensitive 

animals, the hamster was sensitized to another antigen, 

tubercle bacillus. The antigen was given IM as complete 

Freund's adjuvant. Hamsters given CPA IM developed positive 

skin tests to PPD, the purified protein derivative of 

mycobacterium tuberculosis. However, the control hamsters 

had positive responses as well. In this case, a positive 

response was considered to be one significantly greater 

than zero (see Figure 21), Skin tests in control and 



Figure 19, Response of hamster spleen cells cultured in vitro with PHA-P, RSv, or 
cell control measured 19 days after immunization with RSv — Hamsters 
were immunized with 100-fold concentrated, ultraviolet light-
inactivated RSv + AI2O3 on day zero followed by live RSv IN on day 
14, Bars represent 95% confidence intervals. Dotted line represents 
threshold of + response. 
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experimental hamsters were positive at 4 and 24 hours at 2 

weeks and at 4 weeks. Forty-eight-hour responses at both 2 

and 4 weeks were no longer significantly different from 

zero. The primary infiltrate seen was mononuclear, when 

skin tests were examined microscopically. Thus a mixed 

response occurred, Arthus mixed with delayed hypersensi

tivity. The presence of a positive skin test as early as 

4 hours (Martins and Raffel, 1964) indicates presence of 

antibody to PPD in these animals. 

As a positive control for lymphocyte stimulation in 

vitro, spleen cells from animals with positive skin tests 

to PPD were cultured in vitro with PPD at two concentrations. 

No positive response was seen (see Figure 22), In this 

experiment, the spleen cells failed to respond to PHA-P, 

as well. Thus, the cells may have been dead, incapable of 

response; or there may have been a technical failure. 

Under conditions tested, spleen cells from hamsters 

which were sensitive to PPD or to RSv by virtue of positive 

skin tests did not respond to specific antigens in vitro. 
I 

In addition, in two experiments, spleen cells also failed 

to respond to PHA-P in vitro. The presence of a positive 
j 

response to PHA-P by hamster spleen cells in vitro illus

trated in Figure 20 indicates that at least some experiments 

worked, Lack of response to specific antigen could well 
i 

have been due to nonspecific factors in the in vitro culture 

system. In addition, it could have been caused by presence 



Figure 22, Response of hamster spleen cells cultured in vitro with PHA-P or PPD 
after inoculation with complete Freund's adjuvant — Bars represent 
95% confidence intervals. Dotted line represents threshold of + 
response. PPDIO and PPD20 indicate 10 and 20 ug/ml final concentra
tion. 
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of specific antibody. The serum used for enrichment in 

the in vitro cultures was found to neutralize RSv in 

titers of >_ 1:128. Whether antibody to PPD was present in 

the serum used for enrichment in in vitro cultures with 

PPD is unknown. Specific antibody is known to inhibit other 

parameters of cell-mediated immunity in vitro (Rustigan et 

al., 1975). Therefore cell-mediated immunity to RSv or 

to PPD could be measured successfully in vivo, but not in 

vitro, under conditions existing in these experiments. 

Reasons for lack of in vitro responses could be many, 

including presence of antibody to specific antigen in 

culture media and antibody to PHA-P. 



DISCUSSION 

There was no significant difference in titers of 

virus grown with m.o.i.'s of 0.001 to 1.0. In general, the 

number of plaques that develop on a series of cell cultures 

infected with different dilutions of the same viral sample 

is proportional to the concentration of the virus (Davis 

et al., 1973). That this does not hold true for respiratory 

syncytial virus (RSv) is evident. Two explanations for this 

lack of increase of infectious virus produced when the 

m.o.i. was increased over a range of 1000-fold increase 

might be the following. The cells might be able to support 

only a certain level of virus. Infectivity of this virus 

was measured after several cycles of replication had 

occurred. Another explanation might be that the von Magnus 

phenomenon occurs with RSv. Paramyxoviruses are known to 

exhibit this phenomenon (Perkins, Regamey, and Hennessen, 

1974). RSv shares many properties with paramyxoviruses 

(Jackson and Muldoon, 1973). The von Magnus phenomenon is 

defined as that in which repeated passage of virus at high 

multiplicity leads to progressive increase in the propor

tion of noninfectious virus particles among the progeny 

(von Magnus, 1954), now generally known as defective inter

fering particles (Fenner et al., 1974). Production of in

complete virus has been shown with an m.o.i. as low as 0.01 

94 
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(Cairns and Edney, 1952). Electron microscopy studies of 

RSv have shown defective interfering particles to be among 

RSv progeny (Bachi and Howe, 1973). These defective 

particles compete for adsorption sites and for cellular con

stituents necessary for complete viral production. To 

determine if the von Magnus phenomenon applies to RSv, one 

would use m.o.i.'s over a wide range, terminate the viral 

growth after one cycle of replication, and examine progeny 

with electron microscopy to determine relative numbers of 

complete and incomplete particles. Another approach would 

be to purify the viral progeny and determine antigen titer 

in neutralization of antibody tests with accompanying plaque 

assays. Only infectious virus would produce plagues. Both 

infectious and defective interfering particles would 

neutralize antibody. 

That higher titers of RSv were achieved in monolayer 

cultures compared to spinner cultures infected with similar 

m.o.i.'s could be a reflection of the nature of the growth 

pattern of RSv. RSv matures by budding from the cell 

surface (Berthiaume, Joncas, and Pavilanis, 1974). Optimum 

exposure to uninfected cells would occur if the cells were 

contiguous rather than dispersed throughout the medium, 

despite the fact that cells in spinner culture were con

tinually agitated. 

Very little infectious RSv was cell associated 

compared to that in the supernatant fluid. In spinner 
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-4 culture, only 6 x 10 % was cell associated; in monolayer 

cultures, 2.7%. This contradicts findings of Levine and 

Hamilton (1969): over 90% of RSv remained associated with 

cells throughout the growth cycle. The major difference in 

Levine and Hamilton's experiment and the present investiga

tion was the cell line in which the virus was grown, HeLa 

cells and HEp-2 cells, respectively. In preliminary in

vestigations, RSv did not produce syncytia in HeLa cells. 

This lack of cytopathic effect might have contributed to the 

scanty release of virus from the cell surface in Levine and 

Hamilton's experiment. In contrast, RSv causes massive 

syncytia in HEp-2 cells, with a concomitant ready release of 

virus into the supernatant fluid. 

RSv has been reported to very unstable (Law and 

Hull, 1968). Infectivity of RSv is very labile. The in

stability of RSv was apparent in these experiments in the 

retrieval of only one per cent of infectious virus when it 

was subjected to purification on a sucrose gradient. At 

which stage of the purification infectivity was lost was not 

determined. Loss of infectivity may have been caused by 

manipulation of the fragile virus. Isotonic conditions were 

maintained as was a pH of approximately 7.2. Virus was kept 

at 4°C throughout the purification process. 

RSv was found to band at a density of 1.21 g/ml in 

sucrose, a figure which agrees well with that reported by 



Chanock et al. (1957). They found the density of RSv 

purified in sucrose to be 1.19. 
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Antibody to RSv was produced under all conditions 

of immunization , IM with live virus , IN with live virus, 

and IM with inactivated virus. Elevated titers of antibody 

were produced when the immunizing antigen was mixed with 

adjuvant. Al 2o
3 

caused a transient elevation of antibody 

titer. Another adjuvant, complete Freund ' s adjuvant, caused 

elevat i on of antibody titer for a prolonged period of time, 

over three months. Hamsters used in these experiments were 

found to be skin test-positive to PPD. This could be an 

example of specific heterologous enhancement, the phenomenon 

in which response to one antigen produces an enhanced effect 

on the immune response to an unrelated antigen. In this 

case, the adjuvant used, c omplete Freund's adjuvant, was an 

antigen to which the hamster was sensitive. That the 

hamster was sensitive was evidenced by positive skin tests 

in control hamsters to PPD, the purified protein derivative 

of tubercle bacillus. Tubercle bacillus is a major compo

nent of complete Freund's adjuvant (Freund, 1947). Thus, 

RSv constituted a second antigen. When RSv was added to 

complete Freund's adjuvant, not only was the antibody t o 

RSv produced at a higher titer than that in hamsters in

jected with RSv alone , but the titer remained at a high 

level for ov~r three months. Specific heterologous en-

hancement has been reported in other systems (Rubin and 



98 

Coons, 1971; Pross and Eidinger, 1973). Another explanation 

of these results is that the positive skin tests were caused 

by sensitivity not to the mycobacteria but to another 

component of the skin test reagent; i.e., a preservative. 

Flynt, Sinski, and Kelley (1975) demonstrated sensitivity in 

guinea pigs to merthiolate. The animals elaborated positive 

skin tests to merthiolate at 24 and 4 8 hours, characterized 

by erythema and/or induration. However, the PPD used in 

this present investigation was preservative-free. An 

alternative explanation of the positive skin test would be 

a cross reaction to some other agent previously encountered 

by the hamster. 

The specific heterologous enhancement was confined 

to the humoral response. When hamsters sensitized with RSv 

in complete Freund's adjuvant were skin tested, no increased 

response to RSv was seen. In fact, no delayed hypersensi

tivity response was seen at all. Only one positive skin 

test response occurred. Two weeks after immunization, a 

positive skin test was measured at 4 hours, which indicates 

the response was due to the presence of antibody, or an 

Arthus response (Martins and Raffel, 1964). At no time did 

a response characteristic of delayed hypersensitivity occur 

in these animals. Conversely, in hamsters immunized with 

A^O^, a delayed response did occur. The response was a 

mixed one, as increased footpad measurements were found at 

4 as well as at 4 8 hours. A 48 hour response was evident at 
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2 and at 4 weeks after sensitization, but was no longer 

evident at 14 weeks. 

Preferential production of antibody without a 

demonstrable delayed hypersensitivity reaction occurred when 

the hamster was inoculated IN with live RSv, IM with live 

RSv or concentrated, inactivated RSv alone or incorporated 

with complete Freund's adjuvant. This causation of a 

preferential response of one branch of the immune mechanism 

is an example of immune deviation (Davis et al., 1973). The 

conditions for immune deviation were defined by immuniza

tion, not the host. Immune deviation was seen in most 

instances of sensitization of the hamster with RSv. However, 

both humoral and cell-mediated immunity were evoked when the 

hamster was immunized with concentrated, inactivated RSv 

incorporated with A^O^. 

Immunosuppression did not render the hamster more 

susceptible to RSv disease. This is not the expected 

result. Immunosuppression ordinarily renders a host much 

more vulnerable to a variety of viruses. Vaccinia, 

cytomegalovirus, varicella zoster, herpes simplex, papil

loma, papova group agent associated with multifocal leuko-

encephalopathy, measles, and possibly Epstein-Barr virus 

and adenovirus are examples of viruses which affect the 

immunosuppressed human in a severe manner, sometimes 

causing death (Merigan and Stevens, 1971). Other investi

gators demonstrated that thymectomy or bursectomy rendered 
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chickens susceptible to avian reticuloendotheliosis virus 

(Linna, Hu, and Thompson, 1974) . This phenomenon did not 

occur in the immunosuppressed golden hamster when confronted 

with RSv. The hamster did not have a significantly changed 

response to the virus as measured by lung pathology when 

animals were immuno-suppressed; if hamsters were neonatally 

thymectomized, there was an increase in amount of pneumonia 

present, but the increase was not significant. Neonatally 

thymectomized hamsters treated with Cy and RSv similarly had 

an increase in amount of pneumonia present, but the increase 

was not significantly different from control hamsters. That 

Cy alone caused pneumonia in the hamster is not surprising. 

Interstitial pneumonia after prolonged treatment with Cy is 

reported in the human (Topilow, Rothenberg, and Cottrell, 

1973). Pathology of the lungs showed one small abscess 

cavity in which hyphae of Candida albicans was present, but 

otherwise, special stains for bacteria, fungi, and protozoa 

were negative. No gross or microscopic evidence of Hodgkins 

disease (the reason for treatment with Cy) was found in 

lungs or other organs. The mechanism by which Cy induces 

pulmonary parenchymal damage is only speculative. Two 

possible mechanisms are the radiomimetic properties of the 

drug and a drug-induced immunologic reaction. 

Cy completely abolished the production of antibody 

formation for at least 14 days in the hamster immunized with 

RSv. In studies by other investigators a single dose of 350 
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mg/kg body weight (Willers and Sluis, 1975) or 150 mg/kg 

(Many and Schwartz, 1971) was used to depress antibody 

formation. In the present experiment, two inoculations of 

Cy were given: 300 mg/kg body weight on day zero and a 

second inoculation of 100 mg/kg on day 6. Live RSv was 

administered IN on day 1. Antibody formation, measured at 

15 days, was severely depressed in hamsters given Cy. 

Titers of less than 1:4 were measured in every case, 

whether or not the hamster had been previously thymectomized. 

The inclusion of neonatally-thymectomized hamsters given Cy 

was important in this experiment as it insured the hamsters 

were completely immunosuppressed. A population of lympho

cytes, possibly thymic-dependent, has been found in rat 

lymph nodes which are resistant to treatment with Cy in vivo 

{Miller and Cole, 1967). Thus, to insure the hamsters were 

unable to express cell-mediated immunity as well as a 

humoral response, Cy-treated hamsters included hamsters 

which had been neonatally thymectomized. Nonetheless, 

these completely immunosuppressed hamsters did not have 

significantly greater lung pathology due to RSv. It is 

important to note that RSv is not normally pathogenic to 

the hamster (Wright et al., 1970). This was found to be 

true in this investigation as well. Under no circumstances 

did RSv cause the hamster to die. It is known that Cy 

renders mice vulnerable to influenza which ordinarily is not 

virulent in the species. An avirulent strain of Kunz 
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influenza virus caused a fatal pneumonic illness in Cy-

treated mice (Hurd and Heath, 197 5). Such Cy-induced 

vulnerability to a normally avirulent virus did not occur 

in the present investigation. Even in neonatally thymec-

tomized hamsters treated with Cy, and thus completely 

immunosuppressed, death did not occur from infection with 

RSv. Two explanations for this are possible: (1) non

specific factors may protect the hamster from the virus, 

or (2) the virus may not grow in the lung of the hamster. 

For virus to grow, it must be inside a cell (Lwoff, 

1965). To enter a cell, the virus may be phagocytized or 

be absorbed by the cell. Absorption studies were done in 

attempts to identify.receptor sites for the virus. Lower 

titers of infectious virus after the 2-hour adsorption 

suggest virus receptors on lung cells. However, the super

natant from lung cells was also found to inactivate the 

virus. Therefore it was not possible to conclude the lower 

titer of virus was indeed due to absorption by the cells. 

A lower amount of infectious virus after 2-hour absorption 

could be explained by inactivation by the supernatant from 

the cells. 

Presence of RSv antigens in lungs of hamsters in

oculated with inactivated virus in a site far removed from 

the lung suggested presence of adsorption sites for RSv in 

cells of hamster lungs. Hamsters inoculated with in

activated RSv in the left hind flank had RSv antigen in 
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their lungs, demonstrated by the immunoperoxidase method. 

Unfortunately, control hamsters had RSv antigens in their 

lungs also. The presence of low titers of RSv antibody in 

the control hamsters suggested infection with the virus. 

Hamsters inoculated IM with inactivated RSv did not have 

detectable levels of RSv antibody on day 1 after inocula

tion. Titers were less than 1:4. It cannot be denied, 

however, that the animals might have been infected by a 

source other than inoculation during the course of the 

experiment. As viral antigens were prevalent in capillaries 

of the lung, it is suggested the virus got to the lungs via 

the circulating white blood cells to lodge in cells of the 

lung that had receptors for the virus. An alternate 

explanation would be the virus was being degraded by 

alveolar macrophages and/or polymorphonuclear cells. 

Therefore the presence of absorption sites for RSv 

in cells of the lung of the hamster could not be confirmed 

or refuted. Extensive work has been done on this problem, 

and the project was found to be futile. The nonspecific 

inhibition of RSv by supernatant fluid from lung cells pre

cluded more work with this approach. Lack of germ-free 

conditions precluded more work with viral antigen. 

That virus grows in the lung of the hamster is not 

confirmed, either. A strong indication that virus does grow 

in the lung of the hamster was provided in the experiment in 

which 4 8 hours after IN inoculation with live RSv, titers 
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4 as great as 10 PFU/ml were recovered from hamster lungs in 

contrast to 4 hours after intranasal inoculation with live 

virus when very little virus could be recovered (less than 

2 5 x 1 0  P F U / m l ) .  H o w e v e r ,  w h e n  t o t a l  v i r u s  g i v e n  t o  t h e  

hamster is compared to total recovered, no appreciable gain 

is seen. Under controlled conditions, RSv is inactivated 

rapidly at 37°C (Hambling, 1964). Therefore presence of 

high titers 48 hours after inoculation and the marked in

crease in titer from 4 to 48 hours indicate the virus 

actually replicated in the lung. 

Another interpretation of these results is that the 

virus was phagocytized and sequestered temporarily somewhere 

other than the lungs early after inoculation, and thus very 

little could be recovered at 4 hours. The lack of an in

crease of RSv recovered from hamster lungs 48 hours after 

infection compared to the amount instilled would give 

support to the presence of phagocytic reservoirs for the 

virus. The time for RSv replication is reported to be 20 

to 30 hours (Levine and Hamilton, 1969). By 48 hours, if 

RSv had replicated in the lungs of infected hamsters, one 

would expect to see an increased amount of virus compared to 

amount inoculated. It is therefore not conclusive that RSv 

grows in the lungs of the hamster. 

Delayed hypersensitivity in the hamster was only 

demonstrated in vivo. In hamsters demonstrating cell-

mediated immunity by virtue of positive skin tests at 48 
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hours to two separate antigens, no detectable in vitro 

response of spleen cells to antigen was evident. Explana

tion for lack of in vitro response might be that antibody to 

RSv found in serum used to enrich in vitro culture media 

could have blocked the response of the spleen cells to the 

antigen. A blockage of response to cell-mediated immunity 

by specific antibody in vitro was shown to occur in another 

viral disease in Cercopithecus aethiops monkeys. Specific 

antibody to measles vi r us blocked the in vitro colony 

formation inhibition by lymphocytes sensitized to measles 

virus (Rustigan et al., 1975). Experiments to dete rmine if 

antibody does inhibit expression of cell-mediated immunity 

in vitro might include tests in which serum lacking antibody 

to RSv was used as enrichment , with measured amounts of 

antibody added to the system. 

The expression of delayed hypersensit ivity in vivo 

and lack of ability of expression in vitro also occurred 

with another antigen, tubercle bacillus, in complete 

Freund's adjuvant. Whether or not antibody to PPD was also 

present in the sera used to enrich the in vitro culture is 

not known. In some cases the sp leen cells also did not 

resp ond to the non-specific mitogen , PHA-P. Thus these 

cells might have been generally incapable of in vitro 

response or nonspecific and unknown factors in the in vitro 

culture might have inhibited the response. 
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The hamster was used as an animal model to study 

immune responses to RSv. It has been found that RSv indeed 

causes antibody and cell-mediated immunity in the hamster. 

This situation is paralleled in the human. Many reports of 

antibody to RSv are in the literature. Two of these reports 

are Brandt et al. (1973) and Jacobs et al. (1971). Presence 

of cell-mediated immunity to RSv in humans is also reported: 

Sieber, Lucas, et al. (1976) and Kim et al. (1976). Despite 

the presence of antibody and cell-mediated immunity, pro

tection from infection caused by RSv does not develop (Mills 

et al., 1971). Neutropenia in the human may contribute to 

the devastating effect of RSv at a young age. Only under 

special circumstances does RSv affect the human in a severe 

manner. The human must be very young. This situation is 

paralleled in the present animal model: RSv is not patho

genic to the hamster (Wright et al., 1970). In the hamster, 

only a slight neutropenia occurs at a young age (House, 

Pansky, and Jacobs, 1961). The age of hamster was not found 

to influence lung pathology in the present investigation. 

The age at which the human is most severely affected 

by RSv is 2 months (Jacobs et al., 1971), an age at which 

the absolute number of polymorphonuclear cells is lowest in 

the human (Diem, 1962). At birth 75% of the leukocytes are 

granulocytes, with a white blood cell count of 22,000/mm^. 

At two months the white blood cell count is only half that 

number and lymphocytes outnumber polymorphonuclear cells 
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2:1. At adult age, white blood cell count is approximately 

7,000/mm^, with approximately 70% of the population poly

morphonuclear cells. It is only at this very early age that 

the human polymorphonuclear cells are so few in number; and 

it is only at this very early age that the human is severely 

affected by RSv. 

Not only are numbers of polymorphonuclear cells low 

in the human infant, function of these cells is slow 

compared to that of cells from adults. Newborn polymorpho

nuclear cells are reported to phagocytize to a much lesser 

degree than do polymorphonuclear cells from adults (Miller, 

1.969) . Lower complement levels found in the newborn com

pared to the adult (Dossett, 1972) might contribute to 

defective chemotaxis as well as defective phagocytosis 

(Davis et al., 1973). Conversely, specific immune functions 

governed by B and T lymphocytes are competent in the new

born. Skin grafts are rejected as early as 32 weeks of 

gestation (Solomon, 1971). In addition, thymocytes from a 

14-week old fetus have been shown to respond to phytohemag-

glutinin, a nonspecific mitogen which causes a preferential 

stimulation of T-lymphocytes (Kay, Wolfendale, and Playfair, 

1966). Antibody formation, a function of the B lymphocyte, 

is reported for the human fetus as early as 112 days of 

gestation (Solomon, 1971) . 

Thus, a newborn or young infant would be able to 

respond with specific immune responses to the virus, but the 
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disproportionate number and subnormal function of the poly

morphonuclear cell would cause inefficient elimination of 

the virus. 

That the vaccinated human infant would have a higher 

risk to the virus might be the result of delayed hyper

sensitivity, a function which is intact even before birth. 

The vaccine used in field trials with humans was very 

similar to the one used in the present investigation. The 

adjuvant they used was a commercially unavailable aluminum 

meta phosphate (Kim, 1974). The aluminum-containing 

adjuvant used in this study, Al^O^/ caused delayed hyper

sensitivity to occur in the hamster, as evidenced by 

positive skin tests. Human recipients of the RSv vaccine 

were shown to express delayed hypersensitivity by a 

blastoid and mitotic response of peripheal blood lymphocytes 

to RSv in vitro (Kim et al., 1976). The disproportionate 

composition of the white blood cells and defective function 

of the phagocytic cells would account for this aberrant 

reaction. If ordinarily the virus is primarily handled by 

the polymorphonuclear cell, and that cell were low in 

function and number, the specific immune response would be 

preferentially operating, with a deleterious effect on the 

host. An older recipient of vaccine would have competent 

polymorphonuclear cells in sufficient number to degrade the 

virus before the specific immune response would be in full 

operation. 
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It must be remembered that a lasting immunity to RSv 

does not occur in the human (Mills et al., 1971). Therefore 

antibody and cell-mediated immunity may play no major role 

in protection. On the other hand, a defensive role for the 

polymorphonuclear cell is postulated. There is evidence 

that polymorphonuclear cells have increased activity in 

people infected with RSv as compared with uninfected indi

viduals. An elevated nitroblue tetrazolium dye reduction 

was found in polymorphonuclear cells from patients infected 

with RSv (Sieber, Wilska, and Riggin, 1976)/ indicating an 

increased production of hydrogen peroxide (Ochs, Igo, and 

Klebanoff, 1972). It is therefore possible that the poly

morphonuclear cell is the effector cell in protection from 

disease with RSv. 

In this investigation it was found that an immuno-

suppressed animal did not succumb to the virus. At the time 

the virus was given to the hamster, absolute numbers of 

polymorphonuclear cells that were not significantly differ

ent from those of control animals. It has been reported 

that the activity of alkaline phosphatase of hamster leuko

cytes is extremely high (Eng, 1964), which would aid intra

cellular digestion (Davis et al., 1973). Therefore the 

polymorphonuclear cell may have effectively protected the 

hamster from a fatal illness due to RSv. 

It is suggested, then, that protection to RSv is 

afforded by the polymorphonuclear cell. There is evidence 
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for increased activity of polymorphonuclear cells in humans 

with RSv infections. RSv is pathogenic to humans at an age 

when polymorphonuclear cells are few in number in the 

peripheral blood and defective in function. This postulate 

would explain the lack of increased pathogenicity in the 

immunosuppressed hamster, because the animals had normal 

levels (absolute number) of polymorphonuclear cells. 

In order to test the hypothesis of the polymorpho

nuclear cell being the effector in RSv disease, one might 

render the hamster deficient of polymorphonuclear cells at 

the time the virus is inoculated, and keep the animal 

neutropenic throughout the duration of the experiment. 

Several drugs might be used to induce this neutropenia, 

including vinblastine and cyclophosphamide (Boggs et al., 

1966; Many and Schwartz, 1971). Most important would be 

working under germ-free conditions. Results of the present 

investigation agree with the literature (Renshaw et al., 

1975) that pneumonia is caused in the hamster by agents 

other than respiratory syncytial virus. Animals used in 

the experiment should be bred under germ-free conditions, 

and maintained under isolated conditions throughout the 

duration of the experiment. 

The greatest difficulties in this investigation were 

the instability of the virus, the lack of reliability of the 

plaque assay, and the lack of germ-free conditions for 

animals. This last problem was the most outstanding, as 
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control animals got pneumonia from sources other than RSv. 

Thus all the pneumonia might have been caused by an agent 

other than RSv. 

Without proof that the hamster did indeed suffer 

illness due to the virus, any possible interpretation of 

lung pathology is lost. It may be possible that RSv does 

indeed replicate in the lung of the hamster but cause no 

disease. This study should have been conducted with an 

animal known to have disease from the virus. 
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