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Extract 

Transformation and increased mitotic activity in donor lympho
cytes exposed to specific antigens is considered by many to be a 
manifestation of cell-mediated immunity. In attempts to understand 
the apparent "sensitization" of individuals to respiratory syncytial 
virus (RSV) as a result of receiving inactivated RSV vaccine, in vitro 
lymphocyte transformation studies were carried out on infants who 
had received inactivated RSV vaccine and on infants who had 
received a similarly prepared inactivated African green monkey 
kidney (AGMK) cell-grown parainfluenza type 1 virus vaccine or a 
trivalent parainfluenza vaccine prepared in hen's eggs. Each group 
included some infants who had, and others who had not, undergone 
natural RSV infection under our observation before the lymphocyte 
studies. 

Lymphocytes were studied from 21 infants and young children 
who had received the inactivated RSV vaccine, 14 who received a 
similarly prepared inactivated parainfluenza 1 vaccine, and 5 who 
received a trivalent parainfluenza vaccine. Twelve of the RSV 
vaccinees and 14 of the parainfluenza vaccinees had been naturally 
infected with RSV as indicated by virus recovery and/or antibody 
rise between the time of vaccination and the lymphocyte studies. In 
comparing the arithmetic mean for RSV-specific transformation 
and mitotic activity there was a significant difference between RSV 
vaccinees and parainfluenza vaccinees whether one compared those 
who had undergone natural RSV infection or those who had not 
undergone natural infection. The difference between RSV vaccinees 

who had not undergone natural RSV infection and RSV-infected 
parainfluenza vaccinees also was significant. There was a greater 
level of transformation and mitotic activity in those who had 
experienced natural infection than those who had not among both 
RSV vaccinees and parainfluenza vaccinees, but these differences 
were not significant statistically. 

Speculation 

We take these findings to mean that natural RSV infection 
probably stimulates a systemic cell-mediated immunity response 
and that such a response is definitely induced after administration of 
killed RSV antigen. These findings are consistent with the hypothe
sis that cell-mediated sensitization may in some way contribute to 
the altered response to natural infection which occurred after use of 
inactivated RSV vaccine. Our findings do not support the hypothe
sis that systemic cell-mediated immunity per se is important in 
protecting against RSV infection. The findings also suggest the 
possibility that transplacentally conferred RSV lymphocyte sensi
tization might play a part in the pathogenesis of nonvaccine related 
RSV bronchiolitis which characteristically occurs during early 
infancy, frequently in the presence of measurable serum antibody. 

The first potential vaccines against RSV in infants were 
inactivated virus preparations. One of these was a 100 times 
concentrated virus which had been grown in AGM K cell cultures 
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(7). This vaccine induced significant serum antibody levels when 
administered to infants; however, infants who received this prepa
ration were not protected against infection or illness at the time of 
subsequent natural exposure to RSV. Furthermore, RSV illness in 
these individuals was more severe than that in a control group who 
had received an AGMK-grown inactivated parainfluenza type l 
virus vaccine. In many instances, RSV vaccinees developed serious 
illness during the second year of life in a form simulating RSV 
bronchiolitis of young infants. These observations indicated that 
RSV-specific antigens present in the inactivated vaccine induced a 
state of altered reactivity ot RSV infection. 

Transformation and mitotic activity in donor lymphocytes 
exposed to specific antigens are considered by many to be 
manifestations of cell-mediated immunity. In attempts to under
stand the apparent sensitization of individuals to RSV as a result 
of receiving inactivated RSV vaccine, in vitro lymphocyte transfor
mation studies were carried out on infants who had received 
inactivated RSV vaccine as well as on infants who had received a 
similarly prepared inactivated AGMK cell-grown parainfluenza 
type l virus vaccine or a trivalent parainfluenza vaccine prepared 
in hen's eggs. Each group included some infants who had, and 
others who had not, undergone natural RSV infection under our 
observation before the lymphocyte studies. 

Findings suggesting that RSV-specific systemic cell-mediated 
immunity develops after immunization with killed RSV vaccine 
and probably after natural RSV infection are reported here with 
comments and questions on the implications of these findings for 
understanding the pathogenesis and prevention of RSV disease. 

METHODS 

CLINICAL 

Lymphocytes from forty infants and young children were 
studied during 1967 after the disease potentiation induced by the 
RSV vaccine was first recognized. Included were 2 l individuals 
who had received I 00 times concentrated inactivated RSV vaccine 
prepared in AGMK cells, 14 who had received a 100 times 
concentrated inactivated parainfluenza l vaccine also prepared in 
AGMK cells, and 5 who had received an inactivated trivalent 
parainfluenza vaccine prepared in hen's eggs. The lymphocyte 
studies were carried out 2-14 months after vaccine was adminis
tered (7). All infants and children in this report participated in the 
study with the specific written consent of their parents or 
guardians. 

The RSV and parainfluenza vaccinees were kept under surveil
lance and sera were collected at least three times a year. Also an 
attempt was made to recover RSV at the time of each acute 
respiratory illness. Between the time of vaccination and the 
lymphocyte studies l 2 of the 21 RSV vaccinees and 14 of the 19 
parainfluenza vaccinees were infected with RSV as indicated by 
virus recovery and/ or a fourfold or greater rise in serum plaque
reduction antibody. Two adults were studied to provide a compari
son group for the infants and in order to evaluate the methods 
used. 

LYMPHOCYTE TRANSFORMATION STUDIES 

Blood for lymphocyte transformation studies was drawn into 
heparinized syringes. The erythrocytes were allowed to sediment 
for 30-60 min at 37° and the leukocyte-rich plasma was collected 
into sterile test tubes. Total white blood cell and differential cell 
counts were performed. Then 5 x 106 mononuclear cells were 
inoculated into 5 ml tissue culture fluid consisting of medium 
NCTC l 09 and 20% autologous plasma. Five cultures were pre
pared with lymphocytes from each individual. A stimulant was 
omitted from one tube which served as control. Two cultures were 
stimulated with an AGMK preparation of live RSV and two were 
stimulated with an AGM K cell control preparation. Both types of 
stimulant preparations were prepared by zonal centrifugation in a 
sucrose gradient and represented a I 00-fold concentration of the 

original AGMK suspension (4). Two dilutions of each stimulant 
were used (I: l O and I: I 00); the I: IO dilution usually gave a higher 
percentage of blast transformation. For purposes of tabulation and 
analysis the higher of the two values obtained with the RSV 
preparation and the value obtained with the corresponding dilution 
of uninfected AGMK were used. 

Lymphocyte cultures were incubated at 37° for 7 days, after 
which they were centrifuged at 800 rpm for 5 min and smears 
made. The smears were stained with Wright-Giemsa, dried, and 
mounted. The percentage of lymphocyte transformation and 
mitotic activity in these cultures and in unstimulated control 
cultures was estimated by microscopic examination of l ,000 cells 
in each preparation. 

The percentage of lymphocytes responding to specific antigen 
was recorded as observed but should be interpreted as only 
semiquantitative. This is because sensitized cells can respond with 
the production of specific mitogens which then may "recruit" 
additional lymphocytes to undergo transformation. 

RESULTS 

The response of lymphocytes to AGMK and AGMK-grown 
RSV is analyzed by (/) vaccine group and (2) whether infection 
was detected after immunization but before the time of testing 
(Table I). All of the RSV vaccinees, whether or not they had been 
infected subsequently with the virus, showed lymphocyte transfor
mation and mitotic activity in response to RSV antigen which was 
at least 2% greater than was observed with lymphocytes exposed to 
uninfected AGMK. Nine of 14 infants who had received a 
parainfluenza vaccine and who had undergone natural RSV 
infection under our observation exhibited a response; however, 
their lymphocytes showed a lower level of transformation than did 
lymphocytes from individuals who had received the RSV vaccine. 
Significantly, only one of five parainfluenza vaccinees who did not 
appear to have undergone RSV infection showed an excess of 
transformation in response to RSV antigen over that seen with 
uninfected AGMK, and this was at a low level ( 1.7%). Lymphocyte 
transformation activity also seemed to correlate with the presence 
of serum complement-fixing antibody against RSV. 

Another, possibly more valid, way to evaluate differences 
among these groups is to compare the arithmetic mean of 
transformation and mitotic activity for each group. By this 
method, there was a significant difference between RSV vaccinees 
and parainfluenza vaccinees whether one compared those who had 
undergone natural RSV infection (P < 0.00 l) or those who had 
not undergone natural infection (P < 0.02). The difference 
between RSV vaccinees who had not undergone natural RSV 
infection and parainfluenza vaccinees who had was also significant 
(P < 0.0 I). Finally, there was a greater level of transformation 
and mitotic activity exhibited by parainfluenza vaccinees who had 
undergone natural RSV infection than those who had not; 
however, this difference was not significant statistically. 

DISCUSSION 

The findings in this study indicate that lymphocytes of individu
als who had undergone natural RSV infection and/ or had received 
alum-precipitated inactivated RSV vaccine were conditioned to 
respond to RSV antigen. The response was specific to RSV in that 
infants who received a parainfluenza vaccine did not show 
significant lymphocyte sensitivity unless they had evidence of 
having undergone natural RSV infection. The RSV-specific 
response after administration of vaccine was clearly statistically 
significant and the level of activity in RSV vaccinees was definitely 
higher than in individuals who had received a parainfluenza 
vaccine and who underwent natural RSV infection. The findings 
also suggest that natural infection produced RSV-sensitized lym
phocytes but there were too few uninfected individuals to provide 
sufficient data to make for statistical significance. 

Although these studies were performed just before the develop-
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Table 1. Transformation and mitotic activit_v of lymphocytes from infants who had received inactivated JOO times concentrated 
respiratory syncytia/ virus (RSV) vaccine or parainfluenza vaccines' 

% Transformation and mitotic activity of Reciprocal of 
cultured lymphocytes serum antibody 

Prior Exposed to RSV Exposed to MK Comple-
natural (100 x) 2 antigen ( I 00 x )2 Unstimulated Plaque ment 
RSV No. reduction fixation 

Vaccine group infection tested Mean SE Mean SE Mean SE (mean) (mean) 

RSV Yes 12 

k~~f 
4.8 I. I 0.6 0.1 0.1 2,002 235 

100 X No 9 4.8 0.9 0.6 0.5 0.4 1,181 91 
vaccinees 

Parainfluenza Yes 14 1.7 0.4 0.2 0.1 0.1 1,369 41 
vaccinees3 No 5 1.4 0.8 0.9 0.8 0.8 0.7 35 <4 

Adults Yes' 2 23.5 0.35 0.15 NT NT 

1 Two dilutions (1:10 and 1:100) of stimulant were used; the values included in the table represent the higher of the two responses observed. In each 
instance the response to the corresponding dilution of uninfected monkey kidney (MK) antigen was included in the analysis. !:,: significantly different, 
Student's I-test; P < 0.001; 0: significantly different, Student's I-test; P < 0.02; D: significantly different, Student's I-test; P < 0.0l; NT: not tested. 

2 Prepared by zonal centrifugation in sucrose gradient. 
'Fourteen received a 100 times concentrated inactivated parainfluenza I vaccine which had been grown in MK cell cultures; five others received 

unconcentrated trivalent parainfluenza I, 2, and 3 vaccine prepared in embryonated hen's eggs. 
'One was tested for neutralizing antibody, the other is assumed to have undergone natural infection. 

ment of more sophisticated methods (such as radioactive thymi
dine labeling) to measure lymphocyte response, the results seem 
clear-cut enough for interpretation. We take them to mean that 
natural RSV infection stimulates systemic cell-mediated immunity 
(CMI) response and also that such responses can be induced by 
administration of killed RSV antigen. This interpretation should 
be taken with caution since in a number of animal species 
transformation may occur in "b" lymphocytes as well as in "t" 
lymphocytes. However, recent studies suggest that in man "t" but 
not "b" lymphocytes respond to antigen by undergoing transfor
mation (4). It should be noted that lymphocyte transformation is 
only a part of the full process of CMI. Mediators are presumably 
necessary to produce a cell-killing effect and these were not 
assayed. 

Nonetheless, it seems likely that the transformation noted did 
represent systemic CM I. Because no studies were done with 
lymphocytes from the respiratory tract, no conclusions can be 
made on the very important question of whether local plus 
systemic CMI were present after natural infection: one might 
expect, however, that probably only systemic CM I was present 
after killed vaccine. 

These findings are consistent with the hypothesis that cell
mediated sensitization may in some way contribute to the altered 
response to natural infection which occurred after use of the 
inactivated RSV vaccine. It is known that infection with RSV by 
the respiratory route, whether natural or artificial, will induce local 
respiratory tract immunity in the form of local secretory antibody 
(4). Possibly a local CMI response also occurs. Furthermore, local 
immunity minimizes the extent of subsequent infection. Intramus
cular vaccination, at least with an inactivated antigen, presumably 
would not be effective in inducing respiratory tract immunity. In 
the absence of this immunity, subsequent natural RSV infection 
would extend readily along the respiratory tract. RSV antigen 
would then encounter either serum antibody and/ or other sensi
tized host immune mechanisms in the lower respiratory tract and 
cause a bronchiolitis-like illness. The question of the precise role of 
cell-mediated immunity in the "hypersensitivity" induced by the 
inactivated vaccine is unsettled and probably will remain so 
because it is unlikely that others will administer killed RSV 
vaccine to infants. 

The present findings would also appear to negate the hypothesis 

that systemic cell-mediated immunity per se is important in 
protecting against RSV disease. All of the infants who received the 
RSV vaccine showed significant RSV-specific lymphocyte trans
formation despite the fact that some of them had been studied 
before, and others after their first natural infection with RSV. 
Elsewhere we have reported the failure of serum antibody to 
protect against infection and the paradoxical occurrence of an 
increase in serious disease in vaccinees when they encountered 
natural infection (7). Thus neither measurable systemic CM I nor 
serum antibody induced by vaccination apparently protect against 
RSV disease. 

The pathogenesis of nonvaccine-related RSV bronchiolitis 
which characteristically occurs during early infancy remains 
unclear. The peak incidence of such illness is about 2 months of age 
when maternally conferred serum immunoglobulin G RSV anti
body is high (2, 3). We have previously postulated that serum 
antibody in the absence of local antibody may play a part in the 
production of illness (2, 3). However, after more detailed study it is 
clear that some infants and children who do not possess measura
ble serum antibody may experience RSV bronchiolitis ( 10). 

In view of the findings in the present paper, we now wonder if 
transplacentally conferred lymphocyte sensitization to RSV might 
play a part. There are increasing numbers of reports and specula
tions on the transmission of antigen-specific lymphocyte sensitivity 
to the fetus (I, 5, 6, 8, 9). It is possible that RSV sensitized the cells 
themselves or that other RSV-specific material, such as transfer 
factor, might traverse the placenta to sensitize lymphocytes in the 
newborn. Lymphocytes so sensitized would be expected to decrease 
in numbers with age and such an occurrence would be compatible 
with the unique age distribution of RSV bronchiolitis. Studies to 
explore this possibility are under way. 

SUMMARY 

In an attempt to understand the apparent altered reactivity of 
individuals to RSV induced by inactivated RSV vaccine, in vitro 
lymphocyte transformation was used to study cell-mediated immu
nity of infants and children who had received inactivated RSV 
vaccine, a similar parainfluenza type I virus vaccine, or egg-grown 
trivalent parainfluenza vaccine. Some individuals in each group 
had undergone natural RSV infection before the lymphocyte 
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studies. All RSV vaccinees, some of whom had undergone RSV 
infection, and most individuals who received a control parainf1u
enza vaccine and underwent RSV infection showed RSV-specific 
lymphocyte transformation. These findings strongly suggest that 
systemic RSV-specific, cell-mediated immunity developed after 
immunization with killed RSV vaccine and after natural RSV 
infection. As applied to understanding the pathogenesis and 
prevention of RSV disease these findings (1) are consistent with the 
hypothesis that systemic cell-mediated sensitization may have 
contributed to the altered response to natural infection which 
occurred after the use of inactivated RSV vaccine: (2) are opposed 
to the hypothesis that systemic cell-mediated immunity per se is 
important in protection against RSV disease: (3) suggest the 
hypothesis that transplancentally conferred lymphocyte sensitiza
tion to RSV might play a part in the pathogenesis of first infection 
RSV bronchiolitis of early infancy. 
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