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Respiratory syncytial (RS) virus is a ma- 
jor cause of acute bronchiolitis in infancy, 
and this most serious form of RS illness char- 
acteristically occurs in infants who have a 
moderately hmigh level of maternally trans- 
mitted neutralizing antibody. A milder form 
of disease usually accompanies infection or 
reinfection in older children ( 1-6,8). 

The pathogenesis of RS virus disease, espe- 
cially the production of severe respiratory 
tract disease in young infants, has not been 
fully elucidated; however, a virus-antibody 
interaction in the lung may be a major fac- 
tor. This hypothesis is based on the following 
observations : 

1.  Moderately high levels of specific neu- 
tralizing antibody in serum do not protect 
against RS virus lower respiratory tract dis- 
ease in early infancy ( 7 ) .  

2. Serious RS virus lower respiratory tract 
disease most commonly occurs in young in- 
fants during the period when they possess the 
highest levels of passively transferred serum 
neutralizing antibody ( 8 , 9 ) .  

3. An antigenic inactivated RS virus vac- 
cine administered parenterally to infants 
failed to provide protection against subse- 
quent natural RS virus disease. Also, when 
vaccinees at  a later date underwent natural 
infection, they developed serious lower respi- 
ratory tract disease of the type characteristi- 
cally seen during the first few months of life 
(7-9). 
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A decrease in serum complement has been 
demonstrated in several diseases believed to 
result from the toxic effect of antigen-anti- 
bcody complexes [Type I11 immune reaction 
as classified by Gel1 and Coombs ( 10-13) 3 .  
This is thought to reflect fixation and utiliza- 
tlion of complement by antigen-antibody 
complexes. In the present study, we have 
investigated serum complement levels in in- 
fants with RS virus bronchiolitis in an at- 
tempt to obtain evidence for an extensive an- 
tigen-antibody interaction in the affected 
lungs of infants with RS virus disease. 

Materials and Methods. A period of RS 
virus prevalence occurred in the Washington, 
D. C. area during November 1967 through 
April 1968. This study was conducted during 
the peak months of RS virus prevalence, 
February and March 1968. Twenty infants 
hospitalized with clinical acute bronchiolitis, 
anld seven infants admitted for elective sur- 
gery to Children's Hospital, Washington, D. 
C. were selected for study. 

Serum. Serum specimens were obtained 
from the infants a t  the time of admission to 
the hospital and 2-4 weeks later. Blood was 
collected by antecubital venipuncture, al- 
lowed to clot a t  ice-water temperature, and 
serum was separated by centrifugation at  
2000 rpm in the cold. The serum was then 
stored at  -70" until tested for complement 
activity. Special care was exercised to avoid 
hemolysis. 

Virus isolation. Oropharyngeal and anal 
swab specimens for virus isolation were ob- 
tained from the infants shortly after their 
admission to the hospital. The swabs were 
agitated in 5 ml of veal-infusion broth which 
contained 0.5% bovine albumin, 500 units 
penicillin, 500 pg streptomycin, and 10 pg am- 
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photericin/ml. Two-tenths milliliter of the 
resultant suspension was inoculated into two 
tubes each of rhesus monkey kidney (MK), 
human embryonic kidney (HEK) , and HEp- 
2 cell cultures. The cultures were incubated 
at  34' for 3 weeks and examined twice week- 
ly for the development of syncytia, other 
cytopathic effects (CPE), or hemadsorbing 
activity. To identify RS virus, the isolates 
were tested against ferret RS hyperimmune 
serum for complement-fixing (CF) activity. 

Complement-fixation tests. Complement- 
fixation tests (CF) for RS antibody utilized 
a micromethod, 1.7 units of complement, 16 
units of antigen prepared from the Long strain 
of RS virus grown in HEp-2 cell cultures, 
and overnight fixation a t  4' (2, 14). 

Total complement and be ta lc / lA-g lobuh 
determinations. Total complement and 
plc/lA-globulin levels were evaluated in a 
series of five tests. Each test included acute 
and convalescent sera from infants with bron- 
chiolitis as well as pre-and postsurgical sera 
from infants without respiratory tract dis- 
ease. Total complement activity was mea- 
sured by the method described by Hook and 
Muschel (15). Titers were expressed as the 
reciprocal of the amount of test serum (ml) 
required to lyse 50% of 1.5 X los optimally 
sensitized sheep erythrocytes, in a reaction 
volume of 1.5 ml, after 30 min of incubation 
at  37'. As a control, a reference serum of 
known titer was tested with each day's titra- 
tion. (-,lA-globulin levels were determined 
by the single radial diffusion method, utiliz- 
ing immunoplates from Hyland Laboratories. 
Three standard reference sera, also obtained 
from Hyland Laboratories, were used. The 
inherent variability of the method was about 
5 %, as demonstrated by triplicate determina- 
t ion. 

Results. Virus recovery. RS virus was 
recovered from oropharyngeal swabs of 8 
(40%) of the 20 infants with acute bronchio- 
litis (Table I). Adenovirus type 3 was iso- 
lated from the anal swab of one patient (No. 
18) and adenovirus type 1 from the throat 
swab of another patient (No. l o ) ,  and neither 
of these patients yielded RS virus. RS virus 
was not recovered from the seven infants 
without respiratory tract disease. From anal 

swabs, two (No. 2 1  and No. 26) of these 
infants yielded poliovirus and the third in- 
fant (No. 25)  yielded adenovirus type 13. 

Antibody response. .4 4-fold or greater rise 
of RS CF antibody was detected in 7 (3576) 
of 20 infants with acute bronchiolitis. Those 
who developed a significant CF antibody re- 
sponse included 5 of 8 infants who yielded 
RS virus and 2 of 12 infants who did not. On 
the basis of virus isolation and/or serologic 
response, 50% of the 20 infants with acute 
bronchiolitis were considered to have been 
infected with RS virus. The seven infants 
without respiratory tract illness did not de- 
velop an RS CF antibody response. 

Total hemolytic complement and betalc/ ,  A- 

globulin. Table I shows the total hemolytic 
complement titers and /31c-/l *-globulin levels 
in 20 infants with bronchiolitis and in 7 in- 
fants with no respiratory tract illness; Table 
I1 shows the corresponding mean titers. 

Whether RS virus infection was detected 
or not, the level of total complement or com- 
plement component P I c -  was not depressed 
during the acute phase of bronchiolitis. In 
fact, the levels of complement and /31C/IA- 

globulin tended to be higher during the 
acute phase of illness than during conva- 
lescence ( p  = .025 for bronchiolitis patients 
with RS infection). In addition, the levels of 
complement and P I C / l ~  - globulin were high- 
er in infants in the acute phase of bronchioli- 
tis than in infants without respiratory tract 
disease (again p = .025 for bronchiolitis pa- 
tients with RS infection). Finally, comple- 
ment and PI c/la-globulin were higher during 
the acute phase of RS-associated bronchiolitis 
than in clinically similar illness in which RS 
virus infection was not detected. The lowest 
hemolytic complement titer was noted in a 
1 -month-old premature infant (No. 16, Table 
I) .  Anticomplementary activity was not de- 
tected in those serum specimens with low 
complement titers. 

The serum levels of total hemolytic com- 
plement and ,81c/lA - globulin among the 20 
infants with bronchiolitis and 7 infants with- 
out respiratory tract illness generally ap- 
peared to parallel each other. These findings 
are in agreement with those of Klemperer et 
d. (16), and West et al. (13). The levels of 
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TABTiE IT. R3c;iii 8eruni Total Coiiiplemciit Titers and p 1 C:/l A-Glohulin Tlevels in Acute 
Bronchiolitis Patients With and Without Evidence of RS Virus Infection, and in Infants 

Without Respiratory Tract Disease. 

Total complement" p lC/lA-globulinb 
No. of 

Group infants Acu tc Coilvalescent Acute Convalescent 

Eronchiolitis with evidence of 10  185a 15Zd 1489 141 

Bronchiolitis without evidence of 10 1 G4b 146" 133" 114' 

No respiratory tract disease 7 142C 119f 133 135 

RS virus infection 

RS virus infection 

" Titer in 50% hemolytic units of C' per ml of seriiiii (C'H,O/nil). 
Expressed as milligrams per 100 nil. 

Note : Arithmetic means calculated because of symiietric distribution of levels. Significance 
of differences: a vs b p >.2;  a vs c p = .055; a VS (1 p = .025; 11 vs c p > . Z ;  b vs e p >.2;  
g vs h p = .4; h vs i p = .2. 

serum P1CI lA - globulin were higher than those 
previously reported for the same age group; 
however, the wide range of variability is simi- 
lar (17, 18). 

Discussion. The results of the present 
study suggest that complement does not par- 
ticipate in the mediation of lung injury in 
infants with acute bronchiolitis associated 
with RS virus infection. This view is further 
supported by the failure to demonstrate 
in the lung tissue sections of three children 
who died of RS disease using the immu- 
nofluorescent technique (Ward and Bellanti, 
unpublished studies). 

Our failure to detect a reduction of whole 
serum complement and/or component C'3 in 
the infants with bronchiolitis, does not negate 
the possibility that an immunological reac- 
tion in the lungs represents an important 
component in RS lower respiratory tract dis- 
ease of early infancy. I t  is possible that a 
Type I11 (Arthus-type) immune reaction 
may occur, without complement being fixed; 
alternatively, complement may be fixed but 
the quantity bound may be insufficient to 
effect an overall reduction in total comple- 
men t . 

The elevated complement titer and P l c / l ~ -  
globulin level in the acute-phase sera of pa- 
tients with bronchiolitis may be what gener- 
ally occurs in the "acute phase" of certain 
disease processes as a result of an inflamma- 
tory reaction (19-23). The mechanism for 
this observed elevation is not known. Since 

the serum level of complement components 
reflects the balance between rates of synthe- 
sis and catabolism, the elevated levels seen in 
the acute phase in this study could represent 
a nonspecific increase in one of the limiting 
components. Such an increase might actually 
mask a state of depression. However, inter- 
pretation of this point is difficult since indi- 
vidual components were not measured. 

Summary. The levels of total complement 
and ,81c/lA-globulin were tested in 20 in- 
fants with acute bronchiolitis and in 7 infants 
without respiratory tract disease. The level 
of total complement or complement com- 
ponent plC was not depressed in the acute 
phase of acute bronchiolitis whether RS vi- 
rus-associated or not. This does not negate 
the possibility of an immunological patho- 
genesis of RS virus disease. 
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