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Abstract. 415 male out-patients were studied by serological means (complement-fixation 
with various viral antigens, hcmagghitination-inhibition with adenoviruses of subgroup II). 
The conclusion was reached that the viruses investigated do not play a major role in the 
natural history of chronic obstructive lung disease. This is based on the following observations: 

a) The rate of viral infections associated with respiratory disease or acute exacerbations 
of the bronchitis is low (see Tables 2 and 6). 

b) Respiratory disease before the first examination is not caused by these viruses to any 
appreciable extent (see Table 3). 

c) Antibody level in patients' sera against individual viruses or groups of viruses do not 
indicate protection against subsequent respiratory disease or against a deterioration of bron- 
chial function (see Tables 4 and 5). 

The significance of  viral infections - -  well known for acute  diseases o f  the 
respira tory t rac t  - -  is l a rge lyunknown for the na tura l  h is tory of  chronic obstruct ive 
lung disease, despite a number  of  investigations [1, 2, 4, 6, 7, 8]. I t  was our purpose 
to s tudy  this question in a group of  male out-pat ients  aged between 18 and 50 years  
with l ight or moderate  chronic bronchitis and/or  as thma.  A thorough clinical 
functional  etc. examinat ion was performed both  before and  at  the end of  an 
observat ion period with an  average of  three months  including a general hospital  
t r ea tmen t  o f  four weeks. At  the same time, two blood specimens were taken  for 
the serological tests. A series of  easily available and specific diagnostic reagents  
(see below) was used in complement-f ixat ion tests. I n  addition, hemagglut inat ion-  
inhibit ion tests  were carried ou t  against  all serotypes of  the adenovirus subgroup 
I I ,  since these infections are mainly  occurring in adults  [3]. The an t ibody  findings 
had  to be compared with episodes of  fever encountered during the  year  before the 
first examinat ion  and  during the observat ion period, as well as with a possible 
change of  bronchial  function. 

Patients, Materials and Methods 
Patients. 415 male patients with chronic obstructive lung disease were investigated and 

treated between December 1966 and September 1969. Their age distribution is shown in 
Table 1. The time interval between the two investigations, which is referred to as "observation 
period", averaged three months with a range between 2 and 6 months. 

Clinical evaluation was performed without knowledge of the serological data and vice 
versa. Episodes of fever of the patients, both before the first examination and during the 
observation period, were evaluated by a detailed questionnaire and by objective data during 
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Table 1. Age distribution of patients 

Years All patients Patients, in whom 
HAI antibodies were 
determined 

under 20 11 5 
20--29 32 16 
30--39 126 60 
40--49 171 76 
50--54 70 32 
m o r e  o r  

unknown 5 2 

Totals 415 191 

ward treatment. As a parameter of bronchial obstruction we measured the airway-resistance 
(body-plethysmograph) in a majority of the patients and FEV1/VC in nearly all patients. 

Complement./ixation (CF). The antigens used in C~ tests were the following: IIffiuenza A 
(soluble, Microbiological Associates Inc.), Influenza A2 (Berlin 62 or Hongkong 68 with 203 
or 212 serum pairs respectively), Influenza B (Asta-Werke), Influenza C, Parainfluenza 1, 2 
and 3, Respiratory syncytial virus (RS virus) (Microbiological Associates Inc.), Mycoplasma 
pneumoniae (Burroughs Wellcome). Furthermore, reovirus antigen (tested against 203 serum 
pairs) was prepared from reovirus type 1, grown in monkey kidney cultures. Adenovirus group 
antigen was a mixture of type 2 and 3 virus, grown in HeLa cell cultures and heated to 56 °C 
for 30 minutes. CF tests were performed as semimicretests in perspex plates with optimal 
antigen concentration, with a range of complement dilutions with a factor of 1.6 and a constant 
serum dilution of 1 : 5 (see 9). A titer rise was considered as significant, when a difference of 
more than 1.5 dilution steps in complement consumption between the two sera was found in 
repeated tests. Titer drops were disregarded. CF was considered to be "positive" in the first 
serum, when a difference of more than 1.5 dilution steps was found between the main test and 
that control (serum or antigen) which used up more complement for hemolysis. This corre- 
sponds to a fixation of 1.5 to 3.0 50% hemolytic unis, depending on the strength of the comple- 
ment used. 

Hemagglutination-inhibition (HAI). The tests were carried out with patients' sera diluted 
1 : 5 and 1 : 20, which were absorbed twice with rat blood cells. As antigens four hemagglu- 
tinating units of all 14 serotypes of adenovirus subgroup I I  were used, namely types 8, 9, 10, 
13, 15, 17, 19, 22, 23, 24, 26, 27, 29, and 30. A clear inhibition by serum diluted 1 : 5 was 
considered as positive. All possible titer rises were checked by repeated tests. Titer drops were 
again disregarded. 

Statistics. The evaluation of clinical and serological data was performed by means of 
punched cards, which facilitated determining the correlation between any two parameters. 
Significance tests were done with the g~ method; differences with p > 0.05 were considered 
as non-significant. 

Results 

Titer Rises in Complement-fixation. 41 t i te r  rises were found  in  the serum pairs 
of 37 of the 415 pa t i en t s  (9%, see Table  2). The largest group were 15 pa t ien ts  
infected with inf luenzavirus  type  A. I t  is no tewor thy  t h a t  13 of t hem showed a 
t i ter  rise with type  A soluble ant igen,  while only  6 exhibi ted a rise with A2  Berl in  
or A 2 Hongkong  an t igen  respectively.  There were four pa t ien ts  with two a n t i b o d y  
rises: influenza A ~ - R S  virus  (2 eases), para inf luenza  3 ~-adenovi rus ,  inf luenza 
A Jr reovirus (the only  posit ive ease wi th  reovirus). No t i te r  rises were observed 
with inf luenza C and  myeoplasma ant igens.  
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Table 2. Patients with titer rises in complement-fixation. Relation to episodes o//ever during the 
days be/ore the /irst examination (F1), at the/irst examination (F 2) or during She observation 

period (F J). Deterioration o/obstruction 

Virus Number Number of pa- F 1 F2 F 3 Deterioration of 
of titer rises tients with disease obstruction 

(F1 T F2 -}- F3) (FEV1) 

Influenza A 15 7 1 5 4 2 
Influenza B 4 2 0 2 1 0 
Parainiluenza a 10 6 2 2 5 1 
RS-Virus 3 1 0 1 1 0 
Adenovirus 8 2 2 2 0 3 b 
Rcovirus 1 1 1 1 0 0 

Totals 41 16c 4 10 10 c 6 b 

a Type 1: 1; type 2: 3; type 3:6 cases; b Not determined in 3 patients; c Patients with 
double infections counted once. 

l0 of the 37 patients (or 27%) had an episode of fever during the observation 
period (Table 2, F3). Of the remaining 361 patients (in further 17 patients the 
corresponding anamnestie data were not available), in whom no titer rise was 
found, 56 or 15.5% had an episode of fever. This difference is not significant. 

The titer rises could also be associated with infections at  or shortly before the 
first examination (Table 2, F1,  F2). When the number of patients with disease 
at  any of these three occasions is combined, a total of 16 of the 37 patients (43%) 
with titer rises as compared with 142 of 361 patients (39%) without titer rises 
had a disease. This difference is again not significant. Apparent oddities of the 
figures given in Table 2 are due to the fact, that  several patients were ill more 
than once and consequently were counted twice under the columns F2, F2  or F3. 
Of the patients with diesease on one or several occasions, approximately 10% 
experienced a viral infection. 

I t  is noteworthy, that  only 6 of the 34 patients with titer rises (18%), but 99 
of 294 patients without titer rises (34%) showed a deterioration of their obstruction 
(FEV1) after the observation period. This difference is again without significance ; 
otherwise it would have been difficult to explain. 

Titer Rises in HA-inhibition. Surprisingly only one single patient showed a 
titer rise (against adenovlrus type 13) among no less than 2674 tests performed 
with serum pairs of 191 patients against 14 antigens. Consequently the H A I  tests 
were discontinued and results on stationary titers are only available for this 
group of patients. 

Antibodies and Fever Prior to the First Examination. I f  the majority of the diseases 
occurring during the year before the first examination were caused by viruses of 
ttfis study, this should be reflected by the antibody status in the first serum. No 
such correlation could be found for any individual viral antigen in CF or in HAL 
Furthermore, when patients were placed into groups according to the number of 
antibodies present in their serum (see Table 3), patients with serum containing 

variety of antibodies were no more frequently diseased than those with no or 
only a few antibodies. 

1" 
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Table 3. Relation between episodes o//ever occurring during the year 
be/ore the/irst examination and the number o/ antibodies per serum 

Serological Number of Number Patients ill during 
test antibodies of sera a the last year 

per serum Number Per cent 

CF 0--4 209 78 37 
5--6 113 37 33 
7 or more 71 27 38 

Totals 393 142 36 

HAI none 42 19 45 
1--3 96 37 39 
4 or more 47 19 41 

Totals 185 75 41 

a Patients without clinical data were omitted (also in Tables 4 and 5). 

Table 4. Relation between episodes o/ /ever occurring at the first exami- 
nation (F2),  during the observation period (~3)  or at the second 

examination (Iz 4) and the number o/antibodies per serum 

Test Number of anti- Number F2 F3 F4 
bodies per serum of sera 

CF 0--4 213 41 31 26 
5--6 114 27 20 11 
7 or more 71 20 15 8 

Totals 398 88 66 45 
Per cent 100 22 17 11 

HAI none 41 9 5 5 
1 - - 3  96 18 15 5 
4 or more 47 9 8 1 

Totals 184 36 28 11 
Per cent 100 20 15 6 

Antibodies and Protection against Subsequent Episodes o/_~ever. Although CF and  
H A I  ant ibodies  by  themselves do no t  confer i m m u n i t y  to the pa t ient ,  they  never-  
theless indicate  a prior infect ion with the  respective or related virus.  Thus  i t  was 
though t  possible t h a t  pa t ien ts  with ant ibodies  in  their  first serum were less prone 
to subsequent  respi ra tory  infect ions or else to a deter iora t ion of their  obs t ruc t ion  
(FEV1) t h a n  those with only  a few or no antibodies.  This  again was analyzed for 
ant ibodies  agains t  ind iv idua l  viruses (not tabula ted)  and  for groups of pa t ien ts  
with more or fewer ant ibodies  in  their  sera (Table 4, 5). Stat is t ical  tests of these 
da ta ,  carried ou t  as far as necessary, in  no case yielded evidence, t h a t  the  ant i -  
bodies might  indicate  a protect ion agains t  respi ra tory  disease or deter iorat ion of 
the bronchial  funct ion.  
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Table 5. Relation between the number o] antibodies per serum and a subsequen~ change o] obstruction 
/rein/irst to second examination 

Test Number of Number Obstruction (FEVI) 
antibodies of sera Deterioration Equal Amelioration 
per serum > 19~o 10--19% -4-10~o 10--19~o > 19% 

CF 0- -4  154 19 34 35 38 28 
5- -6  106 11 16 32 30 17 
7 or more 71 5 2i 13 17 15 

Totals 331 35 71 80 85 60 
Per cent 100 11 21 24 26 18 

H A I  none 43 6 8 12 12 5 
1--3 100 15 20 26 21 18 
4 or more 48 7 7 12 7 15 

Totals 191 28 35 50 40 39 
Per cent 100 15 19 25 21 20 

Table 6. l~esults o/ complement-/ixation a in patients urith chronic obatructlve lung diesease; 
comparison of various studies 

Carilli Stark Ross Moffat Stenhouse Fisher Klaer 
et al. [1] et al. [7] et al. [6] and Sut- [8] et al. [2] e~ al. 

herland[4] 

Number of patients 30 199 232 20 34 23 415 
Number of 
respiratory diseases 46 253 125 68 64 63 158 
Per cent respiratory 
disease associated 
with viral infection 50 7 16 4 13 13 10 

Influenza A 4 b 0 7 2 4: 3 7 
Influenza B 0 10 2 1 2 1 2 
Influenza C 0 _ c 4 1 0 0 0 
Paxainfluenza 1--3 2 7 2 d 0 0 1 d 6 
RS-Virus 8 - -  4 0 1 1 2 
Adenovirus 2 --  1 0 0 0 2 
• Iycoplasma pneum. 4 --  - -  --  0 2 0 
Others e 3 --  0 0 1 0 1 

a Only titer rises; b Number of titer rises; c Not  tested; a Only type 1 (Sendai) tested; 
e Coxiella burnetii, Ornithosis, Reovirus. 

Discussion 

Sero log ica l  t i t e r  r ises in  c o m p l e m e n t . f i x a t i o n  d u r i n g  t h e  o b s e r v a t i o n  p e r i o d  o f  

a p p r o x i m a t e l y  3 m o n t h s  w i t h  v i r a l  a n t i g e n s  were  f o u n d  in  9 %  o f  al l  p a t i e n t s  o f  

in  1 0 %  o f  t hose  w i t h  a n  a c u t e  i n f e c t i o n  d u r i n g  th is  pe r iod  or  j u s t  before .  These  

r a t e s  a l t h o u g h  low a re  well  in  a c c o r d  w i t h  a n u m b e r  o f  o t h e r  s tudies ,  w h i c h  a re  

b r i e f l y  s u m m a r i z e d  in  T a b l e  6. T h e  a u t h o r s  m o s t l y  s t u d i e d  a sma l l  n u m b e r  o f  
p a t i e n t s  w i t h  ch ron ic  b ronch i t i s  o v e r  a l onge r  per iod ,  t a k i n g  s eve ra l  b lood  spe-  

chnens  in  i n t e r v a l s  a n d  a d d i t i o n a l  ones  a f t e r  a c u t e  e x a c e r b a t i o n s .  D e s p i t e  t he se  



6 W. Klaer eL al.: Virus Infections and Chronic Obstructive Lung Disease 

apparently better conditions, the rate of viral infections in respiratory episodes 
was between 4 and 16%. Only Carilli et al. [1] were able to prove viral infections 
in 50 % of respiratory diseases. Additional findings on virus isolation of baeterio. 
logical investigations in some of these studies did not give much more information. 

During our study no major influenza epidemic occurred in our population. I t  
is conceivable, that  epidemics like the severe Hongkong epidemic in December of 
1969 may have had an influence on the course of chronic obstructive lung disease. 

The difficulty to prove an etiological relationship between a virus (as well as 
bacterial) infection and a concomittant disease is well known. In  our study such 
a relationship could not be proven by statistical means. This is due firstly to the 
high frequency of inapparent infections found for many viruses. Secondly, in- 
fections with other viruses, notably rhino-, entero- and coronaviruses, cannot be 
ascertained by serological means. Finally even in the virus types studied a titer 
rise in CF may not be found in each infection with such a long time interval 
between the serum specimens. This is especially pertinent for the adenovirus group 
antigen, which makes additional HAI  tests carried out with viruses of adcnovirus 
subgroup I I  meaningful. While infections with these types are occurring mainly 
in adults [3], we found only a single titer rise in approximately 200 patients. This 
virtually rules out any clinical significance of this virus group for our patients 
and keeps this subgroup further to their status of"viruses in search of disease" [5]. 
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