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Immunoglobulin levels in bronchoalveolar 
lavage fluid of children with recurrent 

obstructive bronchitis
В Nagy , L Ma ródi, Judit J ezern iczky , L K armazsin

D e p a r tm e n t o f  P aed ia tric s , U n iv e rs ity  M edical School, D ebrecen , H u n g a ry

B ronchoa lveo la r lavage  w as p e rfo rm ed  in  22 ch ild ren  w ith  re c u r re n t 
o b s tru c tiv e  b ro n ch itis  a n d  th e  recovered  lavage flu id  sam ples w ere  an a ly sed  
fo r co n cen tra tio n  o f  Ig A , IgG , IgM , Ig E  a n d  C3. P rev iously  a  s ig n ifican t 
in f lu x  o f  ex u d a te  m acro p h ag es  a n d  p ers is tence  o f  b ac te ria  on  th e  b ro n ch o ­
a lv eo la r surface w ere  d e te c te d  in  th e se  p a tie n ts  a n d  a  severe  m ucosa l in ­
flam m atio n  was o b se rv ed  b ronchoscop ica lly . T he re la tiv e  lavage f lu id  levels 
o f  im m unob lobu lins to  a lb u m in  w ere  s ig n ifican tly  h ig h er th a n  in  se rum , 
in d ica tin g  a  local p ro d u c tio n  o f  th e se  p ro te in s . T he e lev a ted  levels o f  C3 
in d ica ted  a  h igh a c t iv i ty  o f  th e  m acrophages a n d  th e  co m p lem en t sy s tem . 
I t  is concluded th a t  th e  m ucosal in f lam m atio n  in  p a tie n ts  w ith  re c u r re n t 
o b s tru c tiv e  sym p tom s c a n n o t be  a t t r ib u te d  to  a  deficiency o f  im m unog lo ­
b u lin s  e ith e r  in  b lood  o r  in  b ro n ch ia l secre tions.

Bronchoalveolar lavage (BAL) hing lining fluid have a pathogenetic
fluid contains a wide variety of cells 
and proteins which play an integral 
role in lung host defence and inflam­
matory reactions [7]. In children 
with recurrent obstructive bronchitis 
we have determined the morphologi­
cal, cytochemical and functional char­
acteristics of the lavaged cells [6]. 
In these cases a severe chronic muco­
sal inflammation was observed bron­
choscopically with a high frequency 
of positive bactériologie cultures (80% 
of all lavages) in the recovered fluid, 
and a considerable influx of exudate 
macrophages were found without any 
sign of acute inflammation even in 
symptom-free periods.

Immunoglobulins (Igs) may protect 
against inhaled proteins or viral and 
microbial organisms in the lung. So, 
local levels of immunoglobulins in the

importance as their absence predis­
poses to infection or to persistence of 
bacteria on the alveolar surface [7]. 
There are scattered reports of patients 
with recurrent pulmonary infections 
having selective IgA deficiency de­
tected in bronchial fluid [5].

Therefore, levels of immunoglobu­
lins were measured in the lung lining 
fluid and serum of children with 
recurrent obstructive bronchitis and 
compared with data of normal 
healthy volunteers.

Materials and Meth o d s

T w en ty -tw o  ch ild ren  fro m  2 to  G y ea rs  
o f  age w ith  re c u r re n t o b s tru c tiv e  b ro n c h i­
t is  w ere  se lec ted  on th e  basis o f  v a rio u s  
c r i te r ia  as described  p rev io u sly  [16]. T he  
ch ild ren  w ere  su b jec ted  to  b ro n choscopy
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fo r t h e  d iag n o s tic  p u rp o se  to  exclude  
b ro n c h ia l  m a lfo rm a tio n s  a n d  o th e r  d iso r­
d e rs  w h ic h  m ig h t b e  a sso c ia te d  w ith  
o b s t ru c tiv e  sy m p to m s. B A L  w as  p e rfo rm ­
e d  a f t e r  b ronchoscop ie  e x a m in a tio n  in  
e a c h  p a t i e n t .  T he p ro c e d u re  h a s  b een  d e ­
sc r ib ed  in  d e ta il  e a rlie r [16].

T h e  reco v e red  lavage f lu id  w as c e n tr i­
fu g ed  a t  800 X g fo r 10 m in  a t  4°C a f te r  
h a v in g  b e e n  sep e ra ted  fro m  th e  m ucus. 
T h e  f lu id  s u p e rn a ta n t w as d e c a n te d  a n d  
s to re d  a t  — 4°C u n til a ssay ed .

T o ta l  p ro te in  c o n c e n tra tio n  o f  each  
sp ec im en  o f  b ro n ch ia l w a sh in g  w as d e te r ­
m in e d  b y  th e  m e th o d  o f  L o w ry  e t  a l [10]. 
C o n c e n tra tio n s  o f  IgA , Ig G , Ig M  a n d  C3 
w ere  d e te rm in e d  in  b ro n ch ia l f lu id  a n d  se ­
ru m  sam p le s  b y  B eck m an  Im m u n o ch e - 
m is t ry  A n a ly se r I I  IC S (U SA ). Ig E  m e a su ­
re m e n ts  w ere  m ade w ith  p a p e r  stab ilized  
ra d io im m u n o a ssa y  k i t  ( Ig E  P R IS T ; P h a r ­
m a c ia  D iagnostics , U p p sa la , Sw eden). T he 
a ssa y  w as  sensitive  to  n a n o g ra m  a m o u n ts  
o f  Ig E  (2 ng /m l ^  1 U /m l) [1, 21]. A lb u ­
m in  c o n te n ts  o f th e  re c o v e re d  flu id  a n d  
s e ru m  w ere  q u an tified  b y  b rom creso lg reen  
p h o to m e tr y  [19, 20] a n d  u se d  a s  a  re fe r­
ence  s ta n d a rd .  T he b ro n c h ia l f lu id  sam ples 
w ere  le f t  u n c o n c e n tra te d  in  v iew  o f  th e  
v e ry  sen s itiv e  m e th o d s  u sed . T h e  m ean  
im m u n o g lo b u lin  a n d  C3/a lb u m in  ra tio s  in  
b ro n c h ia l flu id  a n d  se ru m  w ere  com pared  
to  r e p o r te d  d a ta  o f  y o u n g  h e a lth y  a d u lts  
[14, 17, 18]. B ecause o f  e th ic a l p rob lem s i t  
w as n o t  possib le to  h a v e  a  b e t t e r  co n tro l 
g ro u p  o f  ch ild ren .

R esults

The average recovered volume was 
46 ±  4.6% of the instilled fluid. 
BAL was performed in all patients 
without difficulty or complications. 
No fluid samples had blood contami­
nation.

Quantitative values for total pro­
tein, albumin, C3 and immunoglobu­

lins found in serum and bronchial 
lavage fluid were not compared di­
rectly to other results (Table I) be­
cause procedures used by different 
authors were different; so the amount 
of recovered protein depended on the 
lavage volume.

The Ig content in BAL expressed 
as Ig/albumin ratio, each of them was 
significantly greater than that present 
in serum (Table II). Assuming that al­
bumin in BAL is derived exclusively 
from serum by nonspecific transuda­
tion [13], this disproportionate increase 
in IgA and IgG/albumin ratios 
was strong evidence of these immu­
noglobulins being locally synthesised 
in the lung, and that transudation 
was partially responsible for the Ig 
content in BAL.

IgM in BAL was also present to a 
significantly greater extent than in 
serum. Because of its large molecular 
weight, IgM molecules do not move 
freely from serum to the alveolar sur­
face under normal conditions [5, 17, 
18, 23]. In our cases signs of severe 
chronic mucosal inflammation were 
found bronchoscopically, so we had 
to reckon with greater fluxes of im­
munoglobulins across epithelial and 
alveolar membranes than in normal 
individuals.

Levels of IgE in the lavage fluid 
were increased compared to their se­
rum levels.

C3 levels in bronchial specimens 
may be the result of an increased local 
production but the source of the 
complement components within the 
lung is not known [3]. Complement 
activity was certainly lost with the

Acta Paediatrica Hungarica 27, 1986



В  Nagy et al: Bronchoalveolar lavage cells 207

T a ble  I

C o n cen tra tio n s o f  to ta l  p ro te in , a lbum in , IgA , Ig G , IgM  a n d  C3 a re  exp ressed  a s  g/1 
in  sérum  a n d  m g/1 in  lavage flu id . A ll c o n c e n tra tio n s  o f  Ig E  a re  expressed a s

U /m l 2 n g /m l 
D a ta  rep re sen t m e a n  ±  S E .

C o n c e n tra tio n s  o f  p ro te in  species in  so rú m  a n d  lavage flu id

T o ta l
p ro te in

A lbum in Ig A Ig G IgM Ig E  0 ,

Children 
w ith recur­
ren t ob­
structive 
bronchitis 
n  =  22
Serum 70.3 ± 2 .0  
Lavage 93.8±4.6

46 .0± 0 .6
26 .6± 2 .6

1.92±0.1 
22.8 ± 2 .0

13.75±0.2
41 .5± 4 .8

1.1±0.02 
9.9 ± 1 .2

110 ± 4 .4  1 .32± 1 .2  
0.92±0.1 11 .0± 0 .8

lavage but the sensitiv ity  of our as­
say was high, thus the concentrating 
procedure with its  harmful, denatur­
ing effect could be om itted. The C3/al- 
bumin ratios in serum were not sig­
nificantly different from results of 
other authors [18].

D is c u s s io n

Of the major immunoglobulins, 
IgA, IgT and IgE are all present on 
the bronchoalveolar surface in normal 
individuals but IgM is not detected or 
is present in very low amounts using
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T a ble  TI

R e la tiv e  co n c e n tra tio n s  o f  p ro te in  species in  se ru m  a n d  lavage flu id  
V alues rep re sen t m e a n  c o n cen tra tio n s  o f  p ro te in  species d iv id ed  b y  album in  c o n c e n tra tio n . 
V alues fo r Ig  species a n d  C3 a re  m g/m g a lbum in , a n d  v a lu e s  fo r Ig E  a re  ex p re ssed  as

ng/f ig  a lb u m in

Ig A /alb . Ig G /a lb . IgM /a lb . Ig E /a lb . 0 , /a lb .

Children with recurrent 
obstructive bronchitis 
n  =  22

Serum
Lavage

0.042
0.86

0.30
1.66

0.024
0.37

0.0048
0.091

0.029
0.41

Merül e t al. (14)
Young healthy subjects 

n =  17

Serum
Lavage

0.04
0.319

0.0046
0.017

R ankin et al. (17) 
H ealthy  volunteers 

n  =  11

Serum
Lavage

0.042
0.28

0.189
0.195

0.018
0.006

Reynolds and Newball (18) 
H ealthy volunteers 

n  =  6

Serum
Lavage

0.06
0.72

0.23
0.12
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a sensitive assay technique [4, 7, 9]. 
There are at least two potential 
sources for immunoglobulins found in 
the lung lining fluid: transudation 
from serum and in situ production 
by lung lymphocytes in the submucosa 
and the airway lumina [2, 7, 8, 15, 
17, 18, 23]. The alveolar structures 
are permeable to molecules of low 
molecular weight and are compara­
tively impermeable to very large mole­
cules [18]. The leakage of immunoglo­
bulins is probably more significant 
during an inflammatory process due 
to changes in alveolar, epithelial 
membrane permeability.

In various inflammatory lung dis­
eases immunoglobulin production is 
markedly increased at sites of disease 
activity but not in blood [5, 6, 8]. 
Rankin et al reported on some corre­
lation between the number of IgG 
secreting cells and the IgG/albumin 
ratio in BAL fluid of patients with 
sarcoidosis, and the ratio of IgG/al­
bumin was significantly greater in 
BAL than in serum [17]. This sug­
gests that the increase in local Ig 
production in sarcoidosis is primarily 
responsible for the elevated IgG levels 
in BAL fluid. Both sources are im­
portant and contribute to the mainte­
nance of the immunoglobulin levels in 
the airspaces.

The present study was done on 
children with recurrent obstructive 
bronchitis with protracted cough and 
wheezing without signs of acute in­
fection. Diseases which cause ob­
structive symptoms were previously 
excluded but signs of chronic mucosal 
inflammation were bronchoscopically

observed throughout months in the 
symptom-free periods, too. A pre­
vious study showed the persistence of 
bacteria on the bronchoalveolar sur­
face in 80% of cases, and a significant 
influx of exudate macrophages was 
detected without polymorphonuclear 
leukocyte accumulation [16]. This 
inflammation might be intensified by 
various products of exudate macro­
phages, and changes of the inflamed 
mucosa were considered to be the 
morphological basis of the frequent 
and permanent obstructive symp­
toms [22, 24].

The present results have shown 
that the levels of all major immuno­
globulins are increased in BAL fluid 
of children; this was markedly sup­
ported by the ratios of Ig/albumin in 
bronchial lavages and serum. It is 
therefore reasonable to assume that 
the local production of immunoglob­
ulins predominates. We cannot distin­
guish between monomeric and dimer­
ic forms of IgA by the method used 
but most of the IgA in lavage is 
certainly in the dimeric form [12]. 
It may be assumed that at least some 
of the lung monomeric IgA is derived 
from serum [18].

The point of view that children with 
recurrent obstructive bronchitis have 
a local deficiency of secretory IgA and 
so an increased susceptibility to lung 
infections and atopic diseases [24] 
cannot be accepted.

Both the classical and alternative 
complement pathways are represented 
on the alveolar epithelial surface of 
normal individuals [3, 7, 8]. The 
complement components are probably
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derived from serum and their local 
production is also possible [7, 18]. 
The levels of C3 synthesised by mo­
nonuclear phagocytes were increased 
in our patients indicating the activity 
of macrophages and the complement 
system.

The relative lavage levels of IgE 
were increased compaired to their se­
rum concentrations. The patients had 
no positive skin test to environmental 
antigens nor a history of atopy, and

their serum IgE levels were normal. 
This chronic inflammation of the 
mucosa may play an important role 
in the early hypersensibilization alter­
ing the affinity of the mast cell 
membranes for IgE [11], but answers 
to this question await further study.
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