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Counterim m unoelectrophoresis is described as a rap id  and specific m ethod  
for the early  detection  of causative organism s in  bacterial m eningitis. This 
technique was applied to  CFS samples from  213 pa tien ts  in  whom neonata l 
septicaem ia and/or m eningitis or bac teria l m eningitis was suspected. O ut 
of 14 patien ts w ith  m eningitis all b u t one bac te ria l organism  could be detected  
by CIE, long before results of routine m icrobiological cultures were available. 
CIE was especially helpful in children tre a te d  w ith antibiotics p rior to  
adm ission. D espite some shortcom ings of th e  m ethod, C IE  is a  useful d iag
nostic tool for th e  early  determ ination  of th e  aetiology of bacterial m eningitis.

The causative organism in bacterial 
meningitis is usually identified by 
examination of Gram-stained smears 
and by culture. Pitfalls of the former 
procedure are well-known, and the 
latter may take days to provide a 
definitive identification of the patho
gen. In addition, both techniques 
suffer from the all too frequent prac
tice of treating patients with anti
biotics prior to collection of CSF 
for microbiological studies. Hence, 
there has been a real need for more 
reliable and rapid methods for the 
early detection of bacterial antigens. 
A promising approach to the rapid 
determination of the organism in 
bacterial meningitis has been the meth
od of counterimmunoelectrophore
sis [6, 3, 7, 4, 8]. The present paper 
reports on our experience with this 
technique in the prospective evalua
tion of patients admitted with sus
pected bacterial meningitis.

Ma t e r ia l  and  Met h o d

P atien ts . The s tu d y  included 213 p a 
tien ts (newborns, infants and older children) 
adm itted  from  Ju ly , 1979, to  F ebruary ,
1981. The clinical diagnosis on adm ission 
was suspected neonata l septicaem ia and/or 
m eningitis, and  bacterial m eningitis in 
children beyond the  newborn period. Sam 
ples of CSF were obtained from  all th e  
children and  sen t for aerobic and anaerobic 
culture to  th e  D epartm ent of Medical 
M icrobiology and  Virology, U niversity  of 
Düsseldorf (Chairm an Prof. D r. N aum ann). 
In  addition , analysis of the  CSF was 
perform ed b y  counterim m unoelectrophore
sis in  th e  U n it’s laboratory  w ith in  3 h of 
adm ission. A num ber of pa tien ts  had  
received an tib io tic  therapy  prior to  a d 
mission.

Counterim m unoelec trophoresis ( C IE  ).
The technique of C IE  depends upon th e  
reaction  of an tibody  and antigen molecules 
and buffer to  an  electric current. U nder 
certain  conditions of buffer, p H  and 
diffusion m edia, antigens are negatively  
charged an d  m igrate in an electric field 
tow ard  the  anode. The antibodies are less 
negatively  charged and are sw ept tow ard
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th e  cathode with positive buffer ions in 
th e  ag a r and thus m igrate  in  th e  opposite 
(“ co u n te r” ) direction as a  resu lt of end- 
osm otic  flow. W here an tigen  and  reacting 
an tise ru m  meet a t  po in ts of equilibrium , 
a  visib le precipitin b an d  form s.

I n  ou r study CIE w as perform ed w ith 
a n  im m unoelectrophoresis k i t  (In stru 
m e n ta tio n  Laboratory B oskam p GmbH, 
D -5303 Hersel/Bonn) con tain ing  a univer
sal electrophoresis cham ber, a  glass slide 
( 2 2 5 x 7 5 x 3  mm), M ichaelis-buffer solu
tio n  p H  8.6 of 0.056 ionic streng th , filter 
p a p e r  wdcks, a power supp ly  (Pherostat 
273) an d  an agar gel puncher.

T he glass slide was coa ted  w ith 25 ml 
of 1%  agarose (Agarose H ; L K B ) dissolved 
in  M ichaelis buffer solution. A fter cooling, 
p a ra lle l wells 3 mm  in d iam eter were 
p u n ch e d  7 mm apart (edge to  edge), and 
th e  slide was placed in  th e  cen tre of the 
cham ber. Wells were filled w ith  solution, 
u sing  capillary pipettes. A ntibody-contain

ing wells were placed a t  th e  anodal side 
an d  body fluids (CSF) on th e  ca thodal side. 
The agarose-coated slide was attached  
by  filte r paper wicks to  reservoirs contain
ing Michaelis buffer solution. The universal 
cham ber was attached  to  the  power source, 
and  a constan t curren t of 60 MA (at power 
source) was applied a t  room  tem peratu re  for 
80 m in. Slides were inspected unsta ined  for 
precipitin  lines w ithout any  additional aids.

A ntisera used for detection  of bacterial 
antigens were: Streptococcus A —G, Lis
te ria , E . coli, Neisseria m eningitidis an ti
sera (Difco Laboratories, D etro it, U.S.A.); 
Pneum ococcal omniserum contain ing an ti
bodies reactive w ith 82 pneumococcal 
types, and H aem ophilus influenzae type b 
an tisera (Statens Serum stitu t, Copenhagen, 
D enm ark); Serratia, Pseudom onas anti« 
sera (self-made antisera from  th e  In stitu te  
of M edical Microbiology and  Virology of 
th e  U niversity  of D üsseldorf provided 
by Prof. D r. Brunner).

T a ble  I
R esu lts  of conventional cu ltu res and CIE  from  patien ts with bac teria l m eningitis

Patient Organism
Results of 

conventional 
CSF cultures

Results of CIE 
in CSF

Antibiotics 
prior to 

admission

1 E. coli — - f —

2 Strept. В — + - f
3 Strept. В + + —
4 Strept. В + + -
5 Haemophilus

influenzae + + _
6 Haemophilus

influenzae __ + +
7 Serratia + + —

8 Serratia + + —

9 Pseudomonas + + —

10 Neisseria meningitidis — + +
11 Neisseria meningitidis + — - -

12 Neisseria meningitidis — + -f.

13 Pneumococcus +
(diluted
sample)

I

14 Pneumococcus + + —
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R e su lt s

Thirtythree of the 213 patients 
had septicaemia, 14 had meningitis 
(6 had both septicaemia and menin
gitis). Table I displays a comparison 
between the results of conventional 
cultures and those of counterimmuno- 
electrophoresis for the cases with 
meningitis.

D isc u ssio n

CIE is an immunoprecipitin tech
nique which has proved a simple and 
reliable method for the qualitative 
detection of numerous bacterial anti
gens [11, 12, 5, 13, 9]. The results 
(Table I) emphasize that a rapid and 
specific diagnosis of the causative 
organism in bacterial meningitis can 
be obtained by using a commercially 
available immunoelectrophoresis kit. 
CIE frequently can establish a spe
cific aetiologic diagnosis in 80 min, 
long before results of routine micro
biological cultures are available. Since 
the test does not rely on the presence 
of viable organisms, positive results 
may be obtained in patients given 
antibiotic therapy prior to admission, 
when routine cultures [14] usually 
remain sterile. In spite of these 
advantages there are, however, some 
shortcomings of the technique, which 
seem to limit its usefulness.

1. The lack of standardization among 
the various types of commercial 
antisera may lead to false negative 
results.

2. A further limitation is that the 
commercial antisera do not show

all the agents responsible for bacterial 
meningitis. Although there are good 
antisera for Haemophilus influenzae 
type b and Pneumococcus, the quality 
of the antisera available for the 
detection of Neisseria meningitidis is 
rather variable. There is for example, 
no commercially available source of 
reliable antisera for N. meningitidis 
group B, which is responsible for 
approximately 50% of the cases of 
meningococcal meningitis.

3. Cross reactions and nonspecific 
precipitation may occur with some 
of the antisera. For instance, anti
sera for Haemophilus influenzae type 
b may crossreact with certain strains 
of E. coli K l and with S. pneumoniae 
polysaccharides types 6, 15, 29 and 
35 [9, 2].

4. False negative results due to 
prozone phenomenon may occur when 
fluid that contains a high concentra
tion of antigen is tested. CRF spec
imens that are suspected to contain 
a high concentration of antigen, such 
as when many bacteria are observed 
on Gram staining or in case of an 
already turbid fluid during lumbar 
puncture (Patient No. 13 in Table I), 
should be tested both undiluted and 
diluted 1:20 with sterile saline or 
water [1].

With the development of new a id 
more specific antisera by the way 
of inoculation of rabbits with various 
antigens, or by the technique of 
isolation of hybrid myeloma cell lines 
secreting homogeneous monoclonal 
antibodies of predetermined specific
ity [10], current restrictions of thn 
method of CIE can be overcome
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in our experience. But even with the 
tentative shortcomings of the tech
nique, Table I reveals that CIE is 
a useful diagnostic tool for the early 
detection of various causative organ
isms in bacterial meningitis.
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