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A five-center collaborative study was undertaken to determine the suitability of
the Phadebact CSF test kit and the Phadebact group B Streptococcus reagent for
routine use by clinical laboratories to detect antigens of common organisms
causing bacterial meningitis. The kits employ staphylococcal protein A coagglu-
tination to detect the antigens of Haemophilus influenzae types a, b, c, d, e, and f,
Neisseria meningitidis groups A, B, C, Y, and W135, Streptococcus pneumoniae
(83 serotypes), and group B Streptococcus. A total of 2,817 individual tests were
performed on 577 cerebrospinal fluid specimens. The percent positive speci-
mens detected by coagglutination was as follows: overall, 84%; H. influenzae,
97%; group B Streptococcus, 75%; S. pneumoniae, 71%; and N. meningitidis,
58%. Eighty-five of the specimens were also tested by counterimmunoelectro-
phoresis. Coagglutination was more sensitive than counterimmunoelectrophoresis
because it detected 74% of the positive specimens, whereas counterimmunoelec-
trophoresis detected only 65%. No false-positive results were obtained with
coagglutination. The Phadebact CSF test kit is recommended for routine use in
screening cerebrospinal fluid samples for antigens of the common organisms
causing bacterial meningitis along with the Gram stain and culture for delayed
confirmation of the rapid results.

Over the past 10 years there has been increas-
ing interest in the development of rapid (1 h or
less) reliable methods for detection of agents of
bacterial meningitis. Three of the most promis-
ing techniques have been counterimmunoelec-
trophoresis (CIEP), originally described by Bus-
sard in 1959 (3), latex agglutination, and
staphylococcal protein A coagglutination
(COA). Newman et al. (7) first utilized latex
agglutination in 1970 for the diagnosis of meningi-
tis caused by Haemophilus influenzae, and in
1973 Kronvall (6) introduced the COA procedure
for typing pneumococci. Since then numerous
reports on these three procedures have appeared
for detection of antigens in cerebrospinal fluid
(CSF). There is still no general agreement as to
the value and place of these methods in the
routine clinical microbiology laboratory for de-
tection of the most common bacterial agents
causing meningitis, namely, H. influenzae,
Streptococcus pneumoniae, Neisseria meningi-
tidis, and group B Streptococcus. There does,
however, appear to be agreement on two disad-

vantages of CIEP, the need for equipment not
normally found in clinical microbiology labora-
tories and insufficient sensitivity, particularly in
the case of S. pneumoniae. These problems
were reconfirmed recently by Wasilauskas and
Hampton (10). They compared CIEP with COA
and culture and found COA to be more sensitive
than CIEP in detection of bacterial meningitis.
In another recent study by Welch and Hensel
(12) comparing latex agglutination and COA
with cultures for detection of H. influenzae type
b meningitis in CSF, they found latex agglutina-
tion and COA gave similar results, and both
were more sensitive than CIEP.
To assess the value of the rapid COA tech-

nique for routine use in clinical laboratories, we
report here the results of a collaborative study
involving five centers in which 2,817 individual
tests were performed on 577 spinal fluid speci-
mens from both adult and pediatric patients with
the Phadebact CSF test kit. The kit contains
reagents for detection of antigens of H. influen-
zae b, H. influenzae a, c, d, and e, S. pneumo-
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niae, and N. meningitidis in CSF. Individual
reagents were used for detection of group B
Streptococcus.

MATERIALS AND METHODS
Collaborative study. A protocol was agreed upon by

the collaborating investigators. Each participating cen-
ter tested CSF from patients with the Phadebact CSF
test kit or individual Phadebact COA reagents in
addition to their regular procedures for handling CSF.
Both banked, frozen and fresh clinical specimens were
used. At centers in which CIEP was in routine use,
some of the specimens were also tested by CIEP for
comparison with COA.

Bacteriological cultures. Each participating center
used standard methods approved by the College of
American Pathologists for the isolation and identifica-
tion of CSF isolates.
COA tests. Phadebact CSF test kits and individual

COA reagents were provided by Pharmacia Diagnos-
tics (Piscataway, N.J.). All CSF specimens, both
culture positive and culture negative, were tested with
each of the following reagents: H. influenzae type b;
H. influenzae types a, c, d, e, and f; S. pneumoniae,
consisting of 83 serotypes; and N. meningitidis groups
A, B, C, Y, and W135. Some of the specimens were
also tested with the Phadebact group B Streptococcus
reagent. The reagents were ready to use and contained
methylene blue for easy visualization of results. Be-
fore testing, each specimen was heated at 80°C for 5
min to eliminate nonspecific reactions. If the specimen
was grossly cloudy or bloody, it was centrifuged
before heating. Heat-treated CSF (1 drop) was mixed
with 1 drop of each test reagent on a disposable, white
card. The card slide was rocked manually for 1 to 2
min. COA results were recorded as positive if a
significantly stronger and more rapid reaction oc-
curred with one reagent compared with the other three
reagents being tested on the slide at the same time.
Results were considered negative if no agglutination
was observed with any of the test reagents. Results
were considered to be noninterpretable if COA oc-
curred at equally strong intensity and speed with more
than one reagent. Quality control procedures were
performed according to the instructions of the manu-
facturer. Positive control reagents were prepared by
heating saline suspensions (108 organisms per ml) of
the respective laboratory-confirmed strains at 80°C for
5 min. These suspensions were tested as the clinical
specimens. The simultaneous use of four reagents in
testing an unknown specimen was considered a built-
in negative control.
CIEP testing. CIEP was performed by standard

methods and with reagents which have been detailed
elsewhere (1, 4, 12).

Evaluation of results. CSF specimens were pre-
sumed to contain specific bacterial antigens if any one
of the following criteria was met: (i) a positive culture
was obtained, (ii) a positive COA test was obtained
from a patient with bacteremia due to the same orga-
nism as detected by COA in the CSF, or (iii) a positive
COA test was obtained on a CSF specimen subsequent
to an earlier test of a patient that was culture positive,
indicating persistence of antigen during antibiotic ther-
apy.
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RESULTS
Of the 577 CSF specimens included in the

study, 209 were positive by the criteria previous-
ly described for the test organisms (H. influen-
zae types a, b, c, d, e, or f; S. pneumoniae, 83
serotypes; N. meningitidis groups A, B, C, Y, or
W135; and group B Streptococcuis), 344 were
culture negative, and 24 were culture positive
for organisms other than test organisms. Table 1
summarizes the COA results obtained on the
positive specimens. Of the 209 positive speci-
mens, 176 were positive by COA for an overall
sensitivity of 84%. There were no false posi-
tives, therefore the specificity was 100%. There
was good agreement among participants on de-
tection of H. influenzae b. Of 122 specimens,
118 (97%) were positive by COA. Five of the
COA-positive specimens were collected postan-
tibiotic therapy. However, the rate of detection
of S. pneumoniae was variable. Of 45 speci-
mens, 32 were positive by COA, but detection
rates among the participants ranged from 40 to
100%. Investigators at Texas Tech University,
the center with high correlation between culture
and COA results, used the individual pneumo-
coccal reagent, not the reagent supplied with the
CSF kit, to test their 12 pneumococcus culture-
positive CSF specimens. Six of the CSF speci-
mens still available were retested with the mate-
rial provided with the CSF kit. One had a
strongly positive (4+) reaction, two were weak-
ly positive (±), and three were negative (-) for a

TABLE 2. COA results with culture-positive CSF
specimens for organisms other than the screen

organisms

No. of

Organism specimens
COA

negativea

Escherichia coli ......................... 5
Staphylococcus aureus................... 3
Enterococcus sp......................... 2
Group A Streptococcus ........ .......... 2
Klebsiella pneumoniae ................... 2
Listeria monocytogenes .................. 2
Cryptococcus neoformans ................ 1
Bacillus sp.............................. 1
Staphylococcus epidermidis ...... ........ 1
Haemophilus influenzae ab ....... ........ 1
Haemophilus influenzae fb................ 1
Mycobacterium tuberculosis .............. 1
Proteus mirabilis ........................ 1
Moraxella morganii ......... ............ 1

a Each specimen was tested with H. influenzae b, S.
pneumoniae, N. meningitidis, and group B Strepto-
coccus COA reagents. No specimens were COA posi-
tive with these reagents, except as noted.

b Positive with the H. influenza a, c, d, e, and f
reagents.

TABLE 3. Comparison of COA and CIEP for
detection of antigen in culture-positive clinical

specimens
No. of specimensa

Organism isolated COA COA CIEP CIEP
positive negative positive negative

H. influenzae b 34 1 31 4
S. pneumoniae 16 12 16 12
N. meningitidis 13 9 8 14

a Total COA positive, 74%; COA negative, 26%;
CIEP positive, 65%; and CIEP negative, 35%.

50% sensitivity instead of the 100% obtained
with the individual pneumococcal reagent. The
new results more closely agreed with those
obtained at the other centers. Of 33 culture-
positive specimens for N. ineningitidis, 19 were
positive by COA for an overall sensitivity of
58%. Seven of nine specimens were positive for
group B Streptococcus for 78% sensitivity.
There were no false positives since none of the
344 CSF specimens that were culture negative
were positive for any of the screen antigens.
Table 2 gives COA results obtained with culture-
positive specimens for organisms other than the
screen organisms. None of 14 different organ-
isms from a total of 24 specimens were COA
positive.
CIEP was run on 85 of the culture-positive

specimens, and the results are given in Table 3.
A total of 63 (74%) were positive by COA, and
55 (65%) were positive by CIEP. S. pneumoniae
was detected with equal sensitivity by COA and
CIEP, but COA was better in detecting H.
influenzae b and N. meningitidis. Of the 33
positive N. meningitidis specimens included in
the study, serotypes were known for 16 of them.
Nine were group B, six were group C, and one
was W135. Of group B, three of nine specimens
were positive as were four of six of group C; the
one W135 specimen was negative.

DISCUSSION
Our results with 118 positive H. influenzae b

CSF specimens conclusively confirms the find-
ings of previous smaller studies which indicated
that COA is an accurate and sensitive method
for the rapid detection of H. influenzae b. This is
significant because 67% of bacterial meningitis
in children under 10 years of age is caused by H.
influenzae b (2). The ability of COA to detect the
continuing presence of antigen when cultures
are negative should prove helpful in the clinical
management of patients, as was shown with five
culture-negative specimens that were COA posi-
tive for H. influenzae b. An advantage of the
Phadebact kit is that it detects not only type b,
but also types a, c, d, e, and f, which occasional-
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ly cause meningitis. One type a and one type f
were included in our study, and both were

positive by COA. The nontype b reagents also
serve as a good negative control for the assur-

ance of specificity.
The detection of S. pneumoniae in positive

specimens by participants in this study varied
between 40 and 100%. Since investigators at the
center with the highest correlation with culture
results used the individual pneumococcal rea-

gent, marketed for the identification of isolates,
as did Wasilauskas and Hampton (10) who also
had a high correlation with culture results, it is
possible that a difference in the reagents ac-
counts for the discrepancy in results. The manu-

facturer is reviewing the assay kinetics with the
intent of improving the pneumococcal CSF rea-

gent.
Some of the culture-positive, COA-negative

results may have been due to the numbers of
organisms present or the antigen concentration
in the clinical specimens, which may have been
below the detection limit for COA. Olcen (8)
found that he could not detect concentrations
below 105 CFU/ml, whereas Wetkowski et al.
(13) found that 107 to 108 CFU/ml were neces-
sary for detection of streptococci in positive
blood cultures. Colony counts were known for
two of the N. meningitidis specimens; one speci-
men did not grow on solid media and the orga-
nism was recovered only in broth, the other
produced 120 colonies or ca. 120,000 CFU/ml,
which is at or below the detection limit reported
in the above-mentioned studies.
Although seven of nine (78%) group B Strep-

tococcus specimens were positive by COA,
more specimens need to be tested before the
detection efficiency can be determined accurate-
ly. The detection rates of group B Streptococcus
in two previous studies were 87% by Wasilaus-
kas and Hampton (10) with 8 specimens and 83%
by Webb et al. (11) with 23 specimens.
Of the 77 specimens tested by both COA and

CIEP, 74% were positive by COA and 65% were

positive by CIEP. We conclude, as have others
(5, 9, 11), that COA is more sensitive.

In summary, COA is easy to perform and fast,
requiring 30 min or less as opposed 1.5 to 2 h for
CIEP. The cost of screening a CSF specimen
with the Phadebact CSF text kit is approximate-
ly $10.50 based on a reagent cost of $9.00 and a

labor cost of $10.00 per h. Although the Gram
stain is a rapid diagnostic method currently
available, it lacks the sensitivity of COA. COA
and the Gram stain should be used in conjunc-
tion with cultures for the delayed confirmation
of the rapid results and for antibiotic sensitivity
testing of the organisms. The future of clinically

relevant diagnostic microbiology rests with the
development of rapid, sensitive, and specific
tests for antigen detection. Techniques like COA
will continue to gain in popularity because they
are simple and rapid.

ACKNOWLEDGMENTS

We thank Gail Gil, Allegheny General Hospital, Pittsburgh,
Pa.; Barbara Johnson, Arkansas Children's Hospital, Little
Rock, Ark.; Michael Murphy, Texas Tech University Region-
al Academic Health Center, El Paso, Tex.; and Quellin T.
Box, University of Texas Medical Branch at Galveston,
Galveston, Tex. for excellent technical assistance or help in
obtaining specimens.

LITERATURE CITED

1. Anhalt, J. P., G. E. Kenny, and M. W. Rytel. 1978.
Cumitech 8, Detection of microbial antigens by counter-
immunoelectrophoresis. Coordinating ed., T. L. Gavan.
American Society for Microbiology, Washington, D.C.

2. Bakerman, S., V. Uy, and P. Khazanie. 1982. Laboratory
testing for bacterial meningitis. Lab. Manage. 20:17-23.

3. Bussard, A. 1959. Description d'une technique combinant
simultanement l'electrophorese et la precipitation immun-
ologique dans an gel l'electrosynerase. Biochim. Biophys.
Acta 34:258-260.

4. Edwards, E. A., M. W. Rytel, and R. L. Hildebrand. 1981.
Counterimmunoelectrophoresis, p. 770-781. In A. Balows
and W. Hausler (ed.). Diagnostic procedures for bacterial,
mycotic and parasitic infections. American Public Health
Association, Washington, D.C.

5. Fung, J. C., and D. K. Wicher. 1982. Comparison of slide
agglutination test (Phadebact) with counterimmunoelec-
trophoresis for detection of streptococcal group antigens.
J. Clin. Pathol. 77:608-610.

6. Kronvall, G. 1973. A rapid slide agglutination method for
typing pneumococci by means of specific antibody ad-
sorbed to protein-A containing staphylococci. J. Med.
Microbiol. 6:187-190.

7. Newman, R. B., R. W. Stevens, and H. A. Gaafar. 1970.
Latex agglutination test for the diagnosis of Haemophilus
influenzae meningitis. J. Lab. Clin. Med. 76:107-113.

8. Olcen, P. 1978. Serological methods for rapid diagnosis of
Haemophilus influenzae, Neisseria meningitidis and
Streptococcuts pneumoniae in cerebrospinal fluid: a com-
parison of co-agglutination, immunofluorescence and im-
munoelectroosmophoresis. Scand. J. Infect. Dis. 10:283-
289.

9. Suksanong, M., and A. S. Dajani. 1977. Detection of
Haemophiliis influenzae type b antigens in body fluids,
using specific antibody-coated staphylococci. J. Clin.
Microbiol. 5:81-85.

10. Wasilauskas, B. L., and K. D. Hampton. 1982. Determina-
tion of bacterial meningitis: a retrospective study of 80
cerebrospinal fluid specimens evaluated by four in-vitro
methods. J. Clin. Microbiol. 16:531-535.

11. Webb, B. J., M. Edwards, and C. Baker. 1980. Compari-
son of slide coagglutination test and countercurrent immu-
noelectrophoresis for detection of group B streptococcal
antigen in cerebrospinal fluid from infants with meningi-
tis. J. Clin. Microbiol. 11:263-265.

12. Welch, D. F., and D. Hensel. 1982. Evaluation of Bactogen
and Phadebact for detection of Haemophilus influenzae
type b antigen in cerebrospinal fluid. J. Clin. Microbiol.
16:905-908.

13. Wetkowski, M., A. E. Peterson, and L. de la Maza. 1982.
Direct testing of blood cultures for detection of strepto-
coccal antigens. J. Clin. Microbiol. 16:86-91.

VOL. 18, 1983


