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The Laboratory Diagnosis of Whooping Cough by Fluorescent
Antibody and by Culture Methods

NORMA CHALVARDJIAN, M.B.(Edin.), D.P.H., Toronto

Attempts were made to hasten the identification of
BordeteUa pertussis by using the fluorescent antibody
(FA) technique and to improve the isolation rate by
culture methods. First, a comparison was made be¬
tween the number of identifications of the organism
by growth on Bordet-Gengou medium containing peni¬
cillin G and by staining smears of pharyngeal exudate
with FA. Of 100 specimens, 29 were positive on cul¬
ture and 46 were positive by the FA method. Five
of the 46 were false positives. Second, 170 specimens
were inoculated in quadruplicate on Bordet-Gengou
medium containing either penicillin G or methicillin,
and on Lacey medium containing either penicillin G
or methicillin. In order there were 39, 41, 56 and 57
isolations. The isolation of Bord. pertussis on methicil-
lin-containing media was easier than on penicillin-
containing media. When culture and FA methods were

compared, the most reliable was found to be the
inoculation of specimens on Lacey medium.

nORDETELLA PERTUSSIS requires from three
.*-* to five days for laboratory identification, and
failure to isolate it occurs frequently because of
overgrowth of other organisms. It is particularly
important in a children's hospital to be able to
identify and isolate patients with whooping cough
as quickly as possible in order to prevent cross-
infection and to start appropriate therapy.
For these reasons it was decided to attempt to

hasten the identification of Bord. pertussis both by
introducing the fluorescent antibody (FA) tech¬
nique and by trying to improve culture methods.

In the first phase of the project, specimens were
examined from 100 patients suspected of having
whooping cough and from 30 children without
evidence of whooping cough (controls). Each
specimen was inoculated on two Bordet-Gengou
plates containing penicillin G, and smears were
stained with fluorescent antibody prepared in the
laboratory.

In the second phase, an attempt was made to
diminish the growth of organisms other than Bord.
pertussis. Specimens from 170 patients with sus¬

pected whooping cough were inoculated in quad¬
ruplicate on Bordet-Gengou medium containing
either penicillin G or methicillin and on Lacey1
medium containing either penicillin G or methicil¬
lin.

Methods
Specimens
Specimens came from patients at The Hospital

for Sick Children, Toronto, Ontario. They were
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On a essaye d'accelerer l'identification du BordeteUa
pertussis par la methode des anticorps fluorescents (AF)
et d'ameliorer le pourcentage des isolements par la
culture. On a d'abord procede a une comparaison entre
le nombre d'identifications du bacille obtenus par
pousse du bacille sur le milieu de Bordet-Gengou con¬
tenant de la penicilline G et celui utilisant la coloration
de frottis d'exsudate pharyngiens avec la methode des
AF. Sur 100 specimens, 29 se sont revetes positifs par
culture et 46 ont et£ positifs par la m&hode des AF.
Cinq des 46 specimens Etaient faussement positifs. En¬
suite, on a inocule* 170 echantillons, en quatre exem-

plaires, sur des millieux Bordet-Gengou contenant soit
la penicilline G, soit la methicilline et sur des milieux
de Lacey renfermant soit la penicilline G, soit la
methicilline. Dans l'ordre, il y avait 39, 41, 56 et 57
isolements. L'isolement du Bord. pertussis sur les
milieux contenant de la methicilline a ete plus facile
que sur ceux contenant de la penicilline. Apres com¬

paraison des m&hodes par culture et par AF, la plus
sure s'est reVel£e etre l'inoculation de specimens sur
le milieu de Lacey.

taken from the nasopharynx of both infants and
children by a method described by Auger.2
Production of Fluorescent Antibody
Antisera were produced in four 2-kg. white rab¬

bits which were injected intravenously with a sus¬

pension of 10,000 million formol-killed Bord. pertus¬
sis organisms per ml. Doses were given at three-
day intervals starting with 0.3 ml., then 0.6 ml., 0.9
ml., 2.0 ml., 2.4 ml. and finally 2.8 ml., making a
total of 9.0 ml. over a period of 16 days. The rab¬
bits were bled 10 days after the last injection. Con-
jugation of the antisera with fluorescein isothio¬
cyanate was done according to the method described
by Chadwick and Fothergill.3 Brilliant staining of
smears of Bord. pertussis was obtained with each
antiserum diluted 1:16. Non-specific staining of
other organisms frequently found in the nasophar¬
ynx was tested with all four conjugates. Six strains
of Staphylococcus aureus, an often quoted offender
in this respect, were stained only weakly by the
selected antiserum. Pneumococci, diphtheroids and
Hemophilus influenzae were not stained, but Neis-
seria catarrhalis and Streptococcus pyogenes stained
with moderate brightness. Absorptions with bac¬
terial powders failed to remove these reactions.

Fluorescent Antibody Staining and Examination
of Smears
Direct staining of two smears and a blocking

test of each specimen were done. For the direct'
stain, smears were fixed in acetone for 10 minutes
and dried in air. Each preparation was covered
with a drop of conjugated globulin. A damp con-
tainer was used to prevent drying of the conjugate
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on the slides and the reaction was allowed to con¬

tinue for 20 minutes at room temperature. The con-

jugate was then rinsed off with phosphate-buffered
saline (pH 7.1) and the preparations were washed
in three changes of the same solution with gentle
agitation in a Coplin jar for a total period of 10
minutes. The preparations were placed gently be¬
tween two layers of absorbent paper and then dried
in air. The mountant used was glycerol-saline
(90% glycerol, 10% phosphate-buffered saline).
The principle of the blocking test is that staining
with the conjugate should be inhibited by pre-
treating the preparation with an unconjugated spe¬
cific immune serum but not by pre-treating with a

non-immune serum. Positive and negative control
slides were included with every group of slides
examined.
A Zeiss fluorescence miscroscope fitted with an

HBO 200 lamp was used. The exciter filter used
was BG 12 and the barrier filter cut radiation out
below 510 millimicra. A cardioid condenser trans¬
mitted the radiation through buffered glycerol to
the specimen which was viewed through 8 x ocu-

lars and a 100 x oil-immersion objective.
Culture Methods
For the first phase of the project, each specimen

was inoculated on two Bordet-Gengou plates con¬

taining 0.185 unit penicillin G/ml. The plates were

incubated at 35 to 36° C. for five days, with daily
examination. Suspected colonies of Bord. pertussis
were examined by Gram smear and by a slide
agglutination test with commercial antiserum.

During the second phase of the project, each
specimen was plated on Bordet-Gengou medium
containing 0.185 unit penicillin G/ml., on Bordet-
Gengou medium containing 4 fig. methicillin/ml.,
on Lacey medium containing 0.23 unit penicillin
G/ml. and on Lacey medium containing 4 fig. methi¬
cillin/ml. The plates were incubated and examined
as before. A level of 4 fig. methicillin/ml. was

chosen because preliminary experiments showed
that it caused an effective reduction in the growth
of many penicillin G resistant organisms while still
allowing free growth of Bord. pertussis.

Impression Smears
On a few occasions, impression smears were

taken of microcolonies which had appeared after
one to three days' incubation. The flat surface of
a sterilized rubber stopper about 1 cm. in diameter
was used. The stopper was gently lowered on the
agar surface over the colony to be examined, care

being taken not to break the surface of the medium.
With the collected sample, three similar smears

were made by pressing the stopper on glass slides.
A direct stain and a blocking test were then done.

Results
The results of the examinations of specimens

from patients with suspected whooping cough both
by fluorescent antibody and by culture techniques
are given in Table I.

TABLE I..Specimens Examined Both by the
Fluorescent Antibody Method and by Culture

Patient
Total tested group

Total tested. 100
Number positive by FA. 46
Number positive by culture on

Bordet-Gengou. 29
Number positive by culture,

negative by FA. 1
Number positive by FA,

negative by culture. 18

Control
group

30
2

0

0

2

Of the 100 specimens from patients, 46 were

judged positive by the FA technique and 29 were

positive on culture. In only one instance was a

positive culture obtained but Bord. pertussis not
detected on the FA smears. Eighteen smears were

positive by the FA method but negative on culture.
On examination of the histories of these 18 patients,
11 had definite clinical evidence of whooping cough
and so were probable true positives. Information
was unavailable in two instances. Some of the re¬

maining five may have been true positives and
some false positives due to non-specific staining of
other organisms. The percentage of false positives,
then, could have been up to 10.8. Overall, however,
39 proved cases of whooping cough were detected
by the FA technique, while only 29 were detected
by culture, an increase of 34%. Of the 30 control
specimens from children without evidence of
whooping cough, two were positive by the FA
method but none was positive on culture; thus the
percentage of false positives was 6.6. Taking the
test and control groups together, there were seven
false positive results out of 130 (5.4%).
The examination of impression smears of micro¬

colonies was not done routinely, but when it was

done, the results indicated that it was a very useful
additional technique. This was particularly true
when the original FA smears were inconclusive.
The results of culturing, in quadruplicate, 170

specimens from patients with suspected whooping
cough on Bordet-Gengou medium containing peni¬
cillin G, on Bordet-Gengou medium containing
methicillin, on Lacey medium containing penicillin
G and on Lacey medium containing methicillin are

given in Table II.

TABLE II..A Comparison of Positive Cultures
Obtained on Bordet-Gengou and on Lacey Media
Containing either Penicillin G or Methicillin

Number of specimens tested in quadruplicate. 170
Number of positive cultures on:

Bordet-Gengou containing penicillin G. 39
Bordet-Gengou containing methicillin. 41
Lacey containing penicillin G. 56
Lacey containing methicillin. 57
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All cultures isolated on Bordet-Gengou medium
were also isolated on Lacey medium. It can be seen

that there was an increase of 46% in isolations of
Bord. pertussis on Lacey medium containing methi¬
cillin compared with isolations on Bordet-Gengou
medium containing penicillin G, and the difference
was significant (chi-square = 1.2, p <.05).
Although there was very little numerical differ¬

ence in isolations on the same type of medium con¬

taining a different antibiotic, the absence of much
of the penicillin G-resistant flora on methicillin-
containing plates made isolation and identification
easier and frequently faster. Fig. 1 shows two
Bordet-Gengou plates inoculated with the same

specimen. The medium on the left contained peni¬
cillin G and the medium on the right contained
methicillin.

Fig. 1..Isolation of Bord. pertussis on Bordet-Gengou
medium containing penicillin G (left), compared with its iso¬
lation on the same medium containing methicillin.

Bord. pertussis organisms grew on both media
but there was a heavy growth of other organisms
on the penicillin G-containing medium, making iso¬
lation more difficult.

Discussion

Compared with the conventional culture method
on Bordet-Gengou medium, the FA method of diag-
nosing whooping cough has been found to be more

sensitive (34% more "true positive" results) and
certainly much faster. In about half of the positive
specimens examined, organisms could be seen

fluorescing which were readily identifiable as Bord.
pertussis within an hour of receiving the specimen.
The other positive preparations were not as easy
to interpret, because organisms were often scarce

and did not have a typical appearance. In these
latter instances, impression smears of micro-
colonies were useful, especially before the organism
could be identified by other means. Because the
incidence of false positive results may have been
as high as 10.8%, culture techniques were con¬

tinued. The FA method is now used routinely as a

basis for early preliminary reports.
In previous years, Bordet-Gengou medium con¬

taining penicillin G was the culture medium used
in the laboratories of The Hospital for Sick Chil¬
dren for the isolation of Bord. pertussis. With the
increased incidence of antibiotic-resistant organisms
in the population, it was found that penicillin G was

no longer exerting such an inhibitory effect. Col¬
onies of Bord. pertussis were being overgrown by
some commensal organisms as well as by many
strains of Staph. aureus. Bordet-Gengou medium
which contained methicillin was therefore intro¬
duced. At the same time, Lacey medium containing
penicillin G as well as Lacey medium containing
methicillin was examined.
Two facts came to light. The first was that the

isolation rate was improved by 36.5 to 46% when
Lacey medium was used. It should be pointed out
that although a statistically significant difference
could be proved only between Bordet-Gengou
medium containing penicillin G and Lacey medium
containing methicillin, a closer inspection of the
figures involved shows that Lacey medium gave
from 15 to 18 more isolations than Bordet-Gengou
medium gave. The difference in the isolation rate
depended on the type of medium used rather than
on the antibiotic content. The second fact was that
the advantage of methicillin over penicillin G was
in the ease and speed of isolation due to the ab¬
sence of methicillin-sensitive organisms.
Although the FA method was 34% more sensi¬

tive in the detection of Bord. pertussis than culture
on Bordet-Gengou medium, it was still less sensi¬
tive than culture on Lacey medium. Perhaps if a
reliable means of preventing false-positive results
were available, the speed of diagnosis by the FA
method would be an outweighing factor in its
favour. To the present time, however, inoculation
of specimens on Lacey medium has been found to
be the most reliable laboratory method of diag-
nosing whooping cough.
One disadvantage of Lacey medium was encoun¬

tered. Colonies of Bord. pertussis grown on Lacey
medium sometimes were found not to emulsify
well enough to do agglutination tests. In these in¬
stances it was necessary first to subculture on Bor¬
det-Gengou medium or to use growth already
present on a Bordet-Gengou plate.
A valuable inclusion in methicillin-containing

Lacey medium would be a substance capable of
inhibiting the growth of Escherichia coli and Kleb-
siella pneumoniae while at the same time neither
preventing the growth of Bord. pertussis nor in¬
hibiting the action of methicillin.

Summary

Specimens of pharyngeal secretions from 100 patients
with suspected whooping cough and from 30 children
without evidence of whooping cough were examined
both by the FA method and by culture on Bordet-
Gengou medium with penicillin G. The number of
patients' specimens found positive by the FA technique
was 46. Of these, five were false positive, two were in-
conclusive, and 39 were true positive results, By
culture, only 29 positive results were obtained. Two
control specimens were found positive by the FA tech¬
nique, both of which were probably false. By culture,
no positive results were obtained. The FA technique
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was more sensitive and much faster than the culture
method but, because of false positive results that could
not be eliminated, it was found to be most useful in
giving early preliminary results.

Specimens from 170 patients with suspected whoop-
ing cough were inoculated in quadruplicate on Bordet-
Cengou medium containing either penicillin C or meth-
icillin, and on Lacey medium containing either penicillin
G or methicillin. There was an increase in isolations
of Bord. pertussis on Lacey medium compared with
Bordet-Gengou medium. In addition, isolation was
greatly facilitated by the use of methicillin.

When culture and FA methods were compared, the
most reliable was found to be the inoculation of speci-
mens on Lacey medium containing methicillin.

The author gratefully acknowledges the interest of Dr.
T. E. Roy throughout this work and his helpful criticism
during the preparation of the manuscript.
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Wings of Mercy: Medical Aid to Honduras
WILLIAM D. FLATT, M.D., Toronto

HE project of medical aid to the Republic of
THonduras described in this communication was
originated, sponsored and managed by the River
Oaks Baptist Church, Houston, Texas, and its
ministers, the Rev. W. S. Failing and the Rev. Guy
Bevil, Jr. Support was provided by several organ-
izations including AMDOC Inc.,* the Flying Phy-
sicians' Association and the Evangelical Medical
Missionaries Aid Society of Canada (EMMAS) as
well as church groups in the United States.
The purpose of the trip was to carry out an in-

tensive course of inoculations (BCG and smallpox)
across a strip of Honduras from the Caribbean Sea
to the Pacific Ocean during a period of three weeks
in the summer of 1965, to demonstrate new tech-
niques to medical and other health personnel in
that country, and to carry a Christian witness to all
concerned. Dr. C. R. Bourne of Toronto and I are
members of the Flying Physicians' Association and
of the Evangelical Medical Missionaries Aid
Society. The opportunity to take part in this
massive international health activity (which was
given the title Amigos de Honduras), to show the
flag for Canadian physicians, to demonstrate
Christian concern for the troubles of others, and
to undertake an interesting flight, were all factors
in our participation.
We travelled from Toronto to San Pedro Sula,

Honduras, and returned in Dr. Bourne's twin-
engined Beech Bonanza Aircraft. Dr. Bourne was
the pilot and was accompanied by his wife and
two children, Mrs. Flatt and myself.

*AMDOC Inc. (American Doctor) was founded in 1964 by
Paul Williamson, M.D.
Address reprint requests to: Dr. William D. Flatt, 228 Medi-
cal Arts Bldg., 170 St. George St., Toronto 5, Ontario.

On July 1, 1965, we took off from the Toronto
Island Airport at about 7:05 a.m., flew direct to
Cleveland, landed there at 8:15 a.m. and cleared
U.S. customs. Subsequent stops were made at
Memphis, Tennessee, and Houston, Texas. At
Houston we telephoned the Rev. W. S. Failing, the
chairman of the sponsoring committee, who met
us at the airport and gave us much worth-while
information about the project. The weather was
sunny and very warm. Later the same day we took
off for Brownsville, Texas, which is just north of
the Mexican border and the Rio Grande. We stayed
there that night. Brownsville is a pleasant small
American city with much Spanish and Mexican
architecture. Mr. Guy Bevil, Sr., who is the Hon-
duran consul there, stamped our passports for ad-
mission into Honduras.
Our next overnight stops were at Vera Cruz and

Carmen, Mexico. The city square in Vera Cruz is
very beautiful and ornate. The open streetcars
were quaint and the people were very friendly. Car-
men is a beautiful small city on an island situated
at the southeastern end of the Gulf of Mexico.
Carmen is only about 275 miles from Vera Cruz,
but we had to stop there because of severe thunder-
storms. The following day we took off and after
stops at Chetumal, Mexico, and Belsize, British
Honduras, we reached San Pedro Sula, which is the
second largest city in Honduras. San Pedro Sula is
situated in the north-west sector of the Republic
about 30 miles from the coast. After clearing
customs and immigration we were taken to our
hotel. The weather was very warm and balmy.
The Republic of Honduras is a military dictator-

ship headed by Brigadier-General Oswaldo Lopez
Alrellano, who appears to be benevolent and is


