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Identification of Corynebacterium diphtheriae by
immunofluorescence during a diphtheria epidemic
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SYNOPSIS During a large epidemic of diphtheria, the technique of immunofluorescence was applied
to specimens obtained from 310 patients, 77 of whom were diagnosed clinically as having the
disease. The technique made use of commerical fluorescent antisera prepared against the somatic
antigens of Corynebacterium diphtheriae. The results obtained by immunofluorescence of slides
prepared directly from swabs were found to be unsatisfactory but when the swabs were subjected
to prior incubation in a growth medium the results of immunofluorescence and bacterial culture
agreed in 95% of specimens. Immunofluorescence applied to bacterial colonies obtained on primary
isolation agreed completely with definitive bacterial identification. These two methods for the
rapid identification of C. diphtheriae appeared to be as reliable as formal cultural and biochemical
methods and could be usefully and economically applied to the examination of large numbers of
clinical specimens during an epidemic.

Methods for the rapid identification of Coryne-
bacterium diphtheriae by immunofluorescence have
been available for some time; these methods have
employed fluorescent antisera which react either
with diphtheria toxin or with somatic antigens of the
bacilli. Previous studies of these methods have made
use of specially prepared antisera. Commercial
fluorescent antisera are now available which have
been prepared against somatic diphtherial antigens,
but there have been few opportunities to evaluate
these antisera during epidemics of the disease when
they would seem to be most useful. During 1970 an
epidemic of diphtheria occurred in San Antonio,
Texas, in which 133 cases of the disease were con-
firmed by isolation of toxinogenic C. diphtheriae.
During this outbreak the opportunity was taken to
evaluate the technique of immunofluorescence of
C. diphtheriae with commercial fluorescent antiserum
by its comparison with standard bacteriological
methods.

Materials and Methods

Duplicate slides were prepared for immunofluoresc-
ence in three ways: (1) directly from throat swabs;
(2) from throat swabs which were first subjected to
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incubation for three to four hours in growth medium;
(3) from bacterial colonies which, after overnight
incubation on solid media had morphological
features suggestive of C. diphtheriae.
The first two procedures were intended to provide

rapid bacteriological identification to assist prompt
clinical diagnosis; the third was aimed at more
rapid definitive bacterial idenitification which is
necessary both for clinical management of patients
and initiation of public health measures.

Throat swabs were received from four groups of
patients: (1) patients with a clinical diagnosis of
diphtheria; (2) closecontacts ofcases ofbacteriologic-
ally confirmed diphtheria; (3) patients with con-
firmed diphtheria after completion of treatment; (4)
patients with pharyngitis who presented during the
epidemic and in whom diphtheria had to be excluded
bacteriologically.

BACTERIOLOGICAL METHODS
Duplicate swabs were placed in tubes containing
10 ml of a modified Stuart's transport medium (Cary
and Blair, 1964). We found that in this medium a
light inoculum of C. diphtheriae would surviveat least
24 days. Each swab for bacterial culture was inocu-
lated on to 7 5 % sheep blood agar, serum tellurite
agar, and a Loeffler serum slant. The cultures were
incubated overnight in a CO2-enriched atmos-
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phere. Colonies with appropriate morphological
features were subcultured for urease production,
nitrate reduction and demonstration of toxin produc-
tion by the method of Elek (1949).

IMMUNOFLUORESCENT METHODS

Initially slides were prepared from swabs without
prior incubation in a growth medium. This method
was later abandoned in favour of incubation of
swabs for three to four hours in 2 ml brain-heart
infusion broth containing 0 05% glucose. After
incubation swabs were smeared within a circle, 1 cm
in diameter etched on grease-free glass slides. For
identification of bacterial isolates on solid media,
slides were prepared by picking off suspicious
colonies after overnight incubation and making a

thin saline suspension on the slide. Slides were

allowed to dry in the air and fixed in 95% ethanol for
two to three minutes. Lyophilized fluorescent anti-
serum' to bacterial antigens of C. diphtheriae was

reconstituted and absorbed with activated charcoal
to decrease non-specific fluorescence. The antiserum
was titrated against a stock strain of C. diphtheriae
intermedius to determine the highest dilution which
gave maximum (4+) fluorescence. In this investi-
gation this dilution was 1/10; negative control
antiseruml (rabbit globulin conjugatedwithfluorescein
isothiocyanate) was used at the same dilution.
Positive control slides were prepared from brain-
heart infusion broth lightly inoculated with the stock
strain. After fixation the slides were covered with 2
drops of 1/10 fluorescent antiserum or 1/10 negative
control serum, incubated in a moist chamber for
20 minutes at 37°C, washed in two changes of phos-
phate-buffered saline atpH 7 2 for 10 minutes, and a

coverslip mounted in buffered glycerol was placed on
each slide. The slides were examined within one hour
of fluorescent staining by a Reichert Zetopan
fluorescence microscope using dark ground illumin-

1Difco Laboratories, Detroit, Michigan, USA.
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ation. After scanning at a magnification of x 600 for
bright fluorescence, bacterial morphology and
fluorescence were confirmed by examination under
oil immersion at a magnification of x 1,500. To
obviate observer bias, bacteriological and fluoresc-
ence methods were carried out in separate labora-
tories and the results reported independently.
The results of fluorescence were recorded as

follows:
Negative: no fluorescence or fluorescence of

organisms morphologically distinct from C.
diphtheriae

Doubtful: soft (less than 2+) fluorescence of
organisms resembling C. diphtheriae

Positive: bright (2 to 4+) fluorescence of
organisms resembling C. diphtheriae
When doubtful fluorescence was observed, fresh

slides were prepared from the infusion broth tubes
and the test was repeated. Slides which were now

negative or remained doubtful were reported as being
negative.

Results

The results obtained when slides were prepared
directly from swabs without prior incubation are

shown in Table I. Because of poor correlation be-
tween the results of this method and bacterial culture,
this technique was discontinued. The results of
bacterial culture and immunofluorescence preceded

Patient Positive Negative Negative Positive Total
Group Fluor- Fluor- Fluor- Fluor-

escence escence escence escence
Positive Negative Positive Negative
Culture Culture Culture Culture

Clinical
diphtheria 3 (18%) 0 13 (82%) 0 16 (100%)

Table I Comparison of results of bacterial culture and
immunofluorescence without prior incubation ofswabs

Group No. Diagnosis Positive Negative Negative Positive Totals
Fluorescence Fluorescence Fluorescence Fluorescence
Positive Culture Negative Culture Positive Culture Negative Culture

I Clinical diphtheria 53 (68 8%) 12 (15 6%) 81 (10-4%) 4 (5-2%) 77 (100%)

2 Diphtheria 1 (0 8%) 114 (98-4%) 0 1 (0 8%) 116 (100%)
contacts

3 Treated diphtheria 1 (22%) 45 (978%) 0 0 46 (100%)
cases

4 Pharyngitis 0 71 (100%) 0 0 71 (100%)

Totals 55 (17-7%) 242 (78%) 81 (2 6%) 5 (1-7%) 310 (100%§)

Table It Comparison of results of bacterial culture and immunofluorescence following incubation ofswabs

'Includes one non-toxinogenic strain

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.24.7.641 on 1 O
ctober 1971. D

ow
nloaded from

 

http://jcp.bmj.com/


Identification of Corynebacterium diphtheriae by immunofluorescence during a diphtheria epidemic

by incubation of the swabs on 310 patients are shown
in Table IL. In patient group 1 there was 80% agree-
ment between clinical diagnosis and bacterial culture
and 74% agreement between clinical diagnosis and
immunofluorescence. In group 1 the results of
immunofluorescence and culture agreed in 84-4% of
specimens and overall there was 95% agreement
between the two methods in the 310 samples tested.
There were eight instances in which C. diphtheriae
was detected by culture alone; four specimens were

positive by immunofluorescence alone. One non-
strain was detected by both methods.

Seventy-two bacterial colonies which morpho-
logically resembled C. diphtheriae on solid media
were subjected to immunofluorescent, biochemical,
and toxinogenic tests. There was 100% agreement
between the results of definitive bacterial identifi-
cation and immunofluorescence; 66 colonies were
positive and six negative by both methods.

Discussion

Two methods of immunofluorescence have been
applied to the rapid diagnosis of infections due to
C. diphtheriae. The first of these makes use of a
fluorescent antibody prepared against diphtheria
toxin (Jones and Moody, 1960; Whitaker, Nelson,
and Fink, 1961). This method has the theoretical
advantage of making a distinction between toxino-
genic and non-toxinogenic strains of the organism.
Whitaker et al (1961) thought that this method
was useful and highly specific but Allen and Cluff
(1963) found it to be a non-specific procedure
because of fluorescence of other bacteria especially
diphtheroids. They also noted that toxinogenic and
non-toxinogenic strains showed fluorescence. This
failure to distinguish between the two strains was
probably due to other antibodies to C. diphtheriae
present in the antitoxin. The method of Moody and
Jones (1963) in which fluorescent antibody is prepared
against 0 and K bacterial somatic antigens of C.
diphtheriae appears to be a more specific and satis-
factory method, although it does not detect non-
toxinogenic strains. The commercial antiserum used
in this investigation was prepared by this method.

It would be of great value in the clinical manage-
ment of patients suspected of having diphtheria if
rapid and reliable identification of the infecting
organism could be obtained by the fluorescent anti-
body technique on slides prepared directly from
throat swabs. However, since 82% of specimens
from patients with clinical diphtheria showed
negative fluorescence by this method but positive
bacterial culture, the technique appears to be of no
value. Ghag and Sant (1966) applied specially pre-
pared fluorescent antiserum to slides prepared

directly from throat swabs and found 33 instances
(74%) of negative fluorescence out of 41 specimens
which were positive for C. diphtheriae by culture.
The results of immunofluorescence and bacterial

culture showed 95 1 % agreement in the 310 specimens
examined (Table II). Although the measure of
agreement was less (84-4%) in group 1 alone this
may simply reflect a sampling error in obtaining
duplicate swabs or the length of time the swabs were
incubated before applying the fluorescent antibody
technique. Ghag and Sant (1966), who studied
endemic diphtheria in Bombay, India, and reported
a 92% correlation between immunofluorescence
after four hours' incubation and bacterial culture,
also found that by increasing the incubation time of
the swabs to 12-18 hours there was 100% agreement
between the two methods. However, this prolonged
incubation time detracts from the value of the method
as a rapid diagnostic technique. The occurrence ofa
number of instances in which positive results were
obtained by one method only suggests that both
culture methods and immunofluorescence might by
used simultaneously to advantage in the laboratory
diagnosis of diphtheria.
During an epidemic of diphtheria large numbers of

patients who belong to groups 2 and 4 (Table II)
may have to be screened for infection by C. diph-
theriae and appropriate public health measures
taken on the basis of laboratory findings. In this
situation the use of immunofluorescence seems to
offer a rapid reliable and economic method of
examining swabs from such patients. Results with
fluorescent antibody which correlate in more than
90% of specimens with bacterial culture could be
expected; this correlation could be even further
improved by prolonging the incubation time of the
swabs beyond four bours, which in this group of
patients would not be a serious disadvantage.
The recognition of C. diphtheriae by fluorescence

microscopy from morphology and arrangement of
the bacilli presented little difficulty. There was no
relationship between the degree of fluorescence and
the strain of C. diphtheriae although examples of
gravis, intermedius, and mitis strains were included
in the bacterial isolates obtained throughout the
epidemic. No fluorescence was observed in any
organisms that could be confused with C. diphtheriae.
Diphtheroid organisms were frequently found on
culture of specimens which were negative by im-
munofluorescence and no diphtheroids were noted
on culture ofthose five specimens which were positive
by fluorescence alone. This suggests that diphtheroids
did not fluoresce with the antisera used. Fluorescence
of other micro-organisms was a fairly common, but
minor problem; streptococci and Candida albicans
often fluoresced brightly despite absorption of the
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antisera but these organisms were readily distin-
guished by their size and typical morphology.

Immunofluorescence applied to identification of
bacterial colonies showed complete agreement with
the results of biochemical methods. This method
would appear to be as reliable as and more rapid
and economical than fermentation and other
biochemical reactions for diagnosis of bacterial
species, although inapplicable to the recognition of
toxinogenic strains.

The authors wish to thank Miss Violet Armour MSc
and the technicians of Bexar County Hospital
Bacteriology Laboratories for their assistance.
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