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Diphtheria has been brought under control in many developed countries
through active immunization: In developing countries like Bangladesh diphtheria
is still a killer as immunization against the disease is not carried out routinely.

Early diagnosis of diphtheria is very important as treatment in time will save
the life of the patient. While carrying out routine laboratory diagnosis for diph-
theria, it has been found that the toxic strains of C. diphtheria, the causative orga-
nism of the disease could not bs isolated from all cases of clinical diphtheria. The'

present study was undertaken :

1. to investigate the number of toxic strains of C. diphtheria isolated from

clinically diagnosed diphtheria patients admitted to the Infectious Disease
Hospital, Dacca, during routine examination.

2. to determine if direct inoculation into media at the patient's bed side could

improve isolation of C. diphtheria, and,

3. to isolate C. diphtheria in selected cases where unilateral or bilateral patches
in the throat were definitely present.

MATERIALS AND METHODS

The studies were carried out in three groups as follows:

Group A

During one year period, 1000 specimens of throat swabs were collected
from cases of clinical diphtheria admitted to the Infectious Disease Hospital. The

age range of the patients were between 0 and 12 years. Throat swabs were collec-
ted on arrival of the patient to the hospital and sent to the laboratory at the earliest.
In some cases where the patient arrived in the evening, throat swab was collected

immediately, kept in the refrigerator and transported to the laboratory next morning.
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The throat swabs were inoculated on Loffler's serum slope, blood agar media and
blood tellurite agar media. After incubating at 37°C for 24 and 48 hours, the
plates were observed for characteristic colonies of C. diphtheria. Smears were
made from suspected colonies and gram stain and albert stain were done. The
colonies showing gram positive rod and granules were subjected to further studies
for C. diphtheria. The colonies were subcultured on Hoyles tellurite agar
media (Cruickshank, 1965) for characteristic colonial appearance. The sugars,
glucose, sucrose, starch, lactose and mannitol were used for biochemical differen-
tiation between the strains. For observing the virulence of the isolated strains,
both agar gel precipitation and guinea pig inoculation (Cruickshank, 1965) tests
were carried out. The antibiogram pattern of some of the strains was noted.

The history of immunization could not be ascertained in all the cases but it
was reported that most of the cases were not immunized against diphtheria.

Group B

Throat and nasal swabs were collected from 22 patients with clinical diph-
theria and inoculated directly into the media at the patient's bed side. Swabs
from both nose and throat were examined for KLB. The swabs were collected
on first, second and fifth day of the disease. The bacteria were identified and
isolated as stated in group A.

Group C

Throat swabs were collected from 15 patients who were admitted in the
morning with definite patch(es) over one or both the tonsils. The swabs were
inoculated into the media immediately after the collection. The C. diphtheriae
were identified as in group A.

RESULTS

Group A

Among the 1000 specimens, 214 were positive for C. diphtheria, the percen-
tage being 21.4%. They all belonged to gravis strain by colonial appearance and
biochemical tests. One hundred and seventy six strains were found to ferment
glucose and starch and 38 strains were found to ferment glucose, starch and
sucrose (Table-1). Six strains were found to ferment glucose and starch and also
either mannitol or lactose. They all were found to produce precipitation line with
antitoxin on agar gel and showed definite skin lesions of varying degree on guinea
pig skin.
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TABLE-I

Biochemical and Toxic Properties of C. diphtheria Isolated in Different

Study Groups.

Strains r
I

Total No. Fermentation of Toxicity

Other organisms of interest which were isolated apart from C. diphtheria
were Staph. aureus, Strepto. ~-haemolyticus, E. coli, Klebsiella, Pseudomonus and
Haemophylus species (Table --II). Only diphtheroids could be isolated in 38
cases (3.8%). No C. diphtheria and diphtheroids could be isolated together from
the same patient.

TABLE-II

Potential Pathogenic Microorganisms Isolated in Different Study Groups.

According to age distribution, 132 strains (61.7%) were isolated in 0 to 4
years of age group, 67 strains (31.30%) were isolated in 5 to 8 years of age and

106

I
I

C. co- c::J '0.
0 - en " + + + 'u

C') 0
en '0. .;::.... c: c: B 'S; en Q) Q) Q) Q) Q) + Q)

(9 Q) .- co .;:: en en en en en en Q) co co
.;:: co _ co .0 o (.) o 0 8 e c. Q)"S

>- Z 0 .... (.) (.) .... (.) .... c: (.)co (9 :J (.) - c:" a.. (/) .!!! :J :J co :J co (.) .- 0
:J aci5

- ::I - _ :J Q) 0 :J c:

ci5
(9 (9(/) (9(/)(/) (9 .;:: (9_

A
1000 214 \ 214 -\

- 176 -

-3-- \

214 214

(21.4%) 1

41B 22 14 10 3 9 1 41 14
(63.6%)

3\ 1

C
15 10 I 7 2 \

7 1 - 10 10
(66.7%) I

Study C. diphtheria Diph- Staph. Strepto. E. coil Kleb- Pseudo- Haemo--hae-
Group

GraVisl Mitis
theroid aureus molyticus

siella monas phylus
,

A 214 - 38 82 19
I

21 4
I

11 7

B 10 4 5 6

I

2

I

4 1 0 0

C 7 3 0 2 5 0 0 0 0



Vol.II No.2 ISOLATION OF DlPTHERIA-FARIDA HUQ ET AL

FIGURE1. HISTOGRAMSHOWINGTHEPERCENTAGEOF ISOLATION

OF C. DIPHTHERIA AT DIFFERENT AGE RANGE

5-

60

o
1 2 3 4 5 6 7 8 9 10 11 12

Age in Years

107

50

n:..-1
...
Q)
,c:
...
-[

40..-1

.
u
....
0
c::
0

..-1
30...

as

0
III

..-1

....
0

Q)
tIC

20as
...
c
<II
U
...
<II
no

10

.

or . . .



BMRC. BULLETIN DECEMBER, 1976

only 15 strains (7%) were between 9 to 12 years of age (Fig.1). It was interesting
to find that no strains could be isolated upto 6 months of age; only one case was
found at 8 months of age but as many as 29 cases were between 10 and 12
months of age.

TABLE-III

Sensitivity Pattern of Some of the C. diphtheria Strains Isolated.

TABLE-IV

Number of Cases Stating the Findi,ngs of KLBon Direct Smear and Findings
of C. diphtheria Culturally on Different Days of Admission.

Specimens
Examined
Immediately after
admission
Next day after
admission
5th day after
admission

KLBa C.diph-! KLBbC.diph-
theria I theria

3 2 I 1711

Diphth- ! KLBcC.diph-
eroid I theria

5 I' 2 1

o o 4 2 o 15 o

o o 1 o o 16 o

KLB positive in each field on direct smear.
KLB positive in at least one field or more on direct smear.
No KLB at all on direct smear

diphtheria Isolated on culture.C.

According to sex distribution, 119 (55.6%) cases were male and 95 (44.4%)
cases were female. The antibiogram pattern of 50 cases was studied and is noted
in Table-III. In general, all the strains were found to be sem;itive against commonly
used antibiotics.
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Total number of strains
Antibiotics Tested in Sensitive in

I Pattial \

Resistant
Group Group S3nsitive in in Group

Group
A B C I A B C IA B C I A B C

Penicillin 50 14 10 48 14 10 2 0 0 0 0 0
Epicillin 50 14 10 50 14 10 0 0 0 o .0 0
Ampicillin 50 14 10 50 14 10 0 0 0 0 0 0
Tetracycline 50 14 10 49 13 10 1 1 0 0 0 0
Cloxacillin 50 14 10 50 12 10 0 2 0 0 0 0
Erythromycin 50 14 10 50 14 10 0 0 0 0 0 0
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The distribution of 1000 cases along with the positive isolation was analysed
month-wise for a period of 12 months and it was found that the maximum number
of cases and maximum number of positive isolation could be fitted in the months
of May, June and July (Fig.2).

FIGURE2, HISTOGRAMOF TOTAL NUMBEROF CLINICAL CASESOF

DIPHTHERIA AND ACTUALNUMBEROF C, DIPHTHERIA

ISOLATED IN EVERYMONTHFOR ONEYEAR
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Group B

Of the 22 patients in this group, 14 were found to be positive for C. diphtheria,

the percentage being 63.6% (Table-1). Twelve strains were isolated from both
nose and throat and 2 strains were isolated from throat only. Of the isolated
strains, 4 belonged to mitis type proved by colonial appearance and biochemical
tests. All 14 strains were found to form precipitation line with antitoxin on agar

gel and showed positive leisons on guinea pig skin. Biochemically, 8 gravis strains
fermented glucose and starch whereas the other 2 gravis strains fermented glucose,
sucrose and starch. Mitis strains fermented glucose only but one strain was found

to ferment sucrose also (Table-I).

Apart from C. diphtheria, other. potential pathogenic organisms isolated
were Staph. aureus, Strepto. ~-haemolyticus and E. coli (Table-II); diptheroid
was isolated from 5 cases (22.8%).

The antibiogram pattern of C. diphtheria in the 14 cases has 'been studied
(Table-III). All were found to be sensitive against penicillin and other common
anti biotics.

The throat and nose swabs of these 22 cases were cultured just after their
admission (first day), next day (second day) and fifth day. Three patients died
shortly after admission, and 2 other patients died before the fifth day, so, samples
could be collected from 19 cases on the second day and from 17 cases on the
fifth day. In 3 patients who died soon after admission, C.diphtheria was isolated,
two were identified as gravisand the other one was mitis strain. In the other 2
patients who died before the fifth day, no C.diphtheria could be isolated on the first
day and the second day samples. However, diphtheroid and strepto. ~-haemoly-
ticus were present in both the cases in the first day sample. In the second day
sample no diphtheroid or Strepto. ~-haemolyticus coul9 be seen.

The throat and nose swabs were examined directly for KLB by gram stain
and albert stain in these cases on the first, second and fifth day. Observations
are noted in Table-IV. Direct smear which showed the presence of KLB in
throat also culturally proved to be C. diphtheria. KLBwas found in all the 5 diph-
theroid cases. One case showed presence of KLB in throat but no C. diphtheria
or diphtheroid was isolated. In the nose, pesence of KLB was similar to throat.
On the second day, KLB was positive in 4 cases, of which 2 were culturally
positive. On the the fifth day, KLBwas negative in all cases except one from
which no C.diphtheria could be isolated culturally (Table-IV).

Group C

Throat and nose swabs from 15 patients having definite unilateral or bilateral
patch(es) over tonsil(s) were cultured. Ten patients showed positive C.diphtheria,
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the percentage being 66.7% (Table-I). Gravis strains were 7, and the other 3
were mitis strains. All 7 gravis strains were found to ferment glucose and starch.
The 3 mitis strains fermented glucose and one of them also fermented sucrose
(Table-I) .

Other potential pathogenic organisms found in the group were Strepto. ~-
haemolyticus and Staph. aureus (Table-II). No diphtheroid was found in this
group. The antibiogram pattern of 10 C.diphtheria strains isolated is shown in
Table-III. They were all sensitive against penicillin and other antibiotics.

DISCUSSION

Studies were carried out in 1000 clinical cases of diphtheria in group A, and
only 21.4% were found to be culturally positive (Table-I) This figure denotes
an extremely low percentage of isolation of C.diphtheria. The reason behind this
was sought for, and it was presumed that delay between collection of the specimens
and transportation to the laboratory might be one of the causes of such low per-
centage of isolation. Sometimes the throat swabs were collected in the evening
or at night, kept in the refrigerator and transpor~ed to the laboratory next morning.
Also, when the specimens were collected during the day, these were sent by mes-
senger to the laboratory which took 15 minutes to half an hour under direct sun-
light. Keeping in mind that the time factor might be one of the reasons for low per-
centage of isolation of C.diphtheria, the study in group B was undertaken. Here
the swabs from clinically diagnosed cases of diphtheria were inoculated immedi-
ately at the patient's bed side into the media. Only 22 cases could be studied in
this group and percentage of isolation of C. diphtheria was 63.6% (Table-I). This
was very hopeful as compared to 21.4% of isolation in group A. Further, it was
studied in group C, whether from cases having unilateral or bilateral patch(es)
over tonsil (s), C.diphtheria could be isolated. Here also the specimens were col-
lected and inoculated immediately on the plate. In 66.7% of these cases C.diphthe-
ria could be isolated (Table-I). The difference was not marked from the patients
studied in group B. Isolation in group Band C agrees with the results of
Marcuseand Grand (1973).

In the cases studied in group A, all the strains isolated could be categorised
as gravis strain by biochemical test and colonial characteristics. The studies were
carried out for a period of one year from May 1973 to April 1974. In this group, no
mitis or intermedius strains could be isolated. The studies under group B were
carried out from September 1974 to February 1975. Here the two types of strains,
gravis and mitis could be isolated. Studies under group C were carried out from
April1975 to October 1975and herealso gravisand mitisstrainscould be isolated.
Studies by different workers showed the existence of all the strains in a community
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throughout the year (Marcuse and Grand 1973; Gibson, 1970; Brooks et al.,
1974) which agrees with our studies under groups Band C. Diphtheria is endemic
and exists throughout the year in this country. But study under group A showed
only gravis strain which can not be explained. It could be presumed that the
mitis strain was inhibi1ed due to the delay in transportation of samples or for
some other unexplained reason (s). The intermedius strain could not be found in
any of the groups studied and needs further examination.

In all the 3 study groups, the maximum number of strains isolated were in

the 1 to 4 years of age (Fig.1). This confirms the findings of other workers (Mun-
ford, 1974; Brooks et aL, 1974; Chakrabarty,.1970; Mathur et aL, 1973). Study
in group A showed only one positive case of C. diphtheria at 8 months of age, 29
cases in about one year and 162 between 1-4 years. The reason for this is due to
passive immunity from mother which protects the child upto 6 months after birth
which gradually fades out and the' child becomes prone towards infection till he

gets his own immunity. This finding suggests that active immunization against
diphtheria may be done around the age of 6 months.

In group B, 2 patients died before the fifth day and diphtheroid and Strepto.
~-haemolyticus could be isolated from them. They had the clinical features of
diphtheria. There are instances where non-toxigenic strains of C. diphtheria could
produce clinical diphtheria (Brooks et aL, 1974), but there is no report where
diphtheroids could produce diphtheria-like symptoms clinically. This needs further
investiga1ions whether diphtheroids could playa role in the clinical features and
'ieath of the patients similar to diphtheria.

In group C, no diphtheroids could be isolated from the definite leisons over
the tonsils. However, Strepto. ~-haemolyticus was present in 5 cases out of 15,
and 10 cases were culturally positive for C. diphtheria.

The month wise distribution of 1000 cases in group A from May 1973 to
April 1974 when analysed showed maximum cases in the months of May, June
and July (Fig.2). These findings agree with other workers who stated that peak
incidence of diphtheria coincided with the onset of the pre-monsoon shower
(Basappa, 1963; Mathur et aL ; 1973; Marcuse and Grand, 1973).

The relation between the presence of KLB on direct smear and the isolation
of C. diphtheria by culture is analysed in Table-IV. The findings indicate that all
KLB possitive cases do not give rise to C. diphtheria on culture. This may be due
to the inhibition of C. diphtheria by some reason (s) e.g., antibiotics on culture
media, but direct smear shows C. diphtheria on slides. However, the number of
cases studied in this method is very small and it is felt that more cases should
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have to be done to establish a definite relation between the presence of KLB
on direct smear and isolation of C. diphtheria by cul1ure. The duration of
C. diphtheria in throat was very short after treatment. In most cases there was
no C. diphtheria in the throat on the second day of admission after treating the
patient with antibiotic and antisera. .

The isolation of bacteria from the throats having definite patch over tonsils (s)
has been studied and it was found that from only 66.8% cases C. diphtheria could
be isolated. Therefore, all the cases showing patch(es) over tonsil (s) do not give
rise to C.diphtheria on culture. Strepto. ~-haemolyticus was present over patch
area where C. diphtheria could not be isolated. The study under this group is also
very limited and more cases should be done before drawing any final conclusion.

The antibiogram pattern of the strains isolated was similar. The strains were
sensitive to ordinarily used antibiotic~. All strains were found to be sensitive against
penicillin. .

SUMMARY

Throat swabs from 1000 clinical cases of diphtheria were studied for isola-
tion of C. diphtheria; only 21.4% were found to be positive. Most of the cases
were between 1 to 4 years of age followed by 5 to 8 years. No cases were found
below 8 months of age. The throat swabs taken from another 22 clinical diphtheria
patients were immediately cultured at patient's bed side and 63.6% were found to
be positive for C. diphtheria. Time between the collection and plating the specimen
was considered to be one of the main factors in the variation of the percentage
isolation of C. diphtheria. From all KLB positive cases on direct smear, C. diphtheria
could not be isolated on culture. Also, from all cases having definite patch(es)
over tonsil(s), C. diphtheria could not be isolated. All strains were found to be
sensitive against commonly used antibiotics.
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