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ABSTRACT 
 
Background and Objectives: Diphtheria is a potentially fatal disease caused by toxigenic bacterial infection, particularly 
from Corynebacterium diphtheriae (C. diphtheriae). Isolation of C. diphtheriae is technically lacking in sensitivity, and 
Elek’s test to detect toxin production has several difficulties associated with its application. Duplex real-time PCR to throat 
swab of suspected diphtheria patients can detect both bacteria and toxin-encoding genes simultaneously, faster, with higher 
sensitivity and specificity.
Materials and Methods: A total of 89 consecutive throat swabs from suspected diphtheria patients were collected from 
Sulianti Saroso Infectious Disease Hospital, Jakarta, during 2018 to 2019. Two pairs of primers and probes, targeting the 
rpoB gene of C. diphtheriae and the A-subunit of the diphtheria toxin gene, were used in this study. Parameters including 
annealing temperature, concentration of primers and probes, inhibitors, cross-reaction and detection limit were all optimized. 
Elek’s toxigenicity test and clinical data were analyzed for comparison.  
Results: The optimum annealing temperature was 55°C. The concentrations of Cd primer, Tox primer, Cd probe and Tox 
probe were 0.4, 0.6, 0.5 and 0.625 µM, respectively. DNA elution and template volumes were 50 µL and 5 µL. The detection 
limit was 2 CFU/mL. No cross-reaction with other microorganisms was observed. Of the 89 samples, duplex real-time PCR 
gave better results than the standard test, with 19 (21.3%) and 10 (11.2%) patients diagnosed with diphtheria, respectively.  
Conclusion: Duplex real-time PCR increases the rate of laboratory diagnosis of diphtheria, compared to the standard method 
to detect potentially toxigenic C. diphtheriae. 
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INTRODUCTION

 Diphtheria is an acute, toxin-mediated bacterial 
infection, predominantly located in the upper respi-
ratory tract (1). The diphtheria toxin is the major viru-

lence factor and cause of death in diphtheria patients. 
There are more than 122 species of Corynebacteria, 
but only three are potentially toxigenic in human: C. 
diphtheriae, C. ulcerans and C. pseudotuberculosis 
(2). The most common etiology of diphtheria is the 
toxigenic strain of C. diphtheriae, whereas C. ul-
cerans and C. pseudotuberculosis are zoonotic and 
rarely found. 

 Diphtheria was one of the leading causes of child-
hood death globally in the pre-vaccine era. After the 
invention of the diphtheria toxoid, the incidence of 
diphtheria declined, although several outbreaks still 
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occurred, due to the large population of non-immune 
adults and poor vaccination coverage in children. 
Asia has the highest portion of global diphtheria in-
cidence since 2000. Among the countries in Asia, In-
dia has the largest amount of reported diphtheria cas-
es, followed by Indonesia and Nepal (3). Diphtheria 
cases in Indonesia have increased, peaking in 2012, 
with sustained annual incidences over the following 
years. Diphtheria outbreak during 2017 was report-
ed in 170 districts of 30 Indian provinces, with 954 
total cases and a fatality rate of 4.61%. Three phases 
of outbreak response immunisation (ORI) have been 
established, in order to follow up on the outbreak of 
diphtheria. The Indonesia Ministry of Health report-
ed 1665 diphtheria cases in 2018, with a case fatality 
rate of 1.74% (4). As a vaccine-preventable disease, 
diphtheria remains a health threat. Rapid, prompt 
and reliable diagnostic methods for diphtheria are 
needed to support clinical diagnosis. 

Diagnosis and treatment of diphtheria are based 
on clinical signs and symptoms. Microscopic exam-
ination previously showed non-specific diphtheroid 
morphology, and could not differentiate between 
toxigenic and non-toxigenic Corynebacterium sp. 
and other flora in the upper respiratory tract. Cul-
turing followed by toxigenicity testing is considered 
the gold standard for testing of laboratory-confirmed 
cases, but is time-consuming, requires expertise 
and is only done in referral laboratories. Polymerase 
chain reaction (PCR) testing is a fast, sensitive and 
specific method. De Zoysa et al. (2016) developed a 
quadriplex real-time PCR assay for detection of C. 
diphtheriae, C. ulcerans, C. pseudotuberculosis and 
diphtheria toxin genes (2). As C. diphtheriae is the 
most frequent cause of diphtheria, detection of this 
species can support patient diagnosis and direct them 
to seek prompt treatment and control of infection. 
Therefore, this study focused on optimising duplex 
real-time PCR to detect both the bacteria and diph-
theria toxin-carrying gene of diphtheria. Optimised 
duplex real-time PCR was performed using clinical 
samples of suspected diphtheria patients.

 
MATERIALS AND METHODS

 Clinical specimens and patients. Specimens 
were collected over the period from October 2018 to 
June 2019, after the implementation of ORI in Jakar-
ta. Throat specimens were taken from the base of the 

pseudomembrane lesion, using Amies swabs from 
suspected respiratory diphtheria patients admitted to 
Sulianti Saroso Infectious Disease Hospital, Jakar-
ta. Informed consent was obtained in all cases. The 
study was approved by the Ethics Committee, Facul-
ty of Medicine, Universitas Indonesia, number 0109/
UN2.F1/ETIK/2018 and Sulianti Saroso Infectious 
Disease Hospital, Jakarta, number 50/XXXVIII.10/
VIII/2018.

The first throat swabs collected at the time of ad-
mission were examined using standard methods in 
Sulianti Saroso Infectious Disease Hospital, Jakarta, 
to support diagnosis. Swabs were stored in cryotubes 
containing sterile phosphate buffered saline (PBS) at 
2 to 8°C, until further processing for PCR prepara-
tion. Secondary data, including age, gender, clinical 
symptoms, signs, vaccination history and treatment 
during hospitalisation and outcome were analysed 
based on medical records.

Culturing and toxigenity testing. Throat swabs 
were cultured in non-selective sheep blood agar and 
selective tellurite medium. Both media were incubat-
ed at 37°C, and observed for suspected colonies in 
24 to 48 hours. Suspected black colonies in tellurite 
medium were stained with Gram/Albert’s stain, and 
identified using VITEK 2 ANC cards. C. diphtheriae 
isolates were sent for biotyping and toxigenicity test-
ing to the National Referral Laboratory at Balai Besar 
Laboratorium Kesehatan (BBLK) Surabaya, Indone-
sia. Biochemical reactions were used to determine the 
biotype of the isolate. The toxigenicity test performed 
was Engler’s modified Elek’s test (5). 

Specimens preparation and DNA extraction. 
Cryotubes containing swabs were vortexed for 2 min, 
and then 500 µL of the solution was transferred into 
an Eppendorf tube and centrifuged at 12,000 rpm for 
5 min. The pellet was separated from the supernatant 
and stored at 80°C until extraction. DNA extraction 
was performed using QIAamp DNA Mini Kit (Qia-
gen), according to the manufacturer’s instructions. 
After extraction, the DNA was stored at -20°C prior 
to PCR testing. Sterile PBS was used as a negative 
control for each extraction batch, in order to detect 
cross-contamination.

Duplex real-time PCR. This study used two pairs 
of primers and specific probes targeting the RNA 
polymerase b-subunit-encoding gene (rpoB) C. diph-
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theriae and the A-subunit diphtheria toxin gene (Tox), 
as previously reported by De Zoysa et al. (2), with 
modified flourophores and quenchers. The primer’s 
nucleotide sequences for the rpoB gene target were 
(dip_rpobF-CGTTCGCAAAGATTACGGAACCA), 
(dip_rpobR-CACTCAGGCGTACCA ATCAAC), 
while the nucleotide probe sequence was (CdipHP- 
FAM-AAGTTCCGGGGC TTCTCGATAT-
TCA-BHQ~1). The primer’s nucleotide sequences 
for the Tox gene target were (toxAF-CTTTTCTTC-
GTACCACGGGACTAA), (toxAR-CTATA-
AAACCCTTTCCA ATCATCCTC), while the 
nucleotide probe sequence was (diptoxHP-TAM-
RA-AAGGTATACAAA AGCCAAAATCTGGTA-
CACAAGG-BHQ~1). Amplicons fragment sizes for 
rpoB and toxA genes were 97 bp and 117 bp, respec-
tively. 

The optimisation of parameters in the PCR, includ-
ing annealing temperature, primer concentration, 
probe concentration, and inhibitors was performed 
prior to applying for clinical samples. Optimisation 
was performed using C. diphtheriae American Type 
Culture Collection (ATCC) 13812 isolate as the posi-
tive control. DNA for the positive control was extract-
ed using QIAamp DNA minikit (Qiagen) and purifica-
tion was performed using QIAamp DNA purification 
kit (Qiagen). Positive and negative controls were used 
in each reaction of PCR. The negative control used 
was nuclease-free water (NFW). To avoid cross-con-
tamination, different rooms and areas were used for 
PCR reagent mixing, DNA extraction, templating and 
amplification. Filter tips were used for all pipetting 
steps. The optimum condition was decided based on 
the value of Cycle threshold (Ct) and the intensity of 
fluorescence signal. Amplification was done using an 
IQ5 iCycler Multicolor Detection System (Biorad).

Specificity and sensitivity of PCR. Duplex re-
al-time PCR specificity was tested in DNA of micro-
organisms known to potentially cause false positive 
results, including upper respiratory tract flora, such 
as Streptococcus pneumoniae (ATCC 6303), Staphy-
lococcus aureus (ATCC 25923), Klebsiella pneumo-
niae (ATCC 13883), Escherichia coli (ATCC 25922), 
Corynebacterium argentorantense (clinical isolate), 
Moraxella catarrhalis (clinical specimen), Neisseria 
meningitidis (clinical specimen) and pathogens which 
symptom can mimic diphtheria were Streptococcus 
pyogenes (ATCC 19615), Neisseria gonorrhoeae 
(ATCC 43069), Ebstein-Barr virus (clinical speci-

men), Herpes Simplex virus (clinical specimen), and 
Candida albicans (ATCC 10231). The sensitivity of 
duplex real-time PCR was tested using a serial dilu-
tion of 0.5 McFarland (1.5 × 108 CFU/mL) of the pos-
itive control. 

RESULTS

     Patient characteristics. Eighty-nine patients were 
enrolled in this study, and throat swabs were collect-
ed from each patient at the time of admission. The 
range of patient ages was between 1 to 70 years, with 
a median age of 13 years, and consisted of 41 males 
and 48 females. The presence of pseudomembrane 
and throat pain was observed in all patients (Table 1).

   Culturing and toxigenity testing. Out of 89 cul-
tured specimens identified by VITEK2 ANC cards, 
12 isolates of C. diphtheriae (Cd) were revealed. Two 
of 12 isolates showed negative results on biochemi-
cal tests using pyramidase, cystinase, nitrate, urea, 
and fermentation of glucose, maltose, starch and su-
crose. Positive tests for toxigenic C. diphtheriae were 
observed in 10 specimens (11.2%), consisting of C. 
diphtheriae var mitis (70%) and C. diphtheriae var 
gravis (30%) (Fig. 1). 

    Optimisation of duplex real-time PCR. Optimi-
sation of PCR conditions was carried out. The opti-
mum annealing temperature was 55°C. The optimum 
elution volume and DNA template volumes were 50 
and 5 µL, respectively. A duplex sigmoid curve was 
formed for positive results in PCR, showing the detec-

Table 1. Characteristics of the patients included in this study

Total patients 
(N = 89)
41 (46.2)
48 (53.7)
13 (1-70)
56 (62.9)
33 (37.1)
89 (100)
89 (100)

86 (96.6)
33 (37.1)
22 (24.7)

Male 
Female
Median (range)
Child (<18)
Adult (≥18)
Pseudomembrane 
Throat pain when 
swallowing
Fever 
Snoring 
Bullneck

Characteristic

Gender (n (%))

Age (years (%))

Clinical symptom in 
admission (n (%))
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tion of potentially toxigenic C. diphtheriae (Fig.  2). 

   Specificity and sensitivity of duplex real-time 
PCR. A panel of microorganisms including upper 
respiratory tract flora and pathogens which symptom 

fig. 2. Example of duplex real time PCR result, positive 
result indicated by duplex sigmoid curve. Yellow sigmoid 
curve (upper curve): C. diphtheriae positive control; yel-
low sigmoid curve (lower curve): Tox positive control; blue 
sigmoid curve (upper curve): positive C. diphtheriae on 
sample; blue sigmoid curve (lower curve): positive Tox on 
sample; flat multicolor curve: negative control and negative 
result on other samples.

can mimic diphtheria were tested, in order to deter-
mine the specificity of duplex real-time PCR. There 
was no cross-reaction of PCR assay with any of the 
DNA tested. Specificity of primers was also anal-
ysed by primer Basic Local Alignment Search Tool 
(BLAST) program. The detection limit of duplex re-
al-time PCR was 2 CFU/mL. 

   Duplex real-time PCR on clinical samples. Opti-
mised duplex real-time PCR was performed on all 89 
samples. A duplex sigmoid curve indicated detection 
of C. diphtheriae and Tox gene, i.e., a positive result. 
The detection of both bacterium and diphtheria toxin 
gene indicated the presence of potentially toxigenic 
C. diphtheriae. Nineteen of 89 specimens showed a 
positive result in duplex real-time PCR (21.3%).

   Comparison of culturing/toxigenity testing and 
duplex real-time PCR. There were differences in 
the number of positive results by culturing/toxigenity 
testing (10/89) and duplex real-time PCR (19/89). In 
this study, duplex real-time PCR method increased 
the rate of positive detection from 11.2% to 21.3% 
(Table 2).

Table 2. Comparison of standard method and duplex real 
time PCR result

Duplex real-time 
PCR (n=89)
19 (21,3%)
70 (70,7%)

Culture/toxigenity 
test (n=89)
10 (11,2%)
79 (88,8%)

Positive result
Negative result

fig. 1. Elek toxigenicity test. Immunoprecipitation line 
formed between Diphtheria anti toxin disc (centre) and C. 
diphtheriae isolate (numbered), indicating Diphtheria tox-
in production. Positive control (C. diphtheriae var. gravis 
NCTC 10648) and negative control (C. diphtheriae var. bel-
fanti NCTC 10356) were used as comparison.

   The 10 patients with positive results from cultur-
ing/toxigenity testing were children and adults, in 
equal proportion. All patients had no history of mo-
bilisation, locally and abroad, nor any contact with 
confirmed diphtheria cases. Most patients did not 
receive complete primary diphtheria immunisation 
during childhood. Only 10% of patients had com-
plete outbreak response immunisation. Most patients 
did not undergo antibiotic therapy prior to hospital 
admission. Two of 10 patients (20%) had complica-
tions including severe airway obstruction and cardi-
tis, and later died. 
   The 19 patients with positive results from duplex 
real-time PCR mostly consisted of children. Ten of 
19 patients (52.6%) also showed positive results from 
culturing/toxigenity testing. Most patients did not 
receive complete primary diphtheria immunisation, 
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and did not receive ORI in most cases. Four out of 19 
patients (21.1%) had complications including severe 
airway obstruction, and later died. Characteristics of 
patients with positive results are shown in Table 3.

DISCUSSION

   Clinical symptoms and signs of diphtheria are re-
lated to the diphtheria toxin which causes complica-
tions in several organs; mainly myocard, nerves and 
kidneys. There are three species of Corynebacterium 
which can produce the diphtheria toxin; C. diphthe-
riae, C. ulcerans and C. pseudotuberculosis. Of the 
three toxigenic species, C. diphtheriae is the most 
frequent cause, while infection of C. ulcerans and 
C. pseudotuberculosis are zoonotic and rarely found. 
   In this study, C. diphtheriae, as the main cause, 
and diphtheria toxin gene, as the major virulence fac-
tor, are the targets of the real-time PCR assay. The 
main purpose of the assay is for rapid and prompt 
treatment, and infection control. Infection caused 
by C. diphtheriae originates from human-to-human 
transmitted disease, and requires an infection control 
strategy during treatment. All parameters in the re-

Table 3. Patients characteristic based on culture/toxigenity test and duplex real time PCR

No. 

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Age
(years)

3
7
9
11
17
19
28
43
46
60
2
4
6
8
9
13
19
42
43

Primary 
immunisation

No 
No 
Complete
No 
No
No  
Complete 
Not clear 
Not clear 
Not clear
Incomplete 
Complete 
Incomplete 
Incomplete 
Incomplete 
Complete 
No
No
Not clear 

Outbreak 
response 
immunisation
No
No 
Complete
No 
No
No 
No 
Not clear
Not clear
No 
Not clear
No
Incomplete
No
No
No
No
No
No

Antibiotic 
prior 
admission
Not clear
No
Yes 
No
No
No
No
Not clear
No
No
Yes
No
No
Yes
Yes
No
No
Yes
Yes

Culture 
(C. diphtheriae)

Positive
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Negative 
Negative 
Negative
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 

Biotype

mitis
mitis
gravis
gravis
mitis
gravis
mitis
mitis
mitis
mitis
 
 
 
 
 
 
 
 
 

Elek’s 
test

Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
 
 
 
 
 
 
 
 
 

Duplex real-time PCR test

Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox 
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox 
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox
Positive  C. diphtheriae/Tox

Outcome 

Died
Survived 
Survived
Survived
Survived
Survived
Died
Survived
Survived
Survived
Died
Survived
Survived
Died
Survived
Survived
Survived
Survived
Survived

al-time PCR assay including annealing temperature, 
primers concentration, probes concentration and in-
hibitors, were optimised to give an optimal result. 
There is no single protocol or single set of conditions 
that is optimal for all real-time PCR assays; there-
fore, each new real-time PCR assay requires optimi-
sation, in order to overcome potential issues (6, 7). 
   This study used two pairs of primers, targeting 
rpoB gene of C. diphtheriae and Tox, representative 
of the A-subunit diphtheria toxin gene. DeZoysa et 
al. (2016) developed primer-targeting C. diphthe-
riae and toxins in a quadriplex PCR assay, and the 
primers were a reference point for this study. Target 
genes previously reported to detect C. diphtheriae 
were dtxR, 16S rRNA and rpoB (8-10). Khamis et al. 
(2005) compared rpoB and 16S rRNA gene sequenc-
ing techniques for molecular identification of C. 
diphtheriae isolate, and reported that rpoB gene was 
both simpler and more efficient for identification in 
clinical practice (11). 
   The PCR method, using Tox as a gene target, was 
previously used, albeit with a difference in ampli-
con fragment length. Heuser et al. (1993) developed 
a primer with an amplicon fragment length of 910 
bp (12). Pallen et al. (1994) developed a primer with 
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an amplicon fragment length of 249 bp, later fol-
lowed by Mikhailovich et al. (1995) and Nakao et al. 
(1997) (13-15). This method was recommended by 
WHO, and has become widely used (16). DeZoysa 
et al. (2016) developed a 117 bp primer, which was a 
reference point for this study (2). Shorter amplicon 
fragment lengths may generate more efficient PCR 
reactions (17). 
   In this study, it was found that the optimum primer 
concentrations were 0.4 µM for rpoB and 0.6 µM for 
Tox. DeZoysa et al. (2016) previously used a concen-
tration of 0.5 mM for all four primers (2). The dif-
ferences arise from the PCR machine used, as well 
as from the different methods, enzymes, total reac-
tion volumes and PCR conditions of different assays. 
This advantage of probe-based, real-time PCR is its 
sensitivity and specificity. The probe reported here is 
likely more specific than SYBR® green for real-time 
PCR. The optimum probe concentrations were iden-
tified as 0.5 µM for rpoB and 0.625 µM for Tox. 
    Optimised duplex real-time PCR was performed for 
all patients, and showed that the proportion of chil-
dren suffering from diphtheria (62.9%) was higher 
than for adults (37.1%). A large proportion of non-im-
mune adults may potentially be causing an epidemic, 
especially if there are also susceptible children (18). 
Based on gender, the proportion of females (53.9%) 
was slightly higher than males (46.1%). Females tend 
to exhibit less seroprotection than males, likely ex-
plained by gender-specific post-vaccination immune 
responses (19). 
   The use of automated VITEK 2 ANC cards iden-
tified 12 C. diphtheriae isolates. Identification and 
biotyping by biochemical testing (pyrazinamidase, 
nitrate, urea, cystinase, fermentation of glucose, 
maltose, starch and sucrose) found 10 of 12 isolates 
were C. diphtheriae. There were two disconcordant 
results between both methods. According to WHO, a 
presumptive identification screening test of toxigen-
ic C. diphtheriae is essential for laboratory diagnos-
tics (20). Efrastratiou et al. (1996) recommended a 
screening test of pyrazinamidase and cystinase, in 
order to avoid misidentification (16). 
   Biotyping of C. diphtheriae isolates showed 70% 
proportion of C. diphtheriae var mitis and 30% pro-
portion of C. diphtheriae var gravis. A previous re-
port on C. diphtheriae isolates from Africa, Asia and 
Middle East by De Zoysa (2008) reported toxigenic 
C. diphtheriae var mitis were present in most cases 
(21). Benamrouche et al. (2016) reported biotype mi-

tis found among most of 157 C. diphtheriae isolates 
in Algeria (22). Biotyping differentiation is limited 
to epidemiologic investigation purposes (16). 
   Optimised duplex real-time PCR showed an in-
crease in positive results (21.3%), compared to cul-
turing and toxigenity testing (11.2%). Mothershed 
et al. (2012) reported that real-time PCR was able to 
detect the tox gene in clinical specimens containing 
only a few DNA types, approximately two to three 
copies of the target gene (23). Antibiotic use prior to 
sampling may also influence the culturing results. In 
this study, many patients with PCR-confirmed cases 
who showed negative results in culturing and toxi-
genity testing had histories of antibiotic treatment 
prior to sampling (55.6%). Antibiotics may kill the 
viable bacteria, affecting the culture result, while the 
PCR assay is less affected by antibiotics. 
    Mortality occurred in two out of 10 (20%) patients 
that were positive in both culturing and in duplex re-
al-time PCR. There were two fatal cases in patients 
with positive PCR results who were negative accord-
ing to culturing. The causes of mortality in this study 
were severe airway obstruction and carditis. True-
love et al. (2019) reported airways obstruction caus-
ing 60-65% mortality in diphtheria patients, while 
toxic cardiomyopathy was responsible for 20-25% of 
mortality. All fatal cases already showed diphtheria 
anti-toxin at time of admission. Diphtheria anti-toxin 
decreased mortality in 76% of patients, but anti-toxin 
only neutralised circulating toxins, and its effective-
ness was correlated with timely administration (24). 
    Diphtheria is a vaccine-preventable disease. Diph-
theria vaccination during childhood consists of three 
doses of primary vaccinations, followed by a booster 
vaccination; one dose under two years of age, and 
three doses at school age. After three doses of pri-
mary vaccination, most children will receive a pro-
tective immunity level. Boosters keep the immunity 
level high, as immunity wanes overtime (25). In In-
donesia, primary diphtheria immunisation began in 
1976 and school-age boosters started in 1984, while 
boosters administered at under two years of age 
started in 2014 (26). WHO also recommends regu-
lar adult booster vaccinations over their lifetime, but 
the implementation is different between countries 
(27). Due to diphtheria outbreak in several areas of 
Indonesia, three phases of ORI targeting the most 
susceptible persons (<19 years) were held, in order 
to build herd immunity. Most of the suspected cases 
and laboratory-confirmed cases did not have any his-
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tory of primary immunisation, nor ORI, and had no 
immunity against diphtheria toxin as a result. 
   The PCR assay has significantly contributed to the 
development of a molecular approach to laborato-
ry diagnosis of diphtheria, rapidly giving toxigen-
ity-presumptive results (16). A valid negative pre-
sumptive result would exclude diagnosis, affecting 
further treatment. However, the molecular method 
could not give information about toxin production 
related to gene expression (28). The success of the 
culture method is influenced by the quality of spec-
imen, transport, media and reagent used. Viable mi-
croorganisms were not always found in clinical spec-
imens or were below the culture limit of detection. 
Antibiotic use prior to sampling may also influence 
the culture result. In cases where culture method 
cannot confirm diagnosis, the role of PCR, the more 
sensitive method, becomes important. Rapid and val-
id laboratory diagnostics will increase prompt treat-
ments, and result in better outcome in patients. 

CONCLUSION

    Duplex real time PCR has been optimised to de-
tect potentially toxigenic C. diphtheriae. Duplex re-
al-time PCR increase laboratory diagnosis of diph-
theria compared to culture and toxigenity method.    
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