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Abstract

Background: Indonesia is one of the five countries with the highest number of diphtheria cases worldwide. Diphtheria is caused
by the toxigenic strains Corynebacterium diphtheriae, C. ulcerans, and C. pseudotuberculosis. The diphtheria-causing bacteria can be
identified using conventional and molecular methods, including polymerase chain reaction (PCR) assay. We used the PCR assay as
additional testing, because in island countries like Indonesia, specimen transport is a serious challenge to maintaining bacterial
survival.
Objectives: This study aimed to evaluate the PCR assay as additional testing to identify diphtheria-causing bacteria in the diphtheria
laboratory.
Methods: In this cross-sectional study, a total of 178 pairs of the throat and nasal swabs from diphtheria suspected cases and close
contacts were collected from seven provinces in Indonesia in 2016. All samples were directly identified by the conventional method
and multiplex PCR assay. Statistical analysis was conducted using the 2 × 2 tables to determine the sensitivity and specificity of
both methods, while the χ2 test was used to examine the correlation between specimen examination delay and the differentiation
of results. A P-value < 0.05 was considered as statistically significant.
Results: Out of 178 examined samples, eight samples were identified as diphtheria-positive by both the conventional method and
PCR assay, while nine samples were only detected by the PCR assay. All diphtheria-causing bacteria found in the positive samples
were toxigenic C. diphtheriae. The diphtheria-causing bacteria were found in 27.6% of cases and 6.0% of close contacts using the PCR
assay versus 13.8% of cases and 2.7% of close contacts using the conventional method. Statistical analysis showed that the PCR assay is
about twice more sensitive than the conventional method. There was a significant correlation between the differentiation of results
and > 72 hours’ specimen examination delay with a P-value of 0.04 (< 0.05).
Conclusions: The PCR assay is more sensitive than the conventional method to identify diphtheria-causing bacteria and may be
applied as additional testing to increase the positivity rate of diphtheria-confirmed cases in Indonesia as an archipelago country
where geographical factors and specimen transport are real obstacles.
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1. Background

The World Health Organization (WHO) data show In-
donesia as one of the countries with large diphtheria cases
in recent years. India is almost in the first rank of coun-
tries with the largest diphtheria cases every year. In 2014,
Nepal took second place while Indonesia descended to
third place. In 2015 and 2016, Indonesia settled in the
third place, whereas Madagascar replaced Nepal. In 2017,
Indonesia was the second country with the highest cases
globally, whereas it became the fourth country in 2018, as
the cases increased in Nigeria and Yemen. Diphtheria oc-

curred in most of Indonesia’s provinces, from the west end
(Aceh) to the east end (Papua) (1, 2).

The identification of diphtheria-causing bacteria can
be done by conventional or molecular methods. The con-
ventional method is the gold standard of diphtheria lab-
oratory examination and is used to confirm diphtheria
cases. It includes isolation, purification, biochemical, and
toxigenicity tests. The conventional method has some lim-
itations. The laboratory technicians’ expertise and expe-
rience are absolute requirements because they determine
the examination accuracy. It also requires more time (3 - 5
days) to obtain the result. Additionally, the conventional
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method needs the bacterial viability that is influenced by
the antibiotic administration history, transport medium,
and the time elapsed from sample collection to processing
(3, 4).

Molecular methods, especially polymerase chain re-
action (PCR), are the common assays for identifying
diphtheria-causing bacteria. The PCR assay can be per-
formed for clinical samples or isolates obtained from the
culture (5, 6). The benefits of the PCR assay over the con-
ventional method include faster examination (only within
hours), more sensitivity, and obtained results that are rel-
atively less affected by the duration of sample transporta-
tion and the history of antibiotic use. Since Indonesia is a
large archipelago country, sample transportation is an es-
sential matter. However, to date, the WHO has not recom-
mended PCR as a confirmatory method for diphtheria. The
WHO recommends PCR as the screening method for bacte-
rial toxigenicity that should be confirmed by the Elek test
(4, 7-9). PCR cannot be used to identify bacterial toxigenic-
ity of non-toxigenic tox gene-bearing (NTTB) type correctly.
On the other hand, we developed a PCR assay that could
predict some NTTB types (10).

2. Objectives

This study aimed to evaluate the implementation of
the PCR assay as additional testing to identify diphtheria-
causing bacteria in the diphtheria laboratory.

3. Methods

3.1. Samples

The study was conducted from June to December 2016
with a cross-sectional design. The sample included 178
pairs of the throat and nasal swabs collected from diphthe-
ria suspected cases and close contacts in several provinces
of Indonesia, including Banten, West Borneo, East Borneo,
South Sumatra, Bangka Belitung (Babel), Bali, and East Java.
The samples were then transported using Amies medium
at 2 - 8°C to the Prof. Dr. Sri Oemijati Research Laboratory
for Infectious Diseases, Jakarta, Indonesia. The reference
strains of Corynebacterium diphtheriae (NCTC 10648, NCTC
3984, and NCTC 10356), C. ulcerans (NCTC 12077), and syn-
thetic dtxR gene of C. pseudotuberculosis were used as posi-
tive controls.

3.2. Conventional Method

The conventional method recommended by the WHO,
with a minor modification, was used in this study. The
samples were cultured on the cystine tellurite blood agar
(CTBA) selective medium and blood agar + fosfomycin

semi-selective medium, incubated at 37°C for 24 - 48 hours.
The Albert staining was used to differentiate coryneform
from others. The identification of diphtheria-causing bac-
teria was performed by API Coryne (bioMérieux, France),
while bacterial toxigenicity was identified by the modified
Elek test (11).

3.3. PCR Assay

The DNA extraction was performed using QIAamp DNA
Minikit (QIAGEN, Germany) according to the manufac-
turer’s procedure. The PCR assay to identify bacterial
species and toxigenicity was conducted by in-house mul-
tiplex PCR (10). The PCR results were determined based on
the multiple marker bands interpretation, including 100
bp and 538 bp as toxigenicity markers (tox gene) and 162 bp,
259 bp, and 375 bp as species markers. If the 538 bp band
was not accompanied by 100 bp, the result was predicted
as an NTTB type.

3.4. Statistical Analysis

The 2 × 2 tables were applied as the statistical analysis
to determine the sensitivity and specificity of both PCR as-
say and conventional method, while the χ2 test was used
to correlate between specimen examination delay and the
differentiation of results. The P-value of < 0.05 was consid-
ered statistically significant.

4. Results

4.1. Sampling Locations

Figure 1 describes the samples based on the area of ori-
gin of sample collection and sample criteria (case or close
contact). The case to close contact sample ratio was about
1 to 5, and the samples were mainly collected from Banten,
East Java, and West Borneo.

4.2. Laboratory Examination and Data Analysis

Out of 178 samples, 139 cases showed suspected
colonies (blackish color on CTBA medium or bright white
color in blood agar + fosfomycin medium) and were
selected for microscopic examination and biochemical
tests. Eight samples were positive for C. diphtheriae by the
biochemical test. Eight positive samples were determined
as toxigenic strains by the modified Elek test. On the other
hand, based on the PCR assay, 17 samples were identified
as toxigenic C. diphtheriae, including the eight positive
samples identified by the conventional method (Table 1).

Toxigenic C. diphtheriae was found in 4 (13.8%) out of
29 suspected cases by the conventional method versus 8
(27.6%) out of 29 suspected cases by the PCR assay. The bac-
teria were also found in 4 (2.7%) out of 149 close contacts by
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Figure 1. Location (province) of sample collection

Table 1. Comparison of Results Between the Conventional Method and PCR Assay a

Results
Conventional Methods PCR

Case Contact Case Contact

Toxigenic Corynebacterium diphtheriae 4 (13.8) 4 (2.7) 8 (27.6) 9 (6.0)

Non-toxigenic C. diphtheriae 0 (0) 0 (0) 0 (0) 0 (0)

C. ulcerans 0 (0) 0 (0) 0 (0) 0 (0)

C. pseudotuberculosis 0 (0) 0 (0) 0 (0) 0 (0)

Non-potentially toxigenic Corynebacterium 25 (86.2) 145 (97.3) 21 (72.4) 140 (94.0)

Total 29 (100) 149 (100) 29 (100) 149 (100)

a Values are expressed as No. (%).

the conventional method and 9 (6.0%) out of 149 close con-
tacts by the PCR assay. Statistical analysis showed that the
PCR assay was about twice more sensitive than the conven-
tional method (Table 2). There was a significant correlation
between different results and > 72 hours’ specimen exam-
ination delay with a P-value of 0.04 (< 0.05) (Table 3).

5. Discussion

The samples were collected from several provinces in
Indonesia (Figure 1), where diphtheria cases were more
prevalent in 2016. In this study, the clinical samples as
throat swabs and nasal swabs were obtained as ideal sam-
ples from suspects and their close contacts for the diph-
theria laboratory examination. The swab collection from
close contacts was done to identify early the cases and car-

riers of the disease. The early detection of cases and carri-
ers is considerably important in disease management, es-
pecially for transmission tracking. The throat swab was
the main sample for diphtheria laboratory examination
because the focal infection site is generally located at the
tonsils and surrounding areas. In line with this, Ott et al. re-
ported that diphtheria-causing bacteria had a higher affin-
ity toward throat epithelial cells than nasopharyngeal cells
(12). However, other samples, especially nasopharyngeal
swabs, should also be collected. The bacteria causing diph-
theria were found only in nasopharyngeal swabs but not in
throat swabs in some cases. In this study, positive results
were obtained more from throat swabs than nasopharyn-
geal swabs (data not shown), similar to a previous study
(13).

The conventional method for diphtheria examination
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Table 2. Statistical Analysis to Determine Sensitivity and Specificity of Both Methods

Variables
Diphtheria Disease

Total
Positive Clinical Cases) Negative (Close Contact with Negative Lab Result)

PCR assay

Positive 8 0 PPV: 8/8 = 100%

Negative 21 140 NPV: 140/161 = 87.0%

Sensitivity: 8/29 = 27.6% Specificity: 140/140 = 100%

Conventional methods

Positive 4 0 PPV: 8/8 = 100%

Negative 25 140 NPV: 140/165 = 84.8%

Sensitivity: 4/29 = 13.6% Specificity: 140/140 = 100%

Table 3. The Influence of Laboratory Examination Delay on Different Results

Laboratory Examination
Delay (h)

No. %
Positive Results Different

Results
P-Value

Conventional Methods PCR

< 24 12 6.7 1 1 0

0.04

25 - 48 52 29.2 5 5 0

49 - 72 14 7.9 1 2 1

> 72 100 56.2 1 9 8

Total 178 100 8 17 9

started with clinical sample culture on selective media.
The used semi-selective medium, blood agar + fosfomycin,
was intended to increase the sensitivity of the examina-
tion because tellurite in the CTBA medium can suppress
the growth of bacteria causing diphtheria (4). The Albert
staining was used in this study for cell morphology exami-
nation by microscopy as the common method of diphthe-
ria examination. Other staining methods commonly used
for diphtheria examination include Neisser’s Methylene
Blue staining and Gram staining (9). Diphtheria-causing
bacteria show some characteristics, including metachro-
matic granules on one or both ends and rod-like shapes.
Nevertheless, it is not easy to differentiate between the
Corynebacterium genus members. Hence, a biochemical
test was done using API Coryne because it was easy to use
and accurate (14). The toxigenicity test was conducted us-
ing the modified Elek test as an alternative gold standard.

Similar to a previous study (10), the bacteria causing
diphtheria in this study were dominated by toxigenic C.
diphtheriae while C. ulcerans and C. pseudotuberculosis were
not found (Table 1). This result implies that one of the fac-
tors associated with the diphtheria problem in Indonesia
is immunization. The diphtheria cases caused by C. ulcer-
ans are largely found in developed countries with high im-
munization coverage. A previous study reported that 75%
of diphtheria cases caused by C. ulcerans happened in in-
dividuals who received complete or partial diphtheria im-
munization (15-18). The application of the PCR assay to

identify toxigenic C. diphtheriae in the diphtheria labora-
tory has been acknowledged since a few years ago (19-21).
The PCR assay has been developed to identify C. diphtheriae,
C. ulcerans, and C. pseudotuberculosis simultaneously. The
PCR technique has evolved from single to multiplex PCR
and conventional to real-time PCR (6). In 1997, Nakao et
al. introduced a PCR assay to be applied on clinical spec-
imens using two primer pairs targeting the tox gene sub-
unit A and B. The results showed that the PCR examination
was good enough to detect toxigenic C. diphtheriae in clin-
ical specimens (5). Furthermore, Williams et al. (2020) de-
veloped Corynebacterium triplex RT-PCR as a rapid and sen-
sitive tool to screen isolates and identify probable diphthe-
ria cases directly from clinical specimens (22).

In the field, many laboratories use PCR for the direct ex-
amination of clinical specimens for many reasons. There
are several advantages to PCR, as it is faster and easier to be
interpreted. In addition, PCR does not require viable bac-
teria; thus, it is less affected by the history of antibiotic ad-
ministration and sample transportation constraints. How-
ever, PCR has several limitations. A small proportion of bac-
teria causing diphtheria is known as the NTTB type. In the
NTTB type, the tox gene is detected by PCR and considered
as toxigenic bacteria, but it is non-toxigenic phenotypi-
cally. Therefore, the toxigenicity detected by PCR should be
further confirmed by the Elek test or Vero cell cytotoxicity
phenotypically (7-9).

Tables 1 and 2 show the advantages of PCR, especially
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in terms of sensitivity. The positivity rate of diphtheria-
confirmed cases was only 13.8% based on the conventional
method, while it was 27.6% by the PCR assay. It was sup-
ported by statistical analysis, showing that the sensitivity
of PCR was about twice the sensitivity of the conventional
method. The PCR can also be used as an internal control.
The culture should be repeated when the culture results
are negative, but the PCR results are positive, or vice versa.
PCR has a limitation to determine bacterial toxigenicity of
NTTB type, even though this type is barely found in Indone-
sia. So far, there has been only one report of the NTTB type
in Indonesia that was not related to diphtheria and its con-
tacts (23). Besides, the NTTB type can be predicted based on
DNA sequences of the tox gene (23, 24). The PCR can also be
developed to predict the NTTB type based on tox gene mu-
tations, as we used in this study (10).

Indonesia is an archipelago country; thus, the geo-
graphical factor and transport system of specimens are
real obstacles, which cause specimen examinations to be
delayed. As known, the delay of specimen processing, es-
pecially above 72 hours, is correlated with the differen-
tiation of the results based on statistical analysis. Table
3 shows that only a small proportion of samples arrived
in the laboratory within 24 hours, while over 50% of the
samples arrived later than 72 hours of collection. In addi-
tion, two samples arrived in the reference laboratory two
months after collection because of the forest fire in Bor-
neo Island. Importantly, previous research reported that
a small concentration of C. diphtheriae in Amies transport
medium at room temperature could not survive for more
than three days (25). On the other hand, the uncontrolled
use of antibiotics without a doctor’s prescription is an-
other problem to obtain appropriate specimens for bacte-
rial culture in Indonesia. A previous study suggested that
erythromycin use for two days causes 96% of the speci-
mens to be not cultured (negative culture) (26). This study
showed that PCR deserves to be an additional examina-
tion to the conventional method in confirming diphtheria
cases in Indonesia, as well as Africa. The National Institute
for Communicable Diseases, Africa, has included PCR as a
confirmatory method in the diphtheria laboratory (27). It
is underlined that we recommend the PCR assay as addi-
tional testing, but it is not a substitution of the conven-
tional method as a gold standard.

5.1. Conclusions

The PCR assay is more sensitive than the conventional
method to identify diphtheria-causing bacteria and may
be applied as additional testing to increase the positiv-
ity rate of diphtheria-confirmed cases in Indonesia as an
archipelago country, where the geographical factor and
specimen transport are real obstacles.
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