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Abstract  
 

Diphtheria is a communicable disease caused by toxigenic 

strains of Corynebacterium diphtheriae. Cases often present as 

acute respiratory infections that are potentially fatal from the 

systemic dissemination of its toxin. Considering the pandemic of 

COVID-19, early and accurate differential diagnosis is essential 

to prevent delays in specific therapies. The objective of our work 

was to carry out a literature survey of the methodologies used for 

diagnosing diphtheria and point out new possibilities for the 

development of faster diagnostic tests. The survey showed that 

routine diagnosis still depends mainly on identifying clinical 

symptoms supported by microbiological detection of 

Corynebacterium. The confirmation includes biochemical 

analysis and toxin detection. PCR can complement the Elek test 

but must be used in conjunction with a phenotypic test. An 

introduced MALDI-TOF analysis appears to be effective for 

identifying strains. Recently, the description of the linear B 

epitopes of diphtheria toxin supported by nanotechnology 

approaches may open new opportunities to develop faster and 

more specific diagnostic tests such as lab on a chip. 
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Introduction  
Epidemiology  
 

The diphtheria toxoid antigen is a significant component in 

pediatric and booster combination vaccines and raises a 

protective humoral immune response upon vaccination. Despite 

the success of mass immunization in many countries, diphtheria 

(commonly known as Croup) continues to be resurgent and 

presents as an acute, contagious respiratory disease that is 

potentially lethal due to the toxins generated during the 

infections. During the COVID-19 pandemic, another acute 

respiratory disease, early and accurate diagnoses that can 

differentiate the cause of a respiratory illness are essential as 

delays in administering appropriate therapies can result in the 

patient's death. Diphtheria is caused by the toxigenic bacillus 

Corynebacterium diphtheriae, a gram-positive bacterium that 

often lodges onto the tonsils, pharynx, and mucous membranes 

larynx, and nasal passages with a potential to be found on other 

surfaces such as the skin, wounds, conjunctiva, ear, and genital 

mucosa. The presence of typical pseudomembranous plaques 

characterizes infection sites. Based on the severity of the 

infection, the length of a hospital stay involving diphtheria can 

vary from one to three months [1]. 

 

In 1980, nearly 97000 cases of Diphtheria were reported 

globally, which decreased to 21000 by 1992 [2]. Most of these, 

80–90%, were from developing countries. Since the early 1990s, 

the epidemiology of diseases caused by C. diphtheriae has 

changed dramatically. Several factors have contributed to this, 

mainly its resurgence in many countries in Europe [3-4]. By 

1996, 140,000 cases (mostly adults) were reported (29–95% 

culture positive), with a case fatality rate of 3–23% [3]. In 

2019, there was a new spike with 22,625 cases notifiable of 

diphtheria reported throughout the world, being 18 in South 

America (https://www.who. 

int/immunization/monitoringsurveillance/burden/vpd/surveillanc

e_type/passive/diphtheria/en/). Although diph theria is 

preventable by vaccination, the disease is thought to persist 

because of regional variations in vaccine compliance, inadequate 

booster regimens, immigration pattern changes, and 
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immunosenescence [5]. 

 

These factors initially strengthened the need to establish 

reference laboratories for the screening of C. diphtheriae. After 

that, gradually introduced new and modified methodologies for 

the diagnosis of diphtheria. Most are concentrated in detecting 

diphtheria toxin (TxD) produced by C. diphtheriae as they are 

considered to be definitive for diagnosis. Since the introduction 

of mass immunization, together with the decline in the incidence 

of diphtheria, there are divergent opinions in many countries 

regarding the need to maintain laboratories for the routine 

screening of C. diphtheriae. The cost and complexity of the 

methodologies associated with the laboratory diagnosis of rare 

cases of diphtheria have caused many countries to interrupt 

throat screening that uses a special swab or throat swab for C. 

diphtheriae. 

 

Consequently, there was a gradual decrease in the identification 

of the microorganism. Despite the success of mass immunization 

in many countries, diphtheria continues to play an essential role 

as a lethal resurgent infectious disease [4,5]. Therefore, 

diphtheria remains a severe health problem in many regions of 

the world (Eastern Europe, Southeast Asia, South America, 

Africa, and India) and poses a potential threat to other countries 

[4,5]. Several significant diphtheria outbreaks have occurred 

from 1921 to 2018 in almost all global regions [3, 6-18], 

including the United States, Europe, Asia, and the New 

Independent States of the former Soviet Union, Haiti, Venezuela, 

and Yemen (Figure 1A). The microbiological diagnosis of the 

disease, the identification of contacts and carriers, and the 

adequate clinical management of patients are, therefore, crucial 

[19-22]. 

 

Furthermore, the type of infection caused by C. diphtheriae has 

changed over the decades, as is most clearly highlighted by the 

dramatic resurgence of the disease in the European region and 

also by the appearance of non-toxigenic strains of C. diphtheriae 

that cause atypical illnesses, such as endocarditis, arthritis septic 

and, more commonly, severe and recurrent episodes of the sore 

throat [22-27]. All of these critical factors reinforced the need for 
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specialized laboratories to screen C. diphtheriae. In many 

countries in Europe and the United States, Australia, and 

Southeast Asia, the methodologies for the laboratory diagnosis 

of diphtheria have been revised and revived after being 

discontinued years ago. However, in other countries such as 

Brazil, the laboratories that do this continue to use the same 

methodologies. 

 

Importance of the Laboratory in the Diagnosis of 

Diphtheria  
 

Clinical diagnosis of diphtheria is often difficult, in particular in 

countries where the disease is rarely seen. A diagnostic 

laboratory needs to employ fast, simple, and reliable methods to 

assist doctors in confirming the diagnosis. In many advanced 

cases of the disease, the clinical diagnosis usually precedes the 

microbiological diagnosis. Diphtheria is often confused with 

other conditions, such as severe streptococcal sore throat, 

Vincent's angina, or glandular fever. Therefore, an accurate 

microbiological diagnosis is fundamental and always considered 

complementary to the clinical diagnosis. The laboratory can also 

assist the clinician by eliminating suspicious cases or contacts 

from additional clinical investigations, thereby avoiding 

unnecessary treatments or control measures, such as isolation 

[20] 

 

Diagnostic Methodologies  

 
The WHO diagnostic manual for Europe, 1981, was updated in 

1994 [19,20] and was intended for global use, although it was 

written to promote, develop, and promote laboratory 

technologies and reference centers for the European region (in 

particular Eastern Europe) [28,29]. Thus, it is not surprising that 

the general and contemporary approach to the laboratory 

diagnosis of diphtheria has not been much different from that 

used since the 1920s. The main areas are collecting and 

transporting specimens, primary culture, microscopy, screening 

tests, biotyping, specialized reference centers, epidemiological 

typing, and antimicrobial sensitivity tests [20]. For the diagnosis 

of diphtheria, speed combined with specificity is critical; 
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however, logistics depends on the availability of reagents, team 

experience, and financial resources. 

 

The first step in laboratory diagnosis is to obtain clinical samples 

from the oropharynx and/or nasopharynx from suspected patients 

and demonstrate the Corynebacterium by Albert stain [20,22]. In 

cases of cutaneous (including genital) and eye diseases, samples 

must be obtained from the wound or skin lesion if present and 

examine membranous material. Besides, must take care to get 

material below the membrane [22]. 

 

The samples must be transported to the laboratory immediately 

because rapid inoculation in unique culture media is essential. 

For microbiological and epidemiological surveillance, the 

laboratory must receive a series of information for each sample of 

suspected cases. The contacts and carriers (name, age, and 

gender of the patient. The hospital where the patient was 

admitted), the name of the doctor who takes care of the patient, 

details of the laboratory (source of the sample, date of 

collection), clinical information (symptoms, start date, treatment 

regimen), epidemiological information (case, contact or carrier), 

and stories of immunization and travel. 

 

Screening Tests for Presumptive Identification  
 

Unless a clinical diagnosis of diphtheria is suspected, laboratory 

diagnosis can be difficult because C. diphtheriae is not easily 

identified in blood agar. Also, smears with samples of carriers or 

asymptomatic contacts may contain only a small number of 

microorganisms, obscured by the overgrowth of normal throat 

flora. For this reason, it is recommended that all throat swabs be 

routinely screened for C. diphtheriae using a medium containing 

tellurium. Clinical samples should ideally be grown on blood 

agar, and a selective tellurium medium is recommended [20,30-

32], which inhibits the growth of normal oral flora. However, 

C. diphtheriae (and some other corynebacteria, staphylococci, 

and yeasts) reduce tellurium salts, producing characteristic black 

colonies [22]. 
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The diagnosis of diphtheria based on direct microscopy of a 

smear is not reliable because false-positive and false-negative 

results can occur. The rapid screening tests recommended for the 

differentiation of potentially toxigenic species of corynebacteria 

(C. diphtheriae, Corynebacterium ulcerans, and 

Corynebacterium pseudotuberculosis) are the presence of 

cystinase (using Tinsdale or Pizu media) and the absence of 

pyrazinamidase (pyrazine carboxylamidase) activity [22, 30]. 

 

Importance of Biotyping of C. diphtheria  
 

Pathogenic strains are biochemically identified using simple tests 

such as API CORYNE tests (API bioMerieux, Marcy l'etoile, 

France) and Rosco Diagnostics (Taastrup, Denmark) are readily 

available. All conventional and commercial methods are 

described in full in the WHO manual [20]. There are four 

biotypes of C. diphtheriae (var. Gravis, var. Mitis, var. Belfanti 

and var Intermedius) and are classified based on their 

morphological and biochemical properties. Biotyping has limited 

use in epidemiological investigations because discrimination is 

insufficient. The minimum laboratory information required to 

report a sample as positive for C. diphtheriae is: Most biotypes 

are positive for catalase, negative for urea, positive for nitrate 

(except biotype Belfanti), negative for pyrazinamidase, and 

cystinase positives. They also ferment glucose, maltose, and 

starch (only Gravis var). Within the NIS, the percentage of the 

biotype var. gravis and var. isolated mitis differed during various 

stages of the epidemic. 

 

During periods of an epidemic peak, isolates that belonged to 

only one predominant biotype circulated at specific periods: In 

the first peak (1984-1985), the biotype mitis predominated 

(80.3% and 83.1% of the total for each year), and during the 

second peak (1993–1995), biotype gravis prevailed (71.5%, 

78.6%, 79.3%, respectively). However, in 1989, before the 

second outbreak, there was an almost equal distribution of the 

mitis and gravis strains (48% and 52%, respectively). A similar 

distribution was observed in 1980 (mitis, 49.1%; gravis, 50.9%). 

The predominance of a given biotype in a country may be 

related to the state of immunity of the population to that given 
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biotype, which minimizes the circulation of these strains (of a 

given biotype) and perhaps favors the circulation and 

dissemination of the other biotypes [33-35]. 

 

Methods Involving the Detection of Toxicity  
 

The toxicity test, which detects the potent exotoxin, a protein 

encoded by phage, is the most important and should be 

performed immediately on any suspected isolates found by 

routine screening or during the investigation of a possible case of 

diphtheria. Potentially toxigenic species (C. diphtheriae, C. 

ulcerans, and C. pseudotuberculosis) acquire this characteristic 

when infected by the family of b-phages or other families of 

corinefagos [28]. Before introducing cytotoxicity assays in tissue 

culture, in vivo testing was the only method available to detect 

the biological activity of the toxin, and, as such, it was 

considered the reference standard test [36]. However, the cost, 

the slowness, the risk of accidental self-inoculation, and the 

growing unacceptability of in vivo tests have led to the decline 

and exclusion of the use of this test. 

 

The Elek immunoprecipitation test was first described in 1949 

[30,37] and replaced the in vivo virulence test in guinea pigs. In 

this assay, a known toxigenic strain (positive control), a non-

toxigenic strain (negative control), and the sample strains are 

inoculated onto Elek agar medium with a strip of paper 

impregnated with diphtheria antitoxin (500 IU/ ml) placed on the 

agar surface [38]. Although the Elek test is still used in many 

laboratories worldwide is far from ideal, it is technically 

demanding and prone to misinterpretation, particularly when it is 

performed infrequently or when used by inexperienced operators 

[30]. Besides, it may take 2-3 days to produce results. 

Consequently, the number of laboratories in non-epidemic or 

non-endemic areas using this test has unfortunately decreased 

over the years. However, in the early 1990s, many laboratories 

committed themselves to improve the Elek test [38]. 

 

Evolution was the introduction of the "method of points" that 

allows the examination of many individual colonies [36]. 

Simultaneous analysis of several colonies (at least 6–10) in the 
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patient's sample is crucial because it has been shown that both 

toxigenic and non-toxigenic organisms can be present at the 

same time. These methods are therefore particularly applicable 

to epidemic situations. Other modifications resulted in reduced 

analysis time (16–24 h) compared to 48 h for the conventional 

Elek test [38,39]. Despite this great effort, incorrect 

interpretation is still a problem today, and the test must be 

performed by trained personnel. Also, several other factors can 

interfere with the result, such as distance between the inoculum 

and the antitoxin, variability of the Elek basal environment, 

serum [20], and purity of the antitoxin [38]. 

 

In vitro, Vero cell assays and an in vivo rabbit skin test have also 

been used to detect or neutralize TxD, but these tests are not 

recommended for routine use [39-41]. 

 

Molecular Methods  
 

In recent years, the polymerase chain reaction (PCR) has become 

an essential method for detecting the structural tox gene of TxD 

and has the establishment of toxigenicity possible within a few 

hours. The first tests focused on sequences that encode the A 

fragment (biologically active subunit) of the toxin [42-47], but 

today it is known that other regions of the gene can also be used 

successfully [34,39,48-50]. The detection of the tox gene by 

PCR can be done either in culture material or directly from 

clinical material [34]. However, when done in clinical material, 

there is only one suggestion that toxigenic C. diphtheriae may be 

the causative agent of the disease. Such results can be obtained 

when patients with suspected diphtheria received antibiotics 

before sample collection and had negative culture results [51]. 

However, it should emphasize that although PCR provides 

supporting evidence for the diagnosis, the data provided are not 

yet sufficient for PCR to be accepted as a laboratory 

confirmation criterion [51]. A patient should be considered "a 

probable cause" if the test is PCR+ and if the microorganism has 

not been isolated, or the histopathological diagnosis has not been 

made, and there is no epidemiological link with a laboratory-

confirmed case [51]. PCR has significantly contributed to the 

development of modern molecular approaches for the laboratory 
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diagnosis of diphtheria, as it allows preliminary presumptive 

results on toxicity a few hours after sample collection. A PCR- 

test valid in suspected isolates will exclude the diagnosis and 

prevent further control measures. In addition to the speed of the 

trial, the interpretation of the results is simple and the facilities to 

perform a PCR today are less expensive, simple, and reliable 

[44]. However, should exercise cause since isolates of C. 

diphtheriae that had TxD genes but did not express the protein 

were identified in several patients in different countries 

[34,46,47,52]. Fortunately, these isolates were less pathogenic, 

resulting in only mild pharyngitis. Thus, although such isolates 

may be uncommon, PCR alone does not provide a definitive 

diagnosis for epidemiological and clinical purposes [34,52,53] 

and must be supported by bacterial isolation. The only 

exception is when clinical samples are kept in a means of 

transport for an extended period [20]. 

 

Immunological and Other Methods of Detecting 

Toxicity  
 

One of these tests for detecting TxD is the rapid capture 

phenotypic immunoenzymatic (EIA) test 53-56]. The EIA uses a 

polyclonal equine antibody as capture and a monoclonal 

antibody labeled with alkaline phosphatase as the detection 

antibody, specific for TxD fragment A. It takes about 3 h, and 

the detection limits are 100 pg / mL, and supernatant from 

bacterial isolates grown in various media (including selective 

agar) can be used with 100% correlation with the Elek test [54]. 

 

Other methods for detecting TxD have also been described and 

include phenotypic tests based on complex techniques 

(immunoblotting, other EIAs, Vero cell bioassays, passive 

hemagglutination, Immunofluorescence (IF), and the use of latex 

immunological techniques) but have not been widely accepted 

[34]. IF has been used for large-scale screening in areas where 

the organism is endemic or epidemic, particularly in South 

America [57]. However, the technique must be used in 

conjunction with other phenotypic tests. A significant advantage 

of IF is that pure C. diphtheriae cultures are not necessary, but 

on the other hand, they can provide false- positive results 
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[28,57]. Recently, we have mapped the B-linear epitopes of the 

diphtheria toxin (Figure 1C) using a microarray of peptides and 

developed an ultra-specific and sensitive immunoenzymatic 

assay [58; Figure 1D]. 

 

MASS Spectrometry Detecting Toxicity  
 

The routine use of MALDI-TOF (Matrix-Assisted Laser 

Desorption Ionization Time of Flight Mass spectrometry) on 

isolates from the throat and wound swabs has likely increased 

the identification of non- toxigenic corynebacteria and 

potentially toxigenic bacteria in skin lesions [59]. These results 

highlight the importance of continued and heightened efforts 

towards diphtheria surveillance and vaccination, as well as the 

necessity of quick access to a ready-to-use DAT stockpile. 

Furthermore, should promote diphtheria awareness amongst 

clinicians and primary caregivers to ensure that rapid diagnosis 

is possible and ensure prompt treatment. When referring or 

reporting potential cases of toxigenic corynebacteria to the NRC 

or other relevant instances, should take care to include all 

relevant information regarding the possible source of infection, 

such as travel and animal contacts, to facilitate epidemiological 

surveillance (Figure 1B). 

 

Prognostic Biomarkers  
 

In severe cases of acute diphtheria, complications such as 

myocarditis and inflammation of the nerves can affect patients 

and result in deaths. In patients with diphtheria myocarditis, 

leukocyte count, and serum, levels of glutamic-oxaloacetic 

transaminase are valuable biomarkers of prognosis, and elevated 

levels are associated with an increased risk [18]. In addition, 

muscle/brain creatine phosphokinase (CPK-MB) and cardiac 

troponin levels can be helpful predictors of results, as they are 

strongly associated with cardiac mortality [25]. Increased 

systemic levels of IL-6 and tumor necrosis factor (TNF) have 

also been observed during diphtheria endocarditis [60]. 
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Identification of the Immunodominant IgG Epitopes in 

Diphtheria Toxin  
 

Although the vaccinal diphtheria toxin structure has been known 

for over 30 years, we only recently revealed the composition of 

its protective B-linear epitopes [58]. The set of 20 epitopes is 

shown in Table 1. Using multi-epitope peptide constructs, we 

demonstrate that at least four of these epitopes (CB/DTx2-12 and 

CB/DTx 4-13) can serve to construct more specific and potent 

diagnostic tests (Figure 1D) [58]. 

 
Table 1: List of the identified CB/TxD IgG epitopes. 

 
Name of 

epitop e 

Sequence Name of 

epitop e 

Sequence 

CB/DTX-1 16GIGAPPSAHA25 CB/DTx-11 280LEHPEL285 

CB/DTx-2 31VDSSK35 CB/DTx-12 301ANYAAW306 

CB/DTx-3 46HGTKPGY52 CB/DTx-13 315DSETAD320 

CB/DTx-4 76KGFYSTDNKY85 CB/DTx-14 342ADGAVHHN

T350 

CB/DTx-5 91SVDNENPLSGKAG

GV105 

CB/DTx-15 376VDIGF380 

CB/DTx-6 132GLSL135 CB/DTx-16 406SPGHKTQPF

LHDGY419 

CB/DTx-7 153GDGASR158 CB/DTX-17 434GFQGESGHD

IKI445 

CB/DTx-8 163LPFAEGSSS171 CB/DTx-18 477VNGRKIR483 

CB/DTx-9 196GKRGQ200 CB/DTx-19 490DGDVTFCRP

KS500 

CB/DTx-10 247EHGPIKNKMSESP

N260 

CB/DTx-20 526 

SNEISSDS533 
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Figure 1: (A) Number of diphtheria notifications by regions in the world in 

2019. [https://www.who.int/immunization/ monitoringsurveillance/data/em/]. 

(B) Flowchart showing the methods in use to isolate and identify 

Corynebacterium spp. MALDI- TOF, flight time mass spectroscopy, (C) 

Tridimensional structure of the diphtheria toxin showing the position of B-

linear epitopes identified by microarray of peptides [58] and (D) performance 

of a developed ELISA-peptide assay using children and mice vaccined sera 

[58]. In this figure is also shown the performance of the assays. 

 

Conclusion  
 
Over the last three decades, successful implementation of the 

diphtheria vaccination in developed and developing countries 

has reduced the infections caused by the toxigenic strains of 

Corynebacterium diphtheriae concomitant increase in the 

invasive infections due to the nontoxigenic strains was seen, 

indicating that must implement the diagnosis. Unfortunately, the 

diagnosis of diphtheria remains primarily clinical, supported by 

detailed visualization of the pseudomembrane. Confirmatory 

laboratory diagnosis is by isolation of the diphtheria bacillus in 

Tellurite-containing culture media. Toxigenicity tests detect 

potent exotoxin, which is a phage-encoded protein. In vivo 

virulence testing in guinea pigs was replaced by the Elek test, 

first described in 1949 and later modified in the early 1990s. 

With the increase in international travel and the possibility of the 

emergence of epidemic strains, diphtheria can resurge anywhere 

http://www.who.int/immunization/
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in the world, causing threats to non- immunized individuals and 

with low levels of immunity. These problems highlight the 

importance and need to strengthen microbiological and 

epidemiological surveillance, in addition to accessible and 

reliable laboratory screening. The rapid EIA or the modified 

Elek test are practical tests for toxicity, and PCR is an excellent 

complement to the Elek test but must use them in conjunction 

with a phenotypic test. However, until recently, the diagnosis has 

been, time-consuming, the development of unique diagnostic 

tests (1-3h), faster, more sensitive, and less expensive, as 

described by us or using immunochromatographic or innovative 

nanotechnological approaches, appears as a candidate to improve 

immunodiagnostics performance to diphtheria in the next few 

years. 
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