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Diphtheria is an acute infectious disease
caused by the bacterium Corynebacterium
diphtheriae (also known as Klebs-Löffler bacil-
lus) [1]. Typically, diphtheria has respiratory
or cutaneous localization. Respiratory diph-
theria has various forms, usually restricted to
upper respiratory tract: nasal, pharyngeal,
tonsillar and laryngeal. As rule, main symp-
toms of respiratory diphtheria are sore throat,
low fever, and an adherent membrane at the site
of bacterial colonization [2]. Milder forms of
diphtheria are often restricted to the skin [3]. 

Long time diphtheria was considered as
well-controlled vaccine-preventable disease
because it has largely been eradicated in all
industrialized countries presumably through
broad vaccination [4–6]. However, a diphthe-
ria epidemic at the former Soviet Union terri-
tory at 1990s has again attracted the attention
to incomplete understanding of the epidemio -
logy, microbiology and especially immunobio -
logy of this infection [7–12].

Today cases of diphtheria are still occur in
Ukraine, Russia, and Latvia and also it is
endemic in India, Indonesia, Nepal, Angola
and Brazil, but only sporadic cases are repor -

ted in developed countries [11, 13–16]. Howe -
ver, the majority of the adult populations in
Europe, Australia and the United States have
no immune protection against this infection
[13, 17]. This issue draws renewed attention to
the immunology of this infection, because lowe -
red immunity levels within population can
cause outbreaks of diphtheria.

Bacterial pathogenesis

Biological properties of C. diphtheriae.
C. diphtheriae is an aerobic nonmotile, rod-
shaped gram-positive bacillus, which can form
metachromatic granules at the ends of the rod.
Bacterial cells form irregular V-shaped aggre-
gates resembling Chinese letters [1]. Species
C. diphtheriae has three biotypes: gravis, inter-
medius, and mitis, which are differ by the
colony morphology and growth characteristics
[18]. Genomic sequence of C. diphtheriae has
been recently characterized [19], but molecular
basis for differences in C. diphtheriae biotypes
is not well defined and requires further inves-
tigation [20, 21]. The most severe diseases are
often associated with the gravis biotype, but

UDK 57.083.3+616.931

IMMUNOBIOLOGY OF DIPHTHERIA. IMMUNOBIOLOGY OF DIPHTHERIA. 
RECENT APPROACHES FOR THE PREVENTION,RECENT APPROACHES FOR THE PREVENTION,

DIAGNOSIS, AND TREATMENT OF DISEASEDIAGNOSIS, AND TREATMENT OF DISEASE
D. V. KOLYBO, A. A. LABYNTSEV, S. I. ROMANIUK, 

A. A KABERNIUK, O. M. OLIINYK, N. V. KOROTKEVICH, S. V. KOMISARENKO

Palladin Institute of Biochemistry, 
National Academy of Sciences of Ukraine, Kyiv, Ukraine

Е*mail: kolibo@biochem.kiev.ua
Received 03.07.2013

Diphtheria is a highly contagious life-threatening disease caused by the toxi genic strains of
Corynebacterium diphtheria, which are transformed by a bacteriophage carrying the toxin gene.
Diphtheria causative agent and its major virulence factor diphtheria toxin are well studied, but outbreaks
of disease still occur worldwide. Rapid development of new methods in immunology and molecular biolo-
gy is currently leading to improvement of prophylaxis, diagnosis and treatment of diphtheria. This
review highlights the microbiological, epidemiological and immunological aspects of diphtheria infec-
tion, role of diphtheria toxin and others virulence factors in diphtheria pathogenesis and role of humoral
anti-toxic immunity in the protection against disease. Perspectives in development of new diagnostic
tests, anti-diphtheria vaccines, immunobiological preparations and antidotes for prevention of diphthe-
ria infection, and other anti-diphteria means was also discussed.

Key words: diphtheria, diphtheria toxin, immunity, diagnostic tests, vaccines, antidotes,
recombinant proteins.



BIOTECHNOLOGIA ACTA, V. 6, No 4, 2013

44

every strain has ability to produce toxin.
Consequently, all isolated strains of C. diph-
theriae should be tested in the laboratory for
toxigenicity [22]. 

Besides C. diphtheriae there are two other
species Corynebacterium ulcerans and Coryne -
bacterium pseudotuberculosis, which can
optionally produce diphtheria toxin and hence
can cause respiratory illness resembling classi-
cal diphtheria [23–25]. It is worth noting that
in recent years some severe infections caused
by C. ulcerans have been recorded [26, 27].
Other well-known human pathogen C. pseudo-
diphtheriticum causes respiratory disease and
is associated with high mortality in compro-
mised hosts [28], however it is little known
about the virulence factors and pathogenesis
of such infections. Some other species of
Corynebacterium are part of human normal
flora, which able to find niches in every sui -
table anatomic location of the host [29]. 

Most the clinical manifestationsof diph-
theria result from the action of an exotoxin
produced by pathogen. Consequently, diphthe-
ria toxin (DT) produced by toxigenic strains of
C. diphtheriae is considered as the main patho-
genic factor of infection. Toxigenicity of
C. diphtheriae is controlled by bacteriophage
conversion [30–32]. Thus toxin production
occurs only when the bacterium is infected by
lysogenic corynephage carrying the tox gene
encoding DT. 

Production of DT by toxinogenic C. diph-
theriae is strictly repressed by high concentra-
tions of iron ions from the extracellular envi-
ronment. The main source of the iron at site of
bacterial colonization is the red blood cells,
which appear from the bleed via damaged
mucous epithelium [33]. The chromosomally
encoded diphtheria toxin repressor DtxR
depends of iron ions as a co-repressor factor
[34]. The iron bound form of DtxR binds to
DNA sequence and prevents initiation of
trans cription of bacteriophagal tox gene.
Hence, DtxR can be considered as iron-depen-
dent transcriptional repressor [35]. In bacteri-
al cell, DtxR regulates several chromosomally
encoded genes, which encode products
involved in iron utilization and acquisition
[36, 37]. Some mutant forms of DtxR or iron-
regulated promoters could constitutively
repress the expression of diphtheria toxin
gene, and phenotypically nontoxigenic strains
may represent a potential reservoir for the
emergence of toxigenic strains [38–40].

Strains of C. diphtheriae that do not pro-
duce diphtheria toxin are still frequently con-
sidered as non-virulent. Nevertheless, the

association of nontoxigenic strains with loca -
lized disease is well known. There is an option
that nontoxigenic strains may be responsible
for pharyngitis and should be treated [22, 41,
42]. However, additional studies are still
required to obtain complete information about
the pathogenicity or co-pathogenicity of non-
toxigenic C. diphtheriae associated with cases
of infection in the respiratory tract [43].

The introduction of a toxigenic strain of
C. diphtheriae into a community may initiate
an outbreak of diphtheria by bacterial spread-
ing or by transfer of the bacteriophage to non-
toxigenic strains carried in the respiratory
tracts of susceptible human subjects. Both
toxigenic and nontoxigenic strains of C. diph-
theriae could be isolated during outbreak of
infection, but the epidemiological role of non-
toxigenic strains is under the question [44, 45].

Only toxigenic strains can cause respirato-
ry diphtheria, conversely nontoxigenic strains
can live in the organism without any clinical
manifestation or cause some other pathologic
states.

Recently, it was shown that nontoxigenic
strains are associated with cases of invasive
infection, particularly with endocarditis
[46–48]. These microorganisms also can be
associated with other invasive diseases, such
as septic arthritis and osteomyelitis [49], or
catheter-related infection [50]. 

The systemic diseases caused by C. diphthe-
riae often related to invasive clones. Invasive
diseases add new aspects to the infectious
processes caused by C. diphtheriae. Entry
of C. diphtheriae by invasive processes can be
caused by percutaneous trauma, skin and
throat colonization. Unlike classical diphthe-
ria, invasive disease caused by C. diphtheri-
ae affects both vaccinated and non-vaccinated
persons, and mostly induced by nontoxigenic
isolates.

The patterns of adherence to HEp-2 cells
(epidermoid carcinoma tissue from the larynx)
of C. diphtheriae strains can be used to predict
their invasive character [48, 51]. Invasive mic -
ro organisms yielded simultaneous expression
of localized adherence-like and aggregative-like
adherence patterns to HEp-2 cells. Microbial
adhesive properties may contribute to the
spread and outcome of invasive processes.

Diphtheria toxin. Since the discovery of
diphtheria toxin by Roux and Yersin in 1888
[52] it became one of the most extensively
studied bacterial toxins. The minimal lethal
dose of diphtheria toxin for humans and ani-
mals is below 0.1 mkg per kg of body weight
[53]. The delivery of a single molecule of diph-
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theria toxin to the cell is sufficient to kill a
eukaryotic cell [54].

Diphtheria toxin is an A-B type toxin con-
sisting of two fragments: A (active) and B
(binding) (Fig. 1). This protein consists of
three domains: catalytic C-domain, trans-
membrane T-domain and receptor-binding R-
domain. C-domain encompasses the fragment
A (SubA — subunit A), T-domain and R-
domain together constitute the fragment B
(SubB — subunit B) [55]. 

Receptor for DT (Fig. 2) is well characteri -
zed [56, 57]. Membrane-anchored precursor of
heparin-binding epidermal growth factor-like
growth factor (pro-HB-EGF) binds with toxin
with high affinity (Kd of approximately 
10–8 –10–9 M) [58]. DT is only one known nat-
ural ligand for pro-HB-EGF, which causes its
internalization.

HB-EGF is a member of the EGF family
growth factors, which has high affinity for
heparin and heparan sulfates [59]. Рro-HB-
EGF is synthesized as type I transmembrane
protein, which after processing by metallopro-
teases like ADAMs turns into soluble form
(sHB-EGF). sHB-EGF acts as ligand for the
EGF receptors of I and IV type, thus it is con-
sidered as a potent mitogen and chemoattrac-
tant for different cell types, including malig-
nant cells. 

The first step in intoxication of eukaryotic
cells by diphtheria toxin is binding of the
toxin to a specific cellular receptor pro-HB-
EGF. The fragment B of DT is responsible for
interaction with receptor on the cell surface
and translocation of the fragment A across
endosomal membrane into the cell cytosole.
Two domains of fragment B have different
functions. R-domain mediates binding of DT
to its surface receptor, which promotes endo-
cytosis of the toxin-receptor complex. T-do -
main facilitates C-domain translocation across
lipid bilayer. 

Upon endosome formation, endosomal low
pH induces conformational changes that
result in diphtheria toxin T-domain interac-
tion with the endosomal membrane [60]. 

Thereafter T-domain mediates transloca-
tion of C-domain into the cell cytosol. Mecha -
nism of C-domain translocation remains
unclear, but obvious that it depends on confor-
mational switching of T-domain and its affini-
ty to proteins in molten globule state.

After C-domain translocation across endo-
somal membrane, it restores the ability to
inactivate eukaryotic translation elongation
factor 2 (eEF2). Subunit A possesses ADP-
rybosyl transferase activity and specifically
inactivates eEF2. Accumulation of large num-
ber of inactivated eEF2 leads to inhibition of
cellular protein biosynthesis and cell death
[61].

The target  of ADP-dribosylation by diphthe-
ria toxin is unusual amino acid residue in eEF-2 -
diphthamide (a posttranslationally mo di fied
histidine). The diphthamide residue is unique
to EF-2 from eukaryotes and Archea [62].
Synthesis of diphthamide is a complex process
that requires the participation of several dif-
ferent proteins [63]. It has been suggested that
ADP ribosylation of diphthamide in EF-2 may
occur as a regulatory event in normal cellular
physiology, but evidence for the precise physi-
ological role of diphthamide in eukaryotes
remains unknown [64]. Mutant cell lines that
cannot produce diphthamide remain viable
and are resistant to diphtheria toxin [65].

Fig. 1. Schematic structure of diphtheria toxin
(DT)

Fig. 2. Schematic structure of the DT receptor —
heparin-binding EGF-like growth factor 

(HB-EGF) exposed on the cell surface in the form
of profactor.  (The Subunit B of DT binds to the

EGF-like domain of HB-EGF)
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There are several important questions
regarding DT functions remain to be investi-
gated, like mechanism of translocation of the
A fragment across endosomal membranes,
mechanism of rodent toxin-resistance, the
physiologic role of diphthamide residue of EF-
2 in eukaryotic cells, as well as mechanism of
immune recognition and protection mediated
by toxin-specific antibodies etc. 

Diphtheria toxin is responsible for the
local cell damage at site of bacterial coloniza-
tion as well as for distant toxic effect on
peripheral nervous system, kidneys and heart.
Apparently DT also helps bacteria to evade
immune defense mechanisms and to escape
from phagocytosis.  Thus, DT and probably
other surface structures of C. diphtheriae toxi -
genic strains show apoptogenic effect on mice
peritoneal macrophages in vitro[66]. Small
amounts of toxin can impair protein synthesis
in both polymorphonuclear leukocytes and
mononuclear cells from humans and guinea
pigs [67]. DT could penetrate into phagocytes
and B-cells specific to DT and kill these cells
even if they derived from toxin-resistant ani-
mals [68]. This observation confirms that DT
is potentially able to inhibit self-directed anti-
body response and phagocytosis and in this
way escape from host defense mechanisms.  

Additional bacterial virulence factors.
Despite that the role of DT in bacterial viru-
lence is well established, there are little known
about other virulence factors of C. diphtheriae.
These factors could be crucial for colonization
of the host and recognition of corresponding
host receptors since colonization is an essen-
tial step in pathogenesis. However, host cell
receptors and invasion-associated proteins of
the pathogen remains unknown. 

On the HEp-2 cell system was shown dis-
tinct patterns of bacterium adherence: an
aggregative, a localized and a diffuse [48, 51],
which confirm an existence of several adhe-
sion factors and different receptors on the
host cell surface. Some bacterial adhesion fac-
tors have been recently characterized on the
molecular level. Certain C. diphtheriae strains
able to express three types of pili (SpaA, SpaB
and SpaC) on its surface [69, 70], which are
sufficient for adhesion to pharynx cells. There
some additional proteins besides pili proteins
involved in adhesion to larynx, pharynx and
lung epithelial cells. For instance, C. diphthe-
riae invasion-associated protein (DIP1281)
involved in cell surface organization, adhesion
and internalization in epithelial cells [71]. In
addition, the disruption of the C. diphtheriae
DIP1621 gene leads to decreased adherence to

epithelial cells [72]. DIP0733 (67-72p) may be
directly implicated in bacterial invasion and
apoptosis of epithelial cells in the early stages
of diphtheria and C. diphtheriae invasive
infection [73]. Non-fimbrial surface protein
67-72p also involved in adhesion to human
erythrocytes. Iron supply has effect on bin -
ding properties of the microorganisms to ery-
throcytes as well as HEp-2 cells [74].

Number of studies suggesting the multi-
factorial mechanism of adhesion [75]. In addi-
tion, biofilm formation and fibrin deposition
may contribute to the persistence of C. diph-
theriae at the infected site [50]. 

Intracellular survivelance strategy.
C. diph theriae generally considered an extra-
cellular colonizer. However, some strains of
C. diphtheriae possess the ability to enter into
cells and to survive within cultured cells [51,
76]. C. diphtheriae strains can adhere to
epithelial cells and erythrocytes and has abili-
ty to survive within these cells. Probably,
C. diphtheriae strains might use epithelial
cells as an environmental niche supplying pro-
tection against antibodies and macrophages
[71]. Some C. diphtheriae strains even without
the tox gene exhibit strategies to survive with-
in macrophages and to exert apoptosis and
necrosis in human phagocytic cells [77].
Invasion of these cells is an active process;
tetracycline-treated C. diphtheriae was still
able to attach to host cells, but lost its ability
to invade the cytoplasm [78]. As rule, the
interaction between bacteria and macrophage
determines the outcome of most infectious dis-
eases. 

The ability of diphtheria infectious agent
to cause macrophage apoptosis is one of the
mechanisms of realization of its pathogenic
properties determined by the effect of diph-
theria exotoxin, as well as its surface struc-
tures and pathogenicity enzymes. The pre -
sence of the tox gene influences the
susceptibility of C. diphtheriae to human
macrophages and the outcome of non-opsonic
phagocytosis [77]. Analyses of molecular
mechanisms of non-opsonic phagocytosis
should lead to new approaches for the preven-
tion of diphtheria and systemic C. diphtheriae
infections. Homologous C. diphtheriaetox+ and
tox– strains can survive within U-937 human
macrophages but viable intracellular bacteria
can be detected after 24 hr only for the tox–

strain.
Pseudomembrane formation and coagu-

lase-like activity. The characteristic feature
of disease is a pseudomembrane formation
that usually covers the posterior pharynx and
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tonsils, which may also extend to the larynx
and lower respiratory tract [2, 79].
Pseudomembrane of respiratory diphtheria is
composed of fibrin matrix with incorporation
of bacteria, necrotic epithelial and inflamma-
tory cells, which adheres tightly to the under-
lying tissue [2]. The severity of the disease
usually related to the extent of the local infec-
tion, although the potential role of these
pseudomembranes in the maintenance of
viable C. diphtheriae is still uncharacterized.

Although fibrin pseudomembrane is a
characteristic feature of diphtheria, there is
little known about the fibrinogen-binding
properties and fibrin clot formation activity of
C. diphtheriae strains and the role of the DT in
these processes. The production of fibrinous
exudates may play an important role in deter-
mining of the pseudomembrane formation.
Diphtheria toxin generally considered as the
major factor responsible for local cellular
destruction and production of fibrinous exu-
dates, suggesting that the presence of bacte-
riophages carrying the diphtheria toxin gene
(tox) is essential for pseudomembrane forma-
tion. Recently reported property of C. diphthe-
riae iscoagulase-like activity. The capacity to
bind to fibrinogen and to convert fibrinogen to
fibrin may play a role in pseudomembrane for-
mation and act as virulence determinants for
both nontoxigenic and toxigenic strains [43].

Consequently, production of DT is impor-
tant for the epithelial cell damage and produc-
tion of fibrinous exudates, while coagulase-
like activity of C. diphtheriae may be
important forfibrin polymerization. That is
why we could consider DT as molecular instru-
ment used by C. diphtheriae at the site of colo-
nization for the partial epithelial cell damage
in order to get small portion of fibrinogen
from the blood for the fibrin formation. After
short bleeding, the production of DT is inhibit-
ing by iron ions from incoming hemoglobin.
DT also can get to the blood circulation via
damaged epithelia and thus cause severe sys-
temic toxic effects. Diphtheria toxin exerts its
effects on distant tissues and organs, especial-
ly the heart (causing myocarditis), and the
peripheral and cranial nerves (causing weak-
ness progressing to paralysis), if absorbed
from the site of infection. 

Assessment of anti-diphtheria protection

Serologic methods of diphtheria diagnosis
based on the detection of diphtheria toxin or
on increased level of antitoxic antibodies.
Therefore, measurement of antitoxin level in

diphtheria patients could provide important
clinical information about course of infection.

In addition, determination of anti-toxin
antibodies is essential for characterization of
the immune status of population, and evalua-
tion of the immunogenicity of diphtheria vac-
cines in clinical trials, as well as for monito -
ring long-term immunity and thus provides
recommendations for vaccination policy. Data
obtained from serological studies serve as an
important guide in choosing of local strategy
of vaccination. Detecting the existence of a
cohort of susceptible subjects can predict the
risks for disease outbreaks. Therefore, it is of
critical importance to have methods for
assessment of anti-diphtheria immunity that
are accurate, reproducible, specific, and sensi-
tive.

Most symptoms of diphtheria are resulted
from the diphtheria toxin action; therefore,
protection against disease depends on anti-
body level against the toxin (antitoxin). The
assessment of the anti-diphtheria protection
in healthy population is common for a surveil-
lance system within any National Program of
Immunization. According to the Order № 545
of Ministry of Health of Ukraine from
24.11.2003 «About Ukrainian population
immunity against diphtheria and tetanus»,
clinicists also need «to provide annual studies
of population immunity to diphtheria and
tetanus among healthy population (1.2.)»

Antitoxic antibodies probably play a main
role in the immunity against diphtheria.
Serum titers of antitoxin usually are
expressed in International Units per milliliter
(IU/ml) according to the diphtheria antitoxin
standard. The cut-off of protective serum
level of antitoxin is 0.01 IU per ml. (but it also
depends on the method of titer determina-
tion). As believed, the powerful anti-toxin
immunity (>1.0 IU/ml) can completely pro-
tects the body from infection caused by toxi-
genic strains. Although, the very little is
known about protection associated with non-
toxigenic strains. 

Classical serological tests tend to underes-
timate low concentrations of diphtheria anti-
body. That is why antitoxin level under 0.1 IU
per ml could not be defined precisely in many
laboratories where hemagglutination test is
used for this purposes. In clinical interpreta-
tion of results, antibody titers classified into
one of the following categories: insufficient
protection (<0.1 IU/ml), satisfactory protec-
tion (0.1–1.0 IU/ml) and high levels of protec-
tion (>1.0 IU/ml) [44]. However, with more
reliable techniques it is possible to define an
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additional categories like short-term protec-
tion (0.01–0.1IU/ml) and no protection
(<0.01 IU/ml).

Numerous in vivo and in vitro tests for the
measuring of diphtheria antitoxin levels in
serum have been standardized and implement-
ed for laboratory practice. Among the in vivo
protocols are the Schick test in humans and
the classical toxin neutralization (TN) assay in
rabbits or guinea pigs. There is also the in
vitro toxin neutralization test in microcell cul-
ture plates using highly sensitive Vero (green
monkey renal epithelium) cell line [80].
Several in vitro serologic techniques for diph-
theria antitoxin determination are described
[81]. 

Toxin neutralization tests. DT is a toxic
agent that can kill eukaryotic cells and can
cause systemic reaction in sensitive orga -
nisms. Protective antibodies can block specific
binding of DT to cell receptor and therefore to
protect the cell and the body from toxic action
of DT. Existing toxin neutralization tests
exploit in vivo or in vivo models oftoxicity for
measuring the level of antitoxin by dose-
depended neutralization effect.

DT can cause in vivo inflammatory
response when injected in small doses intracu-
taneously into the skin of humans or sensitive
animals. The ability of specific antibodies to
prevent this reaction can be utilized to deter-
mine the activity of antitoxin. Thus, the in
vivo neutralization tests show the functional
capacity of antibody to neutralize toxin in live
organisms. 

One of the first methods to estimate immu-
nity against diphtheria in humans was intra-
dermal Schick test with active diphtheria
toxin [82]. Bйla Schick designed this test in
1913 as an approach to determine susceptibili-
ty to diphtheria in children. This method
allows controlling the population immunity
against diphtheria. At that point, immuniza-
tion was available for those who had never
been naturally immunized by exposing to live
diphtheria bacilli. This test eventually led to
the eradication of the childhood disease, made
Bйla Schick world famous [83].

The Schick test involves injecting a very
small amounts (0.1 ml of diluted 1/50 MLD for
the guinea pigs) of the toxin into the skin of
the forearm and evaluating the reaction at the
injection site after 48 hours [84]. The result of
positive test manifested in inflammatory reac-
tion indicates susceptibility to diphtheria,
whereas result of negative test without any
reaction indicates immunity (antibody neu-
tralizes toxin). A control injection with inacti-

vated toxin had to be performed to exclude
allergic reactions to toxin. Schick test results
usually correlate well with serum antitoxin
levels. The average antitoxin level up to
0.1–0.3 IU/mL is corresponded to the nega-
tive Schick test reaction when antibodies can
completely neutralize injected toxin. However
this test is no longer used in healthcare due to
safety requirements, painful effect when
results are positive, time-consuming, need for
two visits, occurrence of pseudo negative reac-
tion, etc. Currently, passive hemagglutination
reaction with red blood cells is commonly used
for this purpose.

There are several biological tests on sensi-
tive animals are also available to quantify the
level of antitoxin. The in vivo neutralization
tests can be performed on rabbits (Jensen,
1933) or guinea-pigs (Glenny & Llewellyn-
Jones, 1931). Different dilutions of serum
mixed with fixed amounts of diphtheria toxin
can be injected into the depilated skin of the
animal, and the antitoxin concentration could
be estimated based on the presence or absence
of an inflammatory reaction. The in vivo toxin
neutralization test using guinea pigs or rab-
bits is referred as the «gold standard» method
for determining protective levels of antitoxin
in serum. The toxin neutralization assay has
been recognized as an accurate and sensitive
test able to detect antitoxin levels as low as
0.001 IU/mL [85]. However, this test requires
large numbers of animals, relatively large vol-
umes of serum as well as specialized facilities
and personnel trained to work with animals.
Therefore, this test is highly expensive and
time-consuming, thus it is not convenient for
practical use in serological diagnosis or epi-
demiological monitoring. 

Consequently, in vitro methods as alterna-
tive to in vivo approaches can reduce time,
costs and improve animal welfare. In vitro
tests with cultured cells (neutralization test
on microcell culture) have been developed as
“humane” alternatives to the in vivo test for
detection of diphtheria antitoxin [86]. The
ability of diphtheria toxin to cause cell death
in cultured mammalian cells used to determine
diphtheria toxin or antitoxin amounts.
Thisneutralization test based on the observa-
tion that the presence of antitoxin in serum
samples can promote survival of sensitive
mammalian cells in culture treated with DT in
dose-dependent manner. 

Vero cells [87] commonly used in neutral-
ization tests in vitro are most sensitive to
diphtheria toxin cells since they have largest
numbers of receptors on their surface [88].
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Results of in vitro neutralization test read as a
change in color of the medium (from red to yel-
low) in the cell-culture plate wells after
3–4 days of incubation. Only alive cells can
change the medium color due to the metabolic
formation of acid, which changes the pH of
medium. Treated with DT cells retain their
ability to grow when serum samples contains
antitoxin in sufficient amount [80].

The in vitro neutralization test in microcell
culture is highly sensitive (minimum
detectable level is 0.005 IU/mL) and provides
comparable results to in vivo neutralization
test on guinea pig and rabbit skin [89–91].
Thus, the Vero cell toxin neutralization assay
is recommended by World Health Organiza -
tion and European Pharmacopeia as in vitro
alternative method for guinea pig assay for
potency testing of vaccines [92, 93].

Alternatively, cell culture test without
native DT use was proposed. In these test
native DT replaced with recombinant fusion
protein consisting of B-subunit of DT and
enhanced green fluorescent protein (EGFP-
SubB) (Fig. 3). This protein was able to bind to
DT receptor on Vero cells surface, but had no
toxicity due to absence of C-domain [94]. This
method based on the ability of anti-toxin anti-
bodies to block the binding of fluorescently-
labeled recombinant B subunit of DT to the cell
surface receptor of Vero cells [95]. We called
this method Vero-cell based toxin-binding
inhibition test (Vero-ToBI). Proposed in vitro
method for quantitative evaluation of protec-
tive antibodies in sera is significantly rapid
than existing tests and not require native DT. 

Most important practical issues with all
cell-culture tests are the relatively high comp -
lexity and time-consuming of the procedure,
skilled staff and special laboratory equipment
requirements. Therefore, a number of diag-
nostic laboratories may prefer to use more
simplified format of diagnostic kits like sero-
logical assays. 

Serological tests. For diagnostic and mo -
nitoring purposes, serological test can offer
significant advantages in terms of cost, speed,
ease of use and adaptability to automation.
There are a number of serological methods for
the estimation of antitoxin level available, like
the passive hemagglutination assay [96] and
the latex agglutination test [97], toxoid or
toxin based ELISA, the double-antigen ELISA
[98] and the double-antigen dissociation-
enhanced lanthanide fluorescence immunoas-
say [99], as well as the toxin binding inhibition
assay [100] and multiplex assay [101] etc. 

Currently, passive hemagglutination reac-
tion (PHA) with red blood cells is still the most
frequently used method in many laboratories
for the detection of anti-toxin antibodies. The
PHA test use coated with diphtheria toxoid
sheep red blood cells for agglutination by diph-
theria antitoxin [96, 102, 103]. Overall it is
relatively simple and inexpensive method, but
there is poor correlation of PHA with contem-
porary toxin neutralization tests, which con-
sidered as standard reference methods. In
addition, PHA test tends to underestimate low
concentrations of antitoxin [104], lacks sensi-
tivity and obviously needs improvement or
replacement [81, 105]. Therefore, new assays
for the detection of diphtheria antitoxin levels
in the population extremely desirable.

An enzyme-linked immunosorbent assay
can make the good alternative to PHA for the
detection of anti-toxin antibodies. The indi-
rect ELISA which is the simplest variant of
this assay involves the estimation of antitoxin
bounded to diphtheria toxin (or toxoid)
adsorbed on ELISA plates [106]. The almost
exact correlations between both the Toxoid-
ELISA and the Toxin–ELISA were indicated
[81]. Indirect ELISA tests in addition have the
ability to measure class-specific antibodies
such as IgG, IgM or IgA. 

Results of the ELISA have high reliability
and reproducibility. When the antibody titer
is >0.1 IU/mL results of ELISA have good cor-
relation with results of the neutralization
tests in guinea-pigs [107] or in tissue cul-
ture[108], however there is poorer correlation
with results of the neutralization test when
the antibody titer is lower 0.1 IU/mL. 

Fig. 3. The Vero-cell based toxin-binding inhibi-
tion test. This method is based on the ability of

anti-toxin antibodies to block the binding of fluo-
rescently-labeled recombinant B subunit of DT to

the cell surface receptor. This process could be
measured by flow-cytometry
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Better correlation can be achieved with
modified ELISA tests [98, 100, 107] like the
toxin binding inhibition test (ToBI-test) and
the double-antigen ELISA, however potential
drawback of these tests is inability to measure
class-specific antibodies. 

In the double antigen format of serologic
tests one arm of the antibody binds to antigen
immobilized on the plate and the other arm
binds to labeled antigen providing enzymatic
(DAE — double-antigen ELISA) [98] or fluo-
rescent signal (DELFIA — dissociation-
enhanced lanthanide fluorescence immunoas-
say) [99]. These assays showed a good
correlation with established toxin neutraliza-
tion assays. In addition, the double antigen
system is indifferent for origin of serum per-
mitting the use of calibration standard serum
of animal origin to measure antitoxin levels in
humans in international units (IU/ml). The
detection limit for DELFIA format with Eu3+-
labeled toxoids corresponded to 0.0003 IU/ml.
This fast with a high capacity assays can be
alternative to above mentioned methods in
serological surveillance studies [99].

High sensitivity and specificity together
with the highest correlation with the reference
test has ToBI–ELISA. The toxin binding inhi-
bition test (ToBI-test) based on inhibition of
the binding of toxin to an antitoxin-coated
immunoassay ELISA plate by free antitoxic
antibodies[100]. Consequently, the ToBI-test
resembles classical sandwich-ELISA combined
with competition assay. Antitoxin titers as
low as 0.002 IU/ml were detectable by the
ToBI-test, it is far below the level considered
to be protective for human [100]. The ToBI-
test shows good correlation (r = 0.91–0.93)
with the in vitro neutralization test on Vero
cells [100]. From samples with a titer below
0.1 IU/ ml, as estimated by the reference test,
96% were correctly identified by the
ToBI–ELISA [81]. Antibody affinity thought
to be a key factor to influence the resulting
relative antibody titer in ToBI-test [109].

Apparently, determination of antibody
titer against the whole toxin molecule cannot
provide information about the precise con-
tents of protective antibodies. Protective
properties are inherent mainly to the antibod-
ies against B-subunit of the toxin, because
only these antibodies can inhibit the toxin
binding to the receptor. Antitoxic antibodies
to A-subunit of DT often predominate over
antibodies to B-subunit in children with diph-
theria (as opposed to carriers and vaccinated
children) (Fig. 4) [110]. Therefore, recombi-
nant A- and B-subunits of DT [111] was pro-

posed to use in ELISA and flow chromatogra-
phy test-systems for diphtheria diagnosis and
for monitoring of vaccine efficiency. Dif fe ren -
tial assessment of antibodies to distinct DT
fragments with recombinant analogues of A
and B subunits can be used for a rough evalua-
tion of protective anti-diphtheria antibodies.
In addition, the information regarding level of
antibodies to A-fragment of DT provides indi-
rect information about the contact of the per-
son with DT during naturally occurred immu-
nization process.

Recombinant soluble form of DT receptor
sHB-EGF was proposed to use instead capture
antibodies in sandwich ELISA for functionally
active DT detection. Affinity constant for
interaction of recombinant sHB-EGF with DT
was similar to the affinity of natural sHB-EGF
with DT. The developed sandwich ELISA
allowed detection DT with sensitivity up to
1.9 ng/ml [112]. Another test-system for the
detection of protective antibodies against DT
was based on the competitive ligand-receptor
enzyme immunoassay. Recombinant DT recep-
tor sHB-EGF as the bottom layer (bait) and the
enzyme-labeled toxin B-subunit as the second
layer (prey) allowed identifying anti-toxin
antibodies with protective properties (able to
prevent the toxin-receptor interaction)
(Fig. 5).

Developed methods for evaluation of pro-
tective anti-diphtheria immunity can be applied
in clinics for monitoring the effectiveness of
vaccination within the healthy population, as
well as in search for new means of anti-diph-
theria immunotherapy and immunoprophy-
laxis. (Fig. 6)

Fig. 4. The specificity of serum antibodies to sepa-
rated subunits of diphtheria toxin.

1 — patients with diphtheria; 
2 — carriers of toxigenic strains of C. diphtheriae;
3 — carriers of non-toxigenic strains of C. diph-

theriae; 
4 — healthy volunters immunized with DTP-vaccine 

1          2           3         4

%
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Immunity to diphtheria

Diphtheria toxin produced by C. diphtheri-
ae during the disease or the carrier state has
ability to induce production of naturally
acquired antibodies against the toxin (anti -
toxin). Artificial immunity to diphtheria can
be stimulated with diphtheria toxoid immu-
nization. Antitoxin can pass through the pla-
centa providing passive immunity to the
infant during the first months of life. Patients
can acquire passive immunity to diphtheria by
injection of equine antitoxin in course of the
disease therapy. 

As supposed, the primary role in the pro-
tection against diphtheria belongs to the anti-
bodies of IgG class, but protection potential of
IgA and IgM antibodies is remains underesti-
mated. As mentioned earlier, antibodies to B-
fragment of DT are more protective than anti-
bodies to A-fragment. 

Recovery from diphtheria is also associat-
ed with activity of phagocytes at site of infec-

tion. However, there is little known about cell-
mediated immune responses to toxin or toxoid
and other antigenic substances of C. diphthe riae.

Passive immunity to diphtheria. Passive
immunity to diphtheria can occur naturally
when maternal antibodies are transferred to
the fetus through the placenta. Thus, most
infants have protective antitoxin level
acquired passively from their mothers [113].
However, the half-life of passively acquired
antitoxin by newborns is about 30 days [114],
thus level of these antibodies significantly
decreases between 6 and 12 months. Mothers
and their infants have highest diphtheria anti-
toxin titers (above 0.1 IU/ml) in areas with
normal circulation of toxigenic C. diphtheriae
in population [115]. 

High titers of maternal antibodies can
interfere with serologic response of infants to
diphtheria vaccination. The modifying effect
of passively-acquired maternal antibodies in
young infants is strongest under the age of
4 weeks [116]. High titers of passively trans-
ferred antibodies may temporarily interfere
with active immunization of infants
[117, 118]. Maternal transferredantibodies
may suppress responses to the first or second
vaccination [119]. Thus in the countries where
circulation of toxigenic C. diphtheriae is com-
mon the early immunization of infant is not so
effective due to the presence of high level of
maternal antitoxin. At the other hand, early
immunization of these infants can deplete
their passive immunity due to the absorbance
of maternal antibodies by injected toxoid.

Equine diphtheria antitoxin and other
antidotes. Passive immunity to diphtheria can
be also induced artificially, when high levels
of horse antibodies (DAT — diphtheria anti-
toxin) specific for toxin are transferred to
non-immune individuals in order to prevent or
cure disease [120]. DAT neutralizes circula -
ting toxin and can prevent progression of the
disease. However, DAT could not directly kill
live microorganism colonizing mucous epithe-
lia. Therefore, additional treatment with
antibiotics required. 

This antitoxin was first used in 1890s for
prevention of the disease [121–123]; however,
modern application of DAT involves only the
diphtheria treatment, but not its prophylaxis
[124]. Patients with diphtheria suspected have
to be given antitoxin and antibiotics in ade-
quate dosage and placed into isolation. The
treatment with DAT has serious drawbacks
resulted in serum sickness, an immune comp -
lex disease, thus a better treatment for diph-
theria patients remains desirable [125]. 

Fig. 5. The competitive ligand-receptor enzyme
immunoassay for the detection of protective anti-
bodies against DT. Application of recombinant DT
receptor (HB-EGF) as the bottom layer (bait) and
the enzyme-labeled toxin B-subunit as the second
layer (prey) allows to identify anti-toxin antibod-
ies with protective properties able to prevent the

toxin-receptor interaction

Fig. 6. Kit for the detection of protective 
antibodies against DT based on the competitive

ligand-receptor enzyme immunoassay
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Ways to reduce immunogenicity and
allergenicity of therapeutic equine antibod-
ies are to decrease their molecular mass, to
modify their Fc fragment and/or to human-
ize them. Therefore, monoclonal human
antibodies, humanized rabbit or mouse anti-
bodies, recombinant single chain fragment
variable (scFv) antibodies with molecular
mass of 25–35 kDa and camel nanobodies
with molecular mass of 15 kDa are now con-
sidered as perspective toxin-neutralizing
agents [126].

Antibody gene cloning coupled with phage
display technique seems to be a relatively
fresh solution for the issue of developing bet-
ter therapeutic means. Generated antitoxic
murine and human scFv antibodies have high
affinity constants to B-subunit of DT (up to
109 M–1) and could neutralize toxin binding to
its receptor [127, 128]. Therefore, recombi-
nant scFv antibodies against DT can be uti-
lized for developing new therapeutic reagents. 

Another concept of diphtheria treatment is
based on preventing diphtheria toxin binding
to its cellular receptor pro-HB-EGF by the so -
luble form of HB-EGF. In order to minimize its
side effects sHB-EGF lacking grows-factor
activity proposed [129]. 

Natural acquired active immunity to
diphtheria occurs when a person is exposed to
a live pathogen, and develops a primary
immune response, which leads to immunologi-
cal memory. When toxigenic C. diphtheriae
commonly circulated in population natural
immunity to diphtheria can be acquired with
unapparent infection. Subsequently immunity
rise rapidly in early childhood reflecting
increasing exposure to diphtheria microorgan-
isms. In the pre-vaccination era diphtheria
was primarily an infection of children. At
some developing countries at the age of 10–15
years almost all individuals had natural
acquired immunity to diphtheria [130–132].
This pattern was observed in Europe and the
United States in pre-vaccination era [133,
134] and in develo ping countries until nowa-
days. 

Residual coetaneous diphtheria is consi -
dered as an ongoing source of natural immuni-
ty, but insufficient data are available regar -
ding the current prevalence of skin infections
[135, 136]. Furthermore, exposure to live
C. diphtheriae can determine natural boosting
of diphtheria immunity after vaccination. The
low level of antitoxin among adults in devel-
oped countries may result from reduced expo-
sure to live toxigenic microorganisms and
thus reduced opportunity to acquire naturally

immunity [15] (Schou et al., 1987; Simonsen
et al., 1987; Simonsen, 1989). That is why the
schoolchildren in developed countries some-
time have low titers of antitoxin.. Thus, many
authors emphasize the urgency of general
revaccination against diphtheria of school-
children and adults [137–142]. 

Vaccines. Invention of toxoid in 1923 by
Gaston Ramon provided safe and effective
means for vaccination [143]. Formaldehyde
treatment of DT eliminates its enzymatic
activity and ability to bind to cell receptor, but
retains its antigenic properties. In addition,
formaldehyde treatment enhances immuno-
genicity of toxoid while preserving its struc-
tural integrity and ability to induce highly
active toxin-neutralizing antibodies [144,
145]. Such treatment converts toxic DT to
harmless toxoid, which is widely used for
immunization against diphtheria. Diphtheria
toxoid is still the basis of current anti-diph-
theria vaccines. Diphtheria toxoid in vaccines
presented most commonly alone or in combina-
tion with tetanus toxoid (TD or Td) and whole
cell pertussis (DTwP) or acellular pertussis
(DTaP) formulations. Addition of aluminum
salts as adjuvant increases immunogenicity of
this vaccine preparations. DTwP was licensed
in 1949 and DTaP — in 1981. Other combined
vaccine with diphtheria toxoid may include
combination of DTP with poliomyelitis virus
vaccine (tetra-component formulation) or with
vaccines against Haemophilus influenzae type B
and hepatitis B (penta-component formulation).

The dosage diphtheria toxoid is measured in
flocculation (Lf) units. The Lf unit is used to
control quality of produced diphtheria toxoid
and to confirm antigenic purity and content of
toxoid prior to use in vaccine formulations
[146]. It can also be used for determination
antigen content in the final products. The 1st
International Reference Reagent (IRR) of
Diphtheria Toxoid for Flocculation Test (DIFT)
was established by the WHO in 1988. This
reagent is essential for the standardization of
assays used to calculate Lf units of toxoids.

Vaccines for children under 7 years of age
usually contain 7.5–25 Lf of toxoid per dose
while vaccines for schoolchildren and adults
contain 2–3 Lf per dose [44]. Diphtheria vac-
cine for adults is typically prepared without
pertussis component (Td). 

Non-toxic mutants of diphtheria toxin are
considered as possible alternatives to the
formaldehyde treated toxoid. These mutants
called CRMs (cross-reactive materials) are nat-
urally nontoxic and do not require chemical
inactivation. Most promising antigen among
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them is CRM197, which is an enzymatically inac-
tive and nontoxic form of diphtheria toxin that
contains a single amino acid substitution (G52E)
in the enzymatic A subunit [147]. Currently
CRM197 is used as the carrier protein in several
licensed polysaccharide-protein conjugate vac-
cines, for example pneumococcal conjugate vac-
cine (Prevnar, Synflorix etc.). However, it is
considered as antigen for immunization against
diphtheria [148]. In addition, new vaccines based
on CRM197 and directed against diphtheria are
also being developed [149, 150].

Instead of diphtheria toxoid and CRM197
for immunization against diphtheria non-toxic
recombinant subunits of diphtheria toxin can be
considered as potential antigens to elicit
immune response to distinct parts of DT mole-
cule. Preliminary immunization with DT B-sub-
unit was able to protect sensitive to DT animals
from toxin action [95]. Recom bi nant B subunit
had great potential to elicit protective immune
response in immunized organisms, which allow
considering this antigen as prospective compo-
nent for future vaccine development.

The current diphtheria vaccines are deli -
vered by parenteral route. They can induce
high level of antitoxin, mainly IgG, which pre-
vent systemic spread of the toxin. IgG anti-
bodies also may exert a local protective effect,
probably through transudation at the mucosal
surfaces at site of bacterial colonization.
However, IgA antibodies play more important
role in the protection of mucosal surfaces of
the body from mucosal-associated pathogens
like C. diphtheriae. Mucosal vaccines can
induce an immune response that more closely
resembles natural immunity. In animal models
of immunization, the nasal route of toxoid or
CRM197 administration appears to have the
advantage of inducing IgA mucosal response,
making it highly attractive for the delivery of
vaccines [151, 152]. However, the immunity to
diphtheria in human subjects usually estimated
in IU by the formation of protective serum IgG
or IgM levels of immunoglobulin, but there are
no accepted criteria for evaluation of toxin-
neutralizing activity of secretory IgA response.
This circumstance significantly slows down the
progress in intranasal vaccine approval. 

Vaccination schedules. The World Health
Organization introduced Expanded Program -
me on Immunization (EPI) with the aim to
make vaccination available to all child ren
throughout the World [153, 154]. The WHO
recommendation for primary immunization of
infants includes administration of three doses
of DTP vaccine at the age of 6, 10 and 14 weeks
(WHO, 2006) [44]. Generally accepted, that

after three DTP vaccinations almost all chil-
dren can achieve antibody levels higher than
0.01 IU/mL [44, 155]. 

However, there is no universal schedule
for immunization against diphtheria appro-
priate for each country. The choice of a right
schedule depends on the epidemiological pat-
tern of diphtheria in defined territory. In
developing countries where the reservoir of
C. diphtheriae remains large and natural
immunity plays significant role in protection
against the disease, the first priority of WHO
is to ensure 90% coverage of infants with the
primary series of three doses of DPT vaccine.
In developed countries, primary immuniza-
tion usually consists of 3 doses of DPT vaccine
given at intervals of one month from 2nd or
3rd months of age, and boosted by a fourth
dose given in the second year of life or later
[44]. According to the Ukrainian schedule of
immunization primary series of DPT vaccine
was given at 3rd, 4th, and 5th months of age,
and a booster dose was administered at
18 months of age [Order of the Ministry of
Health of Ukraine № 595 from 16.09.2011
«On the procedure of vaccination in Ukraine
and quality control and circulation of medical
immunobiological preparations»].

Unfortunately, in developed countries anti-
toxin serum concentration in infants shows a
dramatic decline after the primary series of vac-
cinations. For example, infants vaccinated
against diphtheria at the ages of 3, 5 and 12
months according the Swedish vaccination
schedule results incessary for long-term protec-
tion (titers 0.1 IU/ml) [156]. The decline of the
antibody titers indicates a necessity of further
studies to establish the duration of protection.

In countries with high rates of infant vac-
cination, the cases of diphtheria during child-
hood significantly declined. On the other
hand, this leads to disappearing of toxigenic
strains of C. diphtheriae circulating in popula-
tion, which results in declining of antibody lev-
els with age. Populations with high rates of
infant vaccination can acquire susceptibility to
outbreaks of diphtheria among adults, because
their post-vaccination immunity decreased
without permanent contact with toxigenic
strains. Therefore, WHO recommend for
industrialized countries to include additional
boosters of DTP vaccine to the primary series
of infancy immunization in order to compen-
sate the loss of naturally acquired boosting.
Various national immunization schedules pro-
pose two booster doses: one during the second
year of life and a second before school entry. In
addition, people living in non-endemic areas
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may require additional boosters every 10 years
period to retain all-time protection. Typically,
a booster dose administered any time stimu-
lates strong antitoxin production with mean
levels above 1.0 IU/mL [44, 142, 157].

The Ukrainian schedule of immunization
offers quite a lot of booster doses: one at
18 months of age and a second at six years of
age, then at 14, 18, 23, 28 years of age and
additional boosters at about 10-year intervals
to maintain life-long protection [Order of the
Ministry of Health of Ukraine № 595 from
16.09.2011]. Serological monitoring of anti-
toxin titers in population can be helpful tool
for improving current immunization schedule. 

Epidemiology. Economic and cultural
changes including improved sanitation and
hygiene may change the epidemiologic patterns
of diphtheria [158]. Today diphtheria evolves
from children’s disease into disease affecting
predominantly adults, with severe respiratory
forms of infection. Outbreaks of diphtheria can
reemerge until population-wide immunity will
be restored by naturally acquired immunization
or by broad vaccination of adults [15]. 

Current vaccines are very effective in pre-
venting from severe forms of infection and
infection-caused death, but they are not so
effective against mild diseases or asymptomatic
carrier states. Their effectiveness in protection
from infection is estimated only at 70–90%.
Diphtheria outbreaks still can occur among
highly vaccinated populations [159, 160].

It is assumed that there is no exactly defined
level of antitoxin that gives complete protection
from infection, and same antitoxin titers may
give diverse protection in different subjects.
Thus, an antibody concentration from 0.01 to
0.1 IU/ml may be considered as basic protection,
whereas a higher titer of antitoxin may be need-
ed for complete protection. Asymptomatic diph-
theria carriers show high antitoxin titers [161].

Human cases or carriers are the reservoir
for this infection. In general, total immuniza-
tion resulted in considerable reduction of
diphtheria incidences. It also results in some
changes in the immune profile of various age
groups following reduction of circulation of
toxigenic strains. It is believed, that circulat-
ing toxigenic strains can provide opportuni-
ties for natural boosting and maintenance of
immunity to infection. Adults become more
susceptible to diphtheria due to reduced
opportunities to keep high immunity through
subclinical infections. Protective antibody
levels decreases with age, thus in some devel-
oped countries, less than 50% of adults could
be immune to diphtheria. The age groups with

the lowest level of diphtheria antibodies are
20–40 year old or older [15, 44]. A large pool
of susceptible persons creates an epidemic
potential. In some countries, old persons are
still immune to diphtheria, and this is proba-
bly due to natural immunity.

Numerous studies have indicated that
immunization against diphtheria toxin does
not protect from the challenge of non-toxigenic
C. diphtheriae strains. In highly immunized
populations, toxigenic strains virtually disap-
pear, although non-toxigenic strains may con-
tinue to circulate [42]. Among them the emer-
gence of invasive non-toxigenic clones of
C. diphtheriae [41, 162] has been described, but
role of this infection as a potential source for
respiratory diphtheria remains unclear.

Lessons from the diphtheria epidemic in
the Former Soviet Union. Diphtheria was well
controlled in the Soviet Union due to well-
established childhood vaccination program
initiated in the late 1950s. The huge recur-
rence of diphtheria at the former Soviet Union
Countries was the first large-scale diphtheria
epidemic in developed countries in vaccination
era. Diphtheria incidence started to increase
in those countries in the early 1980s, reached
its first peak in 1983 to 1985 and its second
peak in 1994 to 1995. Epidemic factors were a
large population of susceptible adults and child -
ren due to decreased immunization coverage,
terrible socioeconomic conditions and return-
ing of the military forces from Afghanistan
where diphtheria was endemic[163–165]. 

Due to the reappearance of the epidemic
diphtheria in the Newly Independent States in
1990, the European Laboratory Working
Group on Diphtheria was established in 1993
[166]. In 2006, diphtheria surveillance net-
work has been expanded and become officially
recognized by the European Commission as a
dedicated surveillance network, called DIP-
NET, covering 25 European countries as mem-
bers. One of the main goals of this network is
the evaluation and standardization of labora-
tory methods for diagnosis of diphtheria,
especially due to the fact that diphtheria has
become a rare disease in the majority of the
participating countries [167].

Conclusions and Future Directions

Diphtheria was a major cause of childhood
mortality in the pre-vaccination era. Routine
childhood vaccination virtually eliminated
diphtheria in most of industrialized countries.
But outbreaks of diphtheria still occur in non-
immunized and immunocompromised groups
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even in developed countries. Today it is clear
that high immunization coverage, prompt
diagnostics and rapid identification of close
contacts are principal things in controll of diph-
theria outbreaks. Nevertheless, deeper under-
standing of the molecular mechanisms of bacte-
rial pathogenesis is still required for efficient
struggle nith the complete combating disease.

Diphtheria represents a unique model for
the study of the host-microbe interaction due to
phage-encoding mechanism of DT production.
Most symptoms of diphtheria are resulted from
the diphtheria toxin, which is a product of
phage genome. Therefore, immunity against
disease is antitoxin-mediated. It is believed that
potent humoral immune response to DT can
provide the full protection of the body against
disease. Peculiarities of humoral immune
response also determine current form of diph-
theria infection and carrier state.  However it is
still unclear how the antibodies to extracellular
secreted protein can help to eliminate bacterial
cells. At the other hand it is apparent that anti-
toxic immunity could not provide protection
against nontoxigenic strains, which could rep-
resent the dormant source of pathogen for the
possible outbreaks of the disease. 

The major characterized virulence factor
of C. diphtheriae diphtheria toxin helps bacte-
ria to invade the host, cause disease and evade
host defense mechanisms. Years of study of
the structure and function of DT have made its
one of the best characterized bacterial protein
toxins. But the identification of other viru-
lence factors are still needed for complete
understanding of the full picture of bacterial
pathogenesis, including bacterial adhesion to
the cells and spreading through the body by

invasive process, biofilm formation and fibrin
polymerization, intracellular viability and deal
host defense mechanisms.  Several experimen-
tal systems are available to clarify the mecha-
nisms underlying C. diphtheriae infections: in
vivo tests on rabbits and guinea pigs and in vitro
tests on sensitive cell lines. Other opportunities
can provide genomic information and post-
genomic comparative analysis of different iso-
lates with different pathogenic potential.

There are many important questions have
been raised by recent epidemic of diphtheria in
the Newly Independent States of the former
Soviet Union and current outbreaks of the disea -
se. First, this epidemic emphasized the necessi-
ties for new rapid diagnostic kits and new vacci-
nation surveillance system for prevention of the
disease and reducing the risk of the disease
among children and adults in future.

Determination of anti-toxin antibodies
during vaccination is essential step for the
characterization of the immune status of popu-
lation and monitoring long-term immunity.
Such information could provide advanced rec-
ommendations for vaccination policy and can
predict the spread of future diphtheria epi-
demics. Accurate determination of anti-diph-
theria toxin antibodies is essential to establish
susceptible cohorts and to obtain reliable infor-
mation on the immune status of a given person
in population. Therefore, it is of critical impor-
tance to develop new serological methods for
this purpose that will be fast and specific.

The further understanding of the host
immune response to C. diphtheriae will sug-
gest novel strategies for treatment and pre-
vention of diphtheria, along with infections
caused by nontoxigenic C. diphtheriae strains.

REFERENCES
1. Murphy J. R. Corynebacterium Diphtheriae. —

1996.
2. Hadfield T. L. et al. The pathology of diphthe-

ria // J. Infect. Dis. — 2000. — V. 181,
Suppl 1. — P. S116–120. 

3. Mofredj A. et al. Cutaneous diphtheria // Rev. Med.
Interne. — 1994. — V. 15, N 8. — P. 515–520.

4. Vitek C. R. Diphtheria // Curr. Top. Microbiol.
Immunol. — 2006. — V. 304. — P. 71–94. 

5. Von Graevenitz A. The changing epidemiology
of diphtheria in the past two centuries // Ann.
Ig. — 2002. — V. 14, Suppl 1. — P. 1–5.

6. Kleinman L. C. To end an epidemic. Lessons
from the history of diphtheria // New Engl. J.
Med. — 1992. — V. 326, N 11. — P. 773–777.

7. Nekrassova L. S. et al. Epidemic diphtheria in
Ukraine, 1991–1997 // J. Infect. Dis. —
2000. — V. 181, Suppl 1. — P. S35–40.

8. Niyazmatov B. I. et al. Diphtheria epidemic in
the Republic of Uzbekistan, 1993–1996 //
Ibid. — 2000. — V. 181, Suppl 1.—P. S104–109.

9. Nakao H. Molecular epidemiology of diph-
theria re-emerged in Russia // Nippon
Saikingaku Zasshi. — 2000. — V. 55, N 1. —
P. 55–67.

10. Titov L. et al. Genotypic and phenotypic char-
acteristics of Corynebacterium diphtheriae
strains isolated from patients in belarus during
an epidemic period // J. Clin. Microbiol. —
2003. — V. 41, N 3. — P. 1285–1288.

11. Onishchenko G. G. The epidemic situation in
the Russian Federation and measures for its
stabilization // Probl. Tuberk. Bolezn Legk. —
2003. –V. 11. — P. 4–9.

12. Loboda T. V. Diphtheria among adults in Uk -
rai ne // Lik. Sprava. — 1995. — V. 9–12. —
P. 150–153.



BIOTECHNOLOGIA ACTA, V. 6, No 4, 2013

56

13. Rey M., Patey O., Vincent-Ballereau F.
Diphtheria s European come back // Euro
Surveill. — 1996. — V. 1, N 2. — P. 14–16.

14. Zakikhany K., Efstratiou A. Diphtheria in
Europe: current problems and new challenges //
Future Microbiol. — V. 7, N 5. — P. 595–607.

15. Wagner K. S. et al. Diphtheria in the postepi-
demic period, Europe, 2000–2009 // Emerg
Infect Dis. — V. 18, N 2. — P. 217–225.

16. Markina S. S., Maksimova N. M., Lazikova G. F.
Diphtheria morbidity in Russia today // Zh.
Mikrobiol. Epidemiol. Immunobiol. —
2005. — V. 1. — P. 31–7.

17. Adler N. R., Mahony A., Friedman N. D.
Diphtheria: forgotten, but not gone //
Intern. Med. J. — V. 43, N 2. — P. 206–210.

18. McLeod J. W. The types mitis, intermedius
and gravis of corynebacterium diphtheriae:
A Review of Observations during the Past
Ten Years // Bacteriol. Rev. — 1943. — V. 7,
N 1. — P. 1–41.

19. Cerdeno-Tarraga A. M. et al. The complete
genome sequence and analysis of Coryne bac -
terium diphtheriae NCTC13129 // Nucleic
Acids Res. — 2003. — V. 31, N 22. —
P. 6516–6523.

20. Sangal V. et al. Draft genome sequence of
Corynebacterium diphtheriae biovar inter-
medius NCTC 5011 // J. Bacteriol. — V. 194,
N 17. — P. 4738.

21. Trost E. et al. Pangenomic study of Coryne -
bacterium diphtheriae that provides insights
into the genomic diversity of pathogenic iso-
lates from cases of classical diphtheria, endo-
carditis, and pneumonia // J. Bacteriol. —
V. 194, N 12. — P. 3199–3215.

22. Bonnet J. M., Begg N. T. Control of diphthe-
ria: guidance for consultants in communica-
ble disease control. World Health Organi -
zation // Com. Dis. Publ. Health. — 1999. —
V. 2, N 4. — P. 242–249.

23. Wagner K. S. et al. Diphtheria in the United
Kingdom, 1986-2008: the increasing role of
Corynebacterium ulcerans // Epidemiol
Infect. — 2010. — V. 138, N 11. — P. 1519–1530.

24. Wagner K. S. et al. Screening for Coryne -
bacterium diphtheriae and Corynebacterium
ulcerans in patients with upper respiratory
tract infections 2007-2008: a multicentre
European study // Clin. Microbiol. Infect. —
V. 17, N 4. — P. 519–525.

25. Kraeva L. A. et al. Etiologic role of Coryne -
bacterium non diphtheriae in patients with
different pathology // Zh. Mikrobiol. Epide -
miol. Immunobiol. 2007. — V. 5. — P. 3–7.

26. Elden S. et al. Laboratory-confirmed case of toxi-
genic Corynebacterium ulcerans // Euro
Surveill. — 2007. — V. 12, N 3. — P. E070329 3.

27. Bonmarin I. et al. Diphtheria: a zoonotic dis-
ease in France? // Vaccine. — 2009. — V. 27,
N 31. — P. 4196–4200.

28. Diez-Aguilar M. et al. Non-diphtheriae
Corynebacterium species: an emerging respi-
ratory pathogen // Eur. J. Clin. Microbiol.
Infect. Dis. — V. 32, N 6. — P. 769–772.

29. Bezirtzoglou E., Stavropoulou E. Immunolo -
gy and probiotic impact of the newborn and
young children intestinal microflora //
Anaerobe. — V. 17, N 6. — P. 369–374.

30. Freeman V. J. Studies on the virulence of bac-
teriophage-infected strains of Coryne bacte -
rium diphtheriae // J. Bacteriol. — 1951. —
V. 61, N 6. — P. 675–688.

31. Freeman V. J., Morse I. U. Further observa-
tions on the change to virulence of bacterio-
phage-infected a virulent strains of Coryne -
bacterium diphtheria // Ibid. — 1952. —
V. 63, N 3. — P. 407–414.

32. Bardsdale W. L., Pappenheimer A. M., Jr.
Phage-host relationships in nontoxigenic
and toxigenic diphtheria bacilli // Ibid. —
1954. — V. 67, N 2. — P. 220–232.

33. Braun V., Killmann H. Bacterial solutions to
the iron-supply problem // Trends Biochem
Sci. — 1999. — V. 24, N 3. — P. 104–109.

34. Boyd J., Oza M. N., Murphy J. R. Molecular
cloning and DNA sequence analysis of a diph-
theria tox iron-dependent regulatory ele-
ment (dtxR) from Corynebacterium diphtheri-
ae // Proc. Natl. Acad. Sci. USA. — 1990. —
V. 87, N 15. — P. 5968–5972.

35. White A. et al. Structure of the metal-ion-
activated diphtheria toxin repressor/tox
operator complex // Nature. — 1998. —
V. 394, N 6692. — P. 502–506.

36. Kunkle C. A., Schmitt M. P. Analysis of a
DtxR-regulated iron transport and sidero -
phore biosynthesis gene cluster in Coryne -
bacterium diphtheriae // J. Bacteriol. —
2005. — V. N 2. — P. 422–433.

37. Allen C. E., Schmitt M. P. HtaA is an iron-
regulated hemin binding protein involved in
the utilization of heme iron in Coryne -
bacterium diphtheriae // Ibid. — 2009. —
V. 191, N 8. — P. 2638–2648.

38. Zherebko N. N., Kopanitsa L. V., Roma -
nyuk S. I. et al. Sequences of tox-gene and
regulatory dtxr-gene in the non-toxigenic and
toxigenic strains of C. diphtheriae // Zh. AMS
Ukraine. — 2005. — V. 11, N 3. — P. 592–600.

39. De Zoysa A., Efstratiou A., Hawkey P. M.
Molecular characterization of diphtheria
toxin repressor (dtxR) genes present in non-
toxigenic Corynebacterium diphtheriae
strains isolated in the United Kingdom // J.
Clin. Microbiol. — 2005. — V. 43, N 1. —
P. 223–228.

40. Mel’nikov V. G. et al. Corynebacterium dipht-
heriae nontoxigenic strain carrying the gene
of diphtheria toxin // Zh. Mikrobiol.
Epidemiol. Immunobiol. — 2004. — V. 1. —
P. 3–7.



Наукові статті

57

41. Reacher M. et al. Nontoxigenic corynebacte-
rium diphtheriae: an emerging pathogen in
England and Wales? // Emerg. Infect. Dis. —
2000. — V. 6, N 6. — P. 640–645.

42. Wilson A. P. The return of Corynebacterium dipht-
heriae: the rise of non-toxigenic strains // J. Hosp.
Infect. — 1995. — V. 30 Suppl. — P. 306–312.

43. Sabbadini P. S. et al. Fibrinogen binds to non-
toxigenic and toxigenic Corynebacterium
diphtheriae strains // Mem. Inst. Oswaldo
Cruz. — V. 105, N 5. — P. 706–711.

44. J. J S. D. a. O. The immunological basis for
immunization series: module 2: diphtheria —
Update 2009. — 2009. — P. 28.

45. Demikhovskaia E. V. Diphtheroids and non-
toxigenic Corynebacterium diphtheriae in
the etiology of diphtheria // Mikrobiol. Z. —
1999. — V. 61, N 4. — P. 81–89.

46. Kanungo R. et al. Diphtheria due to non-toxi -
genic Corynebacterium diphtheriae: a report
of two cases // Indian J. Med. Microbiol. —
2002. — V. 20, N 1. — P. 50–52.

47. Gubler J. et al. An outbreak of nontoxigenic
Corynebacterium diphtheriae infection: single
bacterial clone causing invasive infection
among Swiss drug users // Clin. Infect. Dis. —
1998. — V. 27, N 5. — P. 1295–1258.

48. Hirata Jr. R. et al. Potential pathogenic role
of aggregative-adhering Corynebacterium
diphtheriae of different clonal groups in
endocarditis // Braz. J. Med. Biol. Res. —
2008. — V. 41, N 11. — P. 986–991.

49. Puliti M. et al. Experimental model of infec-
tion with non-toxigenic strains of Coryne -
bacterium diphtheriae and development of
septic arthritis // J. Med. Microbiol. —
2006. — V. 55, Pt 2. — P. 229–235.

50. Gomes D. L. et al. Corynebacterium diphtheri-
ae as an emerging pathogen in nephrostomy
catheter-related infection: evaluation of
traits associated with bacterial virulence //
Ibid. — 2009. — V. 58, Pt 11. — P. 1419–1427.

51. Hirata R. et al. Intracellular viability of toxi -
genic Corynebacterium diphtheriae strains in
HEp-2 cells // FEMS Microbiol Lett. —
2002. — V. 215, N 1. — P. 115–119.

52. Yersin R. E. Contribution a l’etude de la diph-
therie // Ann. Inst. Pasteur. — 1888. —
V. 2 — P. 629–661.

53. Pappenheimer A. M., Jr. et al. Diphtheria
toxin and related proteins: effect of route of
injection on toxicity and the determination
of cytotoxicity for various cultured cells // J.
Infect. Dis. — 1982. — V. 145, N 1. — P. 94–102.

54. Yamaizumi M. et al. One molecule of diph-
theria toxin fragment A introduced into a
cell can kill the cell // Cell. — 1978. — V. 15,
N 1. — P. 245–250.

55. Choe S. et al. The crystal structure of diph-
theria toxin // Nature. — 1992. — V. 357,
N 6375. — P. 216–222.

56. Iwamoto R. et al. Heparin-binding EGF-like
growth factor, which acts as the diphtheria
toxin receptor, forms a complex with mem-
brane protein DRAP27/CD9, which up-regu-
lates functional receptors and diphtheria
toxin sensitivity // EMBO J. — 1994. —
V. 13, N 10. — P. 2322–2330.

57. Naglich J. G. et al. Expression cloning of a
diphtheria toxin receptor: identity with a
heparin-binding EGF-like growth factor pre-
cursor // Cell. — 1992. — V. 69, N 6. —
P. 1051–1061.

58. Brooke J. S., Cha J. H., Eidels L. Diphtheria
toxin:receptor interaction: association, dis-
sociation, and effect of pH // Biochem.
Biophys. Res. Commun. — 1998. — V. 248,
N 2. — P. 297–302.

59. Davis-Fleischer K. M., Besner G. E. Structure
and function of heparin-binding EGF-like
growth factor (HB-EGF) // Front Biosci. —
1998. — V. 3 — P. d288–299.

60. Sandvig K., Olsnes S. Diphtheria toxin-
induced channels in Vero cells selective for
monovalent cations // J. Biol. Chem. —
1988. — V. 263, N 25. — P. 12352–12359.

61. Collier R. J. Understanding the mode of
action of diphtheria toxin: a perspective on
progress during the 20th century // Toxicon. —
2001. — V. 39, N 11. — P. 1793–1803.

62. Pappenheimer A. M., Jr. et al. Occurrence of
diphthamide in archaebacteria // J. Bacte -
riol. — 1983. — V. 153, N 3. — P. 1342–1347.

63. Abdel-Fattah W. et al. Insights into diph-
thamide, key diphtheria toxin effector //
Toxins (Basel). — V. 5, N 5. — P. 958–968.

64. Jorgensen R., Merrill A. R., Andersen G. R.
The life and death of translation elongation
factor 2 // Biochem. Soc. Trans. — 2006. —
V. 34, Pt 1. — P. 1–6.

65. Phan L. D., Perentesis J. P., Bodley J. W.
Saccharomyces cerevisiae elongation factor
2. Mutagenesis of the histidine precursor of
diphthamide yields a functional protein that
is resistant to diphtheria toxin // J. Biol.
Chem. — 1993. — V. 268, N 12. —
P. 8665–8668.

66. Kharseeva G. G., Alutina E. L., Vasil’eva G. I.
Macrophage apoptosis as a mechanism of
pathogenic effect of diphtheria infectious
agent // Zh. Mikrobiol. Epidemiol. Immuno -
biol. — V. 5. — P. 63–66.

67. Saelinger C., Bonventre P. F., Imhoff J.
Interaction of toxin of Corynebacterium
diphtheriae with phagocytes from susceptible
and resistant species // J. Infect. Dis. —
1975. — V. 131, N 4. — P. 431–438.

68. Kolibo D. V. et al. Effect of diphtheria toxin
on the viability of phagocytes and B-lympho-
cytes in animals sensitive and insensitive to
it // Ukr. Biokhim. Zh. — 2002. — V. 74,
N 2. — P. 30–36.



BIOTECHNOLOGIA ACTA, V. 6, No 4, 2013

58

69. Gaspar A. H., Ton-That H. Assembly of dis-
tinct pilus structures on the surface of
Corynebacterium diphtheriae // J. Bacteriol. —
2006. — V. 188, N 4. — P. 1526–1533.

70. Ott L. et al. Strain-specific differences in pili
formation and the interaction of
Corynebacterium diphtheriae with host cells
// BMC Microbiol. — V. 10 — P. 257.

71. Ott L. et al. Corynebacterium diphtheriae
invasion-associated protein (DIP1281) is
involved in cell surface organization, adhe-
sion and internalization in epithelial cells //
Ibid. — V. 10 — P. 2.

72. Kolodkina V., Denisevich T., Titov L.
Identification of Corynebacterium diphtheri-
ae gene involved in adherence to epithelial
cells // Infect. Genet. Evol. — V. 11, N 2. —
P. 518–521.

73. Sabbadini P. S. et al. Corynebacterium diph-
theriae 67-72p hemagglutinin, characterized
as the protein DIP0733, contributes to inva-
sion and induction of apoptosis in HEp-2
cells // Microb. Pathog. — V. 52, N 3. —
P. 165–176.

74. Moreira Lde O. et al. Effects of iron limita-
tion on adherence and cell surface carbohy-
drates of Corynebacterium diphtheriae strains
// Appl. Environ. Microbiol. — 2003. —
V. 69, N 10. — P. 5907–5913.

75. Mattos-Guaraldi A. L., Duarte Formiga L. C.,
Pereira G. A. Cell surface components and
adhesion in Corynebacterium diphtheriae //
Microb. Infect. — 2000. — V. 2, N 12. —
P. 1507–1512.

76. Bertuccini L., Baldassarri L., von Hunolstein C.
Internalization of non-toxigenic Coryne -
bacte rium diphtheriae by cultured human
respiratory epithelial cells // Microb.
Pathog. — 2004. — V. 37, N 3. — P. 111–118.

77. Dos Santos C. S. et al. Non-opsonic phagocy-
tosis of homologous non-toxigenic and toxi-
genic Corynebacterium diphtheriae strains
by human U-937 macrophages // Microbiol.
Immunol. — V. 54, N 1. — P. 1–10.

78. Ott L. et al. Induction of the NFkappa-B sig-
nal transduction pathway in response to
Corynebacterium diphtheriae infection //
Microbiology. — V. 159, Pt. 1. — P. 126–135.

79. Pappenheimer A. M., Jr., Gill D. M.
Diphtheria // Science. — 1973. — V. 182,
N 110. — P. 353–358.

80. Quevillon M., Chagnon A. Microtissue cul-
ture test for the titration of low concentra-
tions of diphtheria antitoxin in minimal
amounts of human sera // Appl. Microbiol. —
1973. — V. 25, N 1. — P. 1–4.

81. Walory J., Grzesiowski P., Hryniewicz W.
Comparison of four serological methods for
the detection of diphtheria anti-toxin anti-
body // J. Immunol. Methods. — 2000. —
V. 245, N 1–2. — P. 55–65.

82. Ward G. The schick reaction: A Clinical Test
for the Determination of Susceptibility to
Diphtheria // Br. Med. J. — 1921. — V. 1,
N 3156. — P. 928–930.

83. Birch C. A. The Schick test. Bela Schick
(1877-1967) // Practitioner.– 1973. —
V. 210, N 260. — P. 843–844.

84. Barile M. F., Kolb R. W., Pittman M. United
States standard diphtheria toxin for the
Schick text and the erythema potency assay
for the Schick text dose // Infect. Immun. —
1971. — V. 4, N 3. — P. 295–306.

85. Van Ramshorst J. D. Titration of diphtheria
and tetanus antitoxins in sera of low titre //
Bull. World. Health Organ. — 1971. —
V. 45, N 2. — P. 213–218.

86. Von Hunolstein C. et al. European sero-epide -
mio logy network: standardisation of the re -
sults of diphtheria antitoxin assays // Vacci -
ne. — 2000. — V. 18, N 28. — P. 3287–3296.

87. Macfarlane D. E., Sommerville R. G. VERO
cells (Cercopithecus aethiops kidney)–
growth characteristics and viral susceptibili-
ty for use in diagnostic virology (Brief
report) // Arch. Gesamte Virusforsch. —
1969. — V. 27, N 2. — P. 379–385.

88. Middlebrook J. L., Dorland R. B., Leppla S. H.
Association of diphtheria toxin with Vero
cells. Demonstration of a receptor // J. Biol.
Chem. — 1978. — V. 253, N 20. —
P. 7325–7330.

89. Miyamura K. et al. Micro cell culture method
for determination of diphtheria toxin and
antitoxin titres using VERO cells. II.
Comparison with the rabbit skin method and
practical application for seroepidemiological
studies // J. Biol. Stand. — 1974. — V. 3. —
P. 203–209.

90. Miyamura K. et al. Micro cell culture method
for determination of diphtheria toxin and
antitoxin titres using VERO cells. I. Studies
on factors affecting the toxin and antitoxin
titration // J. Biol. Stand. — 1974. — V. 2,
N 3. — P. 189–201.

91. Kriz B. et al. Determination of diphtheria
antitoxin in guinea-pig sera by the Jensen
and tissue-culture methods // J. Biol. Stand. —
1974. — V. 2, N 4. — P. 289–295.

92. Di Giovine P. et al. External quality assess-
ment for the determination of diphtheria
antitoxin in human serum // Clin. Vaccine.
Immunol. — V. 17, N 8. — P. 1282–1290.

93. Gupta R. K., Siber G. R. Use of in vitro Vero
cell assay and ELISA in the United States
potency test of vaccines containing adsorbed
diphtheria and tetanus toxoids // Dev. Biol.
Stand. — 1996. — V. 86 — P. 207–215.

94. Kaberniuk A. A. et al. Fluorescent derivatives
of diphtheria toxin subunit B and their inte r -
action with Vero cells // Ukr. Biokhim. Zh. —
2009. — V. 81, N 1. — P. 67–77.



Наукові статті

59

95. Kaberniuk A. A. et al. Toxin-neutralizing
properties of antibodies to diphtheria toxin
recombinant subunits A and B and a new
method of their estimation // Ibid. — 2009. —
V. 81, N 3. — P. 92–101.

96. Backhausz R., Veres G., Veto I. New method
of passive hemagglutination for the deter-
mination of diphtheria antitoxins and ana-
toxins // Arch. Belg. Med. Soc. — 1959. —
V. 17 — P. 447–468.

97. Jouja V. Determination of antibodies to
diphtheria and tetanus toxoid by latex
agglutination technique // Folia Microbiol.
(Praha). — 1965. — V. 10, N 6. — P. 341–345.

98. Kristiansen M., Aggerbeck H., Heron I.
Improved ELISA for determination of anti-
diphtheria and/or anti-tetanus antitoxin
antibodies in sera // APMIS — 1997. —
V. 105, N 11. — P. 843–853.

99. Aggerbeck H., Norgaard-Pedersen B., Heron I.
Simultaneous quantitation of diphtheria
and tetanus antibodies by double antigen,
time-resolved fluorescence immunoassay //
J. Immunol. Methods. — 1996. — V. 190,
N 2. — P. 171–183.

100. Hendriksen C. F., van der Gun J. W.,
Kreeftenberg J. G. Combined estimation of
tetanus and diphtheria antitoxin in human
sera by the in vitro Toxin-Binding
Inhibition (ToBI) test // J. Biol. Stand. —
1989. — V. 17, N 2. — P. 191–200.

101. Van Gageldonk P. G. et al. Improved speci-
ficity of a multiplex immunoassay for quan-
titation of anti-diphtheria toxin antibodies
with the use of diphtheria toxoid // Clin.
Vaccine Immunol. — V. 18, N 7. —
P. 1183–1186.

102. Boyden S. V. The adsorption of proteins on
erythrocytes treated with tannic acid and
subsequent hemagglutination by antipro-
tein sera // J. Exp. Med. — 1951. — V. 93,
N 2. — P. 107–120.

103. Nyerges G. et al. A Method for the Rapid
Determination of Diphtheria Antitoxin in
Clinical Practice // Acta Paediatr. Acad.
Sci. Hung. — 1963. — V. 4 –P. 399–409.

104. Galazka A., Abgarowicz A. Determination of
level of diphtheria and tetanus antibodies
by the passive hemagglutination method //
Przegl. Epidemiol. –1967. — V. 21, N 4. —
P. 445–459.

105. Skogen V. et al. Detection of diphtheria
antitoxin by four different methods // Clin.
Microbiol. Infect. — 1999. — V. 5, N 10. —
P. 628–633.

106. Camargo M. E. et al. Immunoenzymatic
assay of anti-diphtheric toxin antibodies in
human serum // J. Clin. Microbiol. —
1984. — V. 20, N 4. — P. 772–774.

107. Knight P. A., Tilleray J., Queminet J.
Studies on the correlation of a range of

immunoassays for diphtheria antitoxin
with the guinea-pig intradermal test // Dev.
Biol. Stand. — 1986. — V. 64. — P. 25–32.

108. Melville-Smith M., Balfour A. Estimation of
Corynebacterium diphtheriae antitoxin in
human sera: a comparison of an enzyme-
linked immunosorbent assay with the toxin
neutralisation test // J. Med. Microbiol. —
1988. — V. 25, N 4. — P. 279–283.

109. Vandenberg J., van der Gun J. W.,
Hendriksen C. F. Evaluation of toxin neu-
tralisation in test systems for diphtheria
antibody assessment // Dev. Biol. Stand. —
1999. — V. 101 — P. 105–111.

110. Romaniuk S. I. et al. Specificity of antibodies to
diphtheria toxin subunits in children with va -
rious forms of diphtheria infections // Ukr.
Biokhim. Zh. –2001. — V. 73, N 6. — P. 73–76.

111. Кабернюк А. А., О. О. С., Редчук Т. А. та ін.
Клонування генів рекомбінантних суб-
одиниць дифтерійного токсину Coryne bac -
terium diphtheriae та їх експресія в клі тинах
Esherichia coli // Доп. Нац. акад. наук
України. — 2008. — Т. 3. — С. 160–166.

112. Короткевич Н. В., Колибо Д. В., Лабин -
цев А. Ю., Комісаренко С. В. Отримання
ре ком бінантного аналога секреторної
форми HB-EGF людини та оцінка пер-
спектив його застосування в біотехно -
логії // Біотехно логія. — 2010. — Т. 3,
№ 4. — С. 44–54.

113. Celko A. et al. Transplacental antibodies.
Part II: Maternal antibodies against the
toxins of C. diphtheriae and C. tetani // J.
Hyg. Epidemiol. Microbiol. Immunol. —
1985. — V. 29, N 1. — P. 83–88.

114. Anderson E. L., Belshe R. B., Bartram J.
Differences in reactogenicity and anti-
genicity of acellular and standard pertussis
vaccines combined with diphtheria and
tetanus in infants // J. Infect. Dis. — 1988. —
V. 157, N 4. — P. 731–737.

115. Allerdist H., Ehrengut W., Fofana Y. Diph -
the ria immunity in Mali (mothers and their
neonates and children under two years of
age // Tropenmed Parasitol. — 1981. —
V. 32, N 4. — P. 274–275.

116. Halsey N., Galazka A. The efficacy of DPT
and oral poliomyelitis immunization sche -
dules initiated from birth to 12 weeks of age
// Bull. World. Health. Organ. — 1985. —
V. 63, N 6. — P. 1151–1169.

117. Hardy-Fairbanks A. J. et al. Immune
Responses in Infants Whose Mothers
Received Tdap Vaccine During Pregnancy
// Pediatr. Infect. Dis. J.

118. Swamy G. K., Garcia-Putnam R. Vaccine-
preventable diseases in pregnancy // Am. J.
Perinatol. — V. 30, N 2. — P. 89–97.

119. Bjorkholm B. et al. Influence of high titers
of maternal antibody on the serologic



BIOTECHNOLOGIA ACTA, V. 6, No 4, 2013

60

response of infants to diphtheria vaccina-
tion at three, five and twelve months of age
// Pediatr. Infect. Dis. J. — 1995. — V. 14,
N 10. — P. 846–850.

120. Matokhina A. G., Kapustian V. A., Perelygi -
na O. V. Assessment of different regimens
of diphtheria serotherapy // Zh. Mikrobiol.
Epi demiol. Immunobiol. — 2010. — V. 1. —
P. 81–84.

121. Behring E. V. Untersuchungen uber das
Zustandekommen der Diphtherie-immuni-
tat bei Thieren // Dtsch. Med. Wochenschr. —
1890. — V. 16. — P. 1145–1148.

122. Behring E. V., Kitasato S. UJber das
Zustandekommen der Diphtherie-immuni-
tat und der Tetanus-immunitet bei Thieren
// Ibid. — 1890. — V. 16. — P. 1113–1114.

123. Raju T. N. Emil Adolf von Behring and
serum therapy for diphtheria // Acta
Paediatr. — 2006. — V. 95, N 3. — P. 258–259.

124. Wagner K. S. et al. A review of the interna-
tional issues surrounding the availability
and demand for diphtheria antitoxin for
therapeutic use // Vaccine. — 2009. —
V. 28, N 1. — P. 14–20.

125. Ciok A. E. Horses and the diphtheria anti-
toxin // Acad. Med. — 2000. –V. 75, N 4. —
P. 396.

126. Romaniuk S. I., Kolibo D. B., Komisaren -
ko S. V. Perspectives of application of
recombinant diphtheria toxin derivatives
// Bioorg. Khim. — V. 38, N 6. —
P. 639–652.

127. Oleinik E. S. et al. Development of recombi-
nant scFv-antibodies against diphtheria
toxin using phage display system // Ukr.
Biokhim. Zh. — 2007. — V. 79, N 5. —
P. 91–97.

128. Oliinyk O. S. et al. Construction of immune
library of murine immunoglobulin genes
and screening of single-chain Fv-antibo -
dies specific to diphtheria toxin B subunit
// Ibid. — 2009. — V. 81, N 2. —
P. 68–79.

129. Cha J. H. et al. Receptor-based antidote for
diphtheria // Infect. Immun. — 2002. —
V. 70, N 5. — P. 2344–2350.

130. Sadoh A. E., Oladokun R. E. Re-emergence
of diphtheria and pertussis: implications
for Nigeria // Vaccine. — V. 30, N 50. —
P. 7221–7228.

131. Kriz B. et al. Immunological surveys of
diphtheric antitoxic antibodies in some
African and Asian countries // J. Hyg.
Epidemiol. Microbiol. Immunol. — 1980. —
V. 24, N 1. — P. 42–62.

132. Wiysonge C. S. et al. Individual and contex-
tual factors associated with low childhood
immunisation coverage in sub-Saharan
Africa: a multilevel analysis // PLoS One. —
V. 7, N 5. — P. e37905.

133. Park W. H., Zingher A. Diphtheria
Immunity-Natural, Active and Passive. Its
Determination by the Schick Test //Am. J.
Public. Health. (N Y). — 1916. — V. 6, N 5. —
P. 431–445.

134. Young C. C. et al. Diphtheria Studies: I-The
Significance of the Schick Test in the Adult
// Am. J. Public. Health. Nations. Health. —
1934. — V. 24, N 8. — P. 835–849.

135. Lowe C. F., Bernard K. A., Romney M. G.
Cutaneous diphtheria in the urban poor
population of Vancouver, British Columbia,
Canada: a 10-year review // J. Clin.
Microbiol. — V. 49, N 7. — P. 2664–2666.

136. Cockcroft W. H., Boyko W. J., Allen D. E.
Cutaneous infections due to Corynebac te -
rium diphtheriae // Can. Med. Assoc. J. —
1973. — V. 108, N 3. — P. 329–331.

137. Lewis L. S. et al. Assessment of vaccination
coverage among adults 30-49 years of age
following a mass diphtheria vaccination
campaign: Ukraine, April 1995 // J. Infect.
Dis. — 2000. — V. 181, Suppl 1. —
P. S232–236.

138. Gautret P., Wilder-Smith A. Vaccination
against tetanus, diphtheria, pertussis and
poliomyelitis in adult travellers // Travel.
Med. Infect. Dis. — V. 8, N 3. — P. 155–160.

139. Christenson B. et al. Impact of a vaccination
campaign on adult immunity to diphtheria
// Vaccine. — 2000. — V. 19, N 9–10. —
P. 1133–1140.

140. Broder K. R. et al. Preventing tetanus, diph-
theria, and pertussis among adolescents:
use of tetanus toxoid, reduced diphtheria
toxoid and acellular pertussis vaccines re -
commendations of the Advisory Committee
on Immunization Practices (ACIP) //
MMWR Recomm. Rep. — 2006. — V. 55
(RR-3). — P. 1–34.

141. Updated recommendations for use of
tetanus toxoid, reduced diphtheria toxoid,
and acellular pertussis (Tdap) vaccine in
adults aged 65 years and older — Advisory
Committee on Immunization Practices
(ACIP), 2012 // MMWR Morb. Mortal.
Wkly Rep. — V. 61, N 25. — P. 468–470.

142. Cameron C. et al. Diphtheria boosters for
adults: balancing risks // Travel Med.
Infect. Dis. — 2007. — V. 5, N 1. — P. 35–39.

143. Ebisawa I. The encounter of Gaston Ramon
(1886–1963) with formalin: a biographical
study of a great scientist // Kitasato Arch.
Exp. Med. — 1987. — V. 60, N 3. — P. 55–70.

144. Petre J. et al. The reaction of bacterial toxins
with formaldehyde and its use for antigen
stabilization // Dev. Biol. Stand. — 1996. —
V. 87. — P. 125–134.

145. Rittenberg M. B., Pinney C. T., Iglewski B. H.
Antigenic relationships on the diphtheria
toxin molecule: antitoxin versus antitoxoid



Наукові статті

61

// Infect. Immun. — 1976. — V. 14, N 1. —
P. 122–128.

146. Lyng J. Quantitative estimation of diphthe-
ria and tetanus toxoids. 4. Toxoids as inter-
national reference materials defining Lf-
units for diphtheria and tetanus toxoids //
Biologicals. — 1990. — V. 18, N 1. —
P. 11–7.

147. Giannini G. R. Rappuoli, Ratti G. The amino-
acid sequence of two non-toxic mutants of
diphtheria toxin: CRM45 and CRM197 //
Nucleic Acids Res. — 1984. — V. 12,
N 10. — P. 4063–4069.

148. Gupta R. K. et al. Differences in the
immunogenicity of native and formalinized
cross reacting material (CRM197) of diph-
theria toxin in mice and guinea pigs and
their implications on the development and
control of diphtheria vaccine based on
CRMs // Vaccine. — 1997. — V. 15,
N 12–13. — P. 1341–1343.

149. McNeela E. A. et al. Intranasal immuniza-
tion with genetically detoxified diphtheria
toxin induces T cell responses in humans:
enhancement of Th2 responses and toxin-
neutralizing antibodies by formulation
with chitosan // Vaccine. — 2004. — V. 22,
N 8. — P. 909–914.

150. Rydell N. et al. Use of an oral diphtheria
vaccine in human // Ibid. — 2006. — V. 24,
N 33–34. — P. 5928–5930.

151. Rydell N., Sjoholm I. Oral vaccination
against diphtheria using polyacryl starch
microparticles as adjuvant // Ibid. —
2004. — V. 22, N 9. — P. 1265–1274.

152. McNeela E. A. et al. A mucosal vaccine
against diphtheria: formulation of cross
reacting material (CRM(197)) of diphtheria
toxin with chitosan enhances local and sys-
temic antibody and Th2 responses following
nasal delivery // Ibid. — 2000. — V. 19,
N 9–10. — P. 1188–1198.

153. Basu R. N. Expanded programme on immu-
nization and primary health care // J.
Commun. Dis. — 1982. — V. 14, N 3. —
P. 183–188.

154. Henderson R. H. The Expanded Programme
on Immunization of the World Health
Organization // Rev. Infect. Dis. — 1984. —
V. 6, Suppl 2. — P. S475–479.

155. Stewart T. A. et al. Antibodies to diphthe-
ria, tetanus and pertussis in infants before
and after immunization with DTP (Triple
Antigen) vaccine // J. Paediatr. Child.
Health. — 1996. — V. 32, N 5. —
P. 378–381.

156. Lagergard T. et al. Determination of neu-
tralizing antibodies and specific

immunoglobulin isotype levels in infants
after vaccination against diphtheria // Eur.
J. Clin. Microbiol. Infect. Dis. — 1992. —
V. 11, N 4. — P. 341–345.

157. Trollfors B. et al. Diphtheria, tetanus and
pertussis antibodies in 10-year-old children
before and after a booster dose of three
toxo ids: implications for the timing of a
booster dose // Eur. J. Pediatr.– 2006. —
V. 165, N 1. — P. 14–18.

158. Thofern E. The success of hygiene in the
last 40 years // Zent. Bakteriol. Mikrobiol.
Hyg. B. — 1989. — V. 187, N 4–6. —
P. 271–294.

159. Ohuabunwo C. et al. Respiratory diphtheria
among highly vaccinated military trainees
in Latvia: improved protection from DT
compared with Td booster vaccination //
Scand. J. Infect. Dis. — 2005. — V. 37,
N 11–12. — P. 813–820.

160. Krumina A. et al. Diphtheria with polyneu-
ropathy in a closed community despite
receiving recent booster vaccination // J.
Neurol. Neurosurg. Psychiatry. — 2005. —
V. 76, N 11. — P. 1555–1557.

161. Kostyukova N. N., Gukasyan L. A. Patho -
gene sis of diphtheria carrier state from the
immunological point of view // J. Hyg.
Epidemiol. Microbiol. Immunol. — 1977. —
V. 21, N 4. — P. 454–459.

162. Romney M. G. et al. Emergence of an inva-
sive clone of nontoxigenic Corynebacterium
diphtheriae in the urban poor population of
Vancouver, Canada // J. Clin. Microbiol. —
2006. — V. 44, N 5. — P. 1625–1629.

163. Galazka A. The changing epidemiology of
diphtheria in the vaccine era //J. Infect.
Dis. — 2000. — V. 181, Suppl 1. — P. S2–9.

164. Dittmann S. et al. Successful control of epi-
demic diphtheria in the states of the Former
Union of Soviet Socialist Republics: lessons
learned // Ibid. — 2000. — V. 181, Suppl 1. —
P. S10–22.

165. Dittmann S. Epidemic diphtheria in the
Newly Independent States of the former
USSR–situation and lessons learned //
Biologicals. — 1997. — V. 25, N 2. —
P. 179–186.

166. Efstratiou A., Roure C. The European
Laboratory Working Group on Diphtheria:
A global microbiologic network // J. Infect.
Dis. — 2000. — V. 181, Suppl 1. —
P. S146–151.

167. Neal S. E., Efstratiou A. International
external quality assurance for laboratory
diagnosis of diphtheria // J. Clin.
Microbiol. — 2009. — V. 47, N 12. —
P. 4037–4042.



BIOTECHNOLOGIA ACTA, V. 6, No 4, 2013

62
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НОВІ ПІДХОДИ ДО ПРОФІЛАКТИКИ,

ДІАГНОСТИКИ ТА ЛІКУВАННЯ
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Дифтерія є висококонтагіозним і небезпеч-
ним для життя бактеріальним токсинопосе-
редкованим захворюванням, яке спричиню-
ється токсигенними штамами Corynebacterium
diphtheria, трансформованими бактеріофагом,
який несе ген токсину. Збудник дифтерії та
його основний фактор вірулентності — дифте-
рійний токсин досить добре вивчені, проте спа-
лахи цього захворювання ще й досі виникають
в усьому світі. На цей час бурхливий розвиток
нових методів у галузі імунології та молеку-
лярної біології сприяє удосконаленню профі-
лактики, діагностики та лікування дифтерії.

В огляді висвітлено мікробіологічні, епіде-
міологічні, а також імунологічні аспекти диф-
терійної інфекції, роль дифтерійного токсину
та інших факторів вірулентності в патогенезі
захворювання, роль гуморального антиток-
сичного імунітету в протидифтерійному захис-
ті, а також перспективи розроблення нових
діагностичних тестів, протидифтерійних вак-
цин, імунобіологічних препаратів та антидотів
для боротьби з дифтерійною інфекцією.

Ключові слова: дифтерія, дифтерійний ток -
син, імунітет, діагностичні тести, вакцини,
анти доти, рекомбінантні протеїни.

ИММУНОБИОЛОГИЯ ДИФТЕРИИ.
НОВЫЕ ПОДХОДЫ К ПРОФИЛАКТИКЕ,

ДИАГНОСТИКЕ И ЛЕЧЕНИЮ
ЗАБОЛЕВАНИЯ
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Дифтерия является высококонтагиозным
и опасным для жизни бактериальным токсин -
опосредованным заболеванием, которое 
вы зывается токсигенными штаммами
Corynebacterium diphtheria, трансформирован-
ными бактериофагом, несущим ген токсина.
Возбудитель дифтерии и его основной фактор
вирулентности — дифтерийный токсин доста-
точно хорошо изучены, однако вспышки этого
заболевания до сих пор возникают по всему
миру. В настоящее время бурное развитие
новых методов в области иммунологии и моле-
кулярной биологии способствует совершен-
ствованию профилактики, диагностики
и лечения дифтерии.

В обзоре освещены микробиологические,
эпидемиологические, а также иммунологиче-
ские аспекты дифтерийной инфекции, роль
дифтерийного токсина и других факторов
вирулентности в патогенезе заболевания, роль
гуморального антитоксического иммунитета в
противодифтерийной защите, а также пер-
спективы разработки новых диагностических
тестов, противодифтерийных вакцин, иммуно-
биологических препаратов и антидотов для
борьбы с дифтерийной инфекцией.

Ключевые слова: дифтерия, дифтерийный
токсин, иммунитет, диагностические тесты,
вакцины, антидоты, рекомбинантные про -
теины.




