
The Immunological Basis for Immunization Series 

Module 2: 

Diphtheria 

DEPARTMENT OF VACCINES 
AND BIOLOGICALS 

~-) World Health Organization 
~ ~ fJ! Geneva 
----~ 



WHO/EPI/GEN/93.12 
ORIGINAL: ENGLISH 

DISTR.: GENERAL 

The Immunological Basis for Immunization Series 

Module 2: 

Diphtheria 

Dr Artur M. Galazka 
Medical Officer 
Expanded Programme on Immunization 

DEPARTMENT OF VACCINES 
AND BIOLOGICALS 
.) World Health Organization 
~ , ~ ~ Geneva 
~ I iJff 2001 
~~ 



The Department of Vaccines and Biologicals 
thanks the donors whose unspecified financial support 

has made the production of this document possible. 

United Nations Development Fund (UNDP) 
The Rockefeller Foundation 
The Government of Sweden 

The Immunological Basis for Immunization series is available in English and French 
(from the address below). It has also been translated by national health authorities into 
a number of other languages for local use: Chinese, Italian, Persian, Russian, Turkish, 

Ukranian and Vietnamese. The series comprises eight independent modules: 

Module 1: General immunology 
Module 2: Diphtheria 
Module 3: Tetanus 
Module 4: Pertussis 
Module 5: Tuberculosis 
Module 6: Poliomyelitis 
Module 7: Measles 
Module 8: Yellow fever 

Produced in 1993 
Reprinted (with new covers but no changes to content) in 2001 

Ordering code: WHO/EPI/GEN/93.12 

This document is available on the Internet at: 
www.who.int/vaccines-documents/ 

Copies may be requested from: 
World Health Organization 

Department of Vaccines and Biologicals 
CH-1211 Geneva 27, Switzerland 

• Fax: + 41 22 791 4227 • £-mail: vaccines@who.int • 

©World Health Organization 2001 

This document is not a formal publication of the World Health Organization (WHO), and all rights are 
reserved by the Organization. The document may, however, be freely reviewed, abstracted, reproduced 
and translated, in part or in whole, but not for sale nor for use in conjunction with commercial purposes. 

The views expressed in documents by named authors are solely the responsibility of those authors. 

ii 



WHO/EPI/GEN/93.12 Immunological Basis for Immunization I Module 2: Diphtheria 

Contents 

Preface ............................................................................................. v 

1. Diphtheria Toxin ............................................................................. 1 

2. The Nature of Immunity to Diphtheria .............................................. 1 

3. Techniques to Measure Antibody Response ....................................... 1 

3.1 Schick test 2 

3.2 Neutralization test on animals 2 

3.3 Neutralization test on microcell culture 2 

3.4 Passive hemagglutination 2 

3.5 ELlS A 3 

4. Protective Level of Antibodies ........................................................... 3 

5. Development of Antibodies due to Natural Stimulation ...................... 3 

5.1 The pre-vaccine era in industrialized countries 

5.2 Developing countries in the 1960s 

5.3 Developing countries today 

3 

3 

4 

6. Immunity due to Immunization ......................................................... 5 

6.1 Development and duration of vaccine-induced immunity 

6.2 Changes in the immune profile of various age groups following 
mass immunization 

6.3 Strategies for immunization against diphtheria 

5 

7 

9 

7. Implications for Immunization Programmes ..................................... 10 

Abbreviations ................................................................................ 10 

References ..................................................................................... 10 

iii 



iv Immunological Basis for Immunization I Module 2: Diphtheria WHO/EPI/GEN/93.12 



WHO/EPI/GEN/93.12 Immunological Basis for Immunization I Module 2: Diphtheria 

Preface 

This series of modules on the immunological basis for immunization 
has grown out of the experience of persons working with the WHO 
Expanded Programme on Immunization (EPI). The EPI was established in 
1974 with the objective of expanding immunization services beyond 
smallpox, with emphasis on providing these services for children in 
developing countries. 

Six vaccine-preventable diseases have been included within the EPI 
since its beginning: diphtheria, measles, pertussis, polio, tetanus, and 
tuberculosis. To protect newborns against neonatal tetanus, tetanus tox
oid is administered to the mother either during her pregnancy or prior to 
pregnancy during the childbearing years. 

Two more vaccine preventable-diseases will be addressed by the EPI 
during the 1990s. The World Health Assembly has set the target of 
including yellow fever vaccine in the EPI by 1993 in countries where this 
disease poses a risk. Hepatitis B vaccine is being added gradually, with the 
target date of 1997 for incorporation of this vaccine in the immunization 
programme in all countries. 

Titles of the nine modules in this series are listed inside the front cover 
of this module. They are intended to provide information on the immuno
logical basis for WHO-recommended immunization schedules and poli
cies. They have been prepared for the following main audiences: 

• immunization programme managers, whose questions and 
concerns caused this series to be written, 

• consultants and advisers on immunization activities, 

• teachers of courses on immunization at the university level 
and facilitators of workshops, 

• medical and nursing students as part of the basic curricu
lum, 

• laboratory scientists providing diagnostic or research serv
ices for vaccine-preventable diseases, and 

• scientists involved in basic research aimed at improving the 
delivery of vaccines or providing improved vaccines. 

Other modules in this series and additional materials on the EPI are 
available from the Expanded Programme on Immunization, World Health 
Organization, 1211 Geneva 27, Switzerland. 
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Diphtheria 

1. Diphtheria Toxin 
Diphtheria is a bacterial disease in which the 

clinical manifestations result from the action of an 
extracellular substance (exotoxin) produced by Co
rynebacterium diphtheriae, a dub-shaped bacterium. 

Diphtheria toxin, a protein with a molecular weight 
of 62 000, is known as an A-B type toxin, and 
consists of two fragments designated A and B. Frag
ment B is necessary for binding to surface receptors 
and penetration into cells. Fragment A is responsible 
for its toxicity and exerts its action by interfering 
enzymatically with protein synthesis, finally produc
ing the death of the cells. Diphtheria toxin exerts its 
effects on distant tissues and organs, especially the 
heart (myocarditis) and the peripheral and cranial 
nerves (weakness progressing to paralysis). 

All toxigenic strains of C. diphtheriae produce an 
identical toxin. For a diphtheria strain to become 
toxigenic, it must be infected by a particular bacterial 
virus, the bacteriophage. This process is called lys
ogenic conversion. The introduction of a toxigenic 
strain of C. diphtheriae into a community may initi
ate an outbreak of diphtheria by transfer of the 
bacteriophage to non-toxigenic strains carried in the 
respiratory tracts of its inhabitants. Both toxigenic 
and non-toxigenic strains of C. diphtheriae may be 
isolated during such an outbreak (Mortimer 1988). 

When treated with formaldehyde and heat, diph
theria toxin loses its ability to bind to cells and its 
enzymatic activity, but retains its immunogenicity. 
This treatment converts diphtheria toxin to a toxoid, 
which is commonly used to immunize against diph
theria. In some conditions that are not completely 
understood, the process of conversion from toxin to 
toxoid may be reversible. In 1948, a Japanese phar
maceutical company distributed diphtheria toxoid 
which reversed to toxin and many children who had 
been immunized with this preparation died (Kurokawa 
& Murata 1961). Since that disaster, manufacturers 
have instituted procedures to prevent reversion to a 
toxic state. 

Diphtheria is acquired through personal contact; 
the incubation period is generally 2 to 5 days. Diph
theria is a disease affecting the tonsils, the pharynx, 
the larynx, and the nose. In developing countries skin 
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diphtheria is common, with lesions indistinguishable 
from, or a component of, impetigo. Laryngeal diph
theria is serious, while nasal diphtheria may be mild, 
often chronic. Inapparent infections outnumber clini
cal cases. Late effects of diphtheria include cranial 
and peripheral motor and sensory palsies and myo
carditis. The case fatality rate is 5% to 10%. 

2. The Nature of Immuni1y to 
Diphtheria 
Immunity against diphtheria is antibody-medi

ated. Because the lethality of diphtheria is almost 
entirely due to diphtheria toxin, immunity to diph
theria depends primarily on antibody against the 
toxin. This antibody, called antitoxin, is primarily of 
the IgG type. Antitoxin is distributed throughout the 
body and can pass easily through the placenta, pro
viding passive immunity to the newborn during the 
first few months of life. Diphtheria antitoxin may be 
induced by diphtheria toxin produced by C. 
diphtheriae during the disease or the carrier state, or 
by diphtheria toxoid following immunization. These 
antibodies are identical and cannot be distinguished 
by any existing techniques. 

3. Techniques to Measure 
Antibody Response 
Two important properties of diphtheria toxin 

are utilized to determine the activity of diphtheria 
antibodies. The first is its distinct dermonecrotic ca
pacity, e.g. the ability to produce an inflammatory 
reaction when injected intradermally into the skin of 
humans or animals. This property is used for the 
Schick test in humans and to determine neutraliza
tion antibody in in vivo systems in animals. The 
second property is the capacity of diphtheria toxin to 
block protein synthesis in cultured mammalian cells, 
thus causing cell death. This capacity is used to 
determine diphtheria antibody levels in an in vitro 
neutralization test using cells sensitive to diphtheria 
toxin. Additional in vitro tests to measure diphtheria 
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antibodies include the passive hemagglutination test 
and the enzyme-linked immunosorbent assay (EUSA). 
For ethical, economic, and practical reasons there is 
growing interest in in vitro techniques. 

3.1 Schick test 
In early studies the Schick test was the standard 

procedure. To perform the Schick test, 0.1 ml of 
diphtheria toxin (about 1/50 of the minimal lethal 
dose for a guinea pig) is injected intradermally on the 
volar surface of the forearm of the person being 
tested. If the person has circulating diphtheria anti
toxin at a level of 0.01 to 0.03 IU/ml, the injected 
toxin will be neutralized and no reaction will occur. A 
positive reaction signifies lack of antitoxin and is 
characterized by inflammation appearing after 24 to 
36 hours and persisting for 4 days or longet. A 
control test is always performed on the opposite arm 
using toxin inactivated by heating to 60°C for 15 
minutes. A positive reaction to inactivated toxin and 
a positive reaction to toxin indicates an allergic re
sponse to toxin. The Schick test is inexpensive and its 
results correlate well with serum antitoxin levels. 
However, in addition to technical difficulties in per
forming an intradermal injection, the test also re
quires two injections (one of test toxin and the other 
of control toxin) and two visits (one for the injections 
and a second to read the results 4 to 7 days later). The 
results of the Schick test depend on the skin reactivity 
to injected toxin (Vahlquist 1949); skin anergy often 
found in newborns and young infants may result in 
negative results erroneously interpreted as an evi
dence for immunity (Papadatos et al. 1967, Vogelsang 
& Krivy 1945, Wright & Clark 1944). 

3.2 Neutralization test on animals 

The in vivo neutralization test is usually per
formed on the depilated skin of rabbits (Jensen 1933) 
or guinea pigs (Glenny & Llewellyn-Jones 1931). 
Different dilutions of serum mixed with fixed amounts 
of diphtheria toxin are injected into the depilated 
skin of the animal and the antitoxin concentration is 
estimated based on the presence or absence of an 
inflammatory reaction. Results of the in vivo neu
tralization test may differ depending on the avidity of 
the antibody tested, the concentration of toxin used 
in titration, and the species of laboratory animal. The 
test is laborious, time-consuming, expensive, and 
requires suitable animals. However, the in vivo neu
tralization test shows the functional capacity of anti
body to neutralize toxin. In contrast, the in vitro tests 
show not only the neutralization of toxin by anti
body present in the test serum, but also reactions 
between other antigen-antibody systems. Therefore, 
the in vivo neutralization test should be used to 
calibrate and verify the in vitro test(s) used routinely 
in the laboratory. 
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3.3 Neutralization test on microcell 
culture 
The neutralization test on rnicrocell culture is 

based on the observation that the survival of mam
malian cells in culture is inhibited by diphtheria 
toxin. This effect is neutralized when diphtheria anti
toxin is present in serum samples (Miyamura et al. 
1974a and 1974b). The titration of the antitoxin in 
the serum samples is done in plastic microtissue 
culture plates, in which dilutions of test sera are 
mixed with challenge toxin. After a short incubation, 
Vero (green monkey renal epithelium) cell or HeLa 
cell suspension in a special culture medium is added. 
After incubation for 3 or 4 days, results are read as a 
change in the calor of the reagents in the microtiter 
plate wells. The calor change is due to the metabolic 
formation of acid, which changes the pH. Vero cells 
are more sensitive to diphtheria toxin since they have 
large numbers of binding sites (receptors) and they 
take up the toxin in a highly specific, time- and 
temperature- dependent manner (Middlebrook et al. 
1978). When a serum dilution contains antitoxin in 
excess, the cells continue to grow, and the calor of the 
medium changes from red to yellow. Recent improve
ments in the rnicrocell neutralization test include 
spectrophotometric determination of the equivalence 
point between toxin and antitoxin and computer 
analysis of adsorption values (Aggerbeck & Heron 
1991). 

The in vitro neutralization test on microcell cul
ture is highly sensitive (minimum detectable level 
0.005 IU/ml), reproducible, and requires a minimum 
amount of serum. Up to 100 serum specimens may be 
titrated in one test run. The test has been used to 
determine the diphtheria antibody response of hu
mans (Palmeretal.1983) and animals (Kreeftenberg 
et al. 1985). For both human and guinea pig sera, 
there is good correlation between the results the in 
vitro neutralization test and the in vivo neutralization 
test on rabbit skin (Kjeldsen et al. 1988, Kriz et al. 
1974, Miyamura et al. 1974a and 1974b). A modi
fied in vitro neutralization test has been developed 
(Padovan et al. 1991). All cell culture tests, however, 
require staff with special skills in tissue culture tech
niques and a laboratory with special equipment. 

3.4 Passive hemagglutination 

The passive hemagglutination (HA) test is fre
quently used to test for diphtheria antibody (Allerdist 
& Ehrengut-Lange 1982, Cellesietal.1989a, Crossley 
et al. 1979, Fulthorpe 1962, Galazka & Abgarowicz 
1967, Galazka & Kardymowicz 1989, Koblin & 
Townsend 1989, Millian et al. 1967, Ruben et al. 
1978, Thorley et al. 1975). In the HA test, sheep, 
turkey, horse, or human red cells (previously treated 
with tannic acid or diazotized benzidine and sensi
tized with diphtheria toxoid) are agglutinated by 
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diphtheria antibody. The HA test is inexpensive and 
can be performed in a modestly equipped laboratory. 
The HA test is rapid (results available in one hour), 
reproducible, and sensitive. Results of the HA test for 
diphtheria correlate well with results of the neutrali
zation test, although the HA test tends to underesti
mate low concentrations of diphtheria antibody 
(Galazka & Abgarowicz 1967, Scheibel et al. 1962, 
Simonsen 1989). This is in contrast to the HA for 
tetanus, which tends to overestimate antibody titers 
(see Module 3). The results of the HA test for diph
theria can be distorted by non-specific agglutinins in 
the sera directed against the antigens on the surface of 
the red cell. These effects can be minimized by heat
ing the sera at 5 6°C, pre-treating sera with 2-mercapto
ethanol, or absorbing the sera with unsensitized 
erythrocytes. 

3.5 ELISA 
The enzyme-linked immunosorbent assay (ELISA) 

involves the binding of antigen to polystyrene tubes. 
Exotoxins, such as diphtheria toxin (or toxoid), that 
have a highly lipophilic moiety in their molecule, coat 
the tubes efficiently (Svenson & Larsen 1977). Re
sults of the direct ELISA test are highly reproducible 
(Camargo et al. 1984, Me/vi/le-Smith & Balfour 
1988). When the antibody level is above 0.1 IU/ml, 
the results of the ELISA test correlate well with 
results of the in vivo neutralization test in guinea pigs 
(Knight et al. 1986) and the results of the neutraliza
tion test in tissue culture (Melville-Smith & Balfour 
1988). When the antibody titer is low, the results of 
the ELISA test correlate poorly with results of the 
neutralization test. Titers of 0.001 IU/ml with the 
neutralization test can be 10 to 100 times higher 
(0.01 to 0.1 IU/ml) with the direct ELlS A test (Knight 
et al. 1986, Me/vi/le-Smith & Balfour 1988). 

Better correlation has been reported with modi
fied versions of the ELISA test (Hendriksen et al. 
1989, Knight et al. 1986). One modified ELISA test, 
the toxin binding inhibition test (ToBI), shows good 
correlation (r = 0.91) with the in vitro neutralization 
test in Vero cells (Hendriksen et al. 1989). 

The main advantage of the ELISA test is its ability 
to measure IgG-specific diphtheria antibodies 
(Dengrove et al. 1986). 

4. Protective Level of 
Antibodies 
It is believed that a circulating diphtheria anti

toxin level of 0.01 IU/ml, as determined by the neu
tralization test in animals or in cell culture, provides 
clinical immunity against disease. This diphtheria 
antitoxin level corresponds to a negative Schick test. 
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There is good correlation between clinical protection 
and the presence of serum antitoxin, whether this 
results from disease or immunization. In the 1984 
diphtheria epidemic in Sweden, all seven patients 
who died or showed neurological complications had 
antitoxin titers < 0.01 IU/ml, whereas 92% of symp
tom-free diphtheria carriers showed high antitoxin 
titers, above 0.16 IU/ml (Bjorkholm et al. 1986). 
However, it has also been shown that there is no 
sharply defined level of antitoxin that gives complete 
protection from diphtheria (Ipsen 1946). A certain 
range of variation must be accepted; the same degree 
of antitoxin may give an unequal degree of protec
tion in different persons. Other factors may influence 
the vulnerability to diphtheria including the dose and 
virulence of the diphtheria bacilli and the general 
immune status of the person infected (Christenson & 
Bottiger 1986). Thus, an antibody concentration be
tween 0.01 and 0.09 IU/ml may be regarded as giving 
basic immunity, whereas a higher titer may be needed 
for full protection. In some studies that used in vitro 
techniques, a level of 0.1 IU/ml was considered pro
tective (Cellesi at al. 1989a, Galazka & Kardymowicz 
1989). 

5. Development of Antibodies 
due to Natural Stimulation 

5.1 The pre-vacdne era in industrialized 
countries 

In the pre-vaccine era, when circulation of C. 
diphtheriae organisms was frequent and the preva
lence of diphtheria cases was high, natural immunity 
acquired by apparent infection or inapparent infec
tion was the only mechanism of acquiring immunity. 
Diphtheria was primarily a disease of children. Early 
studies in Vienna in 1919 and New York City in 1921 
showed a typical immunity pattern. Most newborn 
infants had antibody acquired passively from their 
mothers; this passive antibody waned between 6 and 
12 months of age. Then immunity rose rapidly in 
early childhood, reflecting increasing exposure to 
diphtheria organisms (Figure 1). By the age of 15 to 
20 years, nearly all persons had acquired natural 
immunity to diphtheria. This pattern was observed in 
the United States in 1935 (Chason 1936), Poland in 
1954 to 1955 (Daniel et al. 1957), and Japan in 1955 
(Miyamura et al. 1983). 

5.2 Developing countries in the 1960s 

Data from developing countries suggest that 
the pattern of acquiring diphtheria immunity in the 
1960s resembled the pattern seen in Europe and the 
United States in the pre-vaccine era. Such data are 
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Figure 1. Natural diphtheria immunity in the pre-vaccine era in industrialized countries, 1919 to 1921, and in developing countries, 1965 to 1969. (Zingher 
1923 for New York City; Stransky & Felix 1949 for Vienna; Kriz et al. 1980 for Burma, Nigeria and Afghanistan) 
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available from Afghanistan, Burma and Nigeria (Kriz 
et al. 1980), India (Chakraborty & Choudhuri 1969, 
Robinson et al. 1964, Suri et al. 1967), Sri Lanka 
(Gunatillake & Taylor 1981), and Zaire (Muyembe 
et al. 1972). The process of acquiring natural immu
nity was rapid; in some countries more than 80% of 
children were immune by 10 years of age (Figure 1). 

5.3 Developing countries today 

In developing countries, a high rate of skin 
infections caused by C. diphtheriae creates a primary 
reservoir of diphtheria organisms. This appears to be 
an important factor in the early development of 
natural immunity against the disease (Baum et al. 
1985, Bray et al. 1972). Because skin infections are 
endemic, developing countries do not report out
breaks and epidemics of diphtheria, which were char
acteristic of the prevaccine era in industrialized 
countries. In developing countries today, the age dis
tribution of diphtheria cases reflects the immunity 
status of the population and diphtheria is mostly a 
disease of children younger than 15 years of age. 

Socioeconomic changes, especially migration from 
rural to urban areas, and sociocultural changes, in
cluding improved hygiene and different styles of liv
ing, may change the epidemiological patterns of 
diphtheria. The disease could emerge as an epidemic 
disease with more serious forms, including lethal 
laryngeal and pharyngeal diphtheria. 
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6. lmmuni1y due to 
Immunization 

30 

6.1 Development and duration of 
vaccine-induced immunity 

35 40 

There is an age-related host response to immu
nization with diphtheria toxoid. The most important 
factor is the modifying effect of passively acquired 
maternal antibodies in young infants (Halsey & 
Galazka 1985). Early studies demonstrated that in
fants without maternal antibodies respond to diph
theria toxoid almost as well as older children (Barr et 
al. 1950, Vahlquist 1949). A recent study in Japan 
found that the diphtheria antibody response to diph
theria-pertussis-tetanus (DPT) vaccine containing 
acellular pertussis vaccine was similar in children 3 to 
8 months and 24 to 30 months of age (Table 1 ). 

A level of passive antibody higher than 0.1 IU/ml 
temporarily interferes with active immunization of 
infants, whereas a level below 0.02 IU/ml does not 
(Barr et al. 1950, Vahlquist 1949). Studies in the 
United States suggest that passively-acquired diph
theria antibody may influence the early response to 
DPT vaccine. Children with a high level of diphtheria 
antibody in cord serum (0.24 IU/ml), showed a de
cline in antibody level to 0.05 IU/ml at 2 months of 
age, and the first dose of DPT vaccine given at two 
months did not change the declining trend in anti
body level (Anderson et al. 1988). Other studies 
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Table 1. Diphtheria antibody response to OPT vaccine containing 
acellular pertussis component in children of various ages 
(Kimura et al. 1991). 

Geometric mean diphtheria antibody titer 
iniU/ml 

Before Before After 
Age 1st 3rd 3rd Before 
(months) dose dose* dose booster** 

3 to 8 < 0.01 0.8 1.6 0.3 

9 to 23 < 0.01 0.5 1.5 0.3 

24 to 30 < 0.01 07 1.7 0.3 

• First three doses given at intervals of 6 to 10 weeks. 
**Booster (4th} dose given 12 to 78 months after the 3rd dose. 

After 
booster 

6.7 

10.2 

83 

show that when the level of diphtheria antibody at 
the time of the first injection of DPT vaccine is below 
0.1 IU/ml, the suppressive effect of this passively 
acquired antibody is less evident (Figure 2). Passive 
diphtheria antibody seems to show a transient sup
pression of the antibody response to the second injec
tion of DPT vaccine, but no effect is seen on the 
response to the third injection of DPT vaccine. 

In areas where C. diphtheriae circulates in the 
population, and especially where cutaneous forms of 
diphtheria are common, mothers and their infants 
may have high diphtheria antibody titers. In Mali, 
87% of cord blood samples had an antibody level of 
more than 0.1 IU/ml and half of them had a level of 
at least 1 IU/ml (Allerdist et al. 1981). On the other 
hand, in areas where the reservoir of C. diphtheriae is 
reduced (see section 6.2), mothers are less likely to 
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have immunity and their babies seldom acquire pas
sive protection. There is a logarithmic rate of loss of 
passively-acquired antitoxin in babies, which aver
ages about 14% per week (Barr et al. 1949). The 
half-life of diphtheria antitoxin is about 30 days 
(Anderson et al. 1988). 

Primary immunization with three doses of DPT 
vaccine stimulates antibody levels that considerably 
exceed the minimum protective level (Figure 2). In 
the two studies presented in Figure 2, the primary 
series of DPT vaccine was given at 2, 4, and 6 months 
of age, and a booster dose was administered at 18 
months of age. The antibody level starts to increase 
after the second dose of D PT vaccine and the level is 
considerably higher after the third dose. After the 
primary series, 94% to 100% of children have anti
body levels higher than 0.01 IU/ml (Barkin et al. 
1984, Bhandari et al. 1981, Chen et al. 1956, Guerin 
et al. 1988, Pichichero et al. 1986, Schou et al. 1987}, 
with the mean level ranging between 0.1 and 1 IU/ml 
(Anderson et al. 1988, Barkin et al. 1984, Barkin et 
al. 1985, Edwards et al. 1989, Kimura et al. 1991), or 
more (Bhandari et al. 1981). 

The nature of the pertussis component of D PT 
vaccine does not seem to affect the immune response 
to the diphtheria component of the vaccine. Several 
studies show that the diphtheria antibody response 
following DPT containing whole cell- or acellular
pertussis components is similar (Anderson eta/.1988, 
Edwards et al. 1989, Pichichero et al. 1987). 

The percentage of children with diphtheria 
antibody above 0.01 IU/ml following two doses of 
DPT vaccine administered two months apart is simi
lar to that following three doses of DPT vaccine 

Figure 2. Diphtheria antibody levels in children immunized with a primary series of OPT vaccine at 2. 4, and 6 months of age and following 
one or two booster doses. 
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administered with one month between doses. How
ever, the mean antibody levels are significantly lower 
with a two-dose schedule (Bhandari et al. 1981, 
Guerin et al. 1988) and it is likely that the duration of 
immunity after two doses is shorter than after three 
doses. 

The duration of immunity after the primary series 
of diphtheria toxoid in infancy has been studied in 
Denmark, where primary vaccination used DT vac
cine (1950 to 1961), DPT vaccine (1961 to 1970), or 
DT-polio vaccine (after 1970). Except for military 
recruits, who receive a dose of DT vaccine, 
revaccinations are not routinely given. Serum anti
toxin concentration, relative to time after vaccina
tion, shows a steep decline immediately after 
vaccination, followed by an exponential fall-off. Com
parison of results of early and recent studies shows 
that the diphtheria antitoxin levels in school children 
have been steadily declining from the 1940s through 
the 1950s to 1985, although the number of doses of 
diphtheria vaccine administered has remained the 
same. Tetanus antitoxin concentration does not show 
such a decline. The current lower diphtheria immu
nity among school children in Denmark may be due 
to less exposure to diphtheria organisms and subse
quent reduced opportunity to become naturally im
mune (Schou et al. 1987, Simonsen et al. 1987, 
Simonsen 1989). 

The duration of post-vaccination immunity also 
differs in the early and recent studies performed in the 
United States. In the 1960s, only 10% of children had 
lost diphtheria immunity 7 to 13 years following 
primary immunization with diphtheria toxoid (Volk 
et al. 1962). In recent studies, diphtheria immunity 
declined more rapidly; 10% of children lost immu
nity by one year following the primary series 
(Pichichero et al. 1987}, 67% of children lacked 
immunity after 3 to 13 years, and 83% after 14 to 23 
years (Crosley et al. 1979). 

In France and Taiwan, the percentage of children 
lacking diphtheria immunity was 25% and 37%, 
respectively, one year after three doses of DPT vac
cine (Chen et al. 1956, Guerin et al. 1988). Other 
studies found that during the first year after the 
primary series of three DPT vaccine doses, the mean 
level of diphtheria antibody declined fourfold to five
fold (Kimura et al. 1991, Pichichero et al. 1986). 

In contrast, studies in England and Italy showed 
that 96% to 100% of children immunized with three 
doses of DPT or DT still had protective diphtheria 
antibodies 4 to 8 years later (Cellesi et al. 1989a, 
]ones et al. 1989). 

Differences in these results may be caused by 
different vaccines, different vaccination schedules, 
and different levels of exposure to C. diphtheriae 
with natural reinforcement of diphtheria immunity. 
The duration of active immunity in children not 
continually exposed to diphtheria may be shorter 
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than in similar groups of children from communities 
where diphtheria is prevalent. 

A booster dose administered at the end of the 
second year of life or at the age of 4 to 6 years 
stimulates abundant production of diphtheria anti
body with the mean levels above 1 IU/ml (Anderson 
et al. 1987, Barkin et al. 1984, Edwards et al. 1989, 
Kimura et al. 1991, Lewis et al. 1986, Pichichero et 
al. 1987). 

The outcome of revaccination of adults depends 
on several factors, including the schedule and po
tency of toxoids used for primary immunization, the 
time since the last dose of diphtheria toxoid, and the 
age of the vaccinees. In Denmark, toxoids with a 
large dose of antigen are used for primary immuniza
tion. Revaccination of Danish adolescents, military 
recruits, or adults with Td vaccine containing a re
duced amount of diphtheria toxoid stimulated rapid 
and vigorous production of diphtheria antitoxin with 
the mean level exceeding 1 IU/ml (Simonsen et al. 
1986a and 1986b, Volk et al. 1962). Revaccination 
response decreased with increasing time from pri
mary vaccination, but even if more than 20 years had 
elapsed, safe individual protection could be obtained 
by a single booster dose (Simonsen 1989). However, 
results of other studies showed that 35% to 88% of 
adults seroconverted following a single dose of vac
cine with a reduced amount of diphtheria toxoid. 
(Allerdist & Ehrengut-Lange 1982, Palmer et al. 
1983, Ruben et al. 1978). A small amount of diph
theria toxoid was effective in inducing a secondary 
response in already primed school-children or adults, 
but it is insufficient to stimulate an effective immune 
response in those who had never been actively immu
nized or who had not acquired basic immunity by 
natural means (Feery et al. 1981, Galazka & 
Olakowski 1962, Trinca et al. 1975). The effective 
course of primary immunization should include three 
doses of toxoid of reduced potency with an interval 
of 4 to 6 weeks between the first and second dose and 
6 to 12 months between the second and third dose 
(Feery et al. 1981). 

6.2 Changes in the immune profile of 
various age groups following mass 
immunization 

Mass immunization programmes result in con
siderable reduction of diphtheria incidence. They 
also result in profound and important changes in the 
immune status of different age groups. Although 
direct comparison of the immunity levels in different 
countries is complicated by different methods used to 
determine diphtheria immunity, some common char
acteristics may be noted. 

Children acquire a high level of diphtheria immu
nity as the result of childhood immunization. The 
level of immunity declines in late childhood and 
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Figure 3. Diphtheria immunity in the post-vaccine era in Finland, England and Wales, and Poland (Ketrulla et al. 1980, PHLS 1978, Galazka & Sporzynska 
1979 and Galazka & Kardymowicz 1989). 
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adolescence, depending on the schedule of immuni
zation with diphtheria toxoid and the incidence of 
diphtheria (Figure 3). High levels of immunity in 
children result in reduced incidence of disease. As 
diphtheria has become rare, opportunities for acquir
ing or reinforcing natural immunity have also been 
reduced. 

Adults might again become susceptible to diphthe
ria due to reduced opportunities to boost immunity 
through subclinical infections. The likelihood of hav
ing protective antibody levels decreases with age and 
in some industrialized countries less than 50% of 
adults may be immune to diphtheria. The age group 
with the lowest level of diphtheria antibodies is 20 to 
40 year olds in Germany (Nauman et al. 1983}, 
various areas of the ex- USSR (Dalmatov et al. 1986, 
Maksimova et al. 1984, Schwartz et al. 1987), and 
Japan (Miyamura et al. 1974a}; 40 to 50 year olds in 
Poland (Galazka & Kardymowicz 1989), Australia 
(Forsell1972), and England (PHLS 1978}; and per
sons older than 50 years in Denmark (Kjeldsen et al. 
1988), Finland (Kerttula et al. 1980), Sweden 
(Christenson & Bottiger 1986}, and the United States 
(Sargent et al. 1984). In some countries, elderly per
sons are still immune to diphtheria, probably due to 
their natural immunity developed during past epi
demics of diphtheria. In one province of China where 
diphtheria incidence has been considerably reduced 
following immunization the lowest levels of immu
nity were noted in persons aged 10 to 20 years 
(Expanded Programme on Immunization 1989b). 

In some countries, there is a difference between the 
immune status in males and females. In Denmark and 

Age 1n years 

Sweden (but not in Poland and the United States), the 
immunity among men older than 20 years of age is 
higher than among women older than 20 years of age 
(Christenson & Bottiger 1986, Galazka & 
Kardymowicz 1989, Sargent et al. 1984, Simonsen 
1989). This may be explained by the fact that many 
men in these countries served in the military (in 
Denmark 26% to 83% in various age groups -
Simonsen et al. 1987) and received booster injections 
of diphtheria-tetanus toxoid (Christenson & Bottiger 
1986; Kjeldsen et al. 1988, Simonsen 1989). In other 
countries, males appear to be significantly less pro
tected than females; this fact is difficult to explain 
(Cellesi et al. 1989a). 

A large pool of susceptible persons creates an 
epidemic potential. Recently, an increased incidence 
of diphtheria has been noted in several European 
countries. During the early and mid-1980s, small 
outbreaks of diphtheria were reported from Sweden, 
Germany, and Portugal (Bjorkholm et al., 1986, Ex
panded Programme on Immunization 1988a, Galazka 
& Keja 1988, Rappuoli et al. 1988). In the eastern 
part of Germany, 6 cases of diphtheria occurred in 
1986 to 1989 after 12 years of freedom from indig
enous diphtheria (Expanded Programme on Immu
nization 1991). In the former Soviet Union, diphtheria 
incidence started to increase in the early 1980s, reached 
its first peak in 1983 to 1985 and its second peak in 
1990 to 1991. A total of 1876 and 3897 diphtheria 
cases were reported in Russia in 1991 and 1992, 
respectively (Expanded Programme on Immuniza
tion 1993, Galazka 1992). The epidemic spread to 
Ukraine, where 1552 cases were reported in 1992. In 
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many of these outbreaks, adolescents and adults were 
mainly affected. 

Changes in the age distribution of diphtheria cases 
have also been seen in developing countries. In Jor
dan, children below 10 years of age were the most 
affected group but in an outbreak in 1982 and 1983, 
adolescents and adults were largely involved (Khuri
Bulos et al. 19 8 8). In Indonesia, the reported morbid
ity rates for the age group 0 to 4 years fell below the 
reported rates for the age group 5 to 9 years (Kim
Farley et al. 1987). These observations may reflect 
changing immunity status in various age groups caused 
by increasing coverage rates with OPT vaccine. An 
outbreak of diphtheria primarily involving adults has 
been reported from China; of 103 reported cases, 80 
were over 16 years of age. This epidemic occurred in 
an area where diphtheria had been successfully con
trolled (no cases reported in the previous 3 years) and 
where the immunity among adults had declined 
(Youwang et al. 1992). 

6.3 Strategies for immunization against 
diphtheria 

There is no simple and universal schedule for 
immunization against diphtheria. The choice of an 
appropriate schedule depends on the epidemiological 
pattern of diphtheria and on the level of development 
of immunization services. 

In developing countries where the reservoir of C. 
diphtheriae is still large and natural immunity plays a 
significant role in protection against the dangerous, 
pharyngeal form of the disease, the first priority is to 
ensure high coverage of infants with the primary 
series of three doses of OPT vaccine. Priority should 
be given to achieving at least 90% coverage. 

In developing countries which have already 
achieved high coverage with three doses of OPT 
vaccine in children under one year of age, the policy 
of using a booster dose of OPT vaccine at the end of 
the second year of age and/or a dose of DT or T d at 
school entry should depend on the pattern of diph
theria and the availability of the vaccines. If diphthe
ria poses a significant health problem in preschool or 
school-age children, supplementary doses of diphthe
ria toxoid may be warranted. Data from serological 
studies which show declining antibody levels may 
serve as a valuable guide in deciding when booster 
doses are warranted. The main issue may be whether 
or not the child would otherwise visit the health 
center for preventive health activities. If the child 
is present. in any case, administering a fourth OPT 
dose (and perhaps a fifth dose of OPV) may be 
appropriate. 

The use of DT or T d vaccine at school entry or 
leaving be important for providing anti-tetanus im
munity for these age groups and will be discussed in 
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the module on tetanus. Health authorities need to 
consider the time required to deliver these additional 
vaccine doses and balance this against the time needed 
for other services. The cost of additional doses should 
also be considered. 

In developed countries, primary immunization 
usually consists of three doses of OPT vaccine, given 
at intervals of 4 or more weeks, beginning at 2 or 3 
months of age, and reinforced by a fourth dose given 
in the second year of life. The policy of using booster 
doses of vaccines containing diphtheria (and tetanus) 
toxoid varies considerably. In some countries, booster 
doses of OPT vaccine are given above the age of 3 
years (Czechoslovakia, Hungary, United States). In 
many other countries, booster doses of DT vaccine 
are given at primary school entry and at school 
leaving. Many countries, however, give only mono
valent tetanus toxoid to older school children. 

The immunity level acquired in infancy and early 
childhood should be maintained through properly 
timed booster doses of DT or T d vaccine. T d vaccine 
should be used for older children or adolescents 
leaving primary or secondary schools. 

Since the existence of a pool of susceptible adults 
creates an epidemic potential, the introduction of T d 
vaccine for high risk groups of adults should be 
considered. Some controversy surrounds this recom
mendation. Some authors propose immunizing adults 
with adult-type Td vaccine every 10 years and giving 
T d vaccine whenever tetanus toxoid is indicated, e.g. 
in treating wounds in emergency rooms (Karzon & 
Edwards 1988). Other authors recommend using Td 
vaccine for high risk groups, especially persons vul
nerable to the acquisition of virulent C. diphtheriae, 
such as those travelling to developing countries, mili
tary personnel, medical staff, kindergarten and creche 
personnel, teachers, and alcohol and drug abusers 
(Edwards 1990, Galazka & Kardymowicz 1989). 
Authors from Canada question the need for general 
revaccination of adults against diphtheria and teta
nus (Mathias & Schechter 1985), arguing that the 
mortality from diphtheria remains at a relatively low 
level in Canada and that there is no obvious decrease 
in immunity against diphtheria after primary immu
nization. In Canada, however, hundreds of diphthe
ria cases were reported in the 1970s and 
naturally-acquired immunity may have contributed 
to present high levels of immunity. 

An important issue in the immunization of adults 
against diphtheria is the reactogenicity of diphtheria 
toxoid. It is believed that diphtheria toxoid can in
duce local and, occasionally, general reactions in 
previously sensitized (immune) individuals. This prob
lem may be largely overcome by using a low-dose, 
adult-type preparation of vaccine (Td) containing 
highly purified toxoids. However, even with T d vac
cine, a significant proportion of vaccinees have mild 
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local reactions (Allerdist & Ehrengut-Lange 1982, 
Trinca 1975) and some vaccinees experience moder
ately severe local reactions and systemic symptoms 
(Palmer et al. 1983). Some authors have suggested 
pre-immunization screening for susceptibility by per
forming a Schick test or determining a diphtheria 
antibody level (Palmer et al. 1983). However, screen
ing is cumbersome and time-consuming, and is not 
practical. 

7. Implications for 
Immunization Programmes 
The primary series of three doses of DPT vac

cine given in infancy provides immunity against diph
theria for several years. The duration of the diphtheria 
immunity following primary immunization may dif
fer considerably, depending on the epidemiological 
situation and the frequency of natural stimulation 
and reinforcement of immunity against diphtheria. 

The global recommendation for diphtheria immu
nization is to apply an effective primary immuniza
tion in infancy and to maintain immunity throughout 
life. The immunization schedule should be tailored to 
specific conditions in a given country, taking into 
consideration the actual epidemiological pattern of 
diphtheria and the level of development of the immu
nization services. 

In all countries, priority should be given to efforts 
to reach at least 90% coverage :with three doses of 
DPT vaccine in children below one year of age. 

In developing countries where diphtheria is en
demic, the three primary doses will be enough to 
prevent diphtheria emerging as an epidemic disease. 
In these countries the process of maintaining immu
nity operates through natural mechanisms, including 
frequent skin infections caused by C. diphtheriae. 

In other developing countries where a high immu
nization coverage rate has been achieved in children 
under one year of age, the policy of using further 
doses of vaccines containing diphtheria toxoid should 
depend on the epidemiology of diphtheria. If diph
theria poses a significant health problem in preschool 
or school-age children, supplementary doses of diph
theria toxoid should be considered. A fourth dose of 
DPT vaccine at the end of the second year of life and! 
or a dose of DT vaccine at school entry are the most 
frequently selected options. 

In countries where diphtheria has been success
fully controlled, the immunity level acquired through 
immunization in infancy and early childhood should 
be maintained through properly timed booster doses 
of DT or T cl vaccines. These vaccines should be used 
for older children or adolescents leaving primary or 
secondary schools. 

Immunological Basis for Immunization I Module 2: Diphtheria 

In many recent diphtheria outbreaks in the devel
oped world, adolescents and adults were mainly af
fected. Serological investigations in several developed 
countries showed a low level of diphtheria immunity 
among adults aged 20 to 50 years. Such studies can 
serve as tools for reviewing existing immunization 
schedules. Since the existence of a pool of susceptible 
adults creates an epidemic potential, countries with 
low levels of diphtheria immunity in adults should 
consider the introduction of the adult type T cl toxoid 
for high risk groups in the adult population. 

Abbreviations 
DPT diphtheria-tetanus-pertussis vaccine 

DT diphtheria-tetanus vaccine, child type 

ELISA enzyme-linked immunosorbent assay 

HA passive hemagglutination test 

IU international units 

Td adult preparation of diphtheria and tetanus 
toxoids with a low amount of diphtheria toxoid 

ToBi toxin-binding inhibition test 
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