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1. INTRODUCTION 

These guidelines describe basic and specialized procedures for the isolation, 
identification and demonstration of toxigenicity of Corynebacterium diphtheriae. The basic 
laboratory procedures should at the minimum aim at isolation on good differential media. 
These procedures should be implemented in every diagnostic bateriological laboratory. At 
the central and intermediate level laboratories, procedures for confirmation of 
C. diphtheriae culture are required, whilst the central laboratory should also be able to 
test for toxigenicity and biotyping of the isolated and referred strains. As the capacity 
of intermediate and peripheral laboratories increases, further decentralization of the 
activities may take place, provided that good quality services can be secured and the cost 
of tests is not increased. Ultimately the major task for central laboratories should be 
focused on referral and applied research activities, as well as on the organization of 
quality control and training activities. 

However, it should be noted that the extent of the guidelines is deliberately kept 
within narrow limits and contains only selected laboratory methods proven reliable by 
experienced laboratory workers. Hethods which are not applicable to routine practice or 
not feasible in developing countries, are not included. 

2. HEALTH SIGNIFICANCE OF DI~HTHERIA 

Diphtheria is mainly an acute infectious disease of the upper respiratory tract 
(pharynx, larynx and nose). Occasionally the skin, conjunctiva and vulva may show 
diphtheritic infections. The disease occurs primarily in unimmunized children under 15 
years of age, particularly between one and seven years, but may also appear among non
vaccinated adults and even the newborn. It is most common in countries with very poor urban 
populations who live in overcrowded conditions with low standards of hygiene and very 
limited access to health care facilities. 

According to the very incomplete statistics supplied to WHO by approximately 100 
countries, the number of persons suffering from diphtheria in the world is about 22,500 a 
year. Death due to diphtheria amongst infected persons has remained relatively constant 
for the last 50 years at about 10-15%. Skin diphtheria is more common in tropical climates. 
C. diphtheriaeis an inhabitant of the upper respiratory tract of humans but is not found 1n 
the upper respiratory tract of animals. The main sources of infection are carriers and 
infected persons, particularly nasal carriers, who shed large numbers of organisms. The 
infection is probably spread by airborne infected dust, by contact with fingers and eating 
utensils contaminated with secretion, and by secretion droplets or droplet nuclei in the air. 

3. THE IMPORTANT ROLE 0~ THE LABORATORY IN THE DIAGNOSIS OF DIPHTHERIA 

Clinical manifestations of diphtherial - the incubation period is from two to s1x days. 
The disease usually begins quietly, there is no abrupt rise of temperature, no shivering, 
usually no vomiting or aching back and limbs; often there is no sore throat. The patient 
may be languid but it may be a day or so before he is noticeably ill; his symptoms are 
likely to be general rather than local, though the course of his illness will depend on the 
severity of the diphtheritic membrane. The disease may be divided into three clinical 
types, i.e.: anterior nasal diphtheria where the patient is usually well and going about but 
has a nasal discharge, is excreting C. Diphtheriae in large numbers and is a danger to 
other people; tonsillar diphtheria, with membrane present in varying degrees of severity, 
the patient may be only slightly ill or may be too ill to be out of bed, in severe cases the 
patient may suffer some of the more serious complications of diphtheria; pharyngeal 
diphtheria in which in severe cases the patient is gravely ill, and from which there is a 
high mortality - patieLts who survive undergo a long, serious illness, with many dangerous 
complications such as diphtheritic toxaemia, cardiovascular complications and paralyses. 

1 h . . . h h . d' . . 8 C r1st1e;A.B.,D1p t er1a, Me 1c1ne International 19 1; 1:110-111. 
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The typical membrane of diphtheria is formed as the result of local inflammatory 
reaction when diphtheria bacilli multiply at the site of infection. A dull yellowish-white 
membrane develops which consists of bacterial cells, fibrin, epithelial cells, and leucocytes. 
There are two reasons for the gravity of the disease. 

One is the extension of the membrane downwards to the larynx, laryngeal diphtheria, 
which can produce complete obstruction of the air passage, especially in young children, and 
causes death by asphyxia. The other is by the production of a powerful exotoxin which is 
readily absorbed through the mucous membranes of the upper respiratory tract. The exotoxin 
exerts its major destructive effect on the heart, where sudden death may occur from heart 
failure, and on the peripheral nervous system, causing paralysis. However, in mild cases of 
diphtheria, the membrane may not even be present. Non-toxigenic strains of C. diphtheriae 
may also produce the typical membrane suggesting that exotoxin may not be the cause of the 
production of membrane. 

The clinical diagnosis of diphtheria is not always easily made and is considered by 
experienced clinicians working in infectious disease hospitals as one of the diseases which 
tends to be wrongly diagnosed. The most common mistake is to confuse diphtheria with other 
infections such as tonsillitis and streptococcal throat infections. This highlights the 
important role of the diagnostic bacteriological laboratory in providing simple, rapid and 
reliable laboratory methods to help the clinician in making his diagnosis. Nevertheless, in 
cases of suspected diphtheria, laboratory investigations must never be a cause for delay in 
starting immediate specific treatment. Bacteriological diagnosis must be regarded as 
complementary to, and not as a substitute for,clinical diagnosis. 

The laboratory can also help the clinician to eliminate suspected cases of diphtheria, 
thus avoiding persons not suffering from diphtheria being kept in an infectious diseases 
ward where they run the risk of cross-infection. 

Additionally, laboratory examinations are essential for the test of cure of convalescent 
patients, for the examination of patient contacts and in the search for carriers of the 
disease. 

4. PROCEDURES FOR THE ISOLATION AND IDENTIFICATION OF CORYNEBACTERIUM DIPHTHERIA£ 

For a reliable laboratory diagnosis of diphtheria, the following procedures are 
obligatory. 

The range of laboratory investigations will depend on the availability of reagents, 
laboratory animals and the experience of laboratory staff. 

1. Proper collection of specimens (swabs). 
2. Inoculation of selective culture media containing the inhibitory reagent, 

potassium tellurite. The ideal medium should be easy to make, of constant 
composition and allow rapid growth of all types of C. diphtheriae whilst 
suppressing the growth of other bacteria. 

3. Exami~ation of selective cultures for the presence of C. diphtheriae. 
4. Preparation of subcultures for the study of cellular morphology, and for 

toxigenicity and biochemical testing. 
5. In vitro and/or in vivo toxigenicity testing of C. diphtheriae. 

·6. Biochemical testing of C. diphtheriae. 
7. Biotyping of C. diphtheriae for control and epidemiological purposes. 
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The following figure indicates the step by step procedures ~n the laboratory diagnosis 
of diphtheria. 

FIGURE 1 

BA - 24 h TBA --- 24 and 48 h ---- make films of 

Examine for beta
haemolytic streptococci 
and corynebacteria not 
growing on TBA, i.e., 
tellurite sensitive 
strains. If present 
proceed as for TBA 
plate. 

~----S~bculture 

Loeffler 
serum 4-6 h 
medium 

Elek Subcutaneous 
plate guinea pig 
toxigenicity inoculation 
test 

4.1 ~ollection and transport of specimens (swabs) 

Loeffler 

suspicious colonies 
- stain by Gram and 
Loeffler methylene 
blue. 

serum 4-6 h ----- check 
medium 

I 
cellular 
morphology 
with Loeffler 
methylene blue 

Biochemical Subculture 

t~ndBTA 

biotyping 

Patients from whom both throat and nasopharyngeal swabs must be taken are as follows: 

1. Patients suspected of having diphtheria. 
2. Contacts of diphtheria patients. 
3. Convalescent diphtheria patients (clearance tests). 
4. Persons who may be symptomless carriers of the disease. 

The successful isolation of C. diphtheriae depends in the first instance on the proper 
collection of swabs and their subsequent transport to the laboratory. After swabs have been 
collected they should be taken to the laboratory immediately. As the rapid inoculation of 
special culture media is most important, the clinician must inform the laboratory of any 
presumptive diagnosis of diphtheria. This applies wherever the site of infection may be. 
If immediate inoculation of special culture media is not possible at the time the specimen 
is taken the swab must be placed in a transport medium. Amies Transport Mediuml is 
recommended for this purpose (for details of preparation seeAppendix 1.2). As a rule, 

1 Amies, C. R._.,~ A Modified Formula for the Preparation of Stuart's Transport Medium, 
Can. J. Pub. Health 1967; 58:296-300. 
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C: d~phtheriae shows little or no reduction in viability in this medium during transport 
w1th1n 24 hours, thereafter there is a gradual reduction in the rate of survival of the 
organism. Specimens sent in transport medium must be inoculated onto special culture media 
without delay after receipt in the laboratory. Where transit times of more than 24 hours 
are anticipated the use of silica-gel transport medium should be consideredl,2. 

Some swabs may be toxic to bacteria because of the acidity of the wooden applicator 
sticks or because of fatty acids from the cotton wool used to make the swab. A method of 
treating the swabs to overcome these toxic effects is described in the Appendix 1.1. 

4.1.1 Materials required for swabbing and transport of swabs 

Strong light source for illuminating the pharynx. 
Sterile cotton wool swab in its container. 
Sterile tongue depressor (applicator). 

If immediate inoculation of special culture media is not possible at the time the 
specimen is taken,Amies Transport Medium will be required. 

4.1.2 Throat (swab) specimens 

1. The pharynx should be clearly visible and well illuminated. 
2. Depress the tongue with an applicator and swab the throat without touching the 

tongue or the inside of the cheeks. 
3. Rub the swab vigorously over any membrane, white spots or inflamed areas; 

slight pressure with a rotating movement must be applied to the swab. When 
there is a membrane, lift the edge and if possible swab beneath it, to reach 
deeply located diphtheria bacilli. 

4.1.3 Nasopharyngeal (swab) specimens 

1. Insert the swab into the nose through one nostril, beyond the anterior nares. 
2. Gently introduce the swab along the floor of the nasal cavity, under the 

middle turbinate, until the pharyngeal wall is reached. Force must not be 
used to overcome any obstruction. 

4.1.4 Skin diphtheria and other diphtheritic lesions 

The only other common form of the disease is skin diphtheria, especially in parts 
of the world where diphtheria is endemic. Less common forms are diphtheria of the lip, 
the conjunctiva and the vulva. As there appears to be an association between 
respiratory tract diphtheria and infection of other sites, at the same time as swabbing 
skin or other lesions, throat and nasopharyngeal swabs must also be taken. 

Before taking swabs from skin or other lesions they should be cleansed with sterile 
normal saline and any crusted material removed. The swab is then firmly pressed into 
the lesion. 

4.2 Processing of collected (swab) specimens for the isolation of C. diphtheriae 

The diagnosis of diphtheria based on the microscopical examination of a direct smear 
should not be attempted since both false positive and false negative results are likely to 
occur. ~reliminary reports on this examination, which then need to be amended as a result 

1 Sinclair, M.C., Bickham, S., Schubert, J.H., Silica Gel 
Corynebacterium diphtheriae. S. Med. J. 1972; 65: 1383-1384. 

as a Transport Medium for 

2 
FackhaU)R.R., Lawrence, D.N., Sottnek, F.O., Modified 

Corynebacterium diphtheriae Isolation from Desiccated Swabs. 
7: 137-138. 

Culture Technique for 
J. Clin. Microbial, 1978; 
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of positive or negative cultures, may cause the clinician to doubt the accuracy of the 
laboratory's findings. Neither is the use of Loeffler serum medium alone justified as this 
will cause at least 10-15% of positive swabs to be missed, as compared with the combined use 
of Loeffler serum medium and a tellurite selective culture medium. As well as failing to 
grow C. diphtheriae from a proportion of positive swabs, false positives may also be 
reported by using only Loeffler serum medium. Coryneform organisms (diphtheroids) commonly 
found in the nose and throat of humans will also grow on this medium and because they often 
appear morphologically similar to C. diphtheriae, many more identification tests will need 
to be carried out than would be necessary as compared with the use of a tellurite selective 
culture medium. 

When examining swabs from carriers, patient contacts and convalescent patients, the use 
of a tellurite selective culture medium is essential as these swabs may only contain small 
numbers of C. diphtheriae which may be lost on Loeffler serum medium by being overgrown 
with other bacteria. Because of its limitations Loeffler serum medium is not recommended as 
a primary isolation medium. It is however recommended for making subcultures of suspected 
colonies from tellurite selective culture media for demonstrating the typical cellular 
morphology of C. diphtheriae and for providing growth for identification tests and animal 
inoculations. In recent years modified Tinsdale's medium (MTM)l, 2 has been recommended as 
the most reliable tellurite selective medium for the rapid isolation of C. diphtheriae, 
particularly for use by inexperienced personnel. On this medium C. diphtheriae, C. ulcerans 
and C. ovis (pseudotuberculosis) produce grey-black colonies surrounded by dark-brown halos. 
Very rarely, some strains of diphtheroids, staphylococci and streptococci produce a similar 
effect. However, the prepared medium has a very short storage,life of seven days at +4°C/ 
much less at room temperature, and is difficult to prepare. Commercially prepared batches 
of dehydrated MTif have also been found to be unreliable. Each new batch of medium must be 
tested with at least two strains of each C. diphtheriae biotype and each lot of poured plates 
must also be tested before use. Criteria for acceptance must be the presence of dark brown 
halos preferably within 24 hours and certainly within 48 hours. The quantity of growth 
should be at least the same as that obtained on non-selective blood agar. In use each plate 
of MTM must be stabbed in a small section of the plate with a C. diphtheriae strain known to 
be easily inhibited unless the medium is working satisfactorily, to serve as a control. 
Because of the uncertainties of modified Tinsdale's medium it is not recommended as a 
primary isolation medium but is very useful for checking suspicious colonies found on the 
more generally accepted tellurite selective media. 

The best tellurite selective medium to use is a matter of personal opinion. Culture 
media which have proved useful and are easily prepared are Hoyle's laked blood tellurite 
medium3 or a medium attributed to Downie4 which uses whole blood instead of laked blood. 
Downie's whole blood tellurite medium has been found to be particularly useful and is 
strongly recommended. Almost any good infusion blood agar base or Columbia blood agar base 
to which potassium tellurite and whole blood are added give good results. (Methods of 
preparation are given in the Appendix 1.4, 1.5). 

4.2.1 Minimum culture media necessary for the isolation of C. diphtheriae 

1 

Tellurite blood agar (TBA) plate 
Blood agar (BA) plate 

Moore, M.S., Parsons, 
Isolation of Corynebacterium 

E. I., A Study of ~fodified Tinsdale's Medium for the Primary 
diphtheriae. J. Infect. Dis. 1958; 102: 88-93. 

2 
Jellard, C.H., Comparison of Hoyle's ''edium and Billings ;!edification of Tinsdale's 

Medium for the Bacteriological Diagnosis of Diphtheria. J. Med. Microbial. 1971; i= 336-369. 
3 

Hoyle, L.A., Tellurite Blood Agar Medium for the Rapid Diagnosis of Diphtheria 
Lancet 1941; i: 175-176. 

4 
Downie, A.W.,Laboratory Diagnosis of Sore Throat. In Dyke S.C., ed. Recent Advances 

in Clinical Pathology, Churchill, London, 1947: 23-31. 
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Inoculating wire loops, of which several will be needed. This avoids having 
to wait for the loop to cool after heating and the danger of using a hot loop. 
Bunsen burner (gas or spirit) to sterilize loops. 
Thermostatically controlled incubator at 35-36oc. (Check thermometer reading 
before putting in or taking out cultures). 

4.2.3 Primary plating of swabs for the isolation of C. diphtheriae (see Figure 2) 

1. Moisten the swab with a few drops of nutrient broth if it has been transported 
in a tube without the use of a moist transport medium. 

2. Rub the swab over a quarter of the surface of first the BA plate and then the 
TBA plate, AREA 1. 

3. With a sterile loop, spread the primary inoculum onto AREA 2 of the plate using 
10-15 to and fro strokes. 

4. Withou~ re-entering the site of the primary inoculation, the loop is used to 
spread the secondary inoculum onto AREA 3 of the plate. 

5. Finally, using the same technique as above, the loop is used to spread AREA 3 
onto the remainder of the plate, i.e., AREA 4. 

6. Reheating of the loop is not necessary between second, third and fourth 
spreadings. 

7. The plates are inverted and incubated in a normal atmosphere at 35-36°C and 
examined after 18-24 hours and 48 hours incubation. 

When experience has been gained in the laboratory and the laboratory staff are 
satisfied that a good isolation rate is being obtained then throat and nasopharyngeal 
swabs from the same patient may be spread on the same plate, i.e., a half-plate each 
per swab. 

4.3 Examination of cultures for the presence of C. diphtheriae 

Primary plates should be examined after overnight to 18 hours incubation, so that any 
subcultures of suspicious colonies can be made by 10.00 hours. This will allow adequate 
growth of subcultures so that in vitro and in vivo toxigenicity tests and biochemical tests 
can be put up the day the primary plates are examined. 

In order to gain experience in recognizing colonies of C. diphtheriae on TBA plates, 
stock cultures should be plated out on TBA plates at regular intervals and carefully 
examined. Type strains from national collection of type cultures are suitable for this 
purpose providing that cultures showing typical colonial morphology are requested. (See 
Appendix for maintenance of stock cultures). 

Colonies should be examined in reflected light with ax 8 hand lens or preferably a plate 
or dissection microscope. It is important to remember that sometimes one or more of the 
colonial features may be absent and that coryneform (diphtheroid) organisms may also exhibit 
similar colonial morphology to that of C. diphtheriae. 

If there is no bacterial growth on both BA and TBA plates then further swabs should be 
requested with a reminder that the method for taking swabs should be carefully followed. 

4.3.1 Examination of BA plate 

This plate is used for detecting the presence of beta haemolytic streptocucci. 
However, it is important to know that some strains of C. diphtheriae are sensitive to 
the potassium tellurite in TBA medium and will be inhibited. Where the TBA plate is 
negative for C. diphtheriae a careful search of the BA plate should be made for possible 
C. diphtheriae colonies, suspicious colonies should be picked off and subcultured for 
identification tests (see 4.4.1). 
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FIG. 2 
PRIMARY PLATING OF SWABS FOR THE ISOLATION OF C. diphtheriae 

Area 1 Area 2 

Swab inoculum 

Area3 Area 4 
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4.3.2 Examination of TBA plates 

The following descriptions are the main characteristics of typical C. diphtheriae 
colonies growing on whole blood tellurite plates. 

Gravis: 18-24 hours - colonies are about 1-2 mm in diameter; circular convex; 
entire edge; matt or frosted glass surface; grey in colour; friable 
consistency, i.e., breaks up radially into smaller segments when lightly 
touched with a straight inoculation wire and can often be pushed over the 
surface of the medium without the colony breaking up; occasional strains 
may show a faint zone of haemolysis. 

Mitis: 

Intermedius: 

48 hours colonies are about 2-4 mm in diameter, dark greyish-black centre 
and paler periphery, with a raised centre beginning to form; irregular to 
lobate edge; matt or frosted glass surface; radial striations giving the 
typical 'daisy-head' appearance. The last two features are not always 
present. 

18-24 hours - colonies are about 1-2 mm diameter; circular; convex; 
entire edge; smooth surface; pale grey in colour; usually show a well
marked zone of haemolysis. 

48 hours - about 2-4 mm in diameter; dark-greyish black in colour; 
smooth, shiny surface; becoming flattened with an elevated centre 
(poached egg appearance); entire edge soft consistency. 

18-24 hours colonies are about 0.5-1 mm in diameter; circular; flat; 
entire edge; greyish-black in colour, paler periphery; discrete, 
delicate appearance; smooth or very finely granular surface; consistency 
is intermediate between the friable gravis and soft mitis biotypes; no 
zone of haemolysis. 48 hours colony size not much altered, about 1 mm 1n 
diameter; dull granular centre and a smoother, most shiny periphery -
dark-greyish black centre with a slightly paler periphery, giving a 
'frogs eggs' appearance; edge may be entire or slightly irregular; 
after prolonged incubation the colony may enlarge and resemble a 'daisy
head' colony of the gravis biotype. 

If in doubt about any colonies, treat them as possible C. diphtheriae colonies and 
carry out identification tests. With increasing experience of examining colonies fewer 
non - C. diphtheriae colonies will be picked. Time spent in examining typical 
C. diphtheriae colonies will be rewarded by having to put up fewer identification tests. 

4.4 Identification of C. diphtheriae 

Pure cultures of suspicious colonies must be obtained for the identification of 
C. diphtheriae. At the peripheral laboratory level, if complete identification is not 
possible, subcultures onto Loeffler serum medium should be made and despatched to the central 
or intermedia.te laboratory for identification. At the same time the clinician responsible for 
the patient should be warned that C. diphtheriae may have been isolated. At whatever level 
of laboratory service identification takes place, the most important test is the in vitro or 
in vivo test for toxigenicity and this must be done without delay. 

This will be followed by biochemical testing and biotyping for control and epidemiological 
purposes. 

4.4.1 Method of obtaining pure cultures 

Make films of suspicious colonies from TBA or BA plates. Stain with Loeffler, 

methylene blue and by Gram's method (for formulae and method, see Appendix 1.15, 1.16}. 
All the Corx~~p~c~~rium group are Gram positive but C. diphtheriae tends to easily 
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deco1orize and may appear Gram negative or Gram variable whereas coryneform 
(diptheroids) organisms remain strongly Gram positive. Morphological appearances after 
staining with Loeffler's methylene blue stain are summarized as follows: 

Cellular morphology on TBA medium of C. diphtheriae as compared with human coryneforms 
(diphtheroids). 

Gravis: Short bacilli; coccoid forms sometimes present; pleomorphic; barred 
staining sometimes present; scanty metachromatic granules. 

~1itis: Long bacilli; pleomorphic; irregular staining; metachromatic granules 
usually plentiful. 

Intermedius: Long bacilli; pleomorphic; barred staining; scanty metachromatic 
granules. 

coryneforms 
(diphtheroids): Bacilli which are usually regular in size, shape and arrangement 

e.g., palisading; barred staining sometimes present; metachromatic 
granules usually absent. 

Suspicious colonies on TBA or BA plates which present the above microscopical 
appearance after staining are subcultured to two moist Loeffler serum medium slopes as 
soon as possible and incubated at 35-36°C for 4-6 hours. One slope is used for 
toxigenicity tests and the other for biochemical tests. A straight wire is used for 
picking colonies and a wire loop for spreading the inoculum (the preparation of 
Loeffler serum medium is described in the Appendix 1.7). 

Before using subcultures for testing purposes check the growth for typical 
C. diphtheriae cellular morphology which tends to be more distinctive from Loeffler 
serum medium than TBA and BA plates. Cellular morphology can vary with different 

batches of Loeffler serum medium. If fresh hen's eggs are available better cellular 
morphology is obtained from Pai egg medium or Dorset egg medium, and both media can at 
the same time be used for subcultures for toxigenicity and biochemical tests. 

Coryneforms (diphtheroids) can morphologically closely resemble the biotypes of 
C. diphtheriae and atypical strains of C. diphtheriae may be mistaken for coryneforms 
(diphtheroids). When in doubt carry out toxigenicity and biochemical tests on all 
suspicious colonies. 

The subcultures made on Loeffler serum medium slopes should be inoculated to TBA 
and BA plates, the former for a more leisurely study of colonial morphology for 
biotyping purposes and the latter for making repeat cultures if anomalous biochemical 
and toxigenicity tests are encountered. 

4.4.2 Toxigenicity testing of C. diphtheriae 

Tests for toxin production are the most important in the identification of 
C. diphtheriae. Test can be made either in vivo using guinea pigs or in vitro by a 
modification of Elek's gel diffusion methodl. It is essential to obtain a result as 
soon as possible as delay may have serious consequences for the patient. Using a 
suitable medium, previously tested and known to be satisfactory, and with the proper use 
of control organisms the result of Elek's test can often be available within 24 hours 
and certainly by 36 hours. 

1 . J Dav1.es, . R., 
Collins, C.H., eds. 
5. H.M. Stationery 

Elek's Test for the Toxigenicity of Corynebacteria. In Willis A.T., 
Laboratory Methods 1. Public Health Laboratory Services lfonogr Ser No. 
Office, 1974: 1-7. 
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Ideally the in vivo guinea pig test should be done at the same time, as false 
positive and false negative results have been reported using Elek's test. Where only 
sporadic cases of diphtheria are encountered it is recommended that both in vitro and 
in vivo tests for toxigenicity are carried out. Subsequently, if several more strains 
are isolated from contacts these should be tested by Elek's method and if found to be 
negative, retested by the in vivo guinea pig method. In large-scale outbreaks heavy 
reliance will need to be placed on Elek's gel diffusion test which is reliable if the 
method described is strictly adhered to. Doubtful results must be checked by the 
in vivo guinea pig test. 

A. In vitro test (modified Elek's gel diffusion method) 

Materials 

Method 

9 ern sterile plastic or clear scratch-free glass petri dishes 
Screw-capped tubes or bottles containing 15 rnl of the special agar base medium 
(details of preparation are given in Appendix 1.8). See note 1. 
3 rnl amounts of sterile animal serum i.e., rabbit, horse, goat, adult bovine, 
calf or pig serum. See note 2. 
Diphtheria antitoxin - the antitoxin should be pre-tested to determine the 
concentration which gives the best results. This is normally between 500 and 
1,000 units per rnl. 750 units per rnl has been found satisfactory for the 
modified test described. See note 3. 
Sterile saline for diluting the antitoxin 
Sterile filter paper strips, 10-15 rnrn wide and 70 rnrn long. See note 4. 
Sterile 10 rnl or 5 rnl and 1 rnl graduated pipettes 
Sterile forceps for holding filter paper strips 
Inoculating wire loop 1-2 rnrn diameter 
Bunsen burner (or sgirit burner) 
Water bath at 50-55 C (to keep agar base medium molten) 
4-6 h. Loeffler serum medium slope cultures of known toxigenic, weakly 
toxigenic and non-toxigenic strains of C. diphtheriae. See note 5. 
4-6 h. Loeffler serum medium slope culture of the C. diphtheriae strain 
isolated from the patient, patient contact, convalescent patient or carrier 
x 8 magnification hand lens and light source to view the test plates after 
incubation 
Incubator at 35-36°C. 

1. Prepare test plates by melting the required number of 15 rnl tubes or bottles 
of the special agar base. Make sure that the medium is completely fluid before use. 
Transfer to 50-55°C water bath when melted. 

2. Soak a filter paper strip with the diluted diphtheria antitoxin and allow to 
drain. Lay the strip across the centre of a sterile 9 ern Petri dish. Place in a 
35-36°C incubator and allow strip to dry for about 20 minutes. (Raise lid of dish 
slightly). 

3. Add 3 rnl of serum to 15 rnl base medium, cooled to 50-55°C. If too hot the 
medium will become cloudy (opaque) when the serum is added and the test will be 
difficult to read. Mix well by rotation between the hands. Do not shake, this will 
cause bubbles to appear. 

4. Pour into Petri dish, to submerge the antitoxin filter paper strip. If 
necessary re-position the filter paper strip in the centre of the plate using a sterile 
wire loop. 

5. Allow the medium to set firmly. Dry the surface by placing the plate in the 
incubator at 35-36°C with the lid of the dish raised. Do not dry for more than 
60 minutes. 
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6. For accuracy of streaking, draw lines using wax pencil or felt-tip pen at right 
angles to the filter paper strip on the base of the Petri dish. These should be 50 mm 
long and set about 10 mm apart. A 9 em Petri dish will allow for up to six streak 
inoculations to be made - the drawn lines help in correct positioning of the streaks 
and in keeping the streak in a straight line, at right angles to the filter paper strip. 

7. Using a sterile 1-2 mm loop, streak control and test (unknown) cultures onto 
the plate at right angles to the filter paper strip, carefully following the drawn 
lines. It is most important to place the test (unknown) culture next to a toxigenic 
control culture so that the lines of precipitation if the test culture is positive, will 
join with the lines of precipitation of the toxigenic control strain showing a reaction 
of identity (arcing). 

8. Invert the plates and place in the incubator at 35-36°C for overnight to 
18-24 h incubation. Examine by. transmitted light against a dark background using a x 8 
hand lens. 

Interpretation 

Look for white lines of precipitation starting about 10 mm from the filter paper 
strip and occurring at an angle of about 45° to the line of growth. These should be 
shown by the positive control toxigenic strains. If the test or unknown organism shows 
similar lines then it should be regarded as being toxigenic. The negative control will 
not show these lines. The plates are reincubated and examined later in the day and 
finally on the following day, i.e., after 48 h. The toxin line of the positive control 
strain should join the toxin line of a positive test strain to form an arch or 'arc' 
between the two strains. If the test strain produces toxin more slowly than the 
positive control strain i.e., is weakly toxigenic, the arch formed may be bent slightly. 
If the test strain does not produce toxin, the toxin line will be absent and the toxin 
line from the positive control strain will pass straight through the line of growth of 
the strain. The positive control strain will do exactly the same with the negative 
control strain. 

Secondary lines of prec~p~tation due to soluble antigens other than diphtheria 
toxin are produced by both toxigenic and non-toxigenic strains. If positive, weakly 
positive and negative control strains are included in the test there should be no 
difficulty in identifying the true toxin lines. It is also an advantage to streak the 
test (unknown) strain in duplicate on the same plate i.e., positions 2 and 6. 

FIG. 3 

ELEK PLATE TOXIGENICITY TEST 

Specific 
lines of 
precipitation 

Fig 3: A suitable arrangement 
for streaking cultures 
on the Elek plate. 

non-specific 
lines of 
precipitation 

"'arcing"·arch (of identity) 
formed by lines of 
precipitation joining 



Interpretation of Figure 3 

1. Positive control 
2. Test or unknown 
3. Negative control 
4. Positive control 
5. Weakly positive 

control 
6. Test or unknown 

- toxigenic 
toxigenic 
non-toxigenic 
toxigenic 
weakly toxigenic 

toxigenic 
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At 48 h non-specific lines of precipitation may appear at a short distance from the 
antitoxin strip and may sometimes link up or 'arc'. They are usually fainter than the 
true toxin lines and should be ignored. If there is any doubt about the specificity of 
these lines then the organism must be tested by the in vivo guinea pig test. 

Notes on Elek's gel diffusion method 

1. The special agar base medium (Appendix 1.8) or Columbia agar (where availablf!) 
are recommended as the most suitable media for the test. The medium must be clear, so 
one can see weak lines of precipitation. New batches of medium must be tested by 

Elek's method using the known toxigenic, weakly toxigenic and non-toxigenic control 
strains of C. diphtheriae. 

2. Horse serum is usually recommended for the test but several other animal sera 
may be used. Rabbit, calf, and adult bovine serum give results equally as good as horse 
serum; goat and pig serum are also satisfactory. Clear serum is necessary for reasons 
stated above and all new batches of serum must be tested as in Note 1. Satisfactory 
batches should be checked for sterility before being distributed into 3 ml amounts in 
sterile screw-capped bottles or tubes and stored frozen at -20°C. Serum stored in this 
way can be used for up to a year later or more. 

3. Some batches of diphtheria antitoxin cause excess~ve non-specific lines of 
precipitation to occur and are not suitable for use. Batches of diphtheria antitoxin 
must be tested as in Note 1 and those selected which produce no secondary lines of 
precipitation or only a few faint lines. For storage purposes the manufacturer's 
instructions must be followed. 

4. Whatman No 1 or No 3 filter paper, or Ford 428 Mill blotting paper are suitable 
for making the antitoxin - impregnated paper strips. Antitoxin strips may also be dried 
and stored in the refrigerator at + 4°C for future use. Other filter papers may be 
used but the exact concentration of antitoxin required will need to be determined 
according to the thickness of the filter paper. The concentration recommended in the 
method described is for the above papers. Testing is carried out as in Note 1. 

5. The control strains of C. diphtheriae recommended are those used in Great 
Britain and are obtainable from The Curator, National Collection of Type Cultures, 
Central Public Health Laboratory, Colindale Avenue, London, NW9 5HT. 

NCTC 10648 
NCTC 3984 

NCTC 10356 

toxigenic, clearly visible precipitation lines within 24 h. 
weakly toxigenic, lines may not be visible within 18-24 hours but if 
placed next to NCTC 10648 'arcing' will occur. 
non-toxigenic, negative control. Non-specific lines may occur after 
48 h. 

(See Appendix 1.17 for maintenance of stock culture). 

B. In vivo subcutaneous guinea pig inoculation test 

The most reliable test for detecting toxin production is the subcutaneous test; 
two guinea pigs are required for each isolate to be tested. The intradermal test, 
whilst reducing the number of guinea pigs used for testing, is not recommended as 
considerable skill is required in carrying out intradermal injections. The main 
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advantage of the intradermal test is that the local purulent necrotic lesion produced 
by C. ulcerans is easily detected but a similar reaction can similarly be observed with 
the subcutaneous test. 

Materials 

Method 

Two guinea pigs each about 250 grams weight 
1-2 ml sterile syringes 
Hypodermic needles, 23 gauge x 1 inch (0.6 x 25 mm) 
Diphtheria antitoxin 200 units per ml 
18-24h Loeffler serum medium culture of the organism to be tested 

1. Add about 2 ml peptone water to the culture and carefully scrape off the 
growth from the slope to suspend in the peptone water. Transfer this suspension to a 
sterile tube or bottle. (DO NOT MAKE THE SUSPENSION IN SALINE AS THIS WILL KILL SOME 
OF THE ORGANISMS WITHIN 30 MINUTES. DO NOT USE A LIQUID CULTURE BECAUSE THE GROWTH 
WILL NOT BE SUFFICIENTLY HEAVY). 

2. Inject one of the guinea pigs by the intraperitoneal route with 0.5 ml of 
diphtheria antitoxin, 200 units per ml. The antitoxin is rapidly absorbed from the 
peritoneal cavity and will protect the guinea pig even if the test organism is injected 
immediately afterwards. 

3. Inject both guinea pigs subcutaneously with 0.2 ml of the peptone water 
suspension into an area previously clipped or shaved and disinfected with 70% alcohol. 

Interpretation 

A toxigenic strain of C. diphtheriae will usually cause death within 1-4 days in 
the unprotected animal and the protected guinea pig will be unaffected. If the strain 
is non-toxigenic neither guinea pig will show evidence of local necrosis or 
intoxication. If both protected and unprotected guinea pigs survive more than 4 days 
providing the correct dose of culture has been injected, the test can safely be 
regarded as negative. Normally, the unprotected guinea pig dies within 48 h~if the 
strain is toxigenic. 

A post-mortem examination should be made on those guinea pigs which die within 
4 days. Evidence of diphtheria intoxication is swelling and congestion of, and 
haemorrhage in, the adrenal glands. The peritoneal cavity and the pleural cavity may 
contain excess fluid and the site of injection may show haemorrhagic gelatinous oedema. 

C. ulcerans usually produces two toxi~, one which resembles C. ovis 
(pseudotuberculosis) toxin and a toxin which is neutralized by diphtheria antitoxin; 
the latter toxin, however, is sometimes absent. With C. ulcerans, both protected and 
unprotected guinea pigs may die, or the protected guinea pig may survive or both guinEa 
pigs may survive. Usually in all animals there is a purulenL necrotic lesion at the 
site of injection. 

4.4.3 Biochemical testing of C. diphtheriae 

The biochemical reactions of C. diphtheriae, C. ulcerans and some commonly 
encountered coryneform (diphtheroid) organisms are given in Table 1. 

Although MTM is not recommended for the primary isolation of C. diphtheriae 
it is a most useful differential test for C. diphtheriae and C. ulcerans. Very rarely 
some strains of diphtheroids, Staphylococci or Streptococci may also produce brown 
halos around dark colonies. 
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Simple peptone water carbohydrate media with Andrade's indicator as used in 
identifying the Enterobacteriaceae family are recommended for the biochemical testing 
of C. diphtheriae (Appendix l.lOfor method of preparation). As C. diphtheriae will not 
grow sufficiently well without the presence of serum in the medium, Hiss's serum water 
made with sheep, calf or adult bovine serum (Appendix l.llfor method of preparation) 
should be added to each tube or bottle of peptone water carbohydrate medium. Horse serum 
unless buffered may give fallacious results due to the presence of saccharolytic 
enzymes, similarly unheated rabbit serum may give false positive results with starch due 
to the presence of natural amylase which hydrolyses the starch to glucose which is then 
fermented by the test organism. Whichever serum is used it should be pretested using 
control strains of C. diphtheriae to ensure that the correct biochemical results are 
being obtained. 

Glucose, maltose, starch and sucrose are the carbohydrates usually used in testing 
the fermentation reactions of c. diphtheriae. If the organism is thought to be 
C. ulcerans, trehalose is added to the range of carbohydrate media. 

Additional useful biochemical tests are the reduction of nitrates to nitrites and 
the hydrolysis of urea. Occasional strains of C. diphtheriae mitis fail to reduce 
nitrates i.e., the belfanti variant of the mitis biotype. Some strains of the mitis 
and gravis biotypes ferment sucrose. 

Usually there is sufficient growth from the Loeffler serum medium slope (4.4.1) 
4-6 h after incubation to commence biochemical testing. 

Methods 

MTM differential test (Appendix 1.3 for details of preparation of medium) 

Stab inoculate tubes or bottles of MTM with the test organism. At the same time 
stab inoculate tubes or bottles with a C. diphtheriae intermedius biotype which is known 
to grow poorly. If this produces growth with browning of the medium surrounding the 
stab line of growth then it can be assumed that the medium is working satisfactorily 
and that any test organism producing similar browning of the medium is most likely to be 
C. diphtheriae or C. ulcerans. With the stab method of inoculation the reaction is 
apparent within 24 h of incubation at 35-36°C. Negative tests should be reincubated and 
examined at 48 h. 

Carbohydrate Fermentation 

1. Add about 3 ml peptone water to the slope culture and carefully scrape off the 
growth to make a suspension. DO NOT USE SALINE AS THIS WILL KILL SOME OF THE ORGANISMS, 
OFTEN WITHIN 30 MINUTES. 

2. Using a sterile Pasteur pipette add 2-3 drops of the suspension to tubes or 
bottles of the appropriate Andrade's peptone water carbohydrate media. To each tube or 
bottle add 5 drops of Hiss's serum water as a growth supplement. Incubate at 3Y-36uC. 

3. Results can usually be read after 24 h. Occasionally with slow-growing strains 
it may be necessary to reincubate and read after 48 h and 72 h. 

4. Control strains of C. diphtheriae, starch positive and starch negative should be 
put up at the same time as the test organism. Expected reactions are given in Table 1. 

Urea hydrolysis 

1. Inoculate a slope of Christensen's medium
1 

(See Appendix 1.12). 

1 
Christensen, W.B., Urea Decomposition as a Heans o.E Differeni.:iating 

Paracolon Cultures from Each Other and from Salmonella and Shingella. 
Protein::; anc1 

J. :&ct. 1946; 52:461 
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2. Incubate at 35-36°C and observe after 24 hours and 48 hours. 

Reactions often occur within an hour or so. 
Positive results are indicated by the medium turning a purple-pink colour. 

Nitrate Reduction 

A simple test is that of Cook
1 

(details of preparation of materials and reagents are 
given in the Appendix 1.13). 

1. Stab inoculate on one half of a BA plate positive and negative control organisms; 
suitable organisms are Escherichia coli and Acinetobacter anitratus. 
On the other half stab inoculate not more than 2 test organisms. (Fig 4). 

2. Between them lay a nitrate-impregnated paper strip. 
Incubate at 35-36°C and observe at 24 h and 48 h. 

Positive results are indicated by an easily seen greenish-brown zone of 
discoloration around the stabbed area of growth and is due to the oxidation of 
haemoglobin to methaemoglobin by the nitrite produced. The zone is between 2 and 4 em 
in diameter but will gradually diffuse throughout the plate making interpretation 
difficult after 24 h. Negative cultures are reincubated for a further 24 h. 

1 

Greenish
brown zone 
of discoloration 
(+reaction) 

FIG 4 
BA PLATE TEST FOR NITRATE REDUCTION 

Stab inoculation 
Test organism(s) 

Cook, G.T., A Plate Test for Nitrate Reduction, J.Clin.Path. 1950; 5:359-366. 
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Biotyping of strains of C. diphtheriae will largely be the domain of the central 
laboratory but there is no reason why laboratories at intermediate level should not be 
able to undertake this task after suitable training. 

Biotyping is most useful for epidemiological studies and control purposes. If 
necessary biotyping may need to be supplemented by bactericin and bacteriophage typing 
if these facilities are available. 

The three biotypes of C. diphtheriae are designated gravis, intermedius and m~t~s, 
names given to them which reflected the severity of the disease they produced. T~ 
difference rarely applies now as both toxigenic and non-toxigenic strains occur amongst 
all three biotypes. The names are retained because they remain useful for identifying 
the cellular morphology, colonial morphology and biochemical characteristics assigned 
to them by long-standing agreement between microbiologists. 

Biotyping is essentially assessing all the information gained by microscopical and 
cultural examination and deciding how much the strain under examination answers the 
different criteria and naming it thus. Only experience gained by detailed examination 
of C. diphtheriae strains will permit accurate biotyping and in central and possibly 
intermediate level laboratories training should be directed towards this attainment. 

TABLE 1 

Cor~1ebacteria isolated from human sources 

Organism Glucose Maltose Starch Sucrose Nitrate Urea Halo 
reduction hydrolysis formation 

on MTM 

diphtheriae A A A - + - + 
gravis (rare A) 

diphtheriae A A - - + 
mitis (rare A) (rare -) - + 

dipntheriae A A - - + - + 
intermedius 

ulcerans A A A - - + + 
(rare -) 

xerosis A A - A + - -

hofmanii - - - - + + -

A Acid~ 

Note 1 

C. ulcerans is distinguished from the C. diphtheriae biotypes by the hydrolysis of 
urea, fermentation (sometimes slowly) of trehalose, and the liquefaction of gelatin, 
usually within 2-3 days at 22°C. (See Appendix 1.14). 

Note 2 

C. diphtheriae m~t~s strain which are nitrate negative are sometimes referred to as 
C. belfanti or C. diphtheriae mitis var belfanti. 
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APPENDIX 

1. REAGENTS AND CULTURE MEDIA PREPARATION 

1.1 Preparation of cotton wool swabs 

It is recommended that applicator sticks with the attached cotton wool swab at the end 
should be soaked in a phosphate buffer solution pH 7.4 made up as follows: 

i-!/15 potassium dihydrogen orthophosphate (KH2P04) 
M/15 disodium hydrogen orthophosphate (Na2HP04) 

or proportionally larger volumes as required. 

18 ml 
82 ml 

Soak for about two hours, drain dry on filter paper laid out flat. Mount in corks and 
insert in suitable test tubes (127 x 6/7 rom) or seal with cotton wool plugs. Sterilize ~n 
the hot air oven (160°C for one hour) or the autoclave (121°C for 15 minutes). Avoid 
excessive heating in the hot air oven. 

1.2 Arnies transport medium (modified Stuart's) 

Distilled or deionised water 
Agar 

1 litre 
4.0 g 

Heat until dissolved by boiling, and add while hot but not boiling, the following 
ingredients: 

NaCl 
KCl 
Na2HP04anhydrous 
KH2Po4 
Sodium thioglycollate 
CaC1 2 1% solution freshly prepared 
MgC1~.6H2 0 - 1% solution 

3.0 g 
0.2 g 

1.15 g 
0.2 g 
1.0 g 

10.0 ml 
10.0 ml 

Stir until dissolved and add 10 g charcoal (pharmaceutical neutral grade). Mix 
thoroughly and distribute in 1/4 oz (7 ml) bijou bottles, filling them almost to the brim. 
Apply screw cap and screw down tightly. Autoclave at 121°C for 15 minutes. Invert the 
bottles during cooling to distribute the charcoal evenly, making sure that the caps are 
tightened securely. Final pH, 7.2. Store in the dark in a cool place. 

1.3 Modified Tinsdale's medium (MTM) 

Base medium 

The following dehydrated culture media have been found satisfactory: 

(a) Bacto-Tinsdale base (Difco) 
(b) Columbia agar 
(c) Tinsdale's agar base (Oxoid) 

or the base medium can be made as follows: 

Proteose peptone No. 3 (Difco) 
Sodium chloride 
Bacto-agar (Difco) 
Distilled or deionised water 

Dissolve ingredients by boiling, cool and adjust to pH 7.4. 
minutes. 

2.0 g 
0.5 g 
2.0 g 

100.0 ml 

Autoclave at 121°C for 15 
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Horse, rabbit, adult bovine, calf and goat serum have been found satisfactory. The 
serum should be freshly collected and free from haemolysis and should be sterilized by 
filtration. If large quantities are collected, the serum after processing should be stored 
frozen at -20°C. 

L - cystine solution 

Dissolve 20 g of L - cystine in 100 ml of 2N hydrochloric acid, prepared by adding 
17.46 ml concentrated hydrochloric acid to 80 ml high grade distilled or deionised water in 
a volumetric flask and making up to the 100 ml mark with the same water. 

No other derivative of cystine should be used, including the hydrochloride and cysteine. 

It is a self-sterilizing solution and can be stored at room temperature ~n the dark. 

1% potassium tellurite solution 

Dissolve 1 g potassium tellurite in 100 ml distilled or deionised water. 
sterilizing solution and can be stored for up to six months at room temperature 
Any white precipitate which forms is dispersed by shaking before use. 

It is a self
in the dark. 

The amount added to the complete medium may have to be altered depending on how 
inhibitory the tellurite solution is - this is determined by pre-testing the complete medium 
with control strains of C. diphtheriae and should include a strain which is known to grow 
poorly on MTM. 

Sodium thiosulphate 

Dissolve 0.25 g (analytical reagent grade) in 100 ml sterile distilled or deionised 
water. This solution must be freshly prepared and added at the time of making up the complete 
medium; it does not remain stable. 

Method of preparing the complete medium 

1. Melt base and cool to 50-55°C. 

Add strictly in the following order: 

2. Serum 
3. 20% cystine solution (drop by drop) 
4. 1% tellurite solution 

5. 2.5% thiosulphite solution 

10.0% 
0.11% 

2.5% 
(final conc.0.025%) 

0.15% 

Mix well between each addition. Pour plates allowing about 12-15 ml of medium per 9 em 
Petri dish, or for economy and ease in demonstrating the brown halo formation, dispense into 
sterile screw-capped tubes or bottles, about 12-16 mm diameter, to give a column of medium 
of about 25 mm. For use tubes or bottles are stab inoculated. 

Prepared plates or tubes will normally keep for seven days if stored in the 
refrigerator at +4°C. 
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1.4 Tellurite blood agar, Hoyle's (TBA) 

Base medium 

Lab - Lemco meat extract or powder 
Peptone (good quality, Difco proteose or Evans Medical) 
Sodium chloride 
Agar -normally 1.0-2.0% of the powder but the amount 

depends on the manufacturer's recommendations 
Distilled or deionized water 

10.0 g 
10.0 g 
5.0 g 

1 litre 
Dissolve the ingredients by boiling, cool and adjust to pH 7.8. Distribute ~n screw

capped bottles in amounts suitable for local requirements and sterilize in the autoclave at 
121°C for 15 minutes. 

3.5% potassium tellurite solution 

Dissolve the potassium tellurite in sterile distilled or deionized water. The solution 
~s self-sterilizing and is stable for up to six months at room temperature in temperate 
climates but store at +4°C in higher temperatures. 

Lysed horse, bovine or sheep blood 

Make up a 10% solution of saponin in distilled or deionized water. Sterilize in the 
autoclave at 121°C for 15 minutes. Add 0.5 ml of the saponin solution to 10 ml of whole 
blood, mixing gently to avoid formation of air bubbles; incubate at 35-36°C for 30 minutes. 
Store at +4°C. 

~fethod for preparing the complete medium 

1. Melt the base medium, cool to 50-55°C. 
2. Add 1% of the potassium tellurite solution (final concentration 0.035%). Mix well 

without shaking. 
3. Add 5% of the lysed blood, mix well without shaking. 
4. Pour plates (about 12-15 ml per 9 em Petri dish). Dry the surface before use. 

The medium is stable and can be stored at room temperature in temperate climates but at 
+4°C in higher temperatures. Plates should be stored in containers or plastic bags to 
prevent excessive drying. The ability of the medium to support growth of C. diphtheriae 
and to produce typical colonial morphology should be checked by plating out the 
C. diptheriae biotypes on each batch prepared. 

1.5 Tellurite blood agar, Downie (TBA) 

Base medium - the effectiveness of the medium depends upon the quality of the base 
nutrient agar. 

The following dehydrated culture media have been found satisfactory: 

(a) Bacto brain-veal agar (Difco). 
(b) Columbia agar (Difco, Oxoid, Gibco, BBL, Mast). 
(c) Hoyle's base medium as in 1.4 or the base medium can be made as follows: 

Fat-free minced bovine heart 
Sodium carbonate Na2co3 anhydrous 
Sodium chloride 
Distilled or deionized water 

400.0 g 
4.0 g 
2.5 g 

1 litre 

Infuse overnight at +4°C. Add 8 ml concentrated hydrochloric acid and bring to the boil. 
Squeeze meat and filter the infusion through suitable paper, e.g., Whatman No. 1 or 113 v. 
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Make up to the original volume of 1 litre with water then add (a) 1% peptone (Difco proteose 
or Evans Medical) and (b) 1.0-2.0% agar powder, depending on the manufacturer's 
recommendations. 

Adjust the pH to 8.2 and autoclave at 115°C for 10 minutes to precipitate the 
phosphates from the medium. Filter through paper and adjust to pH 7.8. Distribute into 
screw-capped bottles in amounts suitable for local requirements. Autoclave at 121oc for 
15 minutes to sterilize. 

2.0% potassium tellurite solution 

Dissolve the potassium tellurite in sterile distilled or deionized water. The solution 
is self-sterilizing and is stable for up to six months at room temperature in temperate 
climates or at +4°C in higher temperatures. 

Whole blood 

Defibrinated sheep blood is recommended but horse or bovine blood may also be used. 
Best results are obtained using rabbit or guinea pig blood but it is most unlikely that 
these would be obtainable in large enough quantities. 

Method of preparing the complete medium 

. 0 
Melt the base med~um, cool to 50-55 C. 1. 

2. Add 2% of the potassium tellurite solution (final concentration 0.04%). Mix well 
without shaking. 
Add 5% of whole blood. Mix well without shaking. 3. 

4. Pour plates (about 12-15 ml per 9 em Petri dish). Dry the surface before use. 

Plates should be stored for not more than seven days at +4°C. The ability of the 
medium to support the growth of C. diphtheriae and to produce typical colonial morphology 
should be checked by plating out the C. diphtheriae biotype on each batch prepared. 

1.6 Blood agar medium (BA) 

The following dehydrated base media have been found satisfactory but there may be other 
manufacturers' products which are equally as good. 

(a) Bacto-brain-veal agar, (Difco). 
(b) Columbia agar (Difco, Oxoid, Gibco, BBL, Mast.). 
(c) Blood agar base No. 2 (Oxoid~ or the freshly prepared base medium as described ~n 

1.5 for Downie's TBA may be used 

Melt the base medium and cool to S0-55°C. Add 7-10% of defibrinated sheep, horse or 
bovine blood. Mix well without shaking and pour plates (10-12 ml medium per 9 em Petri 
dish). Dry the surface before use. Store at +4°C, in sealed plastic bags or containers to 
maintain moistness of the plates. 

1.7 Loeffler serum medium 

1% glucose broth, sterile 
Sheep, bovine or horse serum, sterile 

1 part 
3 parts 

Mix the glucose broth and serum, distribute into small volumes, e.g., 2.5 ml in sterile 
screw-capped bottles or tubes and heat at 75°C for two hours on each of three successive 
days in such a position that a slope is made as the medium solidifies. 
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It is essential that with the first heating the temperature is raised slowly otherwise 
air bubbles will be trapped as the surface serum coagulates producing an uneven surface on 
the slope. 

An alternative method which gives good results is to place the tubes in the autoclave, 
allow steam to rapidly enter the chamber until 1.1 kg/cm2 (15 lbs/in2) pressure is reached. 
Maintain this pressure for 10 minutes. As the air has not been expelled the temperature will 
rise slowly preventing the formation of air bubbles during coagulation of the serum. After 
10 minutes open the air exhaust valve very slowly ensuring that a pressure of 1.1 kg/cm2 is 
maintained until the valve is fully open - rapid pressure release will cause disruption of 
the slopes. Maintain the steam pressure for 15 minutes and then close both the steam 
supply and air exhaust valves. Do not open the autoclave until the pressure .has fallen to 
atmospheric. The slopes should be tested for their ability to support growth of the 
C. diphtheriae biotypes and particularly for their ability to produce typical cellular 
morphology with metachromatic granule formation, as demonstrated by Loeffler's methylene 
blue stain or other suitable staining methods. 

1.8 Elek's base medium 

The medium is prepared in two parts, A and B, of which equal volumes are mixed and 
filtered while molten through Whatman No. 113 v filter paper. Distribute in 15 ml volumes 
1n screw-capped tubes or bottles and sterilize by autoclaving at 115oc for 10 minutes. 

Part A 

Peptone (see notes) 
Maltose 
Lactic acid (Pharmacopoeia standard) 
Distilled or deionized water 

Add 3.25 ml of 40% sodium hydroxide. 
which is essential for the medium to work 
No 1 or 113 v filter paper. Adjust pH to 

Part B 

Agar 
Sodium chloride 
Distilled or deionized water 

20.0 g 
3.0 g 
0. 7 ml 
500 ml 

Heat to boiling to precipitate the phosphates 
satisfactorily. Cool and filter through Whatman 
7.8 with normal (N)hydrochloric acid. 

10.0 g 
5.0 g 
500 ml 

Heat to boiling to dissolve the agar, cool and adjust to pH 7.8. 

Notes 

Either Evans peptone (Evans Medical Limited, Speke, Liverpool, England) or Difco 
proteose peptone are recommended. Other manufacturers' peptones may be suitable but must 
be pretested in made-up media, using control strains of toxigenic and non-toxigenic 
C.diphtherlae. The agar used must, after filtration, produce a clear medium otherwise 
fa1nt l1nes of precipitation may be unobserved. The concentration of agar is determined by 
the manufacturer's recommendations. 

As previously stated, dehydrated Columbia agar is also recommended as a base medium for 
Elek's test, with the proviso that batches are pretested as above. 

1.9 Peptone water medium 

Peptone 
Sodium chloride 
Distilled or deionized water. 

1% 
0.5% 



Dissolve the solids by heating in the water. Adjust to pH 8.0 -
minutes. Filter through Whatman No. 1 or 113 v filter paper. Adjust 
Distribute in volumes as required, in screw-capped bottles or tubes. 
autoclave at 115°C for 20 minutes. 

1.10 Andrade's peptone water carbohyrate medium 

Andrade's indicator 

Acid fuchsin 0.5% 
Distilled or deionized water 
N - NaOH, to decolorize the dye 
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8.4 and boil for 10 
to pH 7.2 - 7.4. 
Sterilize in the 

Dissolve the acid fuchsin in the 
of indicator solution. Mix and allow 
frequently during the 24 hour period. 

water and initially add 15 ml of N - NaOH per 100 
to stand at room temperature for 24 hours. Shake 

The colour should change from red to brown. 

ml 

If the dye has not been sufficiently decolorized add another 1 ml of N - NaOH per 
100 ml, mix thoroughly and leave for a further 24 hours. Further additions of N - NaOH may be 
required at 24 hour intervals, but only the minimum of alkali should be added to achieve tne 
desired final straw--yellow colour. 

Andrade's peptone water 

Add 1% of Andrade's indicator to peptone water medium (see 1.9). 
adjust to 7.4- 7.5 if necessary. Sterilize in the autoclave at 115°C 
medium is pink when hot but loses its colour on cooling. 

Carbohydratesolutions (glucose, maltose, sucrose, trehalose) 

Check the pH and 
for 20 minutes. The 

Dissolve 10% of the appropriate carbohydrate in distilled or deionized water and steam 
for 30 minutes in the Koch or Arnold steam sterilizer to sterilize. Alternatively the 
solutions may be filtered. 

Add one part of carbohydrate solution to nine parts of Andrade's peptone water to give a 
final concentration of 1% carbohydrate. Aseptically distribute the final medium into small 
screw-capped bottles or tubes (e.g., about 3 ml volumes). Some carbohydrates may cause an 
acid reaction, i.e., the medium turns pink, therefore before distribution, to restore to the 
original colour carefully add sterile 0.1 N- NaOH. 

Starch peptone water is unstable. It is recommended that starch solution is added to 
Andrade's peptone water at the time of use. This is done by preparing a 2.5% solution of 
soluble starch in distilled or deionized water. Sterilize in the autoclave at 115°C for 10 
minutes. Add 0.6 ml of this to 3 ml of base medium (final concentration 0.4%). Not all 
batches of soluble starch are satisfactory and should be pretested in made-up form, with known 
starch fermenting and non-starch fermenting corynebacteria. The 2.5% starch solution is 
usually stable for about three months at +4°C. 

It is recommended that knownstarch positive and negative corynebacteria are included 
with each test or batch of tests. 

1.11 Hiss's serum water 

Peptone water, adjusted to pH 7.6 - 7.8 
Sheep, calf or adult bovine serum 

Check that the pH remains unchanged, otherwise, re-adjust. 

4 parts 
1 part 

Distribute into screw-capped bottles or tubes in suitable quantities and sterilize 1n 
the autoclave at 115°C for 10 minutes. 
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In order to be able to see bacterial growth after inoculation it is preferable to have 
the clearest medium possible. Batches of serum differ in their coagulability by heat and 
using the above concentration of serum may cause some batches of medium to become cloudy. 
It is useful to add varying concentrations of serum to the basal peptone water e.g., 10%, 15%, 
20%, 25%, to autoclave them as described above and to choose the highest concentration that 
does not cause cloudiness after heat sterilization. 

1.12 Urea medium, Christensen 

Peptone 
Sodium chloride 
Dipotassium hydrogen 

orthophosphate K
2

HP0
4 Agar 

Distilled or deionized water 
Dissolve the ingredients by boiling. 

Cool, adjust to pH 6.8 
Sterilize at 115°C for 20 minutes 
Glucose 
Phenol red 0.2% solution 
Add to the molten base medium, steam at l00°C for 

1 hour and cool to 50-55°C 
Urea 20% aqueous solution 

0.1% 
0.5% 
0.2% 

2.0% or according to 
manufacturers recommendation 

0.1% 
0.6% 

10.0% 

Sterilize the urea solution 
aseptically, to the base medium. 
or tubes and allow to set in the 

by Seitz or membrane filtration then add the required amount, 
Distribute aseptically into sterile screw-capped bottles 

sloped position. 

The usual control organisms are Proteus vulgaris (Positive) and Escherichia coli 
(Negative). As these organisms grow relatively easily it is preferable to use organisms 
which have similar growth requirements to C. diphtheriae e.g., C. ulcerans or C. hofmanni 
(Positive) and C. xerosis or a non-toxigenic strain of C. diphtheriae. 

1.13 Plate test for nitrate reduction Cook 

Soak sheets of Ford 428 Mill paper, Whatman No 1 or similar filter paper in a warm 
40% solution of potassium nitrate. The sheets are dried in the incubator at 35-36°C and 
then cut into small strips approximately 16 x 10 rnrn. The strips are placed in screw-capped 
tubes or bottles and steriliz~d by autoclaving at 115°C for 10 minutes. The method of use 
and the choice of control organisms are described in 1.4.3. 

1.14 Gelatin hydrolysis or liquefaction 

Nutrient gelatin 

Beef extract 
Peptone 
Gelatin 
Distilled or deionized water 

0.3% 
0.5% 
1. 2% 

Add the gelatin to the water and allow to soak for 15-30 minutes. Dissolve the gelatin 
by heating then add and dissolve the other ingredients. Adjust to gH 7.0. Distribute in 
small volumes in screw-capped tubes or bottles and autoclave at 115 C for 20 minutes to 
sterilize. DO NOT OVERHEAT MEDiill1 OTHERWISE IT WILL NOT SET WHEN COOL. 

While still molten slope the tubes or bottles. 

Store in the refrigerator at + 4°C. 
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For use inoculate the surface of the slope heavily with the organism under test. 
Incubate in the sloped position at ambient temperature or at 20°C. 

Corynebacteria which liquify gelatin do so slowly and the tests should be kept for 30 
days before discarding as negative. 

C. ulcerans and C. hofmanni are suitable positive control organisms and C. xerosis or a 
non-toxigenic strain of C. diphtheriae as negative controls. 

With corynebacteria sometimes the only evidence of gelatin liquefaction is that the 
area of growth 'sinks' below the surface of the slope; rarely is there complete liquefaction. 

1.15 Loeffler methylene blue stain 

Saturated solution 

Methylene blue - 1% 1n ethanol (95%) 

Staining solution 

Potassium hydroxide KOH 1% aqueous solution 
Saturated solution of methylene blue in distilled 

or deionized water 

1% 
30% 

Add the KOH solution to the water, mix well. Follow with the saturated methylene blue, 
mixing well. 

Staining is much better if the reagent is allowed to ripen before use. This process 
can be hastened by only half filling the stock reagent bottle and replacing the stopper or 
screw cap with a light cotton wool plug so that aeration can take place. The process of 
ripening may take several months so it is recommended that large batches of the staining 
solution are prepared and that fresh batches are prepared well in advance of current batches 
being used up. 

Loeffler'smethylene blue stain is excellent for sta1n1ng the corynebacteria where 
beading, barring and metachromatic granules may be readily demonstrated. 

Method 

1. Prepare and fix by heat slide preparations of the suspected C. diphtheriae 
2. Cover slide with stain and leave for 1-3 minutes 
3. Rinse with water 
4. Blot and dry 

Typical C. diphtheriae cell morphology 1s usually well demonstrated on Loeffer 
medium. 

1.16 Gram's stain. 
1 

Preston and Morrell 

serum 

The method gives reliable results, particularly eliminating false results due to over 
or under decolorizing. Solutions required: 

1 
Preston, N.W., Morrell, A. Reproducible Results with the Gram Stain. 

J. Path.Bact6 1962; 84: 241. 
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1. Ammonium oxalate - crystal violet 

Crystal violet 
Ethanol (95%) or methylated spirits (64 OP, 95%) 

Filter before use 
Ammonium oxalate 1% aqueous solution 

2. Iodine solution 

Iodine 
Potassium iodide 
Distilled or deionized water 

3. Liquor iodi fortis 

Iodine 
Potassium iodide 
Ethanol (absolute) or 
Methylated spirit (74 OP, absolute) 
Distilled or deionized water 

4. Iodine - acetone 

Liquor iodi fortis 
Acetone 

20 g 
200 ml 

800 ml 

10 g 
20 g 

1000 ml 

lOg 
6 g 

90 ml 
10 ml 

35 ml 
965 ml 

5. Counter-stain of choice e.g., Safranin, weak carbol-fuchsin, neutral red or Bismarck 
brown. 

Method 

1. Prepare and fix by heat slide preparations of the suspected C. diphtheriae 
2. Cover slide with solution 1 and allow to act for 30 seconds 
3. Pour off and wash freely with iodine solution 2 

Cover with fresh iodine solution and allow to act for 30 seconds 
4. Pour off iodine solution and wash freely with iodine-acetone solution 4 

Cover with fresh iodine-acetone and allow to act for 30 seconds 
5. Wash thoroughly with water 
6. Counterstain according to choice 
7. Wash with water, blot and dry 

Generally, C. diphtheriae is weakly Gram positive, so that occasionally it may be 
entirely Gram negative, or Gram variable. Diphtheroids on the other hand strongly retain the 
stain and are invariably Gram positive. 

1.17 Maintenance of stock cultures 

Maintenance of reliable stock cultures is essential for an accurate laboratory diagnosis 
of diphtheria; all stages, wherever possible, should be controlled by the proper use of 
control organisms. 

Reliable short-term preservation methods are required in addition to those for long-term 
preservation as control organisms may be required at very short notice. Recovery from long
term methods may take up to 48 h whereas control organisms for the Elek gel diffusion 
toxigenicity test may be needed at 4-6 h notice. 

It is recommended that Dorset or Pai egg slopes be used for short-term preservation, 
subcultured at such intervals that when control organisms are needed a subculture will 
produce good growth in 4-6 h. 



LAB/81.7 
page 27 

A proven method for longer term preservation but with excellent recovery within 24 h 
is storage in 16% glycerol broth at -20°C or lower. It is particularly useful for those 
laboratories which do not have freeze-drying facilities 1

. 

Method 

1. Add 16% of glycerol to any reliable nutrient broth. Distribute in 5 ml amounts in 
screw-capped bottles or tubes and sterilize at 115°C for 20 minutes. 

2. Heavily inoculate a BA plate with the organism to be preserved and incubate at 
35-36°C for 24 h. 

3. Check that the growth is pure then using a sterile swab moistened in glycerol broth 
carefully scrape off the growth from the BA plate, transferring this to the tube or 
bottle of glycerol broth to remove as much growth as possible. Discard the swab, 
replace the screw cap of the bottle or tube, shaking to suspend the gowth. 
Refrigerate at -20°C or lower, immeduately, without further incubation. 

4. After 24 h thaw the culture at 35-36°C in a water bath and screak inoculate the 
culture onto BA to check that the organism has survived the initial freezing. 
Refreeze and store at -20°C or below~ 

5. It has been shown by experience, that C. diphtheriae will survive at least one year 
by this method and most cultures have remained viable for three to four years. 

6. Provided that after thawing the cultures are not left too long at room temperature 
they will withstand repeated thawing and freezing. As the method is so easy to 
apply it is worthwhile freezing fresh growths at least annually. 

7. In most cases good growth, equivalent to subculturing a fresh culture, can be 
obtained in 24 h from bacterial growth preserved by this method. 
Very long term preservation methods of course necessitate the use of freeze drying 

. • . • 0 
or storage ~n l~qu~d n~trogen at -196 C. 

1 
Gore, L.F., Walsh, P. Preservation and Storage of Bacterial Cultures. 
J. Med. Lab. Techno!. 1964; 21:244-246. 


