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EDITORIAL 

Immunodiagnosis of Bacterial Enteric 
Infections : Where do We Stand ? 

Ensuring the rationale treatment 
and appropriate management of 
patients with infectious diseases 
requires the rapid and reliable detec
tion of the etiologic agent. Diarrhoeal 
diseases comprises one of the major 
component of infectious diseases 
especially in the developing areas 
of the world where unhygienic sani
tary conditions and poverty perpetuate 
the disease. Over the years, anti
bodies against human enteric patho
gens or against signature antigens of 
the etiologic agent have provided 
the means of developing a number 
of highly specific and reproducible 
immunological assays for rapid and 
ac(;urate diagnosis of bacterial enteric 
infections. From a modest beginning 
several decades ago, immunodiag
nostic has now prevailed in almost 
all conceivable areas of diagnosis 
and includes an impressive array 
of formats ranging from simple 
coagglutination tests to highly com

plex immunoassays directed towards 
precise quantitative estimations. 
Historically some of the major deve

lopments of recent years have stemmed 
from the efforts of pioneering scholars 
like Widal and Wassermann, at 
least a century back, on whose efforts 
some of the first immunological 

assays emerged. I ,2 Not known to 
many, the discovery of the etiology 
of shigellosis by Kiyoshi Shiga was 
influenced by the principles of the 
Widal test. 3 

Among the variety of immuno
diagnostic techniques currently in 
vogue for the detection of enteric 
infections, the immunoenzymatic 
methods (enzyme-linked immuno
sorbent assay [ELISA]) are undoubt
edly the most extensively utilized. 
The ELISA, particularly the sand
wich type because of its enhanced 
sensitivity and specificity, has become 
widely popular in research and re
ference laboratories. The first im
munoenzymatic assays developed 
for detection of enterotoxins used 
readily available purified cholera 
toxin (CT) and antitoxin in the indirect 
ELISA format 4 to detect heat-labile 
enterotoxin (L T) of enterotoxigenic 
Escherichia coli (ETEC), an impor
tant agent of diarrhoeal disease which 
affects both humans and agricul
tural animals. Using antitoxin against 
LT, a receptor based ELISA followed 
wherein GM I ganglioside was utilized 
as a capture molecule for L T, resulting 
in an assay comparable in sensitivity 
to tissue culture methods. 5 Substi
tution of anti-LT with anti-CT for 

detection of L T resulted in an un
acceptable decline in the sensitivity 
of the assay. 6 By improving the 
growth medium and by using lincomycin 
to enhance L T production, Ristaino 
et a/ 7 significantly improved the 
sensitivity of the GM I ganglioside 
ELISA despite using anti-CT. Another 
major innovation by these investi
gators involved the direct culture of 
E. coli strains in GM 1 ganglioside 
coated wells of microtitre plates 
followed by ELISA. The ELISA 
to detect Shiga toxin and its related 
toxins was also developed. 8 More 
recently. using the natural binding 
receptor, globotriosyl ceramide 
(Gb3), of Shiga toxin and a family 
of verocytotoxins comprising of 
Verotoxin I (or Shiga-like toxin I) 

and Verotoxin 2 (or Shiga-like toxin 
II). a receptor based ELISA has been 
developed for detection of these 
cytoto:';ns in nanogram quantities. 9 

Much excitement has been 
generated in the medical diagnostic 
industry with the advent of the hybri
doma technique and the generation 
of high affinity monoclonal anti
bodies. In the area of enterotoxins, 
monoclonal antibodies have found l 
good use in the detection of the family 
of heat-stable enterotoxins (STs). I 
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High affinity monoclonal antibodies 
against E. coli STs, 10,11 Vibrio 
cholerae non-Ol ST 12 and Yersinia 
enterocolitica ST 12 have been used 
for detection of these toxins in a 
competitive ELISA format. How
ever, the need for pure antigen to 
perform the assay restricts the utility 
of this ELISA and most laboratories 
still depend on the conventional 
cumbersome suckling mouse assay 
for detection of STs. Monoclonal 
antibody against Shiga toxin has 
been employed very effectively for 
the specific detection of the toxin. J3 

For detection of prototype CT and 
not related CT-like enterotoxins, a 
polyclonal-monoclonal antibcdy 
based sensitive sandwich ELISA has 
recently been reported. 14 Other 
immunological tests like the passive 
immune haemolysis 15,16 and radio
immunoassay 17 have been concur
rently developed for detection of 
bacterial enterotoxins but have proved 
to be too complex for wide-spread 
adoption particularly by poorly 
equipped laboratories. 

Despite such imposing progress 
in the immunodiagnosis of enteric 
infections, one of the less acclaimed 
drawbacks of several immunodiag
nostic techniques which have been 
proposed or which are in use are their 
limited applicability in developing 
countries due to constraints per
taining to the need for expensive 
equipmerlt, reagents and trained per
sonneL This is an ironic situation 
because the incidence and mortality 
of diarrhoeal disease especially among 
infants are highest in the less-developed 
countries. The need, therefore, for 
quick and specific diagnosis of 
enteric infections is perhaps the most 
compelling in such areas of the world. 
A simple, inexpensive assay using 
robust reagents and no instrumen
tation could have many diagnostic 
application. 

Immunoprecipitation on agar 
plates which combines the principles 
of the Elek test 18 and Ouchterlony 
double diffusion test 19 resulting in 

the formation of precipitin bands 
was exploited by Honda and his 
coworkers for the detection of ther
mostable direct haemolysin of Vibrio 
parahaemolyticus 20 and LT (Biken 
test).21 The usefulness of these tests 
were subsequently confirmed by 
several independent evaluations. 22-24 
While this test offered one of the 
most simple alternatives, the main 
drawback related to the time taken 
(about 4 days) for a positive diagnosis 
thereby relegating the test to epide
miological significance rather than 
of clinical utility. The staphylococcal 
coagglutination test for detection of 
L T was subsequently developed as a 
simple and rapid alternative to other 
immunoassay.25 To further augment 
simplicity, an alternative highly sen
sitive ELISA which used 6-mm diameter 
polystyrene beads as the solid phase 
(bead ELISA) and which can be 
performed in 3.5 hours in standard 
laboratory test tubes for detection 
of CT and other bacterial protein 
toxins has been recently developed. 26,27 

Direct detection of enterotoxins 
in stool specimens of patients with 
acute diarrhoea represents a greatly 
simplified approach for the rapid 
diagnosis of toxin-mediated diar
rhoeas. Attempts have been aimed 
to detect the causal agent directly in 
stools of diarrhoeal patients in order 
to obviate bacterial culture and 
thereby expedite laboratory diag
nosis. Mixed success has been 
achieved using this approach. The 
low sensitivity of oligonucleotide 
DNA probes for detection of enteric 
pathogens from stool blots 28 and 
the need for sterile stool filtrates for 
tissue culture techniques 29 limited 
their utility. Immunoenzymatic 
detection of enteric pathogens or 
enterotoxins directly in stools seem 
to be more easily applied. A recent 
evaluation of the CT-bead ELISA 
for detection of CT showed that this 
assay could successfully detect the 
toxin directly in 84.7% of the culture
positive cholera stool samples 30 
thereby enabling a potential diagnosis 
of cholera to be made within four 

hours of receipt of the sample at 
the laboratory. Using the CT-bead 
ELISA an outbreak of cholera which 
occurred in a passenger ship was 
established despite being unable to 
isolate V. cholerae 0 I from the stool 
samples of the outbreak by demons
trating the presence of anti-CT IgG 
absorbable faecal CT in the stools 
by the bead ELISA. 31 

Where do we currently stand 
as far as immunodiagnosis is con
cerned for diagnosis of bacterial 
enteric infections is an unreasonable 
but relevant question. While there 
has been excellent headway in the 
area of developing an assortment of 
immunoassay for detection of variety 
of antigens, there has been lesser 
accent on the feasibility of utilizing 
these immunoassays in the less
developed world. The future must 
therefore aim at developing more 
pragmatic assays which should 
withstand the innumerable harsh 
variables of the developing world 
rather than the simulated laboratory 
conditions of the developed countries 
Simplified test formats are the im
portant need on which will rely the 
quality of life of millions of distressed 
humans. 

G. Balakrish Nair 1 and Yoshifumi 
Takeda2 
National Institute of Cholera and 
Enteric Diseases, Calcutta 700010, 
India1; Department ofMicrobiology, 
Faculty of Medicine, Kyoto Univer
sity, Kyoto 606, Japan2. 

REFERENCES 

I. 	 Widal GFI, Sicard MA. Elude sur Ie 

serodiagnostic et sur la reaction agglu

tinante chez les typhiques. Ann lnst 

Pasteur J897; J I : 353-432. 

2. 	 Wassermann A. Neisser A, Bruck C. 
Eine serodiagnostische Reaktion bel 

Syphilis. Dtsch Med Wschr 1906; 32 : 
745-6. 

3. 	 Shiga K. Ueber den Erreger der Dysen· 

teriae in Japan. Cbl. Bakl. 1898; 23 : 

599-600. 

http:immunoassay.25
http:test).21


3 BACTERIAL ENTERIC INFECTIONS 

4. 	 Yolken RH. Greenberg HB. Merson 

MB. Sack RB. Kapikian AZ. Enzyme

linked immunosorbent assay for detec

tion of Escherichia coli heat-labile 

enterotoxin. J Clin Microbiol 1977; 6 : 

439-44. 

5. 	 Svennerholm AM, Holmgren J. Iden

tification of Escherichia coli heat

labile enterotoxin by mean of a gan
glioside immunosorbent assay (GM I 

ELISA) procedure. Curr Microbiol 
1978; I : 19-23. 

6. 	 Sack DA, Huda S. Neogi PKB. Daniel 

RR. Spira WM. Microtiter ganglioside 

enzyme-linked immunosorbent assay 

for Vibrio and Escherichia coli heat

labile enterotoxins and antitoxin. J Clin 

Microbiol 1980; II : 35-40. 

7. 	 Ristaino PA. Levine MM, Young CR. 

Improved GMj-enzyme-linked immuno

sorbent assay for detection of Escherichia 
coli heat-labile enterotoxin. J Clin Micro

bioi 1983; 18: 808-15. 

8. 	 Kongmuang U. Honda T, Miwatani T. 

Enzyme linked immunosorbent assay 

to detect shiga toxin of Shigella dysen
teriae 1and related toxins. J Clin Micro

bioi 1987;25: 115-8. 

9. 	 Ashkenazi S. Cleary TG. Rapid method 

to detcct Shiga toxin and Shiga-like 

toxin I based on binding to Globotriosyl 

Ceramide (Gb3). their natural receptor. 

J Clin Microbiol 1989; 27 : 1145-50. 

10. 	 DeMol P, Hemelhof W, Retore P, 

Takeda T, Miwatani T, Takeda Y. 

Butzler JP. A competitive immuno

sorbent assay for detection of heat

stable enterotoxin of Escherichia coli. 
J Med Microbiol1985; 20: 69-74. 

II. 	 Thompson M, Brandwein HJ, LaBine

Racke M, Giannella RA. Simple and 

reliable enzyme-linked immunosorbent 

assay with monoclonal antibodies for 

detection of Escherichia coli heat-stable 

enterotoxins. J C1in Microbiol 1984; 20 : 

59-64. 

12. 	 Takeda T. Nair GB. Suzuki K, Shi

monishi Y. Production of a monoclonal 

antibody to Vibrio cholerae non-Ol 

heat-stable enterotoxin (Sn which is cross

reactive with Yersinia enteroco/itica 
ST. Infect [mmun 1990; 58: 2755-9. 

[3. 	 Donohue-Rolfe A, Kelley MA, Bennish 

M. Keusch GT. Enzyme-linked immuno

sorbent assay for shigella toxin. J C1in 

Microbiol1986; 24 : 65-8. 

14. 	 Bhadra RK. Biswas T, Pal SC, Takeda 

T. Nair GB. A polyclonal-monoclonal 

antibody based sensitive sandwich 

enzyme linked immunosorbent assay 

for specific detection of cholera toxin. 

Zbl Bakt 1991; 275 : 467-73. 

15. 	 Evans DJ, Evans DG. Direct serological 

assay for thc heat-[abile enterotoxin of 

Escherichia coli, using passive immune 

hemolysis. Infect [mmun 1977; 16 : 604-9. 

16. 	 Tsukamoto T. Kinoshita Y. Taga S, 

Takeda Y. Miwatani T. Value of passive 

immune hemolysis for detection of heat

labile enterotoxin produced by entero

toxigenic Escherichia coli. J Clin 

Microbiol1980; 12: 768-771. 

17. 	 Ceska MF, Grossmuller F, Effenberger 

F. Solid-phase radioimmunoassay method 

for determination of Escherichia coli 
enterotoxin. Infect lmmun 1978; 19: 

347-52. 

18. 	 Elek S. The recognition of toxicogenic 

bacterial strains in vitro. Brit Med J 
1948; I : 493-6. 

19. 	 Ouchterlony O. Antigen-antibody reac

tion in gels. Acta Pathol Microbiol Scand 

1949; 26 : 507-15. 

20. 	 Honda T, Chearskul S, Takeda Y, 

Miwatani T. Immunological methods 

for detection of Kanagawa phenomenon 

of Vibrio parahaemolyticus. J Clin 

Microbiol 1980; II : 600-3. 

21. 	 Honda T, Taga S, Takeda Y, Miwatani 

T. Modified Elek test for detection of 

heat-labile enterotoxin of enlerotoxigenic 

Escherichia coli. J Clin Microbiol 1981; 

13: 1-5. 

22. 	 Demol P.Memelhof W, Papa-Kango E, 

Butzler JP, Bravo N, Honda T. Detection 

of Escherichia coli producing heat

labile toxin: Comparison between Y I 

adrenal cell assay, ganglioside-ELISA, 

and Biken Tests. Lancet 1981; i : 739-40. 

23. 	 Nair GB. Saha MR, Sarka BL, Pal Sc. 

Comparison of the modified Elek test 
and Wagatsuma agar for determination 

of the Kanagawa phenomenon of 

Vibrio parahaemolyticus. J C1in Micro

bioI 1985; 22: 868-9. 

24. 	 Sutton RGA, Merson M. Craig JP. 
Echeverria p. Moseley SL, Rowe B, 

Trabulsi LR. Honda T, Takeda Y. 

Evaluation of the Biken test for the 
detection of LT-producing Escherichia 
coli. p. 209-218. In : Bacterial Diarrheal 

Diseases (ed. Takeda Y,Miwatani T.), 

Martinus Nijhoff Publ, Boston, 1985. 

25. 	 Honda T. Samakoses R, Sornchai C, 

Takeda Y, Miwatani T. Detection by 

a staphylococcal coagglutination test 

of heat -labile enterotoxin-producing 

enterotoxigenic Escherichia coli. J C[in 

Microbiol1983; 17 : 592-5. 

26. 	 Oku Y. Uesaka Y, Hirayama T, Takeda 

Y. Development of a highly sensitive 

bead-ELISA to detect bacterial protein 

toxins. Microbio! Immuno! 1988; 32 : 

807-16. 

27. 	 Uesaka Y, Otsuka Y. Kashida M, Oku 

y, Horigome K, Nair GB, Pal SC. 

Yamasaki S, Takeda Y. Detection of 

cholera toxin by a highly sensitive bead

enzyme linked immunosorbent assay. 

Microbiol Immunol 1992; 36 : 43-53. 

28. 	 Seriwatana J, Echeverria P, Taylor 

DN. Sakudaipeora T. Changchawal;t 

S. Chivoratanond O. Identification of 

enterotoxigenic Eschierichia coli with 
synthetic alkaline phosphatase-conjugated 

oligonucleotide probes. J Clin Microbiol 

1987; 25 : 1438-41. 

29. 	 Morgan DR, Dupont HL. Wood LV, 

Ericsson CD. Comparison of methods 

to detect Escherichia coli heat-labile 

enterotoxin in stool and cell-free super

natants. J C1in Microbio!1983; 798-802. 

30. 	 Ramamurthy T. Bhattacharya SK, Uesaka 

Y, Horigome K. Paul M. Sen D, Pal 

SC, Takeda T, Takeda Y,Nair GB. 

Evaluation of the Bead enzyme-linked 

immunosorbent assay for detection of 

cholera toxin directly from stool speci

mens. J Clin Microbiol 1992; 30 : (in 

press). 

31. 	 Ramamurthy T. Pal A, Nair GB, Pal 

SC, Takeda T, Takeda Y. EXperience 

with toxin bead ELISA in cholera 

outbreak. Lancet [990; ii : 375-6. 



Fir~t Asian Pacific Congress of Allergology and Immunology 
. Bangkok, Thailand 

Scientific Program 

Monday Novelnher 23, 1992 
Plenary Lecture: New concepts in pathogenesis and U-eaUnent of asthma 
Symposia/workshops: Asthma lJpdate 

Complement Update 
Chronic asthma: How to optimize the management 
Ciclosporin A in autoimmune diseases 
Bone man'Ow transplantation 
Childhood astluna 
Newer anti~Hl blockers: Anti allergic beyond conventional properties 

Free paper and Poster Presentations: 

Tuesday Novenlber 24, 1992 
PJenary Lecture: Antibody engineering in clinical medicine 
Symposia/workshops: Anaphylaxis and drug interactions in allergy

SLE 
Important environmental allergens in Asia-Pacific 
Plasmapheresis 
Steroids in allergy: Current and future therapies 
Recent advances in therapeutic antibodies 
Inhalation therapy ill asthma : Therapy and practice 
Training in clinical immunology 

Free paper and Poster Presentations: 

Wednesday November 25, 1992 
Plenary Lecture: The biological relevance of IgE regulation and transport 
Symposia/workshops: Cells, cytokines and mediators in allergic and immunologic diseases 

Immunodeficiencies 
Allergic rhinitis 
Biologic response modifiers 
Drug allergy 
AIDS Update 
Recent advance..<; in irrunWlology of infectious cliseases 
Approaches in bronchial asthma 
Management of chronic urticaria 

Free paper and Poster Presentations: 

Thursday November 26, 1992 
Plenary Lecture: Immunogenetics of autoimmune diseases and its clinical applications 
Symposia: Dennatologic allergy 

HIV vaccines 
Food allergy & prevention of allergy 
Update in the treatment of AIDS 
Domestic mite allergy 
Flow cytometry 
AlJergic testing and immunotherapy in practice 

Free paper and Poster Presentations: 


