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charge , n complete set of Shigella control organ i~m6 i Dr . H. Ri sche 

( Chie f of the Labora tory f or Experimental Epidemiology, Wernigerode , 

DOR) who gave UB , free of charge , lar ge quantities of Shigella 

antisera; Dr . Hailemariam Kahsay (WHO National Co- ordinator fo r 

Ethiop ia) who helped us acqui r e a high grade DIFCO ant i sera , through 

WHO sources . 
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INSTI TUTE , AS PJ..RT OF ITS RESBARCH AC'l'I VI TIES I N CLINICAL BAC'l'EIHOLOGY . 



A B S T RAe T 

Thr ee hundred and s ixty ur ban and r ur a l Sh i gella e isol ates 

we r e anal ysed in r espec t t o scr ogr oupins , ser otypinS , biochemotyping 

and dr ug r es i stance . S . f l exne r i (50 . 55~ ) was mos t common , f ollowed 

by 2' dysente riue ( 32 . 78~) , ~. boydi i ' ( 11 . 39% ) a nd 2- 50nne i ( 5 . 28~ ) . 

I s olation r ate s o f ~ . dysent e r i ac , 2- flexneri a nd 2' sonne i wer e 

compar able i n r ur a l and ur ban a r eas , e xc ept f or §. boydii wh i ch i s 

more common i n ur ban areus (s i gni fic a n t at P=O. 05 ) . 

Out of t he th ir ty- t wo kn own Shi ge l l a ae r otypcs , twenty ... t wo 

we r e iden t ified i n t hi s s tudy ( i . e . £. dysen te ri ne I , 2 , 3 , 4 , 6 , ?j 

~ . flexn e ri I, 2 , 3 , 4, 6; 2. . bovdii i t 2 , 3 , 4 , 5 , 8 , 9 , 10 , 1 2 , 14 ; 

and ~. sonnei ) . Ur ban i solates we r e r epr e se n te d by 22' sero type s 

compa r e d to only 11 in r ur a l a r eas . §. dyse nte r i ae se r otype 1 

(Shi ga ' s bac ill us ) was mo r e COLlmon i n r ur al a r eas <34 . 48%) t han i n 

ur ban a r eas (17 . 22%) , and t hi s diffe r enc e i s s i gn i fic ant (P=0 . 05) . 

Nint een patterns of drug r esistance we r e obse r ve d , wi th TSu 

(21 . 11%) , TC~CbSSu (19 . 72%) and TSSu (1 2 . 50%) be ing compar a ti vely 

mor e common . There we r e nine pa t te r ns of dr ug r e si stance in 

serogroup A, 12 patte r ns in B, 8 pat t e r ns i n C, a nd 5 pa tterns in D. 

TCACbSSu pa tte rn ( 53. 39%) i n se r ogr oup h , TSu (41 . 76%) i n B, and 

TSSu (26. 31%) i n D wer e obse rved . \Iith in se r ogr oup .A. , 81 . 82% o f 

§. dysenteriae se r otype 1 was nS60c i ated with t he TCACbSSu pa t te rn . 

The r e were 17 pa t t ern s o f r es i stance i n urban a r eas compar ed t o 10 

in r ur al areG~ . The pr ominence of TCAC bSSu pa t t e rn in rura l a r eas 

was r e lated t o t he high i sola ti on r a te o f S . dys e nte riae type 1 in 



these pl aces . In r ural areas , 14 . 94% of Shigella i sol ates we r e 

classified as sensitive to all drugs tested , compared to 26 . 37~ in 

urban areus and this difference is signific ant (P=O. 05) . 

Identification of rare biochemotypes included : a) three strDins 

of manni tol negati ve §:. flexneri type 6 , b) a str uin of gas 

pr oduc i ng §. boydii type 14 , nnd c ) a str a in of ' i nvas ive ' 

~ . £2l! (0 : 164) se r ologically cross r eacting in §:. dysenteriae 

se r otype 3 antise r um . 

Hased on the pr esent study , it is rec ommended tha t : a ) a f ur ther 

st udy of Shi gel l a be persu~d , b) a Shigella reference c en ter be 

established , c) an improvemen t of san itat ion be stressed , 

d) chemothe r apy bo di sc ouruBed a nd e) u nat ional policy for drug 

sale be enacted . 
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CHAPTER 1 

I ~ THO D U C TID ~ 

AND LIT ~ RA T U R E R ~ V lEW 

DEFINITION OF Tl,RI1S AND ABUHl:VIATIONS 

De fi n i tion of Te r ms 

Sh igell a : non- motile bacteria that conform to the dofinition of the 

f amily Ente r obacteriaceae ond the tribe Esche r ichicae (1) ~ 

Shigella se r ogrou"Os : the f our di visions of genus Shigella ; namely , 

~ • . dyse nte r iae (A) , S . flexncri (B) , 2. bovrlii (C) and ~ . 

60nn e i (D) . 
. ... : .: 

Shigella se r otypes : these constitute Bubdivisions of the fou r Bcr~-

St r a in : 

" .. , 

gr oups . There are 10 scrotypes within ,2- gy§~nt c riae , 6 

within 2' fle xner i , 15 within 2. boydii and only 1 within 

,2 0 Sanne L 

i n this study , ' s t rain ' signifies a Shigella isolate within 

a given se r otype . 

I sol ate : an organism r ecovered by routine cultur al investigation • . 

in t his Gtudy ' drug ' signifies any antimicrobial agent of 

na t ur al or syn thetic or igin . 

Drug r esi s t ance ( i n vitro) : 8n organism is termed resistant to a gi ven 

drug when it tole r ates a concentration of antibiotic , sig-

ni f i can tly higher than that which inhibits the growth of 

susceptible or ganism of the 8a~e species (2) . 

Multiple dr ug r esistance : a te r m used to denote simultaneoue res istance 

t o three or mo r e drugs . 

- 1 -
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DYsentery: a disease marked by treq ont wate ry stools , often with 

blood and mucous and characterized clinically by pain , 

tenesmus , f evo r , and dehydration 0) . 

~ac illary dYsent e ry : dysontery caused by membe r s of genus Shigella . 

R- Facto r : infectiouB , cytoplasmic D1IA pa rticle which lIIultiplies in­

dependently of host chromosomes (4 , 5) . 

Abbrevi a tions 

l>~or the sake o f convenie nce . the f ollowing abb r eviated name,s of 

dr ugs will be use d , wheneve r - r e f e renc e is mnde to multiple drug 

J'es i stance : .... : ': 

Cephalothin ••• . .• • • • .•.•. . ..• . . • • •• . . .•.• • • •• • • • Ce 

Tet r acycline • • • ... . • .. . • •..•. . ..... .. • . • •• • •..• • T 

Ch l or a mphenic ol • . •..• •. •••. • • • ..••••• • •• • • . . • • •• C 

Ampicill in • • ••.••... . . . •..• • • . •• . • . •••. •• •• •••• • A 

Car benicillin ••• . . • • . •. • . . .• .. • •. •• . .• • • •• •• • • • • Cb 

Kanamycin • •••• • ••• • • . . .•• . .•. • . • . . • •.••.•••• . • • • K 

Gentam i cin •• .• •. • • •• • . • .•• ••. . • ... •• . .• • • • • •• •• • G 

Polymyxin ••• • .. ..•• • •• . • . • . .• ..•...• . .•• ••.• ••• • Px 

Streptomycin •• ..• •. ... • .. . .• •• •. . • ....• . • • • • • •• • S 

" ... 

Trime thopr im - Sulpha methoxazole . . . . . • . • • • ••• •• Sx t 

Sulpha diazine • •. •••.• • •.•• • ..•• . ..• ... ••• • • • • • • • Su 

Fra myc etin e • • ..•• . ••• • • • •. .• . .•• .• •• • ••.• • • • •• •• F 

Neomyc in •. •• ... •.. .•• . .• •• •• .•• • • • • • .••• • •• . •. • • N 

Nalid ixic acid . •• • .•• • • • . • . • .• • • • •• . •• . • •• • ••• •• Nx 
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THE PROBLEM 

The Magnitude of the Problem 

In developing countries , diarrheal diseases are impor tant 

causes of morbidi ty and mortality. especially in pr e- s chool age 

chi l dren ( 6 , 7) . Together with plague, cholera , influenza , ac i llar y 

dy s ente r y has been one of the great scour ges of the world . A survey 

earried out in 1957 showed that 150 of 189 countries of the world an~ 

55 t o 58 African countries listed bac i llary dysente r y as a maj or C8u~e 

of morb i dity and mortality (8) . Considering the magni tude of the 

pr oblem i n Africs , availability of infor mation on it s incid~~~ ., pre-

val ence and epidemiology is relat ively scarce . In fact , Bokkenhe use r 

(9) 'uiti ng fr om South Afr i ca r emarks that " ou r i gnorance of Shigellu 

infe cti on i s almost complete ". This is beCAuse faci lities for Sh i gella 

study in Africa are st il l not adequate (7) . 

Shigellosis a nd t he Younge r Age - group 

Shi gellosis i s quit e common in the younger age gr oup (10 ,11) . 

In stool culture surveys of no r usl population gr oups in Guatemala , 

Beck e t 61 . (12) reported a 2 . 7% incidence rate in those under 1 year --
o f age and a peak of 11 . 8% in the 1 to 2 years age - group ( the peak 

decreasing in each succeeding age - group ) . In Senegal , Baylet and 

Dauchy (13) found 8 3% ca rrie r r ate of shigellosis in infants . In 

ce nt r al America , Gangar osa !1 al . (14) s imilarly r eport ed the highes t 

Sh i gel l a attack r ates in the 6 months to 2 years age- gr oup . Gordon 

et al . (15) f ound a 6% Shigella carrier rate in 1000 Guatemalan 

child r en . This i ncidence r ate was again confirmed by Pi erce et al . (16) 
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in single rectal cultures . Guatemalan children with chronic . recurrent 

shigellosis were r eveale d 86 dangerous sou rc es of infection (17) , 

The highest death rate (955 . 9/100 , 000) in Guatemalan children (1- 4 

years) was due to synergistn of malnutriti on a nd infection (18) . In 

Yugoslavia (19) , Hr avu nac and \Iober re ported a 2 . 3% death r ate in 

children up to 2 years . The correlation with '"eanin g practices and 

the a ttendant mal - nutrition was suffici ent to characterize weaning 

di a rrheae as an epidemiological entity (19 ,20 , 21) . In addition , 

\teissman £.! ll- (22) mentioned that shigellosis was becoming important 

i n modern pre- school , day- care centers . 

Pathogenicity of Shigel la 

Shigellosis i s a self l i miting disease , whose clini cal mani ­

f estations range from mild to se vere forcs . \/ i thin Shigella se r otypes , 

§. dysenteriae type 1 (Shiga ' s bacillus) is exceptional among ente r ic 

pathogens in possessing two po t ential modes of attac k: a ) by invading 

the cells of intestinal mucosa and b ) by releasing exotoxins , acting 

on the mucosal cells and resulting in outpouring of fluid s (23) . 

Neurotoxin is a180 elabor ated by this se r otype (2If) . Two st rains 

of §. . fl cxneri and one of §. . Bonnei were reported to produce cell-

free cytot oxin (25) , 

The disease is usually restricted to the alimentary canal , 

though extra-intestinal shigellosis is also r eported in wound 

infections (26) , skin lesions (27 , 28) as well 8a in haemolytic 

synd r omes (29) . 
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Lack of Prot ec i ve Immunity (fallowing infection or vaccination) 

The t act t hat relapses and reinfections are common in Shigell­

os i s shows t hat acti ve immuni tj is only of short du r ation . In 

a dd i tion , effor ts to produce polyvalent vaccinee have not yet mate­

r i a li zed . Vaccines pr oduced from st r eptomycin dependant S. 

fl exne ri 28 mutants we r e r epor ted to provide type- speci f ic i mmunity 

in expe rimental i nfections (30 , 31 , 32) , while heat k i lled and irradiated 

va cc ines showed no s i gni f ican t immunological prope r ties (33) . 

FACTORS THAT AGGRAVATE THE PROBLEM 

The ttole of Con taminated Wa t e r nnd Food 

In mo s t deve l oping countries , conditions that favou r e n demi c i ty 

of shigellosis a r e always pr esen t , resulting i n con tinuous t r ansmi ­

ss i on o f the di sease , wi th periodic occurrence of ou t br eaks or 

epidemic s . Many studies have shown the correlat i on be tween Sh i gella 

pr e valence and low Boc i o- economic conditions (12 , 34 , 35 , 36) . I n 

t ropical and s ubtropical r egions , methods of fae cal di sposal may be 

quite primi t i ve or entirely lacking . As such , the ' f aecal peri l ' 

bec omes t he sour ce of all bacte r ial , .viral and parasi tic di seases . 

Dr i nk i ng wa t e r and food are readily contaminated (37) . Even large 

bod i es of wa t e r , like rivers , may be contaminated with enteric 

bac t eria ( 38) . The role of con taminated water <39 , 40 , 41 , 42 , 43 , 44 , 

45 , 46 , 47) and contaminated food (46 , 48) in the t r ansmission of 

sh i gel l os i s has been amply documented in developed count r ies . I n 

fact , Kausch (49) deecribed shigellosis as "past plague " and 
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" modern menace ", and lici8sman tl 81. (40) characterized contaminated 

water as "significont problem of contemporary urban life" . 

In a well controlled study by Rajasekaran at al . (5~) 1n India , 

i t was found that personal hygiene appeared 8S important 8S readily 

a vailable water supply . Surveys have shown that incidence of 

sh igellosis was directly proportional to the distance of water 

supply from living quarters (51 , 52) , and that readily available water 

was more i mpor tant than its .quality (51) . 

The Role of House Flies (M . domestica) 

In many t r opical and subtropical areas de void of modern 

sanitation , fl i es can be as effective in spreading infection as do 

contaminated fin ger s , utensils , water and food (53) . Studies hKV~ 

shown that e ffective fly control has resulted in reduction of 

a) Shigella carrier rate , b) morbidity rates and c) mortality 

rates , i n infants les6 than 2 yeurs old (53) . The abundance of 

li!. domest i cs 50rbens which breeds in human faeces and feeds on human 

secreti ons i s so much link ed with poor sauitation that , whenever 

health statistics a r e lacking , bacteriologicsl investigntion of 

fli es may provide "essential epidemiological information " (54) . 

The Role of Minimal Infective Dose 

The sp r ead of shigellosis is also aided by the fact that the 

minimal infective dose of Shigella is unusually small. ~hen at 

least Ie? virulent 2. flexne r i 20 were fed to volunteers , 7~ 

developed a variety of clinical symptoms (55) . For S. dysenteriae 
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serotype I , 8S fe. as 10 organi oo8 prod cod disease in human 

volunteers (23) . Considering that ~hgellQ ~ny attain a concentration 

of 10
6

_10
10 

organiBos/gram of stool in huoan colon (56) and a 

concentration of 105_108 organisms/grao of stool in children with 

clinic al shigellosis (57) , the ' faocal peril ' under poor sanitn r y 

condit ions is extr emely dangerous . hctive cases of shigellosis 

(newly infected or recurrent infection ) oro important in transmiss-

ion , s inc e asymptomatic carr iers are uncocmon (58) and the 

convalescent carrier rate is usually brief (17) . 

The Ho l e of Multiple Drug Resistance 

Another dime nsion to the pr oblem of shigellosis is thei r 

tendenc y to develop multiple drug resistance , generally becomi ng un-

r espon s ive to most commonly used antibiotics . It is obvious , that 

the usual mechanism by which bacteria acquire resistance , i . e . by 

spontaneous mutation and selection , could not account for the rapid 

increase in the incid ence of Shigella resistant to three , four or 

more drugs . It wns observed that : a) the same patients often 

exc r eted sensitive and multiresistant Shigella of the same se r ologi -

cal types , b) untreated patients excreting multiple drug resistant 

Shigella often excreted ~ . coli with the same pattern of drug 

resista nce and c) patients forme rly exc r eting sensitive Shigella 

often excre ted multiresistant Shigella , after therapy with a Single 

drug (6) . 

The hypothesis that Shigellae might have recei ved the ir 

mult i ple drug r esistance from E. £2li already in patients ' intestinal 
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tract was 8ubstanitioted by ~-vitro demonstrations that the transfe r 

of r esistance could take place between ~ . coli and Shigella under 

condi tione that allow cell contact (4,5 , 59 , 60 , 61 , 62 , 63 , 64) . 

Similarly, in-~ transfer of drug resistance using newly hatched 

chicken ~as shown by Walton (65) , 

It was later found that this type of multiple drug resista nce 

was mediated by cytoplaSMic DNA particle , which replicated autonom-

cusly and more r apidly that host ch r omosomes (4 , 5) . Pl asmi ds code 

f or a va riety of factors and a r e now by far the major source of 

acqu ired antibi otic res istance in Enterobacteriaceae (2) . 

Transferable drug resistance fact or s (R- fa ctors) in Enterobac-

tcr i aceae are formed by a combin a ti on between t wo initially indepen-

dent ele ments __ t ransfer fact ors and resistanc e dete r mi nant s (4 . 66) . 

If strains carrying transfe r fact or s gain acc ess to str a ins ca rrying 

non- transferable resistant determinants to which they can be come 

at t ache d , transfer of drug resistance is i nitiated (67) . Passage 

experiments have shown R- fact or e to be r elatively stable j in gene r al , 

R- f acto r s a r e most stable i n ~. coli , least stable in Sa l monella , 

with Shigella occupying an intermediate position (5) . Arti f i cial 

e liminati on of R- f actors i s possible by t r eatment wi th acriflavine 

(68) . In addition , the spread of infective drug resista nce i s 

• pr obably hnstencd by the use of antimicrobial drugs (2) , which 

exerts a pressure effect tOflo.rde conjugation and transfe r of 

R- factors i n the human gut (66) . 
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Multiple dr ug resistance was first noted in Japan in the ear l y 

1950 ' s (69 , 70), t he oajor ity being r esistant to tetracyclins , 

chloramphenicol , Btreptomycin and 6ulphonamides (TCSSu) . As early 

8S 1964 , a strain of ~. coli isolated in Germany was found by 

Watanabe ~~. (61) to transfer resistance to tetracycline , 

chloramphenicol , streptomycin , 8ulphndiazine , kanamycin and 

neomycin (TCSSuKN) . 

Although multiple drug r esi stant strain s were uncommon at the 

time of their di scove ry, they rapidly increased in pr evalenc e (4) . 

By the end of 1967 , about 80% of Shi gella strains i solated in Japan 

we r e r esistant to two o r roo r e drugs (71). In t he United States j Smith 

and Armour (72) demonstrated U- facto r B in enteri c bacte ria , causing 

infection of the genit o- urina r y tract . SimilarlY r R- f a c to r s o f the 

intest ina l flora were shown by Srnith and Halls (73) in England and 

by many au thors in the Uni ted Stn t es (6 , 74 , 75 f 76 ,. 77 , 78), In fec t ious 

resistance has also been demonstrated in ma ny st r a i ns of Snlmonella , 

~ . £2li and other gr am negative bacilli in Japan , Eu r ope and Israel 

(79) . In Ethiopia , Mann and Hessele (80) demonst rated R- factors in 

intest inal flora and late r Hessele snd Alebachew demonstrated these 

factor s in Salmonella a nd Shigella isolates (81) . 

In 1968- 1970 , an epideraic strain of ~ . dyaenteriue se r o type 1 

showed multiple drug r esistance to tet r acycline , chloramphenicol , 

st reptomycin a nd sulphonamidcs (TCSSu) in Central Merica (14) , 

i . e . in EI - Sal vador (82) , Honduras (82) , Gua omaia (35) and Mexico 

(83 ) . Amp i cillin resistance was later reported from ~lexico City in 
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1972 (84) and from Bungladcsh in 1974 (85) , The atrains from ~exico 

City and Bangladesh were resistant to tetracycline , chloramphenicol , 

ampic i llin , streptomycin and sulphonamidea (TC~ bu) , but were 

sensitive to kanamycin . During 1973- 1976 , higella strains isolated 

in Somal i a showed multiple drug resistance to 8e many a s 7 dr ugs , 

mainly wi thin 2- dYsenteriae serotype 1(86) . In Washington a r ea , 

patterns of r esistance to tetracycline , ampicillin , st r eptomycin and 

sulphonamides (TASSu) were comnan , and in the same area , r esistance 

to ampi c ill in increased from 6~ to 95~ in only four years (87) . 

In Franc e , Sztu r m- Rubinsten et 81 (88) r~por ted multiple dr ug 

r esis tance up to 5 drugs (TChSSU) in some st ra ins of ~ . fl exneri 

a nd ~ . sonnei . A 6imila r study in Dr azil (63) revealed multiple 

r esis t ance up to 8 drugs (TCJ..KNFSSu ) i n E. . flexneri types 1 and 2 , 

a s well as in ~ . sonnei , I n Ethiopia , multiple dr ug r esistance and 

H-factor s in 69 Shigella isolates were r eported by Hessele and 

Aleba che'N (Bl) , and comparative multiple drug resil:Jtance with i n 

Shi gella serogr oups was studied by Afeworki and Yetnebersh (89) . 

In the latter study , multiple resistRnce to as many as 6 drugs was 

noted mainly within S . dysenterille ser otype 1 ( identified 
~ 

biochemically) • 

THB NEW DI MENS I Ors Hi SHIGELL06IS 

A new development in technologically advanced countries i 8 the 

venereal transmission of shigellosis (90 , 91 , 92) . I n this caee , 

shigellos is has been most common in young people who have adop t ed 

an " alte rnative life- style ". The mode of transmission is thought to 

be vi a f aecal ingestion during nnalingus . 



- 11 -

DI"THIDUTIOII m' SHIGELLA BROOIIOUP' NO SEHOTYFES 

The ~orld distribu tion of Shigella serogroupe and their 

ser o type s i s highly va rinblu , though some general trond could be 

obse rved in developed and developing countries (Table 1) . By 1968 , 

Chr i st i e (37) reported that ~. flexne ri has given way to ~ . sonne i 

as the dOr.l ina nt serogroup in Englund . imilarly , 1977 , S . sonnei 

constituted 64 . 5% of a l l Shigella isol ated in the United States (10) . 

I n this r eport (10) , E. f lexneri type 28 , type 38 , type Ib and type 

la , in or der o f dec r eas ing incidence , were r epor ted . In the U. S. A. , 

£. dysente riae and ~ . hoydii account ed f or less than 1% o f all isolates 

i n 1969 (11 ) . In ?oland (93) , for the pe ri od 1965 t o 1968 , t he 

pr edominant s train was r epor ted to be ~ _ sonn e i with 19 , 181 

isol atos , f ollowed by~ . fle xneri , ~ . boydii and 2' dysente riae ( wi th 

16 , 717 , 340 and 25 i solates , r espec ti vely) . In Mal agasy (94) , f or the 

ye ar 1979 , incidence r ates f or Shige lla serogr oups were : 70 . 02% f or 

§. fl exne ri , 18 . 25% f or §. oonnei , 5 . 72% f or §. dysenteriae and 3 . 51% 

f or § . boydi i. CamPIon se r otypes in ~Ialagasy included ~ . flexneri 

type 2a , ~ . fl exneri type 4 , ~ . dysente r iae type 1 and 2- dysen te riae 

type 2 . For the period of 1966 to 1970 , se r ogr oups of Sh i gella in 

Tangi er showed 70 . 9% f or ~ . fl exne ri , 13 . 2% f or S . 60nne i , 9 . 9% f or 

§. boydi i and 3 . 7% f or §. dysenter i ae (95) i within ~ . fl exneri , 

ser otype 2 was Dost common , f ollowed by se r otypes 1 and 3 , r espect -

ively . In Peru (96) , ~ . flexn eri 28 was reported as most c ommon . In 

1977 , the teaching hospital i n Lagoa (97) repor ted § . flexneri aa 

most co mDon (50. 27%) , wi th se r otype 2 pr edominat ing , and f ollowed by 

ser otypes 4 , 6 , 1 and 3 r espectivelY i S . boyd ii accounted 23 . 8% o f all 
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i s olat e s wi th serotype 4 predocina ting and 2- dysentcriae accounte d 

f or 7 . 9% o f a ll i s olates with s erotype 2 pr e domina ting . In th i e Bame 

s t udy (97) , ~ . s onne i ac counted f or 17 . 4~ of all Shigella i sol a t e s . 

In France , f or the yea r s 1975 to 1977 , ~ . Bonne i was mos t commonly 

i s ol a t e d (53 . 16~) , fol l owed by 2- fl exnc ri , ~ . boydi i and 

S . dysente r i ae (41. 9~ , 3 . 25% a nd 1 . 68% , r e spec ti ve ly (98) . In th i s 

Bame st udy , se r o t ype 2 \lith i n !! . dysen t e ria e , ser otypes 2 and 6 

wi th i n S . fle xne ri and se r otype 2 wit hin ~ . boydii wer e f r equently 

isol a t e d . 

In Bthi opia , systematic f oll owup of Shi gel l a se r ogr oup preva­

lence with time has no t been adequa t e l y r epor ted . For t he pe riod 

of 1974 -1978 , t he dominant serogr oup in Addis Abeba a r ea wa s 

~ . fl exne r i ( 49 . 1%) , f ollowed in or de r of pr e valence by £. dysen t e r ia~ , 

§. boydii a nd ~ . sonne i (89 ) . So f a r , ident i f i cat i on of pr evalent 

s e r o t ype s in Et hiopia haR not been a tt empted . Lack of infor ma ti on 

and establi s he d me t hodol ogy on Shi ge l l a se r otypes , phage - t ype s 

and col i cin - types have hampe r ed e pi de miol ogi cal i nvest i gat i on o f 

Sh i ge l la infec t i ons . 
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IJ(,IIH IANT SHIGoLLA 5E~OOkOUPS 

Dl:Vl!;LOPBD va DEVELOPING COUNTRIES 

HE? COUNTRY YEAH 
Domi nnnt 
se r ogr oup 

(}7) England 1968 D -
(10) U. S . A. 1977 D (64 . 50%) 

(9} ) Pol and 1965- 1968 D (52 . 89%) 

( 98) France 1975- 1977 D (5} . 16%) 
(94) Ma l agasy 1979 B (70 . 02%) 
(95) Tun i s i a 1966- 1970 H (70 . 90%) 
(96) Pe r u 1979 B -
( 97 ) Ni geri a 1977 B (50 . 27%) 

(89) J:: th iopia 1974-1978 B (49 . 10%) 

Table 1 

-
Dominant 
se r ot ype ( s ) 

.:.,; .. ". 

~ ' . . . . 

-

-
§. fl exD eri 2, 4 

§. f le xn e ri 2 
S. f lexne ri 2 -

s . fle xneri 2 

-
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THE PUi<POSJ::: OF THI . STUDY 

Shigellos i s i s a wor ld- wi de pr oblem wi th epeci al pr ominence in 

de velopi ng count r i es (8) , whe r e many factor s that promote its 

endemi c i ty a re always pr esent (12 , 34 , 35 , 36 ) . In addition , r eeear ch 

a c t i vities in genus Shigella have been qu i te inadequa t e i n 

de ve l opi ng count ries ~6 coopar ed t o those ca r ri ed out in deve l oped 

countries (2 ) . Adequa te and cont i nuous informa ti on ot pr evalent 

Sh i gella ee r ogr oupB I ee r o types ! pha ge - t y pos a nd c o l i c in- ty~~s'" a~' 
. .." 

wel l as e ffect i ve s ur veil l ance o f drug r es i s t ance a r e essen t i al 'to 

t ake mean i ngfu l cura tive measur es and epid emiol ogic a l i nves tiga tion . 

In Eth i opia , publi shed r e por ts of s t udies on genus Shigella 

a r e ve ry f ew in number (81 , 89) , and mor e studi es a r e r equ i r ed t o 

e l luc i date hithe r t o unknovin aspec ts of th i s e tiol ogi cal agent . \IIi t h 

th i s in mind , the pur pose of the pr esent study i s t o : 

1 .• . ... i dent ify Shi gella se r otypes i sol a t ed from c l i ni ca l 

cases of s higell osi s , 

2 ••••• assess a l l pos s ible pa ttern s of mul t iple dr ug r es ista -

nee \"li th i n spec ific Shigella ser otypes , 

3 •• •• • deve l op a s ys t em of bi ochemot ypi ng Qnd s ero t yp in g at 

the Centra l Lab or ator y and Resear ch Ins titute , whic h i n 

tu r n , would lay a gr ound work f or t he establ i shment o f 

Shi gella r e f e r ence cente r i n Eth i opi a , and 

4 •••. • s uggest guidelines f or Shi ge lla chemother apy , bas ed 

on current pa t t e rns of drug r es istance . 
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flATERI L S A II D MET HOD S 

COLLECTION AtlD STO;.AGE 01' SHIGELLA ISOLATES 

The three-hundred and sixty tihigelln i sol ates were c ollected 

fr om stool cultures of patients r e fer r ed to the Central Labor atory 

and f r om fi eld trip collections in rural aress . Each Shige lla i sola te 

was stocked in 0 . 5 01 Tryptic Soy Yeast (TSY) with 25% glycerol , and 

o stored in deep freeze , - 70 C. The r e were 273 Shigella i sol a t es fr om 

Add i s Ab eba a rea and 87 fr om miscellane ous r ur al a r eas . The origin 

o f the 87 r ural Shigellae i sol ates was 8S f ollows : s ) Field trip 

c ollections during epidemic calls (54 f orm Tatek , 2 f r om Hetshor s 

Sugar Estate , 7 f rom Amiba r a Agricultural Pr oject , 2 fr om Gemu 

aw r ajs , 4 fr om Dedcssa, 2 from Huners , 5 from Jiba t - Mecha a wraja , 1 

fr om Tole and 1 fr om hrba ) , and b ) Routine collecti ons fr om r ural 

patient s referred t o the Central Laborator y (2 fr om Ogaden , and 1 

each fr ol':l Arba - Gugu 8'",raja , Hahar La r , Asse l a , Debreze i t and Ar a i-

Negelle) • 

The ear liest col lection date was on 19. 1. 1974 , whi le the latest 

was on 18 . 2.1980. However, 84 . 2% o f a ll isol ates we re colle c ted 

between January 1978 and February 1980. 

CONFI RMATIUN 0 )' PUH I TY 

Cultural Purity 

Stocked or ganis es were sub- cultured on MacConkey (Oxo i d) and 

Salmonella- Shigella (Oxoid) aga r s , and incubated at }5
0

C. f or 18- 24 

hours . Cultur al puri ty was visually asce r t ained . 

- 15 -
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Bi ochemica l Purity 

( 6 ) Us i ng a ste r ile , st raight wire , n single colony froc an 

i solate wus picked up and used to inoculate ahout 4 ml of 

nutrien t broth . 

(b) The in oculated nutrient broth was incubated a 35°C . for 

2- 4 hours , or until culture nus visually turbid . 

( c) By means of a sterile Pasteur pipotte , the broth cultur e 

of an i sol ate WUB used to inoculate the following set of 

biochemical tube s : 'l'riple Sugar Iron (TSI ) t Lysine Iron 

Agar (LlA ) , Urea Slant , ~iomon ' B Citrate , Motility Test 

Medium , 1% I-iannitol Broth and 1 % Glucose Broth with 

inve r ted Durhan tube. 

These sets of lubes were used to determine the following 

biochemical char acteristics of each i solate : a) fermentation 

of glucose , l actose and mannitol , b) production of 

hydrogen sulphide , c) hydrolysis of ur ea ! d) utiliza­

t i on of c i trate , e) observation of motility , r) produc ­

t i on of indole, g) pr oduction of gas from glucose , 

h) decarboxylation of lysi ne and i) dellmination of 

phenylalanin e . 

(d ) To check the purity of broth inocula and thus the 

r el i abi lity of biochemical tests, each broth inoculum wae 

sub- cul tured on t'lacConkey (oxoid) ' c'hec k plate ' and 

incubated at 35°C . for 18 to 24 hour3 . Cultur al purity 

of a broth inocu l um was visually observed. 
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(e) For quality control o f biochemical tubes : a) all 

bi ochemical sets we r e pre - i ncubatod at 35°C . for 18- 24 

hOU TS to asce r tain ste rili ty and b ) standa rd quality 

control or ganisms (.§: . t'{phiouriultl , ,2 . flexneri and 

t · mirabili s) were used to check the reactivity of 

r epr esentat i ve bioche~ical tubes . 

Serol ogical Puri ty 

Shigella isolates that met the minioal bi ochemical pr ofile 

of genua Sh i gella \:Jer e serogroupcd using: Dn'Cu coomercial a ntiser a . 

BIOCHEMOTYFI NG 

Se r ologi cally con f i r med ~higella se r ogroups we r e bi ochemotyped , 

accor ding to procedure a recommended by Edwa r ds and Ewing (1 ) . 

( a) Us i ng n straight \lire , a single colony from each Shigella 

isola t e w~s inoculated separately into a 4 ml nutrient broth 

and inc ubated at 350 C. for 2 to 3 hou r s , or unt il visi bl e 

turbidity was obse r ved . 

( b ) A brot h cultu r e of each i solate ~D6 used to inoculate a 

set of 5 01 pur ple broth bases containing 1 ~ each of the 

followin g sugars ! mannitol , dulcitol , xylose , r af f inose , 

glyc er ol , lactose , arabi nose and s C'l'bitol. Part of the 

r emainin g broth inoculum wa s used to seed a tube of 

I - orni th ine (Falkolll) and the r eonining por tion 'Nas 

r eserved f or i ndole test (r.ovacs) . Betagalactosidsee test 

was carried out by i ncluding a disc of O- nitrophenylgalacto-
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pyranoxidafie (ot~PG r in l\ 5 ml Boline 8uspension of Hlood 

aga r cultural gr owth . 

( e ) All tea ts wer e incubated a t 35°C . f or 72 hours . Results 

were recor ded as pos i tive , weakly positive and negative . 

( d ) Quolity control of prepared Bugar fermentation tubes wss 

carried out by : 0) o pr e - i ncubating all tubes at 35 C. f or 

18- 24 hours , to ascertain sterility and b ) inoc ulating 

r epresentative tubes with pairs of known positive and 

negative organisms , as r ecommended by CDC ( 99) . 

SEROTYPI NG 

(a) Each Shigella i solate (al r eady identified to se rogr oup 

level) was sub- cultured on Blood agar and incubated at 

35°C . for 18-24 hOU Ts . 

( b ) The patte r n of bi ochemical charncte rstic o f each isolate 

was e f fectively used in se lectinG antisera f or ser otype 

i den ti fica ti on . 

( 0 ) Ser ot ypes Vlithin ,sh i gella se r ogr oups we re iden t ified by 

s li de aeglutination method, us ing DIFCO commercial ant ise r a 

and coun t erchecked by nntiser a froe the Institu te of 

Experimental £pidemiology (Ge r man Democ r atic Hepublic) . 

Agglutination reac t i ons Vlere obse rved with the naked eye 

ove r a sou r ce of fluore sc ent light . 

(d) The specificity of each antisera wa s checked by cont r ol 

or gani s ms represe n ting all known Shigella sero types . 

These control or ganisms were imported from the Nat i onal 

Col l ection of Type Cul t ure s (Bnglnnd ) and fr om the 

Cente r for Uisease Control (~ . S . A . ) . 

1 ONPG i mp r egnated discs from Institute Vssteur (Paris) . 
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AGAR DISC- DIFFUSION AllTH1ICROBbL SUSCEI'TIBILITY TESTIrIG 

Susceptibil i ty t es t of each i solate was carr~ed out acco r ding 

to r ecognized pr ocedures by Kirby and Bauer (100) : 

(a) Each Shi gella isolate was sub- cultured onto a plate o f 

NacConkey u.ga r (Oxoid). 

(b) Fr om a pure cul ture of each isolate I 4 t o 5 colonies were 

r andomly selec t ed and these were transfe rred ( by t ouching 

the top of each colony successively with the same loop ) 

to a tube cont aining about 4 01 of Tr yptic Soy Yeast (TSY) . 

( e ) The TSY broth was incubated at 35°C . until it pr oduced 

cloudiness due t o colon i al growth . Such broth c ulture 

wa s di lu t ed with sterile TSY broth to obtain a tu r bidity 

of 0. 5 McFarland (0 . 5 1I11 o f 1.175% BaC1
2

_2H
2 

plus 99 .5 1111 

of 0 . }611 H
2

S0
4
), 

(d) Using a sterile , non- toc i c cotton swab dipped into the broth 

culture , the entire surface of a Huelle r-Hinton (Oxoid) a a r 

was s wabbed even ly . 'i'he inocul ated pla t e WRS left at r oom 

tempera ture for 3 t o 5 minutes. 

(e) Wi th the ai d o f an automatic di spenser (BBL) a set o f 11 

sensitivity di scs were placed on the surf ace of each 

Muelle r - Hin ton plate, and these di sc s were pr essed down 

gently by s t e ri le fo rc~ps to assure e ven c on t act . 

<r) Inocul a t ed Nuclle r - I1inton plate with sensitivity diecs was 

then incuba ted at 35°C . for 18- 24 hou r s . 
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(g) E'ina lly , di ame te r s o f inh i bition zones we r e measu r ed by a 

meta l cal iper t o the near es t niIlimete r . The r eeuts wer e 

r ecor ded as Re s i stant (H) , I nte r cedia t e ( 1 ) an d Sens iti ve 

( S ) , a cc or di ng to standa rd i nte r pr eti ve char t s (100) . 

(h) 1'he s ensitiv ity di scs inc l uded t he f o llowing d r u gs : 

ce phalothi n I te t r a c ycl ine I chlora mphe ni col , amp i c i l lin I 

car benicillin , kanamycin , ge n t a~i c in , polymyxin - HI 

s t r eptomycin and sulph~di az i n e . 

( 1 ) For qual i t y control purpos e s ,~ . ~~ ( ATCC- 25922) wa s 

used t o de t ect defici enc i es in cedium, i noc ulum and 

sensi t i vi ty di s cs . 

I NSTI TUTI ONS CONSULT~D 

We ha ve fr eely cont acted mi s cellaneous o r ganizat i ons , d i r ectly 

or indirectly connec t ed with our study . The s e Ins t i tutes wer e : 

Center f or Di sease Cont r ol , Atlanta , Geor gi a (U . S . A. ) , Nat i onal 

Collect ion of Type Cultur es , Coll indale hvenue , London (England ) j 

Na tional Shi gella Cente r , In s t i tute Pas t e ur , Paris (France ) j 

I nstitute of Expe rimen tal Epide mi ology , Bur gs trasse , Yl e rnigerode 

(Ge rman Democ r at i c l~ epublic ) i Inst itute Vaste ur of a lagasy , 

Tana r a rive (Ma lagasy ) and t he wor l d Health Or ganizat i on , Br az za ville 

(A f r ican ~egi on ) . We cont a c t ed t hese Ins t itu tes t o pr ovi de us with 

Shi gella an t i s e r a , cont r ol or gani s ms , techni cal ad vi ce and r e fe r ence 

ma t e ria l . In addi t i on , na tiona l ~ h igella cente r s in Nige r ia , Peru , 

Poland a nd Sweden ~Ie re approac hed to pr ovide us with informa ti on on 

Sh i gel l a s s r ogr oupe Hnd scr ot ypes , as well as sensi t i vi t y pat t e r ns , 

in t hei r r espective countries . 

(P r ominen t Shi gel l a experts consul ted wi ll be i nc luded in the 
a cknowle dgement l is t ) 



CHAFTER 3 

R~SULTS 

SEROGRQUP I DENTIFICATIOtI 

Ser ogr ouping of the three - hundred ond sixty Shigella isolates , 

included in this study , showed that S . flexneri is the moot common , 

followed by §. dysenteri ae , S . boydii nnd ~. sonnei (50. 55% , 32 . 78~ , 

11 . 39%, 5 . 28%, r espect i vely) ( ig . 1). 

Se r ogroup distribu tion (Fib o 2) in urban and ru r al a reas i s 

s i mila r for 2 0 dysenteriae , S . flexneri and S . 60nne i , except fo r - -
S . boydii which i s more COfM:lOn in urban arcus and this di ffe rence 

i s s i gnificant (P=O . 05) .. 

The three-hund r ed nnd sixty i solates ilL eluded in this study are 

a rranged by monthly i solation (Fig . 3) . ~he fact that shigellosis 

is a yea r r ound disease is clearly observed . The prevalence of 

shigellos i s dur in g the months of June and September , as hin ted in 

Fi g . 3. would nee d more controlle d obse rvation . 

SEROTYPE IDENTIFICATION 

Incidenc e r ate of total Shigella serotypes is shown in Table 2. 

Out of the 32 known Sh i gella ase r otypes (10 within ~ . dveente r iae , 

6 wi t hi n 2. flexn e ri , 15 within 2' boydii and 1 within ~ . Bonnei ) , 

22 of them (6 with i n ~ . dysenteriae, 5 within ~ . flexneri t 10 

within .2. boydii and 1 within S . 60nn e i ) yere identified . 

Serotypes of E. . dysenteriac are shown graphically in }o' ig . 4. 

~Iithin this serogroup t .§. dysenteriae serotype 1 was Clost commonly 
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:'lHIGELLA StROORCX'PSa URBAN!! RUR AL 

O. 7 

13. 55 

5.75 

A B c D 

SF.ROOROUPS 

FlO. 2 

~Urbl\r. (213 1f10lat~H) 

~RUral (87 isol.tfts \ 



-ONTHLT SHIGELLA ISOLATES 

No . leola,.. (1914-1919)" 

60 

JAN "'" ... UK .... ' JU. JUL'UU ,.~ UC'!.OV """ 

K 0 • T H S 
PIc. 3 

~The ~1 Sh1ce11a jBol~te. of 1980 ~~re not included 
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HICIDEIICE_H TE OP SIJIGELLA SEROTYPES 

Se r ogroup Type No. Pe rc ent ot 
total isolates 

A 1 77 21. 39 
2 30 8. 33 
31 

3 0. 83 
4 4 loll 

6 2 0. 56 
7 2 0. 56 

Total 118 ~2 · Z8 

B 1 63 17. 50 
2 49 13 . 61 
3 3 0. 83 
4 48 13 . 33 
6 19 5. 28 

Tot al 182 20.22 

C 1 7 1. 94 
? 1 0. 28 

3 2 0. 55 
4 10 2. 78 

5 9 2. 50 
8 6 1. 67 

9 1 0. 28 
10 3 0. 83 
12 1 0. 28 
14 1 0. 28 

Total 41 11.~2 

0 1 !,.2 2.:.fl 

1 Includes one st rain o f invas ive E. coli wh i ch showed 
strong agglutination in 8pecific-§ .~cnt e rine 
anti se rum . 

Table 2 
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SFRQTrPES or ~. DYSENTERJA! 

9 '0 
S E ROT T PES 

FlO. 4 
aOut ot 118 iaolates 

bInolude8 1 etr&1n of !.~, oroa" reacting aerologlc&ll y 
w1th s. dyaenteri$8 serotype 3. 
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SERO'I'YPES 0' ll. PLEXIlER! 
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SEROTTPES OF ~ . BOlDII 
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aOut of 41 isolates 
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i sol a t ed . This s train comprised 21 .39% of a l l Shigella iaolates 

(~'ab l e 2) . Ot he r s e r otype. , l' norde r o f 1 t 2 4 pr eva ence , we r e ypes , 

and 3 . Se r ot ypes 6 and 7 came next . Serot ypes 1 and 2 coobined 

r epr esented 29 . 72% of totul Shigella i sola t es (Tabl e 2) . 

Common eerot ypes of 8 . f lcxneri a re 8S indicated in rig . 5 . Out 

of the 6 serotypes , 5 o f them we r e i dentifi e d . Se r o t ype 1 wss moe t 

common , followed by serot ypes 2 , 4 , 6 and 3 , r espectively . Se rotype e 

I , 2 and 4 combined r epresen ted 44 . 44% of al l Shigella isol a te s 

(Table 2) . 

Identificat ion of ~ . boydii ser otypc B i s shown i n Fi g . 6 . Ou t 

of the 15 serotypes wi th in th i s oe ro&r oup , 10 of the m we r e iden t ifi e d. 

Common serotypes of S . boydii , inor de r of pr evalenc e , we r e types 4 , 

5 , 1 and 8 . The other aerotypes wer e spar ccly r epr esen t ed . Se r otypcs 

4 , 5 , 1 and 8 co mb i ned r epr es ented onl y 8 . 89% of total Shi gella 

i s ol a t es , as shown in Table 2. 

Compar a tive s e r ot ype pr evalence ( ur bnn !§ . rura l ) i s shown in 

Tabl e 3 . Ur ban i sol a t es wer e r epr esented by 22 se r otypes compa r ed 

t o only 11 in rural areas . ~. dysente r i ae ae r otype 1 comprized 34 . 48~ 

a l l r ur a l i solates compa r ed to 17 . 22% of urban isol ates and th i s i s 

s i gnifican t (P=O . 05 ) . I ncidence r a te diffe r enc es f or the othe r 

s erotype s a re not s i gnificant (P=O. 05) . 

BIOCHEMOTYFING 

Re sul t s of bi ochemical teats have gr eatly fac ili tated in tell i -

gent and economical use of an t ise r a , by na r r owing down possibilities 

i n agglutina t i on t ri a l s . ka r e bi ochemotype o i denti fi ed include : 
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(a) l 'hree strains of mannitol negative ~ . f'l e xne ri type 6 , 

(d) §An invasive l: . C01,' (0 '164) h ' 
- _ . w 1ch showe d a trong agglutina-

t i on in specific .§. d,vaente r iae sero type 3 antiserum , 88 

shown in Table 4 , and 

(c) A rare gas produc in g var i ant o f S . hoydii se r o type 14 

(Table 4) . 

PATTERNS OF DHUG ru;SIST.t.lICE 

There Vlere n i neteen pattern s o f drug r eGiatance 'Nith in the }6o 

Shi gella is ola tes (Table 5) . However , s ix patte rns represented 

70. -28% o f t o t al patterns . The Shigella i solates tested s h owed drug 

r esistance r an ging fr om 1 to 7. The most common pat t e rn was TSu 

( 21 . 11%), f nl l owed by TCAC bSSu ( 19 . 72%) and TStiu (12 . 5~) . 

As shovm in Table 5, the s ix drug multiple r es i s tanc e (TCACbS~u) 

was moat common in serogroup A (53. 39%) . Si mi larly , TSu pat t e rn wos 

c omm on in serogroup B (41 . 76%) a.nd TSSu in ser ogr oup C ( 9 . 76~ ) . The 

SSu and TSSu patt er ns were both c ommon in se r ogr oup D (15 . 79% ond 

26 . J2%, respectively). Non r esistance (so nsitive or in te r med i a t e) 

was shown by 17 . 80% of ssrogr oup A, 17 . 03% o f B, 63 . 41. of C and 

36 . 4 8% o f D. 

Ther e ~ere nine patte rns of r es i stance within se r ogr oup A 8S 

s ho wn in Table 7 . The most comm on r esistanc e pa tte rn , TCACbSSu , .was 

shown by 81 .82% of S . · dysen te ri ae ser otype 1 (Pl a t e 1) , One strain 

§ThiS i solate was initially ident ified 815 man nitol positive §: . 
dysenteriae Berot~pe 3 . , Furt~er bi o~he micol to s te , howc ~tl r , 
reveal ed that it ~ 6 an ~ . COli , Bhar~ng common antigen With 
§: . dysenteriae type 3 . 
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of this ser otype was r esistant to 7 drugs (TCACbKSSu) . It i e 

i nte r esting to note t hat se r otype. 2 3 ., 6 d 7 d'd t d 1 
t t Of t t an 1. no eve op 

res i stance to more than 4 drug. . S 
_ 0 dYsente riae se r otype 2 commonly 

showed the TCSSu pattern (20%) (~la te 2) . 

The r e were twelve type f i s 0 pr es s t ance pattern within ee r ogr oup 

B as shown in Table 8. C t omnon pa t e r n of drug r esistance by 

serotypes 1 and 4 was TSu (68 . 25~ , nnd 68 . 75~ , respecti vely) (Pl nte 

3) . ~. f lexneri type 2 commonly showed the TSSu pattern (49%) 

(Pl ate "4) . Of the 19 members o f serotype 6 , 11 ( 57 . 89%) ehowed unit 

resistance to s ulphadiazine (Plate 5) . 

The r e were only e i ght type s of r es i stance pattern within se r ogr oup 

C, as shoVin in Tahle 9 . Me mbers of .2 0 boydii were commonly sensitive 

t o a ll drugs (63 . 31%) , and there was no commonly assoc i ated r esistance 

pattern f or any of its serotypes . 

There we re five types of r esistanc e pattern within ee r ogr oup D, 

as shown i n Tabl e 5 . The T~Su patte rn was comparatively mo r e corneon 

( 26 . 32%) (Plate 6) . followed by SSu patte r n (15. 79%) . 

Compa r ative drug resistance in r ural and urban a r eas i s shown 

in Table 6 . There we r e 17 patte rn s in urban ar eas , compared to 10 

i n rur al areas . The TCACbSSu pattern was cor e common in r ur a l a r eas 

<34 . 48%) than i n urban s r eRS (15 . 02% ) . Thi s dif f e r ence r e flect s the 

prevalen ce of S. dys enteriae serotype 1 in rura l a r ens , a s menti oned 

earl i er . The inc i dence r ate ( urban !!. r ural) of TCACbSSu showed 

s i gnif i can t difference (P=0. 05) . Urban i sol ate d showed 26 . 37% non-

r esistance (sensitive or inter~ediate) to all drugs tested , compared 

t o 14 . 94% in rura l isolates and this difference ie significant (P=O . 05) . 
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SHIGELLA SEROTYPES : 

Se r ogr oup Type 

A 1 
2 
3 
4 
6 
7 

Tot al 

B 1 
2 
3 
4 
6 

To tal 

C 1 
2 
3 
4 
5 
8 
9 

10 
12 
14 

Tot al 

D 1 

Nil Urban i sol ates 

Rura l isola t es 

URBllfj ve lWRAL 

U r a b • n 
li o . % 

47 17. 22 
27 9. 89 
3 1.10 
3 1. 10 
2 0. 73 
2 0. 73 

84 2Q.lZ -

47 17. 22 
35 12. 82 
1 0. 37 

38 13. 92 
17 6. 23 

138 ~ 

5 1. 83 
1 0. 37 
2 0. 73 
8 2. 92 
9 3. 30 
6 2. 20 
1 0. 37 
3 1.10 
1 0. 37 
1 0. 37 

37 lhlZ 
14 5.13 

........ 
273 
87 

Table 3 

H u 
No. 

30 
3 
0 
1 
0 
0 
~ 

16 
14 

2 
10 

2 
44 -
2 
0 
0 
2 
0 
0 
0 
0 
0 
0 
4 -
5 

r a 1 
Z % 

34 . 48 - 3. 42 
3'-45 .1 . 89 
0. 00 . 
1.15 - 0. 27 
0. 00 
0. 00 

39 . 08 

18 .39 - 0. 25 
16 . 39 -0. 77 

2. 30 - 1. 72 
11.49 . 0. 60 

2-30 +1. 4.2 
2.Q.,2Z 

2. 30 -0. 28 
0. 00 
0. 00 
2. 30 +0. 31 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
0. 00 
4. 60 - -
5. 75 
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BIoe liEIHeAL P~Of'ILES OF RARE ISOLATES 

(a) An i n vas i ve 1:: . £.2.li (0: 164 ) agglutina ting in spec ! fic 
S . dY6cnter i ae t ype 3 ant i serum , ~nd 

( b ) A r are gas pr oducin g va r ian t o f 2, . boydii se r otype 14 . 

NB : 

Chnr acterstic 

Indole . . . . . . . . . . . . . . . . . 
Urease .. .. .. .. ...... ... 
Citrate (S i mmon ' s) ..... 
Citrate (Christensen' s) . 

Motility ••••••....••••• 

Methyl Red ••••••....•• ~ 

Voges Proskauer • ••••••• 

Hydr ogen sulphide ••• • • • 

Hetagalactosidase .•• • •• 

Phenylalanine desminaS8 . 

Lys i ne decarboxylase 

Arginine dehydral ase •• 

Ornithine deca rboxylase 

Glucose • •••.••••••••• • 

Gas (Gluc ose) • • •..•• • • 

Manni tol ••• • •• • ••••••• 

Lac t ose . ••• ' . ' •••.• • .• 

Sucrose •• • •. • •• . •.•..• 

Dulc i tol •.. .• •..•• • ..• 

Xylose •••••••••• . • •••• 

Rhamn ose ••.• • ••••.•••• 

Raffin ose 

Glyce r ol 

..... ...... 
...... ... ... 

Arabinose •.•• • •••••••• 

Sor bitol 
Malonate 
Inos i tol 
Adonit ol 
Sali cin 

· .. .. , ....... . · .... .. . . . . . . . .. ~ ;. ..... . , " · ... ... ... . 
" , . . . . . . . . . . 

Incubation 
o 

was a t }5 C. 

Table 4 

(.) 

+ · ...... ... . 

days ... .... 

+ · .. .... .. . . 
· .... ..... . 
· .. ....... . 

weak ... ........ . 
· .. ....... . 

. ...... .. . 
+ · ..... .. .. . 

· .... ... .. . 
+ · ........ . . 

· .. ... .... . 
· ... ...... . 
· ......... . 

+ · .. ...... . . 
+ ... ....... 

· ......... . 
weak 

+ ••••••••• 

+ · ........ . . 
+ •• ••••••• • • · ......... . · ......... . 

d" •....... 
...7 ays •• •• ••• 

+ 

+ 

+ 

+ 

weak 
+ 

+ 

f or } days , unless indi ca ted . 



Resistance 
Patte rns 

1 . T 

2. S 

3 . Su 

4. TSu 

5. SSu 

6. TCSu 

7. TAC b 

8. TSSu 

9. AC bK 

10. TeACb 

11 . TCSSu 

12. ThCbS 

13. TACbSu 

14 . TKSSu 

15. TACbSSu 

16. CACbSSu 

17. TCAC bSSu 

18 . CJ\CbKSSu 

119
• 

TCACbKSSu 

Sensitive l20. 
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PATTl:RN1::i or' DHUG RESISTArICE 

III 360 SHIGELLA I SOLATES 

All Shigella Group A Group B 
(360 ). (118) (182) 

No . % !l o . % No . % 

6 1. 67 0 0. 00 3 1. 65 
2 0.55 0 0. 00 2 1.10 

23 6 . 39 2 1. 69 16 8 . 79 

76 21 . 11 0 0. 00 76 41 . 76 

20 5 . 55 8 6. 78 8 4. 39 

1 0. 28 0 0. 00 1 0. 55 

2 0. 56 0 0. 00 2 1. 10 

45 12 . 50 5 4. 24 31 17. 03 

1 0. 28 0 0. 00 0 0. 00 

3 0.83 0 0. 00 3 1.65 

18 5 . 00 15 12.71 1 0 . 55 

1 0. 28 0 0. 00 0 0. 00 

1 0. 28 0 0. 00 1 0. 55 

1 0. 28 1 0. 85 0 0. 00 

1 0. 28 0 0. 00 0 0. 00 

1 0 . 28 1 0. 85 0 0. 00 

71 19. 72 63 53 . 39 7 3 . 85 

1 0. 28 1 0. 85 0 0. 00 

1 0. 28 1 0. 851 0 0. 00 

85 23 . 61 21 17 . 80 31 17 . 03 

Group C 
( '+1 ) 

No. % 

3 7 . 32 
0 0 . 00 

3 7. 32 

0 0. 00 

1 2. 44 

0 0. 00 

0 0 . 00 

4 9. 76 

1 2. 44 

0 0 . 00 

1 2. 44 

1 2. 44 

0 0. 00 

0 0. 00 

1 2. 44 

0 0. 00 

0 0. 00 

0 0. 00 

0 0. 00 

26 63 . 41 

8Figures in parenthesi s refe r t o number of i sol ate s . 

Table 5 

Gr oup D 
( 19 ) 

No . % 

0 0 . 00 

0 0. 00 

2 10. 53 

0 0 . 00 

3 15 . 79 

0 0. 00 

0 0 . 00 

5 26 . 31 

0 0. 00 

0 0. 00 

1 5 . 26 

0 0. 00 

0 0 . 00 

0 0. 00 

0 0 . 00 

0 0. 00 

1 5 · 26 

0 0 . 00 

0 0 . 00 

7 36 . 84 
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PJ..TTEIUlS O}o' JJl(UG R~Sl TJ.,.llCh : 

UHBhN Va RURAL 

I Res i stance All ~~;gella Urban HU8;~ : 
patte r ns ( 60). (273) (8 ) 

!la . % No . % Iio . % 
Z- val ue 

1. T 6 1.67 5 1. 83 1 1.15 +0. 43 
2. S 2 0. 55 2 0. 73 0 0. 00 
3. Su 23 6.39 21 7. 69 2 2.30 +1. 79 
4 . TSu 76 21.11 57 20. 88 19 21 . 84 -0. 19 
5. S5u 20 5. 55 19 6. 96 1 1.15 +2 . 07 

6. TCSu 1 0. 28 1 0. 37 0 0. 00 
7. TAC b 2 0. 56 2 0. 73 0 0. 00 
8. TSSu 45 12.50 31 11.35 14 16. 09 -1. 16 

9. J..CbK 1 0. 28 1 0. 37 0 0. 00 

10. TeACb 3 0. 83 2 0. 73 1 1. 15 - 0. 36 

li. TCSSu 18 5. 00 14 5.13 4 4. 60 +0 . 20 

12. TJ..C bS 1 0. 28 1 0.37 0 0. 00 

13. TAC bSu 1 0. 28 1 0. 37 0 0. 00 

14 . TKSSu 1 0. 28 1 0. 37 0 0. 00 

15 . TACbSSu 1 0. 28 1 0. 37 0 0. 00 

16 . CACbSSu 1 0.28 1 0. 37 0 0. 00 

17. TChCbSSu 71 19. 72 41 15. 02 30 34. 48 - 3.97 

18 . CJ..C bKSSu 1 0. 28 0 0. 00 1 1.15 

19. TCACbKSSu , 1 0. 28 0 0. 00 1 1.15 

20 . Sens it ive 185 23 . 61 72 26 . 37 13 14 . 94 I +2 .18 

8Yigu r es in pllre nthesis re f e r to numbe r o f i aol ahs . 

Table 6 



Resistance 

pattern 
-

1. 5u 

2 . 55u 

3 . TSSu 

4 . TCSSu 

5 . TKSSu 

6 . CACbSSu 

7 . TCACbSSu 

8 . CACbKSSu 

9 . TCACbKSSu 

1 0 . Se nsitive 

a 

- . .. ~ 
Serogroup 

A CllS )a 

No . 

2 

8 

5 

15 

1 

1 

63 

1 

1 

21 

--- - .. 
11 -.. 

1 . 6 9 

6. 7 B 
. . 

4 . 2 

1 2 . 7 

0 . 6 

4 

1 

5 

O. B 5 

53. 3 9 

5 

5 

o 

0 . 8 

0 . 3 

17 . 8 . 

1< 77) 

No . '10 

0 0 . 00 

0 0 . 00 

2 2 . 60 

9 1 1 . 69 

0 0 . 00 

1 1. 30 

63 81. 82 

1 1 . 30 

1 1. 30 

0 0 . 00 
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PATTERNS OF DRUG RESISTANCE : 

S. DYSENTERIAE 

5 E ROT Y P E 5 

2(30) 3(3) 4 ( 4) 

No . '10 No . '10 No . '10 

2 6 . 6'/ 0 0.00 0 0 . 00 

1 3 . 33 1 33~33 3 75 . 00 

1 3 . 33 1 33 , 33 1 25.00 

6 20 . 00 0 0 . 00 0 0 . 00 

1 3 . 33 0 0 .. 00 0 0 . 00 

0 0 . 00 0 0 . 00 0 0 . 00 

0 0 . 00 0 0 . 0 0 0 0 . 00 

0 0 . 00 0 0 .00 0 0.00 

0 0 . 00 0 0 .00 0 0 . 00 

19 6 3 . 33 1 33 . 33 0 0.00 

Figures i n parenthesis refer t o number of i so lates . 

T-eble 7 

_ .. . .. . 

. -_ .. . . 
6(2) 7( 2) 

... 
No . % No . ,; 

. - .. 
0 0 . 00 0 0 . 00 

2 100. 00 1 50 . 00 

0 0 . 00 0 0 , 00 

0 0 . 00 0 0.00 

0 0 . 00 0 0 . 00 

0 0 . 00 0 0 . 00 

0 0 . 00 0 0 . 00 

0 0 . 00 0 0 . 00 

0 0 . 00 0 0 . 00 

0 0 . 00 1 50 . 00 
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P~TTERNS OF DRUG RESISTANCE : 

S. FLEXNERI -. ~ .. -- ._-----
Resistance Serogroup 5 " ROT Y P " 5 

patterns B (182 )a 1(63) 2 (49) 3(3) 4 (.48) 6(19) 
---
1"0 . " No . " No . " No . " No . " No . " - - _00 

1 . T 3 1. 65 1 1. 59 0 0 . 00 0 0 . 00 2 4 .17 0 0 . 00 

2 . 5 2 1 . 10 1 1 ~ 59 1 2 . 04 0 0 . 00 0 0 . 00 0 0 . 00 

3. 5u 16 8 . 79 4 6 . 35 0 0 . 00 0 0 . 00 1 2 . 08 11 57 . 89 

4. TSu 76 41 . 76 43 68 . 25 0 0 . 00 0 0 . 00 33 68 . 75 0 0 . 00 

5 . 55u 8 4 . 39 1 1 . 59 3 6 .1 2 0 O ~ OO 1 2 . 08 3 1 5 . 79 --
6. TCSu 1 0 . 55 1 1 . 59 0 0 . 00 0 0 . 00 0 0 . 00 0 0 . 00 

7 . TACb 2 1. 10 0 0 . 00 1 2 . 0 4 0 0 .. 00 1 2 . 08 0 0 . 00 

B. TSSu 31 1 7 . 03 4 6 .. 35 24 49 . 00 1 33 . 33 1 2 .. 08 1 5 . 26 

9 . TCACb 3 1. 65 1 1 . 59 1 2 . 0 4 0 0 . 00 1 2 .. 08 0 0 . 00 

10 . TCSSu 1 0 . 55 0 0 . 00 1 2 . 04 0 0.00 J . 0 . 00 0 0 . 00 

11. TACbSu 1 0 . 55 1 1 . 59 0 0 . 00 0 0 .. 00 0 0 .. 00 0 0 . 00 

1 2. TCACbSSu 7 3 . 85 2 3 .1 7 1 2 . 04 0 0 . 00 4 8 . 33 0 0 . 00 

13. Se nsitive 31 1 7 . 03 4 6.35 17 34 . 69 2 66 . 66 4 8 . 33 4 21 . 05 

a Figures in parent he sis refe r t o numbe r o f i s o l ates . 

Tab l e 8 



I J ---
Res i stance Serogrou 
pat t erns C (41)a 

1C7 ) 2( ll 

- -
No . ~ No . -; No. " 

1 . T 3 7 . 32 b 0 . 00 0 O ~ OO 

2 . 5u 3 7 . 32 b 0 . 00 0 0 . 00 

3 . 55u 1 2 .44 0 . 00 0 0 . 00 -
4. TSSu 4 9 . 76 P 0 .. 00 10 0 • 00 

5 . ACbK 1 2. 44 P 0 . 00 0 0 . 00 

6 . TCSSu 1 2 . 44 P 0 .. 00 0 0 .. 0 0 

7. TACbS 1 2 . 44 1 1 4 . 29 0 0 .. 00 

B. TACbSSu 1 2 . 44 0 .. 00 0 0 .. 00 

9 . Se nsitive2863 . 41 6 
I 

8 5. 71 0 0 .. 0 0 

5 

No . 

0 

0 

0 

0 

0 

0 

0 

0 
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PATTERNS OF DRUG RESISTANCE 

§. .. boyd ii 

" R 0 T Y P 

3(2) 4 (10 ) 5 ( 9) B(6) 

~ No . ~ No. ~ No . ~ 

0 . 00 2 20 . 00 0 0 . 00 1 16.67 

0 . 00 1 10 . 00 1 H.ll 0 0 . 00 

0 . 00 0 0.00 0 0 . 00 0 0 . 00 

0 . 00 0 0 . 00 0 0 .. 00 0 0 . 00 

0 . 00 1 10 . 00 0 0 . 00 0 0 . 00 

0 . 00 0 0 . 0 0 1 11 . ll 0 0 .. 00 

0 . 00 0 0 . 00 0 0 .. 00 0 0 .. 00 

0 . 00 0 0.00 0 0 . 00 1 1 6 . 67 

2 100 . 00 6 60 . 00 7 77 .. 77 4 66.67 

aFi gu r es in parenthesis refer t o numbe ~ of iso l ates .. 

Ta b l e 9 

E S I 
9 ( ll 1 0 ( 3) 1 2 ( ll 1 4( ll 

No . ~ No . ~ No . " No . ~ .-
0 0 . 00 0 0 . 00 0 0 . 00 0 0 . 00 

0 O ~ OO 0 0 . 00 1 1 00 . 00 0 0 . 00 

0 0 . 00 0 0 . 00 0 0 . 00 1 100 . 00 

0 0 . 00 3 10C 00 0 0 . 00 0 0 . 00 

0 0 . 00 0 0 . 00 0 0 . 00 0 0 . 00 

0 0 . 0 0 0 0 . 00 0 0 . 00 0 0 . 00 

0 0 .. 00 0 0 . 00 0 0 . 00 0 0 .. 00 

0 0 . 00 0 0 . 00 0 0 . 00 0 0 .. 00 

1 1 00 . 00 0 0 . 00 0 0 . 00 0 0 . 0 0 
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D I S C U S S I ON • N D CON C L U S ION 

SEROGROUPS AND SEROTYPE. 

The pr edominance of ~. fl exn er i in developing coun tries i. 

wel l known (94 ,95 , 97 ,101) . S i~ilarly , in Ethiopi a , the pr oeinene. 

of 2' flexneri has been confirme d in this study a nd in pr evious 

r eports (81, 89) . In de veloped countries , like U. S . A. (10), Fr ance 

(98) , Engl and (37) , Australia (102) , Poland (93) , ~ . fl exn eri haa 

g i ven way to §. sonnei as the dominant serogr oup in theae countries 

(Table 1 ) . Slopek (103) mentions that du ring he years 1900 to 1924 , 

~ . dysent er i ae was common in Europe , but later this se r ogr oup was 

dominate d by ~ . fl exne r i (1926-1949) , which waS in turn ove r whelmed 

by ~ . sonne i s i nce the 1950' s . kccording to Chri stie (37) , the f actor 

r espons ible f or th i s change of serogroup prevalence with time is 

difficult t o acc oun t . I n Ethiopia , 8S in other developing countrie s 

(97 , 94 , 95) , a l l f our se r ogr oups coe xis t , albe it in different 

pr oportions . 

In t hi s s tudy , twen ty- two of the thirty- two known Shigella 

se r otypes wer e i dent i fied . The f act that ~ . dysenteriae serotype 1 

r epresented 21.39% of al l Shi gella isolates included in this study 

indica t es t he pr evalence of this wi dely reported (14 , 35 , 82 , 84 , 86 , 

104) se ro type in the Ethiopi a n environ~ent . Ove r all isolation rate 

of ~. dysen te r iae type 1 in urban a r eas (17 . 22. ) W8S about half that 

in r ur a l a r eas , and this is s i snificnnt (P=O. 05) . The pr edominance 

- 39 -
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o f ~ . dYsenteriae type 1 in rural Shigella outbr eaks wae 

during Our fi eld t rips to hmibara . ~etahara , Oamo A.raja 

delllonal.rated 

and Jiba-

I>l echa Awraja . o . 
uTl ng t hese outb r eak. §. dvsent6 r ipe type 1 

constituted 13/16 (81 . 25~) of to t al ~higella ieolatee from theee 

a r eas . 

Or the twen ty- two serotypes identified i n this study , only 

eleven of them wer e r ep r esen ted in r ural areas . The lar ger number 

of urban Shi gella se ro types could probably be duo to importation of 

forei gn ser otypes by the in ternational community r esiding in ur ban 

centers . 

Afte r a long absence fr om the world, ~ . dveente riae se rotype 1 

(Sh iga ' s bac i llus) r eappeared in populous Central America , du r ing 

t he year s 1969 to 1972 (14 , 35 , 82 , 84) . The diseose was unfor tunately 

missiagnosed as a~oebiasiB (2) , and 88 a r esult , an estimated 122 , 000 

cases of dysentery with 3 . 800 deaths occurred during the first ten 

months of the 1969 Guatemalen epidemic (14) . In recent years , 

§. dysenteriae type 1 w&s reported to have caused outbr eaks on a 

cor al i s land in the bay of He ngal , af f ec ting 33~ o f i s entire popula-

tion in th r ee months (105 ) . Si~ilar outbr eaks occurred in 

Bangladesh (104) , in Sri- Lanka (106) and in rural Somalia (}8) . 

Among the othe r ~ . dysenteriae ee r otypes , type 2 W8 8 reported t o 

be mor e common in Poland (93) and was second to ~ . dysenteriec type 

1 in North Afri ca , Lquatorial Afri ca and Indochina ( 101) . 

Sh i ge l la flexner i serotype 1 (34 , 6~) , followed by serotype 2 

(26 . 92%) we r e commonly isolated in thie study . In Nigeria (97) , 
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Malagasy (94), Australia (107) , Per (96) and Vietnam (loS) , 

£. fle xneri type 2 was reported 8e moat common . Similarly , a mammouth 

study by Piechaud !l Ql. (101 ) in dicated the pr evalence o f 2' 

flexneri type 2 in North Af ' E r lea , quatorial AfricR , Indochina and 

Turkey . 

Among Shigella boydii se ro types , we found that 2. boydii type 4 

was most common (24 . 3~~) , closely f ollowed by se r otype 5(21 . 95%) . 

In Ni geria (97), similar prevalence of § . boydii type 4 waB r eported 

for the years 1976 and 1977. 

Pr evalence of Shigella serot ypee in aelected countries is 

s hown in Table 10. The analysis r e f e r s to cultur e collect ions ove r 

a period of one year or more . The studies were conducted between 

1964 and 1980 and specimen numbers va r y consi de r abl y . Wi th these 

limitation in mi nd, the table offers Bome idea of compa r ati ve 

se rotype pr evalence in these a r eas . ~ . dYsentc riae type 1 i6 

prevalent in Ethiopia , Bq uatorial Africa and Indochina . S. fl exneri 

type 2 is most common i n all these coun tries , with the exception of 

Et hi opia , where it takes a second place within ~. flexner i ee r otypes . 

Shigella sonnei is pr evalen t in France , a developed country . Ra r e 

Shigella serotypes i nclude : S . dysenleriae types 5 and 10 , 8S well 

8S S . boydii types 6 , 7 , 12 , 13 , and 15 . 
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SHIGELLA SEHOTYPES , 

COJ.tv RA'l'IVE PR};VALENCE 

No . of Shigella isola tee Gr oup Type· Ethiopia Malng8sy France ):;q . Africa 

A 

B 

c 

D 

1 77 
2 30 

3 3 
4 4 

5 
6 

7 
6 

9 
10 

1 

2 

3 
4 

5 
6 

1 

2 

3 
4 

5 
6 

7 

I : I 
10 • 

11 

12 

13 
14 
1 5 

o 
2 

2 

o 
o 
o 

63 
49 

3 
48 

o 
19 

7 

1 

2 

10 

9 
o 
o 
6 

1 

3 
o 
1 

o 
1 
o 

19 

No . I sol ates 360 

( q4 ) 

7 

7 

4 

o 
o 
1 

1 

o 
1 

o 
12 

117 

29 
54 
o 

30 
1 

2 

o 
o 
1 

1 

o 
o 
o 
o 
1 

o 
o 
o 
1 

bb 

367 

(96) (loll 

1 96 
4 65 

2 19 

1 9 
o 
o 
2 

o 
1 

o 
26 

123 

40 

35 

1 

_Xl 
o 
6 

o 
1 

1 

o 
o 
1 

o 
3 
1 

o 
o 
2 
o 

332 

620 

1 

17 
10 

o 
o 
o 

109 

444 
146 

104 

36 
?2 

28 
11 

14 

18 
47 
o 
o 
6 

12 

8 
16 

o 
o 
o 
1 

162 

1474 

Table III 

Indochina 
(l01) 

33 
23 

2 

o 
2 

1 

4 

o 
o 
o 

55 
231 

74 
44 

47 

15 

3 
19 

6 

16 

9 
o 
o 
o 
o 
o 

11 

o 
o 
o 
o 



MULTIPLE DRUG RBSISThNCE 

Nint een patterns of d rug r esistance were exhibited by the }6O 

Shi gella i solates, included in th ~ 5 s t "dy . I ( ~ ~ n Poland , Noworyta 110) 

f ound 26 differen t patterns . Th" ~ 6 problem of multiple drug 

r esistance is wor ld- wide nnd i o the r esult of indiscriminate uee of 

antibioti '~ s by man , and also use of antibiotics in imals (2) . 

After analysis of the " trends and consequenc es" of a n tibiotic use 

in the U. S . A. , Simmons and Stolley (115) concluded that much o f the 

increasing use of these drugs was not justifiable . Thi s misuse of 

antibiotics i s espec i ally dange r ous in Shigella chemotherapy , whe r e 

treatment with a si ngle drug is known to result in the excretion 

of multiple re s i stant strains (6) . 

Though no correlation study has been a ttempt ed to- date , ~ . dysen­

ter i a e se r otype 1 has consistently been associated with unusually 

large multiple drug re sistance , The Central American epidemic due 

to S . dysenteriae type 1 (14,35 , 82) had a TCSSu patte r n , while that 

of Bangladesh (104) had a TChSSU pattern . A similar pattern was 

demonstrated in Mexico Ci ty (84). In Somalia , r esistance to 5 , 6 

or 7 drugs was noted (86) . In our study , out of the 77 serologically 

con firmed ~ . dysente r i ae type I , 63(8l . 8~) were resistant to 6 

drugs (TCACbSSu) and one st r ain was re sistant to 7 drugs (TCACbKSSu) . 

In this connec t ion , it is i nte r esting to note that , though the 

i sola tion r a te of S. dysenteriae type 2 was r easonably frequent 

( 8 .33% of total Shigella isolates) , not a single strain within thie 

ser otype was associated wi th the TCACbSSu pat t ern . On the contrary, 



~ . dys enteriae se r otypes , other t han serotype 1 , were r easonably 

sensi tive to most drugs (89) . A th tt· no e r a rlbute ot ~ . dyeenteriae 

type I , in this s tudy, was the fact that not a single etrain 

within t he 77 isolates W~5 un iformly sensiti ve to all druge . 

I-lul tiple drug res i stQIJ.ce patter n s i milar to that of 2- dyaent ­

e r i ae type 1 'Was exhibited by .§. flexneri type 2 in Cape Town (64) . 

In our study , thi s type of r es i stance 'Was shown , not only by 

.s . flexneri type 2 , but also by ser otypes 1 a nd 4 . Among the 182 

S . flexneri isolate s , 7 showed the TCACbSSu patte r n . The findings 

of ~at6on (64) differs from our finding in that patterns like TCKSSu 

( which included kan~ycin) were not encountered. Lewis (78) in 1967 

reported Q. . flexne r i type 2a wi th TCASS uNx f rom an outb r eak in a 

mental hospital . In Brazil (63 ) , Pi echaud et a1 . reported a 

TCAKFNSSu pattern in 2 out of 16 st r a ins of .§. . flexneri type 2 , 

and TCASS u pattern was obse rved in strains of S . flexneri typea 

2 and 6 in Fr ance ( 109) . 

Shi ge l l a boydii i s unique a~ong Shigella sc r ogr oups in that 

multiple drug re sis t ance i s co~parat ively limited (89 ,110) . 

Whethe r or n o t this is due to its low isolation rate nnd , the r efore , 

less contact w'ith other res i s t ant bacteria r emains to be seen . In 

t co"mon pattern o f drug r es i atnnce within our study, t he mas ~, 

"OS TtiSu (9 . 76%) , while Noworyta (110) r epor ted § . boydii se r otypes 

TSu pattern in Pl and . 

In a study o f 590 ~ . sonne i of 21 countries in the 5 continenta , 

Szturrn- Hubin sten et a1. (1)] Clentioned tha SSu pattern WOB the --
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mos t common (60 . Q%) j fUrther they concluded , that ~ . eonnel haa in 

the same period , in the sarne a r ea , the •••• pattern of r esistance . 

Our re s ults show that T!:iSu pa tte rn (26 3~) i th • ClO 8 e moat common , 

followed by SSu (15 . 79%) and Su ( 10. 53%) patte rns . In Auatralis , 

S. sonnei with TCASu pattern was reported (112) , and in South Africa , 

t he TCSSu pattern was noted (u~) . In addition , Davis !! al . (113) 

in England reported that 70% of S . sonnei we r e r esistant to 3 or 

mo r e drugs . Comparative scnsitivit~ patterns of Sh i gella serogroups 

in Ethiopia showed that r es i s t ance to 2 and 3 dr ugs were exhibited 

by 58 . 8% o f 17.£. sonnei isolates (89) . 

While s tudying the state o f drug r esistunce within Shigella 

isolates , our attention was dra~n by the various patterns o f drug 

re s istance and the possibil ity of differentiating serotypes (within 

se r ogroups) on the basis of t hei r commonly aSBociated r esistance 

patte rn . At present , however, the la r ge nu mber of these patterns 

(19 in this study) has mor e or less licli ted the usefulness of this 

method for identification of Shigella se rotypes . Inspite of their 

lar ge number, however , certai n patterns a re mo r e commonly associated 

with speci f ic serotypes (P l ates 1- 6) ; a) within ~. dysenteriae 

se rogroup, the TCACbSSu patte r n was commonly demonst r ated in 

§. dysente riae se r otype 1 (81 . 82%) , while S. dyse nteriae se r otype 2 

was often associa ted with TCSSu (20. 00%); b) within §. flexne r i 

se r otypes , TSu ~'/Cl 6 mos t frequently seen in ser otypee 1 and 4 

(68 . 25% and 68 . 75%, respectively) , while TSSu is comparatively 

. t e 2 (490""') · c) fo r S . sonnei TSSu is more common l.n ser o yp • IJjV I 
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r easona bly frequent (26 . 32%) , At pr esent , the us.ruln,.e or 

multiple drug resistance f or serotype identification i. limited but • 
such studie s should be r out inely carried out to detect the stability 

of such patterns wit h place and t i me . 

Anothe r us e of surveys of multiple drug resistance i8 to guide 

treatment of shigellosis in areas where labor atory facilite. a r e 

not available . In such cases , i nfor mation of drug re sistance 

patterns , preferably linked to specific geogr aphic nrea , could 

be helpful in select ing appropria t e chemotherapy (110) , i . e . by 

minimizing indisc riminate chenothe r apy and tho risks inherent in 

suc h procedures . In spite of t he f act that r esistance to antibiot ic s 

i s not usually pr edictable ( 114) , No~oryta (110) in Poland was oble 

to delineate t he " we s t ern resistant part" of Poland from the "eastern 

sensitive" one . 

BIOCHEMOTYPI NG 

Serological identificat i on of Shigello is greatly facilitated 

if it is pr eceded by comple te biochemic al study , ao recommended by 

Erlwa rds and Ewing ( 1 ). kccordin g1y , we have f ollowed biochemotyping 

rec ommended by these author s . Our r esults we r e 8S expected . However , 

the f ollowing r eport on identifi cation of r are biochetr.otypes is 

presented: 

(a) Mannitol nega tive strains of 2' flexneri serotype 6 . Our 

study of . 1 t has revealed 3 strains of mannitol 182 e. f1exneri 160 n es 

t 6 These st r ains , t.hough comparatively negati ve S . flexneri se r a ype • 

r a re , a r e well documented ( 1 ) . There is a tendency i n r outine 
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laboratories to try se r ological agglutination of mannitol nesative 

strains with ~ . dyse t . n er1ae antiserum only . AccordinglY t 80me 

positive cultures cnn easily be m'ssed . If ~ clinical , cultural and 

biochemical t es ts a re typical for genus Shi 11 se a , mannitol negative 

strains that t a il to agglut inate in S. dysenterie8 antiserum should 

not be discarded without checking them with 2' flexneri and 

£. boydi i antisera . 

(b) A gas producing variant of S. boydii serotype 14 . Gas 

pr oduction has been commonly re ported i n the Manchester and Newcastle 

st rains of .§. . flexneri type 6 , but not i n 2" boydii (1) . The mannitol 

negati ve variant of ~ . boydii type 14 in this study showed la r ge 

quantiti es of gas in Triple Sugar Iron and Lysine Iron ~gar slants . 

In r out ine laboratories , gas produc ing str ains a r e discarded as 

non- Shigella , nfter ruling out the Manchester- Newcastle strai ns . 

In this particular case , we ~ere forc ed to try with all Shigella 

antisera because : oj the st r a in was isolated from a typical case of 

shi gellosis , b) colonial character istic s were typical of Shigella 

and c) biochemical characteris tics , except f or gas f or mat i on, 

were also typical of Shi gella . To coun te r - chec k ou r r esult , this 

strain was re ferre~ to the ' Centre National des Shigella
l 

in Paris , 

wh i ch con firmed our identification of the s tra in as gaB producing 

~ . boydii serotype 14 . J.. lthough this is the fir st r epor t of 8uch 

an isolate in Ethiopia. i ts incidence has been r epor t edly inor easing 

in Europe , ll.aia and some :'frican countries (116) . 
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An invas ive E. col i (0 : 164) Wh l'ch showed atrong agglutin-

a ti a n in s pecific .§. . dysenteriae serotype 3 antiser um . Accor di ng 

t o Ed wa rds a n d Ewing ( 1 ); 

'l'h t . ' " e en 1re ~. dY6~nteriac subgr oup i s mannitol negat i ve . The 
only kno~n except10n to th i s is a manni to l pos i tive va r iant 
o f §. . dy sente ria e sero t ype 3, de s cribe d by Dr . K. P . Ca r pen erl 
Pe r s onna l cor.uD unicat ion, 1956/ and mentioned by Ewing at 8l. 
1958. - - , 

The stra i n i solated in our study i s different f r om t he mann i t ol 

posi t ive va rian t of ~ . dysenteriee type 3 (mentioned above) in t ha t : 

a) it was unusual l y carbohydrate act i ve , f e r men t i ng mannitol , 

xylose , rhamnose , glyce r ol , a r abinose and sor bitol , b ) i t was 

weakly be tagal ac t osid8sc posit i ve and c ) it gave delayed 

pos itive r es ul ts in Chr i s t ensen ' s citrate and sal ic i n . Fe r me n tat i on 

of xylose and rha mnose by ~ . dvsenteriac haa not been r eported , 

accordin g t o Bdwards and Ewing ( 1). We concluded , t he r e f or e , t hat 

t h i s iso late wa s an E. £Eli sharing common antigens wi th 

~ . dysen teri ae s erot ype 3 . To check our r esul t , we a180 r e f erred 

t h is s tra in t o ' Centre Nat i onal des Shi ge l la ' in Par is . On the bas i s 

o f exhaus ti ve bi ocbemical and se r ologi cal tesls , TOUC8e (116) 

t ent a tively c l us s ified the or ganism as lI invasive E. coli 0 :164" . 

E. coli t ype 0 : 164 i s an i nvas ive str a in , whi ch has 

cause d outbreaks of di arrbeae i n count r i es l i ke ~u8t ral i a and Englan d 

(116) . Further study will be nude to ace if th i s or gan i sM i s COQ~on 

i n Eth i opia, and if it i s al~ays associated wi th di arrheal ou t br eaks . 
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SHIGELLA CHEI10THEHI,PY , . PAST HI"?OkY AND PRES~NT OPTION 

The Discour aging History of Shi gel l a Chemotherapy 

Almost all common ant ibiotics had had thei r upe: and downe in 

'::;higella chemothe r apy • . 'l'he golden age o f eulpha therapy started to 

wane in the 1950 ' 8 (117) . In 1966 , Haltalin and Nelson (118) 

r eported that 87% of ~ . sonnei and 5~ of §. flexneri .ere r esistant 

to sulphadiazine . In hust ralia , 95% of combined S . 80nne i and 

S . flexneri were res istant to 6ulphadia zin e (102) . Chlor amphenicol 

was reporte d effective in the 1950 ' s (119 ,120) . Clinical trial using 

gentamicin sulphate in Shigella was termed lt uGcful new drug ll , though 

11% failu r e r ute was noted in the same study ( 121) . The tetracycl­

ines fared no bette r ( 87 ,113). However , the Single dose tetracycline 

therapy in adults waG r eported as e ffective , irrespective of 8uDcep­

tibility test r esults (122) , The usc of ~mpi c illin in shigell osis 

gave impressive results compar ed to sulpha drugs (123) . Cocpor ed to 

the non- absorbable drugs, like neomycin , amp i cillin was found more 

effective (124) , though oral ampicillin treatcent often r esulted in 

supe rinfect i on with Candida ond Pseudomonas spec i es (125) . 

Compa rative study of or al and intramus cula r ampi ci l l in showed that 

the latter oethod exhibited f uster clearing of Shigella from stools 

and was les6 li kely to couse s uperinfecti on (126) . The ri se of 

mult iple drug resistance (69 , 70 , 71 ,84 ,85 , 86 , 87 , 88 , 89 ,127) in Shigella 

nulli f ied the e ffectiven ess of most common drugs including tetracyc ­

line chlor amphenicol and ampicillin (113) . The present drug of 

choice , especially where the problem of ~ultiple drug r eeietance 
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preva il s , i s trimethopri m - sulphareethoxazole (128 , 129 .1}O) , 

though r esistance t o this drug is also being repor ted (86 ,102 ,106) , 

The Present Opt i on f or Shigella Ghe ~otherapy in Ethiopia 

In Ethiop ia, a recent s tudy has shown that 6} . 6% of 165 Shigella 

i solates were res i stant to sulphadiaz i ne and 52 . 7% r esi stant to 

te tracycline (89) . Similarly in this study , TSu , TSSu and TCACbSSu 

patte r n s combined constituted 53 . 55% of all patte rns . As such , 

treatment of shigellos i s with te tracyclines or sulpha drugs is to 

be di scouraged . Ampicillin r esi stance wss mostly demonstrated by 

members o f ~ . dysenteriae , in th i s study , as well in the pr evious 

study (89) ~ However , since the othe r se r ogr oups , i nclud i ng the 

do minant ~ . flexneri, a r e gene r al ly sens i t ive to ampicillin , this 

dr ug is to be considered uaeful in present Shigella chemother apy . 

I n cases of ampi c illin f a ilure , one can assume . ith a fair degr ee 

of ac curacy , that the etiologi cal agent in question is a multi r esis­

t ant (TCACbSSu ) ~ . dyscnteriae type 1 , which in this study and in 

t he pr evi ous study (89) was f ound to r espond to trimethopr im­

sul phamet hoxazole. 
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RECOMMENDATIONS 

Based on the prese t t d n 6 U Y, the foll owin g r eco mendations 

a re made : 

(a) Present level of Shi~e11a t d ~ s u y should be inte nsi f i e d . ~hiS-

e110s i8 i s highly endemic in Ethiop i a . Published r epor ts on 

genu5 Shigella a r e I however , quite scan ty . The f ew fi eld 

trips we made to r ural a r eas have amply demons t r a t ed t hat 

shi gellosis i s still r ampan t 1n many pa rts of Ethiopia . ~ 

Bueh, a survey of shi gellosis, with speoia l emphasis on rural 

areas , i s deemed essential . 

{b ) He thode of Shigella phage- and colicin- typins should be 

instituted . }o'or accurate epidemio l og i csl studi e s , pr e sent 

diagnostic capabilities should be Bupplemen ted wi th f ine r 

methods of ·typing . 

(0) Gene t ic studies of multiple drug res i stance should bp continued . 

The present level of gene tic study shoul d be intens ified to 

monitor the mechanism of t he acquis i t i on of drug res i s t ance 

in Ethiop i a . The reason why certa in serotypes , like 

~. dysente rine t ype 1 are usually multires i stant s hould be 

investigated . 

(d ) A national Shi gella r eference cente r shoul d be es t ablished . 

h nutional sur veillance programme , in addi tion to ea r ly 

detection of the appenr ance of multires istant str a i ns , ma y 

guide clinicians in choos ing t he most sui tabl e ant i microbial 

agents , when laboratory suppor t i s not ava i la ble . It ma y 



(e) 
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ul so pr ovide par t i a l t' con rlbution f or t he development of 

national and interna ti onal polie,'e. conce rning the 08nu! ae ture 

nnd importation of ant i bi otics . 

The role of improved pe r sona l hygiene and environmental 

sanitation should be stre •• ed . Th e so~ewha t di ecou r aging 

histor y of ~higella chemothe r apy underlines t he f act t ha t 

sh i gellosis can only be effe c tively tackled by impr oving 

hygieni c c onditions . Th i s eff ort should be coupl ed with. 

i ) effective fly- cont r ol , ii ) safe sewage- disp0681 system 

and iii) easi ly available po t able woter . In this conne e t ioo , 

the nee d f or appropriate health educ a tion cannot be ove r empha-

s ized. 

(f ) Chemotherapy should be discour aged. Generally s peaking , 

chemotherapy in shigellos i s is not advi sable . However , in 

cases whe r e chemothe r apy i s indicated , it should be guided by 

i) individual case analys i s , ii ) likelihood of seconda r y 

spr ead and iii ) susceptibility of t he organis m to sa f e 

effective drug . The usc of r ehydr ation pr ocedu r e , or a l or 

systemic, should be gi ven prior ity in Shige l la the r apy . 

(8) A national policy for drug sal e should be enacted . The present 

indis crimina t e use of antibiotics i s part i ally due to the 

fact tha t the public has an easy acce s s t o all dru 8 . To 

control presen t drug abuse , antibiotic s s hould be s old only 

upon pr esentat i on of valid med i cal pr esc ription . 

(h) Finally, efforts to produce a Shi gella vac~ine should be 

i ntensifi ed . To- date , the ant i genic divers ity of Shige l la 
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has not lent itself to the pr oduction of multipotent vaCClnea. 

Such e f fort , nowever , should be suppl emented with r esearch 

i n intesti nal i mmunity nnd disease pathology , both of which 

may open new frontie r e in vaccine productioG. 
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COtH.tON PATTER~'S OF DRUG RESISTANCE 1 

~ dYDcnteriae s erotype 1 

PLATE No . 

SENSITIVE/ CF , K, Om, Px , Sx t 
RESISTANT/ T, C, A, Cb , S, Su (8 '. 8~) 
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COMMON PATTERNS OF DRUO RESISTANCE. 
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COMMON PATTERNS OF 'DRUG RESISTANCE l 

s . flex~eri serotype 6 

~. 
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COMMON PATTERlt'"'S OF DRUO RESISTANCE I 
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FORMULAE OF CULTURE MEDlA AND REJ.GENTS 

1 . Andrade ' s Indicat or : 

Ac id fuchsin ..... ...... ... ...... ..... .... ... ... 
Sodium hydroxide (I . ON) · .... .. ..... ........ ... . 

0. 5 gr am 

16. 0 ml 

Di stilled wa t e r . .. . ...... . . . .. ... . . . . ... . . ..... 100 . 0 ml 

2 . Blood Agar : 

.... ..... ..... .... .. ... .. ... ... ... Beef extract 

Peptone .... ....... .... ................. ....... 
Sodium chlor ide · .............. .. ... .... ...... . 
Aga r .•••• • •. .. .. •.. . . . • ..• .• • ....•.••. •. .. •.. • 

Distilled water . . . ........ . . . .... . .... . . ... .. . 

hdd: 5-10 percent defibrinated sheep bl ood. 

3 . Citrate (Chr i s t ensen ' s) : 

4. 

....... .. Sodi um citrate 

Gluc ose .. ... .. ..... ... ... 
Yeast ex tract . . . . . . . . . . · ......... ..... .... ... . 
Cyste ine hydrochloride . .. .... . • . . . . . ... • ... . .. 

Ferric amm oni um c itrate ...... • ... . . .. ... . . .. .. 

Honopotassium phosphate .... ......... ..... 
Sodium chloride · ... .. .. . . ....... .... ...... .... 
Agar . . . . . . . . . . . · .... ...... . .. ................. 
Sodium thiosulphnte .. .... .. ..... ... ........... 
Phenol red ... .... . . . . . . . . . . . . . . . . . . ...... .... 
Di st illed water · .... . . . . . . . . . . . . . . ........ 

Ci trate Agar (Simmon 's) : 

Magnesium sulphate . . . . . · .... .. . ... ... ... ... .. 

10 . 0 gTllo 

10. 0 

5. 0 

15 . 0 

" 

" 

" 
1 . 0 lite r 

}. O gram 

0. 2 " 
0. 5 " 
0 . 1 " 
0. 4 " 
1. 0 " 
5 . 0 " 

15 . 0 " 
80 . 0 og 

12. 0 " 
1 . 0 lihr 

0 . 2 gram 
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Dipotassium phosphate ... . . . . . . . . . . . . . . . . . . . . . . . . . . 
................. .. .... ... .. Hon oammonium phosphate 

Sodium citrate · ... .. .... .. .......... .. ...... . . 
Sodium chloride · ..... ....... .. ........ .. ......... . 
Agar .... .... ... .. .... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Br or.\othymol hI ue 

Disti lled water 

... ... ... .... .... .. ....... .. .... .. 
· .... .... ..... ... ... ... ..... ..... . . 

1. 0 gram 

1. 0 

2. 0 

5 . 0 

15 . 0 

" 

" 

" 
" 

80. 0 IIIg 

1.0 lite r 

5 . Glucose or mannitol peptone wa t e r (with And r ade ' s indicator ) : 

Peptone water ••• Proteose pep t one .... ...... ....... 10. 0 g r ac 

Sodium chloride .. ................ " 
Beef ext r act •••••• ••• . . . . . . . . . . . . " 
Di st illed wate r •• ••••• ... ••••.••• 890. 0 ml 

Andrade ' s indicator ••.. . ...••• • ••••. • • •. •• • • ... •• • 10 . 0 " 

Suga.r solution (10% glucose/Ulannitol=) • • •. . ••.• ••• 100. 0 

6. Kovac ' s r eagent : 

.. 

Amyl or iso- amyl alc ohol ..... ... ......... .. . 
Concentra ted hydrochloric acid ••••••.. • • • • ·· · • ··•• 

p_dimethylaminobenzuldchydc • •••••• •••. .••••. ••• . • • 

7. Ly s ine Iron Agar : 

Peptone ...... .. .... .. . . . . . . . ..... ........ ......... 
Yeast e xtract · ............ . .... .. .. .... ......... 
Dextrose 

L- lysine 

... ... .... ... ... .. 

. . . . . .. ......... .. 
... ....... ......... .. ... 
. . . . . . . . . . . . . . . . . . . . . . . . 

F'erric ammoniur.l ci trute ........ .. ........ ..... .... 
Sodium thiosulphate ......... . ................... .. 

150 . 0 m1 

50. 0 " 
10. 0 gr um 

5 . 0 gr sJII 

}.o " 
1. 0 " 

10. 0 , . 
0. 5 " 

40. 0 og 
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Br omoc r esol pur ple 
• .. . .. ... . .... 0 ' • • •• . . . . . . . . . . . . . . 

Agar .... ... ....... 
• • "0 ... . . .. .. . .. .. .. . . . . . . . . . . . . 

Uistilled water · ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8 . Malonate broth (Leifaon ) : 

Arnmoniu~ sulphate .... ......... .... ..... .... ...... 
K2

HP04 ' ••••. • ••. . , ••••.••. • . • • ••••. • . • ••. .•••••• •• 

KH 2
P04 •• ••• ••••• • •• • ••. • •••• • •• ' 0' ••• • 0 ' •••••• • •• • • 

Yeast extrRct ......... ...... .... ......... ...... .. 
So d i um chloride 

Sodium malonate 

· ... ............................ . . 
· .. ....... ............ ... ........ . 
.. ...... ..... ... .... ..... ...... .. Br omothymol blue 

Gl ucose ... .. ... .......... .... .... ...... .... ... ... 
Distilled wnter 

9 . MacConke y Agar : 

· ... ... ..... ..... ... .... .. ....... . 

10 . 

Peptone •. • • • • •• • •• ••. •.• ••••••••••.•.•.••• . • .. •.• 

Lac t ose •• • ••• . . ••••• .. . . .•• .•.• •• •••••••• • • ••..•• 

Bi le salt No . 3 . •••••••.•••• • • ••••••• •• • •• . • • .• •• 

S()dium chl oride . •••••.•••• •• •••••• •• •••• • •• •••••• 

Heutral red . . . . . . . . .... ....... .... ... ... ... .... .. 
Crystal v i olet •••• • •. •• ••••••• • •• ••• •• • •·•··•·••• 

Agar ... ..... ... .. ... ... ... ~ ..... ..... .. ... ....... . 
Dis tilled water , ... .. ..... .. .......... ... ... ...... 

Hotility test me dium (BilL) : 

e xtra.ct Bee f 

Pept one 

. . . . . . · ... ... .. . . . ... ..... .. .... .... . 
. . . . . . . . . . ...... ..... .. .... .. ...... ... .. .. 

20. 0 IIIg 

15. 0 gram 

1. 0 liter 

2. 0 gram 

0 . 6 " 
O. , " 
1 . 0 " 
2. 0 " 
} . O " 

25 . 0 og 

250 . 0 " 
1 . 0 lite r 

2(}. 0 gram 

10. 0 " 
1.5 " 
5. 0 g r om 

}o..o og 

1. 0 " 
1}. 5 grail! 

l ", C lite r 

10 10 0 " 
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Sodiur.l chlori de · ... .. .... ... .. .. . . . . . . . . . . . . . . . . . 5. 0 g r atD 

Agar .... ..... ... ... .. ... . . . . . . . . . . . . . . . . . . . . . . . . . 4. 0 " 
Dist illed wate r · .. ..... .... ... . . . . . . . . . . . . . . . ', ', ', . 1. 0 liter 

11. Motility test med i um ( ~lodified) : 

BBL motility test raediUIil ...... .... ... ......... ... 22 . 0 gram 

Distilled water · ...... ... .... . . . . . . . . . . .. .. .. . . 1.0 li ter 

7riphenyl- tetrazolium (0. 5%) ......... . 
12. HH- VP : 

Polypeptone (buffered) ... ........ ... ..... ..... ... 7.0 gr om 

Dext r ose · ..... .... ... .. ..... ..... ....... ... ... .. . " 
Dipotass i um phosphate •• ••• •••••••.• • . • • • • • • •• • •• • " 
Distilled water .... .... ....... ......... ...... . 1 . 0 lite r 

~Iueller-Hint on h ga r : 

b e ef infusion •• ••••• • • • ••••• •• • • •• • • • ••• • • •• • •••. }OO. O gr am 

Acid hyd r olysate of caseill • • ••• •••• • • • • . ••.• ••• • • 17 . 5 " 
Starch .. ..... .. .... .. ... ...... .. ...... .... ........ . 
Agar · ...... ... .... ...... . ... ... .. ............ 17 . 0 " 

Di s tilled water •• • •. .••• • •• • • ·••• • •• · •• •• • · ·•• •• • 1. 0 lite r 

14 . Nutrient ilr oth : 

Beef extract · .... .. .... .... . . ... .. .... .... .. .... }.o gr a m 

" Peptone · .. ....... . . ..... .... .. .. ........... 
Dis tilled water · ..... .. .. ......... . ......... .... . 1 . 0 li e r 

15. b 1 e both (Falkow) : Ornithin decar oxy A S 

Peptone . . . . . . . . . . . . . . . . . . . . . . . .. .. ....... ... .. ... 5. 0 gramoS 

" Yeast extract .. .. .. ... ......... .. . · . · ... ..... .. . . 
Dextrose . . . . . . . . . . . . . . .... ..... ..... ... · .. .... .. . 1. 0 .. 
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17. 

18 . 
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L- ornithine dihydrochlori de .... ........... .. .. ... 
Bromoc r esol purple ........ .... . . ( 1. 6%) .......... 
Distilled water · .... .. ............... ..... .. .. .. . 

Purple broth base : 

Peptone ••.••• . ..... .. ••••• .• • •• •••• • •.••••....••• 

Beef extract · ........ ... ....... .. ....... ..... ... . 
Sodium chloride · ... ...................... .. ..... . 
Br omoc r esol purple .........••...........••......• 

Distilled water · .................. ...... ...... .. . 
Sh i gella-Salmonella Agar : 

Beef extract • .. • .. . .......... 0 ' •••••••• ••• ••• •• •• 

Peptono ... ...... •• ......•••.•.•.•..•.. . .... . ...• • 

Lac t ose .. ....•....... . . . ..• .. .... ... .. .... • ..•.• • 

Bile salts ... . ........... . .. . . ... . .. . . . ... ... ~ . . . 

thioBulphate ............. ......... Sodium 

Aga r . . . . . .... .. ....... ....... .. ...... ... .. ....... 
Brilliant green . • .........•. • ·····• · ··········· • • 

r ed tieutrn l 

Distilled \'/Uter 

· .... .... ...... .. . 
· .. ... ..... .... ... 

Tri ple Sugar Iron : 

· ...... ..... ... . 
· ...... ..... ... . 

Bee f extract .............. .... ............ ..... · . 
Peptone .... . • ... · ... .. .. . . . . . . . . . . . . . . . ... ... ..... 

Lactose 

Suc r ose 

Glucose 

... ............... · .......... . . . . . . . . . . . . . 
· ... .... ... . . . . . . . . . . . . . . . · ..... .. ... ... . . 
· .... · ......... . . . . . . . . . . . · ... ... ........ . 

L O gram 

1 . 0 m1 

1.0 liter 

10. 0 gram 

1. 0 " 
5 . 0 " 

15 . 0 mg 

1. 0 l it e r 

5 . 0 gram 

5 . 0 " 

10. 0 " 
8 . 5 " 
8. 5 " 

1}. 5 " 
0. 33 og 

25 . 0 mg 

1. 0 lite r 

3. 0 gram 

20. 0 " 
10. 0 " 
10. 0 " 
1.0 " 



19. 

20. 

Ferr ous 

Sodium 

s Ulphate ... 
thi osu l phat e 

66 _ 

. . . . . . . . . . . . . . . . . . . ... . . . . . . . . . 

................ . . . . . . . . . . . . . . 
:" od ium chlor ide · .. ............ . . . . . . . . . . . . . . . . . . . 
Agar ...... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Phenol r ed ... .... .. .. ... . . . . . . . . . . . . . . . . . . . . . . . . . 
Distilled wate r • •••••• ! ••••••••••••••• • ••••••• • • • 

':L'r ypt i c Soy Yeas t (TSY) : 

'J;r ypt i case soy yeHst ........................ ..... 
Yeast extr act .... ... .... .. ... ...... .......... .... 
Distilled wate r · .. ........... ... .......... ...... . 
NB : fo r stock organisms , 25% glyc er ol is added . 

Ur e a slant agar : 

a) Ur ea conc entr ate 

Peptone •... . .........•.•.... ....... . •... .• 

Sodium chloride ......•.. ....• · · ········· ·• 

l1 onopotnssiuT!I phosphate ••..... • ..... . .... . 

Dextrose 

Ur e a 

... ............... .............. 
. . . . . . . . . . ........ ........ ......... ... 

Phenol red . . . ...... ... ............... .... . 
Distilled wate r 

b) Solidi f ying agent 

. . . . . ... ..... .............. 

Agar ........... ...... ...... .... .. ... ...... 
Distilled water .......... . . . . . . . . . . . . . . . . . 

0. 2 gralD 

o.} " 
5 . 0 " 

1}. 0 " 
24 . 0 os 
1. 0 liter 

30 . 0 g nun 

10. 0 " 
1. 0 lite r 

l. 0 grac 

5 . 0 " 
2. 0 " 
1 . 0 " 

20. 0 " 
12. 0 mg 

100. 0 01 

15 . 0 gr am 

900· 0 • 
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