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ABSTRACT
Ninety strains of Shigella and forty-five strains oflinlo ¢i%n

Salmonella were isolated from 1000 adult diarrhoeal out-patients

from three hospitals and three clinics in Addis Ababa, No

Yersginia enterocolitica was isolated,

Out of the ninety Shigella strains, 57(63,3%) yere

Sh.flexneri, 17(18.9%) Sh.dysenteriae, 9(10%) Sh.boydii and

7(7.8%) Sh,sonnei, And among the forty~five Salmonella strains,

17(37.8%) belonged to Group C, 13(28,9%) were Group B strains,
9(20%) were S.typhi,4(8.9) belonged to Group D other than

S.typhi and Groups A and E had one isolate each(2,2%),

The standardized agar disk diffusion technique was used with
digks of ampicillin, carbenicillin, chloramphenicol, cephalothin,
gentamicin, kanamycin, polymyxin B, streptomycin, sulphadiazine,

tetracycline, and trimethoprim-sulphamethoxazole,

Al1 Shigella straiuns were sensitive to oephalothin(95.6%)’
gontamicin(100%), kanamycin(100%), polymyxin B(100%)and
trimethoprim~sulphamethoxazole(100%), Sensitivity to ampicillin
(47,7%)’ carbenicillin{50%), streptomycin{36,7%), sulpﬁadiazine
(34, 1%) and tetracyeline(31,1%) was very low, Only 15 strains
were sensitive to all 11 drugs,

A Ninety-three percent of §£.flexneré,70.6% of Sh.dysenteriae,

Il 4% of Sh.boydii and 71.4% of Sh.sonnei were resistant te omne or
more drugs, About 82% of all Shigella strains were resistant to

one or more drugs, HMultinle drug-resistance was detected in

82,4% of Sh.flexneri, 70,6% of Sh.dysenteriae, 33.3% of Sh.boydii

and 57.,1% of Sh.sonnei. About T4% of Shigella strains were
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multiply résistant. Eighteen different resistance patterns were
detected, of which 26.7% were simultaneously resistant to
ampicillin,carbenicillin, chloramphenicol, streptomycin, sulpha-
diazine, and tetracycline, This pattern was the commonest in

Sh.flexneri(31%) and Sh.dysenteriae(29%).

All Salmonella strains were sensitive to gentamicin, polymyxin
B and trimethoprim-sulphamethoxazole, All strains of Groupgh,RE
and S,typhi were sensitive to all drugs, 4 total of 31 strains

(68,9%)vwere sensitive to all drugs,

Over 85% of Group B strains were sensitive to all drugs,
Group C strains were the least sensitive, Ampiecillin, « =~ _.77 %o
.carbenicillin, cephalothin, chloramphenicol, sfreptomycin,
sulphadiazine and tetracycline were mostly {peffesotiive against
these strains, while only 53% of them were sensitive to ¥a-amyvcein,

About 15% of Group B, 64,7% of Group C, and 25% of Group D
strains were resistant to one or more drugs, The most frequent

was resistance to eight drugs{17,.,8%), Of the 435 Salmonella

strains, 26,7% were multiply-resistant, In all, seven different
resistance patterns were noted, The commonest pattern was
seen in 47% of Group € strainssampicillin/carbenicillin/
chlorampheniéol/kanamycin/streptomycin/sulphadiazine/tetracycline.
The findings in this study were compared with reports from
Ethiopia and elsewhere, Based on this study and other reports
from Ethiopla, it is recommended that the aetiology of diarrhoea
in all ages be determined, regional reference laboratories be
established, the public be educated on personal hygiene and

environmental sanitation, chemotherapy against diarrhoeal Jiseases
be discouraged and strict antibiotic policy be imstituted in

hospitals and nationally,




I. INTRODUCTTION

1, NMature of diarrhoeal infections,

1.1, Befinition

In the second and third centuries A,D,, diarrhoea was defined
a8 "consisting of the discharge of undigested food in a fluid
state, (such as) when the heat does not digest the food nor convert
it into its proper chyme, but leaves its work half finished!
(Phillips,1975,cited by Plotkin et al,1979). More recently,
diarrhoea has been defined as an increase in the frequency,fluidity
or volume of bowel movements relative to the usual habit of each

individual (Plotkin et al,1979).

Ts2. Global importance

Tt has been suggested that 200 million children and adults
are afflicted with acute diarrhoea on any given day and, in
developing countries, acute gastroenteritis complicated by
malnutrition constitutes a major cause of illness at all ages
and kills millions of infants annually(Evans,1979). In whatever
way it is measured, the incidence rate or fthe consequences,
diarrhoeal diseases are the major health problem in tropical and
developing countries{Cutting, 1979), The increasing need to
study the aetiology of diarrhoea in different parts of the world
is clearly manifested in the concern shown by HHO(HHO,19803),

A global Diarrhoeal Dis;asos Control(CDD) programme has been
launched by WHO in 1978, as part of the Organization's

commitment to primary health care and to the achievement of
"Health for All by the vear 2000" -the main objective of CDD

being decreasing diarrhoeal disease-related mortality and
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morbidity, Bacterial agents included in the programme are vibrio

cholerae and related vibrios, Escherichia coli, Salmonella

Shigella, Camnylobacter and Yersinia enterocolitica.

1.3. Status in Ethionia,

Despite the fregquent occurrence of diarrhoea among the
Ethiopian population, the pattern of diarrhoeal aeticlogy has not
been determined, due to serious limitations of bacteriological
diagnéstic facilities in most hospitals, As a result, laboratory
requests for diagnoses of diarrhoea are made only for parasities,
A positive result hs followed by treatment against the parasites
idenfified. A negative result is generally taken as indicative
of a non-parasite but bacterial or viral infection. However,
this is ofdben followed by antibiotic treatment for bacterial
-aetiology without bacteriological diagnosis(Personal

communications with some physicians).

In Ethiopia according to the Bpidemiology Division, Ministry
of Public Health, enteric infections are not only widely spread
in the general population but also eccur in epidemic forma,  These
diseases are among the eight leading major communicable diséases,
exceeded only by venereal diseases and helminthiasis,

Bytween 1974 and 1976, there was an average of 146,640 reported
cases annually throughout the country(Ministry of Health,1977).

2. Aeticlogical agents of diarrhoea,

The wvarious aetiological agents of diarrhoea are discussed
by different workers(Sack et al, 19713 Plotkin et al, 1979;
WHO Scientific Working Group, 1980a,1980b,1980¢,1980d, 1980e¢;

Stintzing, 19813 and Swaminathan et al,1982), Among these
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the most important are V.choleras, Vibrio parahaemolyticus,

E.coli, Rotavirus and other viral diarrhoeal agents, Intamoeba

histolytica and Giardia lamblia, There are some helminths

which also cause diarrhoea: Trichuris trichiura, Strongyloides

stercoralis and Trichinella spiralis,

A variety of other organisms has bheen implicated as occasional

causes of diarrhoea, These include Froteus, Providencia,

Citrobacter, Klgbsiella, Enterobacter, Idwardgiella tarda,

Bacillus cereus and algae,

At present, the aetiology of diarrhoeal infections in
Ethiopia is incomplete., Ip his series of works on infant f-.xv.cor

diarrhoea, Stintzing(1981) reported that not a single Salmonella

strain was isolated, Hallace(1976) raeporited a 1% jsolation of

Salmonella(all S§.typhi)from over 700 stool specimens in Addis

Ababa, Salmonella was alsco isolated from the very few stool

specimens received over several years in the bacteriology
laboratory of the Tilur Anbessa Hespital (Messele Gedebou and

Alebachew Tassew,1981),

The frequencies of isolation of Shigella species in Addis
Ababa were recently reported(Afeworki Gebreyohannes and
Yetnebersh Limeneh, 19803 Messele Gedebou and Alebachew Tassew,
1982), Wallace(1976)pelioved that Shigella are commonly
igsolated in Ethiopia(11% of 70O specimens). On the other hand,
Stintzing(1981) has claimed that Shigellae are not important
aetiological agents in infant diarrhoea,

Yersinia enterocolitica seems to have a very low frequency

of occurrence in children in Ethiopia. Stintzing(1981) reported
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only one isolate from over 1000 children with diarrhoea, However
E.coli and Campylobacter fetus subspecies jejuni have been
reported to be the most important setiological agents of diarrhoea
in BEthiopian infants{Stintzing,1981), There has not been any
report of isolation of V.cholerae in this country since the last
epidemic in 1970, HHowever, Afeworki Geébweyohannes and Tewfik
Yusef(1979) reported a non—choiera Vibrio from an adult with

severe cholera=1like diarrhoes,

3+ Purnose of the investigation,

The patterns of aetiology of diarrhoea in adults have not
been studied in Ethiopia(Personal communication with ligasele
Gedebou). The general vnurpose of this investigation, therefore,
is to attempt to partly elucidate this pattern by determining

the prevalence of Shigella, Salmonella and Yersinia enterocolitica

in acute diarrhoea of adults in various hospitals in Addis
Ababa, T4 48 also to determine the drug~sensitivity patterns of

the isolates,.

The dinvestigation is restricted to these organisms mainly
because of techkitical and time limitations, Also, Shigella and

Salmonella are believed to bhe among the most important pathogens

that are frequently isolated in adult diarrhoea(Personal o
sommumication with hHeads of Microbiology Laboratories of
Central Laboratory and Research Institute and Tikur Anbessa

Hospitali, In addition to these, Yersinia enterocolitica is

included because theare is a need to determine its magnitude of
infeetion in wvarious parts of the world (WHO Scientific Working

Group, 1980a) .




ITLITERATURE REVIEW

A, Salmonella

1. Taxonomy

1.1. Genexral characteristics

The genus Salmonella dis composed of Gram-negative bhacteria

that conform to the definition of the family Enterobactexriaceae

and the tribe Salmonellae, Urease is mot produced, sodium

malonate is not utilized, gelatin is not ligquefied, and growth
does not occur in medium containing potassium cyanide, Lysine,
arginine, and ornithine are decarboxylated, Acid is produced

in Jordan'y tartrate medium, Dulcitol is fermented and inositol
is utilized by numerocus strains, Sucreose, salicin, raffinose
and lactose are not fermented(Edwards and Ewing,1972). The

various biochemical characteristics of Salmonella are described

and tabulated in the manual of Edwards and Ewing(1972).

1.2, Serogroups and serotypes.

About 2000 serotypes of Salmonella are known(WHO Scientific

YVorking Group,1980a). Phyrtial and compleve identification of
such serotypes is carried ocut by the use of absorbed antisera
containing appropriate antibody. The somatic antigen provides
the basis for primary separation into sevogroups, There are
several such groups, labelled A~Z(Kauffmann,1966).

4 strain can be assigned to one or another of these groups
by the use of appropriate group-antisera, and can further be
serotyped by specific absorbed 0 and I antisera,

About 98% of all Salmonella strains isclated fall into the

first 8 ¥ groups, A to Eh (Freeman,1979).
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2, Migprditional and other growth reqguirements,

Salmonella species have agimple nutritional requirements,

growing readily on the usual nutrient media, In synthetic medis,
an ammonium salt and glucose, riruvate, lactate, etc, are adequate
sourcesa of nitrogen and carbon, The great majority of strains

do not require vitamins or amino acids, but some strains of the
typhoid bacillus require added tryptonhan, The optimum o~
temperature is 37OC, but growth occcurs at a reasonable rate at
room temperature, They are facultative anaerobes, grewing equally

well under cither aerobic or anaerobic conditions,

Salmonella can be isolated using differential and selective
media of various types(Edwards and Ewing,1972), Since they are
not fastidious they ean be grown on ordinary media,

3., Epidemiology of Salmonella infections,

3.1. Sources of infection,

In discussing the sources of the commonly occurring serotyves

of Salmonella in man, it is necessary to consider first the role

of the carrier and then the animal reservoir of the bacteria,

Some convalescents, as well as persons without history of

symptoms, may excrete Salmonella for long veriods, The long~term

carrier state(six months or more) following disease, occurs more
often than is commonly realized(Eisenberg et gi,1955). Many
asymptomatic excretors of Salmonellae have Dheen discovered
through routine examination of faecal specimens from foed
handlers(Savage,1956), Infants frequently become long-term
carriers and may harbour the bacteria for longer periods than

older persons, Further, they transmit infection to other
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memhers of the family(Szanton,1957).

Active cases of salmonellosis in man are sources of conta-
mination and transmission to other bhuman beings and to lower
animals, Infection of one nerson by another may occur in a
variety of ways., Transmission may be direct by means of the
faecal-oral route, it may be air-borne(Black et 3;,1960) or 1t
may be indirect by means of foods (Chapman,1980;Gunn and Bullon-
Loarte, 19793Gupta et g;,1980), towels, contaminated toilet seats,

and many other objects(Committee on Salmonella,1969).

The wide spread distribution of Salmonellae in animals used
for food frequently results in centamination of human foods

derived from these animals., Contaminated poultry, meat, egg

products, and pork and beef products are associated with outbreaks

of galmonellosis(COmmittee on Salmonella,1969). Raw milk(Vogt
et gi,1981) and contaminated water(Xoplan et g;,1978) are also
found to cause salmonellosis,

The frequency with which Salmonellae sre dsolated from
domestic Towls indicates that these animals probably constitute

the largest single reservoir of these bacteria(ﬂobbs,1961;

Falade and Ehizokhale, 1981).

Salmonellosis in cattle is caused primarily by serotypes
Duhtir and Typhimarium, but more than 75 other serotypes have
been encountered, the most cowmon of which are Newport,
Enteritidis, Anatum, Heidelberg and Panama(Committee on
Salmonella, 1969},

Salmonellae are most frequently associated with enteritis din

swine (Cazbon et al,19783 Sharma and Pgthak,1974),




-

Salmonella infections are quite common in horses(Committee

on Salmonella,1969), dogs(Keyhani,1978; Britt et al,1978 and
rate(Bezjak and Thorburn,1981). Salmonellae are alsce isolated
from ferestmammals(Kourany et al,1976),

It is well known that cold-blooded animals may be infected

with Salmonella, Turtles and snails(Freeman,1979) and fish

(Janssen and Meyers,1968) may harbour Salmonella,

3.3+ Incidence of infection in adults,

Salmonellosis of man is an important infectious disease in
the world, Its prevalence can only be estimated at this time,
and it is certain that reported infections represent but a
minority of the total number, because the fatality-rate is low

and the illness frequently wmild and self~limited,

A1though much of the currently available information has
come from N pth America and the United Kingdom, where surveillance
reports are published regularly(WHO Scientific Working Group,
1980&), reports from the devéloying countries are not completely
lacking,

In X nya, WYamola(1980) attempted to elucidate the bacterial
stool pathogens between 1975 and 1978 and found that the isolation

rate of Salmonella was 2%~35%. Tn Algeria, Zoukh and pyittevin

(1978) made a survey of enteropathogenic enterobacteria from

1974 to 1977 and drew the conclusion that among Salmonella,
S.typhi was the predominant tyve, Salion(1979) isolated 186
strains between 1965 and 1976 and demonstrated 41 serotypes
not previously isolated in Upper Volta, In Dakar, Senegal,
Lafaix et al (1978) studied over a 1G~year period (1966-76)

1335 strains, of which S.typhi was the dominant strain followed




by_Setyphimurium,

Ixcretion of hacterial enterovathogens by Vietnamese - 0z

A
o
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refugees in H,yng Xong was surveyed in 1979 and the prevalence

rate of Salmonella was 13,5%(Anton et al,1981), In Taiwen,
Tsing et al{1981) determined 31 serotypes from 227 strains of

Salmonella and indicated that S,derby was the most fregquent,

Allos(1978) studied a total of 13,#09 specimens between 1973

and 1976 in Ipaq and found that prevalence of Salmonella was

10.85%). In India, an outbreak of food-poisoning affecting 62
personnel following lunch in a community mess was caused by a

rare Salmonelila serotype(Gupta et 3&,1980).

In Mendoza,Argentina Curi de Montburn et al(1981) described
6 outbreaks and 59 sporadic cases occurring between 1972 and

1976. In both cases, S, typhimurium was found to be the pre-

dominant isolate, ZXoplan et 3&(1978) reported that a church
gorup attending a.rural camp developed gastrointestinal illness
causet¢ by S.arechevalta, Roof~collected rain waler, g sntaminated
by bird faeces, was the source of infectiomn, In Peru, Gunn and
Bullon—Loarte(1979) reported an extensive outbreak in which

545 students of the University of Trujilleo were seriously

affected by S,thompson,

4, Pathogenic mechanisms,

Salmonella infection in man is almost always acquired by

ingestion of the microorganism, The incubation period wvaries
between 8 and 72 hours and duvration of illness is between 5
and 7 days(Plotkin et 3&,1979). The number of wviable bacterial

organisms which must be given to healthy adult males to produce
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diarrhoea was determined to he 10)(Dup0nt and Horniok,1973),

Strains of Salmonella typhimurium were studied by Gianells

et gl(1973) in the ligated rabbit loop model to determine the
mechanism whereby bacteria, which invade the gastrointestinal
mucosa, evoke flaid secretion and the observation suggested

that mucosal invasion may be a necessary factor for intestinal

fluid loss in salmonellosis, In rats Salmonella produces an

ileocaecitis, while in primates diffuse colitlis is seen in
addition to ileitis, In monkeys, with experimentally induced

diarrhoea due to S.typhimurium, morphological char.es have

been seen in the coloniec and ileal mucosa but not in the jejunal
mucosa; those with severe diarrhoea, howvever, exhibited fluid
and electrolyte transport abnormalities in the Jjejunum, ileum
and colon{WHO Scientific Yorking Group,1980a).

In other studies, Koupal, and Deibel(1975) characterized an

enterotoxin factor isolated from culture of Salmonella

enteritidis to possess various properties similar to both the

heat-stable and heat-labile enterotoxin of E.coli.

S.typhimurium(and presumably other serotypes associated

with diarrhoea} can elaborate enterotoxins which promete watery
diarrhoes, Strains associated with diarrhoea affect both the
lzrge and small bowel hut typically remain localized in the
bowel wall, In contrast, S,.typhi and S,paratyphi cause
generalized systemic infection involving the entire reticulo-
endothelial system and bacteraemia is a cardinal feature of

enteric fevers(Levine,1979).
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3., Susceptibility to antimicrobial asentas,

Outbreaks of infection to drug-resistant organisms are an
increasing problem in both the developing and the developed
countries, ILL—advised treatment of uncomplicated human
salmonellosis with antimicrobial agents, and the intensity of
human exprosure to antibiotics, undcubtedly »lay 2 role in the
increase of antimicrobial resistance., Much of the increasing
use of antibacterial drugs is unnecessary(Simesns and Stolley,
197&). In many occésions they arve employed without any clindiczl
or laborsatory examination, Rational therapy is possible only if
cul ture data are available, Antibiotias are also uscd
inappropriately in viral infections, which do not require such
treatment, and in the many diarrhoeal diseases in which they
are ineffective, In Jalmonella gastroenteritis these drugs
nrolong the period of excretion(Dixon,1965)¢ There is often
prophylactic application without a rational basis, as in wmass
chemoprophylaxis against cholervra, Other factors, such as
pressure exerted by patients and their relatives and promotion
by the pharmaceutical industry, also contribute to the rapidly

growing use of antibiotics(WHO,1578),

The indigcriminate use of antimicrobial agents and the
general intensity of exvosure of food-~producing animals to
antiblotics probably hzve comparable importance. Mgarly half
of all of the anitihiotics produced in the U3 18 used in animals
and this is related to the risle of nhuman infection with multi-

drug resistance strains of Salmonella of animal origin(Bennett,

1980},




- i -
Considerable variationisfound in the incidence of antibiotic

resigtance in Salmonelly o in reports from different countries,

Tn their study of 754 Salmonella isolates from 46 states

in the US, Ryder ol gi(1980) documented a continuing increase
in antibiotic resistance, Resistance to one or more drugs had
significantly increased within eight vears(21% to 31%). The
inecrease in freguency of resistance was significant for
streptomycin, sulphenamides, ampicillin and kanamycin and

the fregquency of sitrains resistant to six or more antibiotbtics

inereased greatly(0,8% to 5%),

I,, Kenya Mamola and Mizrastested(1981) 88 strains of .,

Sstyphimurium and 18 of S,.typhi for their sensitivity to anti-

microbial agents and most of the S.typhimurium strains were
found to be resistant te ampicillin and sulphadiazine, There
was also increased resistance to trimethoprim-sulphamethoxgzole,
In Algeria, 91% of wmost Salmonella serotyves showed =
resistance to 3~7 antibiotics. However, all typhoid and
paratyphoid bacilli, except one S.1typhi bearing an R-plasmid

to 6 antibiotics, were sensitive (Mered ¢t al,1977).

I, a survey carried out in Hong Xong in 1973—1974, Im et al

(1978) indicated that more than 90% of 105 5. jchannesburg

strains were resistant to ampiecillin and trimethoprim-
sulphamethoxazolej and over 60% were resistant to chloramphenicol,
sixty percent were triply resistant to chloramphenicol, ampicillin
and trimethoprim-sulnhamethoxazole, In & later study in the

same country, changing patterns of drug resistance were .2

described by Chau et al (1982), e resistance pattern
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ampicillin/streptomycin/tetracycline/ch1oramphenicol/
kanamycin/sulphadiazine, predominant between 1973 and 1975,
was changed +to ampicillin/streptomycin/chloramphenicol/
kanamycin/sulphadiazine during 1976-~197%, These patterns were
found to be plasmid-mediated,

I, Italy, Bassetti et al(19782) reported that of 52

Salmonella strains, 56% were vesistant to chloramphenicol, GLth

to kanamyein, 52% to trimethoprim-sulphamethoxazole, 89% to
ampicillin, 89% to streptomycin and 95% to carbenicillin,
Later, in 1979, Gaffodio et al Ffound that 83 out of 100 strains
of Salmonella were resistant to one or more antibiotics and 57
were multi-resistantewith R factors,

In Canada, Grant and DiMambro(1977) reported that 12.4% of
589 human strains of Salmonella were resistant to chloramphenicol
and ampicillin and detected plasmids with vresistance patterns
of chloramphenicol/kanamycin/streptomycin/tetracycline or
chloramphenicol/tetracycline,

In Thailand, Leksomboon et al(1981) reported that 40% of

Salmonella isolates were resistant to more than one antibiotic,

In India, Panhotra et al(1980) isolated 111 strains of

S.typhimurium and found 08% resistance to streptomycin,97% to

chloramphenicol, 96% to tetracycline, 97% to ampicillin, $7%

to kanamycin,99% to sulphadiagine and 96% to trimethovrime~

L

sulphamethoxazole, and all but one showed multiple drug-—rocsrzt

resistance, I, a different area of the same country, Hoshi

n

(1981) renorted zn alarming increase in multi-drug resistance

from 38,9% in 1978 to 83% in 1977 and 95.5% in 1980,




In an eleven-ycar study of drug-resistance in Sglmoneila

in the HNetherlands, Manteen et al(1971) showed that 4O} of

S, typhimurium were resistant to tetracycline, Chlcramphenicol

tenid o,

resistance remained very low and ampicillin resistance decreased,




B, Shigella
1. gpxonomv,

1,1, General characteristics,

The genus Shigella is cowposed of Gram-negative non-motile
bacteria that conform to the definition of the family

Enterobacteriaceae and the tribe Eshevichieae., With the

exception of certain biotypes of Shigella flexneri 6, visible

gas is not formed from fermentable carbohydrates. Compared

with Escherichia, Shigella are less active in their utilization

of” garbohydrates, Salicin, adonitol, and inositol are not

fermented, Strains of Shigella gonnei ferment lactose upon

extended incubation, but other species do not vtilize this
substrate in conventional media., Lysine is not decarboxylated,
the majority of strains do not possess a demonsitrable arginine
dihydrolase system, and ornithine is decarboxylated only by

Sh.sonnei and Sh.bovdii 13{Equards and Ewing,1972).

1.2, Serogroups and serotypes

The genus Shigells is divided into L serogroups namely}

Sh.dysenteriae(A), Sh.flexneri(B}, Sh.boydii(C) and Sh.sonnei

(D), There are 10 serotypes within Sh.dysenteriae, 6 within

Sh.flexneri, 15 within Sh.boydii and only one within Sh.sonnei,

2, Hutritional and other growth requirements,

Shigella are aerobic or facultatively anaerobic, and their
optimum temperature for growth is 3700. They will grow on
ordinary nutrient (beef extract) media., In synthefio media,
nicotinic aeldis azpparently required by some strains@rgaman,J

1979),
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Shigella can be isolated and grow on the same types of

nrimary media used for Salmong}la(Edwards and BEwving 1972).

3, Epidemiology of Shigella infectionas,

3.1, Sources of infection.

I,fections caused by Shigella are probably j:;% more common
than are generally recognized, Attacks of severe illneas grade
off into mild and almost trivial attacks of simple diarrhoea,
Probably, the most important single reservoir of infection is
the human carrier, either convalescent or with an lnapparent
infection, The spread of the disease is due to the more or
less direct transfer of the specific Shipgella strain from infected
intestinal discharges to the alimentary traet of ancother
individual, Polluted water can be the medium of transmission
(Hughes et al,1975s3Weissman et Ei,1976$ Katzenelson et ml’
1976), Improper disposal of excreta, permitting dissemination
by flies (Bidawid and Edeson,19?8) and the contamination of
food by chronic carriers and convalescents(Donaldo and Gangaresa,
1969) appear to be the most important factors in the spread of
bacillary dysentery, Shigella was isolated from lettuce-~leaves
sold in local markets in Mplavsia, The lettuce was grown in
areas where night soil was habitually used(Chapman,1980), 1In
Nigeria, isolation of Shigella from snails was reported(Obi
and Nzeako,1980). Recently cases of shigellosis were found
to he common in San Transisco in people who adapted an
"alternative life style" and practiced orogenital and oral-
anal sexual contact(Dritz et 2l,1977) and in the United Stetes

among sexually transmitted diseases considered as special
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problems are those caused by Shigaﬁiﬁ(ﬁolmes and Puziss,1980).

3.2, Incidence of infection in adults,

In less=developed areas of the worid, shigellosis has its
pealk attack rate in toddlers and pre-school children, It is
believed that repeatgd clinical and sub-clinical infections in
chilcdhood make indigenous adults resistant with the prevalent
endemic Straiﬁ. Intreduction of a new serotype, however, in
an ecology where personal hygiene is sub- pptimal Jdue to lack
of water, poor sanitation and no health education, can resuvlt
in high attack rates in adults as well as children(LeVine,1979).

This was seen in Central America{Gangarosa et ﬁi:1970) when

Sh.dysenteriae 1(the shiga bacillus)@as introduced into
suscentible populations, Recently, between 1975 and 1976,
there was an epidemic incidence of shiga dysentery in

Mogadishu{Nuti et al,1977).

There are various reporits on Shigells isolates from humans,

Hamola(1980) renorted that Shigella species were the commonest

ma T

stool pathogens(51-54%) in Kenya between 1975 and 1979, In
Algeria, between 1974 and 1977, 847 strains of Shigolla were
examined and a high frequency of Sh.flexneri was mnoted

(Zoukh and ?oittevin,1978).

Tn south Vietnam, Ai.et al(1975) isolated 981 Shigella
strains from 13,943 diarrhoeal patients during the period
1969-1973, In Fanoi, Vietnam, 300 Shigella strains,

predominantly Sh.flexneri, were isolated during the period

of 1974-1976{Ngu,1977). In Maiaysia, Kan and Chan(1980)
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isolated 241 Shigella strains from 19,883 cases of diarrhoea
from 1974 to 1978, 1In = study of Vietnamese refugees in Hong
Kong, Anton et al{1981) disolated 1,3% Shigella from 228 cases,
In Bangladesh, out of 3,550 patients examined between December,
1979 and November, 1980, 11.6% of the isolates were Shigella
(sto11 et gi,1982). In Ethiopia, Afeworki Gebreyohannes and
Yetnebersh Limeneh{1980) peported an isolation of 165 Shigella
strains between 1974k and 1978, HMessele Gedebou and Alebachew

Tassew(1982) also isolated 105 strains of Shigella between

1975-1980, In both reports the frequency of Sh,flexneri was

the highest, followed hy Sh.dysenteriae, Shk,boydii and Sh.sonned,

I, Pathogenic mechanisms.,

Pollowing ingestion of Shigella, the organisms reach the
intestinal lumen where they proliferate. The fundamental
virulence characteristic of Shigella is dits abilifty to invade
epithelirl cells and subsequently multioly therein(?lotkin et al,
1979). After invasion of the mucosa, the proliferating  * -t
Shigellae elaborate an enterotoxin which ig believed to have

aome role in initiation of diarrhoea,

The predominant site of mucosal invasion znd pathology
include the terminal ileum and the length of the colon,
Shigellae, multiplying in the intestinal mucosa and lamina
propria, stimulate 2 striking infiltratien of polymorphonuclear
leucocytes into the areas of infected bowel, UTeath of colonic
mucosal cells results in micro-ulcers through which vred blood
cells and plasma nroteins leak into the bowel Jlumen, The

colonal mucosa at this time is swollen, covered with mucus =2nd
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marked by haemorrhages(Levine,1979).

The incubation period in acute onset of diarrhoea is
1-3 days and duration of illness is between 2 and 20 days
(Plotkin et al,1979), and according %o DuPont and Hornick(1973)
2

the infective dose of this pathogen is 101—10 .

5., Busceptibility to antimicrobial agents,

In many countries a high dincidence of antibiotic resistance
has been observed in Shigella, Ninetv percent of strains of
Sh.sonnei in the United XKingdom were resistant to ampicillin
(Pavis, 1970), 1Im 1973,&8.54% of strains of the same species
were resistant to tetracycline and streptomycin in New York

city (Heu et al,1975).

in I,dia, streptomycin resistance was found in 29,3% of
Shigella strains(Rao et gi,1979). In South Vietnam, however,
streptomycin was one of the most effective antibiotics, although
the Shigella isolates were highly resistant to tetracycline and
chloramphenicol {Ai et al, 19753 Mutanda et al,1981), In Henoi,
Vietnam, a high incidence of resistance to ampicillin and

chloramphenicol was detected(Ngu,1977).

Shigellae are generally resistant to most commonly-used
antibiotics and are also known to develop multiple drug-resistance,
Multiple resistance is helieved to be received from I,coli
already present in the patient's intestinal tract. 1In wvitre
demonstrationg of transfer of resistance between E,coli and
Shigeils under conditione that allow cell contact were
docunented by verious workers(Mitsuhashi,1969; Watanabe, 19633

Hatson,1967)'
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atanabe (1963) and Mitsuhashi{1959) found that this tvpe
of multiple drug-resisgtance was mediated by cytoplasmic D4
pariicieay which replicated autonomously and more rapidly than
host chromosomes, Plasmids code for a wvariety of factors and
are by far the major sources of acquired antibiotic resistance
in Enterobacteriaceae(WH0,1978),

Myltinle drug resistance was first noted in Japan in the
early 1950's, and by the end of 1967, about 30% of Shigella
strains igsolated in Japan were resistant to two or more drugs
(Falkow, 1975).,

I, 1968-1970; an epidemic strain of Sh,dysenteriae 1 showed
multiple drug-resistance to tetracycline, chloramphenicel,
streptomycin and sulpbonemides in Central America(Gaﬁggrceagi al,
1970). An additional resistance bo ampicillin was later reportad
from Mexico City din 1972(01arte et §1,1976) and from Bangladesh
in 1974 (Rahaman et al, 197k}, During 1973-1976, Shigella strains
igolated in Somalia showed multinle drug resistance io as many
as 7 drugs (M6r0,1976}. Multinle resistance Lo 5 drugs and
R~factors were also reported in Inﬂia(ﬁaliyugaperunal et al,19783
Poniker et g&,1978) and increase in multirésisﬁant Shigellae
was noted in South Vietnam(ﬁi et g;,1975).

In Ethiopia, multiple drug-resistance and R-factors were
reported by Mgpgsele Gedebou and Alebachew Tassew(1979) and a
comparative drug resistance within Shigella strains by Afeworki
Gebreyohbannes and Yetneberesh Limeneh(1980) and Hessele Gedebou

and Alebachew Tassew(1982),
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C. Yersinia enterocolitica,

1. Taxonomy,

1.1, General characteristics,

The genus Yersinia is currently plsced in the family

Enterobacteriaceae and comprises three species, namely

Y.pestis, Y.pseudstuberculosis and Y.enterocolitica(Mgliaret

and Thal,1974), Yersinia enterocolitica is a Gram-negative

rod and facultatively anaerobic. I 4is motile when grown at
22—2500 but non-motile at temperature above BOOC. No gas and
st are produced., Urease is positive but phenyvlalanine is
negative, Oxidase, lysine decarboxylase, arginine dihydrolase,
esculin and citrate(Simmons') are negative, Indol is variable,
Catalase, methyl red and ornithine decarhoxylase are positive,
Carbohydrates are attacked fermentatively, Y.,enterccolitica
ferments glucose, galactose, manmmitol, sucruyse, sorbitol and
celliobiose, 1t does not Terment rhamnose, adonitol, dulcitol,

raffinose and lactose,

1.2. Serogroups and scrotypes.

The serological classification of Y,enterocolitica is

presently extended to 23 serogroups and 31 serotypes based on
their O(somatic)and H(flagellar)antigens(Swaminatnan et Q;,1982).

2. Nutritional and other growth requirements,

Yerginia enterccolitica is not a nutritionally fastidious

. O . . .
organism when grown at 28°C , but may require thiamine, alanine,
methionine, cysteine, giutamic acid, pauntothenic acid and niacin
(Burrows an¢ Gillette,1966), The PH range for survival and

growth of Y.enterocolitica appears to be 4,6-9,0, with an optimum

range of 7.0-8,0(Swaminathan et 21,1982), The growth temperature
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range of this microorganism in nutrient broth is 1—&000

(sutheriand and Varnam,1977).

Cultural methods for the ismsolation of Y enterocolitica from
clinical and envirommental specimens parallel those commonly

used for Salmohella and Shigella ie,enrichment in liquid media,

isolation of pure culture on plating media, and identification
of isolates by biochemical and serological tests. ©Since colonies

of X.enterocolitica onn conventional enteric media tend to be

very small after 24-48 hours,they may be easily overlooked,
particularly in the persence of large numbers of other enteric
bacteria, However, Schiemann(1979)formulated a2 new agar medium,
cefsulodin-irgasan- ~novbiocin{Cin)agar, end this was
reported to be by far the best medium for the recovery of

Y.enterocolitica(Head et al,1982),

3. Epidemiology of Y.,enterocolitica infection,

3.1, SBources of infection

It appears that the animal kingdom is a significant

reservoir of l,enteroaolitica(Swaminathan et al,1982). The swine

has been dimplicated as a major reservoir of Y.enterocolitica

serotypes involved in human infections, Several investigastdrs

have isolated Y.enterocolitiga from pigs(Toma and Deidriuk,

1975% Pedersen,1976). Dogs have also been incriminated as

potential reservoirs(Pedersen and YWinbald,1979; Wilson et al,

1976), Isolation of Y,enterggolitica from smaeli rodents
has also been reported(Xgpnerud,1975,1977). Other animals

from which strains of Y.enterocolitica have been isolated

include cows,horses,sheen and monkeys(Swaminathan et al,1982,




NMilehn, 1969),

Several dinvestigators noted that water may be a reservoir

for Y.enterocolitica and that infection due to Y.enterocoliticn
may be transimitted by consumption of contaminated water(Toma
and Deidrick, 1975;Kanperud,19773Capriolo et al,1978;

Schiemann,1978), Y.enterocolitica has been isolated from raw

milk (Hughes, 1979) and from pasteurized milk(Hughes,1980).

Swaminathan et al{1982) cited various workers who isolated

Y.enterocelitica from chicken,pork and beef samnles,

3.2, Incidence of Y.,enterocolitica infections in adultls,

_Y.enterocolitica appears to be widely distributed in the

environment and human infections due to the organism have been
reported in several countries, spreading over several continents

{Swaminathan et al,1982),

Y.enterocolitica is mostly isolated from infants and

children and revnorts on adult ¥Yersiniosis are scarce,

Y.enterocolitica was first isclated from humans in

Czechoslavakia in 1963(Rakovsky 1973 cited by Swaminathan

=ﬁi.ﬂl,1982). The frequency of isolation of Y.enterocolitica
from pevrsons suffering from intestinal diseases in the southern
region of west Germany was 1,5% and was second only to the

incidence of Salmonella(Swaminathan et al,1982). In Canada,

Caprioli et 2;(1978) observed.that the freqguency of isclation
of Y.enterocolitica serotﬁpes other than 0:3 was hirh in adults,
Hoawtin et él(1982) reported a family outbreak of yersiniosis

in Canada, where a mother zand her two children sustained

diarrhoea, Weissfeld and Sonnenwirth{1980) noted that ineidence
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of ?ersionoéis in adult patients equalled the incidence of
galmonellosis in USA, Syypdi et al(1982) reported that an attemnt

was made to isolate this natlbogen from diarrhoeal patients

in Bangladesh but no Y.enterocolitica was isoloted and they

believed that the pathogen is not important in tropical countries.

i, Pathogenic mechanisms of Y.enterocolitica =i,

Y,enterocolitica caveses acute gastroenteritis .«r

enterocolitis manifested moagt commonly by diarrhoea,nausea,
vomiting, and fever, and also causes an acute syndrome resembling
appendicitis(ﬁrvastson et al,1971). In mice infected intra-

venouely with Y.enterocolitica, Carter(1975) observed a systemic,

pyogenic infection involving the srleen, the liver and the

lungs, For humans, the infective dose of Y.enterocolitica is

2.9 X 10° bacteria(Pai et al,1980),

Production of a heat-stable enterotoxin by Y.enterocolitics

has been demonstrated by several investigators(Pai and liors,
19785 Pai et al,1978). This enterotoxin is resistant to
troatmont at 12100 ror 20 minutes, or storage at 4O ror 7
months and 1s stable in the PH range 1—11(Boyce et 31,1979).

Thus, the enterotoxin of Y.entercocolitica may survive normeal

. . . " .
food nrocessing and storage overations and the acid p of the
stomach and it is conceivable that illness may occur as a

result of consumption of preformed snterotoxin,




IIT,. M A TERTA LS AND MIETTHODS

1. Collection of specimens,

Stool specimens were collected in sterile containers from
diarrhoeal out-patients between November,19%2 and ligjrch, 1983,
The specimens from various hospitals and clinics were collected
daily using a "@Gary and Blair" semi-solid 3ransport meunstrum,
This menstrum was inoculated with the specimen collected on a
buffer~treated swab, and the swab was left in the tube, The
transport medium was designed to hold the bacterial population
in the specimen more or less stationary, and to prevent, as
much as possible, overgrowth of any particular microorganism

(Edwards and Bwing,1972).

2:; Culture-media,

'0xoid' dehyvdrated powders were used to nrepare MacConkey,
Shigella-Salmonella(SS5) and Brilliant green(3G)agar nlates and
selenite enrichment broth for primary inocculation, Similiarly,
the following were prepared Tor the biochemical tests:nutrient
broth, triple sugar iron(TSI) agar slants,Lysine iron(LI)agar
slants, urea agar slants, Simmons' citrate agar slants,
sulphide-indol-motility{51M) media, mannitol broth(1%),glucose
broth(1%),nutrient agar slants, tryptic soy yeast(TSY)broth and
Mueller~Hinton plates,

3. Antisera

IDifco! polyvalent and group antisera were employved for
confirmgtion and serogrouning the biochemically-identified

Salmonellas For Shigella, only group antisera were used,

b, Antimicrobial agents

BBL digks of 11 antimicrobial sgents were used in the

- 25 -
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following concentrations: ampicillin(AmP),.10ug; carbenicillin
(Car),100 ug;cephalothin(Cep),jO ugs chloramphenicol(Chl),10ug;
gentamicin(Gen),1O ugs kanamycin(Kan),jo ugspolymixin B(Pol),
300 unitsy streptomycin{Str),10 ug; sulpbadiazine(Sul), img;

tetracycline(Tet),BO g3 trimethoprim—sulphamethoxazole(Trim

sul), 25 ug.

5. Isolation

The specimens were brought to the laboratory and plated on
three primary media, MacConkey,S55 and BG agar wnlates were
inoculated with the swab and streaked using a sterile loovn,
The swab was then dipped and left in the selenite enrichment
broth, All the inoculated nlates and the enrichment broth
were incubated at 35—3700 for 24 hours, The MacConkey and 33
plates were examined Tor non~lactose fermenting colonies while
the BG agar plates for red znd non-mucoid colonies, Using a
sterile straight wire, a single colony of elther type was
picked and inoculated in about 3 ml of nutrient broth, This
was incubated at 35~3700 for 2 to 4 hours until growth was
ascertained by turbidity., Mac and 855 plates, on which small
non-lactose fermenting colonies anpeared were further
incubated at 2800 for 24 hours, The colonies were then tested

biochemically for Y.enterocolitica as in Swaminathan ot a1(1982;,

6. Biochemical identification,

Uging a sterile, atraight Wires the broth culture was
used to inoculate the Tollowing set of biochemical tubesg
a) TSI agar: the butt was stabbed and the siant streaked,

This medium was used to determine the fermentation of glucose,
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lactose and sucrose as well as the production of hydrogen
sulphide,

b) L1 agar slants: the butt was stabbed and the slant
streaked, This was used to detect the oxidative deamination of
lysine on the slant and decarboxylation of lysine in the butt,

c) Upea agar slantsonly slant was streaked to determine
hydrolysis of urea,

d) Simmon'yg citrate agar slant: only the slant was sireaked
to check the utilization of citrate as a sole carbon source,

e)SIﬁ medium: this medium was stabbed for possible detection
of hydrogen sulphide production and motility, P,eduction of
indol was also detected by adding Ehrlich's reagent on growth
onn the same medium,

) Mannitol broth(1%) was dinoculated to determine ferment-
ation of mannitol,

g) Glucose broth{1%) with inverted Durham tube was inoculated
to detect fermentation of, and gas production, from glucose, All
biochemical tubes were incubated at 35—370C for 18-24 hours,

To check the purity of the broth inocula, and thus reliability
of biochemical tests, each broth incculum was sub-cultured on
MacConkey'"check plates" and incubated at 35—3700 for 18~24

hours, Cultural purity was visually confirmed.

As guality control for sterility of mediza for the
biochemical tests, all tubes of media were pre-incubated at
35-37°C for 18-24 hours,

The selenite enrichment broth cultures were streaked on

the same type of agar media used for primary isolation and
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incubated at 35—3700 for 18«24 hours,., The typé of colonies
indicated above were similarly nrocessed for bilochemical
characterization,

7. Serogrouping,

Isolates that met the minimal biochemical profile for

Salmonella or Shigella were serogrouped by slide agglutination

method as in Edwards and Ewing(1972), using antisera from '’
IDifco!y, A drop of physiological saline solution was put on a
clear sterile microscope slide. Culture from THI agar slant was
taken using a sterile loon and suswnended in the saline solution,
A drop of antiserum was nut on the suspension and the slide was

tilted back and forth and examined for possible agglutination,

Isolates which agglutinated with Salmonella or Shigellia antisera
were inoculated on nutrient agar slant, incubated at 35—3700

for 18-24 hours and stored at 4°C until antimicrobial
sugsceptibility testing was done,

8. Antimicrobial susceptibility testing

Susceptibility testing of all strains identified as
Shigaila or Salmonella was carried using the standardized agar

dislk diffusion technique(Bauer EE_§331966)'

Fach isolate was sub-cultured on a nlate of MacConkey agar
and incubated at 35-3700 fér 18-24 hours, TFrom a pure culture
of each isolate, 4 to 5 colonies were randomly selected and
transferred to a tube containing 4 ml of TSY broth, The broth
culture was standardized as in the procedure and, using =a
sterile cotton swa¥, the entire surface of a Mueller-Hinton

agar plate was swabbed evenly with the broth culture, The

. e T REL%E -y
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inoculated plate was left at room temperature for 3 to 5B
minutes, VWith the aid of an automatic dispenser(BBL), the
set of 11 sensitivity disks was nlaced on the surface of each
Mueller~Hinton plate, and the disks were gently pressed by
sterile forceps to ensure firm contact, The nlates were then
incubated at 35—3700 for 18-24 hours., A standard reference

strain of Escherichia coli(aTeC 25922), sensitive to all the

antimicrobial drugs used in this study, was routinely tested as

a control, Finally, diameters of inkitition domgn were measured
in milimeters using a caliper, Interpretation of the measurements
as sensitive, inteirmediate, and resistant was made according fto

a standard interpretative chart(Matsen and Barry,1974). The very
few' intermediate! readings were considered as sensitive for

a burpose of assesment of the data,

oo




IVv. R E S UL TS

1. Infection rates

One thousand diarrhoeal specimens ifrom adult out-patients
were collected from various hnospitals and clinies in Addis
Ababa: p53 specimetis from Menelik IL Hospital, 60 from arada "~ “oic
Clinic, 260 from Teklehaimanot Clinie, 102 from Central
Command Hoapital, 298 from Tikur Anbessa Hospital and 27 from

the University Clinic at the Science Faculty{Table 1),

A total of one hundred thirty five strains of Shigella and

Salinonella were isoleted from the specimens. Shigella were

the aetiologic agents for 9% and Salmonelia for 4,5% of the

diarrloeal cases, No Yersinia enterocolitica was isolated,

As shown in Table 1, Jalmonella and Shigella were dsolated at

different rates from the various hosnitals and cliniecs,

2, Serogroups.

~mong the Salmonella straing, the most commonly isolated

ones were those of Group 0(37.8%) followed by Group B(28.9%),

Salmonella typhi(zo%) and Group D(other than é.tzghi) (8.9%).

Groups A and I had a similar prevalonce(2.2%).
Serogrouping of the ninety Shigella isolates showed that
Sh.flexneri was the most commonly isolated species(GB.B%)

followed by Sh.dysenteriae(18.9%), Sh.poydii(10%) and

Sh. sonnet (7.8%).

3. Susceptibility to antimicrobial agents.

3,1 Salmonella

The sensitivity of all forty-five disolates of Salmonells

is presented in Tabhle 2, All strzins were sensitive to only

- 30 -
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three antimicrobial agents: gentamicin, polymyxin B and
trimethoprim-~sulphametbhoxazole, Sensitivity to the remaining
eight drugs was fairly high and varied between 73.3% and 82,2%,
However, the frequency of sensitiviiy to the drugs varied for
the five serogrouwns, The single isolates of Group A and E and
all B.typhi were sensitive to the eleven drugs tested, ;The
sensitivity of Group B was higher than 85%, All Group D
isclates were sensitive to all oxcent cephalothin(66,7%).

The majority of Group C strains were not sensitive to

ampicillin, carbenicillin, cephalothin, chloramphenicol,
streptomycin, sulphadiazine and tetracycline, Only 53% were
sensitive to kanamyecin, 4 total of 31 strains(68.9%) were
sengitive to all 11 drugs used in this study: i1 strains of Groun
C(35.3%), 2 strains of Group D(75%) and all the remaining strains
of Group 4L and E and 3. typhi.

Hesistance of Zalmonella disolates to one or more drugs is

shown in Table 3. Hesistance to one or more drugs was deotected
in 15.,4% of Group B strains, 64,7% of Group C strains, and 25%

of Group D strain, About 31% of all Salmonella strains were

resistant to omne or more drugs, The most Frequent resistance was
to eight drugs(17.8%), followed by to one and two drugs (4,47
each) and to three and seven drugs(2,2%eaoh). Resistance to
one or more drugs was common in Group € strains, the most
frequent being to eight drugs(47%).

Multiple drug—resistaﬁce(resistance to 2 or more drugs)
.was detected din Group B gtrains(7,8%) and Group C strains

(64,7%), Of the forty-five Salmonella strains, 256,7% were




multiply~resistant,

There were two resistance patterns in Group B strains, Tour
in Group C and one in Group D(Table L), In all, seven different
patterns of resistance were noted, The commonest pattern{47%)
was seen in Group C strains and this was simultaneous resistance
to ampicilliin, carbenicillin, cephalothin, chloramphenicol,

kanamycin, streptomycin, sulphadiagine and tetracycline,
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Frequency of isolation of Salmonellaza and Shigella from adult ocut-patients

in the various hospitals and imdi

Hospital Humber Salmonell Ehizella Coth genera,

or of Humber of gt Mumber of % Mumber of o
Ciinic Specimens isclates icolates isclztes
enelilk I¥ M, 253 10 L 14 5.5 2k 5.5
irada O, o 5C 1 i.5 7 11.7 8 13.33
Tekxlehizimanot C, 26C 14 5.4 2.8 10,8 bz 16.2
Central Command . 102 1 1 14 13.7 15 14,7
Tiltur iLnbessa X 208 18 6 25 8.4 43 1L,.4
University C. 27 1 3.7 2 T4 3 111
LI hospitals

ciB8ice 1000 Ls 4,5 20 9.0 135 13.5
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Table 2

Sensitivity of L5 strains of Salmomeila to

antimicrobial agents

SRR

- ela g v

R R

Kumber |, Pergent,., suscgpetibile o .
Salmonelia of i ' ﬂ
! ; , .
Serceroucs strains jAmn  Pzr Cep {Chl (Gen (X » | PoliStr Bul Tet Tri-

N Py
| Groun i 1 $90C 000 KOG 100 100 100 1003100 102 1
§ o= H ‘ i P
;Group 2 13 lnao Co  H00 1100 1100 {100 1 1001 92,3'84,6100 |
. ! k ] :
E i 1] ] 1
j@roup c 17 35.3 BT B5.3 547 | 100 53 11001 A7 g7 h1.2] '
H H g ! 1 T
 Group O é | ‘
{other than !
| _S.typhi) b 100190 66,7[ 300 100 | 100 | 100} 100
| ! |
S, typhi L3 100 hoo Hoc i1co !10c 1106 ) 1c0) 100
- ; o ! .
Groupn E i 1 1CC 100 H1CO 1100 1 100 | 100 4 100] 100
i

i 411 species | hw ﬁ75.6 21e] 73.73 80 100 82.47100[77.8
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Table 3
Resistance fc ome or more drugs apd maltiple-resistance

cf Balmonelia isolates

P ercente e s i1 s tance

| Group A aGroup E { Group CiCGrour Dis.typhi Group E | A1l species
; {1 strain| {13 (17 en {9 (1 (45 strains)
| Regsistance tos ' ¢ strains ! strains! strains istrains

{ I _

one cruz omnly 0 7.8 ] 0 25 ¥ 0 0 ; L,L
| z
two drugs only 0 7.8 i 5.9 ; 0 C O ; L, L
three drugs onlw 8] 3 9] 5.9 (] ) O : 2.2

: ! : :
four drugs only 8! 0 | © o O [ 0 0
five druzs only c 0 0O 3 0 ] 0
gsix drusgs only 0O Q O ) Q C Q
seven Grugs conly 0 0 5.9 0 0 G ! 2.2

'

| aizht drugs only 0 o L7 0 0 0 i 17.8
pne or more Erugs 0 15,5 64,7 25 0 ) 31,1 ]
LWo or more crugs o 7.8 64,7 o EO 0 26,7 ?




Table &

Salmonella patterns of resistance To

antimicrobial agents

Mumber of

Serogroup Resistance pattern e lLstrains o
Group B Sul 1 7.8
{3'Strains) Str/Sul B e i 78
Group C Amp/Cen 1 5.9
(17 strains) Amp/Cep/Tet 1 5.9
ﬁmp/Car/Cep/Chl/Str/Sul/Tet 1 5.5

A Amp/Car/Cep[Chl/Kan/Striﬁulf?et 8 by
Group D

(other than

S.typhi)

iﬁ.strains) Cep 1 ZEJ
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3.2. Shigella

k]
E

The sensitivity of all ninety 3Sbigella isolates is shown

in Table 5, A1l the strains were sensitive to kanamyein,
gentamicin,polymixin B and irimethoprim-sulphamethoxazole,
Eost(§5,6%) were sensitive to cephalothin, Sensitivity to ampi-
cillin, chloramphenicol, streptomycin, sulphadiazine and
tetracycline varied bhetween 31.1% and 57.7%. Ampiedllin,
carbenicillin, streptomycin,sulphadiazine and tetracycline

were mostly ineffective(dso%), while only 57.7% of the strains
were sensitive to chloramphenicol., The fregquency of sensitivity
to ampicillin, chloramphenicol, carbenicillin, sulphadiazine and
tetracycline varied for the four species, The sengitivity of
Sh.flexneri to empiciliin, carbenicillin,streptomycin,
sulphadiazine and tetracyvecline was less than 39%. Bglow 35%

of Sh.dysenteriaec were sensitive to chloramphenicol,
atreptomycin, sulphadiazine and tetracycliine. The very lov

sensitivity of Sh.,dysenteriae to chloramphenicol(zj,5%)and

of Sh.flexneri to tetracycline{21,1%) are worth noting,

Only 15 strains(16.7%) were sensitive to a1l 11 drugs used in %

the investigation: 4 strains each of Sh.dysenteriae and

Sh.flexneri, % strains of Sh.bovydii and 2 strains of Sh.sonnei.
Resistance to one or more drugs in Shigella idisolates is
shown in Table 6., Resistance to one or more drugs was detected

in 70.6% of Sh.dysenteriae, 93% of Sh.flexneri, 4l 4% of

Sh.boydii and 71.,4% of Sh.sounei, 4About 83% of all Shigella

serogroups were resistant to one or more drugs, The most

frequent resistence was to six drugs (ZT,F%) followed by
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reaistance to five drug5\13.3%}, tvo drugs(lB.Q%)and four drugss
(11,1%). Resistance to omne drug and threedrugs were 8.8% and
7,7% regspectively, Such resistance and frequencies varied for

the different serogroups, For Sh.dysenteriae resistance to

aix drugs was 35,3% followed by resistance to four drugs(EBaS)
and to five drugs{11,8%). For Sh.flexneri the most freguent
resistance was to six drugs(31.5%) followed by resistance to five

drugs(19,3%) and two drugs{i1i%),

Multiple drug resistance was detected in Sh.dysenteriae

(70.6%), Sh.flexneri(B2.4%), Sh.boydii(33.3%) und Sh.sonnedi
(57.1%). OFf the ninety Shigella strains, Th.U% were multiply~

resistant,

Bighteen different natterns of resistonce were ohserved =

in alls six in Sh.dysenterise, eleven in Sh.flexneri, four in

Shebhoydii and three in,gg.ﬁonnei(Table 7}. The commonest

pattern for Sh.dysenteriae was ﬂmp/Car/Chl/Str/Sul/Tet(29%).

This same pattern was also the commonest for gg.flexneri(BT%).
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Takle 5

Sensitiviity of 90 strains of Shigella to

antimicrobial agents

Number

of Pexrcendt s em s tive t o :
Species Istrains jamn (Car |[Cep (Chl lGen J¥zn) Pol) Str Sul Tet %riasul
Sh.dysenterizac 17 52.¢152.9 9%Lgﬁg3.5 100 _{1091°300 1 39.,4129,L129,4 100
Sh.flexneri 57 23,1138.6 93.0 61.4%1100 {100{ 100} 33.3i28.1 21,1 100
Sh.bovdii 9 77.8177.81100 |77.81100 (100 100 55.6177.8177.8 106
Sh.sonnei 7 100 1100 i85.7110¢ 1100 t10ci 100!} L2,9lb2.2|71.4 ¢ 100
411 species 20 7,71 5C 195.6187.7410C |i10C | 100} 3€.7{34.8]131.1 100
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Table &
Resistence to one or wmore drugs and multinle~resistance

of Shimella isolzates

-
Porcent resistarnce
Shodysenter%ae Sheflexneri Bh.beydii [Sh.sornnei

Resistant to: {17 strzsing} (57 strains (0 strzins \7 strains 1ALl svnecies
one drug only & i0.5 H 15,3 8.8
two drugs eonly G 14 i 17,1 28.6 13,2
three drugs only 5.9 I D 4 ] o 28,8 7.7
four drugs only 23.5 1C. 0 Q 171
Liyre STugs onlj 11.8 o 19.3 11.1 O 15»3
'six drugs onlv 35.2 31.5 171 0 27 .5
one or more drugs 70.5 973 L 4 71,4 82,5
two or more drugs 70.5 82,4 33.3 57 .1 ! o7h L
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Table 7

Bhigella patterns of resistance to

antimicrohial agents

Number of

Serogroun Resistant pattern strains o
Ch1/sul/Tet 1 5
Chl/sStr/Sul/Tet b 23

Sh.dysen- |Amp/Car/Chl/Str/Tet 1 6

teriae Amp/Car/Chl/8tr/Sul 1 6

(175trains Amp/Car/Chl/Str/Sul/Tet 5 29
Amp/Car/Cen/Chl/5ul/Tet 1 5
Chl 1 2
Sul b 7
Tet 1 2
imp/Ceop 2 3

Sh.flexnerifSul/Tet 5 10

(57strains )Str/sSul/Tet b 7
jaap/Car/Str/Tet 6 10
amp/Car/Chl/Str/Tet 2 3
Amp/ Car/Str/Sul/Tet 8 4
Amp/Car/Chl/Sul/Tet 1 2
Amp/Car/Chl[Str/Sul/Tet 18 31
Str 1 11

Sh.bovdii [Str/Sul 1 11
bmp/Car/Ch1l/Str/Tet 1 i

(9 strains lmp/Car/Chl/Str/Sul/Tet 1 11
Cep 1 14

Sb.soppei [3tr/Sul 2 29

(7 _strains [Btr/sul/Tot — 2 23




V, DIS CUS O IO0HNH.,
Shigella respwctively, in this study indicated the astiologic
Irequency of these two species in diarrhoeal out-patients
attending various hospitals in Addis Ababa,

A
2

The frequency of isolation of Salmonellsa in this study{l, 5%

was much lower than the 10,8% reported Ly Allos(1978) from
Iraq and higher than that(T%) reported by Wallaoe(1976) from
Ethiopia,

The 9% frequency of isolation of Shigella in this study
was higher than the 7% isolation of £i.et 21(1975) from South
Vietnam and 1,2% isolation from Malaysia(Kan and Chan,1980) but
lowor than the 11,6% isolation of Stoll et al(1982) from
Bangladesh and 11% of Wailzce {1976) from BEthiopia,

The finding, in this study, of Group C Salmonells as the

most frequent of the Salmonella serogroups is in contrast to

reports from USA(Ryder et gi,1980), Kenya{%amola,1980) and
Inaq(Allos,1978), In Senegal(lLafaix et §;,1978) and Algeria
(Zoukh and Poittevin,1978), S.typhi was the Dredominant strain,
The 63.3% frequency of isolation of Sh.flexneri in this study
was higher than that(ﬁ9%) reported by Afeworki Gebrevohannes and
Yetnebersh Limeneh(1980) but lower than that (70%) of Messele
Gedebou and slebachew Tassew(1982), The same species was,
however, the most Treguent in all the three gtudies from
Ethionia, The order of frequency of isolation of the different

species of Shigella was also similar in the three studies,

thus inddcating the prevalence of this order of aetiologic
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frequency in Addis Ababa during the study neriods,
Sh.flexneri was slso the »redominant serogroup in Kenya,

Tanzania and Uganda(Mutanda et §£,1979), in Vietnam(Ngu,1977;

e AT

Lees Nt

freguent in this study, was the predominant serogroup in the
United States(Neu et al,19753 Byers et al,1976), Sweden(Urban,
1972}, United Xingdom(¥H0,1978) and in the far Bast{ioki,1963),
Sh.sonnei was also the second predominant serogroup in East
Africa(Mutanda et 3;,1979), Algeria(Zoukh angd Poittevin,1978)
and Malaysia(¥an and Chan,1980),

The position of Sh.dysenteriae as the second most freguent

isolate(18.9%) in this study was similar to that in Vietnam{lgu,
1977) and India(Kaiiyugaperunal et gi,1978) but was in
remarkable contrast to reports from the United States(Controni
et al,1978 cited by Mggsele Gedebou and ilebachew Tassew,1982},
Sweden (Urban, 1972), Par Bast (ioki,1968), Bast ifrica(Hutanda
et a1,1979) and lizlaysia{fan and Chan,1980) where it was rarely,
if ever, isolated, In Somalia{ilero, 19763Nuti et al,1977)jand

parts of India(Macaden et gi,1980), however, Sh.dvsenteriae was

the species most frequently isolated,

Shigella strains are generally sensitive to cephalothin,
gentamicin,kanamyein, Polymyxin B and trimethoprim=-
sulphamethoxazole, as found in this study and reported by
other workers here in Rthiopia{Afeworki Gebrevohannes and
Yetnebersh Limeneh,1980; HMessele Gedebou and A&lebachew Tassew,

1982) and elsevhere{Pynhotra et al,19803Rao et al,1979;
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Mapeaden et 21,1980; Stoll et al,1982), The frequency of
gensitivity to all the drugs in this study(iG.?%) wasg much
lower than that(BO%) reported hy Afeworki Gebreyohannes and
Yetnebersh Limeneh(1980), whose strains were not all fxom
Addis Ababa, and almost similar to that(15%) of Messele Gedebou
and Alebachew Tassew(1982), who reported on isolates from
Addis Ababa,

The frequency of resistance of the Shigella strains to one
o more drugs(82.5%) was higher than that(BO%) of strains from
Korea(Chun and Seol,1978), United States{New York)(66%)(Neu
et 21,1975) and lowver than that from Thailand,(100%) (Lekaomboon

et al,1981) and India(90,4%) {X,1ivugaperunal et al,i978),

This rate is almost similar to that(BS%) of Mgggele Gedebou
and Alebachew Tassew(1982) in isolates from Addis Ababa but much
higher than that(70%) of Afeworki Gebreyohannes and Yetnebersh
Limeneh (1980) in strains perhaps from wvarious places in the <o~

country,

Of the 11 drugs tested, single resistance was found against
chloramphenicol, sulphadiazine,tetracycline,streptomycin or
cephalothin, This was in contrast to that of Messele Gedebou
and Alebachew Tassew(1982), who reported single resistance only
against streptomycin, sulphadiazine or tetracyciine,;. However,
resiatence to sulphadiazine was the most frequent(l,i%)in this
study, as well a8 in that(10%) of Mgasele Gedebou and Alebachew
Tassé§(1982);

The resistance patterns of Shigella strains in this study

were generally different from those of other reports(Neu et al,




- b o
19753 Byers et 21,1976 Messele CGedebou and iAlebachew Tagsew,
1982). The most common resistance vnattern was that of
ampicillin[carbenicilliﬂ/chloramphenicol/streptomycin/

sulphadiazine/tetracycline (25,7%).

This resistance to six drugs, detected in 29% of

Sh.dysenteriae, 31% of Sh.flexneri and 11% of Sh.boydii(Table 7)

was similar(except the additional resistance to carbenicillin)

to that of one of the strains of Sh.dysenteriae 1 involved in the

1972 dysentery outbreak in Mgxico City{Olarte et al,1976),

The second common resistance pattern was ampicillin/
carbenicillin/strevtomyecin/sulphadiazine/tetracycline(8.9%),

The two patterns accounted for 35,6% of the multiply drug-raszis
resistant Shigella, The commonest pattern reported by llessele
Gedebou and Alebachew Tassew (1982) was streptomycin!
/sulphadiazine(23%), The resistance pattern found to he the
commonest in this study was also reported by lessele Gedehou
and Alebachew Tassew(1922), but in a much lower frequency{11%),
The findings in this study, therefore, indicated that multiple
drug-resistance, to five and six drugs, is on the increase,

The frequency of ampiciliin resistance in this study(52.3%)
was much higher than that(22%) Tenorted by LAfeworki Gebreyohannes
and Yetnebersh Limeneh(1980)} and that(21%) of Measele Gedebou
and Alebachew Tassew(1982). This indicated a trend of increasing
freguency of resistance to ampicillin in Addis Ababa.Such a trend
was reported by wvarious investigators(Byerslgg gi,1976; Hegu, 1977
Stoll et al,1932), Torty-six of the forty-seven ampicillin-

resgistant strains were also resistant to two or more other drugs.
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The majority were resistant to three, four or five drugs;
including carbenicillin, chloramphenicol, streptomycin,
tetracycline, sulphadiazine and cevnhalothin (Table 7).

Resistance of Jhigella to the commonly-used drugs is being
reported from various parts of the world, indicating the need
for a newer and more effective drug of choice for treatment of
shigellosis (Messele Gedebou and Alebachew Tassew,1982). The
results in this study were similar to the findings of Hessele
Gedebou and Alebachew Tassew(1982), in that all, or nearly alil,
the Shigella isolates were susceptible to cephalothin,
sentamicin, kanamycin and polymixin B, However, these drugs
are congidered clinically ineffective and hence cannot replace
ampicillin as the drug of choice(Controni et al,1978,cited by
Mgyssele Gedebou and Alebachew Tassew,1982},

All Shigella strains in this study,and almost all reported
by others, have heen sensitive to trimethoprim~sulphamethoxazole
(Byers et al,1976; Macaden et al,1980; Afeworki Gebreyohannes
and Yetnebersh Limeneh, 19803 lessele Cedebou and Alebachew Tassew,

1982). Trimethoprim-sulphamethoxazole has also been clinically
demonstrated to be more effective than ampicillin in the
treatment of shigellosis {Chang et 2l,1977; Nelson et al,1976),
The high frequencyvgg vitro multiple drug resistance, bLutl
gensitivity to trimethoprim-sulphamethoxasole in this study
supported the view of others(Messele Gedebou and Alebachew
Tassew, 1982) that this drug should be the choice for
treatment of shigellosis, particularly in regions with strains

of high frequency of multiple drug resistance,
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As in reports from several other countries(Bassetti et al,
1978, Wamola and Mizra,1981: Hgssele Gedebou and Alebachew

Tassew, 1981) a hip' percentage of _Salmonella sirains in this

study was suscebtible to chloramphenicol, gentamicin,kanamycin,
polymyxin B gnd trimethonrim-sulphamethoxazole, Despite the
wide use of chloramphenicol for treatment of suspected
salmonellosis din this country, there has not been any resistant
strain of 3,ty»hi in this study, or that reﬁorted by lecsele
Gedebou and Alebachew Tassew(1981), However, chlorampbtenicol
resistance was detected here in Group C strains(SB%) but in =a
much lower frequency than that(gs%) reported by Messele Gecebou

and Alebachew Tassew(1981),

The frequency of resistance of Salmonella strains to one or

more antimicrobial agents(31.1%) in this study was much lower

than that (79.@%) roported by Messele Gedebou and Alebhachew Tassew

(1981). A higher frequency of resistance to one or more drugs
was also reported by Gaffodio gt gi(1979) from Italy, Pojnhotra
ot a1(1980)from India, Iwm et al(1978) from Hong Fong and Mered
et al(1977) from Algeria,

Out of the eleven drugs tested, single resistance was found
only against sulphadizazine and cephalothin(z.z%) (Table 4}.
Thig was in contrast with Messele Gedebou and Alebachew Tassew
(1981), where a higher percentage of resistance was renorted to

streptomycin and sulphadiaszine(24,2%),

The freguency of multiple antimicrobial resistance of
Salmonella strains in this study(26,7%) was much lower than the

47% by Gaffodio et al{1979) in Italy, Uh1,2% »v M assele Gedebou
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and Alebachew Tassew(1981) in Ethiopia, but higher than the

15% of Schroeder et .al(1968)in the U3LA,

The resistance patterns of Salmonella strains in this study
were generally different from those of other reports(Koshi,
19813 Hessele Gedebou and Alebachew Tassew,1981). The most
common yesistance pattern of Group C strains, resistance to
ampicillin, carbenicillin, cevhalothin, chloramphenicol,
kanamycin, streptomycin, sulphadiazine and tetracycline(17.8%),
was also reported by Messsle Gedebou and ilebachew Tassew(1981).
However, their most common resistance pattern was streptomvein
/sulohadiazine (24.2%) or sulphadiazine only (2hi,2¢), Comparing
the findings in the studies,_one wﬁuld note that the frequency
of multiple drupg-resistance in Group C strains has increased
from 7.3% to 17,8%.

The attempt to isolate Y.enterocolitica was not successful

in this study, A possible reason could be the limitation in
the technique of dsolation, As indicated earlier, all plates
were voutinely incubated at room temperature or at 2800. Thus

Y.enterocolitica which did not grow at 35—3700 could have been

missed, Samadi et 2&(1982), using better isolation and
enrichpent technigues, had also attempted to isolate this
pathogen from patients with various systems of yversiniosis and
from animals believed to be natural reservoira, They did not

isolate any Y.enterocolitica,
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RECOMMONDATIONS
Based on this study, the feollowing recommendationg are macle,
1. FPuarther mpore extensive investigations sghould bhe
undertaken in order to determine the other cause of diarrhoea as

wvell, BShigella and Salmonella obvicusly are not the onlf

aetlological agents, as these organisms were not involved in

about 86% of the éases‘ Thus other bhacterial, viral and

parasitic agents in diarrhoea, their seasonal prevalence and - »ro
degree of dimportance at the different age groups should also be
determined, The investigation on the prevalence of Y.entero-—
colitica should particularly be made using better enrichment

and isclation technigques, Such studies should attemnt to cover

the different parts of the country,

2. Since the establishment of bacteriological laboratories
in all hosvitals and health centers at present seems unatiainable,
regional reference laboratories should be eatablished at wvarious
places throughcwt the country. These laboratories ghould
foliow the patterns of aetiology of diarrhoeal disease, and the
drug resistance patterns of the aetiological agents, in their
respective regions and inform health georsonnel for the necessary
measures,

3, Personal hygiene and envirommental sanitation should ke
observed, Lack of these two factors is the main cause of
diarrhoeal diseases in a developing country lilke Ethiopia,
Parsonal hygiene and environmental sanitation can be attained
by(a)} giving appropriate health education through the various

mass organizations,(b) arranging safe sewage~dispnosal asysteina
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and (c) supplying ecasily available potable water to the
population,,

i, Diarrhoeal diseases in adults are generally self limited.
Chiemotherapy, therefore is not advisable, and treatment, when
necessary, should be baged on oral therapy(oral glucose-
electrolyte~solution) at all ages(Cash,1972), The value of
this treatment lies in 1ts potential For wide availability,
simplicity of use, safety,and low cost, TIf chemotherapy
becomes indispensable, then culture data should be obtained
before hand,

5. At present, the public has an easy access to all antibio- o
tiecs and this has resulted in an indiscriminate use of these
drugs, To control this drug abuse, a national policy for drug
sale , where medical prescriptions are essential for the

selling of drugs, should be enacted,
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