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Abstract 

Out of 552 ratients investigated 410 (74.2%) harboured 

one or more p,astrointestinal infectious agents. Among these 

61.2% had sin~le infections. Of the sing18 infections, the 

narasites ~i8re dominant i.e. E. ,histolytici'!, accounted for 

53.8%, Ascaris lumbricoides for 19.1%, !. !richiura for 19%, 

G. lamblia for 5.2%, strongyloides stercoralis for 4% and 

hookworm for 3.5%. Bacterial infections constituted small 

pro[1ortions i.e. ,SbiE..ella sp 3.5% and?almonella tl'.rb,i 0.8%. 

Estimation of intensity of infection involving the intestinal 

helminths showed A. lumbricoides and T. trichiura to be light 

infections, \~hile hookworm infections were heavy. Among the 

multirle infections 31.5% were double, 6.6% triale and 0.7% 

quadruple. Most frequent among the double infections were 

those ~Iith ~. ~lstolytic,a and '2' lumbricoides (30.2%), 

T, triohiura and g,' ~olvtici'! (17.1%), 8. l~icoides and 

1. trichiura (14.7%) and .E. hl!tolytica and Ship:ell~ sp. 

(12.4%). Similarly, 70.4% of the triple infections were 

combinations of E •. ~istolytica, A. lumbricoides and T. trichiura. 

In all, multiple infections are more common than single 

infections. Out of the 285 patients with diarrhea, 234 (82,1%) 

had parasitic and/or bacterial agents diaf,nosed, Among these 

56% had single infections while 34.6% had double, 8.1% had 

triple and 1.3% had quadruple infections. In the single 

infections .E. b,istolytic~ accounted for 61.8% and G. lamblia 

for 8.4%. Similarly, A. lumbricoides constituted 11.5%, 

T. trichiura 5.3% and S. stercoralis 4.6%. Likewise 

§higel!a was associated with 6.9% and Salmonella with 1.5% 
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of the cases. Most common combinations of the double infect­

ions were E. histolvtica and A. lumbricoides (30.9%), 

E. h.!§J.91yt.i,9!l and SJ.l!.&Ell1~" (19.8%) and E. histolytica and 

T. trichiura (16%). Furthermore, in 84% of the diarrheal 

cases with multiple infections. !. histolytlca occurred in 

combination with one or more aRent~. A feneral tendency 

for the proportion of,patients with below normal levels 

of haematocrit and total serum ~rotein arneared to increase 

as the number of types of infectious agents in the same 

individual increased. 



Introduction 

Gastrointestinal infectif'ns cc;nstitutn an imr:lortcJnt 

nublic he31th r.roblem to the majority of the wQrld's 

population. They primarily affect children, the aged 

and the malnourished. The global prevalence and intensity 

of human gastrointestinal infections show considerable 

variations in distribution snd seasonal occurrence, 

because of geographical and climatic factors and human 

activities. The magnitude of the problem is profound in 

areas of the world with reduced economic development, where 

there also exist a greater reservoir of enteronathogens and 

a larger susceptible popUlation with nutritional deficiencies. 

Wherever there exists a high prevalence of gastrointestinal 

infections, living conditions are characteristically poor. 

Thus gastrointestinal infections represent a large and serious 

medicsl and public health problem in the developing countries, 

particularly in the tropical regions (WHO, 1987a). The impact 

of these infections on health conditions, particularly on 

children's growth and development, as well as on the working 

capacity of adults and on the social costs of medical 

assistance create great set backs to social welfare and 

progress in these areas. 

most 
The~important parasitic and bacterial infections of 

the gastrointestinal system include Entamoeba histolytica 

Giardia lambli.a, Ascaris lumbricoide.~., IE.icl~~E.!.S. trichiura, 
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strongyloides s~E.92!'!l.!.i~ and hookworms among the oarasites 

(WHO, 1987a) and .§higella and Sal~~lla species (~JHO, 1980b) 

among the"la.teria. 

Human infections with ~. histolytica have aworld wide 

distribution (Martinez-Palomo, 1987) although the prevalence 

is highest in the tropics and subtropics. Humans are the 

main reservoir and source of infection, although some other 

primates can be infected (DuPont, & Pickering 1980a). The 

prevalence of human infection varies greatly, ranging from 

as low as 2% to as high as 60% in many areas (WHO 1980a). 

Amoebiasis is a major health problem in certain parts of 

Africa, Asia and Latin America, where inadequate sanitary 

conditions and the presence of highly virulent strain! w~ 

~. histolytica may combine to sustain a high incidence.jF 

intestinal and hepatic infections. In Ethiopia a wide 

distribution cf ~. histolytica was reported by several 

investigators (:orrey, 1966, Lemma et al., 1968) McConnel 

and Armstrong, 1976), who recorded prevalence rates ranging 

from 3% to 55%. 

On a global scale E. ~istolytica infections are 

the third commonest parasitic cause of death (Martinez­

Palomo, 1987). ~Jalsh. (see, Martinez-Palomo. 1987) estimated 

that in 1981 probably 480 million people globally, carried 

g. histolytica in their intestinal tracts, 34-50 million 

developed invasive forms severe enough to disable them for 
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several days and 40,000-10'. 00 died that year as a 

consequence of the infection. In countries where amebiasis 

is an important health problem, the majority (approximately 

90%1 of individuals I'lith colonic E .. h.i.2tolYl.i£a. infections 

are carriers, while the remainder have invasive intestinal 

amebiasis (WHO, 1987al. 

Transmission of E. l'jstoly~ica is by the faecaloral 

route. Food or drink contaminated with faeces containing 

cysts of E. histolytica is a common source of infection 

(Beaver, et ~!., 1984). Food or drink may become contaminated 

with cysts of ~. histolvtica due to a polluted water supply, 

unclean handling by infected individuals, droppings of 

flies and use of human excrement as fertilizer in vegetable 

gardens. 

Excystation of the in~ested cyst occurs in the lower 

ileum and colon. The motile trophozoite of E. h.!.13tolyt~ca 

lives in the lumen of the large intestine. where it 

multiplies and eventually differentiates into cysts which 

are in the faeces and are responsible for transmission of 

infection. Two forms of amebiasis are recognized: luminal 

amebiasis, where no clinical signs and symptoms are 

apparent, and invasive amebiasis where the trophozoites 

invade the intestinal mucosa to produce dysentery or 

ameboma, and can spread in the blood to give extra­

intestinal lesions such as liver abscess (Martinez-Palomo, 
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1957). Invasive amebiasis frequently causes an exudative 

type of diarrhea. due to inflammation and ulceration (W~IO. 

1950a). the result of which i8 an outpouringof serum proteins. 

blood and mucus into the lumen of the bowel. Invasive amebiasis 

is thus clinically characterized by acute dysentery with 

bloody mucoid stools. Colicky pain and rectal tenesmus. 

Although all ages are susceptible. including infants and 

the elderly. the age groups with the highest incidence of 

infection and clinical symptomatology are the third through 

the fifth decades (DuPont & Pickering 1950). 

Giardiasis is one of the most commonly diagnosed 

intestinal protozoan infections. Although the percentage 

of asymptomatic infections is high, giardiasis is a frequent 

cause of diarrhea. 

The causative agent, Giar~.ill l~m!!.1.ia. has a worldwide 

distribution (DuPont and Pickering 1950b). Globally, prevalence 

rates range from less than 1% to more than 50%. depending 

on the geographical location and the prevailing mode of 

transmission (WHO, 1957a). It has been estimated that 

about 200 million infections occur per year in Africa, 

Asia and Latin America (WHO 1957a). In Ethiopia, prevalence 

rates ranging from 3% to 23% have been reported (McConnell 

and Armstrong 1976). The infection is. typically. more 

prevalent in children than in adults and more frequently 

affects children of large families. 
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Transmission of G. _l_a_m_b_l_i_a_is by viable cysts, that 

are swallowed together with contaminated food and water 

(WHO, 1907a). However, in some circumstances it ismore 

likely that intimate contact of an infected individual 

with an un infected individual is the usual mechanism 

(Beaver et al., 1984). ~~~i? lamblia cysts survive 

for two months in water and are resistant to routine 

chlorination. After ingestion, excystation takes place 

in the upper small intestine and trophozoites are 

released. In the infected person, the tronhozoites 

repeatedly multiply and line the small intestinal 

mucosa. Trophozoites do not invade the tissue~ but 

feed on mucus secretions. The intimate contact of 

the sucking disc with enterocytes can damage the 

microvilli and fuzzy coat and reduce the activity of 

the brush border enzymes (WHO, 198oa). The most severe 

pathological conditions in patients with f.iardiasis is 

malabsorption, which results from direct toxic effects 

of the parasite on the small intestine enhanced bacterial 

colonization and general protein-energy and folate 

deficiency (WHO, 1981). Disaccharidase deficiency and 

defects of vitamin B12 have also been described in 

patients with giardiasis (DuPont and Pickering, 198ob). 

In developinr. parts of the world, malnutrition contributes 

to the pathogenesis of giardiasis, and improvement of the 

nutritional status usually corrects the associated 

pathogenesis. 
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Gastrointestinal helminths constitute one of the 

most common and important parasitic agents of mankind 

and Bre responsible for much of the morbidity and 

some mortality. Not only are they common and widespread 

in populations throughout the world, but, they are 

frequently chronic and occur throughout the life-time 

of an individual (Wakelin, 1S~3). 

Helminth infections of the human gastrointestinal 

tract are anually responsible for 70,000 to 100,000 deaths 

throughout the world (Walsh and Warren, 1979). Of these, 

the intestinal nematodes, A~c~.E'is .1umbrico~des, hookworms 

<'F:n.c:ylo.stoma d~~enale and Necator americanus) and 

Trichuris trichiura are the most common. Estimates of 

the global prevalence of intestinal soil transmitted 

nematode i nfec t ions are 1000 mi 11 ion cases for A. l~mbrico id~, 

900 million for hookworms and 500 million for T. trichiura 

WHO, 19S7a). 

Nutritional impairment is often associated with 

chronic intestinal helminthiasis that cause protein-

energy malnutrition, iron-deficiency anaemia and vitamin 

A deficiency. The direct host food consumption by the 

parasite is not likely to be of significance nutritionally. 

However, if the host is feeding on an inadequate diet, any loss 

of food to the parasite must contribute to malnutrition 

( C romp ton, 1 9 S 6 ) • 
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The occurrence of multiple infection in the same 

individual with different intestinal nematodes is common 

and indivi~ als who are predisoosod to heavy infection 

~Iith one species of intestinal nematode ,are also more 

likely, on average, to harbour heavy burdens of other 

species present in a community (Haswell-Elkins, et al., 

1987). This partly is due to the gastrointestinal 

helminths explo' ~ion of the feeding behaviour of their 

hosts . 

. I\scaris lumbrico~. occurs throughout the world 

with the highest prevalence in the developing parts. 

As the most prevalent human parasite in the world it 

is believed to infect 1000 million people globally, of 

which about 155 million cases are in Africa (Crompton 

and Tulley, 1987). In Ethiopia, Sioum et aI., (1 981) 

reported ~revalence rates ranging from 12.1% to 65.1% 

in children in Addis Ababa, while Lemma et al. (1968) 

recorded ~revalence rates of 52.7% and 23.3% at Addis 

Ababa and Oebrezeit, ~espectively. Shibru and Teklemariam 

(1986) reported infection rates of 43.7% in the different 

administrative regions. 

A. l!:!.ll1bric£!~.e.s. is transmitted by ingestion of 

infective eggs from contaminated food or water (Cook, 

1986). An adult female residing in the gut of the 

infected person produces, on average, about 240 000 
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eggs per day (WHO, 19B1), which counterbalances the 

heavy losses in viability and infectivity of these 

egr s in the environment. The eggs develop in the 

soil within 2-3 weeks under optimal temperature, oxygen 

and moisture conditions. Egrs in clay or heavy loam soil, 

are protected against desiccation and freezing and from 

heat and the direct rays of the sun, remain infective for 

several months or possibly a fe~1 years (Beaver at al., 

1984). The level of transmission of A. lumbricoides 

from the soil to man depends more on socio-economic 

factors than on physical ones. The main factors 

seem to be high density of the human population, 

illiteracy and [Joor sanitation (ImO, 19B1), !larticularly 

when people defecate indescriminately around human 

settlements, 

The host/parasite relationship in ascariasis is 

characterized by a high degree of tolerance, unless the 

infection is heavy or the intake of nutrients by the 

host if" .·~,sdequErl;e. The pathogenic effects are mainly 

due to im~une reactions of the host, mechanical effects 

of the adult worms and the effects of adult worms on 

the host's nutrition. 

Ascariasis is associated with significant nutritional 

impairment, which is more or less rroportional to the 

worm burden. Infections with less than 5000 eggs !ler 



~ 9 -

gram (epg) of faeces is known to be light, while infections 

with over 50,000 erg represent heavy infections (WHO,1987a), 

The presence of the adult stages of A. lumbricoides in 

the human small intestine is associated with impaired 

nitrogen balance, accelerated mouth to caecum transit 

time, lactose maldigestion and reduced absorption of 

vitamin A (Crompton. 1986: ~IHO. 1987a). 

Trichuris trichuira is an intestinal nematode and 

belongs to the grouD of soil~transmitted helminths. 

!. ~richiura is present throughout the world. but is 

more abundant in the humid tropics. In some tropical 

countries the prevalence rate is over 90%. in others 

it is frequently between 30% and 60% (I')HO. 1981). It 

is found almost in every communitv in Ethiopia (McConnell 

& Armstrong. 1976): Sioum et al., 1981, Tesfamichael. 1983). 

T. tEich~a has a simple life-cycle. \~ith the egg 

serving as the infective stage~ The adult worms survive 

firmly attached to the epithelial lining of the large 

intestine, with the caecum being the most affected region. 

Each female worm is estimated to produce from about 2000 

to 14000 eggs per day (WHO. 1987a) and these leave the 

host in the stools and contaminate the human environment. 

Under suitable conditions, infective larvae develop inside 

the eggs in about 3 ~geks and some may retain their viability 
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for months" T, trichiura most frequently infects people 

between 5 and 15 years of age (Cook, 1986). 

The morbidity associated with trichuriasis is due 

to the worm's mode of attachment to the wall of the 

large intestine. Each ~lOrm has a thin anterior part, 

with which it burrows into the intestinal wall, where 

it feeds on the intestinal tissues. This feeding 

activity of the adult worms is known to cause faecal 

blood loss from the host at the rate of about D.005m1 

per worm per day (Crompton, 1986). 

Pathology due to ~£i~h.~ri~ is a function of the 

intensity and chronicity of infection. With heavy 

infections bloody diarrhea with hypochromic anaemia, 

hypoa1buminaemia, anorexia, abdominal discomfort and 

weight loss are reported (Crompton, 1986). Diarrhea 

is assumed to be due to impaired water reabsorption 

in the colon, resulting from the lesions caused by 

parasite attachment. Chronic impairment of the host's 

nutrition status is suggested when diarrhea, hypoa1buminaemia 

and iron deficiency are observed in association with the 

presence of the parasite (WHO. 1987a). 

Trichuriasis is fre~uent1y found to occur concurrently 

with Ascaris and hook\'IOITn (Buck et a1., 1978b). The 

association of dysentery with trichuriasis does not of 

itself show that trichuriasis directly causes the colitis. 

Associated amebiasis and bacterial dysentery may be 
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important too (Gilman et al., 1983). 

The adult stap,es of the blood sucking nematodes, 

!lncylostoma duodenale and NB9ator americanus, are found 

attached to the mucosa of the small intestine of people 

livinc in the tropical and suhtrorical countries. Both 

species are found in Ethiopia (Armstrong and Tadesse, 

1975). Shibru and Leykun (1985) studied the distrihution 

of hook\~orm in various regions of Ethiopia. Both species 

were found in localities with sandy clay loam, or sandy 

loam soils, but only !:I!l.c!:l.~oF was found on more sandy 

soils. Infection rates tended to decrease with decreased 

altitude, 

The life"cycle of hook worm is direct and begins 

with the eggs being released by the female \~orms into 

the lumen of the small intestine and passed outside 

in the faeces. One female A. duodena Ie produces about 

3000 eggs, and one female N. americanus about 9000 eggs, 

per day (WHO, 1981). The embryo within the eggs develop 

rapidly under optimal moisture, warmth and oxygen. Skin 

penetrating third-stage larvae are formed within 5-10 

days after the deposition of the eggs (WHO, 1987a). 

Infection occurs when larvae enter the body through 

the skin, most commonly through the feet. 

The pathogenicity of hookworms is closely related 

to their mode of feeding (WHO, 1987al. They attach 
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themselves to the villi, which are sucked into the worm's 

buccal cavity, causing microscopic blood and serum 

protein loss but not significant enterocyte damago 

(Cook, 1986) Thus the clinical picture in advanced 

disease is dominated by iron-deficiency microcytic 

anaemia and hypoalbuminaemia (l'JHO, 1981). Rate of blood 

loss for N. americanus and A. duodena Ie iso' the order 

of 0.03 to 0.05ml and 0.16 to 0.34 ml per worm per day 

respectively (~iHO, 1901). Clearly. the derree of anaemia 

is dependent on dietary iron content, body iron reserves and 

intensity and 'duration of infection (Cook, 1986). Hookworm 

infection must, therefore, be considered an important 

factor in tho aetiology of tropical iron deficiency 

anaemia and this has implications for young children. 

pregnant women and the health @Mq productivity of adults 

whose ,livelihood and contribution to the economy depend on 

hard work . 

.s.trongyloideE; siercoral is is a soi 1 .. transmitted 

intestinal nematode causing infection in the human 

duodenum and jejunum. Man is the main host of S. stercoralis, 

but the parasite has also been reported from dogs and 

a[les (HHO, 1980a). ?,' stercora lis is widely distributed 

in the tropics and subtropics in areas of poor sanitation. 

In Ethiopia it is commonly found in the same geographic 

areas as hookworms. S. stercpralis infectjons were reported 
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from 41 out of 50 study communities in the central plateau 

and prevalence ranged from 3% to 44t (McConnell and 

Armstrong, 1976). 

Infection occurs when third-stage larvae, which 

have developed in the soil contaminated by human faeces, 

penetrate the skin. Parthenogenetic adult females 

develop and live in the epithelium of the jejunal 

mucosa, The females release eggs from which larvae 

emerge while still in the small intestine. Larvae 

reach the external environment and develop into 

infective third-stage larvae. Sometimes the larvas 

become infective before they are passed out, leading 

to autoinfection (Beaver et al., 1984). 

Disease symptoms due to S. ste~cora1.is include 

diarrhea alternating with constipation, weight loss, 

anorexia and vomiting (Onile et aI" 1985). Malabsorption 

and associated lesions in the mucosa of the small intestine 

may also occur (WHO, 1987a). 

The endemicity of Schistoso~a m~nsoni in Ethiopia 

is now well established. All administrative regions 

except Bale, have one or more endemic foci of S. m~n~ 

(Teklemariam, 1982)1 the four northern regions of 

Ed trea, - -_ -- "', G-' -'- ::' ,. d \"ello boeing the most affected 

(La et al., 1988), with prevalence rates of 10% and higher. 



The transmission of §.. rn~n~orli depends on the 

sanitary disposale of faeces. the availability of the 

appropriate intermediate hosts and the exposure of man 

to the infective stage. The adult worms live in the 

veins of the small intestine and lay egp.s. The extruded 

ova and the effects of the young and adult worms are 

responsible for the pathological changes associated 

with schistosomiasis. 

Gastrointestinal helminthic infections also include 

cestodes 

latum, acquired by ingesting raw or uncooked meat or fish 

and Hymenolepi~ nana, transmitted by ingesting eggs 

eliminated in the faeces of the infected person. 

Among the bacterial gastrointestinal pathogens are 

members of the genus Shigella. This genus is composed 

of gram-negative, non-motile bacteria that belong to 

the family ~nterobacteria~eae and the tribe Escherichiae. 

The genus is subdivided into four subgenera or subgroup, 

§.. dysenteriae, §. flexneri, §.. boydii and S. sonnei, 

according to their biochemical reactions (Edwards and 

Ewing, 1972) Shigellae are aerobic. or facultatively 

anaerobic, and their optimal temperature for growth is 

37 0 C. With the exception of certain biotvpes of S. flexneri 
. .'- ----

6, visible gas is not formed from fermentable carbohydrates. 



According to Edwards and Ewing (1972), members of the genus 

~higella do not produce hydrogen sulfide in triple sugar 

iron (TSI) agar nor in media that possoss a similar level 

of sensitivity. They do not gro~;;,'Simmon's citrate agar._ 

do not hydrolyze urea and do not decarboxylate lysine. They 

fail to produce acid from salicin, adonitol or inocitol. 

Only S. ~~i, and cultures of S, b£ydii 13, are known 

to possess an ornithin~ decarboxylase system. Strains of 

S. s~nei ferment lactose upon extended incubation. but 

other species do not utilize this substrate in conventional 

media. 

According to WHO (1987b) dysentery and diarrhea 

caused by §higel~a have a global distribution and are 

major public health problems" with high morbidity and 

substantial mortality in most developing countries. 

Shigellosis has been reported from hot and humid 

tropics to the arctic climates (Ra~ama. 1984) 

In Ethiopia a number of studies on the genus 

?hig2~a have been made. The common serogroups were 

identified (Afeworki and Yetnebersh, 1980. Mesele and 

Alebachew. 1982). These studies found S. flexneri to 

be the most frequently isolated species. ~. dysenteri.ae 

is second in frequency of isolation, followed by S. ?oydii 

and S. sonnei. Serogroup distribution in urban and 

rural areas is comparable for S .f!~ner~, S. ?ysenteriae. 
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i, 
L 

and S. s~~El,i, while S. boydii is more common in urban 

centers (AfevJOrki and [yasu, 1954), The predominance 

of S. £lex~.§.ri in developing countries is vlell known 

(\·JHO, 1980b Rahama, 1984). Likewise, the prominence 

of S. i~flElrl in Ethiopia has been confirmed (Afeworki 

and Yetnebersh, 1980, Mesele and Alebachew, 1982. Afeworki 

and Eyasu, 1984) and this indicates that ? !~e~n~~l is 

the predominant aetiological agent of Shigellosis in 

Addis Ababa and in rural areas. 

Infection is by the faecal-oral route and the most 

common mode of spread is by person-to-person transmission, 

owing to the low infection dose, 10 100 organisms (WHO, 

1980b), Endemic Shigellosis is closely associated with / 

poverty, overcrowding, poor sanitation, water sources 

inadequate in quantity and quality, and malnutrition. 

The incidence of infection will, therefore, vary with 

the level of sanitation • 

• 'ith the advent of economic prosperity, and the 

consequent improvement of water supplies and sanitation, 

Shigellosis has ceased to be a threat in industrialized 

countries. However, even in these countries, occasional 

outbreaks still occur, mostly caused by §. sonnei. 

Shigellosis caused by S. £lexneri is often encountered 

in less-developed countries with unclean water supplies 

and poor sanitation (Rahama, 1984), 

, 

, " 
\ 

, .1 
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Probably the most imoortant nroperty of Shigella . , . ---. 
species that determines their viru lence is their ability 

to penetrate epithelial cells (Dupont et a!., 1~72). This 

process leads to epithelial cell death, mucosal inflammation 

and epithelial ulceration and haemorrhage (WHO, 1987). 

Enterotoxin is now believed to be a second factor in 

virulence (WHO, 1980b). causing secretory diarrhea without 

histological damage and marked inflammatory cell migration 

in the lamina propria, epithelial cell death, microulcer 

formation and exudation of leucoc~tes into the bowel lumen. 

The clinical manifestations of Shigellosis generally 

include frenuent passage of stools containing blood and 

mucus, fever, abdominal pain and tenesmus (WHO 1987b). 

The illness usually starts with watery diarrhea followed 

after 24-48 hours, by the appearance of blood and mucus 

in the stools. Loss of plasma protein through the gut, 

leading to hypoproteinaemia; is a common feature of acute 

shigellosis (Rahama, 1984), Association of malnutrition 

and shigellosis is frequently seen in developing countries. 

The genus Salmonella is composed of motile, gram­

negative bacteria that belong to the family Enterobacteriaceae 

and tribe Salmonellae. S~l~llae grow readily on ordinary 

media, since they are not fastidious, but do not ferment 

lactose, sucrose or salicin. Lysine, arginine and ornithine 

are decarboxylated. They form acid, and usually gas. from 

glucose, maltose and mannitol (Edwards and Ewing. 1972). 
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In general, salmonellae can be differentiated from other 

Enterobacteriaceae by virtue of their indole negativity, 

inability to ferment lactose and urea and production of 

H2S in triple sugar iron agar or Kli~ler's iron agar. 

All salmonellae produce an alkaline slant and acid butt. 

~almonel).a.. species other than s. typhi produce gas in 

triple sugar iron agar and are much more likely to produce 

The three species recognized in the genus Salmonell~ 

are ~, choleraesius, S_,_t,l!.p!2i and S, enteritidis (Ed~~ards 

and Ewing, 1972), About 2000 serotvpes are known (WHO, 

1980b), These serotypes can infect a wide range of 

warm-and cold-blooded animals, The primary reservoir 

for salmonellae are the intestinal ,tracts of mony 

animals, 'including birds, farm animals and reptiles 

(Volk, 1978) Humans become infected through the 

ingestion of contaminated water or food, ~!ater becomes 

polluted by the introduction of faeces from any animal 

excreting Salmonellae, Infection via food usually 

results either from ingestion of contaminated meat or 

via hands which act as intermediates in the transfer 

of salmonellae from an infected source. Because humans 

can become asymptomatic carriers of salmonellae, infected 

food handlers are resnonsible for the spread of these 

organisms. 



/ 
- 19 -

The general types of infections which may be 

caused by salmonellae usually are grouped into three 

categories: enteric fever, septicaemia and gastro--

enteritis. Gastroenteritis is the most common type 

of Salmonella infection. §_almonelloll gastroenteritis 

is a common problem in all areas of the world, regardless 

of economic development. It has been an even greater 

problem in developed countries, where, mass-production 

and distribution of food nroducts has occurred. Among 

the non-tyrhi Salmonella species S. concord and S, typhimurium - --- - ---- -
have been reported in Ethiopia (Afeworki, 1985). Gastro­

enteritis may be caused hy anyone of the thousand serotypes 

of S,a.1n19ne 11a (Vol k, 1978) and it is characterized by the 

fact that organisms remain localized in the gut. On average, 

symptoms occur 10 to 28 hours after ingesting contaminated 

food and headache, abdominal nain, nausea, vomiting and 

diarrhea may continue for two or four days (Volk, 1978). 

In general, gastrointestinal infections are often 

associated with poverty, illiteracy, poor sanitation 

and high risks of exposure to environmental hazards. 

These factors are also essential determinants in the 

epidemiology of a variety of infections, with quite 

different aetiologies. Such conditions are conducive 

for the occurrence of multiple infections in people. 

In many regions of the world, individuals are found 
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to harbour different species of helminth parasites 

concomitantly. This is especially true for the intestinal 

nematodes, A£~aris, 1::::.L~,hu£i!3,' hookworms and ~,!],terobius 

(Haswell Elkins et a1., 19B7). !I~i~., hook~Jorm 

infections and trichuriasis commonly occur as multiple 

species infections in the "Third «lorId" (Buck et al., 

197Bb, Cook, 19B6). For examrle, about B5% of the 

population of two Somali communities were found to harbour 

sotl-transmitted intestinal nematodes and/or protozoa 

(Iladi et al., 19B7), and of these 74% had mixed infectionsj 

the most common combination heing Trichuri! trichiura 

and hookworm. 

The occurrence of multiple infections in the same 

individual is not restricted only to intestinal helminths. 

Several workers reported the occurrence of concomitant 

intestinal protozoal infections with nematodes and/or 

enteropathogenic bacteria, Giardia lamblia, E. histolytic~. 

T. trichiura, hookworm and ?trongyloide! are protozoan and 

helminth parasites most commonly found in association 

with ~sE~lumbricoide~ infections in African people 

(Crompton and Tulley, 19B7). Concurrent infections 

with T. tdchiura and ~. histolytica, and coinfection 

with Shigella and ?almonella, appear to significantly 

increase in patients with heavy!. trichiura infection 

(Gilman et al., 1~76). Up to four pathogens (including 
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intestinal protozoa, nematodes and enteropathogenic 

bacteria) were isolated from diarrheal patients in 

Bangladesh (Moyenudin et al., 1907), 

Evidence indicating interactions between the 

effects of the pathogenic agents also exist. Some of 

the interaction between the infectious agents are 

found to lessen the effects of particular infectious 

agents, while others tend to enhance its pathogenicity. 

In ascariasis and malaria-endemic areas, children 

heavily infected with A. lumbricoides were found to 

be free from malaria, whereas children treated for 

ascariasis developed attacks of malaria (Murray et al,. 

1978), Coexistence of amoebic infection and Shigellosis 

frequently occurs in the tropics (WHO, 1981) and in 

some patients. conditions aggravate each other to 

produce a mixed colitis characterized by cD~ious diarrhea, 

high fever and pronounced dehydration. A direct role 

for Salmonella in aggravating the pathogenesis of 

glomerulonephritis in patients with noncomitant Salmonella 

and Schistosoma mansoni infections has been described 

(Lamberticci et al., 1988). 

Evidence for interactions between the infectious 

agents in multiple infections also exist from experimental 

studies in animal models. Laboratory animal studies have 

revealed complex interactions between parasites and also 
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between parasitic protozoa and bacteria. In general, 

infections with many parasites is accompanied bv a 

period of immunodepression during which superimposed 

infections are favored (Cox, 1987). On the other hand, 

organisms that activate macrophages may protect the 

host against subsenuent infection with other agents. 

For example, Trypanoso~a musculi infections are enhanced 

in mice concomitantly infected with Trichinella spiralis, 

as measured by reduced explusion of adult worms from the 

gut and increased larval \'lOrm burdens in the muscles 

(Bell et al., 1984). T. musculi infections are also 

considerably enhanced in mice with concurrent infections 

of the malaria parasite. flasmodium yoelli. It has also 

been shown that immunodepression during r.yoelli infections 

coincides with peak parasitaemia and lasts for about 

10 days (Cox, 1975). Concomitant infections in mice with 

l'. be,r~b!?,i and Sa Imonell~ .. t.yphimurium have been found 

more fatal than either infection alone (Kaye et al., 

1965) and it appeared that the decreased survival time 

was related to the enhancement of malaria by the bacterial 

infection. 

Multiple infection as a widespr~ad and frequent 

phenomenon also appears to occur in Ethiopia. Shibru 

et al., (1982) found up to five intestinal helminth 

parasites per individual in age groups below 20 years. 
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Similarly, Kloos at al., (1 gSO) reflorted mul Urle infections 

mostly with two and three, but occassionally with four 

parasites, concurrently occurring in the same individual 

in farm labour po~ lations of the Awash Valley irrigation 

schemes. Infections with hookworm and Schistosoma 

!:I1ansoni., Ascaris lumbricoides and Trichuris trichiura 

were the most common combinations. Survey of intestinal 

helminthiasis in Zway, Central Ethiopia, indicated double 

and triple infections and most Df these multiple infections 

consisted of A. lumbricoides and T. trichiura (Tesfamichael, 

1983 l. 

One apparent manifestation of gastrointestinal 

infections is diarrhea. Because of its geograflhic 

Ubiquity and m ~tiplicity of aetiologies, diarrhea has 

been recognized as one of the major causes of morbidity 

and mortality in the developing countries. Diarrhea 

can be caused by a nu~ber of bacterial, viral and/or 

parasitic pathogens (Sen et al.; 1983). Among the 

bacterial and viral agents Shigella, ~almonella2 Escherichi~ 

9Eli, Campylobacter J8ju~u~ and R~irus are the most 

important (WHO, 1987b). 

Parasite-related diarrheas of public health importance 

are primarily ameobiasis, giardiasis trichuriasis, 

Strongyloidiasis, balantidiasis, schistosomiasis and 

capillariasis. Among these amebiasis, giardiasis, 
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trichuriasis and strongyloidiasis ara infections with 

a global distribution, in which diarrhcA is a common 

symptom (WHO. 1980B). In addition, although it is 

not a characteristic symptom, J iarrheB may occur in 

severe hookworm disease, ascariasis and some other 

intestinal nematodes and cestodes, 

There is not adequate information on the aetiology 

of diarrheal infections in Ethiopia, especially in the 

adult population. In a hospital-based study Mesele 

and Alebachew (1981) isolated Salmonella typhi from a 

few stool specimens. Similarly Afeworki (1985), in 

his study to determine the prevalent ?almonella species 

in Ethiopia. found §.' tYJ2hi. the predominant species 

and among the non-tYrhi salmonellae. S. ~2~~ and 

S. typhimurium predominated. 

The frequency of isolation of ?higella species 

in Addis Ababa was reported by several workers (Afeworki 

and Yetnebersh. 19S0· Mesele and Alebachew, 1982). 

These studies found ~. flexneri to be the most frequent 

isolate. ~. dysenteriae ~Ias second in frequency of 

isolation, followed by ~. b£.ydii and !>. •. sonnei. Mogesie 

(19S3) isolated thirty-five strains of ~~igel1~ (9%) 

and Salmonella (4.5%) from one thousand diarrheal 

specimens from adult out-patients in Addis Ababa 

hospitals and clinics. Based on this, he concluded 
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that .S!2igelJa and .?aHn~!2E..!}!"l. obviously are not the only 

aetiologic agents of diarrhoB in the adult population, as 

theso organisms were not involved in 56% of the caS8S. 

Among the several species of intestinal tract protozoa, 

only Entameba ~jstolytic~, 9i6rdi~ lamblia and Balantidium 

coli are incriminated as pathogens causing diarrhea. 

The first two spocies are commonly found in Ethiopia 

and the third only raroly encountered (McConnoll and 

Armstrong, 1976). 

In Ethiopia, a wide distribution of ~. histolytic~ 

is recorded. In one report, it was encountered in 55% 

of the Saysay people in tho Blue Nile Gorge in Wellega 

(Torrey, 1966). In a sruvey of 50 communities in five 

administrative regions in the central platoau, the 

rarasite was found in 94% of the communities (McConnell 

and Armstrong, 1976), \~hereas it ,~as found in onl\) 

0.5% among 465 Addis Ababa school children and among 

2.2% of 90 Dobre Zeit School children (Lemma et al., 

1 968 ) • 

The agent of giardiasis, .Q.: lamblia, is also 

widespread in Ethiopia, although with varying levels 

of prevalence. In a survey of 50 rural communities 

on the central plateau, giardiasis was oncountered 

in 98% of the communities investigated, with prevalence 
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rat8s ranging from 3% to 23% U1cConnell and Armstrong. 

1976). In 8ddis Ababa out of 468 school age children 

8.9% were found harbouring tho rarasite (Lemma et al., 

1968). 

Infectious agents in which diarrhea is a major 

symptom are, therefore, widely distribut8d in Ethiopia. 

Howev8r, wh8ther infectious diarrhea in the adult population 

is predominantly of parasitic, bacterial or of joint 

or.:l.gfn, is not \~ell establ ished. 

Although a few reports are available, 8specially on 

intestinal helminths, multiole inf8ctions by gastro-

intestinal infectious agents has not been dealt in 

any detail in Ethiopia. 

In addition to their disease effects on the 

health of people, multiple infections also enhance 

diagnostic problems which are responsible ~or gross 

errors of reporting, leaving many of the in~ectious 
I 

agents unr8cognized and lumped together with other 

ill~defined conditions. This may also entail problems 

of prescribing toxic drugs that do not serve useful 

[JUrposGs. 

The purpose of this study, therefore is: 

1. to d8fine the tyres of combinations of infectious 

agents that may be concurrently pr8sent in the adult 
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pc;. :gtion in Addis Ababa. 

2. to elucidate the effects of some of the interactions 

of infectious agents on the health of the people. 

3. to determine tho extent of involvement of parasitic 

and bacterial agents in infectious diarrhea in the 

adult popUlation of Addis Ababa. 

The study was restricted to the most frequently 

implicated parasitic ond bacterial agents. According 

to Mogesie (1983): no Yersinia entericolitica was found 

in one thousand stool specimens from adult diarrheal 

patients in Addis Ababa. With this information in mind, 

no attempt was made to detect Yersinia enterocolitica 

infoctions in the present study. Viral agents and 

Cryptosporidi~m sp. infoction could not bo considered 

in the stw y because of technical difficulties. 
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Mate~ials and Methods 

1. Collection of Specimens .. __ ~-...--_~ ______ ~"_,V __ _ 

stool and blood specimens were collected in sterile 

containers from adult patients (age 15 and above), report-

ing for medical help to the Arada and Teklehaimanot health 

centers in Addis Ababa. The study was conducted between 

August, 1988 and Apri I, 1909. These hea lth centers render 

free medical service to patients with low or no income. 

2. ~arasitological Exami~i~ 

Both the direct thin-smear and Kato thick-smear 

techniques were used to detect intestinal parasitic 

infections. 

Direct thin-smear - Direct saline-iodine smears were 

used to detect intestinal ~rotozoal-infections. In 

this, one drop of saline (0.85%) NaCl) and aqueous 

iodine solution (1% ~'nus solution of KI saturated 

with iodine crystals) were placed separately in the 

same slide. With an applicator, approximately 2mg 

faeces each was placed in the saline and aqueous iodine 

drops, and stirred until completely suspended and 

covered with 22 x 22 mm glass coverslips. The preparat-

ions were then microscopically examined under the high 

power magnification (10 x 40). 
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Kato thick-smear - The kato thick-smear technique 

(Martin and Beaver, 19GB) was used for thediagnosis 

of intestinal helminth infections. The procedure 

briefly involved transfer of about 50mg faeces to 

a microscope slide from nonfibrous specimens. For 

fibrous specimens, faeces were placed on a clean 

sheet of paper and a square of stainless-steel 

bolting cloth placed nver it. A sample of screened 

faeces was removed with an applicator stick by pressing 

the cloth into the faeces and scrapping the applicator 

across the surface of the cloth 

Faecal samples thus prepared were covered with a 

cellophane coverslip previously soaked in glycerine­

malachite green solution. The preparation was inverted 

and pressed against soft paper on a table top. The 

preparation was then allowed to stand face up for about 

1 hou r at room temperature. The ent i re fi 1m \vas exami ned 

under low power and helminth eggs quantified. 

3. Bacteriological Examination 

~ollection of specimens 

Stool specimens were collected by using "Cary and Blair" 

semisolid transport medium. This medium was inoculated with 

specimens collected on a swab and the swab was left in 

the tube, The medium is known to hold the bacterial 



Jopulation in th8 sp8cimen more or less at stationary 

stato, and to prevent overgrowth of any narticular micro­

organism' (Edwards and Ewing. 1e72). 

Culture Media 

MacConkey and Shigella-Salmonella (SS) agar 

(Oxoid, Basingstoke, Hants, England) nlates and 

Kauffmann onrichment broth (Oxoid, Basingstoke, Hants 

England) were used for orimary isolation. Similarly, 

Nutrient broth, Kligler's iron (KI) agar slants, Lysine 

iron (LI) agar slants, UroB agar slants, Simmon's 

citrate agar slants, semisolid molitity medium, mannitol 

broth and glucose broth (Oxoid, Basingstoko, Hants, 

England) were used for biochemical tests. 

Bacterial Isolation 

The stool snecimens wore brought to the laboratory 

and plated on two primary media. MacConkey and Shigella­

Salmon811a agar plates W8r8 inoculated with the swab, 

and streak8d using a sterile loop. The swab was then 

dipped and left in Kauffman 8nrichmsnt broth. All 

inoculated plates and the enrichment broth were incubated 

at 37 0 C for 24 hours. The MacConkey and 55 agar plates 

were examined for non-lactose fermenting colonies. By 

using a straight wire, a single colony was picked out 

and inoculated into about 3ml of nutrient broth. 
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Nutrient broth cultures were incubated at 37°c for 

about two hours. until growth was ascertained by 

turbidity, Kauffmann enrichment broth cultures were 

streaked on the some tyne of agar rlates used for 

primary isolation. and incubated at 37 0 C for 24 hours, 

Biochemical Reactions of Bacterial Isolates 

By using a sterile straight wire. the broth cultures 

were inoculated in the following manner'-

- KliEler's iron agar slant. to determine the fermentat­

ion of glucose or lactose and the production of hydrogen 

su lfide The butt was stabbed and the slant streaked, 

- lysine iron agar slant. to detect oxidative deamination 

of lysine on the slant and decarbosylation of lysine 

in the butt. In this nrocess, the butt was stabbed 

and the slant streaked. 

- Urea agar sla~t. to determine hydrolysis of urea, 

Simmon's citrate agar slant, to check the utilization 

of citrate as a sole source of carbon. 

- Semisolidmotilitl· medium to determine motility 

- Mannitol broth, to determine fermentation of mannitol, 

- Glucose broth with inverted Durham tube, to detect 

fermentation and gas production from glucose. All 

biochemical test culture tubes were incubated at 
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o 37 C for 24 hours. 

To check tho purity of broth inocula. and the 

reI, ability of biochBmical tests, Bach broth inoculum 

was subcultured on MacConkey check-plates and incubated 

at 37 0 C for 24 hours. 

Serogrouping - The slide agglutination test was used, 

with "Difco" polyvalent and grour antisera for sero-

grouping and confirmation of biochemically identified 

Salmonell~ sp. or ~higell~ sp., respectively. 

Haematocrit and Total Serum Protein Determinations - At 

the same time the stool samples were collected. 5ml of 

venous blood was obtained from each ratient by use of a 

sterile syringe and the blood used for total serum protein 

quantification and haematocrit determination. 

Haematocri t determinations were made by dra~ti ng 

blood sam~les into hBparinized capillary tubes (75mm. 

75ul. Hirschmann, LaborRerate, Germany) ssalBd with 

plasticine, followBd by centrifugation of the racked 

red cell volume by haematocrit reader (Hawksley, England). 

Centrifugation was [1erformed for 5 minutes in a micro-

haematocrit centrifuge (HawksIBY. England). 

Total serum protBin was determined by the Biuret 

method (Kaplan & Szabo 1983), Briefly. 5ml of venous 

blood obtainBd from thB ratiBnts was transfBrrBd into 
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ontically clear glass vials and incubated at 37°C for 

about two hours to extract tho sorum. The serum was 

ldrawn out with oastour nipsts and the remaining coagulate 

centrifuged at 1000 r~m for ten minutes, using an 

Angle Head centrifuge (Gallenkamp, England) to oxtract 

as much serum as rossible. The serum was stored at 

20 0 e until assayod, or the assay was conducted immediately, 

to determine the total sorum protein. In the assay, 

2.5 ml of biuret reagent (3.0g CuS0 4 .5H20) dissolved 

in 500 ml freshly distillod water tc which 9.0g KNa 

tartrate. 4H20, 5.0g KI and 100ml of 6M NoOH was 

added. and diluted to 1l) was pipetod into Tost series 

of tubes and a 2.5 ml biurot blank (9.0 g KNatartrate. 

4H 20 and 5.0g KI dissolved in 800 ml water, to which 

100ml 6 M NooH was added and diluted to 1l) into Blank 

series of tubes, each in triplicate. 50111 of soecimen 

(sorum or protein standard) was pireted into one of 

each series and thoroughly miXed, Reagent blanks were 

prepared by piooting 50~1 of distilled water into 2.5ml 

of biuret reagent. All test and blank series tubes were 

incubated at 37°e for 10 minutes. Absorbance was read 

at 540 nm by using a Spectronic 21 soectronhotometer 

(Bausch and lomb, USA) following zeroing with biuret 

blank and absorbance reading of the blank series. 

To obtain the absorbance values of the test series, 

absorbance valuos of both reagent blanks (Arb) and 
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sample blanks (Asb) were subtracted from the corresponding 

ubsorbances obtained for tho test series. That is, 

Anet • Ates(- (Arb + Asb ) rrotein concentration in 

grams per deciliter was thus calculated as, g/dl' AunetX C 

Asnet 

Au net and Asnet absorbance of s~ecimen and standard, 

respectively C • concentration of standard gdl. , 

statistical Analysis 

X2 analysis was used to test the association 

of diarrhea with infection, and possible disease 

implications in mUltiple infections. Similarly 

Sooarman's rank correlation coefficient was used 

to comparo ~atterns of double infections in the two 

sexes. 
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Results 

Based on the parasitological and bacteriological 

examinations of the stool soecimens, 9 tyoes of parasitic 

or bacterial agents that are implicated in causing gastro-

intestinal diseases were detected. in 410 (74.2%) of the 

patients. Tho most common gastrointestinal infectious 

agents diagnosed, and the frequency of their infection 
(' 

rates, is shown in Figure 2. Among the 410 positive cases, 

251 (61.2%) had single infections, The "arasites involved 

as single infections wore arimarily Entameba histolytica 

(53.8%). Ascari~ .!-umbricoid~s (19.1%), Trichuri~. trichiura 

(10%) ~iaRc!i8 l.<:!mbliil (5.2%), .strongyloides stercoralis 

(4%) and Hookworm (3.5%). Among the bacteria, Shigella sr 

(3.5%) and Salmonellil. t..Y£hi (0.8%) were identified as 

single i~fections. 

Estimation of intensity of infection with the 

gastrointestinal helminths was based on the amount of 

egg load in the stool. Egg counts for ~.lumbricoide~, 

T. trichiura and hookworms ranged from 80 to 7280, 40 

to 880 and 160 to 2240 per gram of stool, respectively. 

This showed that A. lumbricoides and T. trichiura - -
infections were light in all positive cases, while 

hookworm infections aareared to be heavy. 

Among the pathogenic Enterobacteria~, Shigella 

and Salmonella were the two ~en8ra considered in the 
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study, as they most commonly are implicated in causing 

diarrhea in the adult rorulation. It \1aS determined 

that infection rates with Shig811~ were higher when 

compared with SRXmon,e,Ua rates of infection (Table 1). 

Among the .?higell~ sp., §. flexneri was the most common 

isolate follovled by §. d:(senteria{3. and then by §.. boydii. 

However, no S, sonnei infections were encountered. 

§.. typhi was the only species encountered among the 

Salmonella isolates. 

Among the 410 individuals found rositive, 39% 

wore found to harbour more than one infectious agent, 

Most prevalent were double infections consistin~ of 

more than one rarasite and bacteria. Among the mUltiple 

infections 31,5% were double, 6.6% triple and 0.7% were 

quadruple infections (Table 1 and 2), 

Most frequent among the double infections are 

those with E. histolytica. and ~, lumbricoide§., E. bistolytica 

and 1. trichiu~l A. ~umbricoides and I. trichiura, and 

~. histolyt!ca and Shfgella sp. representing 23.4% of the 

total infections (Table 1). Similarly, 70.4% of the triple 

infections consisted of a combination of E. histolytica, 

A. lumbricoides and T. trichiura, which were the three 

most frequently encountered rarasites (Table 2). Cases 

of Schistosoma mansoni in combination with E. histolytica 
-"--"-'--,- - . . - -

and hookworm \~ere also detected, No sip,;nificant difference 
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WBS seen in intensity of infection between sinele and 

multiple infections involving the intestinal helminths. 

Multiply infected individuals had overall egg counts 

below 7280 for Ascil.E:is and 880 for .Iri~ris :. both egg 

loads falling within the range of light infections. 

Consistently: the rercentage frequency of occurrence 

of each infectious agent was found r.reater in combination 

with others, rather than alone (Table 7). 

Out of 285 patients with diarrheB, 234 (12.1%) had 

single or multinle infections (Table3). Among the 

diarrhea cases 56% of the infections were single, 

34.6% dOUble, 8.1% triple and 1.3% quadruple. Figure 

3 shows frequency of infection rates by 7 infectious 

agents in the diarrheal patients. In the single 

infections, ~. ~istolytica accounted for 61.8% and 

G. lamblia for 8.4%. f. histolytica and G. lamblia 

infections rerresented 34.6% and 4.7% of the total 

diarrheal cases resrectively. About 21% of these 

diarrheal patients were found harbouring 3 helminth 

parasites; that is~ ~. lumbricoide~ (11.5%), T. trichiura 

(5.3%), and §.. stercoralis (4.6%). Shigella S[l. (6.9%) 

and Salmonella t~ (1.5%) together accounted for 

8.4% of the total diarrheal cases. The most common 

combination of the doUble infections were E. histolytica 

and A. lumbricoides (30.9%) and E. ~istolytica and 
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Shigel~_0. sr. (1S.il%). Furthermore, in about 84% of the 

mUltiple infections, £. histolyti~~ occurs in combination 

with one or more of 6 pastrointestinal rarosites and 

.Shig~. Likewise, G. lamblia was found to occur in 

concomitant infections with one or more of the parasites 

encountered, in 15% of thecases. The two intestinal 

rrotozoan rarasites were also found to be the most 

frequently imrlicated rarasitic infections in the 

diarrheal ratie'nts. Amon!', the bacteria, Shigella 

appeared to be an imrortant cause ofdiarrhoa in the 

adult population. 

Results of the study also revealed that in diarrheal 

patients with concomitant §. histolytica and Shigella sp 

infections, the patients were clinically characterized 

by higher fever, severe rectal tenesmus, bloody mucoid 

stools and urgency for frequent defecation. 

The X
2 

test showed diarrhea to be significantly 

associated with infection. This was significant at the 

0.5% level (Table 4). Similarly X2 tests indicated a 

noticable association of the percentage occurrence of 

diarrhea with increasing number of infectious agents 

concurrently occurring in the same: individual (significant 

at 0.5% level), (Table 6). Theproportion of the incidence 

of diarrhea also consistently increased with an increase 

in the number of infectious agents concomitantly occurring 
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Table 1. Single and Double Infections 
in Total Sample 

No. % of % of PRCV' TSP" % low % low ·:1 • 
Single Infections infected Singls total less than less than PRVC TSP ~T 

infection infection normal normal 

1. Entameba histolytica 135 53.6 32.9 46 6 34.0 4.4 

2. Giardia lamclia 13 5.2 3.2 2 154 

3. Ascaris lumbricoides 46 19.1 11 .7 10 2 20.3 4.1 t ,. 

4. Trichuris trichiura 25 10.0 6.1 4 1 16.0 4.0 

5. Strongyloides stercoralis 10 4!.0 2.4 4 40.0 

5. Hook worm sp. S 3.5 2.24 9 100.0 

7. Shi7alla sp. 9 3.5 2.24 

3. Salmonella typhi 2 0.6 0,5 

Total ----- --- 251 61.2 
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Table 1 sontd ••. 

Double Infections No. % of % of PReVo TSP** % low % low 
infected double total less less C'RCV TSP 

infect- infect than thEJn 
ion ion normal normal 

1 • E. histolytica and E. lamtlia a 6.2 1.95 2 25 

2. E. histolytica and Shi;e~la sp. 16 12.4 3.9 3 7 16.8 43.8 

3. E. histolytica and A. lumtricoides 39 30.2 9.5 11 1 28.2 2.6 

4. E. histolytica and T. trichiura 22 17.1 5.4 10 2 45.5 4.5 

5. E, histolytica and S. 3tercoralis 4 3.1 1.0 1 1 25 25 -
6. E. histolytica and 5· typhi 1 0.8 0.24 

7. E. histolytica and Schistosoma mansoni 1 0.6 0~24 

a G. larrblia and A. IlJlTbr-iccides 9 6.9 2.24 1 1 11.0 11 .0 

n 
oj. G. lamblia and T. trichiura 4 3.1 1 .0 

10. A. lurrbricoides ana T. trichiura 19 14.7 4.61 1 .- .5.3 
~ - "" 

11. A. lumbricoides and Hookworm 3 2.3 0.7 3 2 100 66.7 

12. T. trichiura and Hookl-"orm 2 1.6 0.5 1 50 

:13. T. trichiura and S. scercoralis 1 O.B 0.24 
129 31.5 

• packed Red cell volume 

•• Total serum protein 
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in the same individual (36%~ 52%, 62%, 70%, 100% for 

uninfecto(I, sin~le, double, triple and quadruple infections 

res~ectively). Likewise, comparison of the froquency of 

diarrheal cases versus protozoal and helminthic infections 

also showed the protozoa to be more frequently involved 

in causing diarrhea than the helminth parasites, in the 

adult popUlation. 

Comparisons of the levels of haematocrit and total 

serum rrotein, when the infectious agents occur singly 

and in combinations, showed a general tendency for the 

proportion of patients with decroaseci haematocrit and 

total serum protein values to increase as the number of 

infectious arents in the same individual increased, 

exceot for combinations involving~. lumbricoide~ and 

anyone other parasite. For example, out of the 

.~. ~~t91ytlca infected individuals 34% and 4.4% had 

low haematocrit and total serum protein respectively. 

Similarly, from the patients harbouring A. lumbricoides --. 

alone, 20.8% showed low haematocrit and 4.2 had low total 

serum protein levels, while 28.2% and 2.6% of the patients 

concurrently infected with i. histolytica and~. lumbricoides 

had haematocrit and total serum protein below normal levels 

r,spectively. Patients with Shigellosis alone had no 

indication of anaemia or protein deficiency. However, out 

of the patients with mixed E. histolytica and~Shigella 
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Table 2. Triple and Quadruple Infections in 
Total Sample 

Triple Infection 

1. E, histolytica, A. L.lInbricoides and T. trichiura 

7.. E. histolytica, A. lurrbricoides and S. mansoni 

3. E. histolytica,~. l'lfnblia and S. mansoni 

". E. histclytica? Hookworm and S. mansoni 

5. E. histolytica,.§... l'llTlblia and T. trichiura 

5. E. histolvtica, A. lumbricoides and S. starcoralis ----
7. G. lamblia, A. lu.-.:bricoides and T. trichiura 

8. G. lamblia, T. tri~~lura and S. stercoralis --- -
90 ·~~O lurrbricoides" T. trichiura and S. stercoral is 

Total 

Oua~r~ple Infection 

No 
Infected 

19 

1 

1 

1 

1 

1 

1 

1 

1 
27 

1 . E., histolytica,..§. .lam'jli, , !:... lumbricoides g T. trichiura 1 

2. E, histolytica, ~.lt.:.rbricoides, I.triohiura & ~.typhi 1 

3. E. histolytica,~.lum~ri(oides, T. trichiura & Hookworm 1 
3 

% of 
Infect­

ion 

70.4 

3.7 

3.7 

3.7 

3.7 

3.7 

3.7 

3.7 

3.7 

33.3 

33.3 

33.3 

% of PRCV' 
total less 

Infect- than 
ion normal 

4.6 12 

0.24 

0.24 1 

0.24 1 

0.24 

0.24 

0.24 

0.24 1 

0.24 1 
6.6 

0.24 1 

0.24 

0.24 1 
0.72 

TS p •• 

less 
than 

normal 

1 

% low 
PRCV 

63.2 

100 

100 

100 

100 

100 

100 

, 

% low 
TSP 

5.3 
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Table 3. Single and Multiple Infections in Diarrheal Patients 

Single,jnfections No of % of % of all PRCV* TSP** % lOld % low 
positive single diarrheal less less PReS TSP 

cases infect- cases than than 
ion normal normal 

1- E. histolytica 81 61.8 34.6 26 6 32.1 7.4 

2. Giar dia larri:Jlia 11 8.4 4.7 2 18.2 

3. A. lumbriccides 15 11.5 6.4 5 33.3 

4 T. trichiura 7 5.3 3.0 2 28.6 

5. S. stE,rcora lis 6 4.6 2.6 3 50.0 

6. Shigella sl=" 9 6.9 3.8 

7. Salronella typhi 2 1.5 0.85 

Total 131 56.0 
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Table 3. contd ••• Single and Multiple Infections in Diarrheal patients 

Dm..,le Infections No of % of % of all PRCV' TSP·· % 10\,01 % low 
positive double diarrheal less less PRCV TSP 
cases infect- cases than than 

ion nonnal nonnal 

1 E. histolyticc and G. lamblia 8 9.9 3.4 2 25.0 

2 E. histolyti~~ and A. lumbricoides 25 30.9 10.7 7 1 28,0 4.0 

3 E. histolytic a and T. trichiura 13 16.0 5.6 6 1 46.2 7.7 

4 E. histolytica and Shigella sp 16 19.8 6.8 3 7 18.8 43.8 

5 E. histolyticc and S. typhi 1 1.2 0.4 

6 E. histolyticd and S. stercoralis 4 4.9 1.7 1 25 

7 G. lamblia ar~ A. lumbricoides 8 9.9 3.4 3 37.5 

6 G. lamblia and T. trichiura 1 1 .2 0.4 

9 A. lumbricoides and T. trichiura 5 6.2 2.1 2 40.0 

81 34.6 
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Table 3 contd ••.•• Single and Multiple Infections in Diarrheal Patients 

----
Triple Infections 

1 E. histolytica, A.lumbricoides and T.trichiura 

2 E. histolytica,A.lliT~ricoides and s.mansoni - -
3 E. histolytica, G.lamblia and S.mansoni 

4~. histolytica, Hookworm and S.mansoni 

5 E. histolytica, G.l~mblia and T.trichiura - -
6 E, histolytica, A.lJnbricoides and S.stercoralis 

7 G. lamblia, A.lurrbrlcoides and T. trichiura 

8 G. lamblia, T. tricliura and S. stercoralis 
...:... .... 

No. of 
positive 
cases 

11 

1 

1 

1 

1 

1 
~ . 
1 

% of 
Triple 
infect­
ion 

% of all PRevo 
diarrheal less 

cases than 

57.9 4.7 

5.26 0.4 

5.26 0.4 

5.26 0.4 

5.26 0.4 

5.26 0.4 

5.26 0.4 

5.26 0.4 

normal 

7 

1 

1 

TSP" 
less 
than 

normal 

1 

% low 
PRCV 

63.6 

100 

100 

9 A. lumbricoides, T. trichiura and S. steDCoralis 1 5.26 0.4 

1 

1 

1 

100 

100 

100 
" . 19 % of 8.1-

QuaJruple Ubfectic.n 

1 E. histolytica, S; .la·rOlia, f\..lumbricoides g~. Trichiura 1 

2 i. histolytica, 3.lLLnbbcoides,]. trichiura g .~. typhi 1 

3 i. histolytica, 8..lumbricoides, I. trichiu:'a g Hookworm 1 

qu?(1(-upl e 
1.,: -:...:_ .'~ ..... Il 

33.3 

33.3 

33.3 

0.4 

0.4 

0.4 

1 

1 

1 100 

100 

• packed red cell volume 
•• total serum protein 

% low 
TSP 

9.0 

100 



-~---.---
S8P't:0;) T .1qwn ( II 

.~-.----

,LIn PP Pl- ' JI 

sa p-~ 0 I .l';:isuo.i.lS ' C' 
'" 

\U,lO,\\"[ooj[ 

1!lTd~j1qr; 

~·Ti{(IKi .~ 

q l U l Ul [,,) q l 1-1 -l ()~ 

percentage frCU(1,llell(:y of in [e(':-Llon 

f~ 

o 

__ L 

i 

\ 
j • 
i, I 
; 1 
t"l' I . 
i I 
I"' 1 I . I 
1 I 

tr 
" " " 

\ .. 

C0 
o 

" 

"" o 

\ ' 

~·l 

o 

I 

00 
o '" o G 

o 
} , 

,. 
o 
o 

','I 

I'xj 
,~ 

(1) 
,0 
r. 

~ 
~, 
," 

:> 
,~ 

~ () 
""''''; 

0 
9 c: 

H) 

;--' (j) 

d r' 
'", ~ 
-d :'Q 
~' ~----' 

Ij) (1) 

c" 
;::; 
j-'b 

(lJ 
() 

" f-" 
0 I~'>. t.--:l 
f)1 m 

''':1 
I"' 
f}q 

I,) 

oo>TJ 
'i 

1-" m 
1:1.0 H,,c. 
«) (1) 
() ::J 
,+ C> 
f-I. t<l-
0 
r:: 0 
'Ji H, 

10 r· 
tiq 1:1 
<D H, 
to «) 
rl () :j 
(Jl d 

f-" 
0 
to 

O· 

L, 



() 0. 
4-: 

~-: r::; 
o -,-i 

f--.i Q; 
;J ,1 
,00. 
''-; 'ri 
~.~ ,u 
P 1-'( 

(/1 :::J 
'M 8 'd < 

~» c: 
o c(j 
r:: 
ill dll X 
;:1 ,.... Q) 
c' b.G (f1 

<lJ Q 
H -M ~, 
",Ul,o 

rl 
oil 
ill 

t- .. [~ 
~, 

~, H 
.0 oj 

·rl 
r::'"d 
0 
,~ r:: 
{-'.r< 
C) 

OJ If' 
'H '" r:: r:: 
·rl OJ 

QJ) ., oj 
0 

Ul 
t>.~ 
Q 0 
s:1." 
OJ ,0 
;oJ C) Ul 
c<lJ OJ 
Q> 'H I!J 
~, r:: oj 

""r< () 

'" 
bn .,., 
'" 

o 
o 
..... 

c' 
<J) 

" 

F: ~ '.:! 
,).' R ,_.\ 
> 'i; (J 
:.> ~f-l ~::=;.; 

o 
.0 

r'·" .... ·.... . .... w·" .... 

., 
(') 

<1' 

, 
" 

L.""~ .... ~ .... ~o<_ .. _ •••• "' ••• • M .. • .. • .. " ••••• 

• J 

I , . ..-
0 (') C> 
0') l- '" 

, . ,. 
0 0 u, .~ 

o ('" o 
<'1 

"f 

, ,'" , 
0 

"" 

/ 

J i 
. J' , 

" " " :'j , 

, , 
I 

If! 

Ii: ; 
Ii' i . 

I/:' 
."" .. 

• 

r 
! 
i • 

/ 1 
i / , ! 
i 

~: l-
f , 

, \ ! 
"" " 

.. " .... _1 
\. ... ~ 

\ . 
" 

, 
"'- j .0<.)". , . .,;., . .1 .. 

0 0 
C'l rl 

Total bactel'ja 

Total helmtnth 

S. ,EltrongyloideE; 

A. lwnbri coides .-. __ ._---
n. lamblia ----- -

o 

(.) 

0) 

~l 
oj 
<fl 

'H 
o 
~, 

ill 
,D 
8 
;oJ 

rl Z 



, ; , 

1 --, 

10 ' 

'-,. 

\ 

'--t-;: 

-, 
2 

in <-' ,', ,-, 
".' (tI, 

\ 

.--<----
'--< .•• 

" ... 

Age 

15-19 I.~~-.. "','~ 

20--29 ';;'-,.-

30-<3<) , 

{I O~/~ D )-( ---" -1" . 

50+ ~~ ~ • 

4 

• 



- 49 -

infoctions 18.8% had low haomatocrit and 43.8% were 

found with total sarum protoin lavals below normal. 

Li kawise, out of tha T. trichiura casas 16% showed 

low haamatccrit and 4% had total sarum protein balow 

normal lavels. \~hereas among tha patiants with 

concomitant E. histolytica and T. trichiura infactions, 

45.5% had haematocrit and 9% total serum protein levels 

falling within the ranga in which anaemia and hypo-

protainemia are considered to occur. 

Reductions in haematocrit and total serum 

protein levels also appeared to be grossly aggravated 

in the triply infeoted individuals \ Among the cases 

with triple infections h·lth ~. histolyti~, A. lumbricoides 

and T. trichiura, 63.2% had a low haematoorit and 5~3% 

had total serum protain balow normal levels. This 

represented 35% in excess of the low haematocrit lavel 

of the E. histolytica and A. lumbricoides double infections, 

and _. r' ',1, ";,ca'al'ld T. trichiura double infactions. 
....... - _~ __ ._ __ I 

Sign test analysis of tho % of low haematocrit 

between single-double, single-triple and double­

triple infections using X2 test criteria, indicated 

significant differences between single and triple 

infections (significant at 5% level) (Table 8). 

The deviation from the median in the single-double 



Table ~. Frequency of Ass8ciation of 
Diarrhea with Infection with 
parasite/bacteria (N = 552) 

Infection status 

Diarrheal st~tus Infected Not Total 
Infected 

Diarrhea 234 51 285 

No diarrhea 176 91 267 

Total 410 142 552 

xL = 18.8936 (P<0.005) 
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Table 5. Frequency of Diarrhea cases 
versus protozoal and Helminth 
Infections (N ~ 240) 

Infection status 

Protozoal Helminth Total 

Diarrhea 92 28 120 

No diarrhea 56 64 120 

Total 148 92 240 

x2 = 19.885 (P<0.005) 
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Tabl~~. Frequency of Diarrhea versus NumbEr of Types of Agents/individual 

No. of Individuals with different status of infection 

Diarrheal status None Single double Triple Quadruple Total 

Diarrhea 51 131 81 19 3 285 

No. diarrhea 91 120 48 8 o 267 

Total 142 251 129 27 3 552 

;.;2 = 2E.999 (P<0.005) 
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Table 7. Percentage frequency of occurrence 

of Infectious Agents Alone or 

. with others (N=410) 

% frequency 

of occurrence 

Ag. t alone with others 

~. histolytica 48 52 

----- ---------------
.. la'llblia 33 63 

--.-~'--- -

A. lurnbricoides 28 72 

.. ----.-.~--.-.- .. --------------
19 81 

S. Stercoralis 48 52 --.--.--. 
-------~---------------------
Hookwonn 47 53 

, 
--~-..,.., .. ~-'.---"-

s. ;'j-;an20n i o 100 
.. -.-

33 67 

-----,--------- --------

Sign test (2-sided) 

X2 = 9.0(P<0.05) 

36 64 



- 53 -

Table 8. Percentage low PRCV in individuals with 

single, double or triple infectious 

agents 

% individuals with low PRVC 

Infection Single Infection + one other + 2 others 
(double) (triple) 

---------------------------------------------------------
5_' _h istolyt ica 

G- lamblia .----. ~~--------------
A. lumbricoides ---.----
T. trichiura 

--~ 

T. tri chi II ra -_._-.-._---

34 

1 5.4 

20.8 --
16 

40 

29.7 58.3 

14.3 50 .--
26.7 56.5 

25.5 60.9 

20 66.7 

100 80 100 Hookworm _____________________ ~~ __________ ~~ ______ ~~ __ __ 

S. mansoni 0 
----.----.--------------------~----

S. typhi 

Shigella 

Sign test (2-sided) 

0 

0 

Single-double: X2 
= 0.14 (P > 0.05) 

Sing Ie -, .. , .. X2 = 0.5 (P < 0.05) 

Double-triple: X2 = 3.6 (P > 0.05) 

0 

18.8 

66.7 

0 
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Table 9: Spearmen's rank correlation c08ffici8nt for doubl8 

E. 

E. 

E. 

A. 

G. 

T. 

E. 

A. 

G. 

infections by S8X. 

Double Infections Males Females 
(n = 50 (n = 79) 

rank rank 

histolytica a lunbricoides 1 1 

histolytica - T. trichiura 2 3 

~i8tol:itica - Eihigel1a sp 3 4 

ll.lffbricoides - T. tri.chiura 4 2 

lamblia - A. lumbricoides 5 6 - -
trichiura - Hookworm 7 5 

histolytica - ~. stercoralis 7 10 

lumbricoid8s - Hookw::mn 9 B.5 

lambl~- I. trichiura 10 B.5 

Spearmen's rank correlation coefficient, 1's = .B06 (Z = 2.42) 

(Significant at 0.1%) 
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and double-tl"lplH infoctions was not 1arro enough 

to show significant differences in tho ha8matocrit 

and total serum protej, levels. 

Comparison of infections ~n th~ males and 

females, by using the Spearman's rank correlation 

coefficient for the corresoonding infectious agent 

combinations showed general patterns of double 

infections to be similar for the two sexes. (Table 9). 

This is signiflcan~ at the 0.1% level. Comrarison 

of infection rates in the males and females is also 

shown in FiGure 4. 

It also appoared that the chances of harbouring 

more than one ~nfectious agent concomitantly by 

an individual is greater in the young adults (age 15-30) 

than in tile older age groups (Figure 5). For example, 

well over 50% of the single and multirle infections 

occurred in the age grouD below 30 years. 
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Discussion 

Tho provalence of gastrointestinal narasitic and 

bacterial infections is closely linked with conditions 

predisposing to infection and reinfection. The quality 

of the environment plays an important role in the 

transmission of gastrointestinal infections. Unsanitary 

environmental conditions greatly facilitate the spread 

of infectious agents by faecal--oral and person-to-person 

contact mechanisms. Individuals with gastrointestinal 

problems reporting to Arada and Teklehaimanot health 

centers for medical assistance can he expected to be 

more exposed to gastrointestinal infections, as they 

live in inadequate 'housin~ conditions i.e. houses without 

proper water su~plies and sanitary facilities. The food 

intake of the natients is also presumably mnrginal, both 

in quantity and quality, by virtue of the fact that they 

have a low income or no income at all. 

The results of the present study suoport the prevalence 

of such situations in the population sampled. A high 

prevalence of infection with parasitic and/or bacterial 

infectious agents was indicated by the fact that 74.2% 

of the patients were found harhouring ono or more agents. 

Among the intestinal parasites E. histolytica, is the 

most commonly encountered with an infection prevalence 
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of 53.8% of the sinBle infections and 32.9% of the total 

infections. Previous reports indicated a wide distribut-

ion of ~. ~istoliti~ in Ethiopia. For exam81e, a 

prevalence rate of 55% was reported in the Saysay peQple 

in the Blue Nile Gorge in Wollega (Torrey, 1966), with 

prevalence rates ranging from 3% to 55% in 50 communities 

in the central plateau of the country (McConnell and, 

Armstrong, 1976), The results of this study more or less 

support the previous reports on the level of prevalence 

of ~. histolytica in the country. The extent of harm 

caused by ~arasitic infections to the health of individuals 

depends on the parasite sDecies (WHO, 19870), ~.histolytica 

is known to cause inflammation and ulceration due to 

its invasive action on the intestinal mucosa, which 

usually results in the outpouring of serum protein, 

blood and mucus into the bowel (WHO, 1980a). Also, 

chronic amebiasis often leads to anaemia (DuPont and 

Pickering, 1980), The low haematocrit and total serum 

protein in 34% and 4.4% of the E. ~istolytica infected 

iridividuals, rospectively, can be explained in terms 

of the invasive property of the parasite and the associated 

malnutrition. 

G. lamb.l~a is another intestinal protozoan parasite 

encountered in 5.2% of the single infections and 3.2% 

of the total infections. According to Lemma et al., 
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(1968), G. l~mb.liCl WAS found in 8.9% of 460 school-age 

children in Addis Ababa. The present findings indicAte 

that the parasite may le more common in children than 

in adults. The interference of G. lamblia with 

absorption of digested food (WHO, 1981), added to the 

~oor nutrient intake of the hosts, may have been responsible 

for development of anaemia in 15.4% of the giardiasis 

oatients. 

In conformity ~Iith previous reports (Lemma et aI., 

1968; Sioum et al., 1981). A. lumbricoides and T. trichiura 

were found to be the dominant intestinal helminths 

occurrin~ in 19.1% and 10% resf)ectively of the single 

infections. A, lumbricoides.and T. trichiura infections 

are predominantly prevalent in children. (Cook, 1986). 

The relatively high infoction rates with A. lumbricoides 

and T. t.::!,ch.Lura in the adult population is a reflection 

of the hi[':h transmission level of the t~lo parasites in 

the population sampled. High pODulation density, low 

education level and Door sanitary conditions may be 

implicated in the .high orevalence. Estimation of the 

intensity of infection by the Kato thick-smear technique 

showed A. lumbricoides and T. trichiura to rel'resent 

light infections in all positive cases. As reflected in 

the findings of the study, light infections involving 

these intestinAl nematodes are not known to causa 
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anaemia. However, the low haematocrit values in 20.8 % 

of the ascariasis and 16% of the trichuriasis cases 

may be, perhaps, basicAlly due to nutritional stress in 

the patients although the infections may have some 

contributions to the gradual development of anaemia. 

strong:tlGid~ stercoi'Fllis. is commonly found in 

Ethiopia (McConnell and Armstrong, 1976). It was the 

third most common intestinal nematode (4%) diaenosed 

in this study by Detecting larvae in the faeces. The 

excretion of S. stercoralis larvae is intermittent 

and it may be impossible to detect light infections, 

even by using srecial procedures (Beaver ei al., 

1984). Thus the detection of S. stercoralis larvae 

with the direct thin-smoar method may be an indicator 

of heavy inf~~tions by this parasite in the individuals. 

It is also possible that the inappropriateness of the 

diagnostic methods used for the diagnosis of ~. stercoralis 

infections may have under-estimated the prevalence and the 

load of infection in tho patients investigated. S. stercoralis 

is known to cause diarrhea, anorexia, malAbsorption and 

lesions in the mucosa of tho small intestine (anile et aI" 

1985, \~HO, 1987a). Thus the low haematocrit level in 

40% of the patients with S. §~.,::r£[J.E~.lLs.. is not unexpected 

Hookworm infections in Ethiopia are ~lid8spread. 

The prevalence of infection is highest at intermediate 
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tHude (1IJ01··2000m) follol'Jed by low 

altitudes (C··10DOm), while the highest altitudinal range 

(2001-3000m) has the lowest infection rate (Shibru, 1986). 

Compared to ascariasis and trichuriasis the hookworm 

prevalence rate in the study population anpeared to be 

relatively lower, although it is comparable with that 

of S. stercoralis. This may bebecause of the high altitude 

of Addis Ababa (2400m) and the wearing of shoes by the 

majority of the popUlation, which minimizes the chance 

of exposure to larval penetration through the f~mt, the 

most common site of entry. Hookl'JOrm infection causes 

blood loss and depletion of ths body's iron store leading 

to iron-deficiency anaemia (WHO, 1981). The severity 

of anaemia, however, depends both uron the iron content 

of the diet of the individuals and on the intensity 

and duration of infection. The ioteosity of infectioo, 

however, differs locally deoendinp on ape, sex and 

the srecies of hookworm. Thus, heavy hook\~orm infection 

is understood as hookworm parasite infection intensive 

enough to cause anaemai (\')HO, 1987a). All hook\~orm > 

infected individuals in this study showed haematocrit 

levels within the anaemic range. Inadequate food intake, 

combined with the blood loss entero[lathy of hookworm 

infections, may have resulted in the nrecipitation of 

anaemia in these patients. AlthOUgh anaemia is not 

a serious public health problem in Ethiopia, because 
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of the hiRh iron content of the traditional tef diet 

(Abraham et .,l1,., 1980), hook,·/onn infflOtions can be 

expects,l to CEluse anEl8i'1ia in individuals with nutritional 

deficits 0 

Shigellosis and Salmonellosis are highly infectious 

diseases of worldwide significance, with the highest 

incidence in the tropical and subtropical regions, where 

general standards of living aI'S 4sually poor (WHO, 1980b). 

In the present study, infections with ShigellEl sp constituted 

3.5% of the single infections while Salmonella infections 
-----.-~~~. , 

represented only 0,8%. This difference in provalence 

rate between the two enteropathogens may be due to 

the close association of Shigelli'l. infections with lo~/ 

sanitary conditions and the property of low infection 

dose in the GbilUS, Re[Jorts on Shigellosis in Ethiopia 

indicate S. flexneri to be the most commonly isolated 

species, followed by ~. dysent.eria~ and then S, boydii 

(Afeworki and Ye~nebersh, 1980, Mesele and Alebachew, 

1982), In conformity with these reports, results of 

serogr 'uping in the present study showed 9,' flexneri 

to be the most common isolate (66.7%), follo~i8d by 

S, dysent~e (22,2%) and S. boydii (11',1%1. No 

S, sonnei infections were encountered, in conformity 

with the report that its prevalence in the developing 

countries is low (\vHO, 1980, Rahaman, 1984), The limited 
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number of studies on Salmonellosis in Ethiopia have 

sho\~n the prc)dcminonce of ?' t.'LE'_b.i (Mesele anci Alebachow, 

1951; Afe~J(jrki., 1905). Similarly, only§.. tvph} \~as 

encounter8Ci in this study, a~ain, confirming the endomicity 

of ~, typhj in I\ddis I\baba. 

The public health impact of ~astrointestinal 

infectious diseases on the population cao be expected 

to be aggravated by the occurrence of multiple infections 

in the samo individuals Multiple infections with 

intestinal parasites have been reported by some workers 

in Ethiopia (Kloos et aI., 1980, Shibru et a1.,1982; 

Tesfamichael. 1983). In the prosent study, multiple 

infections with two agents were the most predominant 

(31.5%); there I-mre some "lith throe (6.6%) and only 

few with four (0.71%) parasites and/or bacteria in the 

same indivi8uals. 

The chances of harbouring single and multiple 

infectious a~ents appeared to be rreater in the young 

adults (a~e 15-30) thaa in the older age groups (Figure 5) • 
• 

Social factors. exposure and acquisition of immunity 

may bo responsible for the observed age difference 

in the infection prevalence. I\lso, although not 

statistically significant. infection prevalence in the 

females was consistently higher than in the males 
'"-- -

(Figure 4). This may be attributable to the home 
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management and food handlinr responsibilities of the 

females in Ethiopian society. Such activities are 

helieved to increas8 ths chance pf exposure of the 

individual to the infective stases of the infectious 

agents. 

Most frequent among the multiple infections were 

infections involving E. histolytica and A. l~mbricoides 

(24.5%), ~. ~lstolytica and T. trichi!:!.r:i'l. (13.[3%), 

A. lumbricoides and To .1:rich~ (11.9%) and E. histolytica 

and Shisella (10.1%). The type of combinations in tho 

triple and quadruple infections likewise followod similar 

patterns (Table 2). This shows that in addition to thB 

clinical implications, multiplB infections may have some 

epidBmiological bases for co~occurrence. ThB observed 

combinatiollS also appeared to indicate thB cO-BxistencB 

of somB parasitic and bacterial infBctions in the population. 

From the rastrointestinal helminth parasites, 

A. lumbricoides and T. trichiura combinations were 

most common. In studies elsewhere, A. lumbricoides 

T. trichiura and hockworm havB bSBn found to co-occur ----
in multiple infections (Buck et al., 1978). This 

pattern has also been reflected in the' present study. 

As in the single infections, A. lumbricoidBs and 

J.. t,r..1.gtti,uTs evr, counts WBrB 101'1, indicating li~ht 

infections. This may be due to fairly stable lBvel 
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of endemicity of the intestin~l helminths, resulting 

from repeated infection. In light of the similaritios 

of their lifo-cycles during the exogenous dovelopmental 

phases, and their modes of transmissiQn, simultaneous 

exposure to infectious eggs of both parasites can 

occur more frequontly than with other agents. 

Most of the Schistosoma mansoni cases wero patients 

who had once lived in Ti~ray or Gondar regions, where 

§.. ~~ni is \-lidely endemic (Lo et aI., 1988), These 

few casos harbou~in" S. mansoni in combination with 
, , -

other ;astrointestinal parasites may indicate the 

high possibility of ~. manso~i occurring in multiple 

infections. in endemic areas, with far-reachinB public 

health implications. 

Most of the agents involved in combined infections 

have a well-documented status of pathogenicity. However 

there is a very poor understanding of their interactions 

when they co-occur with other agents. Th8 most obvious 

effect of the combined infections appeared to be the 

enhancement of anaemic resulting from amebiasis, 

ShiBOllosis and hookworm infections. The pronortion 

of individuals with below normal haematocrit levels 

and total serum protein increased with infections 

involving combinations of E. ~olyticB and ?higella 
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or hookworm and other parasites. A notable exception 

was SlJefl in doub18 infections iovolvinr; !}.. _lumbric_oid[J~ 

and other [lahlsites a',lc:<I from hookworm. It appears 

that infections with ~. ~mbricoi~es May have ioduced 

th8 development of a non-specific immune respoose, that 

may have reduced the pathological effects of oth8r 

concomitant infections. 1'his is possible because 

children heavily infected with A. lumbricoides were 

shown to be freo from malaria. whereas children treated 

for ascariasis develope attacks of malaria (Murray et al .• 

197B(. 

.£0. • .b..is,t()1.Yti~~ and ~hir;~!.!.~, infections are known 

to "'o-occur fraquently in the tropics (\,IHO, 19B1). The 

disease is cha,'acterized by copious diarrhea. hip;h 

fever and [ll.'"lOUnUl3U dohydration. In the oresent 

study, paLants .Iith ~. hist92:.ytica and §.,tligella 

concomitant infections clinically presented with high 

fever, severe rectal tenesmus and bloody mucoid diarrhea, 

as opposed to patients with infections of §.hig~ or 

E. bl~~:tt.i.E.3_ alone. Thus the combined infections may 

have caused severe colitis, thereby leading to hypo­

proteinemia and anaemia in the majority of the patients. 

Infectious diseases C~8 im~ortant causes of 

morbidity and mortality (WHO. 19B1). They can interfere 
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with both social and economic as~ectG of the living 

conditions of the popUlation. For example. helminthiasis 

alone accounts for over a quarter of a million onual 

visits of out-patient cases in Ethiopia. and is known 

to afflict entire communities (Zein. 1955). 

// Of the communicable diseases. diarrheal diseases 

are not only important causes of morbidity and mortality 

in Ethiopia but also contribute to malnutrition. Recently. 

it has been rGPorted thatdysentery and gastrointeritis 

constitute 8.9% of the leading cause of out-patient 

morbidity (Zein. 1988). However, despite their frequent 

occurrence in the nODulation, the aetiolor,ical pattern 

has not been fully determined. 

Parasite-related diarrhea is known to primarily 

include a~D8biasis. ?,iardiasis. trichuriasis and 

strongyloid "sis (~JHO. 1980a) .E. histolytica and 

G • . !amblia infections represented 61.8% and 8.4% 

of the single infections, and 34.6% and 4.7% of the 

total diarrheal cases. respectively. About 12% of the 

diarrheal cases were associated with the helminth 

parasites A. lumbricoides !. trichiur~ and S. stercoralis. 

Among the bacteria. Shigella (6.9%) and Salmonella (1.5%) 

together accounted for 8.4% of the diarrheal cases 

associated with singlo infections. The incidence and 

severity pf diarrhea significantly increased with an 
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.I)' 
. . /.//' IncreBslng ~umber of types of infectious Br,ents./ 

Similarly. Gtctistical comnarison of th8 association 

of diarrhea with protGzoBl ond helminthic infections 

show8d protozoal inf8ctions to b8 mor8 fr8qu8ntly associatEd 

than th8 helminth parasites (Table 5). "he combination 

of !C.' !,listol¥.tica and ,G .• lamblia is most fr8qu8ntly 

encount8red in th8 doub18. triple and quadruple inf8ct-

ions. and also most fr8qu8ntly with diarrh8a. 

// Carri8rs of Salmonella r8r,r8s8nt the most imDortant .-----, ' 

res8rvoir of illf8ction. while a long cBrrior state is 

8xceptional in Sh~r,82:~a (\.)HO. 1!lBOb). In th8 li~ht of i/ 
this inforrna'clon, stiltistical comparison wer8:'" ',~ ffl'ld8 to 

S08 the str8rlpth of association of bact8rial inf8ction 

with diarrhea. b81'ClUS'" stool cultures fr,r bact8ria W8r8 

made only iiI' 'Gi18 rl.lar;-:18al stools. On th8 who18. th8re 

is a pCltteln for the protozoal infections to be associated 

with diarrhea mor8 frequently than the helminth parasites 

and bact8ria. However. this has to be verified by the 

examination of a larger size sample. 

No inFectious aBents were detected in 17.9% of 

the diarrh8al patients. Rotavirus and Cryptosporidium 
. --,- ,-

sr·. arp '~g infectious agents known to cause diarrhea 

(WHO. 19B7b). Since d8t8ction of these agents was not 

includ8d in this study. the involvement of thes8 aBents 
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in causing diarrhea cannot be excluded. 
if ./ 

/ ' !/ 

Wherever E. histolytica occurred in combination 
- -

with parasites of ev~n mild pathogenicity, the 

proportion of oatients with low haematocrit levels, 

and total serum protein showed an increasing pattern 

from single through ouadruple infections. However. 

only the difference between ~ingle and triple infecticns 

was found to be statistically significant. On the whole, 

this aprears to be the result of the pathogenic effects 

concomitantly occurring agents. Furthermore malnutrition, 

which can be presumed to be prevalent in such A low 

income population, may contribute to the severity of 

the clinical ~ome of the concomitant infections. 

Difficc.lties of differential diagnosis of parasitic 

diseases are particularly more pronounced in areas of 

high prevalence. Diagnostic problems are enhanced by 

multiple infections (Buck et al •• 1978al. These are 

responsible for gross errors of reporting, leaving 

many of the infectiotls diseases unrecognized and 

lumpped together with ill-defined conditions. Such 

difficulties have been observed in Arada and Tekle-

haimanot health cente~s. In these, laboratory technicians 

were observed to stop exhausLively examining stool 

specimens as soon as they see one parasite or parasite 
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[lrorlucts. [Vem for tho diiJrrheal caSES only thin-

smear microscoric 8xanlinations W8ro merle for rl~rDsitB 

and bacteria dBtsction. No ottemots to culture the 

stools for bacteria werG mode. Such practices would 

lead to pres~ril)tion of drugs without immediate curative 

value. For sxample, detection of just a few ~. lumbricoides 

eEgs in a diarrheal stool, ~Iith unnoticed g._histol.l~ica 

trophozoites will not leaJ to a treatment schedule 

leading to relief for the patient. This study has 

revealsd varieties of multi[lle infections. Among these 

were ~ .. ~~.t0~Y..~ and ShJ.g~'!. occurring in thG same 

individuals presenting with bloody mucoid stools. 

Knowledge of the existence of multirle infections are 

of practical importance, since they affect the accuracy 

of clinical and laboratory diagnosis and the therareutic 

measures th~t may follow. Leaving [larasites and bacterial 

diseases illFJroperly diagnosod not only leads to m1l1 tre1ltment 

and the ensuing disease effects on the individual patients, 

but· have imoortant epidemiological implications, such 

as the rersistent existence of pesvoirs in the community. 
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Conclusion 

The prova!.ence level of gastrointestinal infectious 

agents in the study ro~ulation was high. The high 

prevalence level and the quality of the environment 

appear to create conditions conducive to the occurrence 

of multiple infections. Results of the study have shown 

infectious diarrhea to be more frequently associated with 

parasitic infections. Of the Darasites associated with 

diarrhea, .E, ~ist.~1.Y~~.r:.? ilnd .c;. J.amblia vlere involved 

over 50% of the timn, followed by the helminth parasites 

fl..' .1u01bricoi.de.s.!.. :r. !..!:2:..£?"~iura and S. stercnralis. 

Althou~h the overall perc8nta~e prevalence of Shigella 

was much lower than that of the parasites, the association 

of S~igJ.lla ~Iith diarrhea in the adult nopulation was 

relatively hLr~. The hiah prevalence of infection has 

a health imr .lcation. The high level of infection can 

interfere with both social and economic aspects of the 

population. ~G t~e nopulation is vulnerable to these 

infections, the " physical and mental efficiency 

can be affected by malabsorption, blood and protein 

loss and diarrllsa. Gastrointestinal infections have 

a considerable impact on the working capacity of the 

adults and may also contribute 'co the Bpgravatinn of 

the unbalanced nutritional situation in tho low income 

or no income grou~s. 



71 

Considering th~ damage caused by these infectious 

agents arisinB from unsanitary conditions, it seems 

imperative to improve environmental sanitation in the 

city of Addis Ababa. In lirht of theoccurrence of 

multiple infections, it is recommended that more 

appropriate methods and thorough examination of 

stools be made for the diagnosis of intestinal 

parasites. It is also necessary to perform both 

microscopic and in vitro culture methods 
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