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Abstract

Out of 552 patients investicated 410 (74.2%) harboured
one or more gastrointestinal infectious agsnts., Among these
61.2% had sinale infections. OFf the singls infections, the
narasites were dominant i.e. E. histolytica accounted for

53.8%, Ascaris 1umbricqiq§§ for 19.1%, T. trichiura for 19%,

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

hookworm for 3.5%. Bacterial infections constituted small
prorortions i.e. Shigella sp 3.5% and Salmonella typhi 0.8%.
Estimation of intensity of infection involving the intestinal
helminths showed A. lumbricoides and T. trichiura to be light
infections, while hookworm infections were heavy. Among the
multiple infections 31.5% were doubls, 6.6% trinle and 0.7%
quadruple. Most frequent among the double infections were

those with E. histolxtiga and A. lumbricoides (30.2%),

T. Eriohing and E. histolytica (17.1%}, A. lumbricoides and

T. trichiura (14.7%) and E. histolytica and Shigella sp.

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

combinations of E. histolytica, A. lumbricoides and T. _t;richiurau

In all, multiple infections are more common than single
infections., OQut of the 285 patients with diarrhea, 234 (682.1%)
had parasitic and/or bacterial agenté diagnosed. Among theasse
56% had single infections while 34.6% had double, 8.1% had
triple and 1.3% had quadruple infections. 1In the single
infections E. histolytica accounted for 61.8% énd G. lamblia

for 8.4%. Similarly, A. 1umbricoidg§ constituted 11.5%,

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

— ———

§higel}q was associoted with 6.9% and Salmonellg with 1.6%
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of the cases. Most common combinations of the double infect-

ions were E. histolytica and A, lumbricoidss (30.9%),

E. histolvtica and Shigella (19.8%) and E. histolytica and

LRSI -

T, trichiurg_(18%). Furthermore, in 84% of the diarrheal

cases with multiple in?ections,_ﬁ. histolytica occurred in

combination with one or more agentg. A pgeneral tendency
for the proportion of, patients with below normal levels
of haematocrit and total serum nrotein apneared to increase
as the number of types of infectious agents in the sams

individual increased,




Introductiaon

Gastrointestinal infecticns constitute an imnortant
rublic health problem to the majority of the world'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 and seasonal occurrance,
because of geographical and climatic factors and human
activities. The magnitude of the praoblem is profound in
areas of the world with reduced economic development, where
there also exist a greater reservoir of enteropathogens and
a larger susceptible population with nutritional deficiencies.
Wherever there exists a high prevalence of gastrointestinal
inFecfions, living conditions ars characteristically poor,
Thus gastrointgstinal infections represent a large and serious
medical and public health problem in the developing countries,
particulafly in the tropical regions (WHD, 1987a). The impact
of these infections on health conditions, particularly on
childrén’s growth and develonment, 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
Thenimportant parasitic and bacterial infections of

the gastrointestinal system include Entamoeba histolytica

Giardia lamblia, Ascaris lumbricoides, Trichuris trichiura,

P

?
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Strongyloides stercoralis and hookworms among the narasites

{(WHO, 1987a) and Shigella and Salmonella species (WHO, 13980b)

among the-! aeteria.

Human infections with E. histolytica have aworld wide

distribution (Mertinez-Palomo, 1887) although the prevalence
is highest in the tropics and subtropics. Humans ars the
main reservoir and source of infection, although some other
primates can be infected (DuPont, & Pickering 1980a). The
prevalence of human infection varises greatly, ranging from
as low as 2% to as high as 60% in many areas (WHO 1980a).
Amosbiasis is a major health problem in certain parts of
Africa, Asia and Latin America, where inadequate sanitary
conditions and the presence of highly virulent straing ¢

E., histolytica may combine to sustain a high incidence.;if

intestinal and hepatic infections. In Ethiopia a wide

distribution of E., histolytica was reported by several

investigators (Torrey, 1966: Lemma et al., 1968; McConnel
and Armstrong, 1976), who recorded prevalence rates ranging

from 3% to 55%.

On & global scale E. histolytica infections are
the third commonest parasitic cause of death (Martinsz-
Palomo, 1987). Walsh, (see, Martinez-Falomo. 1987) estimated
that in 1981 probably 480 million people globally, carried

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

developed invasive forms ssvere anough to disable them for




several days and 40,000-10f . 00 died that year as a
consequence of the infection. 1In countries where amebiasis
is an important health problem, the majority (approximately
90%) of individuals with colonic E. histolytica infections
are carriers, while the remaindsr have invasive intestinal

amebiasis (WHO, 1987a).

’

route. Food or drink contaminated with faeces containing
cysts of E. histolytica is a commoen source of infaction
(Beaver, et al., 1984). Food or drink may become contaminated
with cysts of E. higtolvtica due to a polluted water supply,
unclean handling by infected individuals, droppings of

flies and use of human excrement as fertilizer in vegetable

gardens.

Cxcystation of the inpgested cyst occurs in the lower
ileum and colon. The motile trophozoite of E. histolytica
lives in the lumen of the large intestine, where it
multiplies and eventually differentiates into cysts which
ara 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,




1987). Invasive amebiasis frequently causes an exudative

type of diarrhea, due to inflammation and ulceration (WHO,
19808}, the result of which is an outpouringof serum proteins,
blood and mucus into the lumen of the bowel. Invasive amebiasis
is thus clinically characterized by acute dysentery with

blobdy mucoid stools, Colicky pain and rectal tenesmus.
Although all ages are susceptible, including infants and

the elderly, the age groups with the hipghest incidence of
infection and clinical symptomatology are the third through

the fifth decades (Dulont & Fickering 1980).

Giardiasis is one of the most commonly diagnosed
intestinal protozoan infections. Although the percentage
of asymptomatic infections is high, giardiasis is a frsaquent

cause pf diarrhea.

The causative agent, Gigrgig lamblia, has a worldwide
distribution (DuFont and Pickering 1980b). Globally, prevalence
rates range from less than 1% to more than 50%, depending
on the geographical location and the prevailing mode of
transmission (WHO, 1987a). It has been estimated that
about 200 million infections occur per year in Africa,

Asia and Latin America (WHO 1987a). In Ethiopia, prevalence
rates ranging from 3% to 23% have been reported {McConnell
and Armstrong 1876), The infection is, typically, more
prevalent in children than in adults and more frequently

affects children of large families.




Transmission of G. lamblia is by viable cysts, that
are swallowed together with contaminated food and water
(WHD, 1987a). However, in some circumstances it ismors
likely that intimate contact of an infected individual
with an uninfected individual is the usual mechanism
(Beaver et al., 1984}. Giardia lamblia cysts survive
for two months in water and are resistant to routine
chlorination. After ingestion, excystation takss place
in the upper small intestine and trophozoites are
released. In the infected person, the trophozoites
repeatedly multiply and line the small intestinal
mucosa. Trophozoitss do not invade the tissues but
feed on mucus secretiens. 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 (YWHQ, 1980a). The most severe
pathological conditions in patients with giardiasis is
malabsorption, which results from direct toxic effects
of thse parasite on the small intestine. enhanced bacterial
colonization and general protein-energy and folate
deficiency fNHD, 1981), DOisaccharidase deficiency and
defects of vitamin 812 have also been described in
patients with giardiasis (DuPont and Pickering, 1980b).
In develaoping parts of the world, malnutrition contributes
to the pathogenesis of giardiasis, and improvement of the
nutritional status usually corrects the associated

pathogenesis.




Gastrointestinal helminths constitute one of the
most common and important parasitic agents of mankind
and are 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, 18£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, Ascaris lumbricoides. hookworms

{Ancylostoma duodenale and Necator americanus) and

Tzichuris ﬁripbigpg are the most common. FEstimates of
the global prevalence of intestinal soil transmitted
900 million for hookworms and 500 million for T. trichiura

(WHD, 1987a),

Nutritional impairment is often associated with
chroniec intestinal helminthiasis that cause proteinf
enargy 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

(Crompton, 1988).




The occurrence of multiple infection in the same
individual with different intestinal nematodes is common
and indivig als who are predisposed to heavy infection
with one species of intestinal nematode .ars also more
likely, on average, to harbour heavy burdens of other
species prasent in a community (Haswell-Elkins, st al.,
1987). This partly is due to the gastrointestinal
helminths explce: *ion of the feeding bhehaviour of their

hosts.,

Ascaris lumbricoides 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)}. 1In Ethiopia, Sioum et al., (1981)
reported orevalence rates ranging from 12.1% to 65.1%

in children in Addis Ababa, while Lemma et al. (1968)
recorded nrevalence rates of 52.7% and 23.3% at Addis
Ababa and Debrezeit, respectively. Shibru and Teklemariam
(1986) reported infection rates of 43.7% in the different

administrative regions.

A. lumbricoides 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 producses, on averagse, about 240 000




eggs per day (WHD, 1981), which counterbalances the

heavy losses in viability and infectivity of these

eggs in the environment. - The eggs develon in the

s0il within 2-3 weeks under optimal temperature, oxygen
and moisture conditions. Egps 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 few years (Beaver st al.,
1984). The level of transmission of A. lumbricoides

from the soil to man depends more on socio~economic
factors than on physicél ones. The main factors

sgem to be high density of.the human population,
i1literacy and poor sanitation (WHO, 1981), particularly
when people defecate indescriminately around human

satflement51

The host/parasite relationship in ascariasis is
characterized by a high degree of tolerance. unless the
infaction is heavy or the intake of nutrients by the
host ir “nadgquate. The pathogenic effects are mainly
due to imRune 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 rpraportional to the

worm burden. Infections with less than 5000 eggs per
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gram {epg) of faebes is known to be light, while infections
with over 50,000 epg represent heavy infections (4YHO,41987a),
The presence of ths 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; VHQ, 1987a).

Trichuris trichuira is an intsstinal nematode and

belongs to the group of soil-transmitted helminths.

T. trichiura is present throughout the wofld, but is

more abundant in the humid tropics. In some tropical
countries the prevalence rate is over 80%. in others

it is frequently between 30% and 60% (WHO, 1981}). It

is found almost in svery community in Ethiopia (McConnell

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

T. trichiura has a simple life-cycle, with the egg
serving as the infective stage, The adult worms survive
firmly attached to the epithelial lining of the largs
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 wggks 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, 1966),

The morbidity associated with trichuriasis is due
to the worm's mode of attachment to the wall of the
large intestine. Each worm 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 0.005ml

per worm per day {Crompton, 1386).

Pathology due to Trichuris is a function of the
intensity and chronicity of infection. With heavy

infections bloody diarrhea with hypochromic anaemia,
hypoalbuminaemia, anorexia, abdominal discomfort and

weipght loss are reported (Crompton, 1886). Diarrhea

is agsumed to be due to imnaired 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, hypoalbuminaemia

and iron deficiency are observed in association with the

presence of the parasite (WHD, 1987a).

Trichuriasis is frequently found to occur concurrently
with Ascaris and hookworm (Buck st al.,, 1978b). The
association of dysentery with trichuriasis doss not 6?
itself show that trichuriasis directly causes the colitis.

Associated amebiasis and bacterial dysentery may be




important too (Gilman et al.., 1983},

The adult stages of the blood sucking nematodes,

Ancylostoma duodenale and Necator americanus, are found

attached to the mucosa of the small intestins of people
living in the tropical and subtronical countries. Both
species are found in Ethiopia (Armstrong and Tadesse,
1875}, Shibru and Leykun (13985) studied the distribution
of hookworm in various regions of Ethiopia. Both species
were found in localities witH sandy clay loam, or sandy
loam soils, but only Necator was found on more sandy
soils. Infection rates tended to decrease with decreased

altitude.

The life-cycls of hook worm is direct and begins
with the eggs being released by the female worms into
the lumen of the small intestine and passed outsids
in the faeces. (One female A. duodensle produces about
3000 eggs. and one female N. americanus about 9000 eggs,
per day (WHO. 1881). The embryo within the eggs develop
rapidly undsesr optimal moisture, warmth and oxygen. Skin
penetrating third-stage larvae are formed within 5-10
dayé after the deposition of the eggs (WHO, 1387a}.
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 (WHD, 19687a}. They attach
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themselves to the villi, which are sucked into the worm's
buccal cavity., causing microsconic blood and serum

protein loss. but not significant enterocyte damage

(Cook, 1886)  Thus the clinical picture in advanced
disease is dominated by iron-deficiency microoytic

anasmia and hypoalbuminaemia (WHO, 1981). Rate of blood
loss for N. americanus and A. duodenale is of the order

of 0.03 to 0.05ml1 and 0.16 to 0.34 ml per worm per day
respectively (WHD, 1981).. Clearly, the degree of anaemia
ig depandent 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 the aetiology of tropical iron deficiency

anaemia and this has implications for young children,
pregnant women. and the health and productivity of adults
whoseklivelihdod and contriﬁution to the economy depend on

hard work.

Strongyloides stercoralis is a soil-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 beportéd from dogs and

apss (WHO, 1980a). S. stercoralis is widely distributed

in the tropics and subtropics in areas of poor sanitation.

In Ethionia it is commonly found in the same geographic

areas as hookworms. 5. stsrcoralis infections were reported
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from 41 out of 50 study communities in the central plateau
and pravalsnce ranged from 3% to 44% (McConnell and

Armstrong, 19786).

Infection occurs when third-stage larvae, which
have developed in the soil contaminated by human fasces,
penetrate the skin. Parthesnogenetic adult femalses
develop and live in the gpithelium of the jejunal
mucosa. The females releass 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 larvae
become infective before they are passed out, leading

to autoinfection (Beaver et al., 1984),.

diarrhea alternating with constipation, weight loss,
anorexia and vomiting (Onile et al., 1985),  Malahsorption
and associated lesions in the mucosa of the small intestine

may also occur (WHO, 1987a).

The endemicity of Schistosoma mansoni in Ethiopia
is now well estahlished. All administrative regions

except Bale, have one or more endemic foci of $S. mansoni

(Teklemariam, 1982); the four northern regions of
Eritrea, 7. v, G~ v - d V¥ello being the most affected

(Lo et-al., 1988), with prevalence rates of 10% and highar.
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The transmission of S, mansoni 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 egps. The extruded
ova and the effscts of the young and adult worms are
responsible for the pathological changes associated

with schistosomiasis.,

Gastrointestinal helminthic infections also includse

cestodes - Taenia saginata, Taenia golium, Diphylobothrium

latum. acquired by ingesting raw or uncooked meat or fish

and Hymenolepis nana, transmitted by ingesting sggs

eliminated 1in the faecss of the infected person.

Among the bacterial gastrointestinal pathogens are
members of the genus Shigella. This genus is composed
of pram-negative, non-motile bacteria that belong to

the family Enterobacteriaceae and the tribe Escherichias.

The genus is subdivided into four subgenera or subgroup,
§. dysenteriae., S. flexneri, S. boydii and S. sonnei,
according to their biochemical reactions (Edwards and
Ewing, 19?2)_ Shigellae are aerobic, or facultatively
éﬁaerobic, and their optimal temperature for growth is

37°C. With the exception of certain biotypes of S. flexneri

6, visible gas is not formed from fermentable carbohydrates.




According to Edwards and Ewing (1972). members of the genus
Shigella do not produce hydrogen sulfide in triple sugar
iron (TSI) ager nor in media that rossess a similar level

of sensitivity., They do not groﬁféimmon's citrate agar.

do not hydrolyze ursa and do not decarboxylate lysine. They
fail to produce acid from salicin, adonitol or inocitol.
Only S. sonnei, and cultures of S. boydii 13, are known

to possess an ornithine decarboxylase system. Strains of

S. sonnei 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 Shigella 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 (Rahama. 1984)

In Ethiopia a number of studies on the genus
Shigella 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. §S. dysenteriae
is second in frequency of isolation, followed by S, Egiﬂii
and 5. sonnei. Serogroup distribution in urban and

rural areas is comparable for S. flexneri, S. dysenteriae




and 5. sonnei, while S. boydii is more commen in urban
centers (Afeworki and Evasu, 1984). The predominance

of §., flexneri in developing countries is well known

(WHO, 1980b Rahama, 1984}, Likewise, the prominence

of S. flexneri in Ethiopia has heen confirmed (Afeworki
and Yetnebersh, 13980: Mesele and Alebachew, 1982:. Afeworki
and Eyasu, 1984) and this indicates that S, flexneri is

the predominant astiological 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). Endsmic Shigellosis is closely associated with
poverty, overcrowdlng, poor sanltatlon, water SoUTCEes
1nadequate in guantity and qua11tyy and malnutrition,

The incidence of infection will, therefore, vary with

the level of sanitation,

tlith the advent of economic prosnerity, and the
cansequent improvement of water supplies and sanitation,
Shigellosis has cgased to be a threat in industrialized
countries. However, seven in these countries, occasional
outbreaks still occur, mostly caused by §. sonnei.
Shigellosis caused by S. flexneri is often encountered
in less-dsveloped countfies with unclean water supplies

and poor sanitation {Rahama, 1984},
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Probably the most important nroperty of Shigella
species that determines their virulence is their ability
to penetrate epithelial cells (Dupont et al., 1972). This
process leads to epithelial cell death, mucosal inflammation
and epithelial ulceration and haemorrhage (WHO, 1887). |
Enterotoxin is now believed to be a second factor in
histological damage and marked inflammatory cell migration
in the lamina propria, epithelial cell death, microulcer

formation and exudation of leucocytass intoc the bowel lumen,

The clinical manifestations of Shigellosis generally
include freausnt pa;;ége of stﬁéls containing blood and
mucus, fever, abdominal pain and tenesmus (WHO 1887b).
The illness usually starts with watery diarrhea followed
after 24-48 hours, by the appearéace 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 bélong to the family Enterobacteriaceae

and tribe Salmonellas. Salmonellae grow readily on ordinary
media, since they are not fastidious, but do not ferment
lactose, sucrose or salicin. Lysins, 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

Enterobacteriaceas by virtue of their indole negativity,

inability to ferment lactose and urea and production of
HZS in triple sugar iron agar or Kligler's iron agar.

All salmonellae produce an alkaline slant and acid butt.
§9&mgggll§ species other than 8. Eiﬂhi produce gas in
triple sugar iron agar and are much more likely to produce

H,S than S. typhi.

The three species recognized in the genus Salmonella

are S. choleraesius, S, typhi and 8. enteritidis (Edwards

—

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 ressrvoir
for salmonellae are the intestinal .tracts of many
animals, including birds, farm animals and reptiles
{Volk, 1878} Humans become infected through the
ingestion of contaminated water or food. V\ater becomes
pollﬁted 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 asvmptomatic carriers of salmonellae, infected
food handlers are resnonsible for the spread of thase

organisms.




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, Salmonella gastroenteritis
is a common problem in all areas of the world, regardless
of sconomic devslopment. It has been an even greater
problem in developgd countries, where, mass-production
and distributio;70¥ food nroducts has occ;fred. Among
the non-typhi Salmonella species S. concord and S, typhimurium
have been reported in Ethiopia (Afeworki, 1985). Gastro-
enteritis may be caused by any one of the thousand serotypes
of Salmonella (Volk, 1978) and it is characterized by the
fact that organisms remain localized in the gut. 0On 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, poqr_sanitation
and high risks of”éxposure fé énvironhental 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 diffsrent species of helminth parasites
concomitantly, This is especially true for the intestinal

nematodes, Ascaris, Trichuris, hookworms and Enterobius

(Haswell Elkins et al., 1987). Ascaris, hookworm
infections and trichuriasis commonly occur as multiple
species infections in the "Third World” (Buck et al,.,

1978b: Cook, 1986)., For example, about 85% of the
population of two Somali communities were found to harbour
sotl-transmitted intestinal nematodes and/or protozoa

{Iladi st al., 1987), and of thsse 74% had mixed infections;

the most common combination being Trichuris trichiura

and hookworm.

The ocecurrence 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. histolytica

T. trichiura, hookworm and Strongyloides are protozoan and

helminth ocarasites most commonly found in association

with Ascaris lumbricoides infections in African people

[Crompton and Tulley, 1987). Concurrent infections

with T, trichiura and E, histolytica, and coinfectian

with Shigella and Salmonella, appear to significantly

increase in patients with heavy T. trichiura infection

(Gilman et al., 1976). 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., 1987).

Evidence indicating interactions between the
effects of the pathogsnic 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, whaereas children treated for
ascariasis developed attacks of malaria {Murray et al.,
1978). Coexistence of amoebic infection and Shigsllosis
frequently occurs in the tropice (WHO, 1981) and in

some patients, conditions aggravate sach other to

produce a mixed colitis characterized by conious diarrhea,
high fever and pronounced dehydration. A direct rols

for Salmonella in aggravating the pathogenssis 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
studiss in animal models. Laboratory animal studies have

revealed complex interactions between parasites and also




between parasitic protozoa and bacteria. 1In 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, Trypanosoma musculi infections are enhanced

in mice concomitantly infected with Trichine{lg spiralis,

as measured by reduced explusion of adult worms from the
gut and increased larval worm burdens in the muscles
(Bell et al,, 1984)., T. musculi infections are also

considerably snhanced in mice with concurrent infections

of the malaria parasite, Plasmodium yoelli. It has also
been shown that immunodepression during P.yoelli infections
coincides with peak parasitaemia and lasts for about

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

. bégghgi and Salmonella typhimurium have been found

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

1965} and it appeared that the decrsased survival time

was related to the enhancement of malaria by the bacterial

infaction.

Multiple infection as a widespread and frequent
phenomenon also appears toc 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 et al., (1980} reported multiple infections
mostly with two and three, but occassionally with four
parasites, concurrently occurring in the same individual

in farm labour pox lations of the Awash Valley irrigation

schemes. Infections with hookworm and Schistosoma

mansoni, 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 of these multiple infections
consisted of A. lumbricoides and T. trichiura (Tesfamichael,

1983 .

One apparent manifestation of gastrointestinal
infections is diarrhea. Because of its geographic
ubiquity and m dtiplicity of aetioclogies, diarrhea has
been recognized as one of the major causes of morbidity
and mortality in the developing countries. Diarrhea
can be caused by a number of bacterial. viral and/or
parasitic pathogens (Sen et al.; 1983). Among the

bacterial and viral agents Shigella, Salmonella, Escherichia

coli, Campylobacter jejumum and Rotavirus 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 are infections with
a glbbal distribution, in which diarrhea is a common
symptom (WHO, 1980a). In addition, although it is
not a characteristic symptom, 1 iarrhea may occur in
severg hodkwonn disecase, ascariasis and some other

intestinal nematodes and cestodes,

There is not adequate information on the astiology
af 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 Salmonella species
in Ethiopia, found S. typhi the predominant species
and among the non—tyﬁhi salmonellas, S. concord and

S. typhimurium predominated.

The freguency of isolation of §bigella speciés
in Addis Ababa was reported by several workers (Afeworki
and Yetnebersh, 1980. Mesele and Alebachew, 1982).
These studies found §, flexneri toc be the most frequent

isolate. 5. dysenteriae was second in freguency of

isolation, followed by S. boydii and S. ?Eﬂﬂﬁi' Mogesie
(1983) isolated thirty-five strains of Shigella (9%)
and Salmanella (4.5%) from one thousand diarrheal
specimans from adult out-natients in Addis Ababa

hospitals and clinics., Based an this, he concluded
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that Shipella and Salmonella obviously are not the only

aetiologic agents of diarrhesa in the adult ponulation, as

these organisms were not involved in B6% of the cases.

Among the several species of intestinal tract nrotozoa,

coli are incriminated as pathogens causing diarrhea.
The first two species are commonly found in Ethiopia
and the third only rarely encountered {McConnell and

Armstrong, 1876},

In Ethiopia, a wide distribution of E. histolytica

is recorded. In one report, it was encountsred in 55%
of the Saysay people in the Blue Nile Gorge in Wellega
(Torrey, 1966). In a sruvey of 50 communities in five
administrative regions in the central plateau, the
parasite was found in 894% of the communities (McConnell
and Armstrong, 1876), whereas it was found in only

0.5% among 468 Addis Ababa school children and among
2.2% of 90 Debre Zeit School children (Lemma et al.,

1968) .

The agent of giardiasis, G. 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 encountered

in 98% of the communities investigated, with prevalence
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rates ranging from 3§ to 23% (McConnell and Armstrong,
1976}, In Addis Ababa out of 468 school age children
8.9% were found harbouring the parasite (Lemma et al.,

1968),

Infectious apents in which diarrhea is a major
symptom are, therefore, widely distributed in Ethiopia.
However, whethgr infectious diarrhea in the adult population
is predominantly of parasitic, bacterial or of joint

oripin, is not well established.

Although a few renorts are available, especially on
intestinal helminths, multiple infections by pastro-
intestinal infectious agents has net been dealt in

any detail in Ethiaopia.

In addition to their disease effects on the
health of people. multiple infections also enhance
diagnostic problems which are responsible for gross
grrors of reporting, leaving many of the infectiou?
agents unrecognized and lumped together with other
illwdefinad conditions., This may also entail problems
of prescribing toxic drugs that do net serve useful

pUrpOSas.,

The ourpose of this study, therefore is:

1. to define the types of combinations of infectious

agents that may be concurrently present in the adult
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pe;- ation in Addis Ababa.

2. to elucidate the effects of some of the interactions

of infectious agents on the health of the peopls.

3. to determine theo 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 and bacterial agents. According

to Mogesie (1983) . no Ysrsinia 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
infections in the present study. Viral agents and

Cryptosporidium sp. infection could not be considered

in the stw y because of technical difficulties.




Materials and Methods

1. Collection of Specimaens

Stool and blood specimens were collected in sterile
containers from adult patients (age 15 and abovel}, report-
ing for medical help to the ﬁrada and Teklehaimanoﬁ health
centers in Addis Ababa. The study was conducted between
August, 1988 and April, 1989. These health centers render

free medical service to patients with low or no income.

2. Parasitological Examination

Both the direct thin-smear and Kato thick-smear
techniques wers used to detect intestinal parasitic

infections.

Direct thin-smear - Direct saline-iodine smears were

used to detect intestinal nrotozoal-infections. 1In
this, one drop of saline (0.85%) NaCl) and aqueous
iodineg solutian (1% a---nus solution of KI satupated

with iodine crystals) were placed separately in the

same slide. With an applicator, approximately Zmg
faeces each was placed ip the saline and aqueous iodine
drops, and stirred until completely suspended and
covered with 22 x 22 mm glass coverslipns. 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, 1968) was used for thediagnosis

of intestinal belminth infections. The procedure
briefly involved transfer of about 50mg faeces to

a microscope slide from nonfibrous specimens. For
fibrous specimens, fasces were placed on a clean

sheet of paper and a square of stainless-steel

bolting cloth placed over it. A sample of screened
faeces was removed with an applicator stick by pressing
the cloth into the faeces and scranping the applicator

across the surface of the cloth

Fascal samples thus rrepared were covered with o
cellophane coverslip previously soaked in glycerine-
malachite green solution. The preparation was inverted
and pressed against soft naper on a table top. The
preparation was then allowed to stand face up for about
1 hour at room temperature. Ths entirelFilm was examined

under low power and helminth eggs gquantified.

3. Bacteriological Examination

pollecﬁion 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




sopulation in the specimen more or less at stationary
state, and to prevent overgrowth of any narticular micrao-

organism: (Edwards and Ewing, 19072).

gulture Media

MacConkey and Shigella-Salmanella (SS) agar
(Oxoid, Basingstoke, Hants, England) nlates and
Kauffmann enrichment broth (Oxoid, Basingstoks, Hants
England) were used for primary isolation. Similarly,
Nutrient broth, Kligler's iron (KI) agar slants, Lysins
iron (LI) agar slants, Urce agar slants, Simmon's
citrate agar slants, semisolid molitity medium, mannitol
broth and glucdse broth (Oxoid, Basingstoks, Hants,

England)} were used for biochemical tests.

Bacterial Isolqtion

The stool snpecimens were brought to the laboratory
and plated on two primary media. MacConkey and Shigella-
Salmonglla agar plates were inoculatsd with the swab,
and streaked using a sterile leoon. The swab was then
dipped and left in Kauffman enrichment broth. All
inoculated plates and the enrichment broth were incubated
at 37°C for 24 hours. The MacConkey and SS agar plates
were examined for non-lactose fermenting colonies. By
using a straight wire, a single colony was nicked out

and inoculated into about 3ml of nutrient broth.




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 same tyne of agar plates used for

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

Biochsmical Reactions of Bacterial Isolates

By using a sterile straight wire, the broth cultures

were inoculated in the following manner:-

- Kligler's iron agar slant, to determine the fermentat-

ion of glucose or lactose and the production of hydrogen

sulfide The butt was stabbed and the slant streaked.

- lysine iron agar slant, +to detect oxidative dsamination

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 slant, to determine hydrolysis of urea.

- Simmon's cgitrate agar slant. to check the utilization

of eitrate as a sole source of carbon.

- Semisolid motility, medium to determine motility

- Mannitol broth, to determine fermentetion of mannitol.

- Glucose broth with inverted Burham tube, to detect
fermentation and gas production from glucose. All

biochemical test culture tubes were incubated at




37DC for 24 hours.,

To check the purity of broth inccula, and the
rel: ability of biocchemical tests, each broth inoculum
was subcultured on MacConkey check-plates and incubated

at 379 for 24 hours.

Serogrouping - The slide agglutination test was used,

with "Difeco" polyvalent and group antisera for sero-
grouping and confirmation of bicchemically identified

Salmonella sp. or Shigella sp., respectively, e e

Haematocrit and Total Ssrum Protein Determinations - At

the same time the stool samnles were collected, 5ml of
venous blood was obtained from sach patient by use of a
sterile syringe and the blood used for total serum protein

guantification and haematocrit determination.

Haematocrit determinations were made by drawing
blood samsles into heperinized capillary tubes (75mm,
75ul, Hirschmann, Lasborgerats, Germany} sealed with
nlasticine, followed by centrifugation of the packed
red cell volume by haematocrit reader (Hawksley, England).
Centrifugation was performed for 5 minutes in a micro-

haematocrit centrifuge (Hawksley, England},

Total serum protein was determined by the Biuret
method (Kaplan & Szabec 1983). Briefly, 5ml of venous

blood obtained from the patients was transfsrrad into
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ontically clear glass vials and incubated at 37°c for
about twe hours to extract the serum. The serum was
drawn oul with nasteur pipets and the remaining coagulate
centrifuged at 1000 rrm for ten minutes, using an
Angle Head centrifuge (Gallenkamp, England) to extréct
as much serum as rossible. The sarum was stored at‘
20°C until assayed, or ths asgay was conducted immediately,
to determine the total serum protein. 1In the assay,

2.5 ml of biurst reagent (3.0g CuSO .SHZD] dissolved

4
in 500 ml freshly distilled water tc which 9,0g KNa
tartrate., 4H20, 5.0¢ KI and 100ml of BM NaOH was

added, and diluted to 1L) was pipeted into Test series
of tubes and a 2.5 ml biuret blank (9.0 ¢ KNatartrate.
4H20 and 5.0g KI dissolved in 800 ml water, to which
100ml 6 M NaoH was added and diluted to 1L) into Blank
series of tubes, gach in triplicate. 50ul of snecimen
(serum or protein standard) was pipeted into one of

each -series and thoroughly mixgd. Reagent blanks were
prepared by pipoting 50ul of distilled water into 2.5ml
of biuret reagent. All test and blank ssries tubes were
incubated at 37°C for 10 minutes. Absorbance was read
at 540 nm by using a Spectronic 21 snectrophotometer

(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 values of both reapent blanks (Arb) and
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sample blanks (Asb) were subtracted from the corresponding
absorbences obtained for thao test series, That is,
A

Atesfw* (Arb + Asb] nrotein concentraltion in

net

grams per deciliter was thus calculated as, ¢/dl= A X C

unet

Asnet
Au net and Asnet absorbance of snecimen and standard,

Pespectivelylc = concentration of standard gdl.

Statistical Analysis

X2 analysis was used to test the association
of diarrhea with infecticon, and possible disease
implications in multiple infections. Similarly
Spaearman’s rank correlation coefficient was ussd
to compare natterns of double infections in the two

5e8X85.




Results

Based on the parasitological and bacteriological
examinations of the stool snecimens, 9 tynes of parasitic
or bacterial apgents that are implicated in causing gastro-
intestinal diseases wsre detected, in 410 (74.2%) of the
patients. The most common gastrointestinal infectious
agents diagnaosed, and the frequency of their infection
" rates, is sho;n in Figure 2. Among the 410 positive cases,

251 (61.2%) had single infections. The parasites involved

as single infections were nrimarily Entameba histolytica

(53,8%), Ascaris lumbricoides (19.1%), Trichuris trichiura

(10%) Giardia lamblia (5.2%), Strongyloides stercoralis

(4%) and Hookworm (3.5%). Among the bacteria, Shigella sp
(3.5%) and Salmonslla typhi (0.8%) were identified as

single infections,

Estimation of intensity of infection with the
gastrointestinal helminths was based on the amount of

ggg load in the stool. Egg counts for A.lumbricoides,

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

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

This showed that A. lumbricoides and T. zrichiura
infections were light in all rositive cases, while

hookworm infections arpeared to be heavy.

Among the pathogenic Enterobactsriaceae, Shigella

and Salmonslla were the two penera considered in the
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study, as they most commonly are implicated in causing
diarrhea in the adult population. It was determinsd

that infection rates with Shigella were higher when
compared with Salmonella rates of infection (Table 1).
Among the Shigella sp., S. flexneri was the most common
isolate followed by S. dysenterias and then by S§. boydii,
However, no S. Egﬂﬂﬁi infections were encountsered,

S. typhi was the only species encountered among the

Salmoneglla isnlatses.

0,

Among the 410 individuals found positive, 39%
were found to harbour mors than one infectious agent.
Most prevalent were double infections consisting of
more than one parasite and hacteria. Among the multipls
infections 31.5% were double, 6.6% triple and 0.7% wers

quadruple infections (Table 1 and 2).

Most frequent among the double infections ars

those with E. histolytica and A. lumbricoides, E. histolytica

and T. trichiusg; A. lumbricoides and T. trichiura; and

E. histolytica and Shigella 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). Casses

of Schistosoma mansoni in combination with E. histolytica

and hookworm were also detected. No significant differencs




was seen in intensity of infection bhetween single and
multiple infections involving the intestinal helminths.,
Multiply infected individuals had overall egg counts

below 7280 for Ascaris and 880 for Trichuris: both egg

loads falling within the range of light infections.

Consistently the percentags frequency of occurrence
of sach infectious agent was found greater in combination

with others, rather than alone (Table 7).

Qut of 285 patients with diarrhea, 234 (12.1%) had
single or multiple infections (Table3)., Among the
diarrhea cases 56% of the infections were single,

34.6% douhle, 8.,1% triple and 1.3% guadruple. Fipure
3 shows frequency of infection rates by 7 infectious
agents in the diarrhsal patients. In the single
infections, E. histolytica accounted for 61.8% and

G. lamblia for 8.4%. E. histolytica and G, lamblia

infections represented 34.6% and 4.7% of the total
diarrheal cases respectively. About 21% of these
diarrheal patients were found harbouring 3 helminth
parasites; that is? A. lumbricoides (11.5%), T. trichiura

(5.3%), and S. stercoralis (4.6%). Shigella sp. (6.9%)

and Salmonslla typhi (1.5%) together accounted for

8.4% of the total diarrhsal cases. The most common

combination of the double infections were E. histolytica

and A, lumbricoides (30.8%) and E. histolytica and
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Shigella sp. (19.8%). Furthermore, in about 84% of the
multiple infections, E. histolytica occurs in combination
with one or more of 6 pastrointestinal parasites and
Shigella. tikewise, G. lamblia was found to occur in
concomitant infections with one or more of the parasites
encountered, in 15% of thecases. The two intestinal
nrotozoan parasites were also found to be the most
frequently implicated parasitic infections in the
diarrheal patients, Among the bacteria, Shigella
appeared to be an important cause ofdiarrhea in the

adult population,

Results of the study also revealed that in diarrheal

patients with concomitant E. histolytica and Shigella sp
i

infections, the patients were clinically characterizad

by higher fever, severe rectal tenesmus, bloody mucoid

stools and urgsncy for frequent defecation.

The X2 test showed diarrhea to be significantly
associated with infection. This was significant at the
0.5% level (Table 4). Similarly X° 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 increass

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

No. % of % of PRCV* TSP** % low % low
Single Infecticns infected -Squglg total less than less than PRVC TSP
infection infection normal normal

. Entameba histolytica 135 53.5 32.5 46 6 34.0 4.4
. Gierdia lamtlia 13 5.2 3.2 2 - 15.4 -
. Ascaris lumbricoides 48 18.1 1.7 10 2 20.8 4.1
. Trichuris trichiura 25 10.0 6.1 4 1 16.0 4.0
. éfronqyloides stercoralis 10 4.0 - 2.4 4 - 40.0 -
. Hock worm sp. S 3.5 2.24 g - 100.0 -
. Shizzlla sp. S 3.5 2.24 - - - -
. Salmoneila typhi : - 2 0.8 0.5 - - -

Total --~—— ~—- 251 61.2
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Table 1 contd...

Double Infections NG. % of % of PRCV*  TSp** % low % low
infected double total less less "RCV TSP
infect- infect than than
ion ion normal normal
E. histolytica and €. lamtlis 8 6.2 1.95 2 - 25 -
E: histolytica and Shi:eila sp. 18 12.4 3.9 3 7 18.8 43.8
E. histolytica and.ﬂj lumtricoides 38 30.2 9.5 11 1 28.2 2.6
Eﬁ histolytica and I} trichiura 22 17 .1 5.4 19 2 45.5 4.5
£. histclytica and §j stercoralis 4 3.1 1.0 1 1 25 25
E. histolytica and 8+ typhi 1 0.8 0.24 . - -
E. histolytica and Schistcsoma mansoni 1 0.8 0.24 - - -
G. lemblia and A. lurbriccides 9 6.9 2.2 1 1 11.0  11.0
G. lamblia and T. trichiura 4 3.1 1.0 - - -
A. lumbriceoides anodI. EEE?ﬁiEEE_ 18 14.7 4,81 1 - 5.3 —
A lumbricoides and Hookworm. 3 2.3 | 0.7 3 2 1C0 66.7
T. trichiura and Hookrorm 2 1.6 C.5 1 - 50 -
T. trichiura and S. stercorzalis 1 o.8 0.24 - - -
- T T T 129 31.5

* packed Red cell volume

** Total serum pretein



in the same individual (36%, 52%, 62%, 70%, 1G0% for
uninfected, single, double, triples and quadrurle infections
resnactively). Likewise, comparison af the freouency of
diarrheal cases versus protazoal and hslminthic infections
also showed the protozoa to be more frequently involved

in causing diarrhea than the belminth papasites, in the

adult population.

Comparisons of the levels of hasmatocrit and total
serum protein, when the infectious agents occur singly
and in combinations, showed a general tendency for the
proportion ofpatients with decreased hasmatocrit and
total serum protein values to increase as the number of
infectious apents in the same individual increased,
excent for combinations involving A. lumbricoides and
any one other parasite. For example, out of ths
E. histolytica infected individuals 34% and 4.4% had
low haematocrit and total serum protein respectively.,

Similarly, from the patients harbouring_ﬁ. lumbricoides

alone, 20.8% showed low haematocrit and 4.2 had low total
serum protein levsls, while 2B8.2% and 2.6% of the patients

concurrently infected with E. histolytica and A, lumbricoidss

had haematocrit and total serum protein below normal levels
rspectively. Patients with Shigellosis alone had no
indication of ansemia or protein deficiency. However, out

of the patients with mixed E. histolytica andiShigells
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Table 2. Triple and Quadruple Infections in

Total Sample

Triple Infection No % of % of PRCV* TS P*™ % low % low
Infected Infect- total less less PRCV TSP
ion Infect- than than
ion normal normal

1. E. histolytica, A. lambricoides and T. trichiura 19 70.4 4.6 12 1 83.2 5.3
2. . histolytica, A. lumbriccides and S. mansoni 1 3.7 0.24 - - - ~
3. E. histolytica, G. l¥plia and S. mansoni 1 3.7 0.24 1 - 100 -
4. E. histelytica, Hockwerm and S. mansoni 1 3.7 0.24 1 - 100 -
5. E. histclytica, G. lamblia and T. trichiure 1 3.7 0.24 - - - -
5. E. histolytica,_ﬁ. lumbricoides and S. sterccralis 1 3.7 0.24 - - - -
7, G. lambiia, A. lunbricoides and T. trichiura [ 3.7 0.24 - - - -
§. 5. lamblie, T. trictiura and S. stercoralis 1 3.7 0.24 1 - 100 -
g, %. lumbriccides, 7. trichiura and §._stercoralis 4 3.7 G.24 1 - 100 -

- - - Total 27 6.t

Quacruple Infection

1. E. histolytica, G.lam3liz, A. lumbricoides & T.trichiura 1 33.3 0.24 1 - 100 -
2. E. histolytica, A.lumbricoides, T.trichiura & S.typhi 1 33.3 0.24 - - - =
3. E. histolytica, A.lumbricoides, T. trichiura & Hookworm 1 33.3 0,24 1 - 100 -

- - - ' 3 C.72
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Table 3. Single and Multiple Infections in Diarrheal Patients

Single, Infections No of %z of % of all PRCV* TSP** % low
positive single diarrheal less less PRCB
cases infect- cases than than
ion normal normal
E. histolytica 81 81.8 34.6 26 6 32.1
Giardia lamblia 11 8.4 4.7 2 - 18.2
A, lumbriccices 15 1.8 6.4 5 - 33.3
1. trichiure 7 5.3 3.0 2 - 28.5
S.stercoralis 5] 4.8 2.6 3 - 50.0
Shigella sp 9 6.9 3.8 - - -
Salronella typhi 2 1.5 0.85 - - -

Total 131 56.0
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Tabte 3. contd..., Single and Multiple Infections in Diarrheal patients

Dotvhle Infecticns No of % of % of 211 PRCV* TSp*=*

% low % low
positive double dierrheal less less PRCV TSP
cases infect- cases than than
ion normal normal
histolytice and G. lamblia g 9.9 3.4 2 - 25.0 -
?f histolytice and A. lumbriccides 25 30,8 10.7 7 1 28,0 4.0
3 E. histolytica end If trichiura 13 16.0 5.6 B 1 46.2 7.7
E. histolytica and Shigella sp 16 19.8 6.8 3 7 18.8 43.8
5 E. histolyfice and_gn typhi 1 1.2 0.4 - - - -
6 E. histelytica and‘§: stercoralis 4 4.9 1.7 1 - 25 -
5. lamblia ard A. lpmbricoides 8 3.8 3.4 3 - 37.5 --
8 . lewlia and T. trichiura 1 1.2 0.4 - - - -
A. lumbricoides and_zf trichiura 5 8.2 2.1 2 - ) 40.0 -

81 : 34.6
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Table 3 centd..... Single and Multiple Infecticons in Diarrheal Patients
Trinle Infections - No. of % of % of all PRCV* TSP** % low % low
pasitive Triple diarrheal 1less less PRCV TSP
cases infect- cases than  than
ion normal normal
1 E. histolytica, A.lumbricoides and T.trichiura 11 57.9 4.7 7 1 B3.6 8,0
2 E: hlstolytlca-g lurricoides and S mansoni 1 5.26 0.4 - - - -
3 :E, histolytica, G lamblie and 5 mansani 1 5.25 0.4 1 - 100 -
4 E. histolytica, Hookworm and S.mansonl 1 5.26 G.4 1 - 100 -
5 E. histolytica, G.lamblis and T.trichiura 1 5.26 0.4 - - - -
6 E” histolytica,jg.ljnbricoides and S.stercoralis 1 5.26 G.4 - - - -
7 G. lamblia, A.lurbricoides and T. trichiure 1 5.26 0.4 1 - 100 -
S §. lamblis, T tric viura and S stercoralis 1 5.28 0.4 1 - 160 -
9 éu 1umbr1001des, T. trichiura and S. StQ“COPEIIS ?% 5522? g.i_ 1 - 100 -
Quadruple Ubfecticn $9¢?T?Pi§
1 E.histolytica, G.lamblie, A.lumbricoides & 7. Trichiura 1 33.3 0.4 1 1 100 100
2 E.histolytice, A.lumbr.coides,T.trichiura & S.typhi 1 33.3 0.4 - - - -
3 E.histelytica, A.lumbricoides, T.trichiuvra & Hookworm 1 33.3 0.4 1 - 100 -

* packed red cell volume
**  total serun protein
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infections 18.8% had low haematocrit and 43,8% were
found with total serum protein levels below normal.
Likewise, out of the T. trichiura cases 16% showad
low haematccrit and 4% had tntal serum protein below

normal levels. Whereas among the patients with

concomitant E. histolytica and T. trichiura infections,
45.5% had haematocrit and 9% total serum protein levels
falling within the range in which anaemia and hypo-

proteinemia are considered to occour,

Reductions in haematocrit and total serum
nrotein levels also appeared to be grossly aggravated
in the triply infected individuals‘ Among the cases

with triple infections with E. histolytica, A. lumbricoides

and T. trichiura, 63.2% had a low haematccrit and 5.3%
had total serum protein below normal levels. This
represented 35% in excess of the low hasmatocrit levsl

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

and 7 . = P »ltigce’and T, brichiura double infections.

bl —_

[+)

Sign test analysis of the % 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 #. Freguency of Asspciation of
' Diarrhea with Infection with

parasite/bacteria (N = 552)

Table 5. Freguency of Diarrhea cases
versus protozoal and Helminth
Infections (N # 240)

__Infection status

- _ Not Total
Uiarrheal stotus Infected Infected
Diarrhea 234 51 285
No diarrhea 176 51 267
Total 419 142 552

X&.

= 18.8838 (P<0.005)

Infection status

Protozoal Helminth  Total
Diarrhea 92 28 126—-
Eﬁ diarthea 56 64 120
Total 148 ‘ 92 240

X% = 19.886 (P<0.005)



Table B.
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Frequency of Diarrhea versus Number of Types of Agents/individuzl

Diarrheal status

No. of Individuals with different status of infection

None Single double Triple Quadruple Total
Diarrhea 51 131 81 18 3 285
Nor diarrhea Y 120 48 8 Y 267
Total 142 2571 129 27 3 552
< 005) B

(= = 28,998 (P<0.
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Table 7. Percentage frequency of occurrence
of Infectious Agents Alcne or

“with others (N=410)

% frequency

of occurrence

Ag. T | alone with others
E. histolytica 48 52
o+ lzmblia - 33 63 )
é. l;;briggiggs 28 72
—— i 5
Hookwormn ) - 47 | 53

S. typlt 33 67
Shigella 36 64

Sign test (2-sided)

%2 = 9,0(P<0.05)
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Table 8. Percentage low PRCVY in individuals‘with

single, double or triple infectious

agents
% individuals with low PRVC
Infection Single Infection + one other + 2 others
(doubls) (triple)
E. histolytica 34 29.7 58.3
G- lamblia _ 15.4 14.3 50
A. lumbricoides 20.8 26.7 56.5
T. trichiura 16 L 25.5 60.9
T. trichiura . 40 20 66,7
Hookworm 100 80 100
S. mansoni - 0 66.7
S. typhi 0 0 -
Shigella 0 18,8 0

Sign test (2-sided)
2

Single-double: X 0.14 (P > 0.05)

2

Single-""" .1 X 0.5 (P < 0,05)

i

fl

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




Table 9:

infections by sex.

- B4 -

Spearman's renk correlation coefficient for double

Double Infections Males Females
(n = 50 (n = 79)
rank rank
E. histolytica a .. lumbricoides 1 1
E. histolytica - T. trichiura 2 3
E. histolytica - Shigella sp 3 4
A. lumbricoides -~ T. trichiura 4 ' 2
G, lamblia - A. lumbricoidgs 5 6
T. trichiura - Hookworm 7 5
E. histolytica - S. stercoralis 7 10
A. lumbricoides - Hookworm 8 8.5
G. lamplia - T. trichiura 10 8.5

Spearman’s rank correlation coefficient, ¥y = (806 (Z = 2.42)

(Significant at 0.1%)
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and double-tiaple infections was not large enough
to show significant differences in the haematocrit

and total serum proteis levsls.

Comparison of infections in the males and
females, by using the Spearman's rank correlation
coefficient {ar the corresoonding in?ectioﬁs apent
comhinations showsed general patterns of double
infections to be similar for the two sexes. (Tahle 9),
This is significanc at the 0.1% level. Comparison
of infection rates in the males and females is also

shown in Figure 4,

It also appecaved that the chances of harbouring
more than one infectious agent concomitantly by
‘an individual is greater in the young adults (age 15-30)
than in the older age groups (Figure 5). For example,
well over 50% of the single and multiple in?ections

occurred in the ape group below 30 years.
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Oiscussian

The prevalence 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 be expected to be
more exposed to pastrointestinal infections, as they
live in inadequate 'housing conditions i.e. houses without
proper water supplies and sanitary facilities. The food
intake of the ratients is also nresumébly marginal, 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 sunport the prevalence
of such situations in the population sampled. A high
prevalence of infection with parasitic and/or bacterial
infectious apgents was indicated by the fact that 74.2%
of the patients were found harbouring one or more agents,
Among the intestinal parasites E. histolytica, is the

most commonly encountered with an infection prevalence
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of 53,0% of the single infections and 32.9% of the total
infections. Previous reports indicated a wide distribut-
ion of E. histolytica in Ethiopia. For examrle, a
prevalence rate of 55% was reported in the Saysay peaple
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 E. histolytica in the country. The extent of harm

caused by narasitic infections to the health of individuals

depends on the parasite species (WHO, 1987a), E.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 amesbiasis often leads to anaemia (DuPont and
Pickering, 1980). The low haematocrit and total serum
protein in 34% and 4.4% of the E. bistolgtica infected
individuals, rospectively, can be explained in terhs

of the invasive property of the parasite and the associated

malnutrition.

G. lamblia is another intestinal protozoan parasite
sencountered in 5.2% of the single infections and 3.2%

of the total infections. According to Lemma et al.,
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children in Addis Ababa, The present findings indicate

that the parasite may bte more common in children than

in adults. The interference of 6. lamblia with

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

aoor nutrient intake of the hosts, may have been responsible
for development of anaemia in 15.4% of the giardiasis

natients.

In conformity with previous reports (Lemma st al.,
1968; Sioum et al., 1981). A. lumbricoides and T. trichiura
were‘?ound to be the dominant intestinal helminths
occurring in 19.1% and 10% resnectively of the single

infections. A, lumbricoides and T. trichiura infections

are predominantly prevalent in children. (Cook, 19886).

The relatively high infoction rates with A. lumbricoides

and T, trichiura in the adult ropulation is a reflection
of the high transmission ieVel of the two parasites in
the population sampled. High ponulation density, low
education level and noor sanitary conditions may be
implicated in the high prevalence. Estimation of the
intensity of infection by the Kato thick-smear technique

showed A, lgmbricoides and T, trichivra to renresant

light infections in all positive cases. As reflected in
the findings nf the study, light infections involving

these intestinal nematodes are not known to cause

{ A
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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 infsctions may have some

contributions to the gradual development of anaemia,

Strongylcides stercoiralis is commonly found in

Ethiopia (McConnell and Armstrong, 1976), It was the
third most comman intestinal nematode (4%) diagnosed
in this study by detecting larvae in the faeces. The
excretion of S. stercoraiis larvae is intermittent
and it may be impossible to detect light infections,
even hy using special nprocedures (Beaver et al.,

1984). 7Thus the detection of S. sterceoralis larVag

with the direct thin-smear method may be an indicator
of heavy infeztions by this parasite in the individuals,
It is also possible that the inapprorriateness of the

diagnostic methods used for the diagnosis of S. stercoralis

infections may have under-estimated the prevalence and the

load of infection in the patients investigated. §. stercoralis
is known to cause diarrhea, anorexia, malabsorption and

lesions in the mucoéa of the small intestine (Onile et al,,
19853 WHO, 1987a)., Thus the low haematocrit level in

40% of the patients with S. stercoralis is not unexnected

Hookworm infections in Ethiopia are widespread.

The prevalence of infection is highest at intermediate
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“titude (1001-2000m) fellowed by low
altitudes (C-1000m), while the highest altitudinal range

(2001-3000m) has the lowest infection rate (Shibru, 19886),
Compared to ascariasis and trichuriasis the hookworm
nravalence rate in the study population arpeared to be

relatively lower, although it is comparable with that

of 5. stercoralis. This may bebecause of the high altitude
of Addis Ababa (2400m) and the wearing of shoes hy the
majority of the population, which minimizes the chance

of exposure to larval peretration throupgh the fget; the
most common site of entry. Hookworm infection causes
blood loss and depletion of ths body’'s iron store leading
to iron-deficiency anaemia (¥WHO, 13981). The severity

of anaemia, however, depends both upon the iron content
of the diet of the individuals and on the intensity

and duration of infaction. The intensity of infection,
however, difrers locally denending on ape, sex and

the species of hookworm. Thus, heavy hookworm infection
is understood as hookworm parasite infection intensive
enough to cause anaemai (WHO, 1987a). All hookworm
infected individuals in this study showed haematocrit
levels within the anaemic range. Inadequate food intaks,
combined with the bleod loss enteropathy of hookworm
infections, may have resulted in the nrecipitation of
anaemia in these patients. Although anaemisa is not

a serious puhblic health problem in Ethiopia, because




of the high iron cortent of the traditional tef diet
{(Abraham et al., 1980}, hookworm infections can be
expected to cause anaenia in individuals with nutritional

deficits,

Shipellosis and Salmonellosis are hiphly infectious
disenses of worldwide significance, with the highest
incidence in the tropical and subtropical regions, where
general standards of living are usually poor (WHO, 1980b).
In the present study, infections with Shigella sp constituted
3.5% of the single infections while Solmonella infections |
represented‘only 0.8%., This difference in prevalence
rate between the two enteropathogens may be due to
the éloae association of Shigella inféctions with low
sanitary conditions and the property of law infection
dose in the genus. Reports on Shigellosis in Ethiopia
indicate S. flexneri to be the most commonly isolated
species, followed by S. dysenteriase and then S, boydii
{Afeworki and Yecnebersh, 1980; Mesele and Alebachew,

1982). 1In conformity with these reports, results of
serogr -uping in the present study showed S. flexneri
to be the most common isolate (66.7%), followed by
S. dysentgriae (22.2%) and S. boydii (11:1%). No
S. sonnei infections were encountered, iﬁ conformity

with the report that its prevalence in the developing

countries is low (WHO, 1980; Rahaman, 1984), The limited




number of studies on Salmonellosis in Fthiopia have

shown the nredcminance of S. typhi (Mesele and Alebachew,
1961 Afeworki, 1985). Similarly, only 5. typhi was
gncountered in this study, apain, confirming the endemicity

of S. typhi in Addis Ababa.

The public health impact of crastrointestinal
infoctious diseases on the population can be expected
to be aggravated by the occurrence of multiple infections
in the same individuals. Multiple infections with
intestinal parasites have been renorted by some workers
in Ethiopia (Kloos et al., 1860; Shibru et al.,1982;
Tesfamichael, 1983). 1In the present study, multiple
infections with two agents were the most predominant
(31.5%); there were some with three (6.6%) and only
few with four (0371%) narasites and/or bacteria in the

same indiviauals.

The chances of harbouring single and multiple
infectious aeents appeared to be preater in the young
adults (ape 15-30) than in the older age groups”(Figure 5).
Héocial factors, exposure and acquisitio; of {mmunity |
may be responsible for the observed age difference
in the infection prevalence, Also, although not
statistically significané, infection prevalence in tha
females was consistently higher than in the males

(Figure 4). This may be attributable to the home
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management and food handling responsibilities of the
females in Ethiopian sccisty. Such activities are
helieved to increase the chance pf exposure of the
individual to the infective stages of the infectious

agents.

Most frequent among the multiple infections were

infections involving E. histolytica and A. lumbricoides

(24.5%), E. histolytica and T. trichiura (13.8%),

A. lumbricoides and T. Erichiura (11.9%) and E. histolytica

and Shigella {(10.1%). The type of combinations in the
triple and gquadruple infections likewise followed similar
patterns (Table 2). This shows that in addition to the
clinical implications, multiple infections may have some
epidemiological bases for coO-0CCUITENGE. The observed
combinations also appeared to indicate the co-existencs

of some parasitic and bacterial infections in the population.

From the gastrointestinal helminth parasites,

A. lumbricoides and T. trichiura combinations were

most common. In studies elsewhere, A. }umbricoides

T. trichiura and hockworm have besn 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, lumbricoides and

T. trighiura egp counts were low, indicating light

4&

infections. This may be due to fairly stable level




of endemicity of the intestinal helminths, resulting
from repeated infection. In light of the similarities
of their life-cycles during the exogenous developmental
phases, and their modes of transmissicn, simultanecous
exposure to infectious eggs of both parasites can

occur more frequently than with other agents,

Most of the Schistosoma mansoni cases wers patients

who had once lived in Tieray or Gondar regions, whers

S. mansoni is widely endemic (Lo et al., 1988)}. These

few cases harbouring §. mansoni in combination with
other zastrointestinal parasites may indicate the

high possibility of 5. mansoni 6ccurring in multiplse
infections, in endemic areas, with far-reaching public

health implications.

Most of the agents involved in combined infections
have a well-documented status of pathogenicity. Howsver
there is a very noor understanding of their interactions
when they co-occur with other agents. Tha most obvious
effect of the combined infections appeared to be the
gnhancement of anaemic resulting from amebiasis,
Shigellosis and hookworm infections. The pronortion
of individuals with below normal haematocrit levels
énd total serum protein increaséd with infections

involving combinations of E. histolytice and Shigella




- BS5 -

or hookworm and other parasites. A notable exception
was seen in double infections involving A. lumbricocidss
and other parasites aticde from hookworm., It appears

that infections with A. lumbricoides may have induced

the development of a non-specific immune response, that
may have reduced the pathological effects of other
concomitant infections, This is possible because
children heavily infected with A, lumbricoides were

shown to be free from meiaria, whereas children treated
for ascariasis develope attacks of malaria (Murray et al.,

19781(.

E. histolytica and Shigella infections are known
to “o~occur fraquently in the tropicé (WHO, 1981). The
disease is characterized by copious diarrhsa, high

fever and pivaounced dehydraticen. In the oresent

study, patients with E. histolytica and Shigella
concomitant infections clinically presented with high
fever, severe rectal tenesmus and bloody mucoid diarrhea,

as opposed to patients with in{ections of Shigella or

E. histolytica alone, Thus the combined infections may

have caused severe colitis, thereby leading to hypo-

proteinemia and aneemia in the majority of the patients.

Infectious discases cve imnortant causes of

morbidity and mortality (WHO, 1981). They can interfere
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with both social and economic asrects of the living
conditions of the population. For exomrle, helminthiasis
alone accounts for over a quarter of a million anual
visits of out-patient cases in Ethiopia, and is known

to afflict entire communities (Zein, 1988}.

Of the communicable dissases, diarrheal disgases
are not enly impaortant causes of marbidity and mortality
in Ethiopia but alsoc contribute to malnutrition. Recently,
it has been renorted thatdysentery and gastrointeritis
constitute 8.9% of the leading cause of out-patient
mbrbidity (Zein, 1988). However, despite their frequent
occurrence in the ronulation, the aetiologpical pattern

has not been fully determinead,

Parasite-related diarrhea is known to primarily
include arcsbiasis, giardiasis, trichuriasis and

strongyleid -~sis (WHO, 1980a). E. histolytica and

G. lamblia 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 T, trichiura and S. sterceralis.

Among the bacteria, Shigella (6.9%) and Salmonella (1,5%)

together accounted for 8.4% of the diarrheal cases
associated with single infections. The incidence and

severity of diarrhea sipgnificantly increased with an




i
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increasing number of types of infectious agents. ,§/

Similarly, stetistical comparison of the association
of diarrhea with protczoal and helminthic infections
showed protozoal.in?ections to be mors frequently associated
than the he:iminth parasites (Table 5). The combination

of €. histolytica and G. lamblia is most frequently

encountered in the double, triple and quadruple infect-

ions, and also most frequently with diarrhea.

Carriers of Salmonella represent the most important
reservoir of infection, while a long carrier state is
exceptional in Shigella (WHO, 1980b). In the light of //
this information, statistical comparison were r > madé to
see the strength of association of bacterial infection
with diarrhea, because stool cultures feor bacteria were
made only fo* cne diarineal stools. On the whole, there
is a pattern for the protozosl infections to be associsted
with diarrhea more frequently than the helminth parasites

and bacteria. However, this has to be verified by the

examination of a larper size sample.

No infectious apents were detected in 17.8% of

the diarrheal patients. Rotavirus and Cryptosporidium

sp. are - ~ng infectious agents known to cause diarrhea
(WHO, 1987b). Since detection of thess agents was naot

included in this study, the invo/yement of these agents
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in causing diarrhea cannot be excluded, s

Wherever €. histelytica occurred in combination

with parasites of even mild pathogenicity, the

proportion of patients with low haematocrit levels,

and total serum protein showed an increasing pattern
from single through ouadruple infections. Howevsr,

only the difference between single and triple infecticns
was found to be statistically significant, On the whole,
- this appsars to he the result of the pathogenic effects
of E. histolytic.:, aggravated by the presence of other
concomitantly occurring agents. Furthermors malnutrition,
which can be presumed te be prevalent in such & low
income population, may contribute to the severity of

the clinical “some of the concomitant infections.

Difficulties of differential diagnosis of parasitic
diseases are particularly more pronounced in areas of
hizh nrevalence. Oiagnostic problems are enhanced by
multiple infections (Buck et al., 1978a}. These are
responsible for gross errors of reporting; leaving
many of the infectious diseases unrecognized and
lumpped topgether with ill-defined conditions. Such
difficulties have besn observed in Arada and Tekle-
haimanot health centers. In these, laboratory technicians
were observed to stop exhaustively examining stool

specimens as soon as they see one parasite or parasite




nroduets. Even for the diarrheal cases only thin-
smear microscopic examinations were made for parasite
and bacteria detection. No attemnts to eulture the
stools for hacteria were mode. Such practices would
lead to pressription of drugs without immadiate curative

value. For example, detection of just a few A. lumbricoides

epps in & diarrheal stoonl, with unnoticed E.histolytics

trophozoites will not lead to a tresatment schedule

leading to relief for tha patient. This study has

revealed varietiss of multiple infections. Among these

were E. histolytica and Shipells occcurring in the same
individuals presenting with bloody mucoid stools.

Knowlerdpge of the existence of multiple infections are

of practicalrimportance, since they affect the accuracy

of clinical and laboratory diagnosis and the therapsutic
measures th2t may follow. Leaving parasites and bacterial
diseases imnropérly diagnosed not only leads to maltreatment

and the ensuing disease effects on the individual patients,

but have imnortant epidemiologpical implications, such

as the persistent existence of iresvoirs in the community.
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Conclusion

The prevalence level of pastrointestinal infectious
agents in the study ponulation was high, The hiph
prevalence levsl and the quality of the environment
appear to create conditions conducive to the eccurrence
of multiple infections. Results anthe study have shown
infectious diarrhea to be more frequently associated with
parasitic infections. Of the narasites associated with
diarrhea,‘ﬁ, histolvtica and G. lamblia were involved
over 50% of the time, followed by the helminth parasites

A. lumbricoides, T. trichiura and §. stercoralis.

r
o - — i A = o WA

Although the overall percentace prevalence of Shigella

was much lower than that of the parasites, the asscciation
of Shigrlla with diasrrhea in the adult nopulation was
relatively bieh. The hich prevalence of infection has

a health imp .ication. The'high level of infection can
interferse with both social and economic aspects of the
population. Ar the ropulation is vulnerable to these
infections, the " ° "+, physical and mental efficiency
can be affected by malabscorption, blood and protein

loss and diarrhea. Gastrointestinal infections have

a considerable impact on the working capacity of the
adults and may also contribute to the apgravaticn of

the unbalanced nutritional situation in the low income

or no income grours,
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Considering the damage caused by these infectious
agents arising from unsanitary conditions, it seems
imperative to improve environmental sanitation in the
city of Addis Abaha. In lipght of thecccurrence of
multiple infections, it is recaoammended that more
éppr0priate methods and thorough examinetion of
stools be made for the diagnosis of intestinal
parasites. It is also necessary to perform both

microscopic and ir vibtro culture methods
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