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1. I NTRODUCTION 

Although the term malaria, derived from the Italian word for 

bad air (mal' aria ), is indicative of a mistaken conception of the 

true causation of the disease, it is the term commonly used since 

the sc i entifically more appropriate term-Plasmodiosis- has . never 

come to wider use (Wernsdorfer , 1980). Human malaria has been 

known to humanity from the dawn of civilization (Loban and Polozok , 

1983) and the exact descriptions of malarial fever were given by 

Hippocrates in 4 0GB.C. (Garnham, 1966) . 

Nowadays, over 100 species of malaria causative agents, 

members of the genus Plasmodium, in a wide range of vertebrates 

and exhibiting narrowly-defined host specificity, are known (WHO, 

1987). Human ma l aria is caused by four Plasmodium species, namely, 

Plasmodium falcipar um, £. v'ivax, £ malariae and £. ovale . Human 

malaria parasites have a c6mplex l ife cycle with Anopheles species 

as the arthropod host and man as the only natural vertebrate host, 

wit h the e x ceptio of £ . malariae where h i gher non-human primates 

may be involved occasionally (Garnh ro, 1966). The parasites are 

naturally transmitted t~ man in the form of sporozoites through the 

bite o f infected female anopheline mosquitos, during which about 

ten percent of the sporozoite burden may be introduced (WHO, 1987 ). 

The l ife cycle of human malaria parasites comprises an exogenous 

phase wi th multiplic a tion (sporogony) in the mosquito and an 

endogenous asexual phase with multiplication (Schi zogony) in the 

human host. The later phase 'ncludes invasion of liver cells by 
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sporoz o i tes, where they under30 e xo-erythrocytie schizogony and the 

deve l op ental ph a s e l n the blood corpuscles, the ert hrocyti e 

schizogony . 

Erythrocytic schizonts rupture with a per iodicity of 24-72 

hours , characterist i c f or individual s pecies , a nd each l ibera t es 

10- 2 0 me r o z o i t e s which att ach to s pecific recept ors o n red cell 

membranes t o i n i tiate invasion (Cohen & Lambe rt , 1 982 ). Upon 

invading n ew e r ythrocytes t he meroz oite s c an e i ther in i tiat e 

renewed b l ood schizogony or d eve lop into s exual fo rms (macro-and 

microgametocytes (Garnham, 1 966). The eryth rocyt ic cyc le i s 

associated with clinical man i fes t ations (paroxy s ms) o f ma laria, 

whic depend on the presence of a defil ite quant um of paras i t es in 

the blood (t~HO, 1963) . In gener al , clinical symptoms de velop 

within 8 to 30 days of inoculation of infectiVe sporozoites. They 

consist t ypically of sequential chills , feve and sweating which may 

be preceded with a premonitory stage-heada che , naus ea, ma laise 

(WHO, 1963) . 

The clinical symptoms of periodicity are not adequate to 

establish unequivocal diagnosis, s i nce they can resemble that of 

many other diseases and variations i n the classical clinica l course 

are common, s pecially i n children. Th i s is particu ar ly common in 

infections with E. vivax and ,E. f alciparum, where mult i ple 

infections of indivi dual erythrocytes can occ r with s ubsequent 

est a lishmen . of blO or more broods o f parasites and quotidian 
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fever pattern (Pinder, 1973). t'lhen 0 e generat ion of the parasite 

prevails in the 1 0 I fever ty~ica~ly has a r egular intermitte~t 

pattern \.,rith the OCCU:tT nce of paroxysms every 48 hours i I cases 

of vivax and ovale (simple or benign terti n) malaria and every 72 

hours with malariae (quartan) malaria (~~~Or 1963). Z. f alciparum 

is invariably irregu=.ar in its pattern and the protean symptoms of 

falciparum mal-ria are misleading a.n may appea r wTith dramatic 

81 ~enness and severity (Pinder , 1973). Parasitaeroia can alone 

cause death o r result in f ta cereb ral, renal or pulmonary 

complications , particularly in non-immune indi ~duals. Falcipar'm 

malaria is a sign ificant ca se o£ abor~ion and stillbirth; as well 

as of deatl_ in non-irnraune mo· ... hers ('I DR , 1988). 

Except. in epidemics and apart frD., being a. major cause of 

i nfant mortality in highly endemic area OL falciparum malaria the 

d~sease is insidious rather than dramatic. Mala ia causes ~ainly 

chronic sufferin~s , res'lts ir an increased n'mbe 0 deaths from 

other Ca.'SBS , lowers life expectancy, and bring impaired growth in 

children. Ov er t.6 centur ies it has ha a p~ofol nd impact in 

c rbing socio-economi~ development by reducing the producti '.fe 

potentidl of mankind wherev 

1988} . 

~t pers'sted (.e~nsdorfer, 1980; T R, 

Malaria as considered S 01e at the main healt pr blems :n 

the world and its cOltrol was actively un ertaken after t e Second 

tlorl ~lar. Impressiv succes hab been obtained in a number o f 



4 

countries, mostly in the most developed ones . Neve r theless, 

malar i a still remains prevalent throughout the tropics as well a s 

the s ub t r op ics a nd several hundr eds of millions of people a r e a t 

risk (Carnevale & Mouchet , 1987). 

According to Tropica l Dis eases Resea rch (TOR) r eports (TDR, 

1988 ), t o dat e, the disease i s endemic i n 102 countr ies of t he 

world, alt hough on ly 61 report ep idemiol ogica l data to World Heal t h 

Organization (WHO). About 2700 mi l l i on peopl e (56 % of t he wor ld 's 

popula tion) live in malarious area s-2266 mi l lion i n countries where 

malaria control has neen or is still pract i sed and 398 million in 

areas where no specific measures are be ing or have been undertaken . 

In these regions control efforts are ma inl y concentr ated i n certain 

urban areas only (Bruce-Chwatt, 198 7 ). Only about 77 6 million 

people of the world (1 6%) ' live in areas where malar i a has been 

eliminated over recent d~cades (TDR , 1988) . Never t heless, the 

persistence of endemic malaria in Africa, Asia and parts of Central 

and South merica, makes the maintenance of the freedom f r om 

malaria in these a reas, \o,here "Anophelism without malaria " ex i sts , 

increasingly difficult (Bruce-Chwatt, 1987). 

Of the four main forms of malaria , vivax ma l ar ia is the most 

prevalent-covering many temperate , tropical and subtropic,al regions 

(TDR, 1988). The adaptability of E. vivax to t he life in var ious 

climatic zones is made possible by the capacity of the pa ras ite to 

survive for a long time in the liver of the host in a dormant s t ate 
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in the form of hypnoz ites (Loban & Poloz J983). F~r example , 

in the northern atitudes, were the transrni sian period is short 

and seasc nal, strains of E. viva - owing to tt-eir long inc' bation 

period - remain in t h e host in the latent ._orr for about 6-9 

months, unti l the nex transmission period (Wernsdorfer, 1980\. 

In t he tro i c a l and subtropical zones, r o<~ver, v i ax 

popula tions are represented by spor zoites ca sing the d eve l opment 

of the di s ease af~er a short incubation period ( Garr.ha~, 19B7). 

Thus, the . atural populations of .E. vivax tand E. cY..ale} seen 

t o consist of sporozoites compris ing a .ixt ll re of imrr,ediate ly 

developing and hypno2 o ite- destined ones (G rnham, 19 87 ). 'h';"s a so 

explains the r e lapse phenomenon obse~v~d in ~. viv~ and £ . ov~le 

a nd t 1 variations in incubation period dnd rela se patterns of ~. 

vivax that curs as a re ult of selection imposed by the local 

var iations in t"!:"ans',iss io I\·mo, 1 S 87). 

It i s also knot;.,n that. ethnic genetic iffere ces in t e 

susceptib" lit to particular s ec ' es p ay an important role in t he 

distrib' tion of E v ivax . 'This is reflected by t. e _ ig .esl:. 

incidence of vi ax alaria in Asia -nd its irtual absence fr ~ 

Centr and lest Africa I predominant 1: . nhabi ted b people of 

negroid descent (Werns orfer, 1980). Tne Cen ta dnd Wes- Afr' an 

popUlations have a high f~equency of the Duffy negative genocy~c 

(FyFy) - the resistance factor t £. yivax i lac s (Ki~ lcr & 

Car er , 1976), both in their country of origin no after 
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generations of residence i n the USA (Pinder , 197 3). 

In Africa, ~. v ivax is common in North Afric a, bu t in tropical 

Africa its distribution is l i mi ted to eastern and Southern regions, 

with Hamito- Semitic and Caucasian population g r oups (Wernsdorfer , 

1980; Loban & Polozok, 1983). In Ethiopia, it shows a, very 

dist inct d ifference in Hamito-Semitic and nilotic populations 

(Armstrong, 1978), the lat ter exhibiting marked r e sistance to 

i nfection. In general, it shows a biphasic distribution with a 

preponderance in t he north of the country but little in the South 

(Garnham, 1966). 

Falciparum malaria is the , mos t frequently occurring form 

throughout the t ropics a nd snbtropics (TDR , 1988), a l though it i s 

inferior tb ~. vivax in terms of geographical d i stribution (Loban 

& Poloz ok , 1983) . Reg~rdless of i ts c omp rati vely l i mited 

geographical a rea of inc i~ence , f. fa l ciparum is r espons ible f or 

most cases of ma l aria and for t he most s e vere a nd often f atal f orms 

of the disease (TOR, 1984 ). Th i s i ncludes imported f a lciparum 

malaria in European countr i es a nd t he USSR (Bruce Chwa t t, 1987), 

but the ep i demiological _danger assoc i a t e d wi th it i s i n s i g ni ficant 

beca u se the sub species of anopheline mosquitos p r evalent in these 

areas are not susceptible to the tropica l s t ra i ns of ~. alciparum 

from Afr ica (Loban & Polozok, 1983). 

Malariae malaria is widely d i stributed , c ommon i n s ome p laces 

and absent in others, but less common t h n falcip rum o r vivax 



malaria (TDR, 1988). It s prevalent throughout the tropics I 

chiefl! in the countri~s of AfLica Asia as well as Lat~n lL~eri~a. 

Ovale malaria is least pre alent of the £0 r forms of h man malaria 

and t e geog _aphical istribut10n of the parasite is quite 

peculiar. It occurs in tropical Africa a~~ eastern Asia. Although 

its geographical distribution roa,", suggest some relationship to 

ethnic factors and, at 1 st, a partia explanation may be found 

in the recept ivity of anophe ine sp~ i~s, the onuses underlying 

s uch peculiar and limited pattern of £. o'a g distribution are not 

fully understood (Wernsdorfer, lJ80; WHO, 1987). 

Over 400 species of a nopheline mosqu'tos are known allover 

the world (\i-lliO f 1987) of i.Y'hich around 6> . ere found 'co harbour 

sporo2oites originating from natural infect ion. However, onl.y 

about 27 of these a .ophelines are r ported as potent vectors of 

human malaria under natural conditions due to their biting and 

other habits (Wernsdorf .r, 1980). 

The i· ,::,ortan ce. of an anophoaline ;;:opecies as a vect:or of malaria 

is dependent on several characteristics, a~l of wh'c may vary in 

degree, and, the complex in eraction 0 which shapes the 

epiderni logical significance of a malaria vect r in a given area 

(WHO, 1975). T e Ttosquito host must be su::;ceptible to infection, 

breed in a sui tab e !llicro anita , produce in S Iff:" cient n "bers to 

maintain transmission, find and feed upon ~he hu~a host present 

in SUfficient nun.bers in i;Lfective s+:::ate, :;;,urv·.ve long enough to 
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allow the gent to develop or multiply and then bite a second time, 

in t is case a susceptible ind ividual (Russel etal., 1963; 

Macdonald, 1957). 

It is not known for efinite that if one of these alities 

is below some given level, a particular nophel ' ne species will 

not act as a vector / because the low level of one may be 

compensated for by the high l evel of others (Russel etal, 1963). 

Any f actor of climate or envir onmental conditions, such as 

tempe rature, r e lative humi dity, rainfall, vegetational features , 

etc. and seasonal changes t hat influence th dens ity of a species, 

the behavio r of the species , its longevity, or the development of 

Plasmodium parasite in it s bcdy f will modify the increase or 

decrease of the amount of ma laria i n an area (Beav r etal ., 984). 

Th e main vectors of the Afro-t. opica l region ' nc lude me bers 

of the Anopheles qarnbiae complex , the composite , _. fUnestus having 

wi der geographical distribution, and A. • i i as well as 

moucheti having a d'stribut'on limited to more restricted areas. 

On the other hand, A. pharoens i s, A. zeimanni , A. ruf ipes a d 

o t her s constitute vectors of secondary importance (Jansse sand 

Wery, 1987) . I t is also realized hat seve al anoph line species 

previously considered a belonging to a single species, based on 

classical morp ological a pproache are now fo nd to be complexes 

of various s ' bling species, based on biochem'cal and cytogenetic 

methods of ide tification. or e ample, A. qambiae s.l. as been 
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found 0 comp ise s ix d istinct s pec ies , name l y , b. ga mbiae s.s., 

~. arabi ensis , A. guadriannulatus, b . me l as, b · merus, and b· 

bwambe. 

A. gambiae s . s and b. arabiensis, the two most a nthropophi lic 

members of the comp l ex, have the widest d istribut ion and can ' occur 

together over extensive areas (Coluzzi, 198 4 ) - perhaps exist i ng 

in about 70 percent of Sub-Saharan Africa (Whit e, 1974). These two 

members o f the complex show d ifferences in behaviour, levels of 

vectorial efficiency, variations in seasonal preval ence (Coluzzi, 

1984), differential r e sponse to DDT and have specif ic distribution 

patterns t hat s eem to be differentially determined by climatic 

fac tors (White, 1974 ) . I n gene ral , b. gambiae S.s. predominates 

in the e quatorial f orest and humid situations, though, it a lso 

occur s in the Guinea and Sudan Savana, and e ven in the Sahel 

Savana, with a density related to rainfa ll. b . arabiensis is more 
"", 

successful in the drier zones , such as the Sudan Savana and further 

north to the Egyptian boarder, but a l s o i n the inland areas o f East 

Afr ica during t h e ry season (White, 197 4 ; Janssens & Wery, 1987 ) . 

b. qambiae s . s. and b. arabiensis were al s o rep orted to have 

differences in the Human Blood I nde x (HBI), the former was found 

to be more anthropophagic (Mo l ineaux & Gramiccia, 1980 ) . 

b . guadriannulatus has l ittle or no direct medical i nterest 

owing to its marked zooph i l y (white , 1974). Ne verthel ess, since 

i t can c o e xist w ' th b. arabi e ns 's the opera i onal value of 
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differentiating them's obvioqs 'n rela~io 1 to the eval ation of 

vectorial capacity, of the effect of r esidual spraying and the 

spr eading of insect icid e resistance (Ooluzzi, 1984). 

b.. quadr i annu l a t s s hares simi l ar larval eco logy wi t h 11 . 

a r a biensis and 11 - g mbia e s . s breeding i n shallow, open s unlit 

f reshwater p ools (Coluzzi , 1 984). Althoug. , ~. melas and ~ . mer s 

l arvae are able to develop in f res hvla t er (Wh i te, 19 7 4) , both 

spec i es thrive i l brac kish ma rshes and lagoon s (st evens , 19 84 ) on 

the west and e a st Afr ican Coasts, respect i vely . 

The c ompos i te b. . f unestus is o ne o f the p rinc i pal v e ctors in 

Cent r al and Sout hern Africa (ste vens, 19 84 ) . It h a s a some wha t 

res ~ricted d istribution a nd occur s in d egraded fores t s a nd Savanas 

a nd on mountain slopes. Although i'e r e ad i ly fee s on man and does 

go ind oor s, it has a l ow s p or ozoite index (Janssens & Wery, 1 987). 

It breed s in perma ne nt vegetated waters inc l ding s amps, ponds, 

l a ke margins, streams, ditches, etc., (stevens, 1984) . 

Altho ugh the rol e played by anopheli e mosqu'tos in 

transmi tti 9 plasmodia is obvious, the epidemiology of human 

malari is an intricate biological system i which the p rasite, 

its ver"' e brate and art hropod ho ts 'nteract ~" i th one another and 

vIi th the w ider biolog~ cal and physical environment ( HO, 1975 

Wern dorfer, 1980) . The most important factor among these is the 

inte action of the vector population with man an his environment 

(WHO, 1975). 
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The source o f infec ion is a aJaria patie t whose peripheral 

blood c ontains mat re s xual for~s (gamAtocytes). The infectiv'ty 

of blood for mosquitos is influence by severa~ factors which 

i ncl de number, a ger sex, distrib tion and quality of gametocyte 

(Beaver etal., 1984 ; WHO, 975) . 

I n all spec ies of parasites there are inexplicable variations 

in i n f ectivity which ar so~etimes attributed to varying maturity 

of g ametocytes (Russel etal ., 1963) While viable gametocytes are 

usually p r esent in the blood t the timG when the firs~ clinical 

manifestations of malaria due to £. vivax, £. ma_ariae and E. oV21e 

appear, this is not the case tyith £. falciparum. ""alciparllTIl 

infec tions differ in t e d e lay of gametocytes after the first 

appea rance of parasitaemia, as they require relatively longer 

period (10-1 4 days) t o each maturity (Loban & Polozak, 1983; WHO, 

1987) . 

Typically , infecti ' ity increa es with heavier game~ocyt2 

densities, although some carriers Tt ith less than ten gametor:::Y":.E::S 

per mm3 have been shown to infect mrre than hal f _he mosquitos that 

fed on them (Burkot, 1988). T ese findings app_ar to disprove t he 

old concept of a minimum value of gametocrtes whick ~ould result 

in infection to mosquitos (WHO, 1987). 

The relat~onship bet~eel t e pr6 ale~c~ ) ga~etocytes i1 the 
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population and tra smission i s of p a r mo nt epidemi olog:ca l 

significance (WHO, 1987). he comprehensive study of Muir head­

Thomson (1957) of £. falciparum in Li beria has indicated that 

adults a nd adolescents form a reservo i r of infection as did 

children aged 5 to 1 4 years and that both groups are only s lightly 

less i nfective than the age-group 0 to 4 years. Th e se findings had 

revealed that adults with low gametocyte load or near thresho d 

density constitute a more seriou s problem. Thus asymptomatic low 

density gametocyte carriers a e implicated as the main reservoir 

of £. falciparum in endemi c area (WHO, 1987; Burkot, 1988). 

Likewise , the longer period of infections occurre d at low 

gametocyte dens ' ties in the absence of c l inical symptoms in non­

immune subj e c t s (WHO, 1987) . Parasite carr i ers i n endemic a reas 

may serve as source of infec t i on for a long time because malaria 

in such individual s i s rarely identified and they receive no 

treatment (Loban & polozak, 1983 ) . Hav ing escaped detection, they 

may also enter receptive areas, t rigger s u bsequent transmission and 

thus be the cause 0- t he i ntrod c tion o f ma lar i a (Wernsdorfer , 

1980 ) . 

The cha i n o f transm'ssion from humans to mosquitos and back 

to humans may be modi fied by various factors su h as the spec i es 

and the strain of Plasmodium, bionomics or habits of mosquitos ; 

t r e atment of man by therapeutic a d prophylactic drugs (Beaver 

etal; 1984). In the attempt to minimize or interupt tra s iss ion 

man may alter the physical, chemical or biological c ompone ts of 
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a g i ven system. The measures may res 1 in arying degrees of 

success or there may be a compensation reaction with~n t e systen 

tending to maintain the status quo-e.g. developrre t of resist nce 

of the parasite to drugs, of the vector to insecticides or 0 t e 

human population to having t eir hous s reg larly spra ed (WHO, 

1975) . 

Malaria transmission is a complex process and its control 

demands high qua l ity epidemiol ogical servi es that are capa Ie of 

i nvestiga ting and analysing 

deve l oping appropr ia e control 

epidemiological sit- ations ard 

trategies and approaches. I~ may 

be necessary to update such plans 'continuously in accordance 'ith 

the dynamics of malar i a in the area concerned and this requires 

the mon i toring of all major elements of maL ria transmission (~HO, 

1987) . 

The extent to .. h' ch man becomes the victim of alaria de ends / 

on the first place, on how his O'Nn habits affect: hlS accessibi lty 

to vector eeding . For examp]e, location and type of housing i1 

reference to v ector habi s, night travels, outdoor sleeping, 

nomadism, immigration and local mobil ity of POl:) 1 tions (WHO, 1975i 

Ru s sel e t 1., 1963) . eu t r 1 attitudes toward mosquito (as weI 

as c ooperation in control and eradicatj on programmes) and tne 

effect of t he quartet - poverty I ignorance, ' 11i eracy, soc'-1 

eprivation-often referred to as t e IIvic·o\.ls c;yc'e of malarial' 

(Wessen, 1972), are no less importa t . 
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Human environmental activities, such as agricultural and 

e ngineering deve lopments (e.g. dam sites, irrigatlon cchemes, etc) 

and the uneven topographical concomit nts or aftermaths of 

construction projects , more often enhance t.e pro uction and 

longevity o f malaria vectors by increasing surface waters, raising 

water tables, c eating floods and seepages, as well as the 

consequent rise in relative humidity (WHO, 1975; Surtee s, 19r i 

We s s en , 197 2 ) . These human induced mosquito breedL,g s ites are 

most c ommon ly associated with i dustrial operations or urban 

s e tting s (Wesse., 1972). 

If man is considered as a major ecological fact or, 

urbanization is the major feature of the present day dynamic 

e nvironment (Surtees, 1971). Urbanizatio is manifested in the 

r apid increase in populations of clties and towns every .... 'here, it 

is also manifested y the increasing penetra i on of modern "urbanI! 

ways into e en the remotest countrYwide (We sen, 1972) Ideally, 

urbanization should lead to a reduction in the n-ruber of mosquito 

vect rs for uch diseases as malarla with fewer natural breeding 

sites , greater control o'J(~r water usag , an 'therefore reduced 

preva lence of mosqui to-oorne infer::t iens. Nevert. eless, it as 

often led to an increase in these ~iseases (Surtees! 1971) and in 

many cases large epidemics have 0 curred (Y udeowei and Service, 

1986) . 
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A n umber 0 f a ctors associa te w ' t h urb nization a f fect t he 

distr i bu t ion a n a b nd ance of mosquitos , The layout o f roa d s and 

grading , of l and f or bu i lding , f or exampl e , fr equently c reate 

roads i de exc avat ions which f i l l up wi th r a i n wa t e r and const i t ut e 

sui t a b le a qua tic ha bitats f or mosqu i t o s wh ' c h breed i n sha l l ow 

g r ound p ools (Surt ees , 1971 ), s uc h a s A. g mb iae, t h e ma jor malaria 

v e c t or i n Afric a (w~ite, 1974). Urban c omp l exes grow f rom t his 

deve l opmental s tage a nd a number o f assoc i a ted factors become 

l i mi ting - t ype of wa t er s pp l y , water u s age, i nadequate sanitary 

was t e or s ~orm-water d i s posal s y s t e ms , a nd o t hers . Th e c r eat ' o n 

o f numerous sma 1 bodies of wate r as a r esu lt o f t hese f actors a nd 

the rea dy ava i labi lit y o f human host s i n h i gh d e ns ities permit s t he 

rapid de ve l opment of large mos qu i t o p opu lation s (Ward , 19 77; 

Surtees, 1971; Youdeowe ' & Servi c e, 198 6) . 

other f actors s uch as the transpo t o f mosqu i t os o f p b li c 

health i mport ance, c onsta nt mo eme nt of people from the v i l lages 

t o t he towns or v ice- ver sa (Bruc e-Ch att, 1987) a nd outdoor 

s l eeping may affect mala r ia tra nsmission in urban a r e a s . 

Furthermor e , as urbani~at ion e ncr oaches i nto natura l habi tats , the 

eI i m'n tion of verte ra e s may res It i n a c hange i the b iting 

behavior o f mosquitos f r om anima l s to man. Urban'z atio n may a lso 

pro ide new resting sites wh ich not on ly prese t bett er s he l t e r s 

but al s o a re unsu i ed to t he s o f res idua i ns ecticides (P i nder , 

1973) . 
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lherever a malaria problem may be , each facto 

to be considered in the light of loc 1 

characteristics (WHO, 1975). In malariological practice a number 

of parameters are used to classify the condition of malaria in a 

given area, which permits a description of the epidemiological 

situation. For thi~ purpose, cross-sectional s rveys suffice in 

s ome cas es, but in the majority of areas only longitud inal 

observations may yield the basis for slch classificat ions 

(Wernsdorfer, 1980). The principal classical method is t hat of 

malariometric survey, which est ablishes sp .een and paras i e rates 

on the basis o f screening the populat i on f or t he presence of 

plasmodia in t h e blood a nd spl e en enlarge ment (WHO, 1963) . 

Sp lenome try is less fr equently used these days, s·nce i s 

a non-specific ph si~ 1 finding and m y be due to causes other than 

malaria (Jans sens & Wery, 1987). Thus, microscopic examination has 

remained the mainstay of parasite detection in man (Br ce-Chwatt( 

1985) • It is gener 1 y accepted that about 100 fields o f thick 

blood f·lm be examined or 200 fields under low transmission (Br ce­

Chwatt, 1985; Janssens and Wery, 1987). Thus the direct 

demonstration of parasites in blood films is still the method of 

choice to de · ermine the occurrence of malaria and epide iological 

stud1es of the disease are based primarily on these results (Voller 

and 0 I Neill, 1971). r~crmally, the lini tations 0 this method, 

spec ially in grou s of popula~ions that have achieved a degree of 

immunit~ and in which pa~asitaemia is very scan y or periodic 1, 
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are well kno'.7n (Bruce-Chw tt, 1 970 ). Unless several blo od fi lm 

surv eys are carr i ed out at different times of the year I single 

b lood film surveys may r vea] practically none of the tra nsmission 

underway (Jeffer} etal., 1975). This way it is not p o s s i b le to 

predict with any degree of certainity , the amount a nd i ntensity of 

pere nnial malaria endemici 'i in d. g ' ven area (Vo ll e r & O ' Ne ill, 

1971) . 

As a resu l t, knowledge of the ma l ar i a exper i ence o f 

populations .LS nO->ladays being obtained by more sens i t i ve and 

specific iI'tIDunologica.l methods based on h e de t e c tion o f 

antimalarial antibodies (Bruce-'Chr,.;att, 19 70). To date t here are 

a number of s erologic test for determining a nti body l eve ls a nd 

these are now be.ing used in serolog ic s u rveys a nd to a lesser 

extent in clinica l diagnos is . 

.l\.l •. ong t he several. methods recomm nded for the ro tine 

detec~ion and lllea Su.rement of the a tibod· es to Plasmodium ant i gens 

the test most often used is the i n irect fluorescent antib ody (IF ) 

technique (WHO , 1974) . The IFA test introduced to par asito logy i n 

the early 1960 1 2 (Nilson{ . 978). i s now very \idely used both f or 

t e detection of asymptomatic infections in individuals and f or a 

large-scale seroepidemiologi"'al surveys in endemic a r e a s (WHO, 

1987) . The sens iti!i y, reproducibility and genet · c specificity 

of the test hav been lNidely recognized as a result of everal 

serological surveys conducted in Africa (Collins etal., 1967, 1968, 
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1 71, McGregor etal.; 1965, Mol i n u x & Gramiccia , 1980) ,and 

elsewhere in the world. 

In the IFA method, visualization o f the f l uorescent markers , 

al lows for the direct identification o f the reacti g parasite s tage 

(Cohen & Lambert, 1982). Initial problems, related to the antigen, 

have been overcome by the use of the ashed-cell thick films 

(Sulzer e tal.; 1969) and the development of shor -term (Lopez­

Ant unano, 1974; Thomas & Ponnampalam, 1975 ) and continuous (Trager 

& Jenssen, 1976) in vitro cultures of E. f a l ciparum , wh ich provide 

a potential source of almost unlimited antigens . The use of blood , 

collected and dr i ed on fil ter p ape r, further simplified the 

technique (Thomas & Chan, 1982). 

I n general, fluorescent antibodies become detec table within 

a few days o f patent para s i taemia i n non- i mmune peopl e. In E. 

falciarum or ~. v ivax i nfections, the titer r pid ly increases to 

rea h a pI teau for a few weeks then s owly dec l ines to ower 

evels which can persist for months or even years (Collins etal., 

1964, Volle r & Bruce - C att, 1968). Higher ti ers persist l onger 

in E. malariae in ec ions (Cohen & Lambert , 982), but it d oes not 

necess arily reflect a high degree 0 naturally acquired immunity 

(\rHO, 1987 ). The age-related varia ions in an ibody titers have 

been well established in areas of high endemicit y (McGregor etal ., 

1965) . 
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other serolog ' cal tee niq es employed in imrnunodiagnosls 

include ind rect haeroaggl tlnation (If{ ) test (Kagan, 1972 a"d 

enzyme- inked imm nosorbent assays ('L SA) (Voller, 1974). 

Current y, immunological tests re also b~~ng used to assess 

the susc~ptibility of a given Anopheles str' i .s to infection Inder 

natural conditi ns, which provide the two important indices the 

"Oocyst" and ttsporozoi te" indices. In the past investiga tions ~lere 

hampered by the diffic llty '.n determini 9 sporozoite rates by 

dissecting t~e salivary glands of individua mosquitos an the lack 

of morphological criteria to distinguish different species of 

sporozoites. The recent development of immunoradiometric (Colins 

etal" 1984) and ELISA < Burkot etal . f 1 84) methods for <- ' .... ne 

detection, id.entification and quantifi cati.on of sporozoites in 

mosquitos h a s facilitated large-scale inv8stigations. The EL!S". 

test has also been applied 0 detect and iden ' ify bleod meals in 

ffiosquitos and proved to be both sensi ive and _pecific (Service 

etal. t 1986). 

An overvie'll of the complex life cycle of the p- asites v,;as 

required to establish the lmportance of e eh componenL part of ~he 

epidemiological puzzle. This was provided by the mathenat' cal 

mOdels of malaria by Ross .i.n 1911 (Roger, 1988). I the dec des 

following Ross' ea~lier work, Macdonald (1950; 1952; 1956) 

develope a .11odel that rought together for cOJ .s· deration a 1 t:he 

main quanti'ca ive factors - entomolcg' cal, parasitologi.cal an 
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immuno log ical - ',lhich co stitute or ll.mic :n<'lJ.~r':'a transmi£is·ol:. 

This was followed by severa: report of epldemiol gical 

observations (Bek~ssy et a1., 1976; Krafs' ..... Armstrong, 197.o}r 

that have c onf irmed the use LULness of Maca nald's for~ulae and 

which pro vided in-dep h knowledge of the bionom' cs of the 10 ..... a1 

vectors and transmissi on ,echanisms. 

One app l ication of t he Ross-Hacdonald mala '_a models to 

malar i a epidemiology is the evaluatio of the vectorial capacity 

which attempts to meas ure t he daily rate at which fut) re caset.: 

arise from a c u.rrent.ly infective case (Rogers ~ 988) • fr In 

m~asurel1lents o f epiciemiolo9ica1 variabJ e:s, in particular I the 

vectoria l capa~itYt it was possible to spec~fl the risk of malaria 

and to pre d! ,t the impact of the variouB m'"'des O~: interve {ticl 

(lercruys~e e ta1 . , 1983). The various ·aral.eters have also been 

used alone or in various combi~a ions tnord2t to obtai. some sort 

of picture from the accumulated info~atio~ db~ut the endemicity 

in a gi van ccuntl" or focus leading to - propcsal of a (umber of 

classific~tions(Janssens & Wer' , 1937). 

Accor ing to the ~ 0 (1963) c~a5bifi ~ti0 , re are feur 

levels of malaria endemic't , namely, hypo- me~o-, h"per-, and 

oloende mic mala-ria < '1'he spleen index . n chil ren ge 2 -9 }ean; 

is a major criterion on w ich the classiflcd~:ion i.' basea. Iho. 

is, about 10% in hypoendemls, varies fro 1~ 0 50~ ' n 50-/ i.d 

is const-ntly over 50~ in hypere ld~~i. sett' g~. In t po 
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hyperendemic type, dIs also have high spleen index . n 

holoendemic con itions, the spleen index in ge- matched ch i ldren 

is always over 75%. The parasite inde in young children is 

constantly over 75%. However, many workers believe that in the 

type of analysis restricted to parasitic, entomological and host­

related factors, the only solid and useful system is the 

d istinction between stable and unstable m laria, as proposed by 

Macdonald (Janssens & Wery, 1987). In actual fact, on c los 

examina tion , t he degree of va riation .1S found to give a more 

valuable means of classif i cation than does he severity of 

incidence (Russ e l etal., 1963). This is because, all grades of 

malaria severity are experienced in both sets of circumstances, 

the distinction between the stable and unstable malaria lying in 

the regularity with which transmission is ma'ntaind over the years , 

rather than in the degree attained at any particular time 

(Macdonald, 1 956). In· 'stable malaria, there is v e r little 

variation from season to season. Epidemics 0 ld be very nlikely 

to occur a nd the community acquires a stable immunity. 

Stable malaria i s dependent on 'transmission by a vector h ighly 

susceptible to infection by the loc 1 parasites, w'th a frequent 

man-biting habit, a moderate to high longevity a ... favourable 

t emperatures . The density of m squi tos is of lesser import nee and 

an anopheline density resulting in an average of as few s 0.025 

bites per person each night's suf 1c' ent to maintain sable 

rans ission. Unstable malaria has characteristics hieh re the 
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reverse of stable and its inten ediate -tages can e estimated by 

an en omolorJical C!stab:LU:cy IndE:y." (Macdonald, 1957 . Russel etal. I 

1963) . 

On the 0<;::;_ er hand .. based largely on clima te, landscape, socio-

ultural structures & human behaviour, 50Ir-e \~orker have 

investigated the ma~aria situa tion in Africa and el'mi~ed the 8CO-

epidemiological divers lty of malaria into various strata. 'J'hese 

have di~tlng' ished nine strata base.d on transmission contingencl.es, 

i.e. 1) Perrennia l, 2} seasonal, 3) Sporaaic, 4) exceptiona l, 5) 

nomadic pasto~ali_sts, 6) '(\1ociern ir.:igation schemes I 7) temporary 

developlU€.nt pro jects, 8} uLnan and suburban aredS, and 9) non-

'rnmune ,'sitors or temporary l-et'idents (Kouz'1etzov etal., cited by 

Janssens & Wary, 1987). 

Ho "evez- usefu 1 t. La s'cratLf':' .::at.:ion systems might be, the 

ou standing featl1re of rn<.:l-- ~5_c., in rnos~ case::', is -essentially that 

it ' - ~s a localized problem (~a~s~~ns Wer.y, 1987). 

The ruaLarl~ situa~ioI in E:hiopia has been reviewed b~ 

G/mariam (1988 J • ~falari"- is k!lor.';n as the .c :b.c · pal cause of 

orbia.ity and mortality for- long. Ae:. a res It it has t:ernai ed a 

ottleneck for socioeconol';tic d.e elcpfi\ent (Chand, 1965; Cliang, 1962, 

COVell, 1957). For exam le , i' ha- curbed the e~ploitation of the 

fer 'le and productire lowlands ~nd ~s result c ntributed 'ts 

hare to the Dver-populaticH and consequent over cultivatio .. of t.le 
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highl~ ~ plat2aus (G/hlariam, 198B ) . :t 's on1/ a few decades si c_ 

ne trend in population distr'b tio~ can be identified. This is 

partly due to changes in economic policy which resulted in the 

evelopme:.n""c ")r connnercial farming and u banization in the Rif 

Val ey arId o~her 1m'l land areas (Schaller & Kuls, 1972; Kloo 

etal., 19&8) aid the launching of the rna lar'a control programmes 

(G/mariarn . ~988!. This trend has intensified, in receDt year ; as 

a result of large-~cale resettlement programmes of drought victims 

from eastern and northern p _ovinces 'Kloos e tal., 1988). 

A though research, on the epidemiology of malaria in Ethiop ia 

is still in its infancy, it is gel erally believed that majo..:­

variations :~n landscape and c i.mate and complex human social forms 

create a wide range of macro-and rn '_cro c1. i mat i c cond itions and 

resu~t in spatially varied inci-ence and d istrib ticn of malaria 

in the country (G/mariad j 193B). R~cent est imates indicate that 

about 75% of the country, lying D.-:: ow 2000m in altitude, is 

~alarious and over ~4% of the total pop lation inhabiting these 

regio s is at risk (·jmari am, 1984). 

l-.lthOl.lgh the lLniting altitude at ,;!hich alaria transmission 

ceases C2'li_not be fi}(~d, because it varies to a considerable extent 

depenuing on SUCh f~ctors as the height of the reclaimed valleys 

(Janssens r, 'e.rYr 198?} , it: is generally cons'dered non-existent 

a_ elev~tions exc eding 2QOO (Covell, 1957; Schaller & Kuls, 

.. 972) • T e t.emperate natuye of t e cl'mate an seasonal 
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distribution of rainfal.J.. ensure that man-biti 9 d ens it'es and 

longevities of A. gambiae S.l. and d. funestus, under nat ra lly 

pleva'ling conditl.ons, are insuffic ' e nt for .tabi ity of tte 

disease (Krafsur, 1977) . Where the mi~:r climate supports vector 

l' fe , as when b.. gam iae populations shelter in ' arm n.uts in 

certain Ett i opian highlands (Turner, 1972) , short- lived 

t ansmission occurs even at altitudes of 2400rn (G/mar'am, 1988). 

The brevity of he tran",miss ' e n season in most of these reas 

prec ludes the developme nt of immunity and favours the incidence of 

periodic regiona l epidemics a t tended by a h igh mortality (Covell, 

1957). 

Due partly to the country ' s ocatio. between arid So'th-West 

As ia and humld c entral Africa, temperatur ' f humidity and rainfall 

are strong~y as.scciate,d "('-lith altit de and relief (Kloos et,aL, 

982) . 'The duration as well as the intens ',ty of malaria in 

Ethiopia, as elsewhere in Africa (Br ce-Chr>!att I 1984), in tur!1. is 

closely related t the amount and distribution f rainf<:ll 

t roughout ~h year (G/maria I, 1988). 

Owing to very limited r al 1fall, high evapo t_ranspirat ion af;d 

bsenc..e of longstanding water bodi -ti, the se.-ni--arid an( low-lying 

r_ .:; 0 the country a.re characterized by exrrernely SL oc--lived 

rIa transmiss io (G/m-rlaL, 19~B). In n an 11 De res ion 

and the Ogaden, anophelin e mosqu~tos - od other 'lIate.r:-b s~d recto.:: 

Cannot survive away f rom he r i\-C'rs, G\o.!ar!l.S'" d lak!.::s" ~i(cept. i 
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the irr i gation syste ms , dams and water c ist e r ns made f o r lives t ock 

a nd h man u s e (Proth ero, c ited by klo o s eta 1. , 1988) . I n t he 

prox i mity of pe r man ent bodies o f water m laria transmi s sion is 

per enniql a nd g r ade d as mes o-a nd hyperendemic i n places below 1 600m 

as opposed t o hypoendemi c zones which oc c ur chief y at elevat ions 

between 1600-2 000m . Holoendemic setting s occur primarily 'in e 

west around 130 0m, wher e r ai nfal l i s present throughout mos p a r t 

of t he year (Schaller & Kuls , 197 2 ). 

Seas onal va r i ations in ra inf a l l g r e a t ly influenc e the 

transmission of ma l ar i a i n the c ount r y . The peak p eriods occur a 

t he e nd o f the "bi g " r a i n s o f June - Se p e mber , whe n the inter 

trop i ca l c onv ergence zone br ings southerly and s outheasterly 

marit i me a ir (Kloos eta!. , 1988), a nd around the short-lived 

s hower s of Apr il-May (Covell, 195 7 ; Schalle r & Ku l s , 197 2). This 

i s more o r l e ss simila r t h r oughout t he coun r y , except t h e Red Sea 

Coast , whe re a l l t h e rains fa l l in December and J a nuar y (Kloo s 

e a l., 1988) res ulting i n a unique wint er peak in ma l a r i a 

t ransmiss i on (G/mar i am, 1984; Sc haller & Kuls 1972). 

I n gener a l, except i n relatively few l owlying l oca l it i es a long 

the course o f per manent-rivers or wa ter bodies , malaria i s marked l y 

seasona l i n i ncidence a nd o f very low pr e alence throughout the 

most de nse l y i nhabited r e g ions of Eth ' op i (Kra f sur, 1977 ). Th 

ep i demic malaria t ha t per i od ical l y scourges the h i ghlands pro a bly 

or i g i nates in more t ropical l owland envi ronment where it is s table 

and h i ghly endemic . Th e c a uses for such ma j or extens i ve e idemics, 



1965, 1973 and 19a1-8~ epidemics, ~hich o~cu:red dt i ~ rv Is O! 

7 to 8 years, are con;::-:idercd to be c1' ,atolog' cal c.a gcs-suc s 

except' on;Lly war!':1 , eath_r, prolong.~d rainfull or drought (Fountain 

ta ., 1961, G/ aria 11. 1<;;84). 

The mosquito vector responsible for thq oeca:::; anal s~aso'.3: 

outbreaKS as we ll as t:he pE:rio:ii.c cyclical e .)ietr,i.cs vps D". 9E,.rr.bj ae 

5.1. (Fontain etal., 1961), l"lhich iS',he mai.n malaria vector 

elsewhere in Africa p:lhite , 1974} .. and an importar,". vector of 

bancroftian filar iasis (McConnel & Schnidt, 1973, Mc~onnel etal., 

1976) and Tataqu i ne virus (ota etal. r 1976) in Ethicpi~. Noto~ious 

for the rapidity of its popula~ion build-u~ even in short seasons, 

it is presen~ at 501"1c or all ti mes of ".:.he ye.·'r O'-rCi: the ~:hole of 

the country (O'Con~or, 1967). 

The b,. g<-~rI1biae cOi:nplex, knm.it'l to he compos:-d of six member 

-pec~es in the Afrotropical Region (White, 1974), is so far 

repre&ented in Ethi0pia by twu farms, ~s id~ntiEied by c:tc eneti~ 

nd cross-breeding studies (Hekur ia 0'Cal.., 1382). , , 

.!!.r iensis and the med:icall:l unhnport.ant fl".n:m, 6. 

These are A. 

b~ qnd~philjc and 

anthropophilic (G!ma~ia~, 19-8), altlougn an incipient ten'ency to 

f_ed indoors ana ~est elsewhere has been c2portsd (Kr&isur, 1977). 

In certain localities it has also }.)-eJ'. found to be exophag'c 

(G/rnariam, 1934). 
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The /1 . funest\J~ group is Vlidely dis't.ribllted an s kr wn '-0 

oe the second important vect.or of malaria in t he C':lUn -r (G/mariam, 

198 ), sornet" mes e e n d inat.1.ng in certa ' n areas of e ndem' c 

III laria (Kraf ur; 1971; Turner, 1972; 1 owi g to its tendency .J 

breed in large, r a the r more shaded and permane· t bodles of water 

(o'connor, 1967). 

f t.he 42 anophe Yi 116 .~peci.... s ~O f ar r& rded in Ethiopia 

(G/m riam, 1988),8. n i l i and 11. pharoen s is are considered to have 

secondary i mporta nce in malar ia transmis sio n . h,. nili, fo nd 

loca:'ized in certain TJle s t ern and southwester . lowlands f h 

country (O'connor , 1967) , n a s bee found to be a potent ector of 

malaria in Gambel1a area , where it i~ known foO exhibit enCLophag'c 

and exophil i c pattern O£ beh-viour (Krafs l i 197 7 ). A. gharo~nsi~ 

is of \-Jide 0ccurr ence n Et.hiopia and, b~-eeding as it does lilCe~. 

funest..us (J l conhor, 19 67) 1 it is regarded as a wea 

tropical Africa, as a whole (krafsur, 1911), choug_ it has 

natu ally been found infected In Egypt, Nigcri and Ken~a 

eMeillon, 194 8 ; cited by O'connor, 1967) ani so i claimed in 

E hiopi.a at: one time or another- t.: be a vector tli.ouqh <:1.':'5 remaL1S 

to be estabJ ished. other anopheline species ca ized a~ 

incidental vectors, at one time or ~nother , in~Jud~, 

A. ze "manni, /.1. Qaludis and .ft. d'th3.11. f:.. c liCl..i.f~_cL!=..; .::leLc_2b2 

has also been circumstant.ially incrhlin ,~ed a 

Eout ern Red ea Coast (G/marian, 198B). 



A 1 f our species of human malaria parasites occ r in Ethiopi . 

f' !alciparum is t he dominant species followed by £. vivax, ~. 

ijti!l r i e and E· ovale (G/mariam, 1984). f. ovale as reported 

fir t in 1938 and this wa s confirmed in 1969 in s everal pa s of 

the country (Armstrong I 1969). It is c laimed tha the bove 

pre ontrol pattern of encounter seems to be disrupted and a 

decrease in prevalence of the disease has been achieved (G/mariam, 

1988). The condi t i on, however , seems to, be otherwise. In recent 

years the disease has taken an epidemi c form and it is believed 

that most of t he outbreaks were attended with heavy n\orbidity and 

mortality and the malaria parasite largely respons ible was £. 

fa ciparum. In fact owing to the urgency of the problem which was 

aggravated by t he 1972 & 1973 man made & natural calamities , a 

technica l committee was as,signed by the Ministry of Health to study 

he malaria situation (Report of Technical Committee on the Malaria 

situation in Ethiopia (RTCMSE) Oct. 1981 (Eth. c). 

Alt hough very l i mited st' dies of ~. f~lciparum drug 

sensitivity t ests have been made "in the country so far (Dennis 

etal., 1974; Armst rong etal. f 1976; G/mariam etal. , 1982), the 

r ecent report of chloroquine-resistant strains from Southern and 

Western lowlands bordering Kenya, Somalia and Sudan (T/haim not, 

198 6) co pled with the presence of drug-resistant ma laria in the 

neighbouring countr i es, may indicate the r isk of importation of 

resistant strains and the spre d of resistan local stra' ns 



(G/ riam, 1988). 

The history of orgaJ i zed control f;ffo,:t ag-( ins' ,alar' in 

Ethi.op'a dates back to the 1950's, when three Clntrol Pilot. 

proJects were launched ~.<li th the 

eliminating the disease from the fertile lowland -_e~s 

COlt'p.: 0teJ. 'I 

(G /r:ldr i'1 11, 

1988). The project.s have a chieved an aC~tptabl3 level of st'c ess 

in t he interruption of transmission and also escaped tne sequ~l of 

he 1958 epidemic (Fontain ('tal. I J.961). 0\0; ing to the shock 

generated by the outcome of the epidemics or tie time and inspir~d 

by successes at' a1.ned in tbe Pi lot Proj ect. are?s and elsewl1ere in 

t e world, a Malaria Eradication Service was est-blished in 1959. 

In con jugation with this a Mi11cl.r.~a Eradj.~:d.ti'.)n Tra l.ning Center t-,'as 

se up at Nazareth tot.rai.n a start of subl".rofessional "lorkers. 

A classical radication programme was launcr.ed in the most 

populated North and Centr-l region in 1966. Nevertheless, 1 teL 

changes in emphasis on M laria Er~dicaticn Programmes by WHO, has 

led to change in conce.p~: and S xo.tegy nd i..nce 1~72 the J alit-- uf 

t e Project has been ~'lan9G:d to Halar·iil Cunt.rol Prograrr.me 

(G/mariam, 1988), and rece ..• tly "co Malaria ;;lnd other Vector Borne 

O"seases Programme. 

The malaria "'E..:-vice mainta iHea .Lts <~1j to! omy i' ,in t _ ~ 

Minjstry of Health dnd implem~nted a long-_e- anU nala~i-l 

progr l'lline and at the mor.-lent: centrol a tivi"i S CJre c rrled 0 t l! 

o t of the mal-:tr ious ar"".03..., (,f tl' e ,Ct dtr (e jrr:ar 1 1'l, 19 ), 



cept:. 1_ the war-to-tricl';:cn j10rthern r :.g~oons. Contro ea!:.i res 

include, 'rug distribution an·_i tle applica ion fOOT of one or 

two s. ray 0 ds per yea!:., "epending 0 the e e1l1icit' of the area 

(G/mariam, 1984,. It is al;;:;o realized that on addition to DDT, 

""hich is believed to have DeEon in use for over 20 years, other 

insecticides, such as A.bate, Actellic and Ficam are being e ployed 

nd tha4-- the effectj_venes of DDT is becoming do btful n so e 

p' rt of the count- y (R'I'8C-1, 1981E _ .). De pi te the continuing 

i .tervention efforts and significanct 

(G/mariam l 1982) p perhaps owing to 

uccess in many areas 

ndercoverage and other 

technical and operatlonal lTl:l"tters (RTSCF., 1981 E.C.), variable 

levels of endemicity persist and localized outbreaKS are still a 

common occurrence 'G/mari m. 998) not only in la es where 

residual spraying is wi.L.dra .. lr1, but also .in 0 rea::; under oper ticn 

( TSCM, 1~81). ~'u~'ther t fac~(j:r.:s co" vributing to the resurge ce 

and spread f malaria are or the ri~3 (G/mariam, 1988). 

If one looks t.1.t '':\'18 ',r'I'hir.:d ~,Jorl I! in 98 E<Tal, and Ethiopia in 

par i ular, one sees changes everymere-deliberat chang _ In the 

env'ronme~t by man, geared to aileviatc t~e living con itions of 

the pcpuL tion. A S1Jbs"c~ntial umber of ocio-e onornic develop ent 

endea curs, notably la:qe-scale irrLgated ~arming, re r, rrentl 

und _rv;ay and extensive. areas hav~ been idE?nt~ 0 iea fo'~ deve opnen-­

i1 all major cirer basins (Klo s etai .. 1988J_ Never heless, tle e 

far reaching ee: logical upsets br':>"g'... -bO'lt b evelopmel t 

project&; ha.ve frt;qu.e. tl alt_L r.i di .... ease pOl _tern a 1d are ."e~ __ 



lmo in the dissemination of water - re lated an en ity dependent 

s ases, such as malaria (Youdeowe i and service, 1986 ; Ward 197 7) 

nd the indica ted disease is a potentially serious health haz rd 

in s everal Ethiopian 10 land pro j ects (Kloos etal., 1988). 

The construction of irr i gat ion s chemes a d the establishment 

of state farms , with the concomitant concentrat i on of extens ive 

labour force, having diss imilar social structures and customs 

(Y oudeowei & Service, 1986), add new elements to the existing 

factors which affect the general pattern of malaria epidemiology , 

as are resettlement and vil l agizat i on programmes , influencing the 

prev lence, severity and spread of the disease (G/mar i am, 1988 ) . 

Another equally import ant factor involved in altering the 

eco logy of malaria in Eth iopia, as i n many parts of tropical Africa 

(TOR, 1988 ) , is the rapid and tinplanned urbanizati on - which is 

manifested in the 'ncreasing migratio of people from villages to 

towns (Sur t ees, ~971) . Available sta tistics suggest that urban 

popul ation growt h r a tes in Ethiop ia have been consistently higher 

than those for the total popul ation (Kloos etal., 1988) and malaria 

has become a feature of .many urban centers in the c o ntr y 

(G/mari ,1988) . 

M 1 r i has been known to occur in several Ethiopian towns in 

ndetermined magnitude . It has been described mostly . n t he 

10 ying towns of the c ou try (WHO; cited by Br ce- Chwatt, 1985 ) 



d t e ur 'ncy of ~he prob!_ffi is c rre~Lly being sLressed "~O, 

86i G/mar'am, 1988). 

T.e se action of a control strategy against mal'Lia 'n urban 

wett'e~ent~ requires basic epidemiologic. 1 In ormation. 

Unfortunately, no epidem'ological studie- have been =arrtea cut ~n 

urban areas 0 Ethiopia, and 0 11 a f~ observations have been mad" 

in he sinall town of Gambel a (Krafs Ir & Armstrong, 1978), Most 

of the aXlsting information on the prevalence 0 malaria in some 

Ethiopian '::o .. m." comes from the re _ords of cases mai lta L ed by 

Malaria Control Programme Centers and other health services. 

Nevertheless, nei t.:her these types nf sources nor 0 .her clinic-basp.d 

epidemiological studies permit conclusions about eitner the 

d :stribution of disease or the utilization of health ser 'lees among 

the representative urban population (Kloos etal., 1980) . 

To generate seme information on the epitlemiology of UL.b n 

.alaria in Ethiopia, cross-sectional surveys were c rried out in 

the to 1~1 of Naazreth, about 90km southeas of Addis Z\baba . T e 

study incl1lded parasL::o .... ogical, 5e olog' cal, enlor.! ogiea and 

envi ronmenta 1 s11rveys. The aim was to, 

-es':ablish -utochtho:t0US ,-ran'S l ,'sion of 1 1a ~ <, t e 

parasite species responsibl~, ' a d the mosquito ve ~to 5 

in/o.Lved; 



-estin~~e the level of preva ence at ~e 

community; 

~n t 

-investigate factors a~sociated with or contributing 0 the 

transmission of the d~oease in ~ d l~ban _cology and 

ident i fy feasible control measur s. 



34 

2. MATERIALS AND METHODS 

2 .. The study Area 

Founded a round 1920, due to he building o f a railro d line 

linking Djibouti and Addis Ababa, the town of a zreth 

(formerly called Adama) is located i n the Central region o f 

the Rift Valley, about 90kms South East of Addis Ababa, the 

capital. Loc ated in the Rift Valley , at an average altitude 

of 1600 (range 1550-1600), it has a typical arid c limate a d 

i s constantly engulfed in dusty wind . (Fig. 1). 
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Past meteorological data (Institute o f Agric ltura l Resea r ch 

Agro Meteoro l ogical Service-IARAMS) from the nearest town o f 

Melkasa, 15kms south of the town, for the years 1977-198 7 

(Appendix 1) indicate that the area is characterized by 

relatively wide annual and diurnal ranges o f temperature and 

a restricted rainfall with a clear single maximu . The year ly 

average maximum temperature of 30. 4°C in May immediately 

precedes the main rainy season and a secondary peak of h ' gh 

temperature of 28.SoC in October occurs at its end. The mean 

daily maximum temperatures were 32. 3°c in May and 28. 3°C i n 

october of 1988, while the mean daily minimum temperatures for 

these were 16.1°C and 11. SoC, respectively. The coldest months 

are November- January, with a mi nimum temperature o f 7°C 

recorded in November 1988 (11.2°C-aver. for 1977-87 ) 

(fig 2, ( Appendix1 ) 

The area, like most parts of Ethiopia, has two periods of 

rainfall: the "bigll and "small" rains of J une to Sept ember 

and March to April, respectively, receiving about 5 00-900mm 

of rain annually. The mean yearly rainfa l l over an el e ven -

year period was about 756mm , with a standard devi at i on of 

163.6mm, and most of the ra i n f alls between J un e and 

October. (Appendix 1). 

During t h e wet seas on there are innumerable t emporary 

c o l lections of surface wa ters of vari ous s'zes and d ur t i o ns . 



W ter may pers i s t long after the rains in the borrow pits fro 

which c l a y is extracted for bu i lding. Surrounding the town , 

specially a long the South Ea s t and South Wes t perimeter, there 

are sever a l s emi-permanent swamps a nd cult ivable l and . 

private plots of land around human habitations within the 

t own, particulr ly in the periphera l administrative divisions 

(Kebeles) , are also cultivated. The soils range from sandy 

to l oamy and are intensively cult ivated. The area grows teff, 

maize, mi l let, etc. and is also favourable for growing 

vegetables and fruits like onions, potatos, oranges, papaya , 

grapes and the like. with respect to vegetation, the reg i on 

is characterized by spiny - l eaved plants, dominated by Acacia, 

typical o f a rid areas. 
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By virtue of its loca ion along the main agro- ' nd s ria 

channel of Addis Ababa- Dir Dawa and Add i s Ababa-Ass b , nd 

as a provincial capital of Shoa as well as a transit town 0 

any administrative regions , Nazareth is a r apidly grow 'ng 

urban center. owi ng to its ocat ion in the Ri ft Va l ley -

characterized by strings of craters of extinct volcanoes now 

harbouring deep waters and thermal springs (such as Sodore, 

Gergedi) the town is a site of tourist attraction and 

Weekend out ings . Severa l private an government institutions, 

business sectors, off ices , etc. , have mushroomed in the town 

in the past couple of decades. 

It has also experienced a tremendous demographic change as a 

result of huge influ~ of peop l e both from rural and urban 

centers (Appendix 2). To date, there are about 98,000 

inhabitants, showing a n i norease of nearly 20% since the last 

census in 1984 (Population a nd Housing Census Commission 

(PHCC, 1984) . The popu l ation is mi xed interms of education 

and affluence but is generally of middle level. Most of the 

town dwellers, be l onging to d if feren tr ibal origi n, a e 

engaged in different sort s of trade and bus i ness of varying 

standards , but some are SUbs i stence farmers . 

The town is divided into 2 kebeles (m i nor admin i s r ive 

d i visions) under 3 keft egnas (major ad i nistra tive divis'ons) 

(Fig . 3) . Housing varies considerably i n 
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qua l ity. Most of the d wellings are rectangular, constructed 

of wood and mud with corrugated iron roofs, and each househo l d 

i s occupied , on the average, by five peop l e (PHCC, 1984). 

Almos t all of the households have electric ity and most human 

waste is disposed off in pit latrines, but not every household 

has one. The city administration provides pottable drinking 

water, but a large section of the population depends on public 

fountains and/or buys from neighbouring households that own 

p i ped drinking water. 

since the town is constantly endangered by floods, coming from 

the surrounding elevated areas in the north, an embankment has 

been built along its perimeter. All the roads except the main 

h i ghways crossing the town and along two or three streets in 

the town center, are not paved. As a result of this and badly 

constructed open drainage system, several kebeles are flooded 

during t he rainy season, creating innumerable pockets of 

surface waters, suited for mosquito breeding. 

The town ha s other additional character i s tics which have 

malariologic imp lications. First, the major h i ghways f rom 

Addis Ababa-Assab , Addis Ababa- Di re Dawa, Nazareth-Assela, 

result i n t he i ngress of temporary res idents (truck drivers, 

labourers , merch a nts, etc.) r e t urning from areas known to be 

endemic for mal a ria. In general, there appears to be a 

constant stream o f people in and out o f the town o f N zareth. 
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The town dwellers travel to other urban centers and various 

rural areas for varying periods of time. Similarly, people 

of the outlying villages periodically stay in the town to 

market their products and/or visit relatieves, but more 

important to seek medication. According to local informants 

and personal inquiry, due to the presence of inadequate 

permanent malaria treatment posts or their absence in most 

parts of the region, lots of malaria cases travel long 

d i stances - as far as or exceeding 25kms - to attend the MCC 

in the town. Moreover, lots of people have the notion of 

obtaining better treatment at the central laboratory rather 

t han a one-or-two-manned dispensary in their locality. The 

town is also subject to large influxes of visitors coming from 

different corners of the country for various reasons-seminars, 

business , excursions, etc. Hence, a steady movement of 

carriers of ma l aria in the town may be expected. 

There are no documented reports on the relative prevalence of 

malaria in the town of Nazareth, but according to local 

inf ormants and the records of health facilities in the town, 

there is a moderately high prevalence of malaria- ~­

f a l ciparum being the dominant species. Statistical reports 

f or the peak transmission periods (Sept.-Nov.) of 1985-8 6 , 

1986- 87, and 1987-88 show over 2000, 350 0 , and 4300 cases 

admi tted to t h e local Malaria control Pr ogramme Center, 

H/mariam Mammo Hospital and a government health center. 
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edicaJ. care for :llalaria patier1ts is provided by the 10ea 

Malaria control Programme Cehter, hleh is a primary reference 

center, as well as by H/mariam l{am 0 Ho pita] ,one health 

center and s€;;vsral private dispe sarie5. No systematic 

antimosqui to h.o;).sehol' spraying p""ogramme has be _n undertaken 

in Nazareth in recent years, except in selec ed parts of the 

town around 1981/82 when an epidemic flared up in the area. 

The principal control. measures at the time of the surve.1 

consist.:ed of environmental management (dra~nage 1 filling, 

etc), periodic application of oil 'rarely Abate) to larval 

habitaJcs and chloroquine and/or prLmaquine distribution to 

confirmed cases, but sometimes for presumptive treatment also. 

During the peak transmission season, chlo~oq ine was being 

distributed en mass for those attending the center (with or 

without ta.king blood samples) dl!('1 to febrile cases by 

canvassing from hous~Z! to house. occ:-ssionally, Fansi a1" was 

being prescribed f.r refractory cases. lnspite of the 

an imo.::>quito controJ measures, coupled with drug dJ str ~bution( 

rna 1aria transmission ~ppears to be 'nabat .d. Inf r.t, as 

indicat-d earlier, there is an tnc easing trend in malaria 

prevalence and there is no document~d thi q on any ffor ade 

to study th~ cause and effect relh iun~hip of mdlari so as 

to implement situation-speci :ic control measures. 



2.2 111 . SW j ' population 

Th~ surveys were carrieo out from July 1988 to May 1989 in 

s 'x kebeles, two from ach keftegna, y pt. rpos i ve samp i ing 

(Fig . .3)" This was done by a house-to-house ~JisL. .. fNith a view 

co collecting blood samples .d gathering demographic 

information from the members of the households s lec ed with 

he help of a questionnaire (Appendlx 3). The description of 

the selected Kebeles is presented in Table 1. 

For calculating the sample size the method of Swa~oop (1966) 

was adopted. Briefly, the desired sample size was determined 

visually from tables containing a serles of cOlfidence 

interva ls at a specified probability levels (95%, 99%) 

corresponding to varying sample sizes and estimates of the 

level of prevalence. For example, if the percentage has been 

estimated to be 20, the column head 20% is consulted for the 

confidence limit corresponding to tentative ""- mp ~ sizes. 

Accordingly, it \tlas aimed to take 1000 individuals 

(corresponding to 3-7 confidence interval w"th a 99% 

probebility level), plu~ an allowance of 10% for non-rp5ponse, 

in the population. This was based on the 3.39"'6 es· ir.lateo 

prevalence rate of the disease in the to n (on ai ~d fr ~ MCP 

head quarters), whicll was raised to 5% 
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consider i ng those cases wh ich s eek me d i cat i on elsew ere h n 

the l oca l MCP center . 

The househo l ds to be sampled f r om each kebele were 

systematically drawn, taking every 20th househo ld from a 

random start. The s tudy e nro lled all the consen ing members 

of the h ou seh o lds present at the moment. For every indivi dual 

included in the sample, various personal a nd s ocio-economic 

information were sought-listed on the questionnai r e (Appendix 

3) • 

2 . 3 . Parasitological Survey 

Paras ite preva l ence surveys were carried out in Jul./Aug., 

1988; Sept./Oct., 1988; Nov. /Dec. , 1988 ; and Apr . /May, 1989. 

Surveys were made by a house-to-house v isit, without a second 

vi s it to the homes of absentees. At each survey , t hick and 

thin blood films , made on the s ame s lide , were collected , 

stained with Giemsa , ( in the f i e l d and in lab . in Addis Ababa ) 

and examined f or paras ites. 

For th i s the finger was cleanse d ith an a l cohol-mo ' stened 

s ab, dr ied with a piece o f dry cotton, puncture with 

i sposable blood lancet and after wiping off the f'rst drop 

of b l ood, t h i ck and t h in films were made . The blood sme ars 

were air - drie d i n a horrizontal position and iden ity numbe 5 
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ark ed on the hin films. The th i n fi lms were then f i xed i n 

10 0% methano l for 30 second s , a nd the s mear s sta' ned with 3% 

Giemsa for 20 minutes and exam i ned for p a r a sites . The t h ' ck 

fi l ms were scan ned for the presence of parasites and, w e n 

present, the species was ident ified by examining the t h i n 

film. Smears with no p aras ites detected in 200 o i l i mmersion 

fields were classified as negative. For those found positive , 

the number of fields containing parasites was recorded. 

Test f o r homogeneity in malaria prevalence in the f our surveys 

undertaken and between t he kebeles was underta ken by the chi-

square a na lysis . Chi-square analysis was also used to , asse ss 

any significant difference in malar i a prevalence between the 

different age-groups. 

2.4. Serological Survey /' 
I 
I 

2 . 4.1. _Colle~tion- of Blood Sampl es on Filt er Paper 

Blood samples for antim l a r ia l antibodies were 

collected f rom a subs ample of individua ls, aged ten 

and above , included in the second paras ' tolog i ca l 

s urvey , without any d i st inct ion between infected and 

uninfected ones. h is was done by f inger -pr i c king 

o n Whatman no. 3 filter p aper a s de scribe by 

Mathews (1978). n brie f, t he filt r p pers wer e 

c t into strips and i mprint ed with two c irc les abo 
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12mm in diameter . From the s a me pr i c k m d on h 

i nd i vidual f or the preparation of b l ood ilms, b l ood 

was l e t to f l ow into t e paper, held w ' th the 

p r inted . cir c les upper most. The b l ood was a l lowe 

t o so k in and spread ou on i t s own until i filled 

the i ns cr i bed c i rc l es . Each set, taken f rom the 

s ame subj ect, was then marked with reference number 

on t h e space available at one end of the strip. The 

f ilter papers were protected from dirt and flies by 

sta nding them on their sides inside a s l'de box, and 

a l l~wed to dry completely_ After t horough drying, 

t he p apers were bundled in group s of ten arranged 

in such a way that the blood s pots of one filter 

paper lied adjacent to the free long end of another. 

The y were then sealed in the self-sealing polythene 

bags and stored at 4°C in the field unti l it could 

be stored in the deep freeze (-20°C) , at the 

Department of Biology, Addis Ababa University. 

Preparatio n o f Plasmodium falciparum Ant i gen Slides 

~. f a l c iparum a nt i gen l i des were prepared according 

to Sulzer eta l. (1 969). Briefly venous blood was 

obta ' ned fr om p tent i nfect i ons 0 .£ ' falc' pa urn 

from indiv i dua l s who attended the Malaria a nd othe 

Vecto r Borne Diseases Center i n Addis Ababa . The 

parasit i zed b l ood samp l e was cu l ture in vi ro in 
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fl at-bottomed tissue culture petridishes by using 

the Candle-Jar method of Trager and Jenssen (1976) , 

for the maturation of parasites. 

After 26 hr of incubation at 37°C, by which time 

most of the ring-stage parasites would mature into 

schizonts (established by repeated thick-smear 

examinations), the blood containing schizonts was 

removed from the wells of the petridishes by 

centrifuging at 1000xg for 10 min and discarding 

the supernatant. The cells were resuspended in 

phosphate-buffered saline ( PBS) I centrifuged and 

the buffer discarded . ResuspEmsion and 

centrifugation . was repeated three times. The 

erythrocytes were then resuspended in PBS and 

paras i te ,. co~centration per drop of suspens ion 

adjus~ed - ~9 - about -20 per oi l immersion in a thick 

s mear preparation. Ei ght antigen spots were made 

on each slide by dispensing about 10 microliters o f 

the i nfected red blood cell suspension to each 

a ntigen spot. The smears wer e allowed to dry at 

room temperature, wrapped i n tissue paper, p laced 

in groups of 10 in self-sealing polythene bags with 

a dessicant (calcium chloride) and stored at -20°C 

until used. 



2. 4.4 . 

49 

Filter Pape r Elution 

Bl ood samples abs orbed on filter papers were eluted 

in PBS-T'tlee n 20 ( 8g Nacl ; 0.2g 

Na2HP04. 12H20;0.2gKcli O.5ml Tween · 20;0.2g NaN
3
;11 

Dist.H20-PH 7.4) according t o Evengard etal, (1988 ). 

Just before the test the plastic bags containing the 

f ilter papers were removed from the freezer and 

allowed to warm to room temperature. Discs of about 

l Omm in diameter of the blood soaked circle were cut 

from the f i lter papers with scissors, placed singly 

in glass tubes I and O. 4ml PBS (pH7. 4 ) containing 

0.05% Tween-20 was added. The discs were pressed 

into the buffer with a wooden applicator stick and 

allowe d to elute overnight at 4°C. The discs were 

then s q uee zed with the a pplicator aga inst the tube 

wa ll before being disca rded. From the dark brown 

elu a t e recovered , which corresponds to a dilution 

of a b out 1 : 16 (Bruce-Chwatt f 1985 : Kagan, 1972) 

furthe r 4-fold dilut ions were made. 

Performance of the Indirect Fluorescent Antibody 

(IFA) Test . 

The as~ay for malaria-specific antibodies us i ng £. 

falciparum antigens was performed by the IFA test 

accordin g to WHO ( 1974). On the day of test i ng , 

the antigen slides were removed from the deep 
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reezer nd a 110 e o warm 0 r oom m er r 

he slides wer 1 ell d an he t'g n s 0 s 

l' ate us i ng n a il-polish , hey w re t n p ce 

on wet tissue paper s p r e ad i n a s hal ow namel n, 

wit the smear s'de up . About 30 m' cro iters 0 

1 : 16 and 1 : 64 di l utions o f the test sera in PBS 

(PH7 .4) were dispensed on the labelled ant igen 

mounts. The s lides were then covered and i ncubated 

After incuba t ion , the slides were rinsed with P BS 

and placed i n slide chambers in PBS on slowly mov'ng 

r otator for 15 min . They were the n removed from t he 

washing buffer a nd the exc ess buffer poure d o ff n 

the sl des s haken dry . Fluore sce in isoth ' ocy na e 

{FITC)-tagged an~i-human globul i n (Goat antihum n 

IgG, Sigm , USA) di l uted 1 : 32 n containing o. 

percent Evan I s b lue , was added n Om' co' t e 

volumes over all ant ' gen spo s . The sll es 

place on wet i ter papers, cove red a n nc 

at 37°C or 30 min. Th prep r t ' on was h n r n 

a washed ith BS by ro k ' ng for 5 m' n, r- r 

t room temp rat r e n moun e n 0 c 

glycerol in BS (PH9 . 0) . Cov r ip w s p c 0 

e pr tion and the s ' d s r d y u 

1 orescence m c roscope, Mod H -2 
oun on 
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Olympus micros cope BHS (Olympus Optical Co. Ltd., 

Tokyo, Japan). Sera positive at 1: 64 dilution were 

further diluted to determine the endpoint. The 

titer of each test ser um that showed difinite 

fluorescence wa s taken as t he highest dilution. A 

titer of ~1:15 was used as a criterion of positivity 

(BruCe-Chwatt, 1985; Sulzer etal ., 1969). The 

geometric mean of t he r eciprocal titer was 

determined by us ing t he f ormula GMRT = antilog 

:[ f (logx) IN , where x is the reciprocal titer; N-

number of sera t.ested , f-number of sera with a given 

titer. The reciprocal of this number is presented 

as the mean FA response and roughly indicates the 

malaria experience of the population (Col lins etal. , 

19 58 ~ • 

Chi-square values were calcu lated to determine 

possible differences in serol ogi cal responses 

between individual residents in different Kebeles, 

and age-groups. 

2 •• Entomological Survey 

Indoor resting mosquitos v/ere collected by aspiration and 

pyret hrum-spray ("Knockdo .... mil collection) in the morning hours 

(05. 30-7.00A.M . ). For this, malaria-positive households were 



t · f ied i n areas bordering on breeding s i tes i norder to 
iden 1 

t numbers of rnosqui tos for sa l l.· v a"'"L v obtain adequa e .I g l and 

issection and f or immunoa ssaying. Co l l e c tions were made in 

sept .' oct.; Dec . 1988 and October i 19 89 - The presumed t ime 

ma i n transmission s eason immed iate l y a ft e r the peak o 

osqu i to dens i ty . The meth od s e mp l oyed are t hose r ecommended 

~ WHO (1975) f o r studies of short d u r a tion l as the pr esent 

one . The households consisted of na tive huts (Tukuls ) and 

rectangul a r houses-of wood and mud wall s and c orrugated iron 

roof s. The tukuls were rounded in shape a nd of varying 

i amet er s (2 - 4m) , with walls consis ting o f a framework of 

posts and c l osely packed twigs - plast e r ed from ins ide with 

mud, an eart h floor, and a conical roof of thatch .. mud, " an 

eartR floor, and a con-:i:eal r oof that&eh. Most of t he people 

i n t he area owned cattle I g oats I etc . I usually kept in open 

enclosur es in proximity to the hous e or ins ide a smal l section 

of human habitations separa ted by loosely fit s t icks . 

2. 5.1. As pirator Col l ection and dissection for s por ozoites. 

Anophe line mos quitos were searche d on the wa l ls and 

objects inside the house by us ing flashl i g ht s a nd 

a s pirated. The collected mosquitos were p l a c ed in 

paper cups and delive red t o the temporary 

examination pos t in the fi e ld. Salivar y gland 

dissections ,,,ere performed on the day of collecti.on. 

For this mosquitos were kille d with chloroform-
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transfer r e d t o plastic petrid i s he.S disec ted under 

a diss ec ting mi croscope j covers l ips applied on the 

ext rac ted saliva ry glands a nd examined under high 

pOVier mi croscope . A n umber of mos qui t oes U;'ldal;:=Et. 

~ectjn9 microsc ope c ompri s i ng of f resh ly fed and 

ha l f -gravid· .. indivi duals Vlere ke pt in paper cups , 

humidity ma intained by a pply i ng we t cotton pads over 

t he cups , in order t o e s timate t he ovipositiona l 

i nterval . 

Pyrethrum Space - Spray Collect i on 

Indoor-r esting anophelines were co llected f r om 

nat i'/s huts (Tukul s) and rec tangu l ar hous es by 

spr ead i ng white sheets on t he floor a nd hor ri zont a l 

ob j ec t s a nd f ogg i ng wi t h 1% pyrethrum s ol ut ion in 

Keros e ne I dispensed from a hand p ump . Tuku l s were 

fogged first from t he outside t o minj.mize mosquit o 

escape . The s pecimens were col lec t ed 10 mi n after 

spraying Llsing entomo l og ica l for ceps and kept i n 

labe l led pill boxe s l i ned t<lith moi s t paper I f or 

later proce s s i ng . 

Mosqu i t 6s captured by both methods were u s ed as a 

measure o f mosquito density and fo r the 

determination of sal ivary gland i n f ections as well 

a s f or bloodmea l i dentification . The anopheli nes 
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collected were identified morphologica lly by using 

the key prepared by Verrone (1962) and inorder to 

estimate quantitative ly man-vector contact from the 

averaged values of house or hut density, note was 

made of the abdominal condition (unfed, fed, half­

gravid, gravid , (WHO , 1975). 

Human bloodmeal identification and detection of 

Pl asmodium falciparum and E.. vivax infections in 

mosquitos by Enzyme-linked Immunosorbent Assay 

(ELISl-\.) • 

Few specimens of A. gambiae 5. 1. and ~. pharoensis 

vlhieh could not be dissected for salivary gland 

sporo2oites were used in the test . The mosquitos 

were stored in pill boxes at r oom temperature in 

several layers of tissue paper until used . 

2,5. 3 .1. Preparat.ion of masqui tos for Bloodmeal 

and Sporozoite ELISA 

Mosquitos ... .,ere f irst prepared by cutt ing 

them t r ansversely at the junction of the 

thorax and abdomen ~ after removal of their 

appendages~ under a d issecting microscope. 

The l!heact·-thorax lt and Ilabdomen" portions 

of the se mosqui tOG were prepared and 

tested separate ly- the former by "Sandwich 



spor ozoite ELISA" and the latter both by 

sporozoite ELISA , to detect Oocyst­

associated sporozoites, and by the direct 

bloodmeal ELISA. For this, the head-

thorax portions of individual mosquitos 

were placed i n the wells of a 12-welled 

white porcelain microtissue grinders, to 

which 50 microliters block ing buffer ,(BB) 

(O.OIM PBS_8g NaCI; 0.2g KH2P04 ;2.9g 

Na2Hpo4.12H20;0.2gKCI;0 . 5ml Tween20; 11 

dist . HZO-) , PH7•4 , with 1% Bovine 'serum 

albumin (BSA), 0.5% boiled casein, 0.01% 

thimersol , and 0.002% phenol red) 

containing 0.5% Nonidet P-40 (NP-40) (all 

reagent~' from Sigma, USA), was added. The 
I 

t r i turates were transferred to O.5ml 

mf c"rocentrifuge vials , and 250 microliters 

BB; without NP-40, was added. 

The abdomen portions were first ground in 

50 microlite rs PBS ; 10-microliter 

aliquots, further diluted in PBS (1:50), 

were used for t he bloodmeal ELISA and the 

remaining 40 microliters were used in the 

sporozoite ELI SA. To the 40 microliter 

triturates 60 microliter BB containing NP-



56 

40 was added i nitially and 200 microliters 

BE with out NP-40 was subsequently added 

to bring the final volume to 300 

microli ters. The ensuing assay procedures 

o f direct bloodmeal and Sandwich 

sporozoite ELISA ' s were based on that of 

Beier etal. (1988) and Wirtz (unpublished 

d ocument), respectively. 

2.5. 3 . 2 . The Sandwich Sporozoite ELISA 

Disposable polyvinyl chloride, U-shaped, 

immu l on 2, 96-well, microtiter plates 

(Dynatec h Labs. , USA) were coated with 50 

micr ol iters of the appropriate monoclonal 

ant i body (MAE) solution. For E. 

falciparum ELISA, 2 microgram f."lAB 21UO 

(Kirkegaard a nd Perry Labs. USA) per 

mill i liter PBS was used ; and for £. vivax / 

1. 0 microgram HAB NSV No3 (Naval Medical 

Researc h uni t, Bethesda ) per mi PBS was 

used. The p l a t es were covered a nd 

incu bated overn ight at room t .ernperature 

(Al l inCUbations described hereafter were 

made at room temperature) . The wel l 

contents ' .... e re emptied and the wells fi l led 

with BB and incubated for l hr . After 
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removal of the buffer, a 50 rn i crotiter 

aliquot o f each mosquito triturate was 

adde d to wells on both £. falciparum and 

E. vivax test plates t in duplicates. The 

plates were covered and incubated for 2hr 
t 

then aspirated and washed 2 times with 

PBS f containing 0 .05% Tween-20 (PBST) using 

a multiple dispenser. Then, 50 microl iter 

aliquots of the homologous horseradish 

peroxidase-conjugated MAB (0.05 

microgram/50 microliter s BB/well 

(Kirkegaard & Perry labs.) were dispensed 

to' each well of the respective plates. 

Fol lowing I hr incubat ion, the plates were 

emotie<f and after 3 washes with PBST, 100 
~. " .. 

microliters of orthophenylene diamine 

(OPD) f ' a pe roxidase substrate was added 

to each well. The plates were covered, 

placed in the dark and left for 30 min , 

after which t ime 25 microliters of 8N H2S04 

was added to each well to stop the 

r eaction. Absorbances at 492nm were then 

read in a through-the-plate ELISA 

microtiter plate reader (Cambridge Life 

SCiences, England). 

One positive and seven negat ive controls 



were included on every ELISA t est p late. 

Negative controls consisted of s even male 

A. gambiae spec ime ns prepar ed i n t he same 

way as the test samples. Positive c ontrols 

consiste d of r e combinant R t et p 32 32 -' 

fa l c i parum circumsporozoite (cs) proteins 

( ) and synthe tic E. v i va x CS peptides. 

Samp l es were c onside red pos itive if 

absorbance values exceeded two time s the 

mean absorbance of s even negative 

controls. 

2 . 5.3 . 3. The Bloodmeal ELISA 

Fi fty microliter mosqu ito a bdomi nal 

trl t.urate of each dilut.ed sample, prepared 

as described earlier/ was dispe ns ed i nt o 

separate. wells of duplicate microti ter 

plates; 50 microliter of c ontro l posi t i ve 

material consisting of human ser um was 

placed in cne well of each strip. Seven 

c ontro l nega tive wells contained abdomina l 

t r iturate of seven male A. gambi ae s .l, 

p repar ed as test samples. The plates were 

c overed and kept overnight at r oom 

temperat u r e . rI hs we ll contents were then 

aspir ated, washed 2 times with PBS1 , and 

50 micro l iter of peroxi das e-l belled a nt i-
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human IgG, dilute d 1:2000 in 0 . 5 % bo iled 

casein , conta i ning 0 . 025% TWee n 20 , was 

added to each we ll. Af t er lhr we lls were 

empt ied f washed 3 t i mes with PBST I and 

then 100 microliters of OPD, a peroxidase 

substr a te 1 was d isp e ns ed t o e ach wel l. 

The plates were cove r e d, place d in the 

dark and the r e a c tion stoppe d a fter 30 min 

by the addition of 25 mi croliter 8N H2S04 

to each well. The a bsorbance of the 

con tents of the wells at 49 2nm was 

determined with an ELISA r eader. All 

sample wells with a b s orbance e xceeding 

the mean plus 3 t imes the standar d 

deviation of seven negative contro l wel l s , 

were cons idered as pos i tive. A v i s ua l 

assessment. of the plate s wa s a lso made a nd 

any wells wi th more y e llow t o or a nge-brown 

colour than the c ontrol negative wel ls 

were considered as positive . 

. 6, Envi r onmental Parameters 

A nUlllber of surveys were carried out to l ocate and assess 

pOs 'b 
Sl. Ie vector breeding sites in the s ampling areas s elected . 

SOT:le of th d .e larvae and pupa e collected at such s urveys , an 
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ring searches made along with the parasitological surveys , 

'ere t ransported to the laboratory in the Department of 

. 1 gy and the adults identif ied after emergence . 810 0 , , 

In formation regarding water supply 1 its uses and distribution 

ere obtained from records of the city council, by dir ect 

observation and interview of the members of the households 

sampled. Antimalari.al practices were also ascertai.ned by 

direct questioning on the use of anti-mosquito practices and 

antimalarial drugs. The interviews were based on a 

questionnaire designed for the s tudy (Appendix 3). 



3. RESULTS 

he study population 

A total of 3890 (approx. 4% of the tota l popul a tion) persons 

INere enrolled in the study from 695 hous eholds visited. This 

5 achieved by enrolling 903 persons from 168 households 

ur ing the first survey I 1018 individuals from 169 households 

i n the second 1 1038 persons from 179 households I in the third I 

and 931 individuals from 179 households in the fourth survey . 

The distribution of the households and individuals sampled in 

re ation to the sampling areas as well as the population 

composition by age and sex is presented in Table 1.. 

The population composition and sex ratio observe d in the study 

population vlas, in general, similar to the 1985/86 cens us for 

he t own (obtained fr om the city Counc i l) and also similar to 

the reports for various towns in Ethiopia (HPCC, 1984 ). The 

pop lation T,.,ras c haracterized by relat ively young individuals 

(5 8% under 15 years) and a very small nUT(\ber of older age 

groups (1. 2% 65 years and older ). The sex ratio for all ages 

i n the six kebeles combined was 1:1.6 males to tamales. 
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Table 2 Description of the study population 

No ., of individuals sampled in ag'Et grou p 

Aver.jSurvey 

Male ""'--'-iFema lt~ 

Aver . / 
household 

_~~ 2-4 5-9 10-14 
Aver . T Aver. / Aver./ Aver . / 

__ . _____ ~, _ _____ , __ s_·u _ _x: v !.!..'Z __ sur~ ve~,,---~_-u_r_·v_eY,,--_s_u_r_v_e ..... y_ 

68 0 25 100.75 5 C" . ;:) 7 .75 23 0 5 :-37 0 75 34 ,, 75 

57 0 5 86 5.8 8 . 75 16.5 34025 32 

BL. 5 128 , 5 5.9 1 3 27 .75 39 0 5 4 0 , 25 

96 0 25 164.5 5,1 10 . 75 31 6 0 ,, 75 44 0 ;'") 

37 05 54 ,, 3 5 0 7 3. 5 11.75 .20 . 25 16 

37 60,5 6.5 4 0 7~ 9 .75 17 . 75 HL75 

>15 
Av e r :T 
sur~ 

65 . 25 

52 

89 . 5 

11::L 75 

40 0 25 

48. 5 

- - - - - -_._-----... - - - - - ------- ---... - - ' ---- ,,------.-.... -.;..-...<..,.-... -~-........... - --- '--- "-. - - - - -_ .. _ .• _-- -----_ ... _--------,._-- _ ._-

'rot a,1 ' 173.75 378 594.5 5.6 48 • . 5 120 ,, 25 210.25 
---, ., .. ---"---.--~~-.......... --- - .-"- -.- -.----"-------- "-



J . • 1 . Malaria Experience of t he Study Populat i on 

Malaria was experienced by individuals f rom al l t he 

s ix kebel e s, however, mos t of t hem belonged to ~ 

~ t he ke beles 11, 09, and 13 , i n that order. A 

total of 733 ind ividuals reported to have had 

malar ia i n the past four years , 560 of whi ch claimed 

to have contracted t he d i sease in 1988/89, period 

of the present s urvey. Of t he 560 i ndividuals, 36 .7 

percent r eported to have had a malaria attack or 

f ebrile episodes withi n the previous two months and 

24 .5 pe r cent within t he prev ious two weeks. Most 

of the people with a hist ory of ma laria (68.1%) said 

that they obtained treatment from the l ocal Malaria 

Control center i' {MCC), 11 percent from other 
.r .' . 

government dispensaries and 20 . 9 percent f rom 

private practiti'oners. The responses obtained as 

to why people buy antimalar i a l drugs from Pharmaci es 

or vis it pr i vate pr act i t ioners when they could get 

the s ame drug from MCC free of char ge or from other 

governme nt d i s pensaries at a cheaper cost were 

var ied - these i ncluded the long hours of waiting 

on long queues and t he fact that the MCC people 

of t en miss the infect ion when private 

practitioners diagnose malaria most of t he t ime -

particularly dur i ng the peak t ransmiss ion season. 
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Furthermore , u nder eme rgency situations private 

dispensaries were more convenient as t he government 

hea l th services are more often closed. 

With regard to self protection against malaria, none 

of the houses selected had mosquito proof ing and no 

one used bednets or other mosquito protective 

materials. Nevertheless , some respondents reported 

to hav e used fumigants to avoid hi ting nuisance. 

Onl y 25 individuals reported to have taken 

antimalarial drugs for prophylaxis i n the past two 

years or so. 

3.2 . Paras i tolog ieal Survey 

A t otal of 3890 blood smears collected , from i ndividuals 

of six kebe les~nd cOIllprisi.ng all age groups, during the 

period JulY-ll~ugust f Sept .foct . , Nov . IDee. 1988 and 

Apr·/May, 1989 wer e examined. Only 108 (2. 8 %) 

individu~ls 

parasites. 

;,vere found t o be infect ed with malar i a 

The parasite species detected were £. 

ialci parum and £ . yivax (Table 3). Some of t he 

infections could not be i denti f ied definitely owing t o 

the intake of antimalaria l drugs by the infected 

individuals. Most of these i nd ividua ls reported t o have 

been treated a t the local MCC, a l t hough confirmati on of 

the reports were not possible as the MCC was unwilling 



to provide access to its patiel":t record~. 

Sli e positivity was highly associated with fever s most 

infected individuals ';.vere more f req uent ly febr ile (B1.5%) 

than un infected ones (X
2 

0 1569.9 ~:)<O.05). '['he 

background of non-malarious fever / hot·lever I was a lso igh 

(48 .5%-) and also some blood srnsar-positiva indiv i duals 

r eported no fever (18. 5% ) . Among the 171 individuals 

with fever , 51.5 percen-c had paras i taemia. Twenty five 

percent of the afebrile paras ite carriers were infect-d 

with £. v i v a x t\lhile -the remaining (75%) cot'1s ... ituted 1.. 

fali_cgar_um infections. 72.2 percent. of the afebri l e 

carriers had only E. falcinarum gametocytes in their 

pe ipheral blood and these T...rere above th,~ age of 5 years. 

90% f t he afebrile pcsitiv es ';.jere permanen' residen 

and a _ ong t hese 3 0 percen~~ e ither h ave had a full course 

of chloroquine treatment or had taken some doses of 

ant ~ , . . , 
.LYaaJ..ar la..L arugs in .... J1.9 recel'"lt past .. Of the total 

infected l.l.1.d i vid 'als, however; only 8,3% ere r ecent 

arrivals ~ . ~ ~ ~ "... ~ +-" ," ... f . - ~ 2' = ana no slgn1rLcan~ al! e rences tX 0.005 P :;:: 

0.05 ) in paras i t.e . atas were observed bet'\-ieen resident'" 
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CUlrlllative parasite frevalence ra e tn the study population in 
Nazareth ( N 0 3890) 

--
sex. No. Infected FalcipanJ.lll VivaiC 

exam'd (%) ( <'-' , ~" i (%) 

------------------------------------------------------------
ale 1 512 4 6(3.0) 23( 5 0) 23 (50) 

Fema e 237B 62(2.6) 40(64.5} 22(35.5) 

-----------------------------------------------------
Tot 3890 108(2.8) 53(58.3) 4 5(41.7) 

-------------------~-------------- ------------------ -

Table 4 . Infection with malaria parasite.s and reside.ntial 

status of the population in Nazareth. 

*Residence Infec"te.d l"Jct: infected .. Total 

status f9:) , 0 (%) 
M ____ ________ ___________ __________________ _ ________ _ _______ _ 

Resi ent 3486 

on-resident 11(2 .. 7) 404 

---------------------------------- --------------
Total 108(2.8) 3782(97.2} 3890 

------------------------------------ ----------------------
ReSident > lyr 

Res its of the study of prevalence of malaria infection in 

i dividua s residing in differel'l t l<:ebeles identified positi e 



5 fro .... 8,11 t he six keb e l e s i n at l east 2 of 
ell 

surv ys ( Tab l~.). Eowever., more cas es ( 4~ ) 

2 ". £. = O . o r; ) wer e de t e cte d. iror:: the kebe l es (x :: Mfi. T' ~-' 

locat j 7eri :;::lher a lly ? t clos e p r ox i mi t y to t he seni-

ermanent mar shes and wat e r pools fo r ti'ed duri nr t he 

v seaso s ( Tab le 6). Locat ed i n lowl ying planes of rai . 
b tO ~li , t hes e l ebe l es ar e f looded b y wat ers comi n~ 

rOD t e town ' s cen~ er as we ll a s t he surroundinG e l evat e ~ 
1)1.r 

areas . Jat er f lowing~ overflowi ng t he open draina::r,e and 

tbe t r ench encircline; ~. " t h.G town and bissecting 

t bese kere l Gs , fl oods t he kebeles . Di fferences i n narasit e 

reva1ence r ates wer e a lso observed within these and 

~ong t he other t hr ee kebe l es - 01 ; OC and 12 which are 

relatively central a nd situated a t elevated parts of t he 

town. ~evertbe less , t he observed di ffe rences were not 

stat ist i cally s i gnif i cant ( X2= 4 . 57 - perinheral; 3 . 44 

- cent r a l , l?= 0 . 05 ). 



::>"r~ cite 'Jrevaler,ce 5. ... C! l.-_ ,L,. 

inh~bitants of the 

kebeles in Nazareth during the four sa~91ing per ~8ds . 

---------------------------------------------------------

J l/l>:.:.g 1 988 Sept/Oct 1988 Nov/De.c 1988 Apr/~:J. ~l 1988 

ar site Parasite paras i te P~rasite 

rate (%) rate (%) rate (%) r ate( %) 

.. . ------- - --------------- - -- - -- -.. - ...... ---- - ----------------- - - - - ----

182( 1.7) 174(3 . 5) 1 60( 1. 3) ir: r· , _ \ 
.......... v \ ) 

133 ( - ) 175(1.1 ) 166(0.6) lOG( - ) 

-9(2 . 5) 242(6.6) 252(3.2) 227 (0 . 4 ) 

26 2(2.3) 256(11.3) 254 (5.5 ) 271(0.7) 

93(1.1) 9 3 (2 .5) 97(1.0 ) 8(( - ) 

14 ( l.8) 78(5.1) 1 09 (4.6) 8 ~) (--) 

-- ----- --- - - - - -- - --'" ------ --- - - - - - - -_ ..... - -~--- -- - -- ---------- ---- - ---

903 (1. Ii 1 01 8(5.8) 1038(3 . 0) 93l(O . 3) 

----------------------------------------------------------



Relationship of prevalence of malaria infection to 6. 

geographical location of the kebeles. 

--------------------------------------------- --------------
Location Infecte.d Not. Infected To al 

(Kebele } (%) (%) exam'd 

------------------------------------------------------------
Per' pheral 90(4) 2183 ( 9 6 } 2273 

(09,11,13} 

central 1599 (98 . 9 ) 1617 

(01,06,12) 

Of the total infec'eE:C! individlJal s , 8.3 percent had visited 

.arious areas outside Nazareth; for a l.i.mi.t.d period of time, a 

out. of the total 

p latio1'l; hovlever, only 153(3.9%) have travelled outsid~ 

Of these 91(59.5%) individuals ~ere from the peripheral 

es and the rerta ining 62 (4, 0 . 5%) belonged tc the central kebeles 

ble
l 

7j. Nine (5<9%;} of the 153 ind.ividual t-!ith a travelling 
Ot.irl~O"..-n i .. · ('; ·:.>/J·'f' .. '" I 1 '"'" V\ ~ : - .... ~ ) - .J \ :,:. '" .!. R i'c f'Vt t.h c_ i:- (~ '1..f) tr{ t. I 'tt 

tory were found Dositive ~nd 4(2 . 6%)' frOm the centr~l keb les, 
~ A ' 

• d' . 
ltference was not statistically significant 

.05). Comparison of the 'cravelled-infected vs untravelled 

r cted among the. cent.ral and ~.;i thin the peripheral kebeles have 

o Shown nc, statist: ~ cally s ignj f icant difference (the d ifh~rences 

twen the r.aJces 5.6% .~ ceT)-c:ral and 1. 59%-·periphe.cal, ~ ere Jes 

tWice the tt.,'rr-'c, -
standard (S.E) 

F', 

of t; e diff.s.l:'enc:es r 6.2% and 4.84., 
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pee ive l y ) . The overall d i fference o f infecti on r ate between 

and unt ravelled ones was also not statistical ly 

(the d i fference o f the rats, 3 . 23% < 2 n: of t he 

3 .65 %). Nevertheless, comparison of the untravel led 

the central and peripheral kebeles s howed 

istically sign ifica n t differences (1. 9>2sE, 1. 03 ) • 

:". 
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ab e 7. Prevalence of infect i on with malaria in individuals 

with and without h istory of travel within the period 

of one month at the time of interview. 

-------- -----~-------~-----~--- --~-~----~------------------

status Infected Not Infected Total 

(%) (%) exam'd 

------------------------------------------------------------
ravelled 9(5.9) 144(94.1») 153 

Peripheral 5(5.5) 86(9 4 .5) 91 

Central 4(6.5) 58(93.5) 62 

Not Travell_Ed 99(2.6) 363B ( 97.4 } 3737 

Peripheral S5{3. 9 ) 20 97( 96.1 ) 2182 

Centra l 14(0.9) 1541(99 . 1) 1555 

------------------------------------------------------------

The four cross-sect ional blood examination s urveys (3 wee s 

'er ge duration), of clusters of population of a l l age grou S I 

itted the evaluation of the level of prevalence of t h e d i seas e 

he deter mination o f the parasite species involved (Table 8) . 

. e CU Ulati ve paras i te rates observed dur ing t he 4 survey s showe 

gnif icant variat ion (X2=59.5 P =0 .05). 

Para s i t e species d' , " t' has a .L'so " ari.ed between the four .lSCr 1.DU l.on ~ 

t eys (Tabl e -8 ). D' . h f'· rve y (Tul jAug) 33. 3 ~urlJ'i.g t e l. rs t su_ u' • I 

tc n 
and 66.7 perc ent o f ttle i f ectio. s vler due t o E· 



~ and !:., vi va..'{ respectively , During the second and t hird surve s 

( fR;>t,j Octo; Nov, / ~cc) a decrease in p , vi vax prevalence and a s trikinO' 

nrrease in !:. falciparU11 was noticed, In the l ast survey ( Apr . /"fl ayo ,1989), 

ugh the parasite rate was low, !: . falciparun i nfections were recorded , 

trophowite and garretocyte rates of E,u .f alciparurn followed t he same 

rend starting to build up during the rainy months of JuL / Aug . , and 

reaching a maxim rrn around the end of the dry season . 
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abl e 8. Variations in par asit e species pr evalence in al l 

age groups i n Na zreth 

------- -----------------~-----------------------------------.. ... --

Period Par asite 

r a t e 

( ~ \ 01 

Plasmodium species prevalence 

falciparum vivax 

(%) (%) 

... --------------------------- - -------_._------------------------.. ---

./A g . 1988 

· l oct . 1988 

· / Dec. 198 8 

r. / May 1989 

1.7 

5.8 

3. 0 

0. 3 

33.3(5) 

57.6(34) 

74.2 { ~3 ) 

33. 3 (1) 

66.7(10 ) 

42.4(25 ) 

25.8(8) 

66 . 7(2) 

.. .. -- - - ----- - - - - ---- _ ___ _ _ ~ __ _ _ .... _ _ oc_ _ _ __ _ _______ _ _______ --------- - -

2.8 5 8.3(63 ) 41.7(45) 

. I · -------------------------------------------------------------
.8 . Val es in bracket< a r e number of infected individual s 

" ~ ; 

-5 not ed . I n the l a st survey (Apr . /May.(1989), although the 

r site rate was l ow t £ . f a l ciparum infections were recorded . 

, ,e t ophoz . t 11 d th o~ e a nd gametocyte rates of 1:. falciparum fa owe e 

~e t rend starting to build up during the r ainy months of 

· /A g. I and r eaching a maximum a r ound the end of the dry season . 



able 9. 
cumulative age-specific mala ria infection preval ence 

among inhabita nts of Nazareth. 

------ - ---------------------~------~------~------- - ~----- - --

ge groUP 

(in years) 

Infected Not infe cted . Parasite rate 

I ')., ) 
\ 0 

----------------------------------------------------------
0-1 5 189 2.6 

2- 4 11 470 2 . 3 

5- 9 22 819 2.6 

10-14 10 727 1 64 

15-19 2 2 507 4.2 

20-30 16 462 3. 3 

31- 40 1 2 250 4.6 

41-50 6 153 3.9 

?5 1 4 205 1.9 

------- ----- ------~-----------~ ---------------~---~--- -----

Total 108 378 2 2 . 8 

------------------------------------------------------------

The prevalence of malaria i nfection in all age groupS was 

s'g i ic ntly highest during the months of Sep. foct. f1'able 8. ) In 

I t he age group most a ff ected was the 15 to 50 years and 

~ . 2 
I although the diff.ere nce was not statis tically significant (X 

• 3.14 P=:O . 05 ) (Table 9). The. 1:. falciparum gametocyte. rate w s 

er in those aged 10 and a bove (O. 3%) than in under 9 years of 

(O.H) • 



Se ological survey 
1. ) . 

7') 

Serum samples obtained in Sep. fOct., 1988 f rom 45 individuals 

aged 10 and over who lived in the six kebeles ere ssayed for 

anti- £. fa l c i parum antibody. Thick blood films taken from 

the fi nger prick had been examined for malaria parasites and 

slide positivity rates for P . falc i par m and £. vivax were 

obtained (68% and 32%r respectively) . Peak malaria 

transmission, with 3.3 and 2.5 percent infection d u P. 

falcipa r um and E. vivax, respectively, occur ed during the 

period of serum collection. 

rFA based serological tests and the parallel blood smear 

exami atio n of 450 salnples revealed 6.2 percent infection 

and an overall seropositivity of 22.9 percent (Table IO). 

Twe ty one (4.7%) of the serum samples wer both IFA a d slide 

positive . Of these 17 (81%) were £. f alc iparum i fee ions and 

the rest ( 19%) were due to E. yiva~ . A total of 5(55.6%) 

individuals demonstrating peripheral blood 

parasita emi a failed to have a positive reacti n in respo e 

to £ . falciparum antigens, although 2(10.5%) falciparum pate t 

infectio s also turned out to b IFA negative. 

Af t r a ge - stratif i cation, moderate i nc ease in serologic 

responses with age wa apparen (table 10 and ig. , ) . The 

malaria a ntibody prevale nce rates wer e closely related to t he 
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~mparison of ma l a r i a paras ite preval en c e rate and antimala · a 
• an i body res ponse of samples collected in Sep. fOet. J 19 8 (n= 450 ) 

Paras i te IFA Serum dilu tion 
TO 

r at e end I20 i nts % IFA 
exam I d 1:16 1:64 >1:256 posi t ive GMRT par a s 

(%) - >1 : 1 6 

--'--""' 
( 0.'. 

125 4 0 8 10 3 2 12 1:2 4 . 

93 7 0 5 14 7 3 25 . 8 1 : 2 . 5 7 5 

91 7 ,., . ( 14 3 7 26 .4 1: 2 7 3 3 

60 8 . 3 9 9 2 33.3 1:3 . 4 3 , 3 

42 4 0 8 ~ 4 3 23 . 8 1:2 . 7 4 , 8 '-' 

39 2 .6 4 6 0 25 6 1 : 2 . 5 2 "' . 
--- . 

450 6 0 2 54 32 17 2 2 . 9 1:2 . 3 4. 7 

eometrie rr.e an r ec t p roc a l t i te r 
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Cunulative parasite rate (Y1 = !>i''i'o) 
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parasite prevalence rates but run a t a h i gher level. T e 

parasite rates showed a fall with age. I owever , the para site 

rate didnot decrease after the age of lr., but at a later age. 

As with the parasito l ogica l r esult s , the occurrence of 

seropos itivity s howed significant variability in ind' v iduals 

living in different kebeles (X2 =53.1 P=0.05 (Table. 11). 

In those kebeles where malaria infection rate was highest , 

there were more numbers of seropositive individuals , whereas 

'n the remaining ones, most were seronega ive. 
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e 11. Anti -malaria cntibody response of i ndivid als living 1. six 

different kebeles in Nazareth Cn = 450) . 

Parasi te 
IFA Ser m dilution 

% 
IFA a TJ' 

end point s iti MRT P ra . rate p e 
' d ( %) 1: 16 1:64 >1:256 >1:16 posit1. 

(%) 

2 .6 1 2 0 6 1: 1 . 6 

5 . 1 31 13 7 32 , 5 1:3 3 . ~ 

14 . 6 ~ "' .... ;) 15 9 37 0 9 1:5 11.7 

2.5 <:) 7 , 5 1 ! 2 . 5 oj 

5 . 1 4 4 1 15 , 3 1~ 2 5 . 1 

6 . 2 .54 32 17 ?2 9 :1 : 2.3 4 7 
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J • . Entomological Survey 

o species of Anopheles, A· gambi ae s .l. and ~. pharoens 's, 

were collected indoors. Frequently more A. gambiae s. 1 was 

found indoors than A. pharoensis. Density of ~. gambiae 5.1 

was highest in Sept./ Oct. High ens ity of this species 

persisted until mid-October , (Ta ble 1~) when mosquitos bred 

in drying up residual pools, in water accumulated in rubber 

tyres, disposed receptacles or barrels, cement-buil troughs 

for watering cattle and other items. Thereafter A. gambiae 

5.1 populations diminished until only two specimens were 

recovered from ten houses in Dec. 1988. 

Observations on the resting behaviour of A. gambiae s.1 

populations sho1;l1ed that most of the mosquitos generally reste 

below 2 meters, in d~rkcorners of the rooms on walls, hanging 

objects , and - l:)elo'(i; 1 roster ' near sleeping quarters of the 

people. A- total of 62 ro~ms or houses were ' visited and the 

summary of the results is show'n in Table 2. 



;-~. 1 

ble 12 Indoor resti ng collections of Anophelin mosqui 0 

by asp irator and p yreth rum spac - spray . 

".-- Habi t at in esttgated 
Per i od (Tukuls & Rectangular A" gambia s 

houses ) 
on 

No. of No , of Aver , No o Tot al Av . 
0 

roans roans of No . of roan 
exam 1d positive . occupant s fenales densi ty 

Sep . /~t o 17 17 3. 8 176 10.4 
1988 

:*5 *13 *0 . 76 

---
t. , 1988 9 9 4 209 23 , 2 

Dec. 988 10 1 3.58 2 0 ,, 20 

(X 1989 26 20 3 ,6 144 5 ,54 

'15 30 307 355 7 . 9 

62 47 3 0 8 531 8 .6 

refers to 1:... pharoensis 



Anopheline density expressed as the a verage number of speci e s 

per, house was estimated both by aspir ator and pyrethr m 

knockdown space-spraying collections. Average density of 

mosqui tos per room var ied from 23.2 in ctober to 0.2 i n 

December in knock-down collections and the a1 es obtained for 

aspirator collections were 10.5 in Sept./ oct , 1988. 

In order to estimate man- vector contact from averaged values 

of mosquito density per house, note was made of the abdomi a1 

conditions of the mosquitos (Table 13 ) . The overall a erage 

of bites per man per day \olas estimated at 0 . 20 (Table llt-,. 

Collections made both by aspir ator and space-spraying ere 

characteriz ed by a high proportion of gravid over fed ones 

suggesting a marked t endency to endop ily. In aspirator 

collections, relatively higher va lues of fed to gravid r a io 

were obta ined in samples collected in l ate September, beca se 

gravid fema l es t end to hide in dark and inaccess ible areas 

where aspirator c o l lection would be more difficul . Freshly 

fed females donot tend to fly far away from the site of 

feeding. The overall proportion observe for ha -gravid A· 

lli\m ae S.l populat"ons was 58 %. 



le l3. Abdaninal conditions of indc.JOr-resting sampl s of ~. gamb"ae s . l 

Sept . jOct. & Deco , 1988; Oct , 1989 

. -
Abdominal Condition 

Period Unfed :Fed Half GraviEi Total F / 
Gravid Gravid --

Sep.Octo 34 11 97 34 176 0. 32 
1988 (19) (6) ( 55) (19) 

~t . 10 4 143 52 209 0. 02 
988 ( 4 0 8) (1 . 9) (68 . 4) (24 .9) 

Dec . 2 
1988 (100) 

~t. 3 31 68 42 144 0.74 
( 1 989~ (2.1) ( 21 . 5) (47.2) (29 ,2) 

13 35 211 96 355 O. 
(3 0 7) ( 9 . 9) (59 . 4) (27) 

47 46 308 130 531 O. 
(8 0 9 ) (8 , 7 ) (58 ) (24 . 5) 

',B. hlues in bracket ~~e t he percentages of ach cat gory 
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Infection rates and human blood Index (HBI) . 

o t of 266 b· gambiae s.l diss e c tions for sa livary gland 

infect ions, none were f ound positive . However, the ELISA test 

per f ormed on 74 ~. gambiae s.l specimens, divided bet~.,een 

horax and abdomen, detected one £. falciparum (1. 35%) a nd 

another E. v i vax (1 .3 5%) infections. Of the two infected 

mosquitos, one was positive for £ . f a lciparum in the posterior 

portion only 1 and t he other for £ . 

portion only. 

ivax in the anterior 

Trophi c preferences o f A. gambiae s.l were also evaluated on 

a t otal of 60 specimens by using the ELISA test. Human blood 

was detected in 52 o f the specimens tested, indicat i ng a hu . an 

blood index of 0.S7. The result shows that ft . gambiae 5.1 is 

predominantly anthropophilic in Nazareth , as only a few 

percentage of samples did not react against human antisera . 

he result of the ELISA test were read spectropho ometrica ly 

by sing an ELISA r eader a nd the absorbance values ranged rom 

0. 07 0 0.17 at 492nm. In general, the readings were 10 as 

camp red to reports of other w~rkers (Beier etal., 1988 ). 



T .• \;le 1 4. l\\" C 1' :1 ge rr: cl n - b i t.i. n ~{ ~· at (· s 0 -; ~_ . F~rr:h j:t (' s .l 

s p ray SC p. / OCl . 1083 ; Oc~ . , 1080 

j on 

"': rato r 
eJ:~ . /Cc~ .1 [:88 

! ~ rum 

('- ·pr:-.y 
t. HiSS 

O· . 1989 

Pr oport i on 
f ed 

0.06 

0 .02 

0. 22 

0 . 00 

/l V (?~ ... 3 ge 
number 

of 
occup2..nts 

4 

3 . G 

3 . 8 

' C:: .ct::'a'..cd b: : Aver. r o or:. ;-; · P :- o PC: l'L.l C:1 -
dE;f1 Sj t y fr('slil ~' rcd 

.-\ \· (-' r~ gc J, 

room b i 1: ' s!r.lan / d a:,· 

10 . . ') 0 . 1 G 

23.2 C. :2 

5. 5 /} 0.3 4 

8 . 5 0 . 2 

AYer. no. cr 
J~~ ;r:''::' : ) cCCU lXU)~S/:.cllse 
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Q allt i tative Analysi s 

Although the entomologica l data collected do not permit 

detailed quantitative analysis of the dynamics of malar i a 

r nsmission f a rough estimate of some of t he parameters can 

be made of it. Thus I inorder to estimate quanti tati ve l y the 

role of b,. gambiae s.l in malaria transmiss~on in Nazareth, 

the entomologica l i noculation rat e was ca lcu l ated. This was 

based on t he indoor resting 1:: . gambiae s . l populations by 

first mult iplying average house density by the propor i on of 

freshly-fed and divi ding the product by the average umber f 

human occupants per house (Table - 14) . Accordingl y by 

ultiplying the obtained figure with the sporozo i te rate , a 

value of 0.002 was obtain€~d from t he knock-dol/In co l lection 

or Oct. 19 8 8 . In the present study , the gonotroph ' c cycle 

was estimated to b e 2.5-3 d ays, bu t furthe r st d i es are eede 

t confirm i t . Freshly fed and late fed 1::. gambiae s. . 

osquitos collected by aspirat ' on a nd kept i n paper c ps al 

became gr av id from 45-60hrs. 



5 Environmental Survey 3, • 

'The inhabitants of Nazareth obtain pott-ble drinking water 

piped to the tOVln from a source- Awash Ri ver- about 20 kms 

south of the t own. The main pipeline reaches 11 20 kebeles 

but water is not uniformly distributed in the kebeles. As a 

result a sizable part of the population depends on public 

fountains and/or buys from the neighbouring households with 

piped wa ,-er. Due to the absence of adequately piped water, 

the inhabitants store water for a variable period of time. 

Most of them use barrels fitted with lids bot h for delivery 

and temporary st.orage. Although these storage devices 

appeared not to be suitable for mosquito breed'ng, conta"ner 

larval habitats cannot be totally ruledout, for ater is also 

stored in open mouthed barrels and other receptacles for 

cons truction and other purposes . 

Anopheline larvae were isolated from a variety of co lections 

of water both natural and man made. These included : Cement­

buil t water res e rvoirs and troughs col ected for construction 

and for watering cattle; bird fountains or smal col ections 

of water from dripping taps, burrow p'ts or sites dug for 

damping garbage f pools-dug for local brickm king I a 

construction sites for tree-plant' ng ; ditches, lowlying reas I 

nstall t ply wtho t d"spos 1 0 . a ion of municipality water ~'p 

waste water; open and blocked drains; water in nat r 1 
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epress i ons I discarded tanks or barrels a nd a number of 

d' sposed receptacles, tyres I e t c. 

of the artificial container habitats, tyres we r e most numerous 

an were often found with tremendous number s of anopheline 

arvae cont r i but ing t o the overall mosquito problem. Large­

scale tyre accumul ations were observed in some of the samp l ing 

areas, notably kebele 11 -especially at the Relief and 

Rehabilita i on Center (RRC ) and other government ins t't t i ons 

nearby . Tyres \Vere also present outdoors in service stations, 

tyre dealer a nd behind a number of private residents, often 

' t h innumerable a nophel ine lar vae . Water- fi l led conta' ners 

were generally available ror mosquito-breed ing during the 

rainy s eas on a nd at the beginning of the dry season . Most of 

hese dried up during the dry season. 

R 'npoo s in ditches, p i ts
9 

were most abundant during the 

rainy season, with specific durability depending on size and 

locat ion. They dried up during the d ry se son bu t the semi­

permanent s wamps in some of the kebeles retained water n ' l 

the month of November. A. g ambiae s.l popul tions a ppeared 

o have favoured the shal l ow, turbid and often sunli t poo l s 

espec i ally those d ug for brick making a nd at c an ructio 

S ' t ' 
es , for most of them contained innumerable number a ar 

Of this spec ies . 

enCOuntered in all 

Although posit i ve breedi g sites 

the kebeles s ampled, lots of t hem re 



found in kebeles 1 1 , 09 and 13 the low-lying eriphera l 

'ebe eS. 

he peripheral k~beles had also other factors with 

alariologic implications in addition to the presence of 

abundant temporary and semi-permanent collections of water. 

cultivable land and vegetation were abundal,t in these ebeles 

(Table 1). Owing to the growth of the tovm along the east-

south- and south 
. ,. 

wes t per unet.er I where these kebeles are 

l ocated, new construction sites are plenty and lots of private 

and government institutions have flourished the area in the 

recent past and others are on the vJay. In additi n to 

creating abundant mosquito breeding sites, Inst i tutions s eh 

as the RRC i n kebele 11, invite a lot of people thereby making 

he area more accessib l e to people. Accor ding to oea l 

informants , before a couple of years I the RRe was said to ha e 

been distributing food aid to the drought viet ins 0 the 

surrounding malarious a r ea i n the town - the eopl e , saying 

for varia ble per i od of time until they get t heir share. The 

M'l itary Camp in Kebele . 09 provides another e xample. Troops 

Com'ng from different c orners of the country ~ t ·y f or a co pIe 

of mont s until dispatche d to some other plac e. 
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4. DI SCUSSION 

The present s tudy reveal e d ~ . f a l cipa r um a nd E. i vax to be 

species responsib le for malaria in t h e popu l a tion a nd }1. 

~ s . l to be the princ i pal vector of malar~a in the t own of 

The other spe cies of mos quito , A. pha r oensi s a s ou d 

numbers indoors, only occas s iona l ly . Si nce A. ph r oens is 

.sconsidered to be of no or little i mportance in the transmission 

alaria in Ethi opia (Kra f s ur I 1971}, b . g ambi a e s . c an be 

nsidered t o be t h e principal vector. The dete c t ion of t hese we 

ecies i n the region, is in line with y]hat was r eported by Verrone 

(1967). Furthermore, :t is well e stablished 

~ , gambj.:£~ s. 1 :1_5 -the most abundant ma n- b i ting a nophel ine 

in the town , and has long been i ncriminate d as the ma in 

o of malaria in Ethiopia (Covell, 1957). However, only very 

: ' i nfectd s pecimens of Ii . qamllia~ s.l have be en reported in the 

. ntry , in general i and none in the town of N zareth and s 

c.nity. I n the prese t study, tTIlO specimens, one with £ . viva 

vary gland i fection and the other with oocyst-as soci te .E. 

s porozoites were det ected by t he mo oelonal a t'bod -

e ELISA technique. This fi nding more def initely es 

s. l as the main vec .... or of ma l a r i a in the tOwn of 

Z reth. Since A. gQrnbiae S . s has never been reported i n the 

ty, so f ar I the present sibling species is pro ably 

This is because, 8. arabiensis has been -eser 'bed from 

parts o f the c ountry , including Showa a minis ra 

and the Awash Va lley (Mekuria etal., 1982), a ence s 
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"sidered to be the only important vector represe tlng the A, 

e comp lex: in Ehiopia. 
'uW<..---

T e detection of infected mosquitos coupled with the infec ion 

'nfants and the relat i vely high anti- .E. falciparum ant ibody 

the general population is a defin' tive proof of an 

J ochthonous transmission of malaria in the town of Nazareth. The 

in spite of intens i ve mosqu ' to control 

as res , accompanie d by antimalarial drug adninistration, malaria 

has been taking place both during the peak 

season (September-November ) and following the sma 

(April-May) . As might be expected , the transmission 

• ensity was accentuated during the months of September-october. 

T e moderately high mean annua min ' mum (14. 2°c) and na i um 

28 .9° ) temperature, together with numerous collections of water 

f various s iz e s and durations appeared to have avou ed the 

e~'ng of a large number of A. arabiens is populations (Fig. 2). 

environmental conditions are favourable to A. arabiens's as 

C n breed in transient pools as T,vell as in large bodies ot food 

ls . The highest mosquito density in Sep./Oct. is t he res t of 

nse breeding of A. arabiensis pop11ations favoured by sanding 

"ers n ditches and pools dug out for brick-making and tree­

ng, etc. together with the roo erate l y hlgh ~ean nax rnu 

• Y te np 0 'e ll as hu i ity erature of 26.7 c in October, as 
c . 

ng as high as 70 percent. However, mosquito bre ing w 
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to continue beyond October in the collection of s urface water 

, I/ario s sizes and durations such as in the semi-permanent swamps 

• ed during the rainy months and per sisted until November in some 

" 

As the water for construction, watering catt le, 

as being delivered from t he Awash River a nd kept i n barrels 

cement-built water reservoires for a var iable peri od of time, 

this may act as a p otential source of A. gamhiae s . l 

i nto the to\om in the dry season, as are d i scard d 

often found positive for anophel i ne larvae . During 

'e months of Apr.f1li.ay , 11. 2% of the households visited were 

si ive for anopheline larvae and most of these were in discarded 

Large-scale d e posits of rubber tyres were observed 

he tOltln serving as breeding sites for /1. 

pu ations . The improperly d iscarded tyres I problem i s magnified 

'I gro i ng evidence that tyres promote rapi d deve lopment of 

'squitos and enhance their vectorial abil ity, since the 

ri t iona lly deprived emerging mosquitos tend to be more 

,gress i ve and efficient in feeding on. humans (Baumgartner, 988) . 

~persistence of man made breeding sites, such as discarded tyres 

' "h dry s eason, has been shown t o result in increased pop at ion 

A, grab' ensie I and is knor..m to have led to a number 0 epide ies 

any urban areas. For example, in 1973 , a n est imated 25 P rc nt 

e Population of Kinshasa was ~~ported to have been a ffe t d 

eOWei and Servic 'e, 1986) . 

F uctuation in entomol ogical and parasito ogiea l ar' abl 5 

• 0' ed a ' . " t rl' a i ons (X2 =59,5, Slmllar pattern a nd signlflcan va 



o ") 
./ ..J 

_ 0.05) were observed in parasite prevalence durin the four 

"'veyS undertaken . .. ' This might be explained by the seasonal 

in the rates of mosquito emergence which are kno n to 

annual cycles in mosquit.o density I in the number of 

n ected mosquitos and in malaria prevalence in both the osquito 

n human populations (Aron and May, 1982 ) . Variations i n parasite 
;shi nvt.iOVl 

pecies has also been observed during the four surveys , £ . vivax 
" 

"re ominat i ng during the rainy months of Jul.jAug .. R. falciparum 

nated during the b eg inning of the dry season all through 

This may be due t o d ifferences in the incub t ' 0:: 

erval between the two species, owing to the slightly longer 

r'od of the extrinsic cycle and the prolonged inter al be fore 

ec ive game'tocytes appear in the peripheral blood . n falciparum 

The prevalence of malaria infection sho ed a close 

with the abundance of b. arabiensis and he maximum 

was observed at the beginning of the dry se son 

( ept./oct). However, as the dry season progressed, (Oct . - Dec.) 

arked f 11 both in the density of h' 2£~biensis popu at'ons and 

asite prevalence was observed. A number of i nteracting factors 

d have brought this change, but ' t could also be at ributed to 

c ors Which included DDT spraying the drying up of br eding s ites 

t e cold period that folIo red (mean monthly mi inurn temperature 

7° recorded in t 'ovember and 9.4 DC in December) I as e 1 as t he 

relative humidity re.corded (Fig. 2). The dry e iod in 

l re h h , owever 
I 

appear ed not to be suf icient y long ~o 

P etely st . . , op malar1a transmlsslon. 



hUS , as far as artificial breeding cond i tions are created 

an and i n the presence of an effic i ent vector as arab 'ens is 

otorious for its s urvival over long dry p€riOLS n partial 

bernat ion Ehas the ability t o build up its POPUli tion in small 
I 

U' ns ent collections of water (Omer and Cloudsl y - Thompson , 

i t is not surprising that interrupti)n of malaria 

ansmission was not possible by the control me a SUI ~ s currently i n 

sa i n the town. 

ong ot.her urban factors, that might influence the 

malaria in Nazareth, deserving .ttent ion is the 

urban-rural pattern of populati In movements and 

potential large-scale inlp ortation of parasi.te~ ' Hala i a cases 

• 

0 .. ' ng from the out lyi.ng malarious vj,llages I .!eki ng m ': ~ation, 

e especia lly important in this respect . High in-and-o~t -

in peri-urban (ego subsistence farmers) and rb n 

pulations may help maintain malaria prev ,lenee in t he fri ge 

reas and promote inter-urban t r ansmission Migrant labor force 

ing from malarious areas dur i ng t.he harw 5t i.ng season, a nd often 

eeping out door . t h b b co··.l _d also inf luence the s I n Ae su ur 5, 

, elll i ology of malaria, increasing t h l! potentia of ' nfec ve 

ervoir to A. s.r.abiensi,§ populations . On the other hand I 0 he 

. c ors assoc ' ated ; ~ " th .... w~ ... n · e urban en l ironment, such as h igt 

a ion density and e a sy access to I e t en' as wel l s co tro 

aSUXes ap I' r"'-duc e infection rates and p ~ed could be ·expected to !OiO 



y ha e led to the underestimation of the situation. 

Differences in prevalence observed between different parts of 

own- inter kebele a s well a s peripher al versus centr a 

' on of the kebeles - indicated that malar ia trans mis sion ' s 

focal phenomenon and that it is influenced by mi croecologic 1 

i ions existing even in two adjacent localities of he to·,m. 

e observed varia~ions in prevale nce a re probably due partly 0 

presence or the absence of permanent or transient mosqu ' ,... 

reeding sites, cultivable land and/or v egetation - in reference 

o mosquito resting site s in or arou. d human habitat'ons. 

• pography, accessability of the are.a to people d ifferences i 

• ,e socio-econemic status f -and the 1 ike, could also ontr ib t 0 

The standard characterization of the epidemiology of malar i 

based on an age-prevalence curve or on age-stratifica ' on, 

o 'ng the prcportio~ of each age group with malaria p rasit 

i ' lVe bloOd smears (Aron & May, 1982). In hyper - or holoe em c 

• di . ' i ons prevalence of infection peaks at an early age w th 

ease upto the age of 9 years and shows a sudden fall 'n t 

15 years and then slowly declines wit ge (WHO, 

The result of ~he present study, however, did not e ea 

a pattern (Ti'ible 9}. 1. stead , altho gh relatively i h 

'ndi i ua s ence ra ,-as were observed in infants and children 
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iffe ence was not statistically significant (X2=1 4 .7 p=o.OS ) . 

piet re of t he prevalence rate toge t her wi th the ga etocyte 

r e/ whi ch was al s o h i gher in thos e aged 10 years and overt was 

~ggestive of a slow deve l opment of immuni t y to the b lood forms of 

1 ria parasi tes . Such low immunogenic st imulat i on , may be e 

1 her to abbreviated paras itaemias owing to the consumption of 

i alar ' a 1 dr ug s or a 10vi transmiss i on l evel, brought about by 

o rol meas ures . It may also be a "post eradication" phenomenon, 

hat the withdra~ ... ja l of residual insecticide spraying mig t h ve 

e to redu ed i mmuni t y in the population contributing to t e 

f inc r e a sed ma laria transmiss i on in the tow 

i eu ar , and in the country, in general. Sim'lar explanations , 

sugges t e d by some worke r s (Vercruyss e e t al . I 1983 i 

a l., 1984) f or s· .m~lar conditions in a number of r b n 

~eas in tropica l l'.fr ica. 

he occurrence of malaria infection in infants or children 'n 

ble nununitie s c on f irm c ontinuing local tra ns ission I h ile 

er - a t e of malaria i n recent arrivals ma y s uggest ha h e 

S den"s have deve l oped some p r otect ive immunity (R s e l eta ., 

63) . In t h is stud y (Ta ble 4) , no statistical d ' f ferences in 

r ' t s t e rat e s Were observed between 'pe rmanent e s i de ts a nd rece 

r'vals (X2 
:= 0.05 P = .05) , s uggesting tha t the pop a n 

IOys variable l eve l s o f i mmun ity & that i mport ion of m 1 r 

fr. other lOa ar iou s r egions is not a pr.omi nent f eat r e 0 t e 

epi a emiology i n the town of Na zaret h . The abs ence 0 



Q7 
~ , 

ta i stically significant differenc e in infection rates between 

-d vid a l s with and \'lithout travelling history may als o support 

: 15 view. 

As itnJ1\unity in the inhabitants of Nazareth appeared to develop 

owly and s ince individua l s aged 10 and over make the bulk of the 

pop l ation , they probably c onstitute the j'liain reservoir of 

nfection in the town. It is to be expected that, i n places l ' e 

'azareth , where' the large part of t he population s a tively 

gaged in trad.e or business t the indicated group i s more a ffected 

n children under 10 y ears, for it c onstitutes t .• e hi ghly mobile 

e emenL of the population both within and outside the town , making 

t e ore vulnerable to mosqnito at.tacks. This i s s upported by t he 

f ct t hat most of the a s ymp"tomatic g ametocyte carriers, t h ich are 

c nSider ed to be the ffi&i.n source o f infe-tion (Muirrhead- homson, 

'95 i B r kot ~ I 1988), detect ed in Nazare h Tere aged ' years 

ahoy . 

As shown by the WH (lQ 7' 5 o~ val e in ass ss ng t e 
J t L. 

en ial infec·ti vi ty to mosqui ·_0;::. of a g i en population is t e 

(loin Prevalence of gametocyte carriers among a representat ' v 

of the population. I n this regard -he average 

e rate of 0.$ ercent detected in the fir s t 

(J. Y-Dec . t f 19 8) indicates t at one on 0 200 e 

squ'tos biting a ny gi en pers n could pote t':"all bec me in ec ed 

''' ... ..... ''N"h t:he q amet cyte rate 0 5 rved s 10 I 
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bly due to easy access to antimalarial drugs a nd prompt 

,. tment , t hat of £ . viovax included , the gametocyte rate for both 

es may not be too low not to sustain the i nfection of ~. 

ensis in Nazre th.Thus,. the relative l y high sporozoite rate 

(1.35%) (95% confide nce limits, 0 . 02-5.45 ) 

study CQuid be due to high anthropophi ly of ~ . 

In addition, the paucity of animals and the hi gh 

human popu.lation in the town may have led to an 

"e sive feeding of A. arabiensi~. In an ur ban area of Senega l , 

e th~situation is hypoendemic Vercruysse &: Janclose (198 , 

by Goriup & Van der kaay , 1984 ) reported similar inding-

rate of 1.35% i.n highly anthrophilic~ . rabiensis 

and the number of infect i ve bites per year was 

be 43. 

ELISA technique for bloodmeal source identificat i on r evealed 

HS 0 0 .87, shoY.l{ing lj, . to be predominant Y 

The few "Pi.' a r EPienl;;is s ocimens that urned out 

e negative for human blood might have f e d on the blood of t er 

is is possible because , most of the peop l e , rom whos 

e mosquitos \.;ere. collected, ovmed a t l e, Sheep, e c . , a n 

cases the animals were kept inside human abjta ' ons or 

es in close proxiIi'ti ty t:o he dell' ngs . I t ay a so be d e 

the digestion or b eakOng of blood prote ' n sin e h ~ 

pecimens Mer 1 ' ,... u i n tees , and h ,,_ a _ so 1u . .' ° 

tared with out a dess lcant. T eam a 



true f or the low ELISA readings obtained, as compared 0 

!epor 5 of other workers (Beier eta 1. , 1 988) . In view 0 the 

' ted ' b i otype f rom which the material was collected, the true 

e' of anthropophily may be higher than the determin. ed value of 

7 percent, a high figure characteristic of urban areas 

e cruysse, e tal., 1983). 

Although, owing to the economy of time and cost, the 

o 010g ica1 observations were limited in time and scope to permi t 

e quantitation of all relevant parameters, a preliminary estimate 

c e entomologica l inoculat ion rate was computed (0.002 infective 

es/man/day , for the indicated method earlier). This shows th t 

n he ave r age each individual is b i tten by about one infected 

' t o in a year . The entomological inoculation rate was based 

n y on the k nock-down c ollection, a method when used a l one c ou 

e d to an nderstimation of the a verage room dens i ty of rnosqu ' tos 

S co pa ed to night bite collection and exit-trap plus pyrethrum 

p ce spr ay collections . The a verage room or house density m 

her have been unde~estimated owing to possib e osquito esc e 

o gh openings during and immediately after spray ing , the a1 r 

Cover all the knocked-down specimens-due to the presence 0 

hold furniture and other i tems, which the inhabitant s wer 

ing to empty. Because of these factors the ento 0 og ic 

ion rate most ikely is an underest imate. 

eral , entomological inoculation rate by fa 

t' on rat e derived from in f a n p rasit 

ev r he SS, 

excee he 

r ates , n a 



it i na 1 study of i nfants (WHO, 1975). 

The usefulness of the IFA t est in studi es i n the epidemiology 

alaria is well r e cognized (Collins e tal . , 1968 ; Kagan , 197 2). 

e occ rrence of positive serological respons es give a clea er 

• ,d' cation of t he number of individuals in the popu la t i o who hay 

c a ly experienced malaria . The results of the present st dy, 

45 0 serum samples obtained from indi viduals aged 10 yea sand 

ve, r evea led a parasite r ate of 6 .2 percent and an over 11 

roposit i vit y of 22 . 9 percent with 1 :2.3 geometric mean r ec 'p oc-l 

er (GMRT ) . 

Agreement between sl ide diagnosis and IFA esponse f o' 19 s e 

slide-proven £. f a l c i o.arum. and 9 Ttlit h slide p oven £ . -'-v.>C.·....:..::>~ 

as found to be 8 9 .5 a nd 4 4 . 4 per c ent, r specti ve ly . All n 11 , 

u of 28 i ndividuals with pa-ent iniectio s, 75 per c en sha d 

si tive IFA r espons es against the us d n 

.e study . I n a stud y by Gleason an Co l-agues ( 971), 7 6 7 

rcent agreeme nt was found bet ween 12 0 E. v ' v x an 39 

pa t ent i fect i ons and IFA r espons e . S'mil r l y , S~ ze 

" (19 69 ) have repar ~ed 82 . B percent af £. v'va ser m s 

ve cross-react ed with _ , fal c ipa r m nt ' gen s lides , 

t er ologous titers were lower t han t he ho 01 go 5 ones . 

d nee indicat e s that the s erological r esponse of 

vl' vax antl'ge n 51' Zareth lould be higher ad the g . 

C uded in the study. 

h 

on 



In general, the ma l aria ant ibody p . evalence rate observe was 

.ose Y r e l a ted to the parasite p r a lence rates ut run t a 

her level as it perhaps reflects the cumulati e experience of 

e i n ividuals to t he disease . Findings from other s t d' es have 

o the proportion of IFA positive reSpOLGe i-po ulation o f 

e ic areas to L crease more rapidly if the transmiss ion is ore 

c ive and the relationship between the GMRT and percent pas t ' ve 

~ close to linear (Kagan , 1972) . For example I in Gambel l I 

. ere there i s intense. malaria transmi.ss ion, ovet' 75 percent of he 

p ation tested was found to be IFA positive (Co l ins & Sk'nner, 

972) , Likewise in Gark i (Nigeria) I wher _ malaria r ansmis on i s 

r n ense , 100 percent of the ind'vidua l s , aged 1 ear and bo e 

owed a positive IFA response a nd the antibo y t iter i ere s ed 

. pidl y i h age r eaching a plate au i n the ear l y ado e cen gr o p 

\( 1 ' o eaux and Grami c ia, 1980, . The i .c re- s i 9 an i body ite r 

• 

h age' s accompanie.d by rar e a nd discre e paras i t em ' in ad t 

th i s type of conditions . 

he paras i te rate i t he town of Na~are h , ho e v r, i 0 

rase inunedi ately after the age of 15 a.d the ercent g 0 

car i ers increas ed i n ~he gro P 15 and a bove a re c h 

at a l a ter age. Th i s m y i ndicate a ' elayed deY 10 

cqu i r ed immuni ty i n the to 'Tn , "' yp i c" l hypoen e ic 

te_ y et al . , 19 75 ) . s ~mi l ar obs . vations we e n de by 

. ( 98 0) i n a study c a rr ied out in -he city of K' . s a, Z 



r ermor e , the inc r eas ing GMRT with a ge pr oba bly i nd ' c t es he 

la ed experie nce with ma l ar i a a t t he older age gro p . 

he'l ess, the GMRT appeared t o be l ow and s uch l ow sera og' c 1 

r tile a r e common ly encou ntered i n l ow mal a ria inc i dence are s 

arren etal. , 197 5; Ra y e tal. , 1 9 88 ). 

It i s al s9 known t h a t t he lev e l of response, that is the IFA 

er ach i eved and ma i ntained i s direct ly assoc i ated with t he 

sistence of parasitaemia and that ther e is a boost ing e f fec of 

, ewed paras i t a emias ei t her through relapse or re i nf ect ion 

eta l. , 196 4 : Vo l l e r a nd Bruce-Chwatt , 19 68 ). Thus, i n 

reas like Nazareth , where e a r l y a nd p r ompt t r e a t me nt against the 

se se i s ava i lab l e ( and wh e re the re i s a l ess like lihood 0 

~ ct ion , the in i t i a l t i ter s r e s u l ting from t he i n f ection ay 

of a low orde r a nd may deca y relatively r apid ly (J e ffe r y eta " 

175) , Collins eta ( 1 9 7 5) h a ve r eported t he di appearance 0 

ec able ntibody in 50 percent of £. vivax i n fe ted vo l unteers, 

- 180 days after the fir s t a ppearance of pa r si e s in t 

t phera l blood (with a mean of 7.9 days d ur ion 0 

s t aelllia). Dec a y of a nt i bod ies , o f e ve n shorter 

ocument ed (Kagan, 1 972). 

r a on 

e signif i c a nt d iffe r ence (X2 = 41. 2 P =O , 05) in IFA r es ons 

s 

he pa ra s i tological f i ndings o bser ved, be een 'ndivi ua s 

i n the eripheral k e be l es and the relativ ely c e t a ones 

indication t ha t malar ia is of ve ry low p ev lenc ' n t 



n rally located kebeles a nd that i t s trans missi i n z r th 

ned fr om one locality t o a not her, a s repor ed by Waren et 

• 75). 

he present stud ha s al s o revealed that bot h chi dre 

t residents in the town may have h a d l ittle exper i ence of 

aria and suggested a very high s usceptibility to infect ' on 

adlng t o a high .:...isk o f severe d i sease . Wi th the l i kel i hood 0 

right ombinati.on o f ra in, temperature and other f ctors t a 

r va n Nazareth favor ing mosqu i to breeding , s l ackening of t e 

. trol eff .cc:s wou.ld lead t o e pidemi c s i tuations of ma l a r ia . r om 

av i1a e evidence, i e luding fluetu~ations n c l 'mat i 

nditi s (Appendix 1} and mosquito density observed i Oct . , 

~88'8 9 (T'ble 12), 1tlalaria , in Naz r e th, appear to be 0 

jl de. c type, characteristic o f hypoe , demicit y (11 cd ona ld , 1957). 



5. CONCLUS I ON M~D RECO~1ENDAT ONS 

he intr icate r elat ionships existing betw~en the n mero s 

. ctors determining t h e epidemiological situati on of urban a a r i 

5 required generation of information on the paras ito ogi a l , 

n oological and soc iologic al aspects of the town of Nazare h . 

e a ar i a ep i demiological situati on in Nazareth is the res u t of 

u an int ervention i n the env i ronment i n t he form of ur ban ' zatio 

rocesses t hat , i n addit ion to some pockets of natura l mosqui to 

eedi ng foc i , creat ed ma.n y types of artif i cial breedi ng s i es a nd 

i tions . Extensive popula tion moveme nts and ant imalar i a cont ra 

.asures i nstituted have rendered a unique epidemi ol ogic a p i c ture . 

Thus, the present study has been underta ken ami d i ntens' ve 

sqU ' ta contro l measure s c oupled w 'th drug a mi nist at i on. As 

5 t , it ha s not been possible to genera e adequate dat 0 

ra e e r s needed to u nd e r t ake a d e tai l ed matherna ical ana l ysis 0 

yna i c s o f mal aria t r a nsmis s i on , f olio lng t he s · c 1 

ppr o ch. HOYlever, based 01 t e fi nding s 0 t he 

situation in the town of Naz a reth can b c a act er 

foll o\ i 9 man e r: 

( i ) the malaria p a rasit e s pec ' es £ . d f · 

are involved. 



( ' i ) par as i te rates are pr oport ionall h i gher in t he age grou 

10 to 20 years and t ended t o decreas e wi th increas ' ng 

age, that i s after a r ound 30 to 40 years . 

(i i i) t here is marked seas ona l variation i n prevalence and the 

peak occurred in t he months of Sept .lOct . 

(iv) Both behavioural (bionomic) and t he finding of nat ura l 

infections i n the s toma ch (midgut) as wel l as i n he 

sal i var y glands confir m t he ro le of A. a r abi ensis as 

pr i mar y vector involved in t he t ransmis s i on nd 

ma int enanc e o f ma l a r ia i n the town. Based on t hi s stud , 

very l i ttle can be s aid about t he vectoria l s t t us 0 th 

ot her anophe l i ne mo s qui to - A. pharoensis - i n the t own . 

The HBI and f e d to gravid rat io de t er minat ions h ve 

i ndica t ed that /1. arabiens is popul ations ar e high Y 

anthropophilic a nd endophil i c. 

(V) A. a rabiensis breed i ng may t ake place t hroughout e 

ma j or part of the year . Both i nt r ado es ic and 

pe 'd d ) br eedl' ng of t is r l omest i c (out side a c ompoun 

species wa s e nc ountered . These included: di s pose r 

tyres , barre l s , and other r ecept ac es, d i ches , b oe 

r 

op d f or cons r et ion en drains , bor r ow p its or t hose ug 

and l oca l br i ck ing- making, e t c . The detec ion 0 e 

aq atic staqe s of A. a r abiens i s i n s a l co ect ' o 5 0 
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water formed even under-dripping water taps, n he dry 

season, suggested a year round cycle 0 breedi g. 

(vi) Inter-urba n v ar ia t ions in prevalence are e vent. 

Autochth~OU~ transm i ssion takes place in mo t par s of 

the t won. However , it is more intense in the periphera l 

egions. This was established bo~h by paras't log ' ca 

and serol ogical surveys . 

(vi i)These surveys have also revealed that t e dis e sein t e 

town i s markedly seasonal, unstable and subjec to 

ep·demics . Th.is instability suggests t hat 't y be 

possible to control t h e malaria t'l~ansmiss ion cycle n 

the town of Nazareth. 

(vi ' i) The increase in the e t~n~ of mal ria tr n m ssion n 

azareth in part.icula r ad' n Eth' op a, n e er 1, 

appears to be a npos'c eradi atio II phenomen n. elf 

tnong the factors res "ons bie fo this exaspe t'ng 

situat ~ on is the withdrawal or otal 

residual insect.icide sp""aying in many p rts 0 

country. Ti i appears tc? have ed to red ced im un 

in the population
t 

t us e"calating tl e urge 

alaria transmiss i.on wi ""h the consequent orb 

and mortality inflicted upo the popul tions . 

o 

' t)' 



(ix) Mal r ia in the t own of Na za r eth and those repor ed in 

other Ethi opian t o·wns may a lso be an i nd i c ation of th 

development of deteriorat i ng quality of the ur an 

habitats. 

The present study was an initia l s tep in the characterization 

! the epide, i ology of urban malaria in Naz r e h. Based on the 

esent findings a fe\¥ considerations with regard to tackling the 

aria problem in t he town o f Nazaret h may be suggested: 

Inorder to tackle the malaria problem on the 10 g-term basis, 

he bioenvironmental approach appears to be a more feasib l e 

one . This would involve vector control t hrough so ree 

red et lan m~thod througb. a .tself-help" ·trat egy . For t h · 5 the 

e ' s t ing il1frast:ructures such a s the ci t y co ei l nd the 

kebeles must: be used. 

e eOInmunity should be motiva ted thro gh ea th ed e t ion t o 

participate in filling , level'ng or raining d 'te es, b rro 

p'ts, and other small d epress i ons, insta lati n of t eir ow 

So kage pits, c eaning of drains an a ll veclor contro 

ac 1 'tie s such as drying of poo 5 a.d pudd es aro 

o ses, provision f r drainage 'of splas ed ater t 

d jr 

er taps, contr~l of breeding i nside rubber t y by indoo 

or O'Jt 00 to:rage un er . roof, vert icals ac ing or by 

I" e drainage holes to prevent wate_ aceum io i t, 



I. 

before or during the r ainy months. 

s' ilar ly, systematic surveys may be organized by th 

community to search and destroy intradomestic and peridomest ic 

breeding . The rema ining environmental control measures fo 

vector source reduction would require engineering measures so 

as to drain the semi-permanent marshes and the drainage sys em 

on periphery to the town. 

Reduced contact between man and mosquito may also be achieved 

by introducing and popular~zing mosquito nets and screen in 

i ndows and doors . It may also be usefu l to i ntrod c 

legislation f orbidd i ng cUltivation of urban land and stor g 

of domestic water in the open. 

Intensifi cation of surveillance for the detection an 

tr atment of cases and also t he app lication of focal res i 

spraying in the periphe ral kebe es before he 

transmission season as the need ar ises. In the me nt ' 

n ecticide susceptibility tests should be run, Mo ove 

p ogrammes should be organized for assess i ng and mon 

the status of the sensitivity o f .E. falci parum to chloro 

e r i sk of importat i on of parasites ma y be m 

es abl' shl.' ng t t pos s or new permanent trea men 

e eXisting h e alth services, in as many loc 

o 

nc o 

by 



pos..,ible in i:he outlying villages. Increas ing the n mber OAo 

icroscopists, may :.lso unburaen the exis ting few n th 

red ce the chance of missing low de s' ty infections by the 

icroscopists owing;to over working. I rna" also help red ce 

. e number of }J8ople vL:d t i ng p i vate dis pens ar ies t e r by 

avolding misuse of a.nt.imalaria l drugs _ 

Realistic contre 1 progr rrun·::!s require intersector 1 

cooperation, corcmmnity pa t.icipation a d above ed 

personnel at. all levqls. Owing to 1 w sal ries, meag e fut r 

ro peets an per diem often. worklng 0 the ir free ti e 

lthout J:)eing paid f .. r, most f the M . aria C ntrol Progr1 .. 

t aff may not be ex:pect~d to \>lOl.-k efficiently or wi th z 1. 

nce t eSe cond 1.. tiona should b rectified. Chances 

ob4. ain ng hiqher pGst.s,refresner pC"ogra ,mes, opportunities for 

rad'ate, posc~graduate . tudie.:: ~hould be ",oU t. Possib Y 

o nost importance is the col ~tion, correl tion n:t 

Ii sern ' nation of informt_ tion on current p:"oblem;;; and 'es arch 

f oct for. re.searr;h bodies within tne country (a ld br.o n 

i.n COfl:'dil1ation -=01:'" a comrn 9 a~-effecti e cont'o 

ria. 

11, altlough the results )f the pr ~cn stu Y 

":"41uminq .... il g ate< to t le level of m lar n in 

al about t .9 co.araeteris .ics of t iolo o 

in the ': -n .)t it st' 1_ fa s sh rt 0 

ov ing defin~tiv~ qua tit.a,ive e~a at 'on 0 
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. . ,'.Y1. t-.'ne ~' OW • transIln.SS lOn .' - Hence f . norder to h ve a or 

COl!lpl~te ~icture of 1,lalar ia epi demiology in the town, L. 

10'1 d be ~u m1ented by further res.earch 'N .ich inc1 de;-

vec t op- distr ibu ... · ion or e .. tent . of omi a ce an 

qaantitatLre assess ent of breeding. 

bioncmics ncludi g bitin h bi s n 

relation. t.o human ac ivit , ge 

compo~ i tim and t.end in den ity, 

infectiv..'..ty and pari .... throug 0 t t year 

at monthly intervals or in general 

longit.udinal s tudy of vee' or populadon 

dynamics, estimation of the gonotrop ic 

a.!d e.ttrinslc C' cles, sus ptibil it level 

of v€!Gt .... rs , 

Parasi+-oJ.ogy - longitudinal st dy f i ants or 

children and ad Its if poss b 

drug se.nsi t . vi t tests 0 f· 

falcipa um to chloroq ne. 
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Appendix 3 . 

r a Identi fication 

1. Kef t eg a ~ . Kebele 3 . House old lo. L 
----~ --------- ~--------

ar ticulars of the samp l e member 

1. Name ________ ~~ ______ ~2 . Xex _________ 3. ge 

Occ pation ~ . Pverage monthl y inc e ----
G. Educational status 

C. l . A e you lite rat e Yes No, If yes leve l of Educ . ______ __ 

c . 2 . Lr yes , NO\' att ending 

. 2 .1. School Grade Sect. ----------------- ------- ----
~ . •.. Have you ever been a sent from school? ~e s ~e 

6 . 2 . ~ . If yes reason for absence 

7. aV8 you ve r had a history of malaria or f ev r? Yes o. 

8. If yes , have you ever used m~1ici ne ? Yes No 

If yes , how did you 0 tain t e ill dicin you us ed? 

10 . \lh t w the brand of medicine used? 

(Chloroq in , .uinine , Pirz1a.q i n , Fans id ' r, () I.;; rs ( ) 

11 . I.av you ve r used medi cin s or r ve ntiv ur 0 n i 

la i a? Yes _ a 

12, I f yes , ho id you 0 t a i n th · di ci n u d? 

13 . 'hat w s the r and of med icine u d? , ('I, i n 

rim quin , F sid .r, oth r ( 0 ) ________________________ _ 

. I t s e r fo o . 11 is , h ou r 



'7 . I you r a ns we r f o r o . 16 is I ss than 2 y a I'S, wh ere was 

you r p I c e of p r e vi o us r e sid nc e ? 

Reg i on _____________________________ 1Awraja _________________ We r e da ________ _ 

Town or lWll age ---------------------------
Ha ve you e ve r trave ll ed f or a n th e r p lac e in th e pa st ? Yes a 

9. If ye s , wh e n and wh e re ? 

IQ13t e a Reg i o n Awra j ---------- ---------- We r e d 

b . --------
c . -------
d - L 

e - -------

ormati o n o n ho us ing unit 

1. ha is th e tYfJe of housin g unit? 

a . Co nv e nti o na l (mud , brick , st one , o t her) . 

b. Imp r ovis ed 

c . oth e r (s pe cif y ) 

2. ha is th e type o f building i n whi c he housin 

a . to n- stor e y d det ch e d 
b . Non - sto r e yed 2 o r mo l' unit s t ch d 

c . On 8 or mol' sto r eyed detac hed 

d . Dna or mo r e storeyed d t c ed 

3, ha t is the pu r pose o f th e ho using unit? 

a . Reside nti a l o nly 

b. Re sidunti 1 a nd e st bl is me n 

i s the majo ma ri a l us d a co s UC 

hOus ing unit? 

B ' c sis o ne a nd mud/c e en 

ood lnd mud 

C . B mb OQ nd Mud /R e d and r ud 

Co ru i on 
. G s , s raws c . 

on 0 

T wn V' ll 

uni s ound? 

1 0 



5. ha is th majo r ma te ri I used f o r co st uc i o 0 00 

o housing uni ? 

· Corru g ted iron 

b. Concret e o r cemen t 

c . ood a nd mud 

d . n:l tch , Thatc h and mud , r eed / Bamboo 

6. IoJh t is the num be r of r ooms in th e hous ing un it ? 

7. e r e do s th housing unit ge t d rin kin g wa t e r from? 

· Ta p ins i d ~ the hous e 

b . Ta p in compo und priva te / sha r d 

c . Out si de comp ound, public t ap 

d . Protect e d we ll or s prin g 

e . Unp r otec t ed we ll or s prin 

• Ri ve r / po nd 

------

8. Wha ty pe of t o il e t f acility doe s t h hous i n un "t h v ? 

· None 
b. Fr ush , to ilet , priv a t e /sha r ed 

c . Pit, pr iva t e /sh a red 
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