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An assessment of the malaria prevalence and some of its risk factors was conducted in the Finchaa Sugar Factory 
estate, western Ethiopia, based on analysis of retrospective data from the health center, a cross-sectional survey 
using blood slides and a questionnaire. Over the period 2001 to 2005 average prevalence among suspected patients 
at the health centre was 30.9%. Examination of thick and thin blood films from a random sample of 700 individuals 
from 7 villages revealed infection rates of 1.4% in November 2005 and 3.9% in April/May 2006. Out of 37 malaria 
positives, more than half was due to Plasmodium vivax and the rest was Plasmodium falciparum. The study 
detected focal variation of prevalence associated with location of the village, presence of pools and socio-economic 
circumstances. Awareness of malaria transmission and control was generally low. Malaria is a year-round public 
health problem in Finchaa, possibly perpetuated by permanent water bodies, high influx of migrant laborers and 
reduced effectiveness of current control measures. 
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INTRODUCTION 

 
Malaria is an important public health problem in Ethiopia, 
with some 5 to 6 million clinical malaria cases and over 
600,000 confirmed cases reported from health facilities in 
non-epidemic years (FMOH, 2005). In 2002/03 the 
disease has been reported as the first cause of morbidity 
and mortality accounting for 15.5% outpatient 
consultations, 20.4% admissions and 27% in-patient 
deaths (FMOH, 2004). Fertile lowlands and major river 
valleys of Ethiopia have not been fully inhabited and 
developed largely due to high malaria transmission in the 
areas. Hence the population has largely settled on the 
highlands which has caused over-population, ecological 
degradation, reduced productivity and led to famine and 
poverty (Gebre-Mariam et al., 1988). Irrigation projects in 
Ethiopia aimed at exploiting the potential of the fertile  
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river valleys have contributed to increased malaria 
transmission (Alemayehu et al., 1998; Haile-Meskal and 
Kloos, 1989). As in other countries (Keiser et al., 2005), 
the importance of surface water management in malaria 
transmission in Ethiopia has been demonstrated in 
various regions (Ghebreyesus et al., 1999; Yohannes et 
al., 2005). Others pointed at the combination of the 
construction of large irrigation schemes, establishment of 
state farms and extensive migrant labor and resettlement 
population movements in the country all influencing the 
prevalence, severity, and distribution of malaria (Deressa 
et al., 2006; Gebre-Mariam et al., 1988). The Finchaa 
Sugar Factory (FSF) and its estate in west-central 
Ethiopia is such a large state farm with an irrigation 
system, associated agro-industrial activities and high 
population influx. The area has significant prevalence of 
malaria and other parasitic diseases, with 28% for 
Ascaris lumbricoides, 26% for Schistosoma mansoni and 
20% for hookworms (Birrie et al., 1997). This study was 
initiated in order to investigate the extent of malaria 



  
 
 

 
Table 1. The description of the study population in FSF during Nov. 2005 and April/May 2006 (N=1400), East Wellega, Ethiopia.  

 
 

Village 
Total household No. Sampled household No. Total population No. Sampled population No. 

 

 

(%) (%) (%) Male (%) Female (%) 
 

  
 

 A 211(6.3) 9(6.4) 1048(5.7) 44(6.7) 34(4.6) 
 

 B 176(5.3) 7(5) 880(4.8) 28(4.2) 40(5.4) 
 

 C 182(5.4) 8(5.7) 906(4.9) 26(3.9) 44(6.0) 
 

 D 168(5) 7(5) 840(4.6) 28(4.2) 36(4.9) 
 

 E 189(5.6) 8(5.7) 946(5.2) 42(6.3) 30(4.0) 
 

 Agamsa 1149(34.2) 48(34.3) 6594(35.9) 238(36.0) 264(35.8) 
 

 Kuyisa 1284(38.2) 53(37.9) 7146(38.9) 256(38.7) 290(39.3) 
 

 Total 3359(100.0) 140(4.2) 18360 (100.0) 662(3.6) 738(4.0) 
 

 
 
 
 

transmission and some of its determinants in Finchaa. 
 

 
MATERIALS AND METHODS 

 
The study was carried out in Finchaa Sugar Factory (FSF) estate, 
some 330 km west of Addis Ababa, between November 2005 and 
May 2006. The estate covers more than 800 hectares of warm and 
moist fertile lowland area with sprinkler-irrigated sugar cane. In 
Zimbabwe this type of irrigation contributed to increased risk for 
malaria transmission (Chimbari et al., 2004). Mean annual 
precipitation is 1485 mm, with mean maximum and minimum 
temperatures of 30.6 and 14.5°C, respectively and relative humidity 
of 62%, facilitating year-round malaria transmission (Abeku et al., 
2004; Malakooti et al., 1998; Temu et al., 1998; Zucker, 1996). The 
main rainy season is from June to September and the secondary 
rainy season in March and April.  

Secondary data on microscopically confirmed malaria case rates 
between 2001 and 2005 were collected from the FSF health center 
and compared to primary data from a new parasitological study. 
Two community based cross-sectional household surveys were 
conducted in the estate’s resident villages A, B, C, D, E, and two 
geographically adjacent villages Agamsa and Kuyisa during the two 
peak malaria transmission seasons, from 16 to 22 November 2005 
(first survey) and from 26 April to 4 May 2006 (second survey).  

Calculation of sample size (n) was done using the formula for 
estimating single proportion at 95% CI level (Zά/2=1.96). However, 
since there were no previous or pilot malaria studies conducted in 
the area, 50%: 50% was assumed for prevalence (P). A minimum of 
600 samples (n) was generated using 4% marginal error (d) as 
shown below. Therefore, once the minimum number of sample was 
obtained, by adding 16.5% contingency, a total of 700 study 
subjects were enrolled as shown in Table 1.  

Agamsa and villages A through D generally consisted of 
residential, good quality houses especially built for the FSF 
employees, while village E had more temporary shelters for daily 
laborers and Kuyisa was a village constructed by the inhabitants 
themselves. According to the sugar factory the total number of 
households was 3,359 and the population approximately 18,360 
people. A total of 700 individuals from 140 households, 
proportionally distributed over the seven villages, were sampled 
twice. Blood smears were collected by finger prick from all available 
and consenting members in the selected households. A 
questionnaire was administered to household heads on 
demographic information educational background, and housing 
type. Thick and thin finger prick blood samples were collected by 
local technicians and supervisors. Thin blood films were fixed in 
methanol for 30 s and smears were stained with 3% Giemsa 

 
 
 
 
solution for 30 min according to standard WHO protocols 

(Cheesbrough, 1987; Garcia, 2001). Microscopic examination of the 

blood slides for presence and identification of parasite was done at the 

factory’s health center under 1000x oil immersion objective.  
Ethical clearance for the study was provided under the umbrella 

of the Addis Ababa University agreement with the Ministry of 
Health. All positive study subjects were given anti-malaria drugs 
(chloroquine and arthemeter lumefantrine) free of charge 
immediately after diagnosis.  

A descriptive analysis of cases and interviewed individuals was 
conducted, followed by univariate and multivariate analyses of risk 
factors for malaria, using SPSS version 12 statistical software 
package. Stepwise multivariate analysis was carried out to 
determine the predictor variable for malaria. Chi-square test was 
used to check associations between different variables and their 
significance and strength with 95% confidence interval. 
 

 

RESULTS 

 

In the period between 2001 and 2005 malaria has been 
the major cause of morbidity and mortality in Finchaa, 
with a total of 22,040 microscopically confirmed malaria 
cases (4,408/year) treated at the FSF health center. 
Mean monthly malaria prevalence of outpatients 
fluctuated between 5 and 45%, with an average of 30.9% 
(Figure 1).  

When the status of malaria infection rate was seen in 
the health center, it was observed that malaria showed a 
steady increment from 2001 through 2004 but a slight 
decline by the year 2005. On the other hand, when 
malaria infection rate was compared with other parasites 
detected in the health center, respiratory infections were 
found to be the leading followed by malaria infection for 
the years 2001 to 2004 as shown in Figure 2. 
 

 

DISCUSSION 
 

Finchaa Sugar Factory (FSF), located between 1,350 m 
and 1,600 m a.s.l. in warm and moist lowland, falls within 
an area of malaria endemicity in Ethiopia. In addition to 
the conducive climatic factors, there exists extensive 
irrigation farming which could create favorable conditions 
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Figure 1. Clinical record of malaria prevalence in outpatients at FSF Health Center from 2001 to 2005/6.  
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Figure 2. Clinical record of malaria prevalence in relation to other infections in outpatients in FSF Health Center from 2001 to 
2005. 

 
 

 

for a year-round malaria transmission. The moderately 
high mean annual minimum temperature (14.5°C) and 
mean annual maximum temperature (30.6°C) together 
with the relatively moderate moisture (62%), in FSF, 
would favor the breeding of mosquito vectors and 
enhance parasite life cycle completion inside the 
mosquito, a process highly dependent on environmental 
temperature and humidity (Zucker, 1996; Malakooti et al., 
1998; Temu et al., 1998; Sutherst, 2004). The presence 
of temporary and permanent streams in addition to the 
numerous sprinklers and irrigation canals are additional 
factors that may favor malaria transmission throughout 
the year in FSF. 

 
 
 

 

With the high variability within and between years, no 

clear transmission season can be distinguished other than a 

general increase in cases from April to September, but this 

cannot be observed for all years. Residential insecticide 

spraying was routinely carried out in August but only 

coincides with a clear reduction in prevalence in 2001, 2002 

and 2004. The distribution of Plasmodium species showed 

variations from year to year as well. There was a dominance 

of P. falciparum over P. vivax in the year 2004, but in 2005 

there was more P. vivax. In most years, with the exception 

of 2003, slightly more P. vivax than P. falciparum was 

observed in the dry season, whereas the reverse was true at 

the end of the rainy sea 



  
 
 

 
Table 2. Malaria positive cases (%) in seven villages, Finchaa Sugar Factory in November 2005 and April/May 2006.  

 

Village 
 November 2005   April/May2006  

 

N P. falciparum {No. (%)} P. vivax {No. (%)} Total {No. (%)} N P. falciparum {No. (%)} P. vivax {No. (%)} Total {No. (%)} 
 

 
 

A 39 1 (2.6%) 2 (5.1%) 3 (7.7%) 39 0 0 0 
 

B 34 1 (2.9%) 0 1 (.2.9%) 34 0 0 0 
 

C 35 0 0 0 35 0 1 (2.9%) 1 (2.9%) 
 

D 32 0 0 0 32 0 2 (6.3%) 2 (6.3%) 
 

E 36 1 (2.8%) 1 (2.8%) 2 (5.6%) 36 1 (2.8%) 2 (5.6%) 3 (8.3%) 
 

Agamsa 251 0 0 0 251 2 (0.8%) 2 (0.8%) 4 (1.6%) 
 

Kuyisa 273 1 (0.4%) 3 (1.1%) 4 (1.5%) 273 10 (3.7%) 7 (2.6%) 17 (6.2%) 
 

Overall 700 4 (0.6%) 6 (0.9%) 10 (1.4%) 700 13 (1.9%) 14 (2.0%) 27 (3.9%) 
 

 

 
Table 3. Age-specific malaria infection and Plasmodium species prevalence in Finchaa in November 2005 and April/May 2006 according to the survey and clinical records from FSF Health 
Centre (November 2006 and May 2006).  

 

Age 
 Survey participants    Clinical records  

 

N P. falciparum {No. (%)} P. vivax {No. (%)} Total {No. (%)} N P. falciparum {No. (%)} P. vivax {No. (%)} Total {No. (%)} 
 

 
 

    November 2005       
 

Under 5 140 0 1 (0.1) 1 (0.7) 648 43 (6.63) 34 (5.25) 77(11.88) 
 

5-14 years 273 2 (0.7) 1 (0.4) 3 (1.1) 1502 447 (29.76) 153 (10.19) 600(39.95) 
 

15 years and older 287 2 (0.7) 4 (1.4) 6 (2.1) 1502 447 (29.76) 153 (10.19) 600(39.95) 
 

Total 700 4 (0.6) 6 (0.9) 10 (1.4) 2,150 490 (22.8) 187 (8.7) 677 (31.5) 
 

    April/May 2006       
 

Under 5 110 0 3 (2.7) 3 (2.7) 844 76 (9.0) 133 (15.8) 209 (24.8) 
 

5-14 years 185 4 (2.2) 4 (2.2) 8 (4.3) 991 183(18.47) 226 (22.8) 409 (41.3) 
 

15 years and above 405 9 (2.2) 7 (1.73) 16 (4.0) 991 183(18.47) 226 (22.8) 409 (41.3) 
 

Total 700 13 (1.9) 14 (2.0) 27 (3.9) 1835 250 (13.6) 305 (16.6) 555 (30.2) 
 

 

 

son.  
In the parasitological survey the prevalence was 

much lower at an average parasite rate of 2.6%. 
Only 10 individuals (1.4%) were found to be 
malaria positive in the first survey and 27 (3.9%) in 
the second survey (Table 2). More than two thirds 
(70.3%) of the detected malaria cases were 
asymptomatic, with less than a third (29.7%) 

 

 

being febrile. Among the infected, 8.1% were 
pregnant women, which is in line with the 10% 
found in a stable transmission area in Ethiopia 
(Newman et al., 2003). Of the total malaria 
infected subjects 24.3% carried P. falciparum 
gametocytes, 54% had early stages (ring and 
early trophozoite) of P. falciparum and P. vivax 
and 21.7% were found to show mature schizont 

 

 

stages of P. vivax. Both malaria species occurred 
more or less at the same rate, though P. vivax 
was the only species detected among children 
less than five years of age. Out of the total 37 
malaria positive individuals, 16 (43%) were males 
and 21 (57%) females (P=0.655). Parasite density 
ranged from very low to relatively high. Among the 
malaria cases, 10.8% had high parasite density 



 
 
 

 

(around 10% average parasitaemia) and the remaining 
89.2% of cases exhibited very low to moderate 
parasitaemia (less than 3% average).  

In both surveys, malaria infection was observed in all 
age groups (P=0.377). In the second survey, the highest 
parasite rate (4.3%) was detected in the 5 to 14 age 
groups, which is in line with the case rates from the FSF 
health center (Table 3). These cases were all P. vivax 
from the village of Kuyisa and more than half of these 
were from the edge of the village near the stream. The 
lower malaria prevalence in young children under 5 years 
old could point at unstable transmission (WHO, 2000; 
Giha et al., 2000; Muller et al., 2001; Oesterholt et al., 
2006) or at occupational risk. It might be that, as in other 
parts of Ethiopia, Anopheles arabiensis acts as the main 
vector in Finchaa. This mosquito has been reported to 
shift its biting peak to earlier in the evening in northern 
and central Ethiopia (Yohannes 2005). Hence, adults 
would be exposed to more infective bites as they would 
still be up during et al., the most active hours of A. 
arabiensis. The epidemiological profile of FSF could also 
be influenced by the influx of seasonal laborers from 
malarious parts of the country during the main 
transmission period (Thomas et al., 2004). In Kenya 
seasonal migration of workers was associated with 
malaria epidemics (Bloland and Williams, 2003).  

Statistically significant variation in malaria prevalence 
among the study sites was observed during the first 
parasitological survey (P<0.001), but not in the second 
survey (P=0.171). Village E had the highest malaria 
prevalence of 6.9% and the lowest malaria infection rate 
was detected in Agamsa with 4 cases (0.8%). Village E is 
located at the periphery of the area with abundant 
temporary pools of water from damaged irrigation pipes 
that created favorable mosquito breeding sites. This 
influence on malaria transmission by focal micro-
ecological conditions in village E and Kuyisa is in 
agreement with the variation in malaria prevalence 
between central and peripheral locations in the city of 
Nazareth, eastern Ethiopia (Yohannes and Petros, 1996). 
In addition, both villages had many poor quality houses 
that provide little protection against malaria vectors and 
are less amenable to residual insecticide vector control. 
Moreover, the inhabitants of village E and Kuyisa are 
predominately daily laborers are the least paid and, unlike 
permanent employees of the sugar estate, have less 
access to free medication. At the other end of the 
spectrum, very low malaria prevalence (0.8%) was found 
in Agamsa, where the residential quarters of permanent 
employees were. This could be attributed to the use of 
personal protection methods in addition to the existing 
vector control measures and free treatment services. 
Furthermore, households from Agamsa had relatively 
good awareness of malaria transmission and access to 
its control techniques; all users of bed nets were from this 
village.  

The number  of  rooms was a  risk factor for malaria 

 
 
 
 

 

(P<0.001): among households with one room 62.2% had 
malaria cases, in two-room houses this was 32.4% and 
households with three rooms experienced low (5.4%) 
malaria infection rates. Other factors such as income 
source and occupation were also associated with malaria 
infection (P<0.05). More unemployed individuals, usually 
working as daily laborers, were found infected (23.8%) 
and increase in income was negatively associated with 
malaria infection rate.  

Results from KAPs survey showed that malaria 
infection prevalence was associated with the monthly 
income of the subjects. As monthly income of the 
residents increase, decreased malaria infection 
prevalence was observed Table 4. There was a 
significant number (43.6%) of unemployed daily laborers 
like students who earn money on temporary conditions. 
Of the total 140 household heads interviewed from the 
seven survey sites, 91% replied that they had 
experienced malaria and had used anti-malaria drugs, 
(Table 5). When asked what brand of anti-malaria drugs 
they used, 55% replied Chloroquine (CQ) and 
Sulphadoxine-Pyrimethamine (Fansidar) whereas 26% 
indicated that they did not know. Furthermore, few 
respondents reported to have used the combination of 
two or more of the anti-malaria drugs. 
 

 

Conclusions 

 

The actually measured prevalence was much lower 
(2.6%) than that found in clinical records (30.9%). This 
was expected because the people seeking medical care 
suffer from fever or other symptoms. Moreover, people 
may suffer several episodes per year that would all be 
counted as separate cases in the FSF health center. Still, 
the difference was very high and may justify extra quality 
control at the health center. Malaria is a major public 
health problem in the Finchaa Sugar Factory estate that 
puts a lot of pressure on health resources and has 
systematically reduced the work output of permanent and 
seasonal employees and led to absence from school 
among students. Major risk factors are environmental and 
socio-economic in nature, with location of villages relative 
to breeding sites, income, access to health services and 
control measures as important determinants. Malaria in 
large irrigated estates in Ethiopia deserves public health 
attention to help address the problems of continuous 
transmission, especially among those not served directly 
by the FSF health services. 
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Table 4. Malaria prevalence versus monthly income of heads of household among study participants in FSF, Nov. 2005.  

 
 

Number of Household heads 
 Monthly income categories (in Birr)    

 

 

Unemployed Below 200 201-400 401-600 601-1000 1001 + Total No. (%) 
 

  
 

 Interviewed No. (%) 21(15.0) 32(22.9) 42(30.0) 25(17.8) 13(9.3 7(5.0) 140(100.0) 
 

 Infected with Malaria No. (%) 5(50.0) 2(20.0) 2(20.0) 1(10.0) 0(0.0) 0(0.0) 10(100.0) 
 

 
 

 
Table 5. The proportion of household heads reported malaria infection and use of anti-malaria drugs from the seven study sites in FSF, Nov. 2005.  

 

Survey site 
 No. of household heads   

 

Number Interviewed Reported malaria infection Anti-malaria drug use 
 

 
 

   paid Free 
 

A 8 8 2 6 
 

B 7 7 2 5 
 

C 8 8 1 7 
 

D 7 5 - 5 
 

E 8 8 2 6 
 

Agamsa 46 37 6(16.2%) 31(83.8%) 
 

Kuyisa 56 54 38(70.4%) 16(29.6%) 
 

Total 140(100.0%) 127(91%) 51(40.2%) 76(59.8%) 
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