
STUDIES ON THE ANOPHELINE MOSQUITOES OF METEHARA AND
\

SURROUNDING AREAS IN RELATION TO MALARIA TRANSMISSION

A Thesis submitted to the School of

Graduate Studies, Addis Ababa University

In partial fulfilment of the requirement

for the Degree of Master of Science in Biology (Insect Science)

i

By ••
'

S

Meshesha Balkew

May, 2001



ACKNOWLEDGEMENTS

I gratefully acknowledge my principal advisor Dr. Teshome Gebre-Michael for his

continuous and useful guidance for the completion of this thesis. His consistent encouragement

and stimulation is highly appreciated. I am also thankful to my co-advisor, Ato Asrat Hailu.

I extend my thanks to Ato Alemu Berihun, Officer of Public Health of the Metehara

Sugar Estate Hospital for providing me with laboratory facilities and hospital data. The

assistance of Ato Alemayehu Mikru, Administrator of the Hospital is dully acknowledged. All

members of the laboratory staff of the Hospital deserve my heart felt thanks for their hospitality

and friendship. They always received me with smiling faces and allowed me to use rooms and

microscopes. Ato Tadesse, Head of the Metehara Sugar Estate Research Center is also thanked.

I am also grateful to Professor Morten Harboe (AHRI) who introduced me to the double

immuno-diffusion technique for the identification of mosquito blood meals.

My thanks goes to both Ato Tarekegn Abose and Ato Dereje Olana from the Ministry of

Health for their useful discussion.

My acknowledgement goes to the people of Buse, Gelcha, Metehara town and the Sugar

Estate for their kindness and helpful acts.

I am thankful to the East Shoa Zone Malaria Sector, Nazareth for providing me data on

the distribution of malaria cases.

Dr. Seyuom Mengistu and Dr. Emiru Seyoum are thanked for providing me salinity

meter and sweep net.

I am especially indebted to Ato Ginnay Medhin and W/t Konjit Tadesse for their

assistance in analyzing the data.

/

f

/ >

•;

ir • ' ,

1



Outside Ethiopia, I wish to express my special thanks to Prof. Chris Curtis of the London

School of Hygiene and Tropical Medicine (U.K) for providing me with insecticide impregnated

papers to susceptibility studies and for useful suggestions.

I am also grateful to the Institute of Pathobiology (JPB) and Addis Ababa University

authorities for allowing me to under take this program of study, provision of field vehicles,

laboratory and field facilities. All the staff members of IPB are thanked for their constant

encouragement throughout my study.

The African Regional Post graduate Program in bisect Science (ARPPIS) is thanked for

its financial assistance.
Finally, my appreciation goes to my wife and children who shared my struggle towards

finalizing this study. They were understanding and remained patient in all those years of the

study period.

n



TABLE OF CONTENTS

ACKNOWLEDGMENTS

LIST OF TABLES

LIST OF FIGURES

ABSTRACT

1. INTRODUCTION

1.1 Objectives of the study

2. LITERATURE REVIEW

2.1 Malaria in Ethiopia

2.2 The anopheline species in Ethiopia

2.2.1 Malaria vectors in Ethiopia

2.3 Identification of sibling species in the An. gambiae complex

2.4 Behavioral studies
2.4.1 Resting and feeding site preference of An. arabiensis

2.4.2 Night biting rhythm of An. arabiensis

2.5 Sporozoite rate in An. arabiensis and other anophelines

\ N

\ >. sf
&

Page

I

vii

x

xi

1

4

5

5

7

9

13

16
16

17

18

2.6 Entomological inoculation rate (EIR) of An. arabiensis and other vectors of malaria 19

2.7 Host preference studies and human blood index ( HBI) of An. arabiensis 21

in



2.8 Insecticide susceptibility/resistance in An. arcibiensis 23

3. MATERIALS AND METHODS 25

3.1 Description of the study area 25

3.2 Meteorological data 30

3.3 Gathering information on malaria case distribution and prevalence

of malaria parasites 30

3.4 Mosquito surveys 31

3.4.1 Collection of immatures 31

3.4.2 Collection of adults 32

3.4.2.1 Night biting collections 32

3.4.2.2 CDC light trap collections 33

3.4.2.3 Aspirator collections 34

3.4.2.4 Space spray collections 35
%

3.5 Anopheline dissections 36

3.6 Blood meal collection and identification 37

3.6.1 Blood meal collections 38

3.6.2 Production of antisera 38

3.6.3 Testing the blood meals 39

3.7 Insecticide susceptibility tests 41

3.7.1 Mosquito source 41

3.7.2 The tests: techniques and procedures 42

4. RESULTS 44

4.1 Malaria cases and plasmodia infecting humans 44

4.2 Species composition and abundance of anophclines 45
iv



4.2.1 Anophelines based on larval collections 45
4.2.2 Adult anophelines 47

4.3 Indoor and outdoor resting densities of anophelines 49

4.3.1 Space spray collections 49

4.3.2 Aspirator collections 51
4.3.2.1 Indoor aspirator collections 52

4.3.2.2 Outdoor aspirator collections 52
4.3.3 CDC light trap collections 54

4.3.3.1 Indoors 54
4.3.3.2 Outdoors 55

4.4 Night biting catches of Anopheles 56

4.4.1 Indoor and outdoor biting behaviour of the two common anophelines 56
4.4.2 Seasonal trends in the biting rate of An. arabiensis and An. pharoensis 62

4.5 Parous rates of An. arabienis and An. pharoensis 66

4.6 Biting rhythms of An. arabiensis and An. pharoensis 69

4.7 Sporozoite infection rates in An. arabiensis and An. pharoensis 76
4.7.1 Infection rates in An. arabiensis 76
4.7.2 Infection rates in An. pharoensis 77

4.8 Entomological inoculation rates (EIR) 78

4.9 Blood meal identification and HBI 79
4.9.1 Blood meal collections 79
4.9.2 Blood meal identifications 70

4.10 Level of insecticide resistance in An. arabiensis 81

5. DISCUSSION 82

y

A : * v,
a

<? - A p.

• :•/

\

y

;’V v ? ••

.. . *£*
A

V



6. SUMMARY AND RECOMMENDATION 105

7. REFERENCE 109

APPENDICES

vi



£ I

<
£

f ( < f f c f ( ( ( f c < r t r r r <

< <
r <
( < < (

c ( <
( <
£ f

< £ £
< (

( i

<
<

< < »
(

f £

LIST OF TABLES- ‘ : (

Table

c

f

c

r

t

<
»

£

£
£

I
r

f
r
!
<

f r
< f <
< £ c

f f <
c
r

( f <

( (

< (

i (

i -•
:

< f f
:
< i

‘

( <
( <
t t ( (

< (

{ <

< ( £
< £
t < C
£ <

( C I «• t
< £ < /

£ ( £ ( t t f
£ C f f

* < C I f

£ t
<

f £
(

£ .' « < f c £ £

£
f

f
f
£

f f f
(

I

I

<

C f f
f £
f f f
c t
C £ £

£ C
C

I

<
I

( £ < £

( £

(

(

r <
t £ £ £
< £
< £

f
<
t
C
C f £

£ f £ f
C £ £
£ < ( t
< l £
£ f C f

f £ £
< £
£ < f
( (

t C

£ f
« C
i n i
C £

< <

£ t £
£ <
{ t t
£ £
C £

f
£
t
[

C

£ £ t
£

£ £ f
£
I £
f f
£ £ < £ C r

£ <

Page
* £ { £ £ £ £ £ £ e £ » « £ £ £ f t £ r < £ r £ £ f

1. Anopheline breeding sites identified from collections and breeding of

immatures (July 1999-March 2000, July-September 2000)

2. Species, number and relative abundance of adult Anopheles mosquitoes caught

from the four study sites by various collection methods in the Metehara

area (July 1999-March 2000, July 2000-September 2000)

3. Monthly indoor totals and hut density of An.arcibiensis based on space

spray collections in the four sites in the Metehara area (July 1999-Mar. 2000,

July-Sept, 2000)

4. The abdominal stages of indoor resting An.arabiensis based on space

spray, aspirator and CDC trap collections in the four sites (July 1999- Mar. 2000,

July- Sept. 2000)

5. Monthly total and indoor density of An. cirabiensis based on aspirator

collections in Buse and Gelcha (July- November 1999)

6. Abdominal status of An. cirabiensis collected by mouth aspiration from

outdoor sites (July 1999-March 2000, July-September 2000).

7. Monthly indoor collections of An. arabiensis and An. pharoensis

based on CDC light trap catches in the four sites (July 1999- March 2000,

July- September 2000)

8. Species and number of monthly indoor and outdoor human bait

collections of Anopheles mosquitoes in Buse (July 1999 and March 2000)

46

48

50

51

52

53

55

58

Vll



t I > f f - c ( > i r c < f ( ' r

Table >

.* i (

i
< f
<

C

f )

i

\
t

!
r
! < '

c
f

s' (
:

r
i

C
(

: ' t

t
r
/

i - (

<

•: t
t

i (

\

t ! (

(

( < • > I C ( t ( (
t t f ' f f ’< < < C < ! ( s < I < « < <
l ( t l (
r l i t ; l

< (
( r
•' i t (

' Tage ? <'
I •;

C
\ (

I

r
I

i l t
r f <

( / < l <

( r c

i

< r
t i

t t t •

l

i

19. Species and number of monthly indoor and outdoor human tiait collections of, , ,• i i i ( t ( ’ : < c t f - <: : c ( i •: t : t i t i t i i : ii , \ s » s i i t ( « < < * lAnopheles mosquitoes in Metehara town (October 1999-Match 2000'
‘ v - > C t > t i ; i t • ; > ; t { C » i < . f t i i i

July-September 2000) 59

10. Species and number of monthly indoor and outdoor human bait collections of

Anopheles moaquitoes in the Sugar Estate (October 1999-March 2000,

July-September 2000) 60

11. Species and number of monthly indoor and outdoor human bait

collections of Anopheles mosquitoes in Gelcha (July 1999-March 2000) 61

12. Seasonal man biting rate (no. bites/person/night) of An. pharoensis in indoor

and outdoor collection sites (July 1999- March 2000, July-September 2000 66

13. Monthly parity rates of anophelines dissected from collections at the four sites in

the study area (July 1999 March 2000, July-September 2000) 68

14. Parous rates in Anopheles mosquitoes dissected from collections of indoor

light trap collections in three sites (July 1999- March 2000, July-September 2000) 69

15. Biting density of An. arabiensis before and after midnight 73

16. Parous rate of An. arabiensis before and after midnight 74

17. Sporozoite and entomological inoculation rates (EfR) of An. arabiensis

collected on human baits and CDC light traps in the Metehara area

(July 1999-March 2000, July-September 2000) 76

vm



Table Page

18. Sporozoite and entomological inoculation rates of An. Pharoensis

collected on human baits and CDC light traps in the Metehara area

(July 1999-March 2000, July-September 2000) 78

19. Results of blood meal analysis of An. ambiensis by the double immuno-diffusion 80

20. Susceptibility status of An. ambiensis against three insecticides in the

Sugar Estate, in the Metehara area 81

ix

f
/

r--

h



LIST OF FIGURES

Figure Page

1. Map showing study sites in Metehara area, Eastern Ethiopia 28

2. Seasonal variation in the human biting rate of An. arabiensis in

Buse (July 1999-Mar.2000) 63

3. Seasonal variation in the human biting rate of An. arabiensis in

Metehara town (Oct. 1999-Mar. 2000, July -Sept. 2000) 63

4. Seasonal variation in the human biting rate of An. arabiensis in

Gelcha (July 1999-Mar.2000) 64

5. Seasonal variation in the human biting rate of An. arabiensis in the

Sugar Estate (Oct. 1999-Mar. 2000, July -Sept. 2000) 64

6. Biting rhythm of total and parous population of An. arabiensis in

Buse (July 1999-Mar. 2000) 71

7. Biting rhythm of total and parous population of An. arabiensis in

the Sugar Estate (Oct. 1999-Mar. 2000, July -Sept. 2000) 71

8. Biting rhythm of total and parous population of An. arabiensis in

Gelcha (July 1999-Mar. 2000) 72

9. Biting rhythm of total and parous population of An. arabiensis in

the Metehara town (Oct. 1999-Mar. 2000, July -Sept. 2000) 72

10. The biting rhythm of total population of An. pharoensis

(July 1999-Mar. 2000, July -Sept. 2000) 75

x



ABSTRACT

The ecology and behaviour of Anopheles mosquitoes was studied in four selected sites in

the Metehara area, Upper Awash Valley, Eastern Ethiopia. The sites represented two insecticide

unsprayed villages (Metehara and Gelcha) and two sprayed villages (the Sugar Estate and Buse).

Information on the prevalence of malaria cases was also gathered from the Metehara Sugar

Estate Hospital and the East Shoa Malaria Control Sector (Nazareth). The results showed that a

total of 24,799 microscopically diagnosed malaria cases out of 68,000 blood samples were

registered between July 1999 and September 2000 in the two health service rendering

organizations. Plasmodium falciparum and P. vivax were found to be responsible for the disease

and occur nearly in equal proportions (52.7% P. falciparum and 47.3% P. vivax).
Larval collections from the different breeding habitats revealed the presence of four

species of which Anopheles arabiensis was the predominant followed by. An. pharoensis.

Similarly, a total of 3639 adult anophelines representing at least eight species were caught using

different methods from July 1999 to September 2000. An. arabiensis was the predominant

species, forming 95% of all collections followed by An. pharoensis (3.8%).

The density of An. arabiensis resting indoors in the sprayed sites was much lower than

the density in the unsprayed sites. Consequently, 18%, 21.3%, 66.1% and 69.4% of An.

arabiensis exhibited exophily in Gelcha, Metehara, Buse and the Sugar Estate, respectively.

The indoor to outdoor biting ratio of An. arabiensis varied between villages: 0.53 in the

Sugar Estate, 1.97 in Buse, 0.75 in Gelcha and 2.12 in Metehara town, showing that the species

was more endophagic in Buse and Metehara and more exophagic in Gelcha and the Sugar Estate,
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The highest man biting rate of 39.5, was recorded in Metehara town and the lowest 8.4 in Buse.

An. pharoensis was mostly an outdoor feeder.

Of 864 An. arabiensis and 63 An. pharoensis dissected from human bait collections, the

average parous rate was 45.1% and 30.2%, respectively, showing An. arabiensis to be longer-

lived than An. pharoensis. The sporozoite rate of An. arabiensis was 0.77% in parous and 0.21%

in nulliparous population, the overall being 0.46%. Similarly, An. pharoensis had sporozoite rate

of 5.3% in parous and 2.3% in nulliparous population, the overall being 3.2%. The biting rhythm

of An. arabienisis exhibited two to three peaks of activity before and after midnight. The highest

biting density occurred after midnight indoors while variation was observed outdoors.

The average daily entomological inoculation rate (EIR) of An. arabiensis was 0.05 while

that of An. pharoensis was 0.01.

The Human blood index (HBI) of An. arabiensis revealed variation between

sites/villages being 1 in Metehara, 0.47 in Gelcha, 0.85 in Buse and 0.93 in the Sugar Estate, the

overall being 0.65. The HBI varied also between dwelling conditions of mosquito sampling,

being highest in human dwellings (0.78) and lowest in animal shelters (0.13) showing the

opportunistic feeding behaviour of An. arabienisis.
Clearly, An. arabiensis is the most important vector and An. pharoensis a secondaiy

vector of malaria in the Metehara area.

Insecticide susceptibility studies in Metehara showed that 30% arid 25% of An.
\

arabiensis was resistant to DDT and pennethrin, respectively. The level of DDT and permethrin

resistance in An. arabiensis does not seem to be epidemiologically dangerous, but requires

frequent monitoring. An. arabiensis was found to be highly susceptible to propoxur (carbamate

insecticide).
* •
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1. INTRODUCTION

Several countries in the tropics continue to be endangered by numerous vector-

borne diseases that are considered to be the major public health problems, one of the factors

for poverty and population displacement, as well as an impediment to social and economic

development. The mosquito-transmitted malaria is one of the leading protozoan diseases to

cause immense morbidity and mortality in humans. Many operational and envisaged social,

agricultural, mining, water and other economic development efforts are hindered by

malaria. The burden of the disease is much felt in the productive group of society. Children,

who seem to lack primary immunity, are the main victims of the disease (Trigg and

Kondrachine, 1998).

The countries in Europe and America for a long time enjoy a malaria free

atmosphere due to its eradication by combined measures taken against the parasites and the

anopheline vectors. The advent of Dichloro-diphenyl trichloro ethane (DDT) facilitated the

vector control effort (Coluzzi, 1992; De Zueleta, 1999; Toure, 1999). However, this

achievement could not be repeated in tropical countries. Consequently, the eradication

program dramatically failed (De Zueleta, 1999) and in the latter years, the eradication

approach was substituted by control. To the dismay of many malariologists and WHO, the

control program faced a similar fate to that of eradication. Now, this disease has become a

public health challenge because of its increased prevalence and spread on the globe.

Evolution of drug resistant parasites, insecticide resistant vectors, international travel,

global wanning and several other factors contributed to the rampant spread of the disease.

Like several other infectious diseases, malaria has recently resurged, and its attack is

targeted to both endemic and non-endemic nations of the world (Gratz, 1999).
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Current reports show that malaria is prevalent in many countries and territories of

the world. About 40% of the inhabitable land mass is infested by this disease and its

anopheline vectors. The annual number of cases is estimated to be 300-500 million, out of

which 1-2 million die of the disease. 90% of the malaria cases and deaths occur in Africa

(TDR, 1997-98). The problem of the disease in Africa is exacerbated by climatic and

massive ecological changes (deforestation, dams, irrigation and different constructions),

population movements to developmental schemes, poverty, poor housing and lack of

efficient control strategies. These important factors have also contributed to the spread of

malaria to regions where it has never been known. Favourable breeding sites for the vectors

are being created as the result of climatic and ecological changes (Trigg and Kondrachine,

1998).

In this continent all ages are at risk, but the most affected group are children and

pregnant women.

The control of malaria and its anopheline vectors in Africa is less successful because

of the occurrence of ding resistant parasites and insecticide resistant vectors, change in the

resting behaviour of mosquitoes (from endophily to exophily) as the result of frequent

indoor insecticide sprays, lack of efficient infrastructure and several other factors (Toure,

1999). Africa seems to depend predominantly on chemicals and imported technology

including dings, impregnated nets, insecticides and application equipment. Traditional

methods if any are either neglected or are greatly influenced by the western approach of

disease control.

Situated in the sub-Saharan region where the prevalence of malaria is intense, two-

third of Ethiopia is known to be malarious (Gebre-Mariam, 1984; Gebre-Mariam et al.,

1988; Tulu, 1993a). Of the Countiy’s current 61, 672,000 populations, about 65 % (40

2
















































































































































































































































































