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Bionomics of anopheline vectors in
Zabid District, Al-Hodeidah
Governorate, Republic of Yemen

M.T. Al-Maktari! and H.K. Bassiouny?

et iy pgadrl Budt Alabons oy ) Alate 3 SYY o g Azt St

ot JAS gy g kil a1

et i (U phe 52 S0 3 88y dyal) U (g0 o pad Bl atladt LIE ¢ ot
AW o a1 0 eSSy L Jab W e 1 BW e b st amill ey Tt
Al oo gl 213 W1 L3 iy opbor y L960.7 gyt ikl g 3 9o g Jods OIS7 o (%684.2) 1l
JH— Jl S up,,.-.!\ by rHty u‘“"ﬁ s 3 . (%0.9) Lmsdy J i_l,i_,ﬂl) «(%14.9)
AST oyt QLY dlg Yy clipdly 1853 0 SU ey . pdallily gl 5585 o jlaf 5T
o 2560 Lo gatt el o ¢ Ay (%26.9) b Ui 3 Lese (%40.4) £ S G oy
%11 5 ikl Ao gadt il Y1 s %19.4 O Lt e ol 23 5 o ge %79.5 O ¢ S 5
oy gl b el e N ot anif a A Y o el Aaly Aoy L 531 e
kgt U gy Landall (6 gty Glas U] e

ABSTRACT The bionomics of anopheline vectors were analysed in randomly selected centres, repre-
senting fixed and spot-check stations. Three anopheline species were found. Anopheles arabiensis was
the most prevalent specias (84.2%) with a sporozoite rate of 0.7%, followed by A. culicifacies adenensis
(14.99%) and A. rhodesiensis rupicolus (0.9%). Maximum indcor resting density was recorded during
March, July and August. Positive sprayed sites for females were higher in bedrooms (40.4%) than
animal sheds (26.9%). Atotal of 2560 anopheline larvae were collected of which 79.5% were A. arabien-
sis, 19.4% were A. culicifacios adenensis and 1.1% A, rhodesiensis rupicolus. A. arabiensis was as-
sumed to be the most efficient malaria vector based on epidemiological evidence and the finding of
natural sporozoite infected females.

Bionomie des anophéles vecteurs dans le district de Zabid, Gouvernorat de Al-Hodeldah
(République du Yémen) _

RESUME La bionomie des anophéles vecteurs a fait lobjet d'une analyse dans des centres choisis au
hasard représentant des postes fixee et de contréle intermittent. On a trouvé troie aspéces anophé-
liennes. A. arablensis était l'espéce la plus répandue (84,2%) avec un indice sporozoitique de 0,7%
sulvie par A. culicifacies adenensis (14,9%) et A. rhodesiensis rupicolus (0,9%}. La densité maximale
dans les refuges de repos a lintérieur des habitations a été enregistrée durant les mois de mars, juillet
et aoiit. Le nombre de sites pulvérisés qui étaient positifs pour les anophéles femelles atait plus élave
dans les chambres (40,4%) que dans les abris d'animaux (26,9%). Au total, 2560 larves d'anopheles
ont &té recueillies, dont 79,5% étaient A. arabiensis, 19,4% étaient A. culicifacies adenensis et 1,1%
A. rhodesiensis rupicolus. A. arabiensis a 66 préaumé comme étant le vecteur du paludisme le plus
efficace d'aprés les donndes épidémiologiques et le constat de la présence d’anophéles infectants.
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Introduction

Malaria is considered the greatest chal-
lenge of all health problems in tropical
countries. The Plasmodium parasite under-
goes a complete cycle of sporogony leading
to the formation of the infective stages,
which propagate the infection during the
feeding process of the mosquito. The effi-
ciency of transmission of the disease de-
pends mainly on the presence of favourable
environmental conditions for the occur-
rence of suitable anopheline vectors [I].

Malaria has continued to be a major
public health problem in the Republic of
Yemen. In 1993, 37 451 malaria cases were
confirmed and the slide positivity rate was
22.9% compared with 14% and 4.6% in
1991 and 1985 respectively [2]. The Tiha-
ma plain is considered the most malarious
area in the country (Delfini LF, unpub-
lished report, 1986). The steady expansion
of agriculturc projccts in this arca has con-
tributed to the increase in breeding of vec-
tors of malaria. Moreover there are five
main wadis {Maor, Surdud, Siham, Zabid
and Rima) passing through Tihama plain
that are also natural breeding places.

The present work aimed to contribute to
our knowledge of malaria control by inves-
tigating the bionomics of anopheline vec-
tors prevailing in the Zabid district. This
area is one of the most endemic malarious
areas in Tihama plain under natural field
conditions. The ultimate goal is to help in
the formulation of a comprehensive malar-

ia control programme in the Republic of
Yemen.

Materials and methods
Design

Longitudinal entomological surveys were
conducted in the Zabid district of the Al-

Hodeidah Governorate for 6 months from
March to August 1994.

Adult mosquito survey

By using a stratified random sampling
method, five centres were selected to repre-
sent fixed catching stations: Zabid,
Al-Qurashiyah  1llya,  Al-Maislah,
Al-Tuhaytah, and Asslamah. In these cen-
tres, 20% of the houses and 10% of the ani-
mal sheds were randomly chosen and
surveyed monthly for adult mosquitos.
Four additional centres were selected to
represent spot-check stations: Al-Musaw-
fah, Al-Mahatt, MahallMubarak and Al-
Majahsah. In these centres, 10% of the
houses and 5% of the animal sheds were
randomly chosen monthly for testing in or-
der to supplement and confirm the results
of the regularly surveyed localitics. Mos-
quitos were collected by the spray sheet
coliection technique in the morning be-
tween 06:00 and 10:00 [3]. They were col-
lected and identified according to the key
of Mattingly and Knight [4]. In addition,
the salivary glands of the captured female
mosquitos were dissected for the detection
of sporozoites [3].

Larvae survey

Permanent water sources of the surveyed
centres were identified and mapped. The
sources of water were irrigation canals, ri-
verbeds, pools of the mosques and water
collection near the pumps that are scattered
along the villages. Also, sources inside
houses were investigated and recorded,
such as storage tanks, artificial containers
and basins. The larval survey was done
monthly using dipping and netting tech-
nigues {57 according to the type and size of
the breeding places investigated. Larvae
were identified according to the key of
Mattingly and Knight [4].
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Statistics

Data was analysed using Epi-Info and
SPSS. A P-value < 0.05 was considered sta-
tistically significant Arithmetic mean and
standard deviation were used as summary
statistics. The one-sample Kolmogorov-
Smirnov Z-test was used to examine the
months variation, while the Z-test was used
for comparison of two proportions and re-
placed with Fisher exact test when mandat-
ed by sparse data. The chi-squared test for
comparison between more than two propor-
tions was used and the Kruskal-Wallis one-
way analysis of variance was used for
comparison between more than two inde-
pendent groups.

Results

Table 1 shows that the overall percentage of
positive sprayed sites for female mosquitos
was 39.7%. It was higher in bedrooms
(40.4%) than in animal sheds (26.9%), al-
though no significant correlation could be
detected. The percentage positive in bed-
rooms and animal sheds was significantly
higher in fixed than spot-check catching
stations (2 = 9.72, P < 0.01).

Table 2 demonstrates that A. arabiensis
was the most prevalent specics constituting
84.2% of the total collected females (713),
followed by A. culicifacies adenensis
(14.9%). The least prevalent specics was A.
rhodesiensis rupicolus (0.9%). A signifi-
cant correlation was recorded between per-
centage of positive sprayed sites and the
month of collection (* = 70.23, P < 0.01).
Moreover, a higher indoor resting density
{IRD) was recorded during March, July and
August for the total of collected females
and for each species as indicated by the
Kolmogorov—Smirnov Z-test. Dissection of
the salivary glands revealed that the sporo-

zoite rate was 0.7% among collected 4. ar-
abiensis only.

Table 3 shows that out of 845 different
breeding sites investigated, 42 8% were
found positive for anopheline larvae. Over
the study months, the percentage of posi-
tive sites was significantly higher in August
and March (32 = 68.43, P <0.01).

Table 4 shows that out of 2560 collected
larvae, A. arabicensis was the most abun-
dant species (79.5%), followed by A. culic-
ifacies adenensis (19.4%); the least
abundant was A. rhodesiensis rupicolus
(1.1%}. Over the study months, maximum
mean number of larvae collected and larvae
density were recorded mainly in March,
July and August (Kruskal-Wallis ¥ =
15.25, P < 0.01). However, no significant
difference could be detected in larval densi-
ty between the months except for A. rhode-
siensis rupicolus (Kolmogorov—Smirnov Z
= 1.633, P < 0.01).

Discussion

In 1993, a survey conducted in the Repub-
lic of Yemen revealed that 14 anopheline
species were identified, of which 4. arabi-
ensis and A. culicifacies adenensis are still
considered to be the most common vector
species [6]. This finding corresponds with
the results of our study where A. arabiensis
was the most prevalent specics, constitut-
ing 84.4% of the total collected adult mos-
quitos. This observation is similar to the
findings of Mattingly and Knight [4] and
Kouznetsov [7] whio reported that A. arabi-
ensis was widely distributed in Tihama.
Omer added that it was abundant through-
out the year, even during the hot dry season
[8]. Zahar emphasized the importance of A.
arabiensis as a vector for malaria transmis-
sion in the Republic of Yemen as well as to
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Table 1 Distribution of the sprayed sites for adult female anopheline mosquitos according to

the surveyed centres

Surveyed Sprayed sites for female anopheline mosquitos FEP test
centres Bedrooms Animal sheds Total (2-tailed)
Ne. Positive No. Poslitive No. Positive
sprayed No. % sprayed NoO. % sprayed No. %
Fixad stations
Zabid 120 51 425 4 t 250 124 52 419 0.639
Al-Tuhaytah 108 39 361 2 0 0.0 110 39 355 0538
Al-Maislah 80 41 513 2 1 500 82 42 512 1.000
Al-Qurashiya
Ulya 30 109 63.3 8 2 a3.3 36 21 583 0.210
Asslamah 24 11 458 4 1 250 28 12 429 0613
Subtotal 362 161 445 18 5 278 380 166 43.7 0455
Epot-check stations
Al-Majahsah 60 15 250 2 1 500 62 16 258 1.000
Al-Mahatt 30 " 36.7 1 0 0.0 3 11 365 1.000
Al-Musawfah 12 3 250 e} 0 0.0 15 3 200 0.520
Mahall-Mubarak 24 7 292 2 1 500 26 8 308 1.000
Subtotal 128 36 286 8 2 250 134 38 284 0.218
Grand total 480 197 404 26 7 26.9 514 204 397 1.36
+Z test

FEP = Fisher exact probability

the nearby countries of Ethiopia, Saudi
Arabia, Somalia and Sudan {Y].

According to the findings of our study, a
large number of captured females of 4. ara-
biensis were from bedrooms rather than
animal sheds, which indicates their higher
anthropophagic tendency. Furthermore, the
finding of natural sporozoites in the sali-
vary glands emphasizes their epidemiologi-
cal importance in the dynamics of
mosquito-borme pathogens responsible for
the continued transmission of malaria in
the study area. Bassiouny and Al-Maktari
reported the hypoendemicity of malaria in
the Zabid district based on both parasite
and spleen surveys where P. falciparum
was the most predominant species repre-
senting 91.6% (Bassiouny HK, Al-Maktari
MT, unpublished data, 1995).

A, culicifacies adenensis was the sec-
ond most abundant species constituting
14.5%. This finding was confirmed by
Kouzentsov [7] and Ahamed [10]. A. culic-
ifacies adenensis is still the main vector of
malaria transmission in Pakistan and India
[11]. A. rhodesiensis rupicolus was the
least prevailing species (0.9%). This result
was also reported by Kouznetsov [7] and
Ahamed [/0], who recorded a low preva-
lence of this species in the Tihama region.
Its low density was explained by Kouznets-
ov who noted that after the autumn rains
over the Tihama mountains, occasional
pools formed that contained anopheline
larvae [7). The pools were, as a rule, rather
short-lived, their duration often not suffi-
cient for the completion of the egg-to-adult
cycle. Still, A. rhodesiensis rupicolus is
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Table 2 Distribution of collected female anophelines according to their specles, indoor

resting density (IRD) and sporozoite rate

Data of study Duration of study Total Sporozoite K-S5Z
rate
March April May June July August No. %
No. of sprayed
sites (bedrooms
+animai sheds) No. 90 84 83 83 88 86 514
Positive sprayed
sitas forfemale No. 40 25 9 29 40 6t 204
anopheline ® % 444 298 108 349 455 708 398
Total number of No. 132 71 27 g6 143 244 713
female anophelinglRD 3.3 2.8 3.0 a3 3.6 4.0 100.0 0.612°
Anopheline species
A. arabiensis No. 113 61 20 87 123 196 600 4 0.7° 0.735°
IRD 28 24 22 30 341 3.2 844
A. culicifacies  No. 17 10 7 9 18 45 106 0 0.0 0.735°
adenensis IRD 04 04 08 03 05 0.7 149
A, rhodesiensis No. 2 — — — 2 3 7 o 0.0 1225
rupicolus IRD 0.05 - - - 0.05 004 09

":=70.23,P <0.01
P < .05
cSporozoite rate of A. arabiensis

K-5Z = Kolmogorov-Smimov Z-test for the uniform distribution

considered to be one of the non-vector spe-
cies as reported by the Malaria Control Pro-
gramme [2].

Our study showed that the three avail-
able female anopheline vectors had two
peaks of abundance, in March and in Au-
gust. This finding agrees with those report-
cd by the agrometeorological data summary
[12] and Pleijsier [13]. They reported a sea-
sonal activity for the three species that
reached a maximum number in the cooler
time of the year, such as August which is
the rainiest month in the country. The rela-
tively low anopheline numbers during the
hottest months between the peaks could be
due to a reduction in vector activity, as well
as to a general reduction in breeding sourc-
es since most of the wadis dry up.

We found that 42.8% of the different
breeding sites investigated were positive
for anopheline larvae. A. arabiensis were
collected from all breeding sites, while A.
culicifacies adenensis larvae were collect-
ed mostly from pools of mosques, basins,
storage tanks and artificial containers. A.
rhodesiensis rupicolus larvae were collect-
ed from the irrigation canals, riverbeds and
water near pumps. Similar results were re-
ported by Kouznetsov [ 7]. The larvae of the
two most common vector species, A. arabi-
ensis and A. culicifacies adenensis, were
found in all pools of mosques in the Zabid
district. These pools are open basins of wa-
ter near the mosques and are used mainly
for ritual ablutions and for washing.
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Table 3 Distribution of breeding places according to catching stations by month

Month Breeding places Investigated 2-test
Fixed stations Spot-check stations Total
No. Positive No. Positive No. Positive
examined No. % examined No. % examined No. %
March 2 64 57.1 17 10 58.8 129 74 57.4 0.490
April 120 54 54.0 26 8 30.8 146 62 425 1.330
May 122 37 303 15 1 6.7 137 38 27.7 0.067¢
June 140 41 293 20 4 20.0 160 45 281 0.866
July 112 42 375 30 14 487 142 58 194 0.911
August 107 72 67.3 24 15 62,5 131 87 66.4 0.447
Total 713 310 43.5 132 52 39.4 845 362 42.8 0.87

*Fisher exact probability (2-tailed)

Table 4 Distribution of anopheline larvae according to specles and larval density by month

Month No. ot Larvae collected

Identified anopheline larvae

dips A. arabiensis A. culcifacles A. rhodesiensis
adenosis rupleolus
No. NoJdip No. NoJdip No. No./[dip No. NoJdip
March 586 476 0.81 372 0.63 96 0.16 8 0.01
April 34 205 0.60 156 0.46 49 0.14 0 0.00
May 293 m 0.38 93 0.32 18 0.06 0 0.00
June 548 315 0.57 238 0.43 77 0.14 ¢ 0.00
July 482 423 0.88 351 0.73 72 015 0 0.00
August 860 1030 1.20 824 0.96 185 0.22 21 0.02
Total 3110 2560 0.82 2034 0.65 497 0.16 29 0.02
79.5% 19 4% 1.1%
K-82Z 0.57 0.69 0.82 1.63°
Xzxs 3.33+£0.43 278 +0.40 0.52 +0.18 233x259
y 15.25"

P > 0.05 P < 0.01 K-52 = Kolmogorov-Smimov Z-test for tha uniform distribution

Merucci noted that these pools were the
principal breeding sites for mosquitos, es-
pecially A. arabiensis [14].

Regarding the abundance of the collect-
ed larvae in the studied area, the results re-

vealed that A. arabiensis larvae were the
most abundant species (79.5%), A. culicifa-
cies adenensis larvae were the second most
common species (19.4%) and A. rhodesien-
sis rupicolus larvae constituted 1.1%.
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These findings agree with the previous re-
port of Ahamed [10]. The larvae collected
in our study had two peaks of abundance
and a larval density irrespective of the spe-
cies of the anopheline vectors mainly in
March and August. These two peaks of
abundance coincided with the recorded
peaks of abundance of the adult mosquitos.
It seems that the temperature during peaks
is optimal for rapid and synchronous devel-
opment and high survival from eclosion
through emergence.

Conclusions

The large number of captured females of 4.
arabiensis from bedrooms indicates their
anthropophagic behaviour. That, in addi-

tion to the presence of sporozoites in their
salivary glands, are of epidemiological im-
portance in the dynamics of mosquito-
borne pathogens responsible for the
continued transmission of malaria in the
Zabid district. Further investigation is
needed in the Republic of Yemen to study
the mosquito-host feeding preferences and
to assess the epidemiological effectiveness
of the malaria vector, as it is the blood meal
identification of a vector that leads to its in-
crimination. Finally, it is vitally important
to increase community participation in en-
vironmental concerns. People should be en-
couraged to drain or fill in any unnecessary
water collection systems since this could he
an effective component of a vector control

programme.
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Vector control

Expertise and advice were provided for monitoring and survelllance and
analytical work in relation to insecticide susceptibility or resistance. In this
connection, the Regional Office continued to support countries in sclentif-
ic and research aspects of insecticide resistance. The use of Impregnated
bednets was further enhanced, and consultant services and training were
provided to a number of countries. In this regard, vector control In relation
to malaria received a high priority and major support in particular In Islam-
lc Republic of Iran, Fakistan, Somalia, Sudan and Republic of Yemen,

Source: The work of WHO in the Eastern Mediterranean Region. Annual Report of the Regional

Director. 1 January-31 December 1998, Pages 08-0.,
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