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ABSTRACT

Malaria is one of the leading causes of death around the world. Plasmodium vivax is supposed to
contribute over 80% of total malaria cases in Pakistan. However, data on transmission pattern is
inconsistent and scanty in Pakistan.

Aim: The present study was aimed to determine the vector competence based on sporozoite rate
rather than oocyst rate.

Study Design: Laboratory reared female Anopheles stephensi mosquitoes infected with
Plasmodium vivax served a study model.

Methodology: Anopheles stephensi vectors were reared in the laboratory and fed on Plasmodium
vivax infected blood obtained from malaria patients. Progression of parasite was determined by
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light or fluorescent microscopic examination of midgut or salivary gland of infected mosquitoes.
Results: Oocyst and sporozoite rates were found to be 64% and 54%, respectively, which
confirmed the vector competence of female mosquitoes. Blood feeding contributed the longer
survival of the vector irrespective of the presence or absence of Plasmodium vivax.

Conclusions: It is concluded that laboratory reared female Anopheles stephensi mosquitoes
support the development of Plasmodium vivax. Blood-fed mosquitoes showed considerable
competence for malaria parasite which is dependent on sporozoite rate rather than oocyst rate. The
current study exhibited laboratory reared female Anopheles stephensi mosquitoes as a potential

source of parasite transmission.

Keywords: Malaria; Plasmodium vivax; incrimination;, vector competence; infection; Anopheles

stephensi.
1. INTRODUCTION

Malaria is one of the major global health burdens
which has been the most addressed public
health concern worldwide. Malaria is caused by
apicomplexa parasite; Plasmodium species [1].
Malaria spans over 109 countries and covers
about half of population across the globe [2-4].
Eastern Mediterranean region is also endemic for
malaria infection, where Pakistan reflects highest
malaria burden.

Around 60% population in Pakistan is at risk of
malaria infection after its resurgence in 1970.
Poor health conditions, natural disasters like
floods and earthquakes and mass migration
across the borders due to political unrest are
major risk factors associated with malaria
infections. Among 500,000 annual malaria cases,
50,000 death toll was recorded in Pakistan [5].
Inconsistent data is a major impediment to
assess actual trends of malaria infections in
Pakistan [6].

Pakistan is a malaria endemic country where
parasite transmission is over 90% with highest
annual parasite incidence (API) 4.5 cases/1000
people per annum [6,7]. Pakistan is among three
countries where Plasmodium vivax (P. vivax)
infection cases exceed 80% of all malaria cases.
Pakistan, with 27% confirmed malaria cases, is a
second largest country after Sudan (57%
confirmed malaria cases) where malaria
endemicity is alarming. Over 90% malaria related
mortality was recorded in 2013 in these two
countries [6]. Nevertheless, scanty
epidemiological data is unreliable unless it is
reported by evaluating the vector competence.

Therefore, progression of predominant malaria
parasite species and subsequent vector
competence would warrant further studies to
understand the local transmission pattern.
Moreover, it would help to understand malaria

dynamics in the endemic areas and to design a
targeted intervention strategy. Laboratory-reared
Anopheles stephensi mosquitoes, predominant
malaria vector in Pakistan, served as a model to
study the vector competence and progression of
malaria parasite.

2. MATERIALS AND METHODS

2.1 Rearing of Anopheles stephensi
Mosquitoes

Anopheles stephensi mosquitoes were reared
(after collection from the field) in the insectary as
described previously [8,9]. Continuous colonies
of the mosquitoes were maintained in the
laboratory for around one year. Briefly, adult
Anopheles stephensi mosquitoes were feed on
cotton pads soaked in 10% glucose solution.
Mosquitoes were allowed to bite on mice for
blood intake and facilitated to lay eggs in the
water filled beaker and subsequently hatching
onto the water in egg pans. After hatching, 200-
250 larvae were distributed in the egg pans. The
larvae were fed on powdered chicken liver. After
8-10 days the larvae developed into pupae which
were collected in a beaker and the lid was closed
to avoid flying after they develop into adult
mosquitoes. Temperature and humidity was
maintained at 2614°C and 80+5%, respectively.

All the protocols used in project were approved
by the Bio-Ethical Committee of Quaid-i-Azam
University (BEC-FBS-QAU-10).

2.2 Inclusion/Exclusion Criteria

The patients with apparent symptoms of malaria
including high grade fever, vomiting, shivering,
profuse sweating, chill and headache were
subjected to blood sampling after informed
consent. Blood samples were examined
microscopically to confirm the presence of
malarial parasite (gametocyte stage). Mixed



infections were also ruled out. The patients
having blood group OF, irrespective of the age
and gender, were selected and 2-3 mL of their
blood was taken in vacutainers (BD, Belgium)
and stored at ambient temperature. Total iron
binding capacity (TIBC) and serum protein
contents of the donors’ blood samples were
determined (data not shown here) before feeding
to minimize the donors’ effect on the mosquito
survival rates.

2.3 Artificial Blood Feeding

The mosquitoes were fed on Plasmodium vivax
gametocyte-infected blood as  described
previously [10-13]. Briefly, after providing free
feeding and mating chances, female Anopheles
stephensi mosquitoes (20-30 mosquitoes/cage)
were selected and separated in small cages. The
female mosquitoes were kept starved for 12 h
before artificial blood feeding through membrane
feeder.

The feeder was connected to a water jacket,
thermostatically controlled, to maintain a specific
temperature (37+02°C). Around 2 mL infected
blood was supplied through feeder along with
water at 37C to prevent exflagellation of
gametocytes.  Starved female  Anopheles
stephensi mosquitoes were feed for 30-35 min.
After 24-36 h, unfed or partially fed female
mosquitoes were removed and fully fed female
mosquitoes were left in the cage. A control group
was fed on sugar solution.

2.4 Dissection

Blood-fed female mosquitoes were provided with
10% glucose solution for water and energy.
Female mosquitoes were dissected 5-7 or 10-14
days post blood feeding to confirm the presence
of oocysts (in midgut) and sporozoites (in
salivary glands), respectively, as described
previously (11). Midgut and salivary glands were
recovered under dissecting microscope in
phosphate buffer saline (PBS) (Biochrom, UK)
and examined under compound microscope
(IRMECO, Germany) after staining with Giemsa
(Merck, Germany) or unstained [9].

2.5 Immunofluorescent Assay (IFA)

Salivary glands were disrupted in PBS solution to
release sporozoites as described previously [14,

15]. Sporozoites were stained with anti
circumsporozoite  protein  (CSP)  antibody
conjugated  with  fluorescence as  per

manufacturer’s instructions (Innova Biosciences,
UK). The stained sporozoite were mounted on
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slide and examined under fluorescent
microscope (Olympus, Japan). Sporozoite rate
was determined using the following equation (1).

Sporozoite rate =

Number of female mosquitoes with sporozoites

x 100 (1)

Number of female mosquitoes examined
2.6 Survival Curve

Female Anopheles stephensi mosquitoes were
divided into three groups. Each group had equal
number of mosquitoes (150 mosquitoes/group)
and subjected to same conditions (temperature
and humidity). Group one was kept starved,
group two and three were fed on un-infected and
infected blood meals, respectively. The number
of mosquitoes died or remained alive each day
were recorded up to 10 days post blood feeding.
A survival curve was drawn using the number of
dead and alive mosquitoes.

3. RESULTS

3.1 Progression of Plasmodium vivax in
Female Anopheles stephensi
Mosquito

Blood samples were confirmed by the presence
of male and female gametocytes of Plasmodium
vivax in thin blood smears as shown in Fig. 1.
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Fig. 1. Gametocytes of Plasmodium vivax. A
representative Giemsa stained blood sample
of a malaria patient representing a) male and
b) female gametocytes. Magnification=1000X

Progression of malaria parasite was monitored
by inspecting various parts of the mosquito
vector. Blood-fed female mosquito (Fig. 2a) has
shown half gravid midgut (Fig. 2b). Abdominal
part depicts the presence of oocysts (Fig. 2c)
which represents the progression of parasite in
the mid gut wall after ingestion of infected blood.
Salivary glands were dissected from the thorax
region. Light microscope image represents three
lobes of salivary gland (Fig. 2d). Finally, the
parasites (sporozoites) were detected in the
salivary glands by staining them with anti-CSP
antibodies  conjugated  with  fluorescence
(Fig. 2e).
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Fig. 2. Progression of malaria parasite in a female Anopheles stephensi mosquito. It shows a)
a blood-fed female mosquito, b) midgut of a half gravid mosquito, c) the oocysts (black
arrows), d) salivary glands and e) sporozoites stained with anti-CSP antibody conjugated with
fluorescence (a composite figure). Magnification=1000X

3.2 Oocyst and Sporozoite Rate

Among 320 blood-fed Anopheles stephensi
mosquitoes, 208 mosquitoes were found positive
for oocysts. The mean oocyst rate was found to
be 65% (Fig. 3, Table 1). Another set of
experiment included 320 female mosquitoes
(total 16 experiments) which were infected with
P. vivax. Among these 320 blood-fed Anopheles
stephensi mosquitoes, 173 mosquitoes were
found positive for sporozoites with an average
infectivity or sporozoites rate of 54% (Fig. 3,
Table 1). However the sporozoite rate among
different experiments varied from 35% to 80%
(Table 1).
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Fig. 3. Infection rate. The percentage of
oocyst or sporozoite positive blood-fed
Anopheles stephensi mosquitoes. Data was
measured as mean+SE

3.3 Survival Rate
Blood Meal

in Correlation with

The total number of mosquitoes died were 64, 36
and 40 from the unfed (D1), un-infected blood
fed (D2) and infected blood fed (D3) mosquito
groups, respectively, after 10 days (Table 2).

The number of mosquitoes remained alive after
10 days were 86, 114 and 110 of the unfed, un-
infected blood fed and infected blood fed
mosquito groups, respectively (Fig. 4). The mean
survival rate was 0.95 + 0.04, 0.97 + 0.02 and
0.97 + 0.02 for unfed, un-infected blood fed and
infected blood fed mosquitoes, respectively.

3.4 Statistical Tool

All statistical analyses including mean, average
and p values where applicable, were performed
on GraphPad Prism (Ver. 0.5)

4. DISCUSSION

The data suggest that laboratory reared
Anopheles stephensi is a suitable vector for P.
vivax because oocysts and sporozoites develop
only when both the parasite and vector are
compatible with each other [16].

The data revealed that mean oocyst rate of
laboratory reared Anopheles stephensi was 65%.
It indicates Anopheles stephensi as a suitable
vector for P. vivax. The highest mean oocyst rate
reported previously was 77% for Anopheles
stephensi [11]. However, 51-64% oocyst rate of
different laboratory reared Anopheles stephensi
populations was reported for Plasmodium
berghei [17].
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Table 1. Sporozoites rate of blood-fed Anopheles stephensi mosquitoes

Experiment number No of dissected No of sporozoites positive Sporozoite rate
mosdquitoes mosquitoes (average %)

1 20 10 50

2 20 7 35

3 20 8 40

4 20 14 70

5 20 15 75

6 20 11 55

7 20 9 45

8 20 10 50

9 20 14 70

10 20 9 45

11 20 10 50

12 20 7 35

13 20 12 60

14 20 16 80

15 20 13 65

16 20 8 40

Total 320 173 (Average = 54)

Table 2. The number of mosquitoes died per day out of 150 mosquitoes per group

Days Unfed mosquitoes Un-infected blood fed Infected blood fed
dead mosquitoes dead mosquitoes dead
e (D1) (D2) (D3)
1° 3 2 1
2M 1 1 3
3" 5 4 2
4" 7 5 6
5" 2 2 1
6" 9 1 3
7" 5 4 5
8" 8 2 4
" 11 8 9
10" 13 7 6
Total 64 36 40
—0—not fed
@ —o—nomal bleod fed
140 —0=—infected blood fed
120 } *
100

No. ol mosquitoes alive
g

40

20

] 2 4 G 8 10 12
No.of days

Fig. 4. Survival curve of female Anopheline mosquitoes. Survival rate curve of unfed, un-
infected blood fed and infected blood fed female Anopheles stephensi mosquitoes.
*represents significance (p<0.01)



Sporozoites rate (54%) indicated the successful
progression of malaria parasite in Anopheles
stephensi. However sporozoite rate reported
here is in line with previously published data in
India [11]. Sporozoite rate of Anopheles darlingi
and Anopheles culicifacies for P. falciparum and
P. vivax were reported to be 41% and 56%,
respectively [11,18], which corroborate our
findings. Around half of the mosquito population
was negative for sporozoite in its salivary gland.
Another explanation is that the mosquitoes which
did not show any progression of malaria parasite
might have retained their anti-parasite immunity
even after infected blood meal. Mosquito specific
nitrous oxide (NO) shows anti-parasitic activity
and blocks the parasite development [19].
Variation of sporozoite rates among mosquitoes
might be due to the variations in access to
feeding chances or intrinsic receptors for
nutrients.

Generally, gametocytes inside gut wall of female
mosquitoes were able to develop into oocysts.
However not all oocysts were developed into
sporozoites which might be due to anti-parasitic
mechanisms of mosquitoes. It was reflected in
our findings where oocyst rate was higher than
sporozoites rate. Thousands of sporozoites are
released from an oocyst however around 20%
are able to localize at salivary gland. CSP and
(thrombospondin related anonymous protein)
TRAP act as ligands to bind with cognate
receptors on salivary gland. CSP is the major
antigen expressed on the surface of sporozoite.
It is also involved in the progression of malaria
parasite from midgut to salivary gland through its
adhesive properties [20]. Rest of sporozoites
(80%) are neutralized in the midgut by anti-
parasite mechanisms of mosquito.

The mean survival rate per day (0.97 + 0.02) of
human blood fed female Anopheles stephensi
mosquitoes is in line with other vectors in the
region [21]. The higher survival probability per
day exhibits better vector competence and
makes the Anopheles stephensi a suitable vector
for transmission of malaria parasite. The survival
index calculated for other Anophelines species
like Anopheles dirus, Anopheles maculatus,
Anopheles minimus, and Anopheles jayporiensis
in Laos, Iran and India corroborates our findings
[22].

Data showed a positive correlation between
survival rate and blood meal (uninfected or
infected). Female mosquitoes which were not fed
on blood died earlier than blood fed female
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mosquitoes. It is not surprising because blood
fed female mosquitoes receive necessary
proteins, iron and energy required for egg
development while un-fed female mosquitoes
remain starved. Presence of P. vivax in the gut of
female mosquito has no role to play with its
longer survival rate.

Longevity of mosquito survival is in favour of
malaria parasite as it needs to complete its life
cycle in the female mosquito [23]. Previous
studies showed inconsistent and contrary data
regarding survival probabilities of blood-fed
mosquitoes. Some studies revealed no effect on
survival probability [24-29] while others revealed
reduction in survival probability [30-34]. Our data
suggested that infected Anopheles stephensi
mosquitoes survive longer than the mosquitoes
who did not get a blood meal, but survive slightly
lesser than the uninfected mosquitoes that got
normal blood meal.

5. CONCLUSIONS

It is concluded that laboratory reared female
Anopheles stephensi mosquitoes support the
development of P. vivax. Blood-fed mosquitoes
showed considerable competence for malaria
parasite which is dependent both on sporozoite
and oocyst rates. Vector competence exhibited
female Anopheles stephensi mosquitoes as a
potential source of parasite transmission. Data
warrant further studies regarding malaria
vectorial capacity of field isolates (female
Anopheles stephensi mosquitoes). It would help
to manage the major public health concern in the
region.
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