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Abstract: Pre-clinical transmission assays are essential for proof-of-concept for transmission blocking strategies but are 

hazardous to laboratory personnel and animal hosts as it entails exposure of live rodents to infected vectors. Conventional 

transmission assay methods include the use of anesthesia (associated with undesired side effects). In addition, animal handlers 

risk being bitten by experimental animals and vectors during anesthesia due to a lack of safe and effective alternatives. 

Robustness of rodent to vector transmission was determined by comparing the number of oocysts. Vector-to-rodent 

transmission was determined by measuring parasitemia, gametocytemia, changes in body weight and survival time. A 

completely randomized design was used in this study. Rodent-to-vector transmission was analyzed by log linear model. 

Fecundity, gametocytemia, parasitaemia and changes in body weight were analyzed by regression analysis. Survival times 

were analyzed Kaplan-Meier method for determination of survival distribution function. Rank test of homogeneity were used 

to determine the effect of restraining method infection on survival times. There was no significant difference (p<0.001) in 

fecundity of mosquitoes fed on anesthetized mice; 122±22.1 eggs compared to INFECTRA®-Kit group with 110±14.1 eggs. 

Oocyst production increased gradually though not significantly (p<0.001) in both groups of mice with the number of 

mosquitoes. The INFECTRA®-Kit group increased from 2.7%±0.3 (1 mosquito) to 9.3%±0.3 (6 mosquitoes), the conventional 

group was 3.7%±0.3 to 8.6%±0.3 (6 mosquitoes). Parasitemia progression was characterized by two waves in INFECTRA®-

Kit and three waves in the conventional group. The highest parasitaemia peak was 22% attained on 22dpi for the 

INFECTRA®-Kit and 17.8% attained on 26 dpi for the conventional group. Gametocytes were detected on 16 dpi in both 

groups and thereafter increased significantly (p<0.001) with dpi. In the INFECTRA®-Kit group, gametocytemia was 

represented by two oscillations while the conventional group was three cycles with peak gametocytes increasing with each 

subsequent peak. Disease progression was higher and survival times shorter with INFECTRA®-Kit than with anesthetized mice 

and there was no significant difference (p<0.05) between the two methods in body weight and gametocytemia. INFECTRA®-

Kit is equivalent to that of anesthesia method but more advantageous given the more ethical and humane treatment of animals. 

Keywords: Infectra®-Kit, Transmission Assays, Humane Treatment of Animals, Anesthesia 

 

1. Introduction 

Malaria is a mosquito-borne infectious disease of humans 

and other animals caused by parasitic protozoans (a type of 

unicellular microorganism) of the genus Plasmodium 

(Bartoloni et al., 2012). Commonly, the disease is transmitted 

via a bite from an infected female Anopheles mosquito which 

introduces the organisms from its saliva into the person’s 

circulatory system. In the blood, the organism travels to the 
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liver to mature and reproduce. Symptoms associated with 

malaria include fever and headache and in severe cases 

infection progress to coma and death. The disease is 

widespread in tropical and subtropical regions in a broad 

band around the equator, including much of Sub-Saharan 

Africa, Asia and the Americas (Bartoloni et al., 2012). The 

World Health Organization estimated that in 2010; there were 

219 million documented cases of malaria. That year alone, 

the disease killed between 660,000 and 1.2 million people 

(WHO, 2012), many of whom were children in Africa. 

Malaria is commonly associated with poverty and therefore 

economically important. Management of malaria is basically 

through chemotherapy or by prophylaxis mainly to travelers 

making trips to malaria-endemic countries or regions. Severe 

malaria is treated with intravenous or intramuscular quinine 

(Sinclair et al., 2012). Since mid-2000s, the artemisinin 

derivative artesunate, which is superior to quinine (WHO 

2006) has been in use in treatment in both children and adults 

and is given orally in combination with a second anti-

malarial such as mefloquine (WHO 2006). Resistance has 

developed to several anti-malarial drugs; for example, 

chloroquine-resistant P. falciparum haves spread to most 

malarial areas and emerging resistance to artemisinin has 

become a problem in some parts of Southeast Asia (Bartoloni 

et al., 2012; Nadjm et al., 2012). There is no effective 

vaccine currently existing, although efforts to develop one 

are ongoing (Birkett AJ et al., 2013). Vaccines that interrupt 

malaria transmission (VIMT) have been highlighted as an 

important intervention, including transmission-blocking 

vaccines that prevent human-to-mosquito transmission by 

targeting the sexual, sporogonic, or mosquito stages of the 

parasite (SSM-VIMT) (Nunes et al., 2014). Plasmodium 

falciparum, one of the five Plasmodium species that infect 

humans, is the most lethal parasite and contributes to the 

majority of deaths from the disease (Greenwood et al., 2008). 

However, the host specificity of this human malaria parasites 

represents a major constraint on in vivo studies (Ozwara et 

al., 2003, Vaughan et al., 2012) making studies on drugs and 

vaccine development using laboratory animals difficult. 

Murine malaria parasites like Plasmodium berghei is 

therefore used in these type of studies as it is similar to 

human malaria parasites in most essential aspects of 

morphology, physiology and life cycle studies aimed at the 

development of new drugs or a vaccine against malaria 

(Carter and Diggs, 1977). 

Infection transmission studies using animal models are 

important for demonstrating the critical proof-of-concept for 

host protection and transmission blocking interventions at the 

preclinical phase of development. For example, in malaria 

studies this involves the challenge of healthy animals using 

infected mosquitoes for demonstrating protection in the 

animal model in the case of vaccine development and 

chemotherapeutic prophylaxis whereby these studies equally 

involve feeding of uninfected mosquitoes on infected animals 

to demonstrate the efficacy of gametocidal drugs, 

transmission blocking vaccines or vector targeting 

interventions that express mosquito refractoriness to 

Plasmodium infection in the mosquitoes (Blagborough et al., 

2013).  

Malaria transmission blocking experiments are routinely 

carried out in the laboratory using laboratory mice which are 

chemically restrained (immobilized) by anesthesia after 

which mosquitoes in a cage are fed by placing on the 

immobilized mouse and in the process, infection is 

transmitted (Darcy & Photini, 2005). Information on the 

effect the anaesthetizing chemical may have on the parasite is 

not adequate. Previous studies have for example shown that 

fecal glucocorticoid levels increases after anesthesia (Palme 

et al., 2005). Further studies showed that serum electrolytes, 

glucose, and insulin are altered after general anesthesia 

(Tanaka et al., 2009). When animals are chemically 

immobilized, they may undergo some or all of a series of 

acute stressors including pursuit, restraint, pain, fear and 

anxiety, all of which are capable of inducing harmful 

responses and pathological changes on laboratory animals 

which are likely to affect the outcomes (Jewell &Alibhai, 

2010) of the study. Immobilizing drugs have the potential to 

disturb normal regulatory systems, particularly respiratory 

and thermo-regulation, which in turn can lead to negative 

outcomes such as respiratory depression, over-heating 

(hyperthermia), lowered blood pH (acidosis) and oxygen 

deficit (hypoxemia) can lead to neurological or myocardial 

problems and multi-organ failure and can lead to death 

(Arnemo&Caulkett, 2008). Drugs have a range of effects 

from those which produce a widespread muscular paralysis 

while the animal is fully conscious, to those which produce 

unconsciousness with anesthesia causing a lack of sensation 

or pain (Arnemo & Caulkett, 2008).  

Furthermore, chemical method of immobilizing the rodent 

is not suitable as it negates the natural method of parasite 

transmission. Other than chemical immobilization, the mouse 

can physically be restrained during transmission experiments 

by holding the rodent with one hand and placing the vector 

while in a cage on the ventral region of the rodent with the 

other hand. This method of restraining subjects the personnel 

to the risk of being bitten by either the rodent or the infected 

vector. The rodent is equally subjected to stress related death 

resulting from prolonged holding. Although chemical 

restraining techniques are sometimes used during 

transmission studies (Secundino et al., 2012; Caljon et al., 

2006), they have limitations since chemicals can induce fly 

mortality (Kibugu et al., 2010; IAEA, 2000; Feldmann et al., 

1994) and alter animal physiology (Wheler et al., 2010) 

negating host-mosquito interaction. To counter these 

restraining challenges (chemical and physical), 

INFECTRA®-Kit a mouse and vector restrainer which allows 

the two to naturally interact as in the field was developed and 

its applicability validated using tsetse flies and Swiss White 

Mice (Ndungu et al., 2013). The applicability of this kit with 

other vectors, malaria transmission blocking studies has not 

been tested which forms the objective of this study. It is 

anticipated that the industrial applicability of this kit in 

malaria transmission and blocking experiments will provide 

the scientists researching on vector borne diseases with an 
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opportunity to conduct infection transmission experiments 

naturally in the laboratory mimicking the field scenario. The 

effect the anaesthetizing drug may have on the virulence of 

the parasite is missing or inadequate and it is further 

anticipated that results from this study will send some insight 

on this. 

2. Materials and Methods 

2.1. Infectra
®
-Kit 

The INFECTRA®-Kit apparatus (Fig. 1) was received 

from the Kenya Agricultural and Livestock Research 

Organization (KALRO) – Biotechnology Research Institute 

(BRI). The kit operates as outlined by Ndungu et al, 2013. 

 

Figure 1. Infection Transmission Kit (INFECTRA®-Kit). Briefly, lid ‘A’ 

opens up into a space through which the mouse is introduced, it then moves 

to the enclosure ‘C’ where it is restrained/immobilized by fastening the 

enclosure with screws ‘D’. The mosquito vector in cage ‘B’ is then placed on 

the immobilized mouse. After vector engorgement is visually confirmed, the 

mouse is released through ladder ‘E’ into a resting cage ‘F’ from where it is 

picked and transferred back to the mouse cage. 

2.2. Anesthetization of Rodent –Chemical Method of 

Restraining 

Each mouse was chemically restrained using 6% sodium 

pentabarbitoneintraperitonially injected at 0.1ml/kg body 

weight per donor mice  

2.3. Mosquito Colony 

Five hundred, 5-7 day old female Anopheles gambiaes. s. 

mosquitoes (Kisumu strain) were kept in improvised cages 

fashioned from 2 liters (volume) plastic containers with top 

netting were maintained at 27±2°C and 70±10% RH at a 

12:12 L:D photoperiod and were blood fed on 6 clean mice 

daily. Eggs were laid on wet filter paper and transferred to 

rearing pans for hatching. The hatched larvae were 

maintained at 32±2°C, 90±10% RH, 12:12 L:D photoperiod 

in rectangular plastic pans of 30 x 40 cm that were flooded 

with dechlorinated tap water and fed on Tetramin® fish food. 

2.4. Laboratory Mice 

Thirty three (33) Swiss albino mice, aged between 4-6 

weeks and weighing between 22-26g were purchased from 

the KEMRI Animals Breeding Unit and housed in the 

KEMRI experimental animal care unit in a standard 67–75 

sq. inch cage throughout the experiments. The mice cage 

facilities were regularly inspected for proper lighting, 

ventilation, temperature, foot bath sterilization according to 

KEMRI standard operating procedures. The mice were 

acclimatized for 1 week before commencement of the 

experiments. They were maintained on commercial feed 

(Mice pellets®, Unga Ltd., Kenya), water provided ad 

libitum and wood chippings used as bedding material. 

2.5. Parasite 

Plasmodium berghei ANKA - 15% parasitized RBCs 

stored at -80°C from cardiac puncture of a previous donor 

mouse were retrieved, allowed to thaw and intraperitonially 

inoculated using a 22G needle with 1x104/ml virulent wild 

typeinto 3 donor mice which were then monitored daily for 

parasitaemia development. The experimental mice, six (6) 

per restraining method were then intraperitonially injected 

from the infected donors having 10% parasitemia. The 

development of gametocytemia was then monitored daily 

from the mouse tail until reaching its peak of 10% for 

successful infection of mosquitoes (malaria transmission). 

2.6. Fecundity 

Mosquitoes were randomly picked n=126 (21x6) 

mosquitoes via an aspirator from the 500 mosquitoes and 

starved for 24 hours prior to feeding on mice INFECTRA®-

Kit and conventionally restrained. For each of the two 

restraining methods, twenty one (21) non-infected female 

mosquitoes were divided into six groups of 6, 5, 4, 3, 2 and 1. 

Six (6) mice were each placed into vector chambers of 

INFECTRA®-Kit. Each of the six groups of mosquitoes was 

then placed on each of the restrained mouse and the same 

was replicated with the conventionally restrained mice. In 

both restraining methods, mosquitoes were allowed to blood 

feed for 20 minutes until engorgement was attained. Five 

days post infection; the laid eggs were photographed and 

counted using a grid. Triplicate assays were performed per 

method for purposes of validation. 

2.7. Mosquitoes Infection–(Rodent to Vector Transmission) 

One hundred twenty six (126) 5-7day old, non-infected 

female mosquitoes were starved for 24 hour prior to feeding 

on infected mouse. Twenty one (21) mosquitoes (21x3 

replicates) for each restraining method and were placed in 

groups of 6, 5, 4, 3, 2, and 1 into vector chambers. These 

groups of mosquitoes were individually fed on a single 

infected mouse with a gametocytemia of 10% while 

restrained using the INFECTRA®-Kit for a period of 20 

minutes. The same was replicated using the conventionally 

restrained mice. Engorged abdomen was considered 

indicative of successful feeding as previously reported 

(Okoth et al., 2006). Feeding was repeated for any mosquito 

which failed to imbibe and was replaced with another to 

ensure the appropriate number of infected mosquitoes per 
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group was achieved. Three replicates of each assay 

(restraining method) were done for purposes of validation 

totaling 252 (42 mosquitoes per method). Mosquito midgut 

and salivary glands were dissected as described by Coleman 

et al., 2007 but with few modifications whereby only 

dissecting pins were used in lieu of fine tipped forceps. 

Simple dissecting pins were fashioned from 1ml, 22G insulin 

needles manufactured by Becton Dickson and Company (BD 

Micro-FineTM plus, Franklin Lakes NJ, USA). The oocysts 

were counted in a 4x4 grid whereby the number of oocysts 

per mm2 x104 (mean range of 5-254) per infected mosquito 

was recorded. 

2.8. Mice to Mosquito and to Mice Transmission 

Twelve 4-6 week old and weighing 22-24g Swiss Albino 

mice were tail marked and randomly segregated into three (3) 

groups of six (6) mice each (n=6) using blind randomization. 

136, 5-7day old, non-infected female Anopheles gambiae 

mosquitoes were received from KEMRI insectary unit, 

starved for 24 hours and then blood fed on the 3 donor mice 

infected with P. berghei at 10% parasitemia. Fourteen (14) 

days post feeding 10 mosquitoes were blindly aspirated at 

random and were knocked down by cooling at -20°C. The 

mosquitoes were then dissected to confirm the presence of 

sporozoites in the salivary gland. Infected mosquitoes were 

fed as follows: Group 1 and 2, six mice each restrained using 

INFECTRA®-Kit and conventionally respectively were each 

fed on 21 mosquitoes (21x3 replica); group 3, six uninfected 

and unrestrained control mice were not exposed to the 

infected mosquitoes. Infected mice were monitored for 30 

dpi for parasitaemia and gametocyte development and 

surviving mice euthanized and disposed as required by the 

IACUC. 

Total parasitaemia (percentage of red blood cells infected) 

and gametocytemia were monitored daily starting seven (7) 

days post-infection using thin blood smears of tail blood 

fixed in methanol and stained in 10% Giemsa. Blood was 

collected by pricking the tip of the tail using a sharp pair of 

scissors and thin smears made on a frosted slide and stained 

in Giemsa as outlined by Malaria Working Party, 1997. 

Triplicate Giemsa-stained smears were made and examined 

under the light microscope for the presence gametocytes and 

Plasmodium berghei parasites in the red blood cells. The 

infected mice were monitored for the prepatent period (first 

detection) in the peripheral blood parasitaemia progression 

and gametocytemia were expressed as a percentage of at least 

2000 RBCs. 

2.8.1. Body Weight 

Body weight changes as infection progressed were 

recorded thrice a week using digital weighing balance. 

2.8.2. Survival Time 

The survival time for each experimental mouse was 

monitored daily for 30 days post infection when the 

experiment was terminated. For mice surviving beyond this 

period, survival time was recorded as 30 days and 

categorized as censored data.  

3. Results 

3.1. Fecundity 

Mosquitoes fed on mice restrained using the two methods 

successfully laid eggs (Fig. 2). The number of eggs laid by 

mosquitoes fed on INFECTRA®-Kit restrained mice had a 

mean of 110 ± 14.1 eggs compared to 121±22.1 eggs in the 

conventional group of restrained mice. Mean fecundity in 

INFECTRA®-Kit increased from 68±11 (1 mosquito) to 

191±25 (6 mosquitoes) while the conventional group 

increased from 60±5.2 (1 mosquito) to 195±19 (6 

mosquitoes) (Fig. 3, Table 1). It was observed that number of 

eggs was highly significant (p<0.001) depending on the 

number of mosquitoes with number of eggs significantly 

increasing with number of mosquitoes. Number of eggs in 

the INFECTRA®-Kit group was significantly (p<0.05) lower 

than that in the Conventional group irrespective of the 

number of mosquitoes: Log (Eggs) = β0 (Constant/intercept) + β1* 

(INFECTRA®-Kit) + β2*log (Conventional), Log (Eggs) = 

4.07 + 0.19 + 0.23 

 
Figure 2. Photograph image of mosquito eggs on petri plates where 1i – 1 

mosquito INFECTRA-Kit, 6i – six mosquitoes INFECTRA®-Kit, 1c – 1 

mosquito Conventional, 6c – six mosquitoes Conventional. 

Table 1. Number of eggs laid by mosquito fed on mice restrained with the two methods. 

Restraining method 
       

INFECTRA®-Kit  Paper Cup # A B C Total Mean 
 

 
1 49 86 69 204 68± 11  

 

 
2 59 56 77 192 64±6.6 

 

 
3 76 130 99 305 102±15.6 

 

 
4 98 94 139 331 110 ±15 

 

 
5 111 151 117 379 126 ±12 

 

 
6 180 155 239 574 191± 25 

 

      
110 ± 19.0 

Conventional Paper Cup # A B C Total Mean 
 

 
1 61 68 50 179 60 ± 5.2 
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Restraining method 
       

INFECTRA®-Kit  Paper Cup # A B C Total Mean 
 

 
2 67 178 63 308 103 ±38 

 

 
3 56 131 161 348 116± 31 

 

 
4 126 90 102 318 106±11 

 

 
5 196 148 96 440 146± 29 

 

 
6 219 208 157 584 195 ±19 

 

      
121 ±22.1 

 

 

Figure 3. Number of mosquito eggs laid in the both groups of restrained 

mice. 

3.2. Gametocytemia 

Gametocytes were first detected on 14 dpi in animals 

restrained by the two methods (Fig 4). The effect of days post 

infection was highly significant (p<0.001) with 

Gametocytemia % increasing significantly with dpi. There was 

no evidence that the increase in INFECTRA®-Kit was 

significantly different from conventionally restrained mice and 

the rate of change in Gametocytemia % with dpi did not 

significantly vary from one treatment group to the other. R2 

proportion value was 14.3%. The increase in INFECTRA®-Kit 

restrained mice was marked with two oscillation cycles/waves 

with the first cycle extending between 14 and 20 dpi and a peak 

of 0.44% followed by a second cycle with a peak of 1.33% at 22 

dpi. The progression in the conventionally restrained mice, was 

marked with three cycles. The first cycle extended between 14 

and 22 dpi with a peak 0.66% at 21 dpi followed by second 

cycle extending between 22 dpi and 25 dpi and a peak of 0.78%. 

This was followed by a sharp peak starting 25 dpi reaching the 

peak, 1.33% on 26 dpi (Figure 4). 

 
Figure 4. Changes in gametocytemia in mice INFECTRA®-Kit and 

conventionally restrained. 

3.3. Oocyst count - Mosquitoes Infection (Rodent-to-Vector 

Transmission Assays) 

All the mosquitoes fed on infected mice while restrained 

by the two methods picked infection successfully as was 

demonstrated by the production of oocysts. Mosquitoes fed 

on mice restrained using the INFECTRA®-Kit had a mean 

oocyst count of 2.7±0.3 (1 mosquito) which increased to a 

mean of 9.3±0.3 (6 mosquitoes). In mosquitoes fed on mice 

conventionally restrained, the oocyst increase was from a 

mean of 3.7±0.3 (1 mosquito) to a mean of 8.6±0.3 (6 

mosquitoes) (Table 2, Fig 5).  

Table 2. Oocyst count in mosquitoes fed on infected mice. 

There was no significant difference (p<0.05) in oocyst 

production between mosquitoes infected on mice 

INFECTRA®-Kit and Conventional restrained. The effect of 

number of mosquitoes was highly significant (p<0.001) with 

oocyst counts increasing significantly as number of 

mosquitoes increases. The rate of increase in oocyst counts 

did not vary significantly between the two groups of infected 

mosquitoes and oocyst counts in the INFECTRA®-Kit group 

were insignificantly lower than in Conventional irrespective 

of number of mosquitoes. The R2 value was 79.99%.  

 
Figure 5. Oocyst counts in mosquitoes fed on infected mice INFECTRA®-Kit 

and conventionally restrained. 

3.4. Mosquito-to-Mice Transmission Assays 

Mice infected with the mosquitoes while restrained by the 

two methods developed parasitaemia (Fig. 6). The mean 

 
Mean oocyst counts per No. of mosquitoes 

No. of 

mosquitoes 
1 2 3 4 5 6 

INFECTRA®-

Kit 
2.7±0.3 5.3±0.3 6.3±0.3 8.0± 0.6 7.3±0.3 9.3±0.3 

Conventional 3.7±0.3 4.3±0.3 6.0±0.3 7.7± 0.3 9.0±0.3 8.6±0.3 
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prepatent period for the INFECTRA®-Kit restrained mice was 

16±0.4 (range 14-15) days and conventionally restrained mice 

16±0.4 (range 16-19) days respectively. The parasitaemia 

percentage (%) increased significantly (p<0.001) irrespective of 

the restraining method with dpi in the infected mice. Statistical 

analysis further showed no evidence of significant difference 

between the INFECTRA®-Kit and conventional methods and 

the interaction between dpi and the treatment was not significant 

implying that % change in parasitaemia with dpi did not vary 

from one treatment group to the other. The percentage of 

variance (R2) was 44.5%. Mice restrained using INFECTRA®-

Kit demonstrated two waves of parasitaemia with a peak of 

13.5% at 19 days post infection and 22% at 22 days post 

infection (Fig. 6). Conventionally restrained mice demonstrated 

three waves of parasitaemia: The first peak parasitaemia, 

14%occurred at 19 days post infection followed by a second 

peak parasitaemia of 16.5% that occurred on day 24 and a third 

peak of parasitaemia of 18% that occurred on 26 days post 

infection (Fig. 6). 

 
Figure 6. Parasitaemia progression in both groups of mice. 

3.5. Body Weight (g) 

A decrease in body weight was registered in INFECTRA®-

Kit restrained mice starting 21 days post infection from 

21.3±1.4g to 20.4±2.1g equivalent to 4% drop (Table 3). A 

similar drop of 11% from 24.6±0.6g to 21.9±1.2g in the 

conventional restrained mice was registered. Effect of dpi 

was highly significant implying that body weight varied 

significantly with change in dpi with the body weight in the 

control group increasing significantly (p<0.01) with dpi. On 

the other hand, body weight in the Conventional and 

INFECTRA®-Kit groups decreased significantly (p<0.001) 

with increase in dpi. Rate of decrease was significantly 

higher in the Conventional than in the INFECTRA®-Kit 

groups (Fig 7). The percentage of variance (R2) was 34% 

Table 3. Mean body weight (g) with Days post infection in the groups of 

mice. 

 
Days post infection body weight changes 

Restraining 

method 
0 7 14 21 % decline 

INFECTRA®-Kit 21.3±1.4 21.5±1.1 21.7±0.8 20.4±2.1 -4 

Conventional 24.6±0.6 24.8±0.7 24.2±0.8 21.9±1.2 -11 

Control 22.2±1.1 22.2±0.9 24± 0.4 24.5±0.4 10.4 

 
Figure 7. Changes in body weight in both groups of mice as infection 

progressed. 

3.6. Survival Time 

Mice infected while restrained using the two methods 

succumbed to death while the non-infected controls survived 

to post 30 dpi (Fig. 8). The INFECTRA®-Kit restrained mice 

had a short survival period of between 18 and 23 days post 

infection while those conventionally restrained had a 

relatively longer survival period of between 20 and 26 days 

post infection. The p-value associated with Wilcoxon and 

Log rank test of homogeneity were 0.10 and 0.9 for 

INFECTRA®-Kit and Conventional respectively suggesting 

there was no significant difference between the two methods 

during early and longer survival time. 

 

 

Figure 8. The survival time for mice infected while INFECTRA®-Kit and 

conventionally restrained. 

4. Discussion 

In this study, we tested the industrial applicability of 

INFECTRA®-Kit as a rodent restrainer during transmission 

blocking experiments using Plasmodium berghei. The study 
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was justified by the need to seek for alternative natural 

methods of restraining laboratory rodents during transmission 

blocking experiments in the laboratory and create a field set 

up environment that will allow natural interaction between 

the vector host animal without anesthesia. In this study, the 

applicability of the INFECTRA®-Kit in the transmission of 

malaria was compared with the conventional anesthesia 

method of restraining mice; we measured and compared the 

following parameters between the two restraining methods: 

fecundity, gametocytemia, oocyst count, parasitaemia 

progression, body weight changes and survival times.  

The results showed that the fecundity in mosquitoes fed on 

INFECTRA®-Kit restrained mice was lower than in those 

conventionally restrained Fig. 2, Table 1). This difference 

could be attributed to several factors such as the mosquito 

size, entomological inoculation rates (EIR) and multiple 

feeding which were not measured in this study. Previous 

studies suggests that multiple feeding increases fecundity 

(Thahsin & Nobuko, 2013) and smaller females require 2 or 

3 blood meals to facilitate completion of the first gonotrophic 

cycle (Edith &Takken, 1993). It is our speculation that the 

state at which the mice were at the time of mosquito feeding 

could as well have contributed to this difference. The 

conventionally (anesthetized) restrained mice are normally 

immobile during mosquito feeding process in contrast to 

those INFECTRA®-Kit restrained which are not totally 

immobile and would as a result interrupt the continuous 

feeding success of the mosquitoes. However, this speculation 

is contradicted by results from previous studies which show 

that the blood meal size, oviposition rate, fecundity and post-

feeding survival of mosquito vectors are significantly higher 

after feeding on hosts free to exhibit behavior, than those 

which are immobilized during feeding trials (Lyimo, et al., 

2012).  

Gametocytes were detected in mice restrained using the 

two methods as has previously been observed (Dari et al., 

2015). The density of the gametocytes significantly increased 

as infection progressed which was in agreement with earlier 

observation (Buckling 2001). Although there was no 

significant difference in the gametocyte densities between 

mice restrained by the two methods, it was however observed 

that gametocytes densities were relatively higher in the 

INFECTRA®-Kit than in the conventionally restrained mice 

(Fig. 4). Gametocytes in INFECTRA®-Kit restrained mice 

were characterized by two waves and three waves in the 

conventionally restrained mice. INFECTRA®-Kit restrained 

mice reached the highest gametocytemia level of 1.3% at 22 

dpi while the conventionally restrained mice registered the 

same level on 26 dpi a difference of four (4) days. Although 

several factors are likely to influence the appearance of 

gametocytes at presentation (Bousema Drakeley, 2011), the 

factor(s) contributing to the insignificant difference observed 

between the two methods of restraining and especially the 

effect the anesthetic drug has on the parasite virulence will 

require further investigation.  

For the rodent-to-vector assays, mosquitoes infected by 

feeding on infected mice while INFECTRA®-Kit and 

conventionally restrained developed oocysts which were in 

agreement with other similar studies (Heather & Andrew, 

2004). However, there was no significant difference in the 

oocyst production between the two methods which therefore 

demonstrates the validity of the INFECTRA®-Kit in 

restraining mice allowing natural mosquitoes infection from 

an infected rodent without use of chemical anesthesia. 

Infected mosquito successfully transmitted infection to mice 

restrained by the two methods as was demonstrated by 

parasitaemia development and which was high in the two 

groups of the recipient mice. Although high levels of 

parasitaemia have been reported in mice infected with P. 

berghei, there was no significant difference observed in both 

prepatent period and parasitaemia progression in the two 

groups of restrained mice. The prepatent period of the 

INFECTRA®-Kit restrained mice was 12 days while that for 

the conventionally restrained mice was 14 days (Fig. 6). In 

both groups of mice, this was relatively longer compared to 

previously observed results which had prepatent period at 7 

days post infection (Yamei Jin, et al., 2007). Thereafter, 

parasitaemia in the two groups of restrained mice was 

characterized by high levels and this was in agreement with 

previous studies (Basir et al., 2012). However, INFECTRA®-

Kit restrained mice demonstrated relatively though not 

significant levels of parasitaemia compared to the 

conventionally restrained mice (Fig. 7).  

General anesthesia has been associated with hypothermia 

(Lenhardt, 2010; Daniel & Sessler, 2008) which would have 

contributed to significantly high parasitaemia (McQuistion, 

1979) in the conventionally than in the INFECTRA®-Kit 

restrained mice. Results from our study demonstrated the 

opposite. This contradiction may be attributed to the fact that 

the hypothermia associated with anesthesia is chemically 

induced and not naturally induced as was observed 

(McQuistion, 1979). As with the gametocytemia, further 

investigation on the effect of the anesthetic drug on the 

parasite virulence will be required. Parasitaemia progression 

in the INFECTRA®-Kit restrained mice was characterized by 

two waves of parasitaemia with the first peak 14% occurring 

on 19 dpi followed by the second peak 22% occurring on 

22dpi. In contrast, the progression in the conventionally 

restrained mice was marked with three waves. The first peak 

14.3% occurred on 21 dpi followed by a second wave 16.5% 

which occurred on 24 dpi and the third wave 17.8% 

occurring on 26 dpi. Results previously observed (Jann Hau 

and Steven, 2014)Evered and Julie Whelan, 1983), in 

trypanosomes and malaria infections demonstrate 

relationship between parasitaemia waves and disease severity 

with chronic/sub-acute infections characterized by several 

waves. From these observations we suggest that although 

there was no significant difference in parasitaemia 

progression, conventionally restrained mice presented a more 

sub-acute infection than the INFECTRA®-Kit restrained 

mice.  

Mice restrained using the two methods registered a 

decrease in body weight as previously observed (Basir et al., 

2012) with INFECTRA®-Kit restrained mice reducing an 
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equivalent of 4% of the baseline weight at 21 dpi and the 

conventionally restrained mice losing an equivalent of 11% 

of the baseline weight at the same period whereas the control 

group registered an increase equivalent 10.4% (Table 3, Fig. 

7). The rate of decrease was significantly more in the 

conventionally than with the INFECTRA®-Kit restrained 

mice. In deed the conventionally restrained mice registered 

the weight loss slightly earlier on 14 dpi to an equivalent of 

1.6% decrease. The reason for this significant difference 

between the two restraining methods is not clear and further 

research will need to determine the long time effect the 

anesthetic drug that may have on the appetite. It has been 

reported that the consequences of anaesthesia may be more 

prolonged than previously presumed (Mcgee et al., 1981) and 

attenuation of taste neophobia (Rondeau et al., 1975) was 

reported as among the behavioral changes. Our results further 

demonstrated the average survival time for the INFECTRA®-

Kit as 20±0.8 while that of the conventionally restrained 

mice was 22±0.8 while the control group had a survival time 

more than 30 days. In other studies involving trypanosomes 

infections (Masumu et al., 2009), survival time was 

associated with the parasite virulence. From our results, the 

virulence of the parasite was maintained irrespective of the 

two restraining methods (Fig. 8). Using survival time as a 

marker of disease severity we suggest the severity of the 

disease was well manifested in the INFECTRA®-Kit than in 

the conventionally restrained mice although this 

manifestation was not significantly different. 

5. Conclusion 

There is sufficient evidence to conclude that results of 

fecundity, oocyst counts in the mosquito vectors during 

rodent-to-vector transmission, increased parasitemia 

progression and gametocytemic levels in vector-to-rodent 

transmission assays and succumbing to disease development 

and mortality determined by the prepatent period and 

survival times of the infected mice confirms the validity of 

the INFECTRA®-Kit in carrying laboratory based 

transmission experiments as demonstrated in a previous 

study (Ndung'u et al., 2013). The results further 

demonstrated that going by the gametocyte, parasitaemia 

densities and survival time, INFECTRA®-Kit restrained mice 

presented a relatively more acute infection than the 

conventionally restrained leading to our suggestion that the 

anesthetic drug has negligible negative effect on the parasite 

severity. Further validation of the INFECTRA®-Kit involving 

other vector-borne diseases is recommended. 

Statistical Analysis 

A completely randomized design was used in this study. 

Data was analyzed using the statistical software Genstat 14th 

Edition of 2011. Rodent-to-vector transmission was analyzed 

by log linear model. Fecundity, gametocytemia, parasitaemia 

and changes in body weight were analyzed by regression 

analysis. Survival times were analyzed Kaplan-Meier method 

for determination of survival distribution function. Rank test 

of homogeneity were used to determine the effect of 

restraining method infection on survival times. 

Ethics Approval and Consent to 

Participate 

Dates of Approval /Clearance by SSC/SERU (Quote 

SSC/SERU No. 2572): 2nd
 September, 2015. 

Dates of Approval /Clearance by IACUC: 24
th

 August, 

2015. 

Acknowledgments 

Special thanks goes to Mr. Kariuki Ndungu, the inventor 

of the INFECTRA®-kit largely contributed with technical 

expertise in transmission studies and manuscript guidance, 

Dr. Robert Karanja of KEMRI for financially supporting the 

research and Dr. Damaris Muhia for manuscript guidance; I 

appreciate Mr. Robert Mugambi of KEMRI for his 

continuous assistance. I appreciate Mr. Geoffrey Ngae for 

data analysis and Dr. Joseph Nganga of JKUAT for his 

supervisory contribution. 

This work was supported an Internal grant to Dr. Robert 

Karanja provided by the Kenya Medical Research Institute 

for the Centre for Biotechnology & Research Development, 

IRG Ref. Number: 127/5. 

 

References 

[1] Bartoloni A., Zammarchi L., (2012). “Clinical aspects of 
uncomplicated and severe malaria” Mediterranean J of 
Hematology and Inf Diseases 4 (1): e2012026. 

[2] World Health Organization (2012) “World Malaria Report 
2012” www.who.int/malaria 

[3] Sinclair D, (2012), Donegan S, Isba R, Lalloo DG. 
“Artesunate versus quinine for treating severe malaria” 
Cochrane Database Systemat Rev. 2012; 6 CD005967. 

[4] Nadjm B, Behrens R. H., (2012). “Malaria: An update for 
physicians.” Infect Diseases Clinics of North America 26 (2): 
243-59. 

[5] Birkett AJ, Moorthy VS, Loucq C, Chitnis CE, Kaslow DC. 
“Malaria vaccine R&D in the Decade of Vaccines: 
breakthroughs, challenges and opportunities.” Vaccine. 2013 
Apr 18; 31 Suppl 2: B233-43. doi: 
10.1016/j.vaccine.2013.02.040. 

[6] Nunes JK (2014), Woods C, Carter T, Raphael T, Morin MJ, 
Diallo D, Leboulleux D, Jain S, Loucq C, Kaslow DC, Birkett 
AJ. “Development of a transmission-blocking malaria 
vaccine: progress, challenges, and the path forward.” Vaccine. 
2014 Sep 29; 32 (43): 5531-9. doi: 
10.1016/j.vaccine.2014.07.030. Epub 2014 Jul 29. 

[7] Greenwood BM (2008), Fidock DA, Kyle DE, Kappe SH, 
Alonso PL, Collins FH, Duffy PE. “Malaria: progress, perils, 
and prospects for eradication.” J Clin Invest. 2008 Apr. 118 
(4): 1266-76. 



82 Rabia Jahangir et al.:  Validation of the Infectra®-Kit in Malaria Transmission Studies Using Plasmodium Berghei  
 

[8] Ozwara, S. H. (2003), Langermans, J. A., Maamun, J., Farah, 
I. O., Yole D. S. Mwenda, J. M., Weiler, H. and Thomas, A. 
W. “Experimental infection of the olive baboon (Papio 
Anubis) with Plasmodium knowlesi: severe disease 
accompanied by cerebral involvement.” American Journal of 
Trop Med and Hyg. 69: 188-194. 

[9] Vaughan AM, (2012) Kappe SH, Ploss A, Mikolajczak SA. 
“Development of humanized mouse models to study human 
malaria parasite infection.” Future microbiology. 2012; 7 (5): 
10.2217/fmb.12.27. doi: 10.2217/fmb.12.27 

[10] Carter and Diggs (1977). In: “Parasitic Protozoa” Vol. 3: p. 
359-465. Academic Press, NY. 

[11] Blagborough AM., T. S. ChurcherL. M. Upton, A. C. Ghani, 
P. W. Gething & R. E. Sinden Transmission-blocking 
interventions eliminate malaria from laboratory populations. Nature 
Communications 4. Article number: 1812 doi: 
10.1038/ncomms2840, 2013. 

[12] Darcy L. Medica and Photini Sinnis. “Quantitative Dynamics 
of Plasmodium yoelii Sporozoite Transmission by Infected 
Anopheline Mosquitoes” Infect Immun. 2005 Jul; 73 (7): 
4363–4369. doi: 10.1128/IAI.73.7.4363-4369.2005 

[13] Palme R. (2005) “Measuring fecal steroids: guidelines for 
practical application.” Annals of the New York Acad of 
Sciences [Internet], [cited 2015 Jan 4]; 1046: 75–80. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/16055844 

[14] Tanaka H., Igarashi T., Lefor A. T., Kobayashi E. (2009). “The 
effects of fasting and general anesthesia on serum chemistries 
in KCG miniature pigs” J American Assoc. for Lab Animal 
Science: JAALAS [Internet], [cited 2015 Jan 4]; 48 (1): 33–8. 
Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=26
94709&tool=pmcentrez&rendertype=abstract 

[15] Jewell, Z. C. & Alibhai, S. K. (2010) “Ethics and the 
Immobilization of animals” In the Encyclopedia of Animal 
rights and welfare. (2nd Ed.) Vol. 1: 260-265 Greenwood 
Press. 

[16] Arnemo Jon M. & Caulkett, N., (2008). “Stress in Zoo Animal 
and Wildlife Immobilization and Anesthesia” Chapter 8: Doi: 
10.1002/9780470376478.ch8 

[17] Secundino N. F. C. (2012), Freitas, V. C., Monteiro, C. C., 
Pires, A. A. M., David, B. A., Pimenta, P. F. P. “The 
transmission of Leishmaniainfantumchagasi by the bite of the 
Lutzomyialongipalpis to two different vertebrates” Parasit. 
Vectors 5, 20. 

[18] Caljon, G., Van D. A. J., De, R. K., De, B. P., Coosemans, M. 
(2010) “Trypanosomabrucei modifies the tsetse salivary 
composition, altering the fly feeding behavior that favors 
parasite transmission” PLoSPathog. 6 (6), e1000926. 

[19] Kibugu, J. K., Kiragu, J. M., Mumba, A. M., Mwangangi, D. 
M., Muchiri, M. W. (2010). “Improved protocol for aseptic 
collection and handling procedures of bovine blood diet in 
areas with special contamination challenges for use in tsetse 
rearing” Lab. Anim. 44, 281–282. 

[20] Feldmann, U. (1994) “Some quality control parameters used 
in rearing of tsetse flies” In: Ochieng’- Odero, J. R. P. (Ed.), 
Techniques of Insect Rearing for Development of Integrated 
Pest and Vector Management Strategies. Vol. 1. 16th March - 
3rdApril 1992 Nairobi, Kenya. ICIPE Science Press, p. 15–29. 

[21] Wheler, C., Nelles, P., Schueller, N., Hudy, C., (2010). “In: 
Rodent Anesthesia Wetlab 26th Annual Conference and Trade 
Show.” Saskatchewan Assoc. of Vet Technologists Inc., Nov5–
7, Saskatoon. 

[22] Ndung'u, K., (2013), Kibugu J. K., Gitonga P. K., Thuita J. K., 
Auma J. E., Gitonga S. K., Ngae G. N., Murilla G. A. 
"Infectra®-kit: a device for restraining mice and confining 
tsetse flies during trypanosome infection transmission 
experiments."Acta Tropica, 126 (2). doi: 10.1016/i.actatropica 
2013.02.006 

[23] Okoth, S. O., Kokwaro, E. D., Kiragu, J. M., Murilla, G., 
(2006). “Susceptibility and transmissibility of capacity off sub 
populations of Glossina pallidipes to Human infective 
Trypanosomes brucei rhodesiense.” Trends Med. Res. 1, 75–85. 

[24] Coleman. J., Jennifer Juhn and Anthony A. James “Dissection 
of Midgut and Salivary Glands from Ae. aegypti Mosquitoes” 
J Vis Exp. 2007; (5): 228. Published online 2007 Jul 4. doi: 
10.3791/228 

[25] Malaria Working Party of the General Haematology Task 
Force of the British Committee for Standards in Haematology 
(1997). “The laboratory diagnosis of malaria.” Clin Lab 
Haematol. 19 (3): 165-170. 

[26] Thahsin Farjana (2013), Nobuko Tuno. “Multiple Blood 
Feeding and Host-Seeking Behavior in Aedes aegypti and 
Aedes albopictus (Diptera: Culicidae)” Journal of med 
Entomol. Volume 50; Issue 4: 838-846. 

[27] Edith, Lyimo & Takken W. (1993) “Effects of adult body size 
on fecundity and the pre-gravid rate of Anopheles gambiae 
females in Tanzania” Med and Vet Entomol. Volume 7: Issue 
4, 328–332 

[28] Lyimo L. Issa (2012), Daniel T. Haydon, Kasian F. Mbina, 
Ally A. Daraja, Edgar M. Mbehela, Richard Reeve, Heather 
M. Ferguson. “The fitness of African malaria vectors in the 
presence and limitation of host behavior” Malar J. 2012; 11: 
425. doi: 10.1186/1475-2875-11-425 

[29] Dari F. Da (2015), Thomas S. Churcher, Rakiswendé S. 
Yerbanga, Bienvenue Yaméogo, Ibrahim Sangaré, Jean Bosco, 
Ouedraogo, Robert E. Sinden, Andrew M. Blagborough, Anna 
Cohuet. “Experimental study of the relationship between 
Plasmodium gametocyte density and infection success in 
mosquitoes; implications for the evaluation of malaria 
transmission-reducing interventions” Experimental 
Parasitology. Vol. 149: 74–83 

[30] Buckling, A. &Read A. F. ‘the effect of partial host immunity 
on the transmission of malaria parasites. ProcBiol Sci. 2001 
Nov 22; 268 (1483): 2325–2330. doi: 10.1098/rspb.2001.1808 

[31] Bousema T., Drakeley C. “Epidemiology and infectivity of P. 
falciparum and P. vivax gametocytes in relation to malaria control 
and elimination.”Clin Microbiol. Rev. 2011, 24: 377-410. 

[32] Heather &Andrew F. Read (2004). “Mosquito appetite for 
blood is stimulated by Plasmodium chabaudi infections in 
themselves and their vertebrate hosts.” Malar J. 2004; 3: 12. 
doi: 10.1186/1475-2875-3-12 

[33] Yamei Jin, Chahnaz Kebaier and Jerome Vanderberg (2007) 
“Direct Microscopic Quantification of Dynamics of 
Plasmodiumberghei Sporozoite Transmission from 
Mosquitoes to Mice” Infection and immunity. Nov. 2007, p. 
5532–5539 Vol. 75, No. 11 0019-9567/07/$08.000 doi: 
10.1128/IAI.00600-07 



 American Journal of Laboratory Medicine 2017; 2(4): 74-83 83 
 

[34] Basir R.(2012), Fazalul Rahman S. S., Hasballah K., Chong 
W. C., Talib H., Yam M. F, Jabbarzare M., Tie T. H., Othman 
F., Moklas M. A. M., Abdullah W. O., and Ahmad Z. 
“Plasmodiumberghei ANKA Infection in ICR Mice as a 
Model of Cerebral Malaria”Iran J Parasitol. 2012; 7 (4): 62–
74. 

[35] Lenhardt R. (2010) “The effect of anesthesia on body 
temperature control” Front Biosci. (Schol. Ed).2: 1145-54. 

[36] Sessler I. Daniel (2009) “Temperature Monitoring and 
Perioperative Thermoregulation Anesthesiology” 2008 Aug; 
109 (2): 318–338.doi: 10.1097/ALN.0b013e31817f6d76 

[37] McQuistion TE. (1979) “Effect of temperature and clofibrate 
on Plasmodium berghei infection in mice.” Am J Trop Med 
Hyg. 1979 Jan; 28 (1): 12-4. 

[38] JannHau& Steven J. Schapiro (2014). Hand book of 
laboratory animal sciences Vol. II Animal models 3rd Edition. 
April 22, 2011 by CRC Press. ISBN 978420084573 – CAT# 
84577.https://www.crcpress.com/Handbook-of-Laboratory-
Animal-Sciences-Volume-II-Third-Edition-Animal/Hau-
Schapiro/p/book/9781420084573 

[39] Evered, D. & Julie Whelan (1983). “Malaria and the red cell” 
Retrieved from online library. 
wiley.com/doi/10.1002/9780470715444.fmatter/pdf 

[40] Mcgee R., Peter Power, Peter Golus. “Long-term effects of 
sodium pentobarbital anaesthesia on novelty-induced 

behaviours” Physiological Psychology 1981, Vol. 9, (4), 364-
366 

[41] Rondeau D. B., Jolicoeur, F. B., Kachanoff, R., Scherzer, P., & 
Wayner, M. J. “Effects of phenobarbital on ethanol in-take in 
fluid deprived rats.” Pharmacology, Biochemistry and 
Behaviour, 1975, 3, 493-497.  

[42] Masumu J. (2009), Marcotty T., Geerts S., Vercruysse and J., 
Van den Bossche P. “Cross-protection between 
Trypanosomacongolense strains of low and high virulence” 
Vet Parasitol. 2009 Jul 7; 163 (1-2): 127–131. doi: 
10.1016/j.vetpar.2009.04.006 

[43] Hoff, J., (2000). “Methods of blood collection in the mouse” 
Lab. Anim. 29 (10), 47–53. 

[44] Loder, P. M. J. (1997) “Size of blood meals taken by tsetse 
flies (Glossina spp.) (Diptera: Glossinidae) correlates with fat 
reserves” Bull. Entomol. Res. 87: 547–549. 

[45] Murdoch University (2010). “Blood collection 
recommendations for Murdoch University Research and 
Teaching Projects” 
www.research.murdoch.edu.au/ethics/arec/BloodSop.rtf 
(accessed 18.03.15). 

[46] Amole, B. O., Clarkson, A. B., Shear, H. L., (1982). 
“Pathogenesis of anaemia in Trypanosomabrucei- infected 
mice” Infect. Immun.36 (3): 1060–1068. 

 
 


