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ABSTRACT
Background and Objective: The identification of mosquito blood meal sources is one essential aspect
of forensic entomology which includes the study of insects in legal investigation and this can provide
crucial evidence in criminal cases. This study was designed on the prospect of using serology and Hb
genotype electrophoresis in identifying and individualizing female anopheles mosquito bloodmeal.
Materials and Methods: The study was conducted with a sample size of 50 mosquito blood meals and
participant’s blood to investigate the application of cellulose acetate electrophoresis and blood serology
in the identification and possible individualization of mosquito blood meal. The abdomen of the engorged
and non-engorged mosquitoes was excised and samples were extracted for the electrophoresis and
serological analysis using distilled water as diluents. Both runs were accompanied by the required controls
for the participant’s blood and mosquito blood meal. Results: The results revealed that serology could
be used strictly for blood identification and a possible indication of the presence of someone at the crime
scene. Conclusion: The use of ABO and Rhesus D anti-sera could be of help in the forensic identification
of mosquito blood meal and the inclusion of blood in a crime scene where a suspect’s presence or
absence is apt.
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INTRODUCTION
Mosquitoes are approximately 3,600 species of small flies comprising the family Culicidae many of which
are major vectors of arboviruses, malaria and filariasis1. They are cosmopolitans (worldwide), found in
every land region except Antarctica and a few islands2. Anopheles mosquito is a haematophage that
depends on blood for its metabolic and other ancillary activities. The activities include digestion, egg
formation, maturation and reproduction3,4. Blood meal consists of blood obtained by vectors from their
host which serves as nutrients and for reproduction. The host could be mammals, reptiles, fishes and other
animals, whereas the vectors are insects, viruses, or bacteria5-7.
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All across the world, violent crimes are perpetrated that usually result in bloodshed. The accuracy in
identifying and validating human blood traces and stains seen on crime scenes is important in forensic
analysis as it could play a role in identification8. Identification of human blood and further profiling could
be compromised especially when the samples are destroyed or wiped from the crime scene. A blood-fed
mosquito, if discovered at the crime scene, can offer a recent human blood sample (its blood meal), which
is  crucial  for  forensic  examination9.  Aedes,  Culex  and  Anopheles  adult  female  mosquitoes  (of  the
family Culicidae)  consume  human  and  animal  blood  as  a  source  of  vital  nutrients  for  vitellogenesis 
(egg production)10-12.

Serologic methods such as the latex agglutination, precipitin test and the Enzyme-Linked Immunosorbent
Assay  (ELISA)  have  traditionally  been  employed  to  identify blood meals of hematophagous arthropods
and other organisms13. Other techniques include polymerase chain reaction (PCR), haemoglobin
crystallization14, agglutination reactions and immunofluorescence 15,16 . The methods are quite cumbersome
and expensive. This study therefore employs cheaper methods to identify and possibly exclude or include
a suspect in a crime scene. The methods employed are acetate electrophoresis, ABO and rhesus blood
grouping systems.

The use of acetate electrophoresis to analyze blood-fed mosquitoes is not a new approach to determining
the genotypes of individuals. Acetate electrophoresis could be a useful technique in mosquito blood meal
identification, assisting in determining the source of a mosquito's blood meal, differentiating between host
species, aiding in disease surveillance, contributing to research on mosquito behavior and supporting
epidemiological studies17. According to Pierce18, a genotype is the genetic makeup of an organism,
representing the combination of alleles for a particular set of genes and they are AA, AS, AC and SS while
the rare types are SC and CC. These genotypes are frontline investigations used for individualization
especially in cases of paternity disputes, though not specific.

The ABO type of mosquito blood meal is determined by markers (antigen) that are on the surface of red
blood cells (RBCs). The presence and absence of these antigens create differences in an individual’s blood
groups. There are four major blood groups; A, B, AB and O. Boorman et al.19 used the latex agglutination
test for the identification of blood meal. Mosquito blood meals have been used over the years to show
the ABO status of humans including the blood group that's most prevalent by the insect’s vectors20.
Gunathilaka et al.21 findings show the analysis of anopheles species determined from blood meal origin.
None of the above-mentioned studies reported the use of ABO kits for human ABO status on a single
dried blood meal. The ABO typing is an example of an agglutination test. This is the first research to use
the ABO agglutination test as a serological technique to identify human blood and its group using ABO
kits in Bayelsa State and Nigeria at large.

MATERIALS AND METHODS
Study location: The field component of the study was conducted at the Federal University Otuoke,
Bayelsa State, Nigeria. Its headquarters is in the town of Ogbia in the south of the area at 4E39 00"N 6E16
00"E. It has an area of 695 km² and a population of 179,92622. In a similar vein, the analytical aspect was
carried out at the Eni-yimini Laboratories (eL) LTD, Yenagoa, Bayelsa State. The study duration spanned
three months from August, 2023 to November, 2023.

Sample size: The sample size of the study was pulled from the 400 level students of the Department of
Biochemistry, Federal University Otuoke, Bayelsa State, Nigeria. The sample size was calculated using the
G-power formula pegged at 0.05 confidence interval which yielded a total of 50 subjects.
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The study was classified into two categories; A (those that were protected from mosquitoes) and B (those
that were exposed to mosquito bites/engorged mosquitoes).

Ethical approval: The ethical approvals were granted by the Directorate of Research and Quality of
Research Assurance (DR&QA) and the Department of Biochemistry, all of the Federal University Otuoke,
Bayelsa State.

Selection criteria: Mosquitoes used were unfed and fully engorged with blood meal. Those that were
partially engorged were excluded from the study. Only healthy students ascertained by the university
clinicians were recruited into the study.

Collection of samples
Collection of human blood samples: Blood samples were collected from the arms of the subjects by
venipuncture. The samples were collected into EDTA tubes for further laboratory analysis.

Collection of mosquitoes: Participants willingly offered their arms for mosquitoes to land on and they
stayed quiet for about 10 min. Once the mosquitoes had fully engorged themselves with blood, they were
each captured into microtubes. This process occurred in the late evening (between 10 and 11 pm) and
early the following morning (between 5 am and 6 am). In a similar vein, resting mosquitoes void of blood
were also collected during these periods. The collections were carried out in open classrooms in the
university.

Sample preparation: Mosquitoes were carefully dissected under a microscope using a new sterile scalpel
blade  to  separate  the  head  and  thorax  from  the  abdomen,  where  the  blood  meal  is  typically
located. Specimens were individually placed in 2 mL ‘O’ ring screw-capped tubes. In the laboratory, 
blood-engorged female mosquitoes (Rockefeller strain) were individually placed in 1.5 mL microtubes and
smashed. The 75 µL of saline solution each was added to the tubes and the mixture was stirred using a
glass rod. This preparation was also carried out for non-engorged (haemolymph) mosquitoes.

Laboratory Methods
Electrophoresis
Procedure for mosquito: The mosquito was crushed using a rod and transferred into a cryo-tube. There
after 1.5 mL of distilled water was pipetted into the tubes and centrifuged at 3500 speeds for a total of
5 min. Decant the supernatant. The 1 drop of the deposit was placed on a tile also 3 drops of distilled
water were added to form the hemolysate.

The Tris EDTA buffer was added to the chamber and two wet wicks were placed into the buffer. An
applicator stick was used to apply the blood samples in the cellulose acetate. The paper was placed on
the zip-zone and the tank was covered with the lid and the power was turned on. It was allowed for 5 min
at 250 V. Afterward, the power supply was turned off and the results were observed.

Procedure for humans: The anticoagulated blood was centrifuged at 2500 rpm for 5 min, then the
plasma was removed and the packed cells were washed with large volumes of saline three times. After the
final washing, the red cells were lysed by adding an equal volume of distilled water and centrifuged to
remove cell debris. The haemolysate was transferred to a clean tube.

The Tris EDTA  buffer was added to the chamber and two wet wicks were placed in the buffer. An
applicator stick was used to apply the blood sample to the cellulose acetate. The paper was placed on the
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zip-zone the tank was covered with the lid and the power was turned on. It was allowed at 250 watts for
5 min. Afterward, the power supply was turned off and the results were observed.

ABO blood group determination: Commercial ABO antisera (Anamol Laboratories Pvt. Ltd-India) was
procured for the blood group typing using the standard agglutination method. The standard operating
procedure (SOP) documented on the manufacturer’s leaflet was judicially adhered.

Statistical method: The statistical tool employed in this study was pictorial presentation.

RESULTS
Figure 1 shows an electropherograms of the control samples showing AS band compared to subject
samples which were all AA bands. Figure 2 is a representation of control blood, subject blood and
mosquito blood meal samples. The blood samples exhibited the usual AS and AA bands; however, no
band was observed for the mosquito blood meal. Figure 3 shows the blood group of the subjects and that
of mosquito blood meal specimens, whereas that of Fig. 4 was strictly blood samples. Figure 5 shows
agglutination in engorged mosquito samples and no agglutination of un-engorged mosquito's samples
and water (control treatment). Below is the pictorial of the electrophoregrams of the study.

Fig. 1: Presentation of blood electropherograms of control and subject blood samples

Fig. 2: Presentation of control, subject blood samples and mosquito blood meal electropherograms
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Fig. 3: Presentation of ABO agglutination pictorials of subject blood and mosquito bloodmeal samples

Fig. 4: Presentation of ABO agglutination pictorials of subjects blood samples

Fig. 5: Presentation  of  ABO  agglutination  pictorials  of  engorged  mosquito  bloodmeal  and  that  of
un-engorged mosquito samples

DISCUSSION
The identification of mosquito blood meal is a valuable tool in forensic investigations. It could offer vital
evidence that links individuals to crime scenes, assists in determining when events occurred and even aids
in identifying victims or suspects23-25. This study indicated that the use of cellulose acetate paper
electrophoretic method in the identification and possible individualization of mosquito blood meal is still
remote and laddered with difficulties in interpretation (Fig. 1-2). The results aligned with previous research
by de Souza et al.17, cellulose acetate electrophoresis could not differentiate mosquito blood meals from
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the subject exposed to the mosquito bite. The unreliability of Hb genotype identification has spurred the
inroads into advanced techniques. This could be the basis for the increasing applications of molecular
techniques and other advanced techniques in the identification and further individualization of mosquito
blood meals for various scientific utility26,27.

In furtherance to the identification and possible speciation of mosquito blood meal a serological approach
was also utilized in this study. The findings established the possibility of identifying mosquito blood meal
using ABO and Rhesus D antibodies, but that of individualization was invalid (Figure 3-5). The engorged
mosquito blood meal exhibited an agglutination phenomenon irrespective of the type of blood groups,
whereas the non-engorged did not agglutinate. This finding could be utilized in the identification of the
presence of blood especially in crime scenes where blood could not be found and there is a denial of the
presence of an individual. This study agreed with that of Rabelo et al.27, who reported the possibility of
analyzing human blood found in hematophagous mosquitoes as biological trace evidence and with the
findings of Santos et al.28 which indicates the presence of human blood.

Similarly, the finding also concurred with that of Tempelis and Lofy 29, some of the earliest callers to this
course of discussion with different animal species. They reported the use of anti-sera gotten from chickens
for testing the frozen abdomens of engorged mosquitoes in gelatine capsules.

CONCLUSION
The study was able to establish the suitability of ABO and Rhesus D anti-sera in the identification of the
presence of human blood in a mosquito engorged with blood meal. This could be of benefit in cases of
denial of the presence of suspects at a crime scene. The study called for advanced molecular and
biochemical approaches in the identification and individualization of mosquito blood meal.

SIGNIFICANCE STATEMENT
The application of mosquito blood meals in identifying and individualizing a suspect of a crime is quite
expensive and scientifically clumsy. The study utilized simple techniques such as serology and Hb
genotypes in making inroads into suspects’ exclusion and inclusion in a crime scene. The findings revealed
that serology could be employed in identifying mosquito blood meal and by extension indicating the
presence of someone within the crime scene
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