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Abstract

Mutation in the pfert and pfimdr-1, genes have been implicated both to be putative CQ resistance markers.

Blood samples from 130 volunteers were obtained and genotyped by polymerase chain reaction (PCR) and
restriction fragment length polymorphism (RFLP) for pfmdrl and pfert genes.

A total of 40(30.8%) questionnaires were administered to the adults and 90(69.2%) were administered to the school
children. 14(10.8%) had microscopically detectable parasites on day zero with a mean parasites counts of 40,231
parasites/uL. CQ was administered to all infected, higher parasite density was observed in the poorer population.
PCR-RFLP analysis on 14 parasite positive samples for pfcrt and pfmdr genotypes showed polymorphism around
pfmdrl N86Y. The parasite count decreased progressively from day 0 to day 14 to negligible levels. Conversely, our
subjects still harboured sensitive strains of the parasite. Our PCR analysis of the pfcrtK76T yielded no result. A
significant relationship was observed between respondents’ treatment behaviour and mutation in the pfmdrl genes of
Plasmodium falciparum.
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1. Introduction

Malaria remains the major cause of disease and death in the world, especially among children and pregnant women
131418 Malaria treatments depend on the type and severity of the disease. Emerging and the spread of CQ-resistant
malaria have contributed to a resurgence of malaria, particularly in sub-Saharan Africa ®. Chloroquine (CQ) although
many countries of the world have changed their antimalarial policy, is safe, inexpensive, and used for the treatment
of uncomplicated malaria '°. Chloroquine (CQ) was withdrawn as the first-line antimalarial drug in Nigeria in 2005
because of a widespread and high-level clinical failure rate across the country ’. The P. falciparum CQ resistance
transporter mutation (pferf) K76T and mutation on the pfindri-76 (tyrosine) have been variously implicated as likely
candidates for chloroquine resistance '. Single base pfindrl changes have been associated with the exchange of
amino acids in some chloroquine resistant isolates and may play a role in the determination of drug resistance ''. The
biochemical and genetic mechanism of CQ resistance underlying this phenomenon have been extensively studied ***
1%:20.21 ‘Malaria is not just a commonly associated with poverty, but is also a cause of poverty and a major hindrance
to economic development '®. This study is based on assessing malaria treatment scheduled, the socio-economics of
CQ resistant falciparum malaria and the implication of Chloroquine resistant markers in the study population.

2.0 Materials and Methods

A cross sectional survey was conducted among school children aged 11-18 and few selected teachers aged between
30-60 years at the Anglican grammar school (population 2,000) in Yemetu, Ibadan. The school has a mixed ethnic
nationality composition but a Yoruba majority. One hundred and thirty subjects were recruited to participate in the
study after which questionnaires were administered to all subjects recruited. Most of the volunteers that participated
in the study had not taken antimalarial drugs in the last few days. Anyone who was experiencing clinical symptoms
was given oral administration of chloroquine according to the recommendation of the manufacturer. Antimalarial
treatments were based on microscopic examination for malaria and later any positive samples were subjected to sub
microscopic examination using the polymerase chain reaction assay. The number of parasites per microscopic of
blood was calculated by comparing the number of infected erythrocytes per 200 leucocytes with the average white
blood cell (WBC). Samples were considered negative if no parasite was detected after thorough examination of the
Giemsa stained thick smear. All subjects whether symptomatic or asymptomatic were finger pricked for malaria
parasite for microscopy test, and a drop of blood was collected on filter paper for PCR analysis. The study protocol
was earlier approved by the Joint Ethical review Committee of the University College hospital of Ibadan. Informed

70



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) Py
Vol 2, No.6, 2012 ST

consent was obtained from the Children guardian/ parents.

2.1.1 DNA Extraction

The parasite DNA was extracted from finger pricked blood samples blotted onto filter paper strips (3MM,
Whatmann), by using methanol fixation and heat extraction technique. About 0.25-0.5 ¢cm? piece of impregnated
filter paper was cut off using scalpels, by wiping-off the scalpels on ethanol-treated cotton wool between cutting in
order to prevent any carryover of blood and left at-20°C overnight.

2.1.2 Amplification of pfindrl genes

A nested mutation specific polymerase chain reaction (PCR) was used for the pfindrl and/ or mutation specific PCR
for pfcrt genes were done in 25 pl reaction mixture containing 2ul of template DNA (primary amplicon), 0.2uM
dNTPs, 2.5uM MgCl, 1x Buffer, 2.5 Units of Taq polymerase (Ampli Taq Gold, Applied Biosystems, Foster city,
CA) , and 1.0pM of each primer. In the initial PCR, the forward primer used for the amplification of pfindr! codon
86 was mdr-1GC and the reverse primer used was mdr-2GC. In the Nested PCR, the forward primer was mdr3B and
the reverse primer was mdr4B. The initial and nested amplification condition was described elsewhere '2. A known
positive DNA (parasite DNA from cell culture) HB3, a mutant type Dd2 and negative controls (blanks) were run with
each set of PCR reaction.

After the secondary Nested amplification, 10-15pul of each reaction was analyzed in 2% agarose gel and visualized
under ultraviolet (UV) transillummination after staining with Ethidium Bromide. Amplification of K76T gene
mutation was performed using both nested and mutation specific PCR containing 2ul of template DNA, 1x buffer,
30uM MgCl,, 0.2uM dNTPs, 2.5 units Taq polymerase and 1.0 uM of each primer. The amplification of pfcrtK76T
was carried out using either the conventional nested PCR as in pfindrIN86Y or mutation specific PCR. In the
mutation specific PCR for pfcrfK76T, Fi= CRT, and R; =CRT, were forward and reverse primer respectively for
initial primary amplification around codon 76 of the pfcrt genes. PCR assay was set-up for the primary
amplification; 5pl amplicon was used for the initial primary amplification. For the secondary amplification, a
common primer: TCRP; was used for both K76 (wild type) and 76T (mutant) after which specific primers were used
for K76 (TCRP,4) and 76T (TCRP,) respectively. PCR assay was then set up for the secondary amplification around
codon 76 for about two hours based on the standardized condition of the laboratory for pfcrt PCR conditions.

2.1.3 Restriction Enzymes Length Polymorphisms (RFLP)

Following amplification of the fragments concerned, polymorphism in the pfcrt and pfindri were assessed as follow:
pfert 76 K and pfindrl 86 N were detected by incubation of the corresponding PCR fragments with restriction
enzymes APOI and AFIIl (ACPuPyGT) respectively. The RFLP digest was done in a 15pul reaction mixture
containing 5pl of template DNA, 1.5ul of 10x buffer 3.0, 15ul of 100x BSA and 2.5 units of 5ul AFI III. The mixture
was incubated at 37°C in water baths for 4-6 hours or overnight. The electrophoresis of the enzyme digest product
was run and visualized under ultraviolet (UV) transillumination after staining with Ethidium Bromide using the
controls: Dd2- negative (mutant), HB3-positive (wild type) and B-blank.

2.1.4 Statistical analysis

Statistical significance was assessed using the Z-test scores (Snow et al; 1991, Andersen 1997) using analytical
procedures (SPSS and Excel window) for data analysis. Children with Z-scores <-1.0 SD (CI=99%) were classified
as underweight (Poor) and >-1.0 SD were well fed (Rich). The World Health Organization (WHO) and national
center for Health Statistics (NCHS) maintain a global database on child growth and malnutrition among children
aged 2-18 years. Here, weight for age was used to assess underweight as an indicator of under nutrition because of its
availability and its ability to capture both stunting (generally associated with long-term under nutrition and wasting
of recent and acute under nutrition) '°. In adults, mean per capital income (MPPCI) was used as poverty index.
An adult was classified as a low income- earner and high income earner according to World Bank MPPCI > N
5,445.11.

3.0 Results

From table 1 above, we observed that only RY 69 aged 13 years belong to low socio economic status harbored 560
parasites/uL of blood on recruitment day with no amplification on RFLP analysis but yielded no reaction with PCR.
Other children who are from high income class harboured both resistant strains (Y) and mixed infection (N/Y). For
example, RY 032 aged 18 years are of high income status based on weight-for-age classification hraboured resistant
strains (Y) on day 0 and whose parasitemia status was 105 cells/pL of blood. It was observed that the parasites’ total
count decreased progressively from table 1 above progressively from a total of 1579 cells/uL, 335 cells/uL to 126
cells/pL on day 0, 3 and 7 respectively.

Our RFLP yielded amplification at pfimdr 1 in only 3(42.9%) of the parasitemic group. According to the World Bank
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classification, the poverty index of and adult was determined as the ratio of their income to the house hold size.
Based on these, we observed that 4(57.1%) adults were high income earner while 3(42.9%) were low income earner.
More parasites were isolated from the recurrent malaria in low income earner than in their high income counterparts.
On day 0 we observed that 2(28.6%) were infected with resistant strains; one (14.3%) had mixed infection. On day 3
of the follow-up schedule, 2(28.6%) had resistant strains, 1(14.3%) had wild type while and mixed infection.
However, we observed that only 1(14.3%) harbored mixed infection up till day 7. All infection did not exceed day 7.
Our study here showed a 3:1 amplification in the pfindrl genes on day 0, fifty-fifty in both the high income earner
and low income on day 3, and only (14.3%) amplifications on day 7. On day 14 we noticed total clearance of parasite
in all the groups. Generally, we observed progressive clearance of parasites on day 0 (38,653) to (1800) in adult
population.

Table 3 showed that respondents who were of high economic status 9(22.5%) seek appropriate medical attention at
Hospital when they noticed symptoms of malaria, 4(10.0%) visit drug vendors (chemist shop) when they are sick.
Most of the low income earners 19(47.5%) do not buy another antimalarial drug if treatment fails, rather they
combine different western drugs or western drugs and herbs as unlike the high income group that go to hospital
11(27.5%) if treatment fails. Most of the drugs familiar with the respondents were over-the-counter antimalarial
drugs that are cheap one-dosed drugs and mode of prescription of adults was majorly self medication.

Discussion

This study is consistent with previous work o where 48% and 35.1% frequency of polymorphism (point
mutation) in the pfimdrl genes were reported in Ibadan. We noticed that 5/11 (45.5%) subjects harbored Y86 (mutant)
and 5/11 (36.4%) N86Y (mixed) pfindrl alleles on day 0 and follow-up days. This is consistent with the work of 36
where pfindrl mutation Y86 was significantly selected for by chloroquine treatment which is attributable to patients
falciparum malaria infection that recurred or persisted after treatment with standard oral chloroquine therapy
indicating the high selection for this mutation in parasite capable of surviving in the presence of chloroquine
examined amplification in post chloroquine treatment samples whereas such amplification was not detected in the
pre-treatment samples. Although re-infection or recrudescence might be suspected here, re-infection should be rare
during a fourteen day follow up period and sub-therapeutic chloroquine therapy. A more likely explanation was that
these were mixed infection consisting predominantly of sensitive (N86) parasite whose levels were below the
threshold of initial detection by PCR or RFLP methods. During exposure to chloroquine, sensitive (N86) parasite
would have been cleared as the resistant (N86) strain population increases °. We noticed a general difficulty in
clearance of chloroquine resistant strains in low income earners than in the high income adults. Although in areas
such as the area under study, cases of resistance are not unexpected because the socioeconomic status of the
population is low and a large percentage of the population self treat malaria (data not shown). We attempted the
social implication of the chloroquine resistant marker: pfindri N86Y and pfcrt K76T or whether the prevalence of
one or both of these markers could be a predicative index of the socio economic status of the bearer.

The study revealed that individuals of high social economic class are less likely to have pfimdrl N86K alleles which
further corroborate Filmer’s work who observed a positive correlation between socioeconomic status ' and CQ
resistance, although other studies contradicted this assertion. It is often expected that this work should be consistent
with previous works on the overall prevalence of the N86Y mutation in the pfindrl and K76T mutation in ratio 2:3
respectively 2. We observed that adults were more vulnerable to malaria parasites and the ability to clear resistant
strains is high  reduced in adults, the reason for this  was yet  understood.
In previous studies, pfcrt K76T gene has been identified as the primary genetic marker in chloroquine resistance,
which has been show to be predictive of rate s of chloroquine resistance, among different setting when adjusted for
age. This study however failed to establish the relationship predictive of modulative role of pfindrl Y86 in
chloroquine resistance. Efforts to verify the overall prevalence of the K76T mutation in pfcrt was impossible, as
there seem to be carryover of the primary product when visualized in gel electrophoresis under UV illumination
using both specific PCR and conventional PCR techniques. More resistant parasites was isolated from our adult
respondents compared to isolates from young adults the health seeking behaviour of adults might be responsible for
this, however this study could not establish this assertion in children respondents.
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Table 1: The Socio-epidemiological data and molecular analysis of pfmdr 1 N86Y in

children
Parasite count/ul PCR (CQ marker amplified
Id no age household SES D, D; D; Dy, D, D; D; Dy D, D; D; Dy,
Size sex

RY 05 13 4 M high 120115 AB AB NR - - - A -
RY 32 18 6 F high 105 14056 AB Y - - - A -
RY 33 18 6 F  high 8080 70 AB N/Y - - - A -
RY 5511 3 M high 74 AB AB AB NR - - - NA -
RY 69 13 6 F low 560420 ABAB NR - - - NA -
RY 72 19 6 F high 560 AB AB AB NR - - - NA -
RY 74 18 1 F  high 80 AB AB AB NR - - - A - -
TOTAL 1579335126 1:2

AB= Absent, NA= No amplification, NR=no result, SES=Socio economic status, Y=resistance strain, N= wild type, N/'Y= mixed
infection

Table 2: The Socio-epidemiological data and molecular analysis of pfmdr 1 N86Y in Adults
Parasite cells/uL blood RFLP result PCR (CQ marker amplified

Idno | HS Sex SES D, D; D; Diyy D, D3 Dy Dyy D, D3 D; Dy

N

AG 07 26,0004 M H 1920 1400 AB AB NR NR NR NR NA A - -
AG20 21,000 F L3040 40802080 1800Y NY NR NR A A NA NA

AG 26 23,0006 F L 19201160 AB ABNRY - - NA A - -

AG 28 28,9803 M L1000520 A AB YN - - A NA - -

AG29 25,6006 F L 320 560520 ABNR Y NY - A AA -

AG3732,0006 F L 29,120 AB AB ABNY - - - A- - -

AG3819,000 2 F H 1333 680 AB ABNRNR - - NA A - -

Total 38,653 8,400 2,600 1,800 2:1 2:1 100% 1:1 2:1 100%

AB= Absent, NA= No amplification, NR=no result, SES=Socio economic status, Y=resistance strain, N= wild type, N/Y= mixed infection,
Adult=MPPCI mean Population Per capital Income= N 5445.11,<- N5445.11=Poor, >= N5445.11 = Rich H= high=Low,
I=Income per month
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Table 3: Malaria treatment behavior of the adults by Monthly Income Status

Choice of treatment Monthly Income Status
High  Low Total
Hospital/Clinic 9(22.5) 4(10.0) 13(32.5)
Maternity Home 0(0) 0(0) 0(0)
Chemist 4(10.0) 6(15.0) 10(25.0)
Drug store/tray 1(2.5)  2(5.0) 3(7.5)
Self medication 4(10.0) 9(22.4) 13(32.5)
Traditional healer - 1(2.5) 1(2.5)
Total 18(45.0) 22(55.0) 40(100.0)

Results

From table 1 above, we observed that only RY 69 aged 13 years belong to low socio economic status harbored 560
parasites/uL of blood on recruitment day with no amplification on RFLP analysis but yielded no reaction with PCR.
Other children who are from high income class harboured both resistant strains (Y) and mixed infection (N/Y). For
example, RY 032 aged 18 years are of high income status based on weight-for-age classification hraboured resistant
strains (Y) on day 0 and whose parasitemia status was 105 cells/pL of blood. It was observed that the parasites’ total
count decreased progressively from table 1 above progressively from a total of 1579 cells/uL, 335 cells/uL to 126
cells/pL on day 0, 3 and 7 respectively.

Our RFLP yielded amplification at pfimdr 1 in only 3(42.9%) of the parasitemic group. According to the World Bank
classification, the poverty index of and adult was determined as the ratio of their income to the house hold size.
Based on these, we observed that 4(57.1%) adults were high income earner while 3(42.9%) were low income earner.
More parasites were isolated from the recurrent malaria in low income earner than in their high income counterparts.
On day 0 we observed that 2(28.6%) were infected with resistant strains; one (14.3%) had mixed infection. On day 3
of the follow-up schedule, 2(28.6%) had resistant strains, 1(14.3%) had wild type while and mixed infection.
However, we observed that only 1(14.3%) harbored mixed infection up till day 7. All infection did not exceed day 7.
Our study here showed a 3:1 amplification in the pfindrl genes on day 0, fifty-fifty in both the high income earner
and low income on day 3, and only (14.3%) amplifications on day 7. On day 14 we noticed total clearance of parasite
in all the groups. Generally, we observed progressive clearance of parasites on day 0 (38,653) to (1800) in adult
population.

Table 3 showed that respondents who were of high economic status 9(22.5%) seek appropriate medical attention at
Hospital when they noticed symptoms of malaria, 4(10.0%) visit drug vendors (chemist shop) when they are sick.
Most of the low income earners 19(47.5%) do not buy another antimalarial drug if treatment fails, rather they
combine different western drugs or western drugs and herbs as unlike the high income group that go to hospital
11(27.5%) if treatment fails. Most of the drugs familiar with the respondents were over-the-counter antimalarial
drugs that are cheap one-dosed drugs and mode of prescription of adults was majorly self medication.

Discussion

This study is consistent with previous work o where 48% and 35.1% frequency of polymorphism (point
mutation) in the pfimdrl genes were reported in Ibadan. We noticed that 5/11 (45.5%) subjects harbored Y86 (mutant)
and 5/11 (36.4%) N86Y (mixed) pfmdrl alleles on day 0 and follow-up days. This result is consistent with the work
of *® where pfindrl mutation Y86 was significantly selected for by chloroquine treatment which is attributable to
patients falciparum malaria infection that recurred or persisted after treatment with standard oral chloroquine therapy
indicating the high selection for this mutation in parasite capable of surviving in the presence of chloroquine
examined amplification in post chloroquine treatment samples whereas such amplification was not detected in the
pre-treatment samples. Although re-infection or recrudescence might be suspected here, re-infection should be rare
during a fourteen day follow up period and sub-therapeutic chloroquine therapy. A more likely explanation was that
these were mixed infection consisting predominantly of sensitive (N86) parasite whose levels were below the
threshold of initial detection by PCR or RFLP methods. During exposure to chloroquine, sensitive (N86) parasite
would have been cleared as the resistant (N86) strain population increases °. We noticed a general difficulty in
clearance of chloroquine resistant strains in low income earners than in the high income adults. Although in areas
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such as the area under study, cases of resistance are not unexpected because the socioeconomic status of the
population is low and a large percentage of the population self treat malaria (data not shown). We attempted the
social implication of the chloroquine resistant marker: pfindri N86Y and pfcrt K76T or whether the prevalence of
one or both of these markers could be a predicative index of the socio economic status of the bearer.

The study revealed that individuals of high social economic class are less likely to have pfimdrl N86K alleles which
further corroborate Filmer’s work who observed a positive correlation between socioeconomic status '° and CQ
resistance, although other studies contradicted this assertion. It is often expected that this work should be consistent
with previous works on the overall prevalence of the N86Y mutation in the pfindrl and K76T mutation in ratio 2:3
respectively 2. We observed that adults were more vulnerable to malaria parasites and the ability to clear resistant
strains is high reduced in adults, the reason for this was yet understood. In previous studies, pfcrt K76T gene has
been identified as the primary genetic marker in chloroquine resistance, which has been show to be predictive of rate
s of chloroquine resistance, among different setting when adjusted for age. This study however failed to establish the
relationship predictive of modulative role of pfindr! Y86 in chloroquine resistance. Efforts to verify the overall
prevalence of the K76 T mutation in pfcrt was impossible, as there seem to be carryover of the primary product when
visualized in gel electrophoresis under UV illumination using both specific PCR and conventional PCR techniques.
More resistant parasites was isolated from our adult respondents compared to isolates from young adults the health
seeking behaviour of adults might be responsible for this, however this study could not establish this assertion in
children respondents.
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