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Malaria still remains a scourge of humanity despite the significant impact 
of the currently used drugs and vector control measures. Only a very 
successful vaccine can ensure a long term effective control of this disease. 
This study was aimed at assessing the (i) antigenic variability of domain I 
of the AMA1 vaccine candidate gene in falciparum isolates from Buea, 
Cameroon (ii) status of Plasmodium vivax infections in this study area using 
nPCR and RFLP. Parasitized blood samples were collected from 139 
adults/children with uncomplicated malaria for microscopy and genetic 
analyses by nPCR and RFLP. 113 (81.9%) of the participants were febrile 
and 25 (18.1%) afebrile. While Fever was directly associated with 
parasitaemia (p=0.001) haemoglobin concentrations were inversely 
correlated to the latter (p=0.05, r= -0.032). Digestion of the isolated AMA1  
fragments with Mse1, Bfcu1 and Ssp1 revealed the presence of the K1, HB3 
and 3D7 alleles respectively in 15%, 9% and 3.4% of the samples analyzed. 
These sites were absent in 71.6% of the samples. One Plasmodium vivax 
isolate was detected in 138 samples. Our findings show that the P. 
falciparum AMA1 gene from malaria parasites circulating in Buea is highly 
polymorphic with the three major allelic forms present. Plasmodium vivax 
infections are almost inexistent in Buea. The results herein obtained will 
be relevant for AMA1-based malaria vaccine development that will be 
globally effective as well as for the National malaria treatment guidelines. 
 
Key words: Malaria, Plasmodium falciparum, Plasmodium vivax, apical 
membrane antigen, vaccine candidates, AMA1 alleles, polymorphism. 

 
 
 
INTRODUCTION 
 
Malaria, a serious tropical disease caused by the 
apicomplexan parasite of the Plasmodium genus and 
transmitted by the female Anopheles mosquitoes, remains a 
scourge of humanity despite the deployment of artemisinin 
and partner drugs and vector control measures over the 
last decade and which have substantially reduced the global 
burden of the disease (Mbengue et al., 2015; Dondorp et al., 
2017). As of 2016 malaria was found to be endemic in 91 

countries with an estimated death toll of 445,000 and 216 
million cases (WHO, 2017). Ninety-one percent of the 
deaths occur in the WHO African Region. In high malaria 
transmission areas, pregnant women, HIV/AIDS patients 
and children under 5 are particularly susceptible to the 
infection and more than 70% of all malaria deaths occur in 
this age group (WHO, 2016; Conway et al., 2015). 
Plasmodium   falciparum,   the   dominant   malaria  parasite  
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specie in the African continent, accounts for 99% of the 
cases in sub-Saharan Africa (WHO, 2017). Current efforts to 
curb the disease have been through the use of artemisinin 
combination therapies (ACTs), vector control measures and 
surveillance. These measures have substantially reduced 
the malaria death burden by 33% from 665000 in 2010 to 
445000 in 2016. Though these measures need to be 
sustained, the emergence of artemisinin resistance in South 
East Asia and resistance to its partner drugs seem to be a 
problem as there is now fear of widespread resistance as 
was the case with chloroquine (Slater et al., 2016). With yet 
no alternative at sight the gains so far made may easily be 
reversed in case of widespread occurrence of resistance to 
artemisinin and partner drugs. Most notorious infectious 
diseases have been eradicated through the use of vaccines. 
Vaccine development against malaria unlike other past 
infectious diseases that were eradicated through a vaccine 
is challenging because of various reasons (Chattopadhyay 
and Kumar, 2009; Hyde, 2007). One of these is the genetic 
polymorphisms of the parasite antigens that help them to 
evade the host's protective immune response and so 
hampers the development of an effective vaccine against 
this disease (Drew et al., 2012). So far the most advanced 
malaria vaccine is RTS,S (“Mosquirix”). This 
circumsporozoite (CS) recombinant protein-based malaria 
vaccine only provides partial protection in young children 
with a decreasing efficacy after a year of administration 
(EMA, 2015; Conway et al., 2015; RTS,SCTP, 2014). While 
efforts are being made to improve the RTS,S there is also 
the need to seek other avenues. A number of malaria 
vaccine candidates based on P. falciparum antigens have 
been identified and successfully undergone clinical trials 
(Conway, 2015; Sagara et al., 2009; Tamminga et al., 2011). 
One of these leading malaria vaccine candidates is the 
Apical Membrane Antigen 1 (AMA1) which is a membrane 
protein expressed by the falciparum merozoite stage 
(Conway, 2015). AMA1 aids in blood-stage replication and 
antibodies raised against it help inhibit erythrocyte 
invasion (Zhu et al., 2016; Drew et al., 2012; Kennedy et al., 
2002; Hodder et al., 2001). The protective efficacy of this 
vaccine candidate has successfully been tested in various 
models and it has been shown to be a target of naturally 
acquired human immunity (Fowkes et al., 2010; Stanisic et 
al., 2009; Polley et al., 2004). However, the polymorphic 
nature of AMA1 can mediate immune escape and strategies 
need to be put in place to overcome this antigenic variation 
in order to prevent any escape. A vaccine based on a single 
AMA1 allele has recently been shown in a phase 2 vaccine 
trial of children aged 1-6 years in Mali to elicit 64% 
protective efficacy against malaria; with no significant 
efficacy against malaria episodes due to other alleles (Thera 
et al., 2011). It is therefore imperative to assess the allelic 
variation of the PfAMA1 antigen in various geographical 
regions for an AMA1 based vaccine development that will 
give large scale coverage. This study aimed at assessing the 
allelic variation of the AMA1 antigen gene in field isolates 
from Buea in the South West Region of Cameroon and 
assess  the   status  of   Plasmodium  vivax  infections  in  this 

 
 
 
 
region. 
 
 
MATERIALS AND METHODS 
 
Study area/study population 
 
This study was conducted in the multiethnic city of Buea, 
capital of the South West Region, located at the slope of 
Mount Cameroon. This study area with an equatorial type 
climate has previously been described (Takem et al., 2010). 
Malaria in this region is meso-endemic and becomes hyper-
endemic during the rainy season with peak incidence 
between July and October (Achidi et al., 2012). Plasmodium 
falciparum is the predominant parasite specie which 
accounts for 96% of malaria infection in this area (Eyong et 
al., 2016). Male and female volunteers aged 6months to 65 
years were enrolled from the outpatient unit of the Mount 
Mary hospital in Buea into the study after obtaining written 
informed consent (or by proxy) and made to fill a 
structured questionnaire containing information on 
participants. Individuals who tested positive for malaria by 
microscopy, with or without symptoms of malaria were 
recruited into the study. 
 
Sample Collection 
 
Blood samples were obtained from participants by 
fingerprick spotted on labeled slides and whatman filter 
papers for microscopy and genetic analyses respectively. 
Thin and thick film microscopic tests were carried out to 
assess the level of parasitaemia. The whatman filter papers 
containing the blood spots were air-dried and maintained 
at room temperature in individual resealable polythene 
bags containing desiccants until required for use. The 
anaemic status of participants which could be due to 
malaria was assessed by measuring the haemoglobin levels 
using haemoglobinoter (STAT- Site MHgb metre, Stanbio 
Laboratory Texas, USA) and according to the 
manufacturer’s instructions. 
 
Plasmodium DNA isolation and falciparum speciation 
 
Plasmodium genomic DNA was extracted from whatman 
filter paper blood spots using chelex-100 and as previously 
described (Miguel et al., 2013). 
 
Speciation  
 
Assessment of the Plasmodium species in the DNA extracts 
and delineation of falciparum positive samples was done by 
Nested-PCR using the genus-specific primers (rPLU6F and 
rPLU5R) for the primary PCR to amplify the 18s rRNA gene 
and the specie-specific primers (rFAL1F and rFAL2F for 
Plasmodium falciparum and rVIV1 and rVIV2 for 
Plasmodium vivax) for the nested PCR to amplify the specie-
specific sequences. These primers and PCR conditions were 
earlier  described  (Snounou et  al., 1993).  Amplicons   were 

https://en.wikipedia.org/wiki/Malaria_vaccine
https://en.wikipedia.org/wiki/Malaria_vaccine


 Njimoh et al.          10 
 
 
 

Table 1. Variation of malaria parasitaemia load with socio-demographic and clinical parameters 
 

Variables Sub categories N % MPD P-value 

Age group (years) ˂5 26 18.8 648  
 

0.361 
5-9 9 6.5 932 

10-14 12 8.7 1332 
≥15 91 66.0 1064 

Gender male 56 40.6 944  
0.558 female 82 59.4 1040 

Anaemia status anaemic 48 34.8 1060  
0.527 non-anaemic 90 65.2 968 

Febrile status afebrile 25 18.1 736 0,001 
febrile 113 81.9 1060 

 
 
 
analysed on a 1.5% agarose gel. 

 
Isolation of the AMA1 gene sequences. 

 
The domain I of the Plasmodium falciparum AMA-1 gene 
sequences were amplified from the falciparum positive 
DNA extracts by primary and nested PCR using respectively 
the VM785/3 and VM990 and VM815 and VM990 sets of 
primers and conditions as earlier described (Ebrahimzadeh 
et al., 2014). Pure genomic DNA of P. falciparum 3D7, K1 
and HB3 strains, obtained from the malaria Research and 
Reference Reagent Resource Center (MR4), American Type 
Culture Collection (Manassas, VA), was included to serve as 
positive controls during the amplification and restriction 
analyses. Amplicons were analysed on a 1% agarose gel. 

 
Restriction analyses of the AMA1 gene sequences 

 
Restriction fragment length polymorphism (RFLP) analysis 
of domain I of AMA1was carried out to screen for the three 
different alleles of AMA1 in Buea isolates. The isolated 
AMA1 gene fragments were digested with the restriction 
enzymes Mse1, Ssp1 and Bfcu1 (New England Biolabs 
(NEB)) for 60 minutes and according to the manufacturer’s 
instructions with some slight modifications. The premix 
composition for digestion consisted of 0.4µl restriction 
enzyme, 2.0µl of 10x cutsmart buffer, 7.6µl autoclaved distil 
water and 10µl of nested PCR product making up a total 
volume of 20ul. Digestion with the above set of enzymes 
would generate respectively the K1 alleles (285bp), 3D7 
alleles (400bp), and BH3 alleles (335bp). The digests were 
analysed on a 2.5% agarose gel.  

 
Statistical analysis 

 
Data were expressed as mean ± standard deviation  (SD) for 
continuous variables and in percentages for categorical 
variables. All study data were reviewed before being 
entered onto a Microsoft Office Excel 2013 work sheet and 
later analysed with the statistical package SPSS version 20 

(SPSS Inc, Chicago, USA). Chi square (χ
2
) was used to test 

the independence of the sub categorical variable to malaria 

parasitaemia. Allelic frequency was counted directly and 
compared using Chi square test. A P-value ≤ 0.05 was 
considered statistically significant with confidence interval 
(CI) of 95. 
 
 
RESULTS 
 
Characteristics of study subjects 
 
One hundred and thirty eight (138) subjects aged 6 months 
to 65 years and comprising 56 males (40.6%) and 82 
females (59.4%) took part in the study. The general 
characteristics of these subjects are presented in Table 1. 
The geometric mean parasite density (GMPD) was 9784 
parasites/µl of blood (range 800 to 16000 parasites/µl) 
and the mean haemoglobin concentration was 11.33 ± 1.83 
g/dL (range 8 - 16.6 g/dL). 
 
Variation of parasitaemia with socio-demographic and 
clinical parameters 
 
Malaria parasitaemia was independent of age, gender, 
ethnicity and anaemic status (Table 1). Febrile individuals 
had significantly higher parasitaemia loads compared to 
their afebrile counterparts (p=0.001). The mean parasite 
density was not significantly different among age groups 
(p=0.361). Haemoglobin concentration showed a significant 
inverse correlation with parasitaemia (p=0.01, r=-0.032). 
 
Parasite species and strain diversity in Buea study area  
 
Molecular determination of the infecting species of parasite 
was through the amplification of the 18s small subunit 
ribosomal RNA gene (ssrRNA) as described by Snounou et 
al. (1993). Plasmodium DNA was successfully isolated from 
all the 138 filter paper blood spots and gave the 
characteristic 1200 bp band specific to Plasmodium spp. 
Falciparum specie-specific gene sequences (205bp in 
length) were amplified from 97 of the 138 DNA extracts 
using the P. falciparum specie-specific set of primers. Vivax 
specie-specific gene sequence was obtained in only one of 
the   138   extracts    using   P.   vivax    specie-specific   set  of  
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Figure 1: Agarose gel electrophoregram of AMA1 domain I amplicons with the expected banding 
pattern of 500bp. M=100bp Molecular weight marker (NEB); lanes (52, 89, 90, 138) = nested amplicons; 
Lane PC = +ve 3D7 control; lane NC = -ve control; lane 89 with band at 1200bp = primary amplicon 
(Plasmodium genus fragment); Numbers represent participants’ codes. 

 
 
 
primers. The other species (Ovale and Malariae) were not 
assessed in this study. The extracts were analysed on a 
1.5% agarose gel alongside a 50bp molecular weight 
marker (NEB) and positive control samples obtained from 
MR4. This yielded the corresponding 205bp and 120bp 
bands respectively for the falciparum and the vivax species. 
No case of falciparum-vivax coinfection was observed with 
the 138 study cases. 
 
Variation of the AMA1 gene sequences in isolates from 
Buea 
 
A total of 175 falciparum positive extracts (the 97 extracts 
obtained above and 78 falciparum positive extracts isolated 
in a parallel study in our research group) were used for the 
isolation of the domain I of the AMA1 gene sequences by 
PCR. The sequences (500bp fragment sizes) were 
successfully amplified from 88 (50.29%) of the 175 
falciparum positive extracts by nested PCR using AMA1 
specific primer sequences. Eighty-seven (49.71%) of the 
positive extracts were refractory to amplification (Figure 
1). In order to assess the diversity of the AMA-1 gene by 
RFLP, nested amplicons of the AMA-1 domain I gene from 
the 88 P. falciparum positive samples were digested using 
Mse1, Bfcu1 and Ssp1 enzymes and following the 
manufacturer’s instructions. The 500bp long AMA1 domain 
I wild type gene sequence contains one Mse1, Bfuc1 and 
SspI restriction enzyme sites. These sites are either present 
as in the wild type or absent as in the mutated form. The 
presence of these restriction sites gives three different 
restriction fragment length sizes (285bp, 335bp, 400bp; 
corresponding to the different allele types K1, HB3, 3D7 
respectively) when digested respectively with these 
restriction enzymes. The digestion products of the AMA-1 

gene were analysed on a 2.5 agarose gel and revealed the 
presence of the respective major band sizes of 285bp, 
335bp and 400bp (Figures 2,3,4). 
 
AMA-1 allelic frequency and polymorphism 
 
Restriction analysis with the three enzymes showed that of 
the 88 field isolates digested, 3 field isolates had the Ssp1 
site present (3D7 allele), 8 had the Bfcu1 site (HB3 allele) 
and 14 had the Mse1 site present (k1 allele) (Figure 5). 
However, 63 field isolates had none of the restriction sites 
of these enzymes suggesting the loss of their restriction 
sites.  
 
 
DISCUSSION 
 
Despite the enormous challenges involved in developing a 
vaccine against malaria getting one remains very 
imperative given the continuous ability of the parasites to 
develop resistance against malaria drug regimens. 
Artemisinin and its partner drugs (ACTs) were a welcome 
relief after Chloroquine resistance went global and today 
with the emergence of artemisinin resistant strains of the 
malaria parasites in South East Asia leaves the global 
population at risk with no immediate alternative at sight. 
The current gains made by the use of these ACTs and other 
vector control measures (WHO, 2017) risk being reversed. 
The most advanced malaria vaccine candidate RTS,S 
(“Mosquirix”) is short of conferring full and long-lasting 
protection against all populations. It only provides partial 
protection against falciparum malaria in young children 
with decreasing efficacy after a year of administration 
(EMA, 2015; RTS,S CTP, 2014). While further efforts remain  
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Figure 2: An electrophoregram of domain I of AMA1 amplicons digested with the restriction 
enzyme Ssp1 and ran on a 2.5% agarose gel, showing the digested 400bp fragment 
corresponding to the 3D7 allele. M=50bp molecular weight ladder; numbers stand for 
participants’ codes; 3D7 is the positive control; NC = negative control. 

 
 
 

 
 

Figure 3: Agarose gel electrophoregram of AMA1 domain I amplicons digested with the Bfcu1 
restriction enzyme and showing the 335bp band size of the HB3 allele. M=50bp molecular 
weight ladder; numbers stand for participants’ codes. HB3 = positive control sample; NC =  

 
 

 
 

Figure 4: Agarose gel electrophoregram of AMA1 amplicons 
digested with the Mse1 enzyme showing the 285bp band of the 
K1 allele of AMA1. M=50bp molecular weight marker; numbers 
stand for participants’ codes. 
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Figure 5: Frequency distribution of the major AMA-1 alleles in malaria field isolates from Buea 

 
 
 
to be deployed to improve the efficacy of RTS,S,  there is the 
need to scavenge other vaccine candidates especially those 
that have already gone through clinical trials for the 
development of a malaria vaccine. This study aims at 
assessing the genetic diversity of one of these vaccine 
candidates, the Apical Membrane Antigen 1 (AMA1), that 
have already successfully undergone clinical trials, in field 
isolates from Buea in Cameroon. Knowledge of the 
antigenic variants of any leading vaccine candidate antigen 
in various endemic areas is essential for the rational design 
of a malaria vaccine that can be effective across the globe. 

The 138 subjects involved in the study had 
characteristics similar to those previously described 
(Sumbele et al., 2016; Kunihya et al., 2016). Anaemia 
prevalence (hemoglobin < 11.0 g/dL) was associated with 
decreasing age for children less than 5, though majority of 
the participants were non-anaemic. Parasite prevalence 
increased with age up to the 10-14 years ranged and then 
decreased, though not significant in both cases. Yeka et al. 
(2015) obtained similar results in Uganda although their 
increase in parasite prevalence up to the age of 11 and 
decrease were significant, probably due to a larger sample 
size. 

The parasitized blood samples collected from the study 
participants were analysed for the presence of the two 
Plasmodium species, falciparum and vivax. Amplification of 
the various fragments of the two different species using 
previously described primers (Snounou et al., 1993) 
showed the presence of falciparum with the typical banding 
pattern of 205bp in 97 (70.3%) of the 138 malaria positive 
samples collected and only one sample (0.7%) of the total 
number gave the characteristic banding pattern of 120bp 
for vivax. This one Plasmodium vivax isolate, though not 
confirmed by sequencing, could not have been an artefact 
as the same band was obtained repeatedly alongside the 
genomic control from MR4. This further confirms recent 
findings from five epidemiological strata of malaria in 
Cameroon including the coastal strata under which this 
study site falls that P. falciparum was the only causative 

agent of clinical malaria and that P. vivax, P. malariae, P. 
knowlesi and the last of the malaria parasites of humans to 
be described, P. ovale, were all absent (Kwenti et al., 2017). 
These findings contradict those of Fru-Cho et al. (2014) 
who found substantial Plasmodium vivax (13 out of 87 
malaria positive cases as determined by PCR) in this study 
area. The difference in these results could be that the P. 
vivax cases they got were imported cases or due to 
expansion of a founder effect which were not investigated. 
Moreover, their samples dated as far back as 2008-2009 
(Fru-Cho et al., 2014). The fact that our results concord 
with those of Kwenti and collaborators show that P. vivax is 
not the cause of malaria in this coastal region and is not on 
the rise. However, the presence of this vivax isolate in this 
study which may be due to one of the reasons cited above is 
under further scrutiny in a larger scale study. Furthermore, 
the absence of Plasmodium vivax and P. ovale infections 
within the coastal South-Western region of Cameroon 
which includes the present study area had previously been 
demonstrated about a decade ago (Bigoga et al., 2007). 
Malariae and ovale were not assessed in this present study. 
Though microscopy is the gold standard for malaria 
diagnosis the difference obtained with the PCR results 
further illustrates some of the short comings of malaria 
diagnoses in medical setups. The various malaria diagnostic 
methods have been elaborately discussed and compared 
and various reasons have been advanced for the disparity 
in the different diagnostic methods (Dinko et al., 2016; 
Rosanas-Urgell et al., 2010). 

The domain 1 of the AMA1 gene sequences were next 
amplified from the 97 falciparum positive samples 
alongside 78 other P. falciparum positive DNA extracts 
obtained from the same study site within the same period 
in a parallel study. Half (88 extracts; 50.3%) of the total 175 
P. falciparum positive DNA extracts gave the typical 
banding pattern of 500bp (size of domain I of the AMA1 
gene) when amplified using AMA1 gene specific primers 
and the other half (87 extracts; 49.7%) was refractory to 
amplification     for     either    of     various      reasons.    This  



 
 
 
 
amplification success rate is lower than that obtained in 
previous studies on this same domain I of the AMA1 gene 
from Iranian field samples (Ebrahimzadeh et al.,  2014; Zhu 
et al., 2016). The difference could be explained by the 
differences in falciparum DNA extraction methods, working 
reagents and PCR conditions. While this study made use of 
chelex-100 to extract the falciparum DNA, Ebrahimzadeh 
and collaborators (2014) used fermentas genomic DNA 
purification kit and obtained a success rate of 79% while 
Zhu et al., 2016 used DNA Blood Mini kit and obtained 83% 
successful amplification. This difference in method could 
affect the yield and the degree of amplification. Mutations 
in the primer binding sites as well as the presence of PCR 
inhibitors might also have played a role. The PCR-amplified 
AMA1 fragments subjected to restriction fragment length 
polymorphism analysis using the Mse1, Bfuc1 and SspI 
restriction enzymes revealed the presence of the different 
allele classes K1, 3D7 and HB3 of AMA1 in the isolates from 
Buea in Cameroon. Digestion with Mse1, Bfuc1 and SspI 
enzymes gave restriction fragment length sizes of 285bp, 
335bp and 400bp corresponding to the different allelic 
types K1, HB3, 3D7 respectively. Three (3.4%) field isolates 
were present with the 3D7 allele, 8 (9.1%) with the HB3 
allele, 14 (15.9%) with the k1 allele and 63 (71.6%) field 
isolates had none of the restriction enzyme sites present. 
This result shows that the domain I of the AMA1 gene from 
this study area is highly polymorphic and presents the 
three major allele classes K1, 3D7 and HB3 in concordance 
with previous findings. These three major allelic classes 
have been documented with different frequencies in 
various endemic areas including S.E Asia, central and West 
Africa, Brazil and Peru, India and Iran amongst others (Zhu 
et al., 2016; Soulama et al., 2011; Chenet et al., 2008; Garg et 
al., 2007; Ebrahimzadeh et al., 2014). Significant geographic 
variation in genetic diversity of this antigen has also been 
demonstrated between and within continents (Anderson et 
al., 2000; Chenet et al., 2007). Domain I of the AMA1 has 
been shown to have the highest genetic diversity 
(compared to the other domains) and to be the most 
important domain as it possesses the inhibitory epitopes of 
the AMA1 antigen and the cross inhibitory activities of 
antibodies (Zhu et al., 2016; Drew et al., 2012). The 
haplotype diversity of P. falciparum AMA1 has been widely 
studied in South East Asia and were characterized by five to 
six dozen SNP loci across the gene distributed mostly in the 
ectodomain of the AMA1 gene with domain I being the most 
polymorphic (Lumkul et al., 2018; Zhu et al., 2016; 
Escalante et al., 2001; Polley and Conway, 2001). Our result 
thus confirms this polymorphic nature of domain I of the P. 
falciparum AMA1 antigen gene with 71.6% of the isolates 
having lost the restriction sites due to mutations. While 
some of the above studies had varied frequencies of the 
three major allelic classes of AMA1 at various geographic 
areas, this study revealed a prevalence of the K1 allele with 
the 3D7 allele being the least frequent. This variation in 
prevalence of the three different major allelic forms across 
various geographic zones could be accounted for by 
differences  in    the   prevalence   of   malaria parasites  and  
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malaria transmission intensity. This study indicates that 
these major allelic forms of the AMA1 antigen need to be 
considered in the design of an AMA1-based vaccine that 
will be globally effective against P. falciparum infections. 
 
 
CONCLUSION 
 
The present study describes for the first time the presence 
and frequencies of the three major allelic forms of the 
polymorphic and most important domain I of the AMA1 
antigen gene in parasite populations from Buea in 
Cameroon. The K1 allele has been shown to be the most 
prevalent in this area with the 3D7 allele being the least 
represented. Results from this study also demonstrate the 
high degree of polymorphism in domain I of the AMA1 gene 
which has previously been shown elsewhere to be due to 
positive natural selection. These results on AMA1 allelic 
frequencies and polymorphism will be useful for AMA1-
based malaria vaccine development.  The study also shows 
that Plasmodium vivax is almost inexistent in Buea. 
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