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Background: The potential re-emergence of Plasmodium falciparum parasites sensitive to 

chloroquine provides an opportunity for the reintroduction of the drug in patient care. With 

the recent discovery and spread of artemisinin resistance in South east Asia, the emergence of 

chloroquine sensitivity gives hope for malaria treatment globally. In this study, we explored the 

prevalence of genotypic chloroquine resistant P. falciparum isolates collected from symptomatic 

patients in northern Uganda.

Methods: Finger-prick capillary blood spotted on Whatman 903 filter papers were collected 

from adult symptomatic outpatients ($18 years) in Lira and Gulu regional referral hospitals. 

Patients were screened for the presence of Plasmodium infection using rapid diagnostic test 

histidine rich protein-2 (HRP- 2) prior to blood sample collection. Parasite DNA was extracted 

from individual spots on the filter papers using chelex-resin method. Presence of mutations, 

Pfcrt K76T and Pfmdr N86Y were analyzed using polymerase chain reaction-restriction frag-

ment length polymorphism (RFLP) method. A total of 213 and 169 amplicons were analyzed 

for Pfcrt K76T and Pfmdr N86Y polymorphisms, respectively. The data were analyzed in an 

Excel 2007 spreadsheet.

Results: A total of 89/213 (41.8%) of the P. falciparum isolates analyzed for Pfcrt K76T 

polymorphism had wild type (chloroquine sensitive) genotype (76K). The majority, 116/213 

(54.4%) carried the mutant (chloroquine resistant) genotype 76T whereas 8/213 (3.8%) had 

mixed genotypes Pfcrt-76K/T (sensitive/resistant). For Pfmdr N86Y polymorphisms, the major-

ity, 164/169 (97%) of the isolates had wild type (chloroquine sensitive) genotype Pfmdr 86N. 

A small proportion, (3/169) 1.8% had mutant (chloroquine resistant) genotype Pfmdr 86Y, 

whereas 2/169 (1.2%) samples had mixed genotypes Pfmdr1-86N/Y (sensitive/resistant).

Conclusion: P. falciparum parasites with genotypic resistance to chloroquine have persisted 

in the population after more than a decade since the change of policy in Uganda.

Keywords: wild type, resistant, northern Uganda

Background
Malaria remains a disease of public health concern in Uganda, with Plasmodium 

 falciparum parasite responsible for most of the cases.1 The disease causes high mor-

tality especially among children 5 years and expectant mothers. Chloroquine (CQ) 

was an efficacious, safe, and affordable antimalarial agent that formed the cornerstone 

of malaria treatment globally in the 1950s and 1960s.2 However, its use was compro-

mised by the development and worldwide spread of resistance. CQ resistance reached 
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alarming levels in most malaria endemic areas of the world.3 

In Uganda, for example, CQ resistance peaked at 100% 

according to previous studies.2,4 Subsequently, the World 

Health Organization recommended a change in the malaria 

treatment policy to the current artemisinin-based combina-

tion therapy (ACT) globally. In Uganda, national policy for 

treatment of uncomplicated malaria was first changed from 

CQ monotherapy to CQ plus sulfadoxine-pyrimethamine 

combination therapy in 2000. However, this was also soon 

changed to the current ACT antimalarial agents in 2004 due 

to resistance.5

Artemisinin agents are highly efficacious with rapid para-

site clearance rates and thus offer rapid resolution of malaria 

symptoms. However, unlike CQ, artemisinin derivatives are 

more expensive in addition to being difficult to take, especially 

due to the high pill burden. In addition, reports are emerging of 

delayed parasite clearance and potential occurrence of resistance 

to artemisinin antimalarial agents in Cambodia.6 Based on prior 

experience with CQ where resistance first emerged from Asia 

and subsequently spread to other parts of the world,3 the current 

discovery of artemisinin resistance in Cambodia presents a threat 

to malaria treatment and control programs globally. 7

The antimalarial action of CQ involves interference of 

hematin detoxification in parasites’ digestive vacuole.8 CQ 

resistant plasmodium parasites have a decreased ability to 

concentrate the drug inside the digestive vacuole due to muta-

tions in the Pfcrt K76T gene (threonine to lysine) encoding 

the drug transporter located on the membrane of the parasite’s 

digestive vacuole.9 Furthermore, polymorphisms in codon 86 

(asparagine to tyrosine, 86Y) of Pfmdr1 gene that encodes 

P-gh1 have a modulatory role in CQ resistance among 

parasites that have 76T mutation.10 This mutation (86Y) has 

been shown to alter transport activity of P-gp required in 

concentrating CQ inside parasites’ digestive vacuole.11 Expo-

sure to antimalarial agents selects for mutations that allow 

parasites to survive and continue replicating in the presence 

of the drug.12 Parasite resistance confers a fitness cost, thus 

removal of drug pressure potentially leads to reversal to the 

fit wild type genotype.12,13 This reversal can occur through 

back mutation or selection of wild type parasites which sur-

vive in the presence of the drug.14 In Malawi, Plasmodium 

parasites with genotypic sensitivity to CQ have re-emerged 

following long periods of its withdrawal from use in malaria 

treatment.15 This has been shown to be due to re-expansion 

of wild type plasmodium parasites.16

However, unlike in Malawi where CQ use was stopped, in 

Uganda the drug continues to be used in patient care despite 

its withdrawal following the change in malaria treatment 

policy.17 For example, according to the Uganda National 

Clinical Guidelines, CQ is still recommended for use in 

malaria prophylaxis among sickle cell anemic patients.18 

The drug can also be accessed over-the-counter from private 

drug outlets such as drug stores.19 The continued use of CQ 

maintains drug pressure in the population and could have a 

bearing on re-emergence of susceptible P. falciparum para-

sites in northern Uganda as demonstrated by previous studies 

in Malawi,15 Kenya,20 and Ethiopia.21 Therefore, the current 

study was intended to assess the prevalence of genotypic 

resistance markers for CQ (Pfcrt K76K and Pfmdr1 N86Y) in 

northern Uganda, an area where CQ can still be accessed and 

used without a prescription in communities despite malaria 

treatment policy change.19

Methods
Study design, study area
This was a cross-sectional study and field data collection 

was done in Lira and Gulu regional referral hospitals in 

northern Uganda. Northern Uganda is an area of high 

malaria transmission in the country. Lira and Gulu are ∼300 

km from the capital Kampala. Lira regional referral hospital 

is a 415-bed-capacity public hospital serving a population 

of over 2.5  million. The hospital receives ∼131,296 patients 

annually in the general outpatient department. Gulu regional 

referral hospital is a 397-bed-capacity public hospital serv-

ing a population of over 1.5 million people. The hospital 

receives ∼77,128 patients annually in the general outpatient 

department.

Study population and sampling procedure
This study was conducted among adult ($18 years) out-

patients presenting to the general outpatient departments 

of Lira and Gulu regional referral hospitals from August 

2013 to May 2014. Patients waiting to see the doctor were 

selected following systematic random sampling method 

using intervals of four and three in Lira and Gulu regional 

referral hospitals, respectively. Those who provided written 

consent to participate in the study were then screened for 

presence of Plasmodium infection using rapid diagnostic 

test (RDT) (HRP-2). Finger-prick capillary blood was then 

collected and spotted on Whatman 903 filter papers from 

those patients who were positive for Plasmodium infection 

using RDT test.

Parasite isolates
Plasmodium parasite infection was diagnosed in the labora-

tory using RDT. Capillary blood samples were screened for 

presence of HRP-2, a soluble protein which is expressed 

only by P. falciparum trophozoites among malaria parasites 
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using RDT-HRP-2. The patients whose blood samples were 

positive for Plasmodium infection were notified and more 

blood was requested for further analysis using polymerase 

chain reaction (PCR). From those who provided written 

informed consent, more capillary blood from a finger-prick 

was obtained after sterilizing the fingertip using alcohol 

swabs. The first drop of blood was cleaned away and the 

subsequent 2–3 drops were collected on four blood spots on 

the filter paper (Whatman 903). The blood blotted filter paper 

was left to dry at room temperature prior to storage at 4°C 

awaiting PCR analysis. This procedure was repeated for all 

the recruited patients. A total of 215 blood spotted Whatman 

No 903 filter papers were collected. The filter papers were 

then transported to the Molecular Diagnostics laboratory in 

the Department of Medical Microbiology Makerere Univer-

sity, Kampala, Uganda for PCR analysis.

Plasmodium DnA extraction
Parasite DNA was extracted from dried blood spots on the filter 

paper using chelex method as previously described by Plowe 

et al.22 Briefly, two 6 mm blood blotted filter paper discs were 

cut, each from a separate blood spot on the same filter paper 

using a sterile single hole punching machine. The discs were 

soaked in phosphate-buffered saline (PBS) (1 mL) and 10% 

saponin (50 µL) in a microfuge tube, inverted several times 

and stored at 4°C overnight. The microfuge tubes were then 

centrifuged at 13,000 rpm for 5 seconds and the reddish super-

natant aspirated. After discarding the supernatant, 1 mL of 

PBS (no saponin) was added, the tubes inverted several times, 

and incubated at 4°C for 30 minutes. The microfuge tubes 

were then centrifuged at 13,000 rpm for 2 minutes and all the 

saponin and PBS aspirated. Fifty microliters of 10% chelex was 

then added into the microfuge tube containing the filter paper 

discs. To each tube 100 µL of sterile water was added. Parasite 

DNA was extracted by incubating the tubes for 10 minutes in 

a 95°C heat-block while vigorously vortexing each tube every 

2 minutes throughout the incubation period. After incubation 

the tubes were centrifuged for 5 minutes at 13,000 rpm, then 

the solution was transferred to separate microfuge tubes. These 

were then centrifuged at 13,000 rpm for 10 minutes and the  

final white-to-yellowish supernatant was transferred to separate 

labeled tubes taking care not to pipette the chelex. The tubes 

were then stored at -20°C until analysis.

Detection of 76T polymorphism in Pfcrt 
gene using nested and allele-restricted 
PCR
Polymorphisms (K76T) in the Pfcrt gene were assessed using 

a nested PCR amplification followed by restriction fragment 

length polymorphism (RFLP) method as previously described 

by Fidock et al.23 The following primers were used in the pri-

mary PCR, CRT1F-5′-GACGAGCGTTATAGAGAATTA-3′ 
and CRT1R-5′-CCAGTAGTTCTTGTAAGACC-3′ to amplify 

the region flanking codon 76. In the second round PCR  

(nested), the following primers, CQRAF-5′-TGTGCTCAT-

GTGTTTAAACTT-3′ and CQRBR-5′- CAAAACTATAGT-

TACCAATTTTG-3′ were used to amplify the PCR products 

of the primary reaction. In the primary PCR, 2 µL of template 

DNA was amplified in a 50 µL reaction volume using the 

following cycling protocol: 95°C for 5 minutes for initial 

denaturation, 35 cycles of 94°C for 30 seconds, 47°C for 45 

seconds, and 68°C for 90 seconds, and a final extension of 

68°C for 10 seconds. For the nested PCR, 2 µL of primary 

PCR products were amplified under the same conditions 

except for the primers used.

Detection of 86Y polymorphism in 
Pfmdr1 gene using nested and allele-
restricted PCR
The polymorphisms (N86Y) in the Pfmdr1 gene were 

determined using PCR-RFLP method as previously 

described by Djimde et al.24 The following primers 

were used in the primary PCR, Pfmdr1-FOut-5′- TGT-

TGAAAGATGGGTAAAGAGCAGAAAGAG-3 ′ and 

Pfmdr1-ROut -5′-TACTTTCTTATTACATATGACAC-

CACAAACA-3′ to amplify the region flanking codon 86. 

In the second round, PCR (nested) the following primers, 

Pfmdr1-FIner-5′- AAAGATGGTAACCTCAGTATCAA 

AGAAGAG-3′ and Pfmdr1-RIner-5′-GTCAAACGTGCA

TTTTTTATTAATGACCATTTA-3′ were used to amplify 

the PCR products of the primary reaction. Two microliters 

of template DNA was amplified in a 50 µL reaction volume 

under the following cycling conditions: 94°C for 5 minutes 

for initial denaturation, 40 cycles of 94°C for 30 seconds, 

45°C for 45 seconds, and 68°C for 90 seconds, and a final 

extension of 68°C for 10 seconds. In the nested PCR, 2 µL 

of primary PCR products were amplified using the same 

conditions except for the primers used.

Quality control
Genomic DNA from P. falciparum clones 3D7 (CQ sensitive) 

and Dd2 (CQ resistant) were used as positive controls and 

uninfected spots on the filter paper were extracted (free of 

blood) as negative controls. The nested PCR products were 

evaluated to check for amplification before digestion by 

restriction enzymes. This was done by electrophoresis using 

2% agarose stained with ethidium bromide and viewed under 

ultraviolet (UV) trans-illuminator. After running all the DNA 
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samples, two samples per run were randomly selected and 

re-analyzed using the same conditions to check for consis-

tency of the results.

Restriction digestion with APO I and Afl III
The final amplified nested products were digested with 

APO I for the Pfcrt K76T and Afl III for Pfmdr N86Y poly-

morphisms (New England Biolabs, Ipswich, MA, USA). 

In the reactions, 10 µL of the nested PCR product reaction 

mixture was treated directly with 2 µL of the restriction 

enzyme by incubating at 50°C for 6 hours as recommended 

by the manufacturer (New England Biolabs). The enzyme 

APO I recognizes and cuts products with wild type 76K 

genotype releasing two fragments (100 and 49 bp). How-

ever, it does not cut the products containing mutant 76T 

genotype (hence only one band, 149 bp) (Figure 1). The 

enzyme Afl III recognizes and cuts products containing 

mutant 86Y genotype releasing two fragments (328 and 

232 bp). The enzyme does not cut products containing 

wild type 86N genotype (thus only one fragment, 560 bp) 

(Figure 2). The digested products were separated using 

electrophoresis on 2% agarose gel, stained with ethidium 

bromide, and the results viewed using UV light in a trans-

illuminator.

Data management and analysis
Laboratory data were entered and analyzed in an Excel 

2007 spreadsheet. The main outcome variable was presence 

of Pfcrt K76T and Pfmdr N86Y mutations in parasite DNA 

samples. The proportion of malaria parasites which carried 

this mutation was established. Two samples from each of the 

different PCR runs were randomly selected and re-analyzed 

to validate the reproducibility of the experiment.

Ethical clearance
The study protocol was reviewed and approved by the School 

of Medicine Makerere University research and ethics review 

committee (protocol number: REC REF 2012-072) and 

Uganda National Council for Science and Technology (pro-

tocol number: HS 126). Permission to conduct the study was 

also obtained from district and hospital authorities. Written 

informed consent was obtained from all participants who 

agreed to take part in the study.

Results
Prevalence of Pfcrt K76T polymorphisms 
in northern Uganda
Amplification of Pfcrt was successful in 213 of the 215 

parasite DNA samples analyzed. The majority, 116 (54.4%) 

of the amplicons contained 76T mutation which is indicative 

of genotypic CQ resistance. Over a third of the samples, 89 

(41.8%) contained K76 genotype which shows genotypic 

susceptibility to CQ. A proportion, 3.8% (8/213) of the 

samples contained mixed genotypes (76K/T) which are both 

CQ resistant and susceptible parasite strains present in the 

same individual (Table 1).

Prevalence of Pfmdr N86Y polymorphisms 
in northern Uganda
Amplification of Pfmdr1 was successful in 169 of the 

215 parasite DNA samples analyzed. The majority, 97% 

(164/169) of parasite DNA samples contained wild type 

Lad MT WT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Lad

Figure 1 Photomicrograph showing results of digestion of nested PCR products with APO I enzyme for Pfcrt K76T gene.
Note: Lad is 100 bp DnA ladder; MT (149 bp) is mutant Dd2 Plasmodium falciparum strain; WT (100/49 bp) is wild type HB3 Plasmodium falciparum strain; 1–16 are 
representative samples.
Abbreviation: PCR, polymerase chain reaction.
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N86 genotype of the codon Pfmdr1-86 (CQ sensitive 

genotype). Three samples, 1.8% (3/169) had a mutation 

86Y in the Pfmdr1-86 codon (CQ resistant genotype). Two 

samples, 1.2% (2/169) contained mixed parasite genotypes 

(86N/Y) which are both wild type and mutant strains 

(Table 1). We found that the majority (95.5%) of the parasites 

which had the Pfcrt K76T mutation did not simultaneously 

carry the Pfmdr N86Y polymorphism.

Discussion
With no effective vaccine against malaria, use of drugs 

remain the only management currently available despite 

the challenge of high risk of resistance development. How-

ever, withdrawing one medicine from use due to resistance 

development has been shown to remove drug pressure and 

potentially lead to the reversal of parasite resistance.15

In this study we found a high prevalence of wild type 

Pfmdr1-86N genotype (.95%), a result similar to that of 

a previous study.25 This could be due to the widespread 

use of ACTs in Uganda as it is the first-line drug in the 

treatment of uncomplicated malaria.18,26 Studies have 

shown that wild type Pfmdr1-86N parasite genotype is 

selected in the population by exposure to ACT antimalarial 

agents.27,28 A higher prevalence of wild type Pfmdr-86N 

genotype was observed in Kenya after the roll out of ACT 

use.20 In addition, pooled analysis of data from multiple 

clinical trials indicated a positive relation between high 

prevalence of wild type Pfmdr-86N genotype and use 

of artemether-lumefantrine antimalarial agents.29 In our 

study, the prevalence of wild type Pfmdr-86N genotype 

was higher than that of Pfcrt-76K following the introduc-

tion of ACTs in malaria treatment over a decade ago. This 

finding is consistent with that of previous studies30,31 where 

emergence of wild type 86N genotype preceded that of 76K 

after implementation of ACT use. Although artemether-

lumefantrine is still very effective in malaria treatment 

in Uganda,32 analysis of data from different clinical tri-

als showed that high prevalence of wild type Pfmdr-86N 

50 bp 50 bp

500 bp

350 bp

200 bp

50 bp

1 2 3 4 5 6 7 8 9 10 11 12

Figure 2 Photomicrograph showing gel image for digestion (Afl III) products of Pfmdr N86Y mutation in Plasmodium falciparum.
Notes: A 50 bp molecular ladder was used. Lines 1 and 2 are 3D7 wild type strain (control), line 3 is 7g8 wild type (control), and 4 is FCR3 mutant strain (control). Lines 
5–10 are samples. Lines 8 and 9 are mixed strain infection (Pfmdr 86N/Y), 5, 6, and 10 are wild type (Pfmdr 86N). Line 11 is negative extraction control. Line 12 is nTC (no 
template control) PCR water with no DnA.
Abbreviation: PCR, polymerase chain reaction.

Table 1 Pfmdr1-n86Y and Pfcrt-K76T polymorphisms in the Plasmodium falciparum isolates

Codon Number of DNA samples 
analyzed (n)

Genotype Phenotype Number of isolates Prevalence 
(%)

Pfmdr1-86 169 n86 Wild type 164 97
86Y Resistant type 3 1.8
86n/Y Mixed 2 1.2

Pfcrt-76 213 K76 Wild type 89 41.8
76T Resistant type 116 54.4
76K/T Mixed 8 3.8
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parasite genotype is associated with decreased parasite 

sensitivity to artemisinin-lumefantrine.29

Furthermore, we found higher prevalence (41.8%) of 

wild type 76K P. falciparum genotype than a previous study 

by Mbogo et al33 that reported 17% in Tororo, Uganda. The 

variation in the findings could be due to the difference in 

the study periods. In the study by Mbogo et al,33 samples of 

previous clinical trials collected between 2002 and 2012 were 

used in the analysis, which included samples collected when 

CQ was still a recommended drug in the CQ sulfadoxine-

pyrimethamine combination, unlike samples collected in 

2013 to 2014 used in the current study. The findings of 

this study in addition to that of Mbogo et al,33 are however 

indicative of a steady decline in the prevalence of mutant 76T 

alleles of the Pfcrt-76 gene in Uganda which had previously 

peaked at 100% in the population. Studies have shown that it 

took approximately 8 years (1993 to 2001) since the change 

in malaria treatment policy for CQ sensitivity to re-emerge 

in Malawi.15 However, in Uganda during the same amount of 

time (10 years; 2005 to 2015), the prevalence of CQ sensitive 

P. falciparum genotypes is still lower than that observed in 

Malawi as shown by our findings.15

Reversal of CQ resistance seems to follow complete 

removal of drug pressure in the population.13,15 In Malawi, 

for example, following the change in malaria treatment 

policy, CQ importation into the country was stopped. This 

had a remarkable effect in removing drug pressure, hence 

the re-emergence of CQ susceptible plasmodium parasites 

in the population.15 In Uganda unlike Malawi, even after the 

change in malaria treatment policy,5 CQ importation and 

use was not completely eliminated. Studies have reported 

low levels of continued CQ use in Uganda.19,34 In addition, 

CQ is still recommended for use in rheumatoid arthritis and 

malaria prophylaxis among sickle cell patients in Uganda.18 

In Ghana, the risk of infection with Plasmodium falciparum 

parasites carrying Pfcrt 76T mutation (CQ resistant) was 

higher in areas where malaria was treated by using CQ.35 

Therefore, the continued use of CQ in the population could 

explain the low rate of reversal in CQ resistance found in the 

current study.36,37 In addition, the potential development of 

compensatory mutations among P. falciparum parasites could 

also play a role in the persistence of the resistant Pfcrt-76T 

mutations in the population.12,38,39 Unlike Malawi, where CQ 

resistance remained at ∼85% prior to the change in malaria 

treatment policy in 1993,36 in Uganda, the prevalence of CQ 

resistance had peaked at 100% prior to the change in malaria 

treatment policy in 2005.4 This variation in the extent of CQ 

resistance prior to change in malaria treatment policy may 

explain the slow reversal in CQ resistance in Uganda as 

compared to Malawi, as shown in the findings of this study. 

Some patient samples had mixed Pfcrt-76K/T genotypes. 

A previous study by Mita et al40 showed that patients with 

mixed infections had sensitive in vivo CQ response.

Studies done in other African countries show different prev-

alence rates of CQ resistant Pfcrt 76T gene following change 

in malaria treatment policy from CQ to artemisinin. In Ghana, 

for example, the prevalence of Pfcrt T76 declined from 80% 

to ∼60% between 2005 and 2011.41 A study by Mohammed 

et al42 in Tanzania found a CQ susceptibility rate of more than 

90% among P. falciparum parasite isolates following 12 years 

after the change in policy. In Kenya, when CQ use in malaria 

treatment was stopped from 1993 to 2006, CQ susceptibility 

rose from 5% to 40%. Similarly, in Mozambique, CQ suscep-

tibility rose from 5% to 80% within 5 years of policy change,43 

while in Malawi there was 100% CQ susceptibility recorded in 

13 years following the change in malaria treatment policy.15,36 

Thus, there is evidence that the change in malaria treatment 

policy has had an effect on reversal of CQ susceptibility in dif-

ferent African countries. However, the variation in the rate of 

recovery of CQ susceptibility across several African countries 

is likely due to the lack of synchronized implementation of 

the policy. In addition, other factors such as the variation in 

the intensity of malaria transmission in different geographi-

cal locations coupled with the introduction of closely related 

antimalarial agents such as amodiaquine may further explain 

the observed variation.42

The current study provides evidence of a slow progres-

sive decline in the prevalence of genotypic (Pfcr K76T and 

Pfmdr N86Y) CQ resistance among P. falciparum parasites 

in Uganda. This is indicative of the persistent possibility of 

unfavorable clinical outcomes if CQ is introduced in malaria 

treatment in the country. However, Chaijaroenkul et al, 

Francis et al, and Dorsey et al4,44,45 in their studies showed that 

in high transmission areas like northern Uganda,46 clinical 

response to treatment of resistant parasites using CQ may 

also be influenced by other factors such as immunity.

There was unsuccessful amplification in some of the 

samples, especially for the Pfmdr1 codon that is similar to 

the findings of other studies.29 This could have been due 

to low concentration of template (parasite) DNA, which 

is likely as we did not quantify parasite load during field 

sample collection.

Conclusion and recommendation
The current finding indicates presence of partial reversal of 

genotypic CQ resistance of Pfcrt K76T in northern Uganda 
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following a decade of incomplete withdrawal from use in the 

country. Continued use of CQ in hospitals and communities, 

albeit at low levels, could have a bearing on the persistence 

of CQ resistance genotype in the population. Therefore, 

complete removal of drug pressure through enforcement 

of regulations, especially on, importation and sale of CQ, 

is needed. There is a need for continuous surveillance of 

Pfmdr1 and Pfcrt plasmodium parasite polymorphisms in 

the country to help policy makers manage the challenge of 

drug resistance in malaria treatment.
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