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Abstract 
Chloroquine was once central to malaria treatment in Nigeria, but widespread resistance prompted its withdrawal as first-line therapy in 
2005. This narrative review characterized Nigerian research on chloroquine resistance, examined trends in use and resistance, and 
assessed evidence of continued use after withdrawal. PubMed and Google Scholar were searched from 1 to 14 August 2025 for English-
language studies using terms related to chloroquine, Nigeria, pfcrt, K76T, pfmdr1, mutation, polymorphism, and resistance. The search 
covered publications from 1980 to 2025; the studies meeting the eligibility criteria were published between 1989 and 2025. Of 1,490 
records retrieved, 150 full texts were assessed, and 60 studies met the eligibility criteria. Evidence was summarized by design, period, 
geographical distribution, and level. Observational studies predominated, while randomized trials and systematic reviews were 
uncommon, indicating that most evidence was surveillance-based rather than trial-based. Research was concentrated in the South West 
and South-South, with comparatively limited coverage in the South East and North East. Molecular evidence suggests that the prevalence 
of the pfcrt K76T resistance allele has declined in some settings; however, continued informal use, affordability, accessibility, and renewed 
exposure during the COVID-19 period may sustain drug pressure. The findings indicate uneven surveillance rather than a uniform 
national picture and do not establish complete restoration of chloroquine susceptibility. Nigeria should strengthen pharmacovigilance, 
nationwide molecular and genomic surveillance of pfcrt and pfmdr1, periodic resistance mapping, enforcement of withdrawal restrictions 
among Patent and Proprietary Medicine Vendors, and monitoring of informal medicine markets. 
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Introduction 
                                                                                                                
In January 2005, the Nigerian Federal Ministry of Health 
announced a phase-out program for malaria-resistant drugs 
used in the treatment of uncomplicated malaria, with 
chloroquine included among them. The program also covered 
sulfadoxine-pyrimethamine [1,2]. This decision was driven by 
the emergence of multi-drug resistance in Plasmodium falciparum, 
the protozoan species responsible for severe malaria. 
Chloroquine was included in the phase-out because of the 
emergence of chloroquine-resistant (CQR) strains [3,4]. Despite 
WHO’s target of reducing malaria incidence and mortality by 
90% in 35 countries by 2030, by 2020 only about a  

 
third of the milestones had been achieved, and the overall target 
appears unrealistic [5,6]. 
Chloroquine had long been a drug of choice for malaria 
treatment due to its ease of use, relatively high efficacy, and 
cost-effectiveness. Millions of doses were consumed annually, 
making it a cornerstone of malarial chemotherapy. However, 
growing concerns over high resistance rates and treatment 
complications led to its withdrawal as a first-line drug, according 
to WHO’s Guidelines for the Treatment of Malaria (2015) [3,7–
10]. CQR was first reported in 1957 in Southeast Asia and 
spread to Eastern Africa by the late 1970s, before gradually 
reaching West Africa. In Nigeria, the first documented cases of 
chloroquine resistance were reported in 1987 in Lagos in the 
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South West and Calabar in the South-South, after which 
resistance was reported across the country. Several genes have 
been implicated in this resistance, but the most widely 
recognized are pfcrt and pfmdr1, which encode the chloroquine 
resistance transporter (pfCRT) and multi-drug resistance 
transporter (pfMDR1), respectively. The pfcrt mutation results 
in a substitution of lysine with threonine (T76) at position 76, 
while the pfmdr1 mutation replaces tyrosine (Y86) with 
asparagine [3,11,12]. 
The pfcrt T76 mutation serves as a molecular marker for 
chloroquine resistance and is considered the key determinant of 
chloroquine sensitivity. Its mechanism involves efficient efflux 
of protonated chloroquine molecules out of the parasite’s 
digestive vacuole (DV), reducing drug accumulation and 
impairing its toxic effect on the heme target. Mutations in the 
pfmdr1 transporter have also been linked to resistance or 
sensitivity not only to chloroquine but also to quinine, 
mefloquine, artemisinin, lumefantrine, and halofantrine [11,13–
16]. 
Withdrawal of chloroquine has been associated with declining 
resistance in some African regions, including Tanzania, Zambia, 
and Malawi. More recent studies in Nigeria also suggest a 
reduction in the prevalence of the pfcrt K76T allele, likely due 
to decreased drug pressure [2,17]. However, other studies still 
report molecular evidence of persistent resistant strains, driven 
by continued drug pressure and ongoing chloroquine use 
among certain groups, particularly patent and proprietary 
medicine vendors (PPMVs) [3,11]. 
Although previous studies have documented the emergence and 
molecular mechanisms of chloroquine resistance in Nigeria, 
most have been limited to individual locations, specific 
resistance markers, or isolated epidemiological findings. To 
date, there is no comprehensive narrative review that merges 
the geographical distribution, methodological characteristics, 
extent of continued chloroquine use, policy compliance, and 
evolving resistance patterns across the country. This gap is 
particularly important in light of emerging reports of 
artemisinin-based combination therapy (ACT) resistance and 
the increasing financial burden associated with ACT use in 
many low- and middle-income countries. Evidence from 
countries such as Malawi suggests that sustained withdrawal of 
chloroquine can restore parasite susceptibility, raising the 
possibility that renewed chloroquine effectiveness could 
contribute to future malaria control strategies. For resource-
constrained settings such as Nigeria, understanding the current 
landscape of chloroquine use and resistance has important 
clinical, public health, and socioeconomic implications. By 
reviewing the available evidence, this review provides an 
overview of chloroquine resistance research in Nigeria, 
identifying methodological and geographical gaps in the existing 
literature, and as well highlighting priority areas for surveillance, 
policy implementation, and future research. This narrative 
review aims to characterize the existing literature on 
chloroquine use and resistance in Nigeria by synthesizing 
evidence on study characteristics, trends in chloroquine use and 
resistance, reported molecular resistance markers, current 
resistance patterns, and evidence of continued chloroquine use 
after withdrawal as first-line therapy under the national 
withdrawal policy. 
 

 
 
 

Methods 

 
Study design and scope 
This study was conducted as a structured narrative review of 
published literature on chloroquine use and chloroquine 
resistance in Nigeria. The review focused on studies addressing 
trends, manifestations, molecular markers, treatment response, 
policy compliance, and continued chloroquine use after its 
withdrawal as first-line therapy. The search covered studies 
published between 1980 and 2025 and included research 
conducted in Nigeria or studies that provided extractable 
Nigeria-specific data. 
 
Eligibility criteria 
Studies were eligible for inclusion if they were published in 
English, fell within the defined publication period, and 
addressed chloroquine use, chloroquine resistance, treatment 
response, molecular resistance markers such as pfcrt and 
pfmdr1, or chloroquine-related malaria treatment policy in 
Nigeria. Studies were excluded if they were not related to 
Nigeria, did not provide extractable Nigeria-specific data, lacked 
sufficient information for review, or did not address 
chloroquine use or resistance in relation to malaria. 
 
Review questions 
The review was guided by the following questions: 

1. What are the characteristics of published studies on 
chloroquine resistance in Nigeria?  

2. What are the trends in chloroquine use and resistance 
in Nigeria?  

3. What is the current level of chloroquine resistance 
reported in Nigeria?  

4. To what extent does chloroquine continue to be used 
after its withdrawal as first-line therapy?  

 
Search strategy 
PubMed and Google Scholar were searched between 1 and 14 
August 2025 for English-language studies published from 1980 
to 2025. The search used combinations of Medical Subject 
Headings, free-text terms, and Boolean operators. Search terms 
included chloroquine, chloroquine resistance, chloroquine use, 
Nigeria, malaria, Plasmodium falciparum, pfcrt, K76T, pfmdr1, 
mutation, polymorphism, and antimalarial. Reference lists of 
eligible articles and relevant review papers were also screened 
manually to identify additional studies. 
 
Study selection 
The electronic search yielded 1,490 records, comprising 1,410 
records from Google Scholar and 80 records from PubMed. 
Duplicate records were removed before screening. Titles and 
abstracts were screened against the eligibility criteria, after 
which 150 articles were selected for full-text assessment. Full 
texts were then reviewed, and 60 studies met the inclusion 
criteria and were included in the narrative review. The study 
selection process is summarized in Figure 1. This matches the 
manuscript’s reported search and screening numbers.  
 
Data extraction and evidence classification 
Data were extracted using a standardized data-extraction form. 
Extracted information included publication year, study design, 
study location, geopolitical zone, study population, sample size, 
chloroquine use, treatment response, molecular resistance 
markers, resistance patterns, and key findings. Formal  
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independent dual screening and extraction were not             
undertaken. However, uncertain records and ambiguous 
extracted data were checked against the full text and resolved 
through author discussion. The Oxford Centre for Evidence-
Based Medicine and Scottish Intercollegiate Guidelines 
Network frameworks were used to classify the level and 
hierarchy of evidence. No formal validated study-level risk-of-
bias tool was applied. 
 
Data synthesis 
A descriptive narrative synthesis was used. Included studies 
were summarized according to publication period, study design, 
geographical distribution, study population, evidence level, 
chloroquine use, treatment response, and molecular resistance 
markers. Frequencies and percentages were used to summarize 
study characteristics where appropriate, while key findings were 
discussed narratively to identify trends, gaps, and implications 
for chloroquine resistance surveillance and malaria treatment 
policy in Nigeria. 
 
 

 
 
Figure 1. Diagrammatic flowchart of the article selection 
process for the study 

 
Results  
 
The search yielded 1,490 records, of which 150 full-text articles 
were assessed and 60 studies met the inclusion criteria. The 
included studies were summarized by study design, location, 
publication period, sample size and data source (Table 1). The 
regional distribution of study locations is presented in Table 2. 
Study classification using the Oxford Centre for Evidence-
Based Medicine and Scottish Intercollegiate Guidelines 

Network frameworks is shown in Tables 3 and 4, respectively. 
The distribution of studies by publication period is presented in 
Table 5. 
A total of 60 studies met the inclusion criteria. Observational 
designs accounted for 54 studies (90.0%); randomized 
controlled trials and systematic reviews were uncommon. 
Because several studies covered more than one geopolitical 
zone, the geographical analysis produced 69 zone occurrences. 
The South West had 28 occurrences (40.6%), followed by the 
South-South with 15 (21.7%), North West with 10 (14.5%), 
North Central with 9 (13.0%), South East with 5 (7.2%), and 
North East with 2 (2.9%). Publication-year reconciliation 
identified 9 studies before 2000, 14 from 2000–2010, 22 from 
2011–2020, and 15 after 2020. These findings demonstrate 
marked geographical and methodological imbalance in the 
available evidence. 
 

Discussion 

 
Overall, this study aimed to provide a bird’s-eye view of 
research on chloroquine resistance in Nigeria. It highlighted 
gaps across different geopolitical zones, the characteristics of 
studies conducted, patterns of chloroquine use, and the current 
level of resistance. The study was necessitated by the economic 
need to identify more affordable alternatives, given not only the 
emerging resistance to ACT-based therapies but also the socio-
economic burden they place on average Nigerians, particularly 
rural dwellers and underserved populations. 
The South West recorded the greatest number of geographical 
occurrences (28; 40.6%), particularly in Ibadan, Lagos, and 
Osogbo. Studies in this zone frequently examined molecular 
markers, clinical efficacy, and resistance trends. The South-
South followed with 15 occurrences (21.7%), with substantial 
work in Calabar, Benin, Bayelsa, Rivers, and Delta. Coverage 
was lower in the North West (10; 14.5%), North Central (9; 
13.0%), South East (5; 7.2%), and North East (2; 2.9%). These 
percentages describe study-location occurrences rather than 
unique studies because multi-zone studies contributed to more 
than one category. The observed geographical differences could 
stem from different factors. Regions such as the South West 
have historically benefited from stronger academic institutions, 
established research collaborations, and better access to 
research funding, making them major centres for malaria 
research. In contrast, the low number of studies from the 
Northeast may be due to insecurity, logistical challenges, and 
limited research infrastructure. These gaps in rural and 
underserved communities are significant. The surprisingly low 
coverage in the Southeast, despite its dense population and high 
malaria burden, also deserves emphasis and may indicate 
disparities in research prioritization rather than a lower malaria 
burden. This mirrors findings from other African countries 
where urban or economically stronger regions have richer 
datasets, while rural or conflict-affected zones remain 
underrepresented. This is concerning, as underserved areas 
typically experience a higher malaria burden and may exhibit 
different resistance patterns [76]. These geographical 
imbalances may result in important resistance trends remaining 
undetected in underserved areas, thereby limiting the 
representativeness of the available evidence.  
Overall, 60 studies were included in this review, most of them 
observational epidemiological designs, primarily cross-sectional 
and cohort studies, with very few RCTs, systematic reviews, or 
case-control studies. This trend is similar to other Sub-Saharan 
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Table 1: Concise characteristics of studies included in the narrative review 

Ref. Location Region Design Year N Data source/instrument 

[3] Anambra, Rivers, 
Bayelsa 

South South, 
South East 

Cross sectional survey 2024 582 Questionnaire 

[18] Zaria North West Cross-sectional observational 1989 59 In-vitro assay 
[19] Benue State North 

Central 
Cross-sectional observational 1990 271 Microscopy; WHO/in-vivo test; 

Clinical monitoring; 
Records/audit 

[20] Anambra, Benue South East, 
North 
Central 

observational field study 1991 922 Microscopy; WHO/in-vivo test; 
Clinical monitoring; 
Records/audit 

[21] Calabar South South Cross-sectional observational 1991  Questionnaire 
[22] Calabar South South Prospective observational study 1991 33 WHO/in-vivo test; In-vitro 

assay 
[23] Ibadan South West Prospective randomized 

controlled trial with initial 
observational cohort 

1997 110 Microscopy; In-vitro assay; 
Clinical monitoring 

[24] Calabar South South Prospective observational 
cohort study 

1997 69 WHO/in-vivo test; Clinical 
monitoring 

[25] Calabar South South Prospective Cohort Study 1999 1935 WHO/in-vivo test; Clinical 
monitoring; Records/audit 

[26] Zaria North West Observational molecular 
epidemiology study 

1999 39 PCR; RFLP 

[27] Ibadan South West Prospective Randomized 
Controlled Test 

2002 142 Microscopy; Clinical monitoring 

[28] Ibadan South West Observational Clinic Study 2002 62 In-vitro assay 
[29] Delta South South Prospective observational study 2003 218 WHO/in-vivo test; In-vitro 

assay 
[30] Ibadan South West Observational Study 2003 30 Blood sample; Clinical 

monitoring 
[31] Ibadan South West Observational Study 2003 48 Blood sample; Clinical 

monitoring 
[32] Ibadan South West Prospective observational 

clinical study 
2003 161 Microscopy 

[33] Sokoto North West Case Reports 2003 3 Not stated 
[34] Ibadan South West prospective cohort study 2005 385 Not stated 
[35] Sokoto and Kebbi 

State 
North West Prospective Observational 

Study 
2005 559 Blood sample 

[36]  South West Prospective Observational 
Study 

2006 111 Blood sample 

[37] Nil  In vitro experimental laboratory 
study 

2008 Nil In-vitro assay 

[38] Osogbo South West Prospective Cohort Study 2008 116 Blood sample 
[39] Benin South South Cross-sectional comparative 

study 
2008 424 Blood sample 

[40] Benin South South Cross sectional survey 2009 561 Not stated 
[41] Lagos South West Cross-sectional observational 

study 
2011 1211 Blood sample 

[42] Sagamu, Ogun South West Cross-sectional study 2011 98 Not stated 
[43] Kano North West Mixed-method prospective 

cross-sectional study (caregiver 
treatment-seeking behavior and 
prescriber knowledge/attitudes) 
combined with retrospective 
prescription audit 

2011 342 Not stated 

[44] Nigeria, Brazil  Cross-sectional study 2012 88 Study records 
[45] Lagos South West Cross-sectional study 2014 1527 Blood sample 
[46] Lagos South West Cross-sectional study 2015 251 Blood sample 
[47] Ibadan South West Prospective Cohort Study 2015 120 Not stated 
[48] Lagos South West Cross-sectional study 2016 54 Not stated 
[49] Sagamu South West Cross-sectional study 2016 180 Questionnaire 
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[50] Sub-Saharan 
Africa 

 Narrative Review of Systematic 
Studies 

2016 Does 
not 
apply 

Narrative synthesis 

[51] Calabar South South Cross-sectional study 2017 369 Microscopy 
[52] Kaduna, Jigawa, 

Kano, Kebbi, 
Katsina 

North West Cross-sectional study 2017 466 Blood sample 

[53] Uyo South South Case Control Study 2017 67 Not stated 
[54] Ogun South West Cross-sectional study 2017 249 Blood sample 
[55] Edo, Lagos South South, 

South West 
Cross sectional Study 2018 151 Blood sample 

[56] Ogbomoso, Oyo 
State, 

South West Cross-sectional descriptive 
study 

2019 254 Blood sample 

[57] Bayelsa, Rivers, 
Edo, and Delta, 
Nigeria 

South South Cross-sectional molecular 
epidemiological study 

2019 846 Blood sample 

[11] Nnewi South East Cross-sectional molecular 
epidemiological study 

2019 725 Not stated 

[58] Lagos South West Crosss -sectional study 2020 1243 Study records 
[59] Akure, Ondo South West Case-control study 2020 317 Blood sample 
[60] Kwara North 

Central 
Cross-sectional Study 2020 187 Blood sample 

[61] Lagos, Osun South West Cross-sectional epidemiological 
study 

2020 83 Blood sample 

[62] Adamawa, 
Sokoto, Kwara, 
Bayelsa, Imo 

North East, 
North West, 
North 
Central, 
South South, 
South East 

Observational Cohort Study 2021 271 Blood sample 

[63] Port-Harcourt South South Observational Study + Post 
treatment Sampling 

2021 459 Blood sample 

[64] New Bussa. Ijeda North 
Central, 
South West 

Cross-sectional comparative 
study 

2021 145 Not stated 

[65] Kaduna North West Cross-sectional study 2021 300 Questionnaire; Blood sample 
[66] Oyo South West Cross-sectional study 2022 316 Questionnaire; Blood sample 
[67] Kano, Jigawa North West Observational Study 2023 300 Blood sample 
[17] Ibadan South West Observational Study 2024 51 Blood sample 
[68] Ilorin North 

Central 
Cross-sectional study 2024 103 Blood sample 

[69] Jos North 
Central 

Cross-sectional study 2024  Not stated 

[70] Enugu South East Case–crossover retrospective 
cohort study 

2025 125 Microscopy 

[71] Lagos South West Cross-sectional study 2025 178 Not stated 
[72] Benue North 

Central 
Cross-sectional study 2025 1264 Not stated 

[73] Osun South West Cross-sectional study 2025  Blood sample 
[74] Kano, Adamawa, 

Lagos, Kebbi, 
Bauchi, Plateau, 
Ibadan, Calabar 

North East, 
North West, 
North 
Central, 
South West, 
South South 

Cross-sectional study 2025 894 Not stated 
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Table 2: Regional distribution of study locations in Nigeria (69 zone occurrences across 60 studies; multi-zone studies were 
counted once in each applicable zone) 

Geopolitical Zone No of 
Studies(%) 

Focus of Studies 

South West 28 (40.6) Chloroquine resistance, molecular markers (Pfcrt, Pfmdr1), antimalarial drug efficacy, HIV-
malaria co-infection, drug resistance evolution, clinical and molecular epidemiology studies 

South South 15 (21.7) Chloroquine resistance, molecular detection of resistance genes, treatment efficacy, 
antimalarial drug resistance in pregnant women and HIV patients, clinical and 
epidemiological studies 

North West 10 (14.5) Chloroquine resistance patterns, molecular marker distributions, in vitro sensitivity assays, 
treatment outcomes 

North Central 9 (13.0) Chloroquine resistance surveillance, molecular marker studies, treatment response, 
community and clinical epidemiology 

South East 5 (7.2) Chloroquine resistance clinical and molecular studies, antimalarial use patterns, drug 
resistance markers 

North East 2 (2.9) Included mainly in multi-zone studies focusing on molecular surveillance of malaria and 
chloroquine sensitivity 

 
 
Table 3: Assessment of studies based on Oxford Center for Evidence-Based Medicine’s Levels of Evidence from Highest to 
Lowest [76 ] 

S/N Level of Evidence Definition No of Studies(%) 

1 1A Systematic review of RCTs 1(1.6) 
2 1B Individual RCT 2(3.3) 
3 2A Systematic review of cohort studies 0(0.0) 
4 2B Individual cohort studies, low-quality RCT 50(83.3) 
5 2C Ecological studies 2(3.3) 
6 3A Systematic review of case-control studies 0(0.0) 
7 3B Individual case control studies 5(8.3) 
8 4 Case series, poor quality cohort and case control studies 0(0.0) 

 TOTAL  60 (100.0) 

S/N: Serial Number 
 
 
Table 4: Assessment of studies based on the Scottish Intercollegiate Guidelines Network for hierarchy of Study Type [75] 

S/N Study Types n (%) 

1 Systematic review and Meta-analysis 1 (1.7) 
2 Randomized Controlled Trials 2 (3.3) 
3 Nonrandomized intervention studies 0 (0.0) 
4 Observational studies 54 (90.0) 
5 Non experimental studies 1 (1.7) 
6 Expert opinion 2 (3.3) 
 Total 60 (100.0) 

S/N: Serial Number 
 
 
Table 5: Periodic distribution of research articles 

Period No of 
studies 

Percentage(%) Focus of studies 

Before 2000 9 15.0 Early observational studies; focus on chloroquine efficacy, in vivo and in 
vitro tests; limited molecular data 

2000–2010 14 23.3 Gradual emergence of molecular methods for resistance gene detection 
(Pfcrt, Pfmdr1); coexistence of clinical efficacy trials and observational 
cohorts. 

2011–2020 22 36.7 Increased molecular epidemiological reports, cross-sectional and cohort 
designs; emphasis on resistance surveillance and policy-driven withdrawal 
impacts; larger sample sizes typical. 

After 2020 15 25.0 Recent studies focus on molecular genetics, population-level data, and 
qualitative insights on chloroquine use and resistance after withdrawal 
policy; integration with control interventions. 
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African countries, where molecular surveillance and cohort 
studies are common, while large-scale randomized trials are more 
difficult to implement [77,78]. The predominance of 
observational studies reflects the challenges of conducting 
standardized antimalarial trials in endemic settings, where 
treatment policies evolve rapidly and resources are often limited. 
While observational studies are helpful for resistance surveillance, 
they provide weaker evidence than randomized studies, 
highlighting the need for more robust prospective research to 
inform treatment policy.  
Using the Oxford Centre for Evidence-Based Medicine hierarchy, 
the evaluation of chloroquine resistance studies in Nigeria showed 
that most fell into Level 2 or Level 3 evidence, with limited Level 
1 studies, reflecting the difficulty of conducting large trials in field 
settings. Although molecular epidemiological studies offer 
valuable insights into genetic marker surveillance, they are 
generally considered lower levels of evidence due to their 
observational design [79]. Similarly, using the Scottish 
Intercollegiate Guidelines Network (SIGN) hierarchy, most 
studies ranked at the fourth level of evidence on a six-point scale. 
Many were further classified as low quality due to small sample 
sizes, observational design, or lack of randomization. Only three 
gold-standard studies (systematic reviews or individual RCTs) 
were identified, highlighting an important gap [75]. Examining 
temporal trends, research before 2000 focused largely on clinical 
effectiveness and early resistance patterns in children and general 
populations, relying heavily on in vivo and in vitro assays. Work 
was concentrated in the Southwest, South-South, and North 
Central. Between 2000 and 2010, studies expanded to molecular 
epidemiology, identifying resistance genes such as pfcrt and 
pfmdr1. Alternative therapies (e.g., chloroquine-
chlorpheniramine combinations) were explored, and research 
expanded to include the Northwest and South East. Attention 
also grew around HIV–malaria co-infection and vulnerable 
groups such as pregnant women. 
Post-2010, following the 2005 chloroquine withdrawal policy, 
research shifted toward molecular monitoring, documenting 
declines in resistance markers and the adoption of ACTs. Studies 
focused on parasite sensitivity, drug durability, emerging ACT 
partner drug resistance, and broader multi-zone epidemiological 
surveys. The Southwest and South-South remained major 
research hubs. From 2020 onwards, genomic and advanced 
molecular tools have been employed to track trends and support 
treatment policy, with coverage expanding to the Northeast. 
Overall, the evidence shows a shift from clinical and assay-based 
studies prior to 2000, toward molecular and policy-focused work 
after 2000, with greater sophistication and broader geographic 
reach in the last decade. Findings indicate that chloroquine 
resistance (CQR) in Nigeria began in the late 1980s, driven by 
mutations such as pfcrt T76 and pfmdr1 Y86, mirroring the global 
timeline with the resistance trend first observed in Southeast Asia 
in 1957 and arriving in Africa in the late 1970s. A systematic 
review in East Africa reported similar mutation patterns, 
underscoring the continent-wide challenge [78]. 
Despite chloroquine withdrawal in 2005, resistant mutations 
remain widespread in Nigeria, sustained by continued drug 
pressure due to chloroquine’s affordability compared to ACTs. 
Similar persistence has been reported in Uganda and other African 
settings [80–82]. In contrast, countries such as Malawi, Tanzania, 

and Kenya documented reductions in chloroquine-resistance 
markers after stopping chloroquine use [83–89]. Even though 
some studies, particularly in the South West, suggest declining 
prevalence of the CVIET haplotype, a key driver of resistance, 
reports still document ongoing chloroquine prescriptions by 
physicians, pharmacists, and PPMVs. This persistence may be 
partly explained by off-label use, including during the COVID-19 
pandemic when chloroquine and hydroxychloroquine were 
promoted for prophylaxis [3,17,90]. A 2011 multi-country African 
study confirmed the same trend: resistance remained stable where 
chloroquine use persisted, but fell where its use declined. This 
highlights that policy shifts alone are insufficient; enforcement 
and community education are also critical; a challenge echoed 
across Africa. Several Nigerian studies further recommended 
tightening restrictions on chloroquine importation and 
distribution. Nigeria can learn from Malawi’s example: after 
enacting a withdrawal policy in 1993, studies by 2001, just eight 
years later, reported a chloroquine efficacy rate of 99%. However, 
though Malawi's experience is informative, differences in 
population size, health system structure, and overall spread of 
informal medicine vendors may limit its direct applicability to 
Nigeria [83,85,88]. The faster recovery observed in these countries 
is likely attributable to effective implementation of chloroquine 
withdrawal policies, resulting in a substantial reduction in drug 
pressure and subsequent restoration of chloroquine-sensitive 
parasite populations. In contrast, the continued circulation of 
chloroquine in Nigeria has probably slowed this process, 
illustrating that withdrawal policies are only effective when 
accompanied by sustained enforcement, surveillance, and public 
adherence. 
 

Limitations of the study 
 
This review has several limitations. The search was restricted to 
PubMed and Google Scholar and to English-language reports, so 
relevant indexed, non-indexed, unpublished, or non-English 
evidence may have been missed. Publication bias is possible, 
particularly because studies reporting resistance may be more 
likely to appear in the literature. Considerable heterogeneity in 
populations, locations, follow-up periods, phenotypic tests, and 
molecular markers prevented quantitative pooling and no meta-
analysis was undertaken. Formal independent dual screening and 
extraction were not undertaken, and the review did not apply a 
validated study-level risk-of-bias instrument; OCEBM and SIGN 
classifications indicate evidence hierarchy rather than 
methodological quality. Geographical counts also reflect available 
publications, not malaria burden or nationally representative 
surveillance. Consequently, the findings should be interpreted as 
a narrative map of the evidence rather than a precise national 
estimate of chloroquine resistance. 
 

Conclusion 
 
Available studies suggest that chloroquine resistance and 
continued chloroquine exposure remain concerns in Nigeria, but 
the geographically uneven and predominantly observational 
evidence does not support a definitive national estimate or 
confirm complete restoration of susceptibility. The concentration 
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of studies in the South West and South-South may reflect 
differences in research infrastructure, security, funding, laboratory 
capacity, and institutional collaboration rather than true regional 
differences in malaria burden. NAFDAC and the National Malaria 
Elimination Programme should strengthen enforcement and 
pharmacovigilance, including oversight of Patent and Proprietary 
Medicine Vendors and informal medicine markets. Future work 
should establish nationwide, periodically repeated resistance 
mapping; molecular and genomic surveillance of pfcrt and 
pfmdr1; standardized therapeutic-efficacy studies; and transparent 
reporting across all geopolitical zones. These measures would 
support antimalarial stewardship and protect the effectiveness of 
artemisinin-based combination therapies. 
 

Declarations 
 
Ethical approval 
Ethical approval was not required for this study. 
 
Informed consent 
Not applicable. 
 
Consent for publication 
Not applicable. 
 
Availability of data and materials 
All data analyzed in this review are contained in the cited 
publications and the tables presented in this manuscript. 
 
Competing interests/Conflict of interests 
The authors declare that they have no competing interests. 
 
Funding 
This research received no specific grant from any funding agency 
in the public, commercial, or not-for-profit sectors. 
 
Authors’ Contributions 
BOO conceptualized the review. BOO and OEE prepared the 
initial draft. DUE and OEE contributed to the literature search 
and data extraction. BOO, OEE. and DUE drafted and revised 
the manuscript. BOO supervised the work and completed the 
final review. All authors read and approved the final manuscript. 
 
Acknowledgements 
Not applicable. 
 
Artificial Intelligence (AI) disclosure 
Generative artificial intelligence was used to support language 
editing, consistency checks, and manuscript formatting. The 
authors critically reviewed and revised all AI-assisted text, 
independently verified the data, calculations, citations, and 
references against the source materials, and accept full 
responsibility for the accuracy and integrity of the manuscript. 
 

References 
 

1. ReliefWeb, 2005. Nigeria: Chloroquine malaria 
treatments to be phased out—health minister. Available 
from: https://reliefweb.int/report/nigeria/nigeria-

chloroquine-malaria-treatments-be-phased-out-health-
minister;  Accessed March 2, 2026. 

2. Ligali F, Owoloye A, Akinola J, Alo Y, Okorigwe M, 
Erinwusi B, Aina O, Osuntoki A, Oyebola K, 2023. PA-
762 prevalence of Pfcrt K76T mutation years after 
chloroquine withdrawal in Lagos, Nigeria. BMJ Global 
Health, https://doi.org/10.1136/bmjgh-2023-
EDC.292  

3. Ikegbunam MN, Eze D, Ezissi M, Anagu L, Oli A, 
Ikemefuna U, 2025. Over fifteen years of chloroquine 
withdrawal in Nigeria: A qualitative investigation into 
the execution of this policy by healthcare providers and 
amongst patients in a rural community. Open Research 
Africa, 7:9. 
https://doi.org/10.12688/openresafrica.15204.2  

4. Thellier M, Gemegah AAJ, Tantaoui I, 2024. Global 
fight against malaria: Goals and achievements 1900–
2022. Journal of Clinical Medicine, 13(19):5680. 
https://doi.org/10.3390/jcm13195680  

5. Lambert ML, Van Der Stuyft P, 2022. Global Health 
Fund or Global Fund to fight AIDS, tuberculosis, and 
malaria? Tropical Medicine & International Health, 
7:557–558. https://doi.org/10.1046/j.1365-
3156.2002.00913.x  

6. World Health Organization, 2021. Global technical 
strategy for malaria 2016–2030, 2021 update. Geneva: 
World Health Organization. Available from: 
https://www.who.int/publications/i/item/978924003
1357  

7. Pinheiro LCS, Feitosa LM, Gandi MO, Silveira FF, 
Boechat N, 2019. The development of novel 
compounds against malaria: Quinolines, 
triazolpyridines, pyrazolopyridines and 
pyrazolopyrimidines. Molecules, 24(22):4095. 
https://doi.org/10.3390/molecules24224095  

8. Cortopassi WA, Gunderson E, Annunciato Y, Silva 
AES, Dos Santos Ferreira A, Garcia Teles CB, Pimentel 
AS, Ramamoorthi R, Gazarini ML, Meneghetti MR, 
Guido RVC, Pereira DB, Jacobson MP, Krettli AU, 
Aguiar ACC, 2022. Fighting Plasmodium chloroquine 
resistance with acetylenic chloroquine analogues. 
International Journal for Parasitology: Drugs and Drug 
Resistance, 20:121–128. 
https://doi.org/10.1016/j.ijpddr.2022.10.003  

9. Lehane AM, McDevitt CA, Kirk K, Fidock DA, 2012. 
Degrees of chloroquine resistance in Plasmodium: is the 
redox system involved? International Journal for 
Parasitology: Drugs and Drug Resistance, 2:47–57. 
https://doi.org/10.1016/j.ijpddr.2011.11.001  

10. World Health Organization, 2015. Guidelines for the 
treatment of malaria. 3rd ed. Geneva: World Health 
Organization. Available from: 
https://apps.who.int/iris/bitstream/handle/10665/16
2441/9789241549127_eng.pdf  

11. Ikegbunam MN, Nkonganyi CN, Thomas BN, Esimone 
CO, Velavan TP, Ojurongbe O, 2019. Analysis of 
Plasmodium falciparum Pfcrt and Pfmdr1 genes in parasite 
isolates from asymptomatic individuals in Southeast 
Nigeria 11 years after withdrawal of chloroquine. Malaria 

https://reliefweb.int/report/nigeria/nigeria-chloroquine-malaria-treatments-be-phased-out-health-minister
https://reliefweb.int/report/nigeria/nigeria-chloroquine-malaria-treatments-be-phased-out-health-minister
https://reliefweb.int/report/nigeria/nigeria-chloroquine-malaria-treatments-be-phased-out-health-minister
https://doi.org/10.1136/bmjgh-2023-EDC.292
https://doi.org/10.1136/bmjgh-2023-EDC.292
https://doi.org/10.12688/openresafrica.15204.2
https://doi.org/10.3390/jcm13195680
https://doi.org/10.1046/j.1365-3156.2002.00913.x
https://doi.org/10.1046/j.1365-3156.2002.00913.x
https://www.who.int/publications/i/item/9789240031357
https://www.who.int/publications/i/item/9789240031357
https://doi.org/10.3390/molecules24224095
https://doi.org/10.1016/j.ijpddr.2022.10.003
https://doi.org/10.1016/j.ijpddr.2011.11.001
https://apps.who.int/iris/bitstream/handle/10665/162441/9789241549127_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/162441/9789241549127_eng.pdf


 O. E. Enem-Osuigwe et al.             Adv Pharm Biomed Lett, 2026: 3, 65-77 

 

73 

 

Journal, 18:343. https://doi.org/10.1186/s12936-019-
2977-6  

12. D'Alessandro U, Buttiëns H, 2001. History and 
importance of antimalarial drug resistance. Tropical 
Medicine & International Health, 6(11):845–848. 
https://doi.org/10.1046/j.1365-3156.2001.00819.x  

13. Pickard AL, Wongsrichanalai C, Purfield A, Kamwendo 
D, Emery K, Zalewski C, Kawamoto F, Miller RS, 
Meshnick SR, 2003. Resistance to antimalarials in 
Southeast Asia and genetic polymorphisms in pfmdr1. 
Antimicrobial Agents and Chemotherapy, 47(8):2418–
2423. https://doi.org/10.1128/AAC.47.8.2418-
2423.2003  

14. Wicht KJ, Mok S, Fidock DA, 2020. Molecular 
mechanisms of drug resistance in Plasmodium 
falciparum malaria. Annual Review of Microbiology, 
74:431–454. https://doi.org/10.1146/annurev-micro-
020518-115546  

15. Amambua-Ngwa A, Button-Simons KA, Li X Kumar S, 
Brenneman KV, Ferrari M, Checkley LA, Haile MT, 
Shoue DA, McDew-White M, Tindall SM, Reyes A, 
Delgado E, Dalhoff H, Larbalestier JK, Amato R, 
Pearson RD, Taylor AB, Nosten FH, D’Alessandro U, 
Kwiatkowski D, Cheeseman IH, Kappe SHI, Avery SV, 
Conway DJ, Vaughan AM, Ferdig MT, Anderson TJC, 
2023. Chloroquine resistance evolution in Plasmodium 
falciparum is mediated by the putative amino acid 
transporter AAT1. Nature Microbiology, 8:1213–1226. 
https://doi.org/10.1038/s41564-023-01377-z  

16. Idowu AO, Oyibo WA, Bhattacharyya S, Khubbar M, 
Mendie UE, Bumah VV, Azenabor AA, 2019. Rare 
mutations in Pfmdr1 gene of Plasmodium falciparum 
detected in clinical isolates from patients treated with 
antimalarial drug in Nigeria. Malaria Journal, 18(1):319. 
https://doi.org/10.1186/s12936-019-2947-z  

17. Amusan A, Akinola O, Akano K, Hernández-Castañeda 
M, Dick JK, Sowunmi A, Hart G, Gbotosho G, 2024. 
Frequency of chloroquine-resistant haplotype of 
Plasmodium falciparum (CVIET) in Ibadan, Southwest 
Nigeria 17 years post-chloroquine withdrawal. Acta 
Tropica, 260:107435. 
https://doi.org/10.1016/j.actatropica.2024.107435  

18. Lege-Oguntoye L, Abua JU, Werblinska B, Ogala WN, 
Slotboom AB, Olurinola PF, 1989. Chloroquine 
resistance of Plasmodium falciparum in semi-immune 
children in Zaria, northern Nigeria. Transactions of the 
Royal Society of Tropical Medicine and Hygiene, 
83(5):599-601. https://doi.org/10.1016/0035-
9203(89)90366-0  

19. Usanga EA, Ezedinachi EN, Gemade EI, Ikpatt NW, 
Alaribe AA, 1990. Efficacies of chloroquine and 
pyrimethamine-sulphadoxine in a Nigerian population 
with chloroquine resistant P. falciparum malaria. East 
African Medical Journal, 67(5):295–301. Available from: 
https://pubmed.ncbi.nlm.nih.gov/2202586/  

20. Ezedinachi, ENU, Ejezie, Chuks, IG, Usanga, EA, 
Gemade, EII, Ikpatt, NW & Alaribe AA, 1991. New 
trends in chloroquine efficacy in the treatment of 
malaria: Chloroquine-resistant Plasmodium falciparum 

in Anambra and Benne States of Nigeria. Central african 
journal of medicine, 37(6):180-6. Available from: 
https://pubmed.ncbi.nlm.nih.gov/1790563/  

21. Umotong AB, Ezedinachi EN, Okerengwo AA, Usanga 
EA, Udo JJ, Williams AI, 1991. Correlation between in 
vivo and in vitro response of chloroquine-resistant 
Plasmodium falciparum in Calabar, south-eastern 
Nigeria. Acta Tropica, 49(2):119-25. 
https://doi.org/10.1016/0001-706x(91)90059-s  

22. Ezedinachi, ENU, Ejezie, IGC, Emeribe A, 1991. 
Problems of chloroquine-resistant P. falciparum in 
Nigeria: one antimalaria drugs' utilisation in 
metropolitan Calabar. Central African Journal of 
Medicine, 37(1):16-20. Available from: 
https://pubmed.ncbi.nlm.nih.gov/2060003/  

23. Sowunmi A, Oduola AM, 1997. Comparative efficacy of 
chloroquine/chlorpheniramine combination and 
mefloquine for the treatment of chloroquine-resistant 
Plasmodium falciparum malaria in Nigerian children. 
Transactions of the Royal Society of Tropical Medicine 
and Hygiene, 91(6):689-93. 
https://doi.org/10.1016/s0035-9203(97)90526-5  

24. Antia-Obong OE, Alaribe AA, Young MU, Bassy A, 
Etim BV, 1997. Chloroquine-resistant Plasmodium 
falciparum among children in Calabar, south eastern 
Nigeria. Tropical doctor, 27(3):146-9. 
https://doi.org/10.1177/004947559702700309  

25. Ezedinachi EN, Ekanem OJ, Chukwuani CM, 
Meremikwu MM, Ojar EA, Alaribe AA, Umotong AB, 
Haller L, 1999. Efficacy and tolerability of a low-dose 
mefloquine-sulfadoxine-pyrimethamine combination 
compared with chloroquine in the treatment of acute 
malaria infection in a population with multiple drug-
resistant Plasmodium falciparum. The American Journal 
of Tropical Medicine and Hygiene, 61(1):114-9. 
https://doi.org/10.4269/ajtmh.1999.61.114  

26. Adagu IS, Warhurst DC, 1999. Association of cg2 and 
pfmdr1 genotype with chloroquine resistance in field 
samples of Plasmodium falciparum from Nigeria. 
Parasitology, 119(4):343-8. 
https://doi.org/10.1017/s0031182099004862  

27. Sowunmi A, Adedeji AA, 2002. The effects of 
chloroquine, amodiaquine and chloroquine plus 
chlorpheniramine on the disposition kinetics of the 
hepatomegaly associated with acute, uncomplicated, 
Plasmodium falciparum malaria in children. Annals of 
Tropical Medicine & Parasitology, 96(6):543-51. 
https://doi.org/10.1179/000349802125001456  

28. Olumese PE, Amodu OK, Björkman A, Adeyemo AA, 
Gbadegesin RA, Walker O, 2002. Chloroquine 
resistance of Plasmodium falciparum is associated with 
severity of disease in Nigerian children. Transactions of 
the Royal Society of Tropical Medicine and Hygiene, 
96(4):418-20. https://doi.org/10.1016/s0035-
9203(02)90378-0  

29. Erah PO, Arienmughare G, Okhamafe AO, 2003. 
Plasmodium falciparum malaria resistance to 
chloroquine in five communities in Southern Nigeria. 

https://doi.org/10.1186/s12936-019-2977-6
https://doi.org/10.1186/s12936-019-2977-6
https://doi.org/10.1046/j.1365-3156.2001.00819.x
https://doi.org/10.1128/AAC.47.8.2418-2423.2003
https://doi.org/10.1128/AAC.47.8.2418-2423.2003
https://doi.org/10.1146/annurev-micro-020518-115546
https://doi.org/10.1146/annurev-micro-020518-115546
https://doi.org/10.1038/s41564-023-01377-z
https://doi.org/10.1186/s12936-019-2947-z
https://doi.org/10.1016/j.actatropica.2024.107435
https://doi.org/10.1016/0035-9203(89)90366-0
https://doi.org/10.1016/0035-9203(89)90366-0
https://pubmed.ncbi.nlm.nih.gov/2202586/
https://pubmed.ncbi.nlm.nih.gov/1790563/
https://doi.org/10.1016/0001-706x(91)90059-s
https://pubmed.ncbi.nlm.nih.gov/2060003/
https://doi.org/10.1016/s0035-9203(97)90526-5
https://doi.org/10.1177/004947559702700309
https://doi.org/10.4269/ajtmh.1999.61.114
https://doi.org/10.1017/s0031182099004862
https://doi.org/10.1179/000349802125001456
https://doi.org/10.1016/s0035-9203(02)90378-0
https://doi.org/10.1016/s0035-9203(02)90378-0


 O. E. Enem-Osuigwe et al.             Adv Pharm Biomed Lett, 2026: 3, 65-77 

 

74 

 

African Journal of Biotechnology, 2(10):384-9. 
https://doi.org/10.5897/AJB2003.000-1079  

30. Happi TC, Thomas SM, Gbotosho GO, Falade CO, 
Akinboye DO, Gerena L, Hudson T, Sowunmi A, Kyle 
DE, Milhous W, Wirth DF, 2003. Point mutations in the 
pfcrt and pfmdr-1 genes of Plasmodium falciparum and 
clinical response to chloroquine, among malaria patients 
from Nigeria. Annals of Tropical Medicine & 
Parasitology, 97(5):439-51. 
https://doi.org/10.1179/000349803235002489  

31. Sowunmi A, Fateye BA, 2003. Asymptomatic, 
recrudescent, chloroquine-resistant Plasmodium 
falciparum infections in Nigerian children: clinical and 
parasitological characteristics and implications for the 
transmission of drug-resistant parasites. Annals of 
Tropical Medicine & Parasitology, 97(5):469-79. 
https://doi.org/10.1179/000349803235002489  

32. Sowunmi A, Fateye BA, Happi TC, Gbotosho GO, 
Oduola AM, 2003. Plasmodium falciparum 
gametocytaemia in Nigerian children: Peripheral 
immature gametocytaemia as an indicator of a poor 
response to chloroquine treatment, and its relationship 
to molecular determinants of chloroquine resistance. 
Annals of Tropical Medicine & Parasitology, 97(5):453-
68. https://doi.org/10.1179/000349803235002443  

33. Abdullahi K, Muhammad S, Manga SB, Tunau IM, 2003. 
Chloroquine-resistant Plasmodium falciparum in 
Sokoto, North Western Nigeria. African Journal of 
Biotechnology, 2(8):244-5. 

34. Sowunmi A, Fateye BA, Adedeji AA, Fehintola FA, 
Gbotosho GO, Happi TC, Tambo E, Oduola AM, 2005. 
Predictors of the failure of treatment with chloroquine 
in children with acute, uncomplicated, Plasmodium 
falciparum malaria, in an area with high and increasing 
incidences of chloroquine resistance. Annals of Tropical 
Medicine & Parasitology, 99(6):535-44. 
https://doi.org/10.1179/136485905X51382  

35. Bello SO, Muhammad BY, Bello AY, Ukatu AI, Ahmad 
BM, Adeneye AA, Cherima JY, 2005. The pattern of 
infection and in vivo response to Chloroquine by 
uncomplicated Plasmodium falciparum malaria in 
northwestern Nigeria. African Journal of Biotechnology, 
4(1):79-82. https://doi.org/10.4314/ajb.v4i1.14917  

36. Happi CT, Gbotosho GO, Folarin OA, Sowunmi A, 
Bolaji OM, Fateye BA, Kyle DE, Milhous W, Wirth DF, 
Oduola AM, 2006. Linkage disequilibrium between two 
distinct loci in chromosomes 5 and 7 of Plasmodium 
falciparum and in vivo chloroquine resistance in 
Southwest Nigeria. Parasitology research, 100(1):141-8. 
https://doi.org/10.1007/s00436-006-0309-8  

37. Folarin OA, Gbotosho GO, Sowunmi A, Olorunsogo 
OO, Oduola AM, Happi TC, 2008. Chloroquine 
resistant Plasmodium falciparum in Nigeria: relationship 
between pfcrt and pfmdr1 polymorphisms, in-vitro 
resistance and treatment outcome. The Open Tropical 
Medicine Journal, 1:74. 
https://doi.org/10.2174/1874315300801010074  

38. Ogungbamigbe TO, Ojurongbe O, Ogunro PS, 
Okanlawon BM, Kolawole SO, 2008. Chloroquine 

resistant Plasmodium falciparum malaria in Osogbo 
Nigeria: efficacy of amodiaquine+ sulfadoxine-
pyrimethamine and chloroquine+ chlorpheniramine for 
treatment. Memórias do Instituto Oswaldo Cruz, 
103:79-84. https://doi.org/10.1590/s0074-
02762008000100012  

39. Tatfeng YM, Agbonlahor DE, Tchounga KS, Omolu PI, 
Okodua M, Yah CS, Adeolu A, 2008. Chloroquine 
prophylaxis associated with high prevalence of 
Plasmodium falciparum Pfcrt K76T mutation in people 
with sickle-cell disease in Benin City, Nigeria. Journal of 
Vector Borne Diseases, 45(1):51. 
https://doi.org/10.5555/20143372771  

40. Tatfeng MY, Agbonlahor DE, Olalekan AO, Oviasogie 
F, Isibor J, 2009. Chloroquine resistance molecular 
markers in Falciparum malaria in Edo state. Tropical 
Medicine and Health, 37(2):37-41. 
https://doi.org/10.2149/tmh.2008-08  

41. Oladosu OO., n.d. Molecular characterization of 
Plasmodium falciparum resistant genes to chloroquine 
and sulphadoxine-pyrimethamine in children with 
uncomplicated malaria in Lagos [doctoral dissertation]. 
Lagos: University of Lagos. 

42. Efunshile M, Runsewe-Abiodun T, Ghebremedhin B, 
König W, König B, 2011. Prevalence of the molecular 
marker of chloroquine resistance (pfcrt 76) in Nigeria 5 
years after withdrawal of the drug as first-line 
antimalarial: A cross-sectional study. South African 
Journal of Child Health, 5(2):39-42. 

43. Ishola IO, Oreagba IA, Olayemi SO, Gbadamosi R, 
2011. Assessment of treatment pattern of 
uncomplicated malaria in paediatric patients attending a 
teaching hospital in northwest Nigeria. Journal of 
Applied Pharmaceutical Science, 1(4):177–181. 
https://doi.org/10.7324/JAPS.2011.10411  

44. Gbotosho GO, Folarin OA, Bustamante C, da Silva LH, 
Mesquita E, Sowunmi A, Zalis MG, Oduola AM, Happi 
CT, 2012. Different patterns of pfcrt and pfmdr1 
polymorphisms in P. falciparum isolates from Nigeria 
and Brazil: the potential role of antimalarial drug 
selection pressure. The American journal of tropical 
medicine and hygiene, 86(2):211. 
https://doi.org/10.4269/ajtmh.2012.11-0368  

45. Olukosi YA, Oyebola MK, Ajibaye O, Orok BA, Aina 
OO, Agomo CO, Iwalokun BA, Akindele SK, Enya VN, 
Okoh HI, 2014. Persistence of markers of chloroquine 
resistance among P. falciparum isolates recovered from 
two Nigerian communities. MalariaWorld Journal, 5:3. 
https://doi.org/10.5281/zenodo.10878545  

46. Oladipo OO, Wellington OA, Sutherland CJ, 2015. 
Persistence of chloroquine-resistant haplotypes of 
Plasmodium falciparum in children with uncomplicated 
Malaria in Lagos, Nigeria, four years after change of 
chloroquine as first-line antimalarial medicine. 
Diagnostic pathology, 10(1):41. 
https://doi.org/10.1186/s13000-015-0276-2  

47. Nneji C, Adedapo A, Okorie P, Ademowo P, 2015. 
Chloroquine resistance and host genetic factors among 

https://doi.org/10.5897/AJB2003.000-1079
https://doi.org/10.1179/000349803235002489
https://doi.org/10.1179/000349803235002489
https://doi.org/10.1179/000349803235002443
https://doi.org/10.1179/136485905X51382
https://doi.org/10.4314/ajb.v4i1.14917
https://doi.org/10.1007/s00436-006-0309-8
https://doi.org/10.2174/1874315300801010074
https://doi.org/10.1590/s0074-02762008000100012
https://doi.org/10.1590/s0074-02762008000100012
https://doi.org/10.5555/20143372771
https://doi.org/10.2149/tmh.2008-08
https://doi.org/10.7324/JAPS.2011.10411
https://doi.org/10.4269/ajtmh.2012.11-0368
https://doi.org/10.5281/zenodo.10878545
https://doi.org/10.1186/s13000-015-0276-2


 O. E. Enem-Osuigwe et al.             Adv Pharm Biomed Lett, 2026: 3, 65-77 

 

75 

 

nigerian children with uncomplicated P. falciparum 
infection. Archives of Medicine, 7:1-9. 

48. Agomo CO, Oyibo WA, Sutherland C, Hallet R, Oguike 
M, 2016. Assessment of markers of antimalarial drug 
resistance in Plasmodium falciparum isolates from 
pregnant women in Lagos, Nigeria. PLOS ONE, 
11(1):e0146908. 
https://doi.org/10.1371/journal.pone.0146908  

49. Efunshile AM, Oduyemi RO, Igwe DN, Igwenyi CN, 
Adenugba V, 2016. Perception of the efficacy of 
artemisinin-based combination therapy (ACT) and 
chloroquine prescription pattern and among nurses in 
South-West Nigeria. African Journal of Clinical and 
Experimental Microbiology, 17(2):76-82. 
https://doi.org/10.4314/ajcem.v17i2.4  

50. Chika A, Bello SO, 2016. Optimizing community 
effectiveness of antimalarial drugs in malaria-endemic 
areas of Africa: Issues, challenges, and proposed actions. 
African Journal of Pharmacy and Pharmacology, 
10(9):121–131. 

51. Monjol BE, Useh MF, 2017. Detection of Plasmodium 
falciparum chloroquine resistance transporter (PfCRT) 
mutant gene amongst malaria-infected pregnant women 
in Calabar, Nigeria. Annals of Parasitology, 63(4):323-
30. https://doi.org/10.17420/ap6304.119  

52. Muhammad RH, Nock IH, Ndams IS, George JB, Deeni 
Y, 2017. Distribution of Pfmdr1 and Pfcrt chloroquine 
drug resistance alleles in north-western Nigeria. 
MalariaWorld Journal, 8:15. 

53. Patrick A, Clement I, 2017. Prevalence of Mutant 
Plasmodium falciparum Chloroquine Resistance 
Transport Gene (PFCRT) in Human Immune 
Deficiency Virus Patients Attending University of Uyo 
Teaching Hospital, Uyo-Nigeria. International Journal 
of Tropical Disease & Health, 27(1):1-9. 
https://doi.org/10.9734/IJTDH/2017/36827  

54. Soniran OT, Idowu OA, Ogundapo SS, 2017. Factors 
associated with high prevalence of PfCRT K76T 
mutation in Plasmodium falciparum isolates in a rural 
and urban community of Ogun State, Nigeria. 
MalariaWorld Journal, 8:13. 

55. Oboh MA, Singh US, Antony HA, Ndiaye D, Badiane 
AS, Ali NA, Bharti PK, Das A, 2018. Molecular 
epidemiology and evolution of drug-resistant genes in 
the malaria parasite Plasmodium falciparum in 
southwestern Nigeria. Infection, Genetics and 
Evolution, 66:222–228. 
https://doi.org/10.1016/j.meegid.2018.09.023  

56. Edogun HA, Daramola GO, Ojerinde AO, Esan CO, 
Adegbuyi AT, Adewumi F, Egbebi A, Akerele EF, 
Oyedeji BR, 2019. Prevalence of mutant alleles 
responsible for chloroquine resistance among 
Plasmodium falciparum isolates in North Central, 
Nigeria. Journal of Advances in Biology & 
Biotechnology,20:1-8 
https://doi.org/10.9734/JABB/2019/v20i330078  

57. Alade T, Sunday Itodo E, Lawani E, Adie G, Youtchou 
Tatfeng M, 2019. Pfcrt K76T and Pfmdr 1 Resistance 
Genes in Post Chloroquine Era in South-South Region 

of Nigeria. International Journal of Tropical Disease & 
Health, 39(3):1-1. 
https://doi.org/10.9734/ijtdh/2019/v39i330208  

58. Idowu AO., n.d. Antimalarial resistance genes 
polymorphism and immunoendocrine biomarker profile 
in patients with uncomplicated Plasmodium falciparum 
malaria in Lagos, Nigeria [doctoral dissertation]. Lagos: 
University of Lagos. 

59. Simon-Oke IA, Ade-Alao AO, Ologundudu F, 2020. 
The impact of HIV-associated immunosuppression on 
the Plasmodium falciparum chloroquine resistance 
transporter gene (PfCRT) of HIV patients in Akure, 
Nigeria. Bulletin of the National Research Centre, 
44(1):156. https://doi.org/10.1186/s42269-020-00401-
0  

60. Oluwasogo AO, Ismail HO, Pelumi DA, 2020. 
Molecular Epidemiology of Plasmodium falciparum 
Chloroquine Resistance Transporter Genes among 
School Children in Kwara State, Southwestern Nigeria. 
International Journal of Tropical Disease & Health, 
17:1-2. 
https://doi.org/10.9734/ijtdh/2020/v41i230249  

61. Tola M, Ajibola O, Idowu ET, Omidiji O, Awolola ST, 
Amambua-Ngwa A, 2020. Molecular detection of drug 
resistant polymorphisms in Plasmodium falciparum 
isolates from Southwest, Nigeria. BMC research notes, 
13(1):497. https://doi.org/10.1186/s13104-020-05334-
5  

62. Kayode AT, Akano K, Ajogbasile FV, Uwanibe JN, 
Oluniyi PE, Bankole BE, Eromon PJ, Sowunmi A, 
Folarin OA, Volkman SK, McInnis B, 2021. 
Polymorphisms in Plasmodium falciparum chloroquine 
resistance transporter (Pfcrt) and multidrug-resistant 
gene 1 (Pfmdr-1) in Nigerian children 10 years post-
adoption of artemisinin-based combination treatments. 
International Journal for Parasitology, 51(4):301–310. 
https://doi.org/10.1016/j.ijpara.2020.10.001  

63. Chijioke-Nwauche IN, Oguike MC, Nwauche CA, 
Beshir KB, Sutherland CJ, 2021. Antimalarial drug 
resistance markers in HIV-positive and HIV-negative 
adults with asymptomatic malaria infections in Port 
Harcourt, Nigeria. Transactions of the Royal Society of 
Tropical Medicine and Hygiene, 115:531–537. 
https://doi.org/10.1093/trstmh/trab061  

64. Agomo CO, Mishra N, Olukosi YA, Gupta R, Kamlesh 
K, Aina OO, Awolola ST, 2021. Mutations in Pfcrt and 
Pfmdr1 genes of Plasmodium falciparum isolates from 
two sites in Northcentral and Southwest Nigeria. 
Infection, Genetics and Evolution, 95:105042. 
https://doi.org/10.1016/j.meegid.2021.105042  

65. Benjamin GY, Inabo HI, Doko MHI, Olayinka BO, 
2021. Detection of genetic markers associated with 
Plasmodium falciparum drug resistance among malaria 
patients in Kaduna State, Nigeria. Nigerian Journal of 
Parasitology, 42(2):206–212. 
https://doi.org/10.4314/njpar.v42i2.3  

66. Azeez MM, Akinbo FO, 2022. Characterization of 
markers of chloroquine resistance in Plasmodium 
falciparum among pregnant women in Oyo State: any 

https://doi.org/10.1371/journal.pone.0146908
https://doi.org/10.4314/ajcem.v17i2.4
https://doi.org/10.17420/ap6304.119
https://doi.org/10.9734/IJTDH/2017/36827
https://doi.org/10.1016/j.meegid.2018.09.023
https://doi.org/10.9734/JABB/2019/v20i330078
https://doi.org/10.9734/ijtdh/2019/v39i330208
https://doi.org/10.1186/s42269-020-00401-0
https://doi.org/10.1186/s42269-020-00401-0
https://doi.org/10.9734/ijtdh/2020/v41i230249
https://doi.org/10.1186/s13104-020-05334-5
https://doi.org/10.1186/s13104-020-05334-5
https://doi.org/10.1016/j.ijpara.2020.10.001
https://doi.org/10.1093/trstmh/trab061
https://doi.org/10.1016/j.meegid.2021.105042
https://doi.org/10.4314/njpar.v42i2.3


 O. E. Enem-Osuigwe et al.             Adv Pharm Biomed Lett, 2026: 3, 65-77 

 

76 

 

hope of chloroquine resistance reversal? Biomedical and 
Biotechnology Research Journal, 6(2):216–223. 
https://doi.org/10.4103/bbrj.bbrj_3_22  

67. Safiyanu M, Imam AA, Alhassan AJ, Manu AY, Usman 
UL, 2023. In vitro sensitivity profile of Plasmodium 
falciparum clinical isolates to chloroquine and 
artemisinin combination therapy from Kano and Jigawa 
States, Nigeria. Science World Journal, 18(3):465–470. 

68. Abdulraheem J, Oluwasogo O, Awe S, 2024. 
Distribution of Plasmodium falciparum Chloroquine 
Resistance Transporter (Pfcrt) and Plasmodium 
falciparum Multidrug Resistance 1 (Pfmdr-1) Genes in 
Ilorin North-central Nigeria. Sahel Journal of Life 
Sciences FUDMA, 2(3):6-16. 

69. Olomu SA, Gazuwa SY, Johnson T, Okolo SN, 2024. 
The Role of Oral Chloroquine Treatment in the Home-
Based Management of Childhood Malaria in Jos, 
Nigeria: Biochemical, Hematological, Nutritional, and 
Co-Infection Perspectives. Advances in Infectious 
Diseases, 14(4):822-37. 
https://doi.org/10.4236/aid.2024.144061  

70. Okwara CC, Mbadiwe N, Onu U, Onyia C, Iroezindu 
MO, Ndionuka I, Abonyi M, Udora N, Ekwe E, 
Ekochin F, Anyim O, 2025. Usefulness of 
Hydroxychloroquine and Chloroquine in the Prevention 
of Malaria in Systemic Lupus Erythematosus: 
Experience from the University of Nigeria Teaching 
Hospital Enugu, Nigeria. International Journal of 
Medicine and Health Development, 30(3):264-70. 
https://doi.org/10.4103/ijmh.ijmh_98_24  

71. Igbasi UT, Oyibo WA, Chen JH, Quan H, Omilabu SA, 
Chen SB, Shen HM, Zhou XN, 2025. Haplotypes of 
chloroquine resistance marker genes among 
uncomplicated malaria cases in Lagos, Nigeria. 
Biochemical Genetics, 1–8. 
https://doi.org/10.1007/s10528-025-11022-5  

72. Nyamngee A, Ikpe RT, Sulaiman MK, 2025. Prevalence 
of molecular markers associated with Plasmodium 
falciparum resistance to chloroquine and 
sulphadoxine/pyrimethamine in three malaria endemic 
local areas of Benue State, Nigeria. Pan African Medical 
Journal, 50:73. 
https://doi.org/10.11604/pamj.2025.50.73.44754  

73. Martín Ramírez A, Akindele AA, González Mora V, 
García L, Lara N, de la Torre-Capitán Matías E, Molina 
de la Fuente I, Nassar SA, Ta-Tang TH, Benito A, 
Berzosa P, 2025. Mutational profile of pfdhfr, pfdhps, 
pfmdr1, pfcrt and pfk13 genes of P. falciparum 
associated with resistance to different antimalarial drugs 
in Osun State, southwestern Nigeria. Tropical Medicine 
and Health, 53(1):1–15. 
https://doi.org/10.1186/s41182-025-00732-6  

74. Ajibaye S, Oboh-Imafidon M, Ajibola O, Olusola F, 
Egwu CO, Amambua-Ngwa B, Diop MF, Mohammed 
NI, D'Alessandro U, Falade CF, Meremikwu M, 2025. 
Molecular surveillance of malaria in Nigeria reveals 
expansion of chloroquine-sensitive infections. medRxiv 
[preprint], 
https://doi.org/10.1101/2025.07.15.25324567  

75. Harbour R, Miller J, 2001. A new system for grading 
recommendations in evidence-based guidelines. BMJ, 
323(7308):334–336. 
https://doi.org/10.1136/bmj.323.7308.334  

76. Alabi ED, Rabiu AG, Adesoji AT, 2025. A review of 
antimicrobial resistance challenges in Nigeria: The need 
for a One Health approach. One Health, 20:101053. 
https://doi.org/10.1016/j.onehlt.2025.101053  

77. Roux AT, Maharaj L, Oyegoke O, Akoniyon OP, 
Adeleke MA, Maharaj R, Okpeku M, 2021. Chloroquine 
and sulfadoxine–pyrimethamine resistance in sub-
Saharan Africa—a review. Frontiers in Genetics, 
12:668574. https://doi.org/10.3389/fgene.2021.668574  

78. Abebe W, Mekuanint A, Asmare Z, Woldesenbet D, 
Mihret Y, Setegn A, Emagneneh T, 2025. Prevalence of 
molecular markers of chloroquine resistance in malaria 
parasites in East Africa: A systematic review and meta-
analysis. Journal of Global Antimicrobial Resistance, 
41:117–137. https://doi.org/10.1016/j.jgar.2024.12.019  

79. Oxford Centre for Evidence-Based Medicine, 2009. 
Oxford Centre for Evidence-Based Medicine levels of 
evidence. Oxford: CEBM. Available from: 
https://www.cebm.ox.ac.uk/resources/levels-of-
evidence/oxford-centre-for-evidence-based-medicine-
levels-of-evidence-march-  

80. Rasmussen SA, Ceja FG, Conrad MD, Tumwebaze PK, 
Byaruhanga O, Katairo T, Nsobya S, Rosenthal PJ, 
Cooper RA, 2017. Changing antimalarial drug 
sensitivities in Uganda. Antimicrobial Agents and 
Chemotherapy, 61:e01516-17. 
https://doi.org/10.1128/AAC.01516-17  

81. Kamugisha E, Bujila I, Lahdo M, Pello-Esso S, Minde 
M, Kongola G, Naiwumbwe H, Kiwuwa S, 
Kaddumukasa M, Kironde F, Swedberg G. Large 
differences in prevalence of Pfcrt and Pfmdr1 mutations 
between Mwanza, Tanzania and Iganga, Uganda: a 
reflection of differences in policies regarding withdrawal 
of chloroquine? Acta Tropica. 2012;121(2):148–151. 
https://doi.org/10.1016/j.actatropica.2011.11.004  

82. Njiro BJ, Mutagonda RF, Chamani AT, Mwakyandile T, 
Sabas D, Bwire GM, 2022. Molecular surveillance of 
chloroquine-resistant Plasmodium falciparum in sub-
Saharan African countries after withdrawal of 
chloroquine for treatment of uncomplicated malaria: A 
systematic review. Journal of Infection and Public 
Health, 15(5):550–557. 
https://doi.org/10.1016/j.jiph.2022.03.015  

83. Frosch AE, Venkatesan M, Laufer MK, 2011. Patterns 
of chloroquine use and resistance in sub-Saharan Africa: 
A systematic review of household survey and molecular 
data. Malaria Journal, 10:116. 
https://doi.org/10.1186/1475-2875-10-116  

84. Bridges DJ, Molyneux M, Nkhoma S, 2009. Low-level 
genotypic chloroquine resistance near Malawi's northern 
border with Tanzania. Tropical Medicine & 
International Health, 14(9):1093–1096. 
https://doi.org/10.1111/j.1365-3156.2009.02340.x  

85. Laufer MK, Takala-Harrison S, Dzinjalamala FK, Stine 
OC, Taylor TE, Plowe CV, 2010. Return of 

https://doi.org/10.4103/bbrj.bbrj_3_22
https://doi.org/10.4236/aid.2024.144061
https://doi.org/10.4103/ijmh.ijmh_98_24
https://doi.org/10.1007/s10528-025-11022-5
https://doi.org/10.11604/pamj.2025.50.73.44754
https://doi.org/10.1186/s41182-025-00732-6
https://doi.org/10.1101/2025.07.15.25324567
https://doi.org/10.1136/bmj.323.7308.334
https://doi.org/10.1016/j.onehlt.2025.101053
https://doi.org/10.3389/fgene.2021.668574
https://doi.org/10.1016/j.jgar.2024.12.019
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-
https://doi.org/10.1128/AAC.01516-17
https://doi.org/10.1016/j.actatropica.2011.11.004
https://doi.org/10.1016/j.jiph.2022.03.015
https://doi.org/10.1186/1475-2875-10-116
https://doi.org/10.1111/j.1365-3156.2009.02340.x


 O. E. Enem-Osuigwe et al.             Adv Pharm Biomed Lett, 2026: 3, 65-77 

 

77 

 

chloroquine-susceptible falciparum malaria in Malawi 
was a reexpansion of diverse susceptible parasites. 
Journal of Infectious Diseases, 202(5):801–808. 
https://doi.org/10.1086/655659  

86. Heymann DL, Steketee RW, Wirima JJ, McFarland DA, 
Khoromana CO, Campbell CC, 1990. Antenatal 
chloroquine chemoprophylaxis in Malawi: Chloroquine 
resistance, compliance, protective efficacy and cost. 
Transactions of the Royal Society of Tropical Medicine 
and Hygiene, 84(4):496–498. 
https://doi.org/10.1016/0035-9203(90)90011-3  

87. Mohammed A, Ndaro A, Kalinga A, Manjurano A, 
Mosha JF, Mosha DF, van Zwetselaar M, Koenderink 
JB, Mosha FW, Alifrangis M, Reyburn H, Roper C, 
Kavishe RA, 2013. Trends in chloroquine resistance 
marker, Pfcrt-K76T mutation ten years after 
chloroquine withdrawal in Tanzania. Malaria Journal, 
12:415. https://doi.org/10.1186/1475-2875-12-415  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

88. Kublin JG, Cortese JF, Njunju EM, Mukadam RA, 
Wirima JJ, Kazembe PN, Djimdé AA, Kouriba B, Taylor 
TE, Plowe CV, 2003. Reemergence of chloroquine-
sensitive Plasmodium falciparum malaria after cessation 
of chloroquine use in Malawi. Journal of Infectious 
Diseases, 187(12):1870–1875.  
https://doi.org/10.1086/375419  

89. Mwai L, Ochong E, Abdirahman A, Kiara SM, Ward S, 
Kokwaro G, Sasi P, Marsh K, Borrmann S, Mackinnon 
M, Nzila A, 2009. Chloroquine resistance before and 
after its withdrawal in Kenya. Malaria Journal, 8:106. 
https://doi.org/10.1186/1475-2875-8-106  

90. Quashie NB, Duah-Quashie NO, 2021. Treatment of 
COVID-19 with chloroquine: Implication for malaria 
chemotherapy using ACTs in disease-endemic countries. 
Journal of Tropical Pediatrics, 67(1):fmaa089. 
https://doi.org/10.1093/tropej/fmaa089  

 

https://doi.org/10.1086/655659
https://doi.org/10.1016/0035-9203(90)90011-3
https://doi.org/10.1186/1475-2875-12-415
https://doi.org/10.1086/375419
https://doi.org/10.1186/1475-2875-8-106
https://doi.org/10.1093/tropej/fmaa089

