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Abstract. Chloroquine (CQ) is a cheap, safety and valuable drug. After CQ-resistant 
Plasmodium falciparum appeared in Southeast Asia, CQ was replaced by artemisinin 
combination therapy (ACT) as first line treatment of malaria in Lao PDR, and CQ 
now is used as a second-line treatment for uncomplicated P. vivax, P. ovale and P. 
malariae infections. There was report of widespread availability of CQ, particularly 
in the private sector, which may have been distributed as a first-line treatment of 
uncomplicated malaria, and possibly contributing to the failure of artemether-
lumefantrine treatment. In this paper the literature on history, efficacy and drug 
interaction of CQ, CQ-resistant P. falciparum and P. vivax, and malaria treatment 
guidelines of Lao PDR and other endemic countries in the surrounding region 
were reviewed. Risks and benefits of CQ as second line treatment are discussed 
and suggestions are recommended.
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Thereafter, CQ has been the first-line 
therapy for all human malaria infections 
in Lao PDR. Since the first report of CQ re-
sistant Plasmodium falciparum in Southeast 
Asia and South America (Peters, 1971), 
and subsequent increasing reports of CQ-
resistant P. vivax from many regions of 
the world have posed a major problem in 
malaria control (Biard, 2009). In 2005 CQ 
was replaced by artemisinin combination 
therapy (ACT), artemether-lumefantrine 
(AL), for treatment of uncomplicated P. 
falciparum and in 2011 for uncomplicated 
P. vivax (ACTwatch Group and Phanalasy, 
2017). 

Unlike others countries, such as Cam-
eroon (Ndam et al, 2017), Kenya (Mwai, 
2009), Malawi (Kubin et al, 2003), Tanzania 
(Mulliqan et al, 2006), Zambia (Mwanza 

INTRODUCTION

Chloroquine (CQ), a 4-aminoquino-
line, was first synthesised in 1934 as a 
blood asexual schizonticidal and a cheap 
alternative for malaria prophylaxis and 
treatment (Cooper and Maqwere, 2008). 
CQ was first introduced in 1969 to Lao 
PDR for mass drug administration com-
bined with DDT spraying, supported by 
the World Health Organization (WHO) 
(Ministry of Health, Lao PDR, 2010). 
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et al, 2016) and Hainan, China (Liu et al,  
1995), where CQ was officially with-
drawn from the market, in Lao PDR, CQ 
is still included in the national treatment 
guidelines as a second-line treatment for 
uncomplicated P. vivax, P. ovale and P. 
malariae infections. It was not unexpected 
that there was report of widespread avail-
ability of CQ, particularly in the private 
sector (ACTwatch Group and Phanalasy, 
2017), which may have been distributed 
as a first-line treatment of uncomplicated 
malaria and may have played a role lead-
ing to the failure of AL treatment (ACT-
watch Group et al, 2017b).

Although CQ is still being used as 
a second line treatment, there remains a 
number of issues: 1) the curtailment of 
consumption of CQ and promotion of the 
use of the recommended first line treat-
ment, 2) kinds of intervention, which will 
drive consumer awareness and demand 
for AL as first-line treatment, 3) factors in-
fluencing first-line treatment acceptance, 
4) need for survey on the efficacy of CQ, 
as to date there is no adequate evidence 
of CQ efficacy against P. vivax in Lao PDR, 
and 5) risks and benefits of CQ as a second 
line treatment for malaria in Lao PDR.

In order to address these pressing 
issues, literature on the history, efficacy 
and drug interaction of CQ, CQ-resistant 
P. falciparum and P. vivax, and malaria 
treatment guidelines of Lao PDR and 
others endemic countries in the region 
are reviewed.

HISTORY

During World War II, the world 
supply of quinine was cut off as Japan 
took over Java. As part of the war effort, 
scientists attempted to develop new syn-
thetic antimalarials, resulting in 16,000 
compounds being synthesised and tested, 

and resochin (later named chloroquine) 
was one of the first tested compounds 
(Andersag et al, 1941; Rosenthal, 2001). By 
1946, US clinical trials showed that CQ is 
a powerful antimalarial. CQ proved to be 
the most effective and widely used drug 
in malaria endemic countries throughout 
the world in the 1950s and 1960s, as the 
main drug of choice in the WHO Global 
Eradication Programme (Meshnick and 
Dobson, 2017).

In Lao PDR, with support from WHO, 
CQ was first introduced in 1969 for mass 
drug administration combined with DDT 
spraying, but the official registration of 
CQ with the Food and Drug Department, 
Ministry of Health of Lao PDR was in 1992 
(Food and Drug Department, Ministry of 
Health of Lao PDR, unpublished data). 
Between 1992 and 2008, there were 21 
registered brands of CQ with different 
dosages from manufacturers in China, 
Cyprus, France, India, Lao PDR, Thailand, 
and Vietnam (Food and Drug Department, 
Ministry of Health of Lao PDR, unpub-
lished data). This indicated that, after the 
emergence and spread of P. falciparum 
resistant to CQ, there was an increase in 
P. vivax resistant strains to CQ in many 
parts of the world (Baird, 2004; Teka et al,  
2008; Chehuan et al, 2013). However, CQ 
remains popular and effective in Lao 
PDR. As the national treatment policy for 
malaria has been changed to artemisinin 
combination therapy (ACT) since 2005 
(Ministry of Health of Lao PDR, 2010), 
most of the registered CQ brands have 
become invalid after its 3-year registra-
tion effective period. To date, just only 
one brand of pre-packaged CQ tablet 
manufactured locally by CBF pharmaceu-
tical remains on sale until 2019 (Food and 
Drug Department, Ministry of Health, Lao 
PDR, unpublished data). Surprisingly, a 
2015 survey of outlets conducted in five 
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southern provinces of Lao PDR found that 
CQ availability in the private sector ac-
counts for 62.2% of the total anti-malarial 
market share, both injection and tablet 
forms of CQ, but their registration licenses 
had long been invalid (ACTwatch Group 
and Phanalasy, 2017). Thus, the argument 
continues as how to curtail the availability 
(and consumption) of CQ from the private 
sector and to promote the use of the rec-
ommended first line treatment?

The widespread and popularity of 
non-first line anti-malarial drugs has 
also been reported in Benin, but there the 
public health facilities for malaria case 
management services are free-of-charge 
for children under 5 years of age and 
for pregnant women (ACTwatch Group 
et al, 2017a), while in Lao PDR malaria 
treatment in the public sector is free-of-
charge for all age groups. Moreover, in 
Lao PDR a public-private mix (PPM) 
program was launched in 2008 to support 
private pharmacies and health facilities 
to aid in the management of malaria, 
and those PPM participators received AL 
and Rapid diagnostic tests (RDTs) and 
were permitted to charge USD0.12 and 
USD0.25 for a treatment dose of AL and 
RDTs, respectively, which is cheaper than 
the median price of a treatment dose of 
CQ (CMPE, 2012). Thus, the situation in 
Lao PDR is more complicate than in Benin 
in that the availability of non-first line 
treatment drugs may not only due to their 
lower price compared to ACT. Very little 
is known regarding malaria treatment-
seeking behavior among Laotians, as only 
two studies were conducted in 1999 and 
2006 at Khammouane Province, the first 
study providing a baseline knowledge 
of respondents regarding prevention of 
malaria (Uza et al, 2002), and the second 
study showed that >60% of respondents 
still had incorrect knowledge about ma-

laria transmission, similar to the former 
study (Khamlome et al, 2007). Although, 
after distribution of insecticide-treated 
bed nets (ITNs) in several malaria en-
demic villages of Bolikhamxay, Kham-
mouanne and Vientiane Provinces in 1999, 
malaria health education activities for the 
villages, such as group discussion, video 
programs and posters, were carried out 
once in each village near a city and in rural 
area (Uza et al, 2002). However, further 
research on malaria treatment-seeking 
behavior, knowledge on malaria including 
transmission and prevention, of residents 
who live in malaria endemic provinces are 
required, with special emphasis on the 
importance of treatment with the recom-
mended first line treatment and on know- 
ledge of the correct and appropriate use of 
CQ. In addition, further research should 
be undertaken to identify factors, which 
influence provider-dispensing behavior 
and consumer preferences. Information 
thus obtained from these research stud-
ies would lead to innovative strategies to 
curtail the consumption and availability 
of CQ in the private sector and to develop 
a more effective health information pro-
gram with a comprehensive scientific 
explanation of malaria transmission, in-
cluding its entomology and epidemiology 
in simple language and in the way that 
risk population could readily understand.

EFFICACY AND DRUG INTERACTION 
OF CQ

The pharmacology, toxicology and 
anti-malarial potency of CQ have been 
published since 1946 (Loeb et al, 1946). 
Thus, CQ has been widely used for ma-
laria treatment and prophylaxis in malaria 
endemic countries worldwide due to its 
safety profile, availability and low cost 
(Rosenthal, 2003; Congpuon et al, 2011). 
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As recommended by WHO, the therapy 
dose of CQ for children and adults, in-
cluding pregnant women, is 25 mg/kg 
divided over 3 days (WHO, 1995). Fol-
lowing the findings of global prevalence 
of P. falciparum resistance to CQ, national 
policies for malaria treatment in most 
of the malaria endemic countries have 
changed from CQ to ACT (Breman et al, 
2004). Nonetheless, CQ with or without 
primaquine (PQ) combination remains the 
first line treatment for P. vivax in most ar-
eas where P. vivax is endemic (Congpuon 
et al, 2011; Abreha et al, 2017).  A number 
of reports revealed that CQ increases the 
effectiveness and reduces the toxicity of 
PQ (Naing et al, 2010; Pukrittayakamee 
et al, 2014; Fasinu et al, 2016). In Lao 
PDR PQ was introduced in 2015 and is 
distributed only in district and province 
hospitals, while CQ is widely distributed 
in the private pharmacies as described 
above. CQ is needed to be given with PQ 
for treatment of P. vivax, P. ovale and P. 
malariae, according to the national malaria 
treatment guideline of Lao PDR (CMPE, 
unpublished data). However, concerns 
over hemolytic adverse effects in G6PD-
deficient patients and the limited avail-
ability of G6PD testing, have resulted in 
limiting PQ distribution only to district 
and province hospitals where G6PD 
testing is provided (CMPE, unpublished 
data). There is little doubt that CQ is 
prescribed as monotherapy or combined 
with antibiotics and other drugs in private 
pharmacies, but there is no evidence of the 
efficacy of CQ and sensitivity of P. vivax 
to CQ in Lao PDR. In the future, studies 
need to note that the definition of CQ ef-
ficacy will be more complicated as CQ will 
be given with PQ, and studies should not 
be conducted using CQ monotherapy due 
to ethical reasons (CMPE, unpublished 
data).

CQ now is ineffective for P. falciparum 
treatment in Lao PDR (Pillai et al, 2001), 
but the awareness of this among health 
professionals and the general population 
has not been evaluated. Thus, the widely 
availability of CQ in the private pharma-
cies may due to people still believe that 
CQ is effective (Mubyazi et al, 2005). 
Oftentimes, the bitter taste of drugs is 
believed to be an indicator of efficacy, and 
CQ is more bitter (hence more effective) 
than AL (Tarimo et al, 2001; Rutebem-
berwa et al, 2009). Moreover, in Lao PDR 
where both dengue and malaria are en-
demic (Nalongsack et al, 2009) CQ have 
been used for dengue fever treatment as 
it reportedly produces a substantial reduc-
tion of pain in dengue patients, while its 
clinical and side effects in dengue patients 
remain unclear (Borges et al, 2013). In 
order to provide answers to the question 
as the kinds of interventions that will 
drive consumer awareness and demand 
for AL as the first-line treatment, this will 
require understanding of how the general 
population perceives CQ efficacy, of their 
treatment-seeking behavior for malaria 
and of their knowledge regarding the 
available alternative treatment options.

CQ-RESISTANT P. FALCIPARUM AND 
P. VIVAX

In the late 1950s chloroquine-resistant 
(CQR) P. falciparum was first identified 
simultaneously in Southeast Asia and 
South America, and then expanded to 
neighboring regions (Payne, 1987). Pfcrt, 
a transporter located on the parasite food 
vacuole membrane, is a one of the key 
determinants of CQR phenotype in P. 
falciparum (Takahashi et al, 2012). CQR P. 
falciparum is now widespread worldwide; 
an in vitro study showed case prevalence 
of CQR P. falciparum infection at the Lao 
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PDR border with China of 90% (Lin et al, 
1997), but CQ and Sulfadoxine-Pyrimeth-
amine (SP) remained the first and second 
line treatments for uncomplicated P. falci-
parum infection. However, several studies 
between 2001 and 2003 showing CQ- and 
SP treatment failures, including CQ alone, 
SP alone and CQ-SP combination (Pillai 
et al, 2001; Guthmann et al, 2002; Mayxay 
et al, 2003; Schwobel et al, 2003) led to 
a consideration of a possible change in 
drug policy (Beren et al, 2003). In 2004, AL 
combination therapy was introduced as 
a pilot intervention in several provinces 
(Ministry of Health, Lao PDR, 2010), in 
2005, the nationally recommended first-
line treatment of Plasmodium falciparum 
by AL was officially declared (Mayxay  
et al, 2012).

In many countries in Africa, after the 
change of malaria treatment policy to 
ACT, CQ has been gradually withdrawn 
from outlets in the public sector (Ndam et 
al, 2017). As a consequence, many coun-
tries have reported an increasing trend of 
CQ-sensitive P. falciparum population and 
decreasing of P. falciparum isolates carry-
ing mutant pfcrt (Kubin et al, 2003; Mwai 
et al, 2009; Mohammed et al, 2013; Ndam 
et al, 2017). The recovery of P. falciparum 
CQ susceptibility in Malawi where the 
change in drug policy was swift and ef-
fective, more than 90% in Tanzania, while 
in Kenya and Cameroon a much slower 
recovery were observed. On the other 
hand, a recent study in Uganda reported 
the presence of 100% parasites carrying 
Pfcrt76T mutation (Kiwuwa et al, 2013). 
This might be associated with incomplete 
CQ withdrawal due to its availability as 
home-pack CQ-SP formulation for several 
years in Uganda (Källander et al, 2006; 
Nanyunja et al, 2011). In Ghana a high 
variation in the prevalence of Pfcrt76T 
is associated with the level of CQ usage 

(Asare et al, 2014). However, the explana-
tion of the recovery of CQ sensitivity in P. 
falciparum is due to an expansion of wild 
type allele when drug pressure is relieved 
or back mutation in pfcrt still remains 
unclear (Ndam et al, 2017). To date, CQ 
is still effective against P. vivax in many 
regions of the world (Liu et al, 2014; Ould 
Ahmedou Salem et al, 2015), but to save the 
useful life of CQ, an effective drug policy 
is required, and, moreover, to safeguard 
CQ for its possible re-introduction in com-
bination with other novel anti-malarials 
in areas where there is a return of P. falci-
parum CQ susceptibility.

CONCLUSION

CQ is a cheap, safety and valuable 
antimalarial, but the risks associated as 
a second-line treatment for malaria in 
Lao PDR need to be considered carefully. 
There is widespread availability of CQ 
in the private sector outlets, and some of 
them provide non-registered brands of 
CQ. An effective drug policy is required to 
curtail unsupervised consumption of CQ 
and to save CQ for possible future rein-
troduction in combination with other anti-
malarials. Thus, the most urgent need is to 
obtain scientific data for evidence-based 
policy-making. Therefore, an adequate 
evidence of CQ efficacy against P. vivax in 
Lao PDR, surveys on general perception 
of CQ efficacy, treatment-seeking behavior 
for malaria and knowledge of available 
alternative treatments among the popula-
tion in malaria endemic areas of Lao PDR 
are required.
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