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From 2003 through 2009, 687 of 2885 patients (23.8%) treated for 
Plasmodium falciparum malaria in clinical studies in Myanmar 
or on the Thailand-Myanmar border had recurrent Plasmodium 
vivax malaria within 63 days, compared with 18 of 429 patients 
(4.2%) from 2010 onward (risk ratio [RR], 0.176; 95% confi-
dence interval, .112–.278; P < .0001). Corresponding data from 
42 days of follow-up revealed that 820 of 3883 patients (21.1%) 
had recurrent P. vivax malaria before 2010, compared with 22 
of 886 (2.5%) from 2010 onward (RR, 0.117; 95% CI, .077–.177; 
P  <  .0001). This 6-fold reduction suggests a recent decline in 
P. vivax transmission intensity and, thus, a substantial reduction 
in the proportion of individuals harboring hypnozoites.
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In East Asia, Plasmodium vivax malaria commonly follows 
Plasmodium falciparum malaria [1–3]. The incidence is much 
higher than predicted from the prevalence of mixed infections 
observed by microscopy of blood films or in caught wild anoph-
eline mosquito vectors [4]. Furthermore, the recurrent infec-
tions occur at an interval from the initial infection that is exactly 
the same as the interval between the initial and first relapse of 
P. vivax infection [5]. This consistent observation has led to the 
hypothesis that people living in a P. vivax–endemic area harbor 
a “bank” of hypnozoites from previous inoculations that can be 
activated by a stimulus such as acute P. falciparum malaria [5]. 

Alternative theories of the mechanism of P. vivax infection re-
lapse after a short latency period include random activation and 
a clock mechanism similar to that invoked to explain a long la-
tency period [6]. This high rate of sequential infection was of 
major therapeutic and public health relevance because, with 
current highly effective artemisinin combination treatments 
(ACTs), recurrent P. vivax malaria was up to 10 times more fre-
quent than recrudescent P. falciparum malaria following acute 
P. falciparum malaria. From a public health standpoint, P. vivax 
malaria was therefore by far the main complication of P. falcip-
arum malaria. A P. vivax recurrence rate of approximately 30% 
following P.  falciparum malaria is strong evidence to support 
giving radical-cure regimens to patients with P. falciparum, as 
well as to those with P. vivax malaria [1–3, 7, 8].

If the activation hypothesis [5] is correct, then the proportion 
of P. vivax infections that follow episodes of acute P. falciparum 
malaria should be a function of the preceding (rather than con-
current) P. vivax transmission intensity. This is supported by the 
relative rarity of the occurrence of P.  vivax malaria following 
P. falciparum malaria reported among returned travelers from 
Asia who presumably received one or few infected inocula. It is 
also supported by the very high proportion of relapses involv-
ing genetically related parasites among infants following their 
first P. vivax infection, compared with the much lower propor-
tion among their mothers, in whom, presumably, previously 
acquired hypnozoites had been activated [9]. It follows that if 
malaria transmission is reduced, the sequential infection rate 
should fall, too. We tested this hypothesis in studies conducted 
in Myanmar, mainly in the east of the country, where village 
health workers have received support to diagnose and treat ma-
laria and, in some parts, mass treatments have been conducted 
in malaria hot spots. As a consequence, there has been a recent 
substantial reduction in the incidence of P. falciparum malaria. 
The reduction in malaria incidence was earliest at the Thailand-
Myanmar border [10].

METHODS

We searched the WorldWide Antimalarial Resistance Network 
Clinical Trials Publication library, a compilation of antimalarial 
clinical efficacy trials published between 1960 and 2016, for el-
igible studies [9]. A search of more-recent studies was made in 
PubMed, using the search terms “malaria AND Myanmar” with 
date limits of January 2016 to 2 October 2018. Studies of antima-
larial drug efficacy in patients with either uncomplicated P. fal-
ciparum malaria or mixed malaria parasite infections published 
since 2005 were eligible if the treatments were standard or ex-
tended doses of artesunate or an ACT and patients were followed 
for at least 28  days. The ACTs were artesunate-amodiaquine, 
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artesunate-mefloquine, dihydroartemisinin-piperaquine, 
artesunate-pyronaridine, or artemether-lumefantrine (cur-
rently recommended first-line treatment in Myanmar). For 
multicenter studies that did not report P.  vivax relapse num-
bers by site, individual-patient data were requested for the 
study component in Myanmar or on the Thailand-Myanmar 
border. Unpublished surveillance and study data collected at 
the Thailand-Myanmar border by the Shoklo Malaria Research 
Unit over this period were also assessed.

The following variables were extracted into a spreadsheet 
(Microsoft Excel) by 2 reviewers (E. A. A. and A. P. P.), inde-
pendently: first author name; PubMed identifier; year of pub-
lication; year(s) of study; location; treatment arms; number of 
P. falciparum malaria cases per arm; number of mixed-parasite 
infections, if reported; and number of P. vivax episodes during 
28, 42, and 63 days of follow-up. P. vivax malaria rates during 
follow-up were calculated as the number of episodes divided by 
the number of patients recruited, because reporting of censored 
patients before the end of follow-up was variable.

RESULTS

We screened 16 published trial reports. One was excluded be-
cause there was no information about P. vivax malaria. Patients 
were enrolled between 2003 and 2016. Data from routine sur-
veillance (during 2010–2011) and 1 unpublished study (pre-
maturely terminated because of low patient numbers after 
76 patients had been recruited between 2013 and 2014)  col-
lected at the Thailand-Myanmar border by the Shoklo Malaria 
Research Unit were also included because collection of these 
data was performed using the same standard methods as in the 
published clinical trials. The duration of follow-up varied be-
tween 28 and 63 days. Studies took place in 7 different states 
or regions in Myanmar. More than half were at the Thailand-
Myanmar border (Table 1). The median number of patients per 
treatment arm was 161 (range, 37–258 patients). The majority 
of patients (n = 2678) were treated with artesunate-mefloquine, 
with the remainder treated with DHA-piperaquine (n = 1393) 
or artemether-lumefantrine (n  =  396). In total, 4829 patients 
were studied.

Rates of P.  vivax malaria following treatment of uncompli-
cated P. falciparum malaria with artesunate or ACT ranged from 
0% to 52.5%. There was a marked recent reduction in the pro-
portion of acute P. falciparum malaria cases that were soon fol-
lowed by P. vivax infection (Figure 1A). Before 2010, there were 
3883 patients with acute P. falciparum malaria in studies with at 
least 42 days follow-up, of whom 820 (21.1%) had recurrent ma-
laria caused by P. vivax within this 6-week period. After 2010, of 
886 patients followed for 42 days, only 22 (2.5%) had a P. vivax 
recurrence (risk ratio [RR], 0.117; 95% confidence interval [CI], 
.077–.177; P  <  .0001). Before 2010, 2885 patients with acute 
P.  falciparum malaria had 63 days of follow-up, of whom 687 
(23.8%) had recurrent malaria caused by P.  vivax within this 

9-week period. After 2010, of 429 patients followed for 63 days, 
only 18 (4.1%) had a P. vivax recurrence (RR, 0.176; 95% CI, 
.112–.278; P  <  .0001). In more-recent studies, fewer children 
were recruited. Otherwise, there were no significant differences 
in demographic and clinical features between patients with ma-
laria before 2010 and those with malaria during or after 2010.

Most of the studies were conducted along the eastern 
border with Thailand (in Kayin State), where the SMRU widely 
deployed ACT via village malaria workers, in addition to insec-
ticide-treated bed nets. From 2007 onward in this location, 
there was a progressive decline in P. vivax malaria recurrences 
following P. falciparum malaria (Figure 1B).

DISCUSSION

Following the change in Myanmar’s national antimalarial 
treatment policy to ACT in 2002 and the support for large-
scale deployment of ACTs that followed several years later, 
the incidence of P.  falciparum malaria declined substantially. 
Recrudescence rates decreased from >80% in the chloroquine 
era [12] to <5% with ACTs, but this has revealed a very high rate 
of P. vivax recurrences (presumed to be relapses) in the weeks 
following treatment [3]. Until recently, approximately one third 
of patients treated for P. falciparum malaria in Myanmar would 
have a recurrence of malaria within 9 weeks of treatment. In 
some studies, this proportion reached 50%. Similar results were 
reported elsewhere in the region [1, 2]. Interestingly, despite 
the World Health Organization’s current recommendation to 
change treatment policy for P.  falciparum malaria when re-
crudescence rates exceed 10%, no recommendation for radical 
cure with primaquine was made despite P. vivax relapse rates of 
>30% after P. falciparum malaria [1–3, 7]. The interval between 
acute P. falciparum malaria and subsequent P. vivax malaria was 
closely related to the elimination kinetics of the ACT partner 
drug and was the same as the interval between treatment of 
primary P. vivax malaria and relapse [1–3, 5]. Following arte-
mether-lumefantrine treatment (which has been first-line treat-
ment in Myanmar since 2002 and still provides high cure rates), 
the sequential P.  vivax infections usually occurred within 6 
weeks after the acute P. falciparum malaria episode, whereas the 
majority of sequential P. vivax infections after artesunate-me-
floquine and dihydroartemisinin-piperaquine therapy occurred 
6–9 weeks afterward [1–3, 5, 7]. P. vivax relapse following P. fal-
ciparum malaria was therefore the principal complication of 
P. falciparum malaria. It was a major cause of morbidity and an 
important contributor to the overall incidence of P. vivax ma-
laria, particularly in adults, and to its transmission.

In this review of almost 5000 prospectively studied patients, 
approximately one quarter of patients who presented with acute 
P. falciparum malaria before 2010 and were treated with a highly 
effective ACT had subsequent P. vivax malaria within 9 weeks. 
In studies conducted in early 2009, over half of 162 patients 
treated with artemether-lumefantrine for P. falciparum malaria 
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had P.  vivax recurrences, yet in recent studies with this drug 
this proportion has not exceeded 4%. Overall, there was an ap-
proximately 6-fold reduction in the proportion of patients with 

acute P. falciparum malaria who experienced recurrent P. vivax 
malaria during and after 2010, compared with the proportion 
before 2010.

Table 1. Plasmodium vivax Infections Following Treatment of Acute Plasmodium falciparum Malaria in Therapeutic Studies in Conducted in Myanmar or 
Along the Thailand-Myanmar Border

Referencea
Year(s) of 

Study Location(s)
Antimalarial 
Treatment

Follow-up 
Duration, d

P. falciparum 
Cases (Mixed)

P. vivax Cases 
During Follow-up, 

No. (%)

Children Aged <15 y, No. 
(No. With P. vivax During 

Follow-up)

 [11] 2003–2004 Thailand-Myanmar border 
(Karen/Kayin State)

ASMQ 63 166 (16) 30 (18.1) 63 (NS)

DP (4 doses) 63 164 (15) 36 (22.0) 51 (NS)

DP (3 doses) 63 170 (16) 38 (22.4) 47 (NS)

 [12] 2003–2004 Rakhine State DP 42 156 (21) 22 (14.1) 131 (22)

DP UnS 42 171 (19) 18 (10.5) 139 (18)

ASMQ 42 162 (23) 25 (15.4) 133 (25)

ASMQ UnS 42 163 (14) 32 (19.6) 136 (32)

 [13] 2004–2005 Thailand-Myanmar border 
(Karen/Kayin State)

ASMQ FDC 63 251 (22) 85 (34) 77 (NS)

ASMQ 63 249 (24) 50 (20) 69 (NS)

 [14]b 2006 Thailand-Myanmar border 
(Karen/Kayin State)

ASMQ 63 138 (9) 51 (37) Adults only

DP 63 258 (20) 77 (30) Adults only

 [15]b 2007–2008 Thailand-Myanmar border 
(Karen/Kayin State)

ASMQ 42 182 (0) 9 (5.0) Adults only

AS PYR 42 369 (0) 73 (19.8) Adults only

[3] 2008–2009 Rakhine, Kachin, and 
Shan states

ASAQ 63 155 (26) 59 (38.1) 71 (NS)

AL 63 162 (25) 85 (52.5) 77 (NS)

ASMQ FDC 63 169 (21) 55 (32.5) 81 (NS)

ASMQ 63 161 (31) 75 (46.6) 75 (NS)

DP 63 161 (26) 56 (34.8) 79 (NS)

 [16] 2008–2009 Thailand-Myanmar border 
(Karen/Kayin State)

ASMQ + PMQc 63 150 (NS) 5 (3.3) Adults only

SMRU DP fol-
low-up (unpub-
lished data)

2010–2011 Thailand-Myanmar border 
(Karen/Kayin State)

DP 63 53 (1) 5 (9.4) 7 (1)

 [17]d 2005–2006 Thailand-Myanmar border 
(Karen/Kayin State)

ASMQ 63 119 (5) 28 (23.5) 25 (7)

2007–2008 Thailand-Myanmar border 
(Karen/Kayin State)

ASMQ 63 212 (9) 38 (17.9) 25 (10)

2009–2010e Thailand-Myanmar border 
(Karen/Kayin State)

ASMQ 63 200 (12) 36 (18.0) 25 (10)

2011–2012 Thailand-Myanmar border 
(Karen/Kayin State)

ASMQ 63 222 (10) 10 (4.5) 47 (2)

2013 Thailand-Myanmar border 
(Karen/Kayin State)

ASMQ + PMQc 63 78 (3) 1 (1.3) 23 (1)

 [18] NS Tanintharyi Region AS monotherapy 28 52 (0) 25 (47.2) Adults only

 [19] 2011–2013 Bago Region AS (3 d) + AL (3 d) 42 80 (3) 0 (0) Adults only

 [20] 2012–2013 China-Myanmar border DP 42 109 (0) 0 (0) 35 (NS)

 [21] 2013–2014 Kachin State and 
Mandalay Region

DP 42 114 (13) 0 (0) NS

 [22] 2013–2015 Karen/Kayin State AL (3 d) PMQc 42 78 (1) 1 (1.3) NS

AL (5 d) PMQc 42 76 (2) 3 (3.9) NS

SMRU (unpub-
lished data)f

2013–2016 Thailand-Myanmar border 
(Karen/Kayin State)

DP 63 42 (1) 3 (7.1) 13 (0)

Thailand-Myanmar border 
(Karen/Kayin State)

ASMQ 63 43 (0) 2 (4.7) 9 (0)

Abbreviations: AL, artemether-lumefantrine; ASAQ, artesunate-amodiaquine; ASMQ, artesunate-mefloquine; DP, dihydroartemisinin-piperaquine; FDC, fixed-dose combination; NS, not 
stated; PMQ; primaquine; PYR, pyronaridine; SMRU, Shoklo Malaria Research Unit; UnS unsupervised treatment.
aCitation information is specified in the Supplementary Materials, unless otherwise indicated.
bData are from patients recruited by the SMRU only.
cPMQ was given as a gametocytocidal single dose (0.25 mg/kg).
dA 42-d end point was specified in the article, but data from 63 d were available.
eAnalyzed as pre-2010 data.
fClinical trials registration NCT01640587.
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These studies emphasize the importance of adequate fol-
low-up to capture P. vivax recurrences when slowly eliminated 
antimalarial drugs are used. This is particularly important when 
comparing drugs with different elimination kinetics, such as 
artemether-lumefantrine and dihydroartemisinin-piperaquine. 
A  6-week follow-up period captures most of the recurrences 
following artemether-lumefantrine treatment but less than half 
of those that follow dihydroartemisinin-piperaquine therapy. 
Overall, half of P.  vivax recurrences occurred between 6 and 
9 weeks after P. falciparum malaria treatment. Indeed, 9 weeks 
of follow-up may be insufficient to capture all relapses, partic-
ularly after slowly eliminated treatments (ie, those containing 
piperaquine and mefloquine).

The remarkable recent substantial reduction in sequential 
infections in Myanmar presumably reflects a recent decline in 
P. vivax transmission. This is most likely explained by a reduc-
tion in the hypnozoite “bank” resulting from fewer infected 
inocula due to improved malaria control. It is not a result of 
a relative reduction in P.  vivax transmission as compared to 
P.  falciparum transmission, because reductions in P.  vivax 
transmission usually lag slightly behind those of P. falciparum 
transmission. Indeed, the ratio of P.  vivax to P.  falciparum in 
both symptomatic and asymptomatic infections has increased. 
Radical cure with 8-aminoquinolines is an essential component 
of P. vivax malaria treatment, providing benefits to individuals 
and, in a low-level transmission setting, communities. Radical 
treatment with primaquine is part of national antimalarial treat-
ment policy in Myanmar, but the proportion of all patients who 
receive this and take a full course is uncertain, so the contribu-
tion of primaquine to the reduction in population hypnozoite 
carriage and, thus, the dramatic decreases in recurrent P. vivax 
malaria following P. falciparum malaria is unclear.

Limitations of this analysis include the smaller sample size 
in the recent period (reflecting fewer cases) and the reliance on 
aggregate data. P. vivax malaria transmission is geographically 
heterogeneous, although some of the studies reported before 
and after the marked reduction in sequential P. vivax malaria 
were conducted in the same area. It is likely that, in areas where 
malaria control has not improved, there would still be high rates 
of P. vivax following P. falciparum malaria. In a previous anal-
ysis, the risk factors identified for P. vivax recurrence following 
P. falciparum malaria were mixed infection at enrollment, male 
sex, younger age, lower hematocrit, higher asexual P. falciparum 
parasite density, and P.  falciparum gametocytemia on presen-
tation [2]. Age may be a significant confounder in this over-
view, with more-recent studies enrolling a higher proportion 
of adults. ACTs with a longer-acting partner drug (eg, meflo-
quine and piperaquine) were also protective against relapse be-
fore 63 days. Nearly half the studies did not follow patients for 
>6 weeks. As described above, this leads to a substantial un-
derestimation of what was previously the main complication of 
P. falciparum malaria in this region, namely recurrent P. vivax 
infection. Nevertheless, failure to control for these factors is un-
likely to account for the substantial (>85%) decrease in relapse 
numbers observed here, for which the most plausible explana-
tion is a reduction in P. vivax transmission intensity.

Overall, these findings illustrate the epidemiological useful-
ness of recording sequential P. vivax following P. falciparum ma-
laria as a measure of transmission and emphasize the benefits 
of improved malaria control. Whereas there was a good case 
previously for a unified treatment policy providing a radical 
curative regimen for both P.  vivax and P.  falciparum malaria, 
this is no longer justified in areas where transmission has been 
reduced substantially.
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Figure 1.  A, Proportions of acute Plasmodium falciparum malaria episodes that 
were followed by Plasmodium vivax malaria within 9 weeks in each study, by treat-
ment. Studies of artemether-lumefantrine (AL) and artesunate-pyronaridine (AsPyr) 
with 6 weeks of follow-up and of artesunate monotherapy (As) with 4 weeks fol-
low-up are also included. Studies of dihydroartemisinin-piperaquine (DP) and arte-
sunate-mefloquine (AsMq) with <9 weeks of follow-up were excluded because 
shorter durations of follow-up (typically ≤ 6 weeks) with these slowly eliminated 
drugs miss a substantial proportion of relapses. B, Proportions of acute P.  falcip-
arum malaria episodes that were followed by P. vivax malaria within 9 weeks in 
each study, by location (ie, Myanmar-Thailand border vs elsewhere in Myanmar). 
AsAq, artesunate-amodiaquine.
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Supplementary Data

Supplementary materials are available at The Journal of 
Infectious Diseases online. Consisting of data provided by the 
authors to benefit the reader, the posted materials are not copy-
edited and are the sole responsibility of the authors, so ques-
tions or comments should be addressed to the corresponding 
author.
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