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Abstract

Background: Cambodia has targeted malaria elimination within its territory by 2025 and is developing a model
elimination package of strategies and interventions designed to achieve this goal.

Methods: Cambodia adopted a simplified 1-3-7 surveillance model in the Sampov Loun operational health district
in western Cambodia beginning in July 2015. The 1-3-7 approach targets reporting of confirmed cases within one
day, investigation of specific cases within three days, and targeted control measures to prevent further transmission
within seven days. In Sampov Loun, response measures included reactive case detection (testing of co-travelers,
household contacts and family members, and surrounding households with suspected malaria cases), and provision
of health education, and insecticide-treated nets. Day 28 follow up microscopy was conducted for all confirmed P.
falciparum and P. falciparum-mixed-species malaria cases to assess treatment efficacy.

Results: The number of confirmed malaria cases in the district fell from 519 in 2015 to 181 in 2017, and the annual
parasite incidence (API) in the district fell from 3.21 per 1000 population to 1.06 per 1000 population. The last
locally transmitted case of malaria in Sampov Loun was identified in March 2016. In response to the 408 index
cases identified, 1377 contacts were screened, resulting in the identification of 14 positive cases. All positive cases
occurred among index case co-travelers.

Conclusion: The experience of the 1-3-7 approach in Sampov Loun indicates that the basic essential malaria
elimination package can be feasibly implemented at the operational district level to achieve the goal of malaria
elimination in Cambodia and has provided essential information that has led to the refinement of this package.
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Background
Malaria remains a leading cause of death and disease in
many developing countries, with an estimated 219 mil-
lion cases and 435,000 deaths occurring globally in 2017
[1]. The Southeast Asian Region has made significant
progress in reducing its malaria incidence rate,

experiencing a 59% decline in new cases from 2010 to
2017 [1]. The reduction in annual parasite incidence
(API) is attributable to the malaria control program ef-
forts with support from the Global Fund, USAID/PMI,
as well as other non-programmatic factors including de-
forestation, climate change, improved infrastructure, etc.
As a result, many countries in the region are moving to-
ward malaria elimination. Cambodia has targeted mal-
aria elimination within its territory by 2025 [2, 3], and
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has developed a malaria elimination package that in-
cludes strategies and interventions [4] designed to
achieve this goal. Driving the push for malaria elimin-
ation is the intensification of artemisinin resistance and
the development of multiple partner drug resistance in
the western region of Cambodia.
A key part of the elimination strategy is the 1-3-7 sur-

veillance and response model, which involves reporting of
confirmed malaria cases within one day, investigation of
malaria cases confirmed through rapid diagnostic testing
(RDT) within three days, and application of targeted con-
trol measures to prevent further transmission within seven
days (Fig. 1). The 1-3-7 strategy was initially developed
and implemented in China in 2012 [5–7] and has since
been adapted to the local contexts in several country set-
tings in Southern Africa and Southeast Asia [8–10].
With support from the President’s Malaria Initiative

(PMI), the United States Agency for International Devel-
opment (USAID) Control and Prevention of Malaria
(CAP-Malaria) Project supported national, provincial,
and district health authorities in Cambodia to pilot and
then scale-up a simplified 1-3-7 model in the Sampov
Loun operational health district in Western Cambodia
beginning in July 2015. The purpose of this article is to
detail the experience in Sampov Loun in implementing
the 1-3-7 elimination surveillance approach from July
2015 – January 2017 and to discuss challenges and les-
sons learned for potential future scale-up.

Methods
Selection of Sampov Loun
Sampov Loun is an operational district in Battambang
Province in Western Cambodia with a population of

approximately 160,000 people across three administra-
tive districts and 127 villages. At the time of initial im-
plementation, the health care infrastructure and capacity
in Sampov Loun was comprised of nine health centers,
one former district hospital, one referral hospital, 32 pri-
vate providers, and 168 village malaria workers. Sampov
Loun was targeted for malaria elimination as it experi-
enced a significant decline in reported cases from 7.54
per 1000 population in 2012 to 2.87 per 1000 population
in 2014, and it was identified as a site of intensifying ar-
temisinin resistance. The overall objective of the pro-
gram was to develop and implement an elimination
model using the 1-3-7 approach within the existing pub-
lic health system in Sampov Loun and to document the
feasibility of the model.

Components of the intervention
The cascade of care begins on Day 1 with suspected mal-
aria cases being identified by village malaria workers or at
health facilities. All suspected cases are tested via either
RDT or microscopy. Patients with negative results are ad-
vised to seek consultation at public health facility. Patients
with positive results are immediately placed on a three-
day directly observed therapy (DOT) regimen. Uncompli-
cated malaria cases were treated with dihydroartemisinin-
piperaquine (DHA-PIP) from July 2015 – January 2016.
However, because some malaria cases did not respond to
DHA-PIP, the regimen for uncomplicated malaria cases
was switched to artesunate-mefloquine (ASMQ) begin-
ning in early 2016. Pregnant women in their first trimester
were treated with quinine. Those with treatment failure by
the day 28 follow up were deemed to be drug-resistant
and were treated with quinine plus tetracycline.

Fig. 1 Overview of 1-3-7 Malaria Elimination Approach

Kheang et al. BMC Public Health          (2020) 20:544 Page 2 of 7



The health worker who made the diagnosis notified the
malaria case to the district malaria coordinators using SMS
from their mobile phones. Within three days of notification,
case investigations were conducted by village malaria
workers and health facility staff. Case investigations in-
cluded interviews with the index case and resulted in case
classification (plasmodium species and case origin). Inter-
viewers collected information on the patient’s malaria his-
tory, recent travel and co-travelers of the index case,
household members, and malaria prevention practices. A
co-traveler was defined as a person who has been working,
traveling, or staying outside of the home village with an
index case in the past 3–4 weeks. Individual case investiga-
tion reports were collected and uploaded to a centralized
malaria elimination database. Within seven days of notifica-
tion, targeted response measures were undertaken
(although these often happened within three days in
conjunction with case investigation activities). Response
measures included reactive case detection (i.e. testing of co-
travelers, household contacts and family members, and sur-
rounding households with suspected malaria cases), and
provision of health education and long-lasting insecticide-
treated nets (LLINs). Day 28 follow up microscopy was
conducted for all confirmed P. falciparum and mixed-
species malaria cases to confirm clearance of parasitemia.

Management structure
The elimination program in Sampov Loun relied on a
multi-sectoral collaboration between the Cambodia Na-
tional Malaria Program (CNM), the Provincial Health De-
partment, Operational District, Public Health Facilities,
Private Providers and Village Malaria Workers. Provincial
and District Special Working Groups for Malaria Elimin-
ation, consisting of health and non-health departments,
uniformed services (i.e. army and police), private sector
partners, and volunteers were formed to support the im-
plementation of malaria elimination strategy. The pro-
gram also relied on cross-border collaborations with

neighboring Thailand to conduct patient investigation and
follow up as well as to develop bilingual behavior change
communication materials.

Results
Implementation of 1-3-7 approach
Figure 2 shows the percentage of malaria cases that were
successfully notified within 24 hours, investigated within
three days, and responded to within seven days. The per-
centage of cases notified within 24 hours rose from 50%
in July 2015 to 100% in January 2017. Over the same
time period, the percentage of cases investigated within
three days rose from 20 to 100% and the percentage of
cases responded to with targeted response measures rose
from 35% to nearly 100%. Data from private providers
was not collected from September – December 2017,
due to changes in the national policy regarding the role
of private sector providers in malaria control activities.
Private providers are now instructed to refer all sus-
pected malaria cases to public facilities for malaria diag-
nosis, treatment, and follow-up.
In response to the 408 index cases identified during

the period of this pilot, 1377 contacts were screened
(900 index household members, 395 co-travellers, and
82 surrounding household members), resulting in the
identification of 14 positive cases (nine P. falciparum
and five P. vivax). All positive cases were identified
among index case co-travellers; there were no cases
identified among index household members or sur-
rounding household members. A total of 2492 individ-
uals received health education and 242 LLINs were
distributed. Rates of DOT provision gradually decreased
from 86% (171/200) from July – December 2015 to 77%
(99/128) from January – June 2016 and to 64% (51/80)
from July 2016 – January 2017 because of an increase in
loss to follow up due to high mobility and cross-border
movement of those malaria patients.

Fig. 2 Summary of 1-3-7 elimination monthly surveillance and response results, July 2015 – January 2017
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Malaria incidence
Figure 3 shows the overall trend in confirmed malaria
cases in Sampov Loun from 2012 to 2017. Since imple-
mentation of the 1-3-7 elimination framework began in
2015, the annual parasite incidence (API) has fallen from
3.21 per 1000 population to 1.06 per 1000 population.
Sampov Loun has also seen a steady decline in the num-
ber of confirmed P. falciparum and mixed P. falcip-
arum/other species cases.

Case classification
Beginning in April 2016, all cases of malaria diagnosed
in Sampov Loun have been classified as imported, indi-
cating interruption of local transmission. While the dis-
trict continues to see seasonal spikes in imported cases,
these too are on a downward trajectory (Fig. 4). Case in-
vestigations have allowed Sampov Loun to track the ori-
gins of imported cases (Figs. 5 and 6). From July 2015 to
January 2017, 11% of imported cases in the district were
from Thailand, while 89% were from elsewhere within
Cambodia. Of this 89, 31% were imported from neigh-
boring provinces, while 69% were imported from other
high-transmission areas, mostly in the eastern part of
the country.

Staffing requirements for malaria elimination
The malaria elimination activities in Sampov Loun were
largely carried out by existing program staff, including
OD Malaria Supervisors (ODMS) for supervision, sur-
veillance, and case finding; laboratory technicians for
reading of blood slides; and the Village Malaria Workers
(VMWs) for early diagnosis using RDTs, treatment of
malaria cases, providing DOT to confirmed malaria
cases, and conducting reactive case detection among
contacts of malaria index cases. The PMI provided

LLINs, RDTs, and other consumables, which were dis-
tributed by the CAP-Malaria Project, as well as covered
the costs of capacity building and supervision. The pro-
ject also provided nominal transportation expenses to
the VMWs/health facility staff to conduct household
visits if needed. Every time a positive malaria case was
notified, the health center staff and VMW visited the vil-
lage within the first three days to undertake case investi-
gation and plan for reactive case detection (RCD) within
the first seven days. RCD efforts are being targeted on
high risk groups such as co-travelers, forest goers and
overnight stay in the forest fringe areas. The project is
using SD Malaria Ag Pf/Pv RDT (Alere) to make diagno-
sis and to screen target populations. This RDT has sensi-
tivity of 99.7% (98.5–100) and specificity of 99.5% (97.2–
99.9%). In addition, the CNM team and Provincial Mal-
aria Supervisor conducted supervision of health facilities
and VMWs to ensure smooth implementation of the
elimination activities. The RCD visits were used for
screening households around the index case, co-travelers
and household members to identify additional malaria
positive cases. The overall costs of this model are min-
imal and thus the surveillance model is replicable with
minimal additional support.

Discussion
Results from the implementation of the 1-3-7 malaria
elimination approach in Sampov Loun operational dis-
trict from July 2015 to January 2017 demonstrate the
feasibility of a local malaria elimination strategy, despite
the challenges of multi-drug resistance and limited re-
sources. The basic essential package of activities for mal-
aria elimination, consisting of a combination of
community-based case management and the 1-3-7 sur-
veillance and response approach, was manageable at the

Fig. 3 Yearly trend in confirmed malaria cases and annual parasite incidence (API) in Sampov Loun, Cambodia, 2012–2017
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community level by village malaria workers and local
health facility staff with facilitation and support from
local authorities in this very low incidence area. An en-
tomology component, including indoor residual spraying
and entomological survey, were not initially included in
the package.

The integration of mobile health technology enabled
Day 1 case notification via SMS messaging and helped
improve real-time surveillance efforts. Practically, case
investigation and response activities were often con-
ducted simultaneously, resulting in what local officials
called a “1-2-2 model” or “1-3-3 model” rather than a

Fig. 4 Mix of indigenous and imported malaria cases in Sampov Loun, July 2015 – January 2017

Fig. 5 Origin of Imported Malaria Cases to Sampov Loun Operational District, July 2015 – January 2017
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“1-3-7” model. Based on the experience of Sampov
Loun, Cambodia has begun implementing this package
in four neighboring operational districts (Battambang,
Maung Russei, Thmar Koul, and Pailin) and is targeting
other nearby provinces in Cambodia for initiation of
these activities in the coming years. Reduced malaria
burden in neighboring districts also catalyzed further
success in Sampov Loun, as it reduced the risk of
imported cases being reintroduced into the district.
The results from Sampov Loun generated valuable in-

sights that can help make the 1-3-7 approach more effi-
cient in the future. For example, in Sampov Loun,
reactive case detection (RCD) efforts yielded very few
positive results (0.9% positive rate over the period of im-
plementation). Other studies have similarly questioned
the efficacy of RCD in low transmission settings [11] or
among neighborhood or hotspot contacts [12] and sug-
gested that new approaches designed to optimize RCD
are needed. In Cambodia, results suggest that focusing
RCD efforts on co-travelers and forest worksites may be
more effective than wider contact testing. Similarly, case
investigations revealed that peri-domestic transmission
was rarely, if ever, occurring in the district. This suggests
that strategies that prevent peridomestic transmission,
such as indoor residual spraying (IRS), may not result in
additional malaria elimination gains. Finally, the 1-3-7
approach enabled the district to develop highly detailed
maps of malaria cases, allowing for the identification of
hot spots to be targeted for future activities.

Several challenges were identified during implementa-
tion. First, the program experienced declining motiv-
ation among health workers to pursue case investigation
and contact testing, particularly during weekends and
public holidays. Maintaining workforce motivation, as
well as collaborations with private providers, is critical
to ongoing elimination effort success. In addition, in a
context where most cases are imported from outside the
district, district-level response activities alone are likely
to be ineffective in interrupting transmission. Communi-
cation and surveillance linkages with other operational
district malaria response teams is necessary to suffi-
ciently address external sources of infection [10, 13]. Re-
ducing malaria burden in neighboring districts also has
positive spillover effects, as the risk of re-introduction
decreases. Strengthened cross-border collaborations are
also needed to ensure adequate coverage of migrant and
mobile populations with malaria preventive, diagnostic
and treatment services [14, 15].

Conclusion
The experience of the 1-3-7 approach in Sampov Loun
indicates that the basic essential malaria elimination
package can be feasibly implemented in operational dis-
tricts with very low-level transmission to achieve the
goal of malaria elimination. As a result of the successful
implementation in Sampov Loun, Cambodia has scaled
up elimination activities in all operational districts of
Battambang Province and Pailin Province, and planning

Fig. 6 Malaria case classification, Sampov Loun, July 2015 – January 2017
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to expand activities to neighboring provinces, while con-
tinuing to target malaria elimination countrywide by
2025. The national malaria program is exploring the
possibility of integrating 1-3-7 or a variant of this in its
Malaria Elimination Action Framework for the 2020–
2025 period.

Abbreviations
API: Annual Parasite Incidence; AMQ: artesunate-mefloquine; CNM
: Cambodia National Malaria Program; DHA-PIP : dihydroartemisinin-
piperaquine; DOT: directly observed therapy; LLIN: long-lasting insecticide-
treated nets (LLINs); ODMS: Operational District Malaria Supervisors;
PMI: United States Presidents Malaria Initiative; RCD: Reactive Case Detection;
RDT: Rapid diagnostic tests; SMS: Short Messaging Service; USAID : United
States Agency for International Development; VMW: Village Malaria Worker

Acknowledgments
The authors would like to acknowledge the assistance of project staff as well
as staff from the provincial and district health offices whose active
engagement in malaria elimination in Cambodia made this work possible.
The malaria elimination activities were funded by the United States Agency
for International Development (USAID) | Presidents Malaria Initiative (PMI)
Control and Prevention of Malaria Project (CAP-Malaria) under Cooperative
Agreement AID-486-A-12-00001. The project team included prime recipient,
University Research Co., LLC, along with other sub-recipients.

Disclaimer
The views expressed herein are those of the authors and do not necessarily
reflect the views of their affiliated organizations.

Authors’ contributions
STK, SN, TS, LD designed and implemented the study; STK, SN, SS, LP, LB, BK,
JG, RS, GD contributed to the design of the study and provided oversight for
the implementation of the study; HJA, CL, NK reviewed documents and
provided inputs at various stages and drafted the manuscript; SKM
maintained the database and cleaned the data; all were involved in the
inputs to the draft and helped in finalizing the manuscript. All authors have
read and approved the final manuscript.

Funding
The Presidents Malaria Initiative/United States Agency for International
Development provided funding, under Cooperative Agreement AID-486-A-
12-00001, for the overall Control and Prevention of Malaria project covering
Cambodia, Myanmar and Thailand. The funding agency did not participate in
the design, implementation or the interpretation of the study results. The
study was designed by the project staff with guidance from the staff from
USAID, CDC and PMI. In no way any of these staff members from PMI/USAID
guided the study methods or the conclusions.

Availability of data and materials
Data presented here is available at the health facilities that were supervising
the malaria program in the project sites. Aggregated data are available upon
request from the authors or from CNM.

Ethics approval and consent to participate
The data used in this paper was extracted from the ongoing malaria
program activities in Cambodia. As such there was no need for ethics
approval or informed consent from malaria patients or the families who
were contacted to screen and test for malaria.

Consent for publication
Not applicable.

Competing interests
The authors do not have any financial or non-financial competing interests.

Author details
1University Research Co. LLC, Phnom Penh, Cambodia. 2National Malaria
Control Program, Phnom Penh, Cambodia. 3President’s Malaria Initiative/
United States Agency for International Development, Washington, DC, USA.

4President’s Malaria Initiative/Centers for Disease Control and Prevention,
Atlanta, Georgia, USA. 5Centers for Disease Control and Prevention, Atlanta,
Georgia, USA. 6President’s Malaria Initiative/United States Agency for
International Development, Phnom Penh, Cambodia. 7University Research
Co., LLC, Chevy Chase, MD, USA.

Received: 8 October 2019 Accepted: 1 April 2020

References
1. World Health Organization. World Malaria Report 2018.; 2018. www.who.int/

malaria.
2. Cambodia Malaria Elimination Framework 2016–2020. Kingdom of

Cambodia Ministry of Health. http://mesamalaria.org/sites/default/files/201
8-12/Cambodia%20Malaria%20Elimination%20Action%20Framework%20.pdf
Malaria Elimination Action Framework .pdf. Published 2016.

3. The National Strategic Plan For Elimination of Malaria in the Kingdom of
Cambodia 2011–2025. 2011. http://www.cnm.gov.kh/userfiles/file/N Strategy
Plan/National Strtegyin English.pdf.

4. World Health Organization, Global Malaria Programme. A Framework for
Malaria Elimination.; 2017. doi: Licence: CC BY-NC-SA 3.0 IGO.

5. Lu G, Liu Y, Beiersmann C, Feng Y, Cao J, Müller O. Challenges in and
lessons learned during the implementation of the 1-3-7 malaria surveillance
and response strategy in China: a qualitative study. Infect Dis Poverty. 2016;
5(1):1–11. https://doi.org/10.1186/s40249-016-0188-8.

6. Feng J, Liu J, Feng X, Zhang L, Xiao H, Xia Z. Towards malaria elimination:
monitoring and evaluation of the “1-3-7” approach at the China-Myanmar
border. Am J Trop Med Hyg. 2016;95(4):806–10. https://doi.org/10.4269/
ajtmh.15-0888.

7. Sen ZS, Sen ZS, Zhang L, et al. China’s 1-3-7 surveillance and response
strategy for malaria elimination: is case reporting, investigation and foci
response happening according to plan? Infect Dis Poverty. 2015;4(1):1–9.
https://doi.org/10.1186/s40249-015-0089-2.

8. Wang D, Cotter C, Sun X, Bennett A, Gosling RD, Xiao N. Adapting the local
response for malaria elimination through evaluation of the 1-3-7 system
performance in the China-Myanmar border region. Malar J. 2017;16(1):1–10.
https://doi.org/10.1186/s12936-017-1707-1.

9. Wang D, Chaki P, Mlacha Y, et al. Application of community-based and
integrated strategy to reduce malaria disease burden in southern Tanzania:
the study protocol of China-UK-Tanzania pilot project on malaria control.
Infect Dis Poverty. 2019;8(1):4–9. https://doi.org/10.1186/s40249-018-0507-3.

10. Mon A, Kyaw M, Kathirvel S, et al. “Alert-audit-act”: assessment of
surveillance and response strategy for malaria elimination in three low-
endemic settings of Myanmar in 2016. Trop Med Health. 2018;46:1–9.
https://doi.org/10.1186/s41182-018-0092-y.

11. Van Eijk AM, Ramanathapuram L, Sutton PL, et al. What is the value of
reactive case detection in malaria control? A case-study in India and a
systematic review. Malar J. 2016;15(1):1–13. https://doi.org/10.1186/s12936-
016-1120-1.

12. Bannister-Tyrrell M, Krit M, Sluydts V, et al. Households or Hotspots?
Defining Intervention Targets for Malaria Elimination in Ratanakiri Province,
Eastern Cambodia. J Infect Dis. 2019;(Xx Xxxx):1–10. doi:https://doi.org/10.
1093/infdis/jiz211.

13. Cox J, Sovannaroth S, Soley LD, Ngor P, Mellor S, Roca-Feltrer A. Novel
approaches to risk stratification to support malaria elimination: an example from
Cambodia. Malar J. 2014;13(1):1–10. https://doi.org/10.1186/1475-2875-13-371.

14. Guyant P, Canavati SE, Chea N, et al. Malaria and the mobile and migrant
population in Cambodia: a population movement framework to inform
strategies for malaria control and elimination. Malar J. 2015;14(1):1–15.
https://doi.org/10.1186/s12936-015-0773-5.

15. Kheang ST, Lin MA, Lwin S, et al. Malaria case detection among Mobile
populations and migrant Workers in Myanmar: comparison of 3 service
delivery approaches. Glob Heal Sci Pract. 2018;6(2):384–9. https://doi.org/10.
9745/ghsp-d-17-00318.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kheang et al. BMC Public Health          (2020) 20:544 Page 7 of 7

http://www.who.int/malaria
http://www.who.int/malaria
http://mesamalaria.org/sites/default/files/2018-12/Cambodia%20Malaria%20Elimination%20Action%20Framework%20.pdf
http://mesamalaria.org/sites/default/files/2018-12/Cambodia%20Malaria%20Elimination%20Action%20Framework%20.pdf
http://www.cnm.gov.kh/userfiles/file/N
https://doi.org/10.1186/s40249-016-0188-8
https://doi.org/10.4269/ajtmh.15-0888
https://doi.org/10.4269/ajtmh.15-0888
https://doi.org/10.1186/s40249-015-0089-2
https://doi.org/10.1186/s12936-017-1707-1
https://doi.org/10.1186/s40249-018-0507-3
https://doi.org/10.1186/s41182-018-0092-y
https://doi.org/10.1186/s12936-016-1120-1
https://doi.org/10.1186/s12936-016-1120-1
https://doi.org/10.1093/infdis/jiz211
https://doi.org/10.1093/infdis/jiz211
https://doi.org/10.1186/1475-2875-13-371
https://doi.org/10.1186/s12936-015-0773-5
https://doi.org/10.9745/ghsp-d-17-00318
https://doi.org/10.9745/ghsp-d-17-00318

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Selection of Sampov Loun
	Components of the intervention
	Management structure

	Results
	Implementation of 1-3-7 approach
	Malaria incidence
	Case classification
	Staffing requirements for malaria elimination

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Disclaimer
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

