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Abstract: In Lao PDR, the National Malaria Control Program (NMCP) evaluates bednet coverage, often at the
village level, using a coverage target of one net per 2.5 (or fewer) persons in a given population. However, in
villages that meet the target, not all households necessarily meet the target or utilize all available bednets. This
study explored households that fell short of the target and household utilization of bednets in villages that met the
target of bednet coverage set by the NMCP. The person per net ratio (PPNR), which is defined as the population
divided by the number of available bednets in a household/village, was used to determine whether a household/
village met the NMCP target. Using a household survey, we collected and analyzed the data of 635 households in
17 villages in Xepon district in 2012. Households that fell short of the target (households with a PPNR of > 2.5 or
no bednet) existed in every village. The proportion of these households differed greatly among the villages,
ranging from 3.4–50%, with some households falling far short. Of the 635 households, 275 (43.5%) had at least
one bednet that was not being used on the night preceding the survey and 131 (20.6%) had at least two. In
conclusion, in villages that met the NMCP target, a considerable number of households fell short of the target, and
the available bednets were not fully utilized in many of the surveyed households.
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INTRODUCTION

The use of insecticide-treated bednets is effective in
reducing morbidity and mortality due to malaria [1] and
has been adopted as a principal malaria control strategy in
malaria endemic countries, including Lao PDR [2, 3]. This
type of bednet provides protection by killing mosquitoes
on contact. When high community bednet coverage is ach-
ieved, all members of the community (regardless of bednet
usage) are protected via the community effect [4–6].

Falciparum malaria is endemic in remote communi-
ties in the forested areas of Lao PDR in Southeast Asia [7].
The National Malaria Control Program (NMCP) has con-

ducted the nationwide distribution of insecticide-treated
bednets on a yearly basis since the early 1990s. The distri-
bution system is as follows. First, with help from village
executives, trained village health volunteers (VHVs) sur-
vey the existing bednets of each household and report their
findings to a local malaria control officer. Second, the re-
ported data are summarized at district and provincial levels
and then reach a central level. Third, on the basis of
the data, the NMCP allocates and delivers bednets to
each village. Fourth, working together with community
organizations and village executives, VHVs educate villag-
ers on the importance of bednets and their proper usage at
village meetings, and then distribute bednets to each
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household. Finally, VHVs report the results of the distribu-
tion campaign to the local malaria control officer.

The NMCP evaluates bednet coverage, often using a
coverage target of one bednet per 2.5 or fewer persons in a
given population. When evaluating bednet coverage, the
NMCP often uses the village as a basic unit and deter-
mines whether a target is achieved at the village level [3,
7]. However, in villages that meet the NMCP target, not all
households necessarily meet the target [8], as the house-
hold unit is not considered in the village level evaluation.
Furthermore, in households that meet the target, if bednets
are not utilized, then not all household members can bene-
fit directly from their effects. Non-bednet users in a house-
hold that falls short of the target may be protected by the
indirect, community effect of bednets used by neighbors
[4–6]. However, according to a number of studies empha-
sizing the importance of high bednet coverage at the
household level [9–11], non-bednet users may not enjoy
the same level of protection as bednet users, even in house-
holds that meet the NMCP target.

The present study explored two points: 1) households
that fall short of the NMCP target, and 2) household uti-
lization of bednets in villages that met the NMCP target.

METHODS

Study site and population
We collected data in Xepon district, Savannakhet

province, in Lao PDR, between July and August 2012.
Xepon district is a remote rural district on the Vietnamese
border, approximately 500 km from the national capital,
Vientiane. The climate of Savannakhet is tropical, with an
average temperature of 27°C. Savannakhet experiences
wet and dry seasons from April to October and November
to March, respectively [12]. Although malaria cases are re-
ported throughout the year, most cases are seen during the
wet season [3].

Ethnic minorities comprise 75% of the total district
population of approximately 45,000. There are 88 villages
in the district, most of which are at risk of malaria. Ac-
cording to the Xepon District Health Office, 218 malaria
cases were reported from Xepon District Hospital in 2013.
Insecticide-treated bednets have been distributed in the dis-
trict since 1999. In April and May 2011 (the most recent
bednet distribution campaign before our data collection), a
total of 7,719 bednets were distributed.

Our study target was households in villages that met
the NMCP target of a person per net ratio (PPNR) of < 2.5.
We deliberately selected all of the 20 villages where the
Health and Demographic Surveillance System is in place,
as reliable data on households in these villages are availa-

ble. The system is described elsewhere [13]. From these 20
villages, we excluded 3 villages where PPNR was > 2.5
because they did not achieve the NMCP target. In total,
there were 678 registered households within these 17 vil-
lages. We succeeded in collecting data from 658 house-
holds, and excluded 23 that were missing questionnaire
data. Finally, we analyzed the data of 635 households in 17
villages.

Data collection
We collected data using a household survey that was

conducted during the daytime. Surveyors visited the study
households and inspected bednets to determine their type
and physical condition. When inspecting bednets, survey-
ors also conducted interviews with adult household mem-
bers to collect bednet-related information including the use
of bednets by any household member on the night preced-
ing the survey and the time that bednets were obtained.
The time that bednets were obtained was asked categori-
cally (categories: within three years, more than three years,
and unknown), as respondents may not exactly remember
the time. The cutoff point of “three years” was used be-
cause the expected lifespan of bednets (long-lasting
insecticide-treated bednets) is around three years.

Analysis
The PPNR, which was defined as the population divi-

ded by the number of available bednets in a household/
village, was used to determine whether a household or vil-
lage met the NMCP target. This ratio has been widely used
in Lao PDR [7, 8, 14]. The proportion of households that
fell short of the target (households with a PPNR of > 2.5 or
no bednet) and the proportion of households that fell far
short of the target (households with a PPNR of > 4.0 or no
bednet) were computed for each village. The cutoff point
of “4.0” was used because the upper inter-quartile range of
household PPNR was around 4.0 in villages with a PPNR
of around 2.5.

Households with at least one bednet (n = 622) were
categorized into three groups: households with PPNRs of <
1.5, 1.5–2.5, and > 2.5. The cutoff point of “1.5” was used
because the lower tertile of household PPNR was 1.67. In
each category, the proportion of households with one bed-
net or multiple bednets that were not used the preceding
night was calculated by dividing the number of households
with one unused bednet or multiple unused bednets by the
total number of households (Fig. 1).

Ethical considerations
This study was approved by the National Ethics

Committee for Health Research, Ministry of Health, Lao
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PDR (No. 172/NECHR). Verbal and written consent was
obtained from the heads or other adult members of the
study households who understood that their participation
would be voluntary and that all data obtained would be
confidential.

RESULTS

Characteristics of villages and households
Table 1 shows the characteristics of the 17 study vil-

lages and 635 households. The PPNR in the surveyed vil-

lages ranged from 1.07–2.50 (median: 2.21). In the 5
villages, there was at least one household that did not pos-
sess any bednet. There were households that fell short of
the NMCP target in all villages. The proportion of these
households differed greatly among the villages, ranging
from 3.4–50% (median: 31.1%). In the 15 villages, there
were households that fell far short of the NMCP target.
The proportion of these households ranged from 3.4–25%
(median: 10.8%).

The median number of members in a household was
6, with an interquartile range of 4–8 (data not shown).

Fig. 1. Proportions of households with unused bednets among three household groups categorized by persons per net ratio (PPNR)

Table 1. Characteristics of study villages and households

Village name Number of
households

Number of
residents

Number of
bednets PPNRa

Household with
no bednets

Household with
PPNRa > 2.5 or

no bednets

Household with
PPNRa > 4.0 or

no bednets
n % n % n %

 1. Adone  31 179  79 2.27 0  0.0 13 41.9  3 9.7
 2. Alang-nyai  29 180 168 1.07  0  0.0  1  3.4  1  3.4
 3. Alang-noi  15  70  48 1.46  0  0.0  2 13.3  0  0.0
 4. Alay-nyai  56 307 123 2.50  4  7.1 28 50.0 13 23.2
 5. Dong-nyai  83 543 266 2.04  0  0.0 25 31.1  6  7.2
 6. Dong-noi  34 217  98 2.21  5 14.7 13 38.2  6 17.6
 7. Kaleng-kang  39 214 107 2.00  0  0.0 14 35.9  4 10.3
 8. Kengkhai-nok  24 150  60 2.50  2  8.3 11 45.8  6 25.0
 9. Kengkhai-nai  10  77  35 2.20  0  0.0  4 40.0  2 20.0
10. Kengkham-nok  39 228 120 1.90  0  0.0 10 25.6  4 10.3
11. Kengkham-nai   8  50  37 1.35  0  0.0  1 12.5  0  0.0
12. Kenglouang-nai  33 240 140 1.71  0  0.0  5 15.2  2  6.1
13. Kenglouang-nok  37 213 107 1.99  0  0.0 11 29.7  4 10.8
14. Kengpee-nok  38 209  86 2.43  1  2.6 19 50.0  9 23.7
15. Kengpear-nai  14  94  53 1.77  0  0.0  1  7.1  1  7.1
16. Kengthong 111 628 276 2.28  1  0.9 37 33.3 16 14.4
17. Muangseng  34 265 172 1.54  0  0.0  5 14.7  4 11.8

a: Persons per net ratio
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Characteristics of bednets
The 635 households possessed 1,978 bednets (Table

2), including 1,744 (88.2%) long-lasting insecticide-treated
bednets, 198 (10.0%) bednets other than long-lasting
insecticide-treated bednets, and 36 (1.8%) of unknown
type. Approximately 75% of the bednets (n = 1,464) were
used by a household member the night preceding the sur-
vey. The bednets that were used on the preceding night
were mostly hung; unused bednets were mostly unhung.
Additionally, the bednets that were used were more likely
to be damaged than those that were not. According to
household respondents, most of the bednets had been ob-
tained within three years, regardless of usage on the pre-
ceding night.

Household utilization of bednets
Two hundred and seventy-five (43.5%) of the 635

households had at least one unused bednet on the preced-
ing night and 131 (20.6%) had multiple unused bednets.
The proportion of households with one unused bednet or
multiple unused bednets decreased with increasing levels
of household PPNR (Fig. 1).

DISCUSSION

The present study demonstrated that although bednets

were available at a rate of one bednet per < 2.5 people at
the village level, they were not necessarily available at a
similar rate at the household level. In villages with moder-
ate bednet coverage, this would suggest the existence of
households without enough bednets to cover all members.
While most households in villages where bednet coverage
is far beyond the NMCP target potentially possess enough
bednets, the limitation of village-level evaluations de-
mands consideration.

More importantly, perhaps, was that there were
households that fell far short of the NMCP target in most
of the study villages. In a household with a PPNR of > 4,
five or more people apparently use the same bednet. Using
one bednet with five or more people quite obviously ex-
ceeds its capacity. A study conducted in Lao PDR reported
that using one bednet with five or more people significant-
ly increased the risk of malaria infection [15]. Thus, the
households that fell far short of the target are of great con-
cern.

Although VHVs are supposed to assess the number of
bednets in each household and report the assessment re-
sults to a local malaria control officer before a bednet dis-
tribution campaign, this study found a household that fell
far short of the NMCP target in most of the study villages.
If it is assumed that VHVs perform their function well,
then there are three possible explanations for the existence

Table 2. Characteristics of bednets in the study households

Characteristics
Bednets that were used

(n = 1464)
Bednets that were not useda

(n = 514)
Total

(n = 1978)
n % n % n %

Type
 Long-lasting insecticide-treated bednet 1271 86.8 473 92.0 1744 88.2
 Other 164 11.2 34 6.6 198 10.0
 Unknown 29 2.0 7 1.4 36 1.8
Placement
 Hung 1417 96.8 52 10.1 1469 74.3
 Not hung 11 0.8 461 89.7 472 23.9
 Unknown 36 2.5 1 0.2 37 1.9
Condition of bednet
Intact 915 62.5 456 88.7 1371 69.3
 Slightly physically damaged 458 31.3 37 7.2 495 25.0
 Heavily physically damaged 53 3.6 19 3.7 72 3.6
 Unknown 38 2.6 2 0.4 40 2.0
Time the bednet was obtained
 Within three years 1076 73.5 394 76.7 1470 74.3
 More than three years earlier 238 16.3 39 7.6 277 14.0
 Unknown 150 10.2 81 15.8 231 11.7

a: Including four bednets that were used for other purposes such as fishing and farming
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of such households: 1) households were not present in the
village when bednet assessment and/or distribution took
place and were thus unable to benefit; 2) households re-
ceived a bednet but discarded it when its condition became
poor [16]; or 3) the bednet was taken elsewhere (several
households of our survey reported that they had taken a
bednet for use while fishing or farming). Further study is
necessary to explore the bednet use behavior and service
access-related resources of the households that fell far
short of the target.

The present study also demonstrated that many house-
holds did not fully utilize available bednets on the night
preceding the survey. As Table 2 shows, most of these un-
used bednets were unhung, suggesting that they were not
usually used [17]. Regarding the non-use of available bed-
nets, a number of reasons have been reported from Lao
PDR and neighboring countries: discomfort due to heat
[18, 19]; limited perceived benefit of bednets [18, 20];
limited perceived risk of malaria [18]; availability of other
preventive measures [18]; and problems with using bed-
nets [18, 21]. In this study site, however, these did not ap-
pear to be the main reasons. As Fig 1 shows, households
that were saturated with bednets tended to leave some bed-
nets unused; a household’s utilization of all available bed-
nets appeared to depend on the abundance of bednets.
Another possible reason could be bednet preferences [22,
23]. According to anecdotal reports from local malaria
control staff and VHVs in Savannakhet, the villagers dis-
liked some types of bednets, especially bednets made of
Nylon material.

This study has two major limitations. One is that
household bednet coverage might have been misestimated
because it is based on the number of household members,
which is difficult to accurately ascertain in this area. An-
other is the possibility that the findings did not reflect the
situation of all malaria-prone villages in Xepon district or
Savannakhet province because data collection was con-
fined to the villages of Xepon that met the NMCP target.
However, the fact that the bednet distribution system is the
same throughout Lao PDR suggests that the findings of the
present study can be useful when planning and evaluating
bednet distribution in Xepon and elsewhere.

In conclusion, in villages that met the NMCP bednet
coverage target, a considerable number of households fell
short of the target. Some households fell far short of the
target. Therefore, attention should be paid to the limitation
of bednet coverage evaluations at the village level and to
leakage in the present system of bednet distribution. Addi-
tionally, many households did not fully utilize available
bednets. The fact that most of these households possessed
sufficient bednets indicates that the main reason for non-

usage is household saturation. In the planning of bednet
distribution, both households that are in most need of bed-
nets and those saturated with bednets need to be consid-
ered. The strengthening of the bednet assessment survey
prior to distribution would help to identify such house-
holds.

ACKNOWLEDGMENTS

We thank the study participants, village health
volunteers and heads of the villages. We also thank Mr.
Monethong Inthisith, Mr. Sisomphou Keovongsa and Mr.
Hip Suvoravong who served as surveyors. This work was
supported financially by the Research Institute for
Humanity and Nature, and the National Center for Global
Health and Medicine, Japan (25-2). We declare no
conflicts of interest.

REFERENCES

 1. Lengeler C. Insecticide-treated bed nets and curtains for
preventing malaria. Cochrane Database Syst Rev 2004; 2:
CD000363.

 2. World Health Organization. The World Malaria Report
2013. Geneva: World Health Organization; 2013.

 3. Ministry of Health, Lao PDR. National Strategy for
Malaria Control and Pre- Elimination 2011–2015.
Vientiane: Ministry of Health, Lao PDR; 2010.

 4. CDC (Centers for Disease Control and Prevention).
Insecticide-Treated Bed Nets. Available: http://www.cdc.
gov/malaria/malaria_worldwide/reduction/itn.html 
[accessed 14 Jan 2015].

 5. Howard SC, Omumbo J, Nevill C, et al. Evidence for a
mass community effect of insecticide-treated bednets on
the incidence of malaria on the Kenyan coast. Trans R
Soc Trop Med Hyg 2000; 94: 357–360.

 6. Hawley WA, Phillips-Howard PA, ter Kuile FO, et al.
Community-wide effects of permethrin-treated bed nets
on child mortality and malaria morbidity in western
Kenya. Am J Trop Med Hyg 2003; 68(4 Suppl): 121–127.

 7. Rattanaxay P, Phompida S, Kobayashi J. A review of
malaria situation and its control in Lao PDR. In: Tongol-
Rivera P and Kano S, eds. Asian parasitology. Volume 6:
Malaria in Asia. Chiba: FAP Journal Ltd; 2005. pp. 85–
104.

 8. Kobayashi J, Phompida S, Toma T, et al. The effective-
ness of impregnated bed net in malaria control in Laos.
Acta Trop 2004; 89: 299–308.

 9. Gosoniu L, Vounatsou P, Tami A, et al. Spatial effects of
mosquito bednets on child mortality. BMC Public Health
2008; 8: 356.

10. Mmbando BP, Kamugisha ML, Lusingu JP, et al. Spatial
variation and socio-economic determinants of
Plasmodium falciparum infection in northeastern Tanza-
nia. Malar J 2011; 10: 145.

D. Nonaka et al. 99



11. Rulisa S, Kateera F, Bizimana JP, et al. Malaria preva-
lence, spatial clustering and risk factors in a low endemic
area of Eastern Rwanda: a cross sectional study. PLoS
One 2013; 8: e69443.

12. Lao Statistics Bureau. Statistical Yearbook 2012.
Vientiane capital: Ministry of Planning and Investment,
Lao PDR; 2012.

13. Nishimoto F, Kaneko S, Jiang H, et al. Impending demo-
graphic transitions in rural Laos: projections based on da-
ta from the health and demographic surveillance system.
Japanese Journal of Health and Human Ecology 2014; 80:
54–59.

14. Khamlome B, Eto H, Mita T, et al. The status of malaria
before and after distribution of ITNs from 1999 to 2006 in
two districts of Khammouanne Province, Lao P.D.R. Trop
Med Health 2007; 35: 343–350.

15. Nonaka D, Laimanivong S, Kobayashi J, et al. Is staying
overnight in a farming hut a risk factor for malaria infec-
tion in a setting with insecticide-treated bed nets in rural
Laos? Malar J 2010; 9: 372.

16. Batisso E, Habte T, Tesfaye G, et al. A stitch in time: a
cross-sectional survey looking at long lasting insecticide-
treated bed net ownership, utilization and attrition in
SNNPR, Ethiopia. Malar J 2012; 11: 183.

17. Deressa W, Yihdego YY, Kebede Z, et al. Individual and
household factors associated with use of insecticide trea-
ted nets in southern Ethiopia. Trans R Soc Trop Med Hyg

2014; 108: 616–624.
18. Xu JW, Liao YM, Liu H, et al. Use of bed nets and fac-

tors that influence bed net use among Jinuo Ethnic
Minority in southern China. PLoS One 2014; 9: e103780.

19. Khaminsou N, Kritpetcharat O, Daduang J, et al. A sur-
vey of malarial infection in endemic areas of Savannakhet
province, Lao PDR and comparative diagnostic efficien-
cies of Giemsa staining, acridine orange staining, and
semi-nested multiplex PCR. Parasitol Int 2008; 57: 143–
149.

20. Peeters Grietens K, Xuan XN, Van Bortel W, et al. Low
perception of malaria risk among the Ra-glai ethnic
minority in south-central Vietnam: implications for forest
malaria control. Malar J 2010; 9: 23.

21. Erhart A, Thang ND, Hung NQ, et al. Forest malaria in
Vietnam: a challenge for control. Am J Trop Med Hyg
2004; 70: 110–118.

22. Atkinson JA, Bobogare A, Fitzgerald L, et al. A qualita-
tive study on the acceptability and preference of three
types of long-lasting insecticide-treated bed nets in
Solomon Islands: implications for malaria elimination.
Malar J 2009; 8: 119.

23. Grietens KP, Muela Ribera J, Soto V, et al. Traditional
nets interfere with the uptake of long-lasting insecticidal
nets in the Peruvian Amazon: the relevance of net prefer-
ence for achieving high coverage and use. PLoS One
2013; 8: e50294.

100 Tropical Medicine and Health Vol.43 No.2, 2015


