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Abstract OBJECTIVES Our aims were to examine AMR-specific and AMR-sensitive factors associated with
antibiotic consumption in Nepal between 2006 and 2016, to explore health care-secking patterns and

the source of antibiotics.

METHODS Cross-sectional data from children under five in households in Nepal were extracted from
the 2006, 2011 and 2016 Demographic Health Surveys (DHS). Bivariable and multivariable analyses
were carried out to assess the association of disease prevalence and antibiotic use with age, sex,
ecological location, urban/rural location, wealth index, household size, maternal smoking, use of

clean fuel, sanitation, nutritional status, access to health care and vaccinations.

RESULTS Prevalence of fever, acute respiratory infection (ARI) and diarrhoea decreased between
2006 and 2016, whilst the proportion of children under five receiving antibiotics increased. Measles
vaccination, basic vaccinations, nutritional status, sanitation and access to health care were associated
with antibiotic use. Those in the highest wealth index use less antibiotics and antibiotic consumption

in rural areas surpassed urban regions over time. Health seeking from the private sector has

overtaken government facilities since 2006 with antibiotics mainly originating from pharmacies and

private hospitals. Adherence to WHO-recommended antibiotics has fallen over time.

CONCLUSIONS With rising wealth, there has been a decline in disease prevalence but an increase in

antibiotic use and more access to unregulated sources. Understanding factors associated with

antibiotic use will help to inform interventions to reduce inappropriate antibiotic use whilst ensuring

access to those who need them.

keywords antibiotics, ARI (acute respiratory infection), DHS (Demographic health survey),
diarrhoea, fever, under-five

Sustainable Development Goals (SDGs): 3.2, 3.c, 6, 8.4

Introduction of disease in under-fives (US) [2] and are a significant dri-
Antimicrobial resistance (AMR) is a global health threat ver of antibiotic consumption. Both ‘AMR-specific’
driven by increased and inappropriate use of antibiotics. actions whose primary purpose is to target AMR (such as
Antibiotic consumption in low- and middle-income coun- antimicrobial stewardship) and ‘AMR-sensitive’ measures
tries (LMICs) is increasing rapidly, converging to rates that contribute indirectly to AMR containment (such as
seen in high-income settings [1]. Despite this, knowledge public health interventions to reduce disease prevalence),
on antibiotic use and resistance in these settings is insuffi- are necessary in tackling drug resistance [3].

cient; particularly regarding community antibiotic use in Nepal is a landlocked country in South Asia with a
common childhood infections. Infections such as population of around 30 million. It is one of the poorest
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countries in the world with 21.6% of the population liv-
ing below the poverty line in 2018 [4]. However, the
economy is developing rapidly; Kathmandu is the fastest-
growing metropolitan area in South Asia [5] and the
number of those living below the poverty line has
declined substantially since 2003 [6]. The majority of
health care is community-based with primary healthcare
centres and community health volunteers serving as the
first port of call [7]. Recent years have seen a substantial
increase in the number of private hospitals and clinics in
urban areas, likely reflecting the demands of an increas-
ingly wealthy population.

The Global Antibiotic Resistance Partnership situation
analysis for Nepal reports that antibiotics are the most fre-
quently prescribed medication, used both prophylactically
and therapeutically and can be purchased routinely in the
community from pharmacies, drug stores and informal
drug sellers [8]. There are no antibiotic stewardship guideli-
nes, and there is little education of AMR amongst health
professionals [8]. Total U5 mortality in Nepal was esti-
mated at 32 per 1000 live births in 2018 (globally it was 39
per 1000 live births) with pneumonia, neonatal asphyxia
and diarrhoeal diseases amongst the leading causes [8, 9].

The Demographic Health Survey (DHS) provides data
on the prevalence and management of childhood acute res-
piratory infection (ARI), diarrhoea and fever and the
social, demographic and economic characteristics of the
households surveyed. The data have not previously been
used to examine AMR-sensitive and AMR-specific deter-
minants of childhood antibiotic consumption use in Nepal,
knowledge of which is sparse. This paper provides insights
into these areas that could inform health policy and meth-
ods in rationalising antibiotic use to reduce resistance.

Aims and objectives

Our aims were to examine the AMR-specific factors asso-
ciated with antibiotic use in ARI, fever and diarrhoea
and whether AMR-sensitive factors related to disease
prevalence would have an indirect but measurable effect
on antibiotic use. We also wanted to explore the source
of antibiotics as a proxy for prescriptions and investigate
whether antibiotics were used appropriately. By analysing
data captured between 2006 and 2016, we sought to
explore how behaviours have changed over time.

Methods
Data sets

Cross-sectional data on living children under five in
households in Nepal were extracted from the 2006, 2011

and 2016 DHS surveys through datasets and survey
reports. The DHS survey collects data using a stratified
2-stage cluster sampling method. The time frame for data
collection was from February to August in 2006, Febru-
ary to June in 2011 and June to January in 2016.

Definitions

ARI was defined as fast breathing and/or difficulty
breathing due to a problem in the chest with or without
cough in the 2 weeks preceding the survey. This is con-
cordant with the definition given by the WHO Integrated
Management of Childhood Illnesses (IMCI) for pneumo-
nia. Fever (parameters not specified in the survey) and
diarrhoea (frequent loose or liquid stools) were defined as
occurrence of the symptoms in the last 2 weeks. Dysen-
tery was ascertained as the presence of diarrhoea with
bloody stools. Occurrence of these symptoms was based
on maternal/care-giver recall. Care seeking was defined
by whether the mother sought advice or treatment for the
illness from any healthcare facility. Antibiotic treatment
was assessed by asking the mother if the child had taken
any drugs during the illness and if so, whether this con-
sisted of antibiotic pills, syrups or injections. Rates of
antibiotic use were calculated with the total under-five
population as the denominator to reflect antibiotic con-
sumption at the population level. A full list of definitions
can be found in Table S1.

Analysis

A descriptive analysis was carried out on the survey
reports and datasets to identify changes from 2006 to
2016 with regard to demographics, disease prevalence
and antibiotic use. A bivariable analysis was performed
to evaluate both direct (AMR-specific) risk factors (age,
sex, wealth, location, maternal education, household size)
and indirect (AMR-sensitive) risk factors (maternal smok-
ing, use of clean fuel, sanitation, water source, nutritional
status, access to health care and vaccinations) for antibi-
otic use. Variables were chosen based on existing litera-
ture and expert opinion [10, 11]. Bivariable models were
included to provide a comprehensive overview of all the
risk factors being explored, including those that were not
significant. The consistently significant factors in the
bivariable analysis (age, wealth and location) were then
included in the multivariable analysis using logistic
regression. Factors not associated with the outcome in
bivariable models were omitted from adjusted models to
avoid data sparsity.

Each survey year’s data set was modelled separately
and results then compared across time periods. Sample
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weights provided by the DHS data were applied to
account for over and undersampling of particular regions,
and adjustments were made for clustering of data using
Taylor-linearised variance estimation. Health care-seeking
behaviours, the source of antibiotics and appropriate use
in accordance with the WHO IMCI guidelines were also
examined. Data management and analysis were carried
out using Stata version SE 12. All data were publicly
available and anonymised with ethical approval covered
under the original data collection.

Results
Background characteristics

5457, 5054 and 4861 children (unweighted data) were
included in the 2006, 2011 and 2016 surveys, respec-
tively. The background characteristics of the population
studied are summarised in Table 1. There were 14 sam-
pling strata for 2016 and 13 for 2006 and 2011 [12-14].
Girls and boys were equally represented and numbers
within each age group were evenly spread across the sur-
veys. The majority of the population sampled lived in the

terai (flat lands) region, representative of the general pop-
ulation. The proportion of mothers achieving secondary
and higher level education increased from 2006 to 2016.
There was a higher representation of urban populations
in 2016 which reflects increasing urbanisation and
updated urban-rural classifications by the National Popu-
lation and Housing Census [14].

Overall, the reported percentage prevalence of disease
decreased from 5.9% to 2.4% and from 11.9% to 7.6%
between 2006 and 2016 for ARI and diarrhoea respec-
tively, whilst the reported prevalence of fever increased
over this time (Figure 1a). Despite this, the reported
antibiotic use increased for all three conditions from
2006 to 2016 (Figure 1b).

AMR-specific factors and antibiotic use

The peak prevalence of illness for all three conditions
was in those aged 6-23 months. Antibiotic use was gen-
erally greater in this than in other age groups although it
did not achieve statistical significance in the majority of
cases. The prevalence of ARI was highest in the hill areas
in all three surveys. Diarrhoea prevalence was lowest in

Table | Background characteristics of USs alive at the time of the survey. Numbers represent weighted numbers in each category to

enable comparison between years

2006

2011

2016

US population

5252

Male 2681 (51.0%)
Female 2571 (49.0%)
Age (months)
<6 484 (9.2%)
6-11 494 (9.4%)
12-23 984 (18.7%)
24-35 1147 (21.8%)
36-47 1049 (20.0%)
48-59 1094 (20.8%)
Urban 652 (12.4%)
Rural 4600 (87.6%)
Mountain 443 (8.4%)
Hill 2171 (41.3%

Terai (flat lands)
Wealth index

2638 (50.2%)

Poorest 1328 (25.3%)
Second 1117 (21.3%)
Middle 1053 (20.0%)
Fourth 950 (18.1%)
Richest 804 (15.3%)

Mother’s education
No education

3129 (59.6%)

5140
2649 (51.5%)
2490 (48.4%)

531 (10.3%)
491 (9.1%)
1000 (19.4%)
1013 (19.7%)
1106 (21.5%)
999 (19.4%)
483 (9.4%)
4656 (90.1%)
400 (7.8%)
2033 (39.6%)
2707 (52.7%)

1322 (25.7%)
1212 (23.6%)
1071 (20.8%)
899 (17.5%)
726 (14.1%)

2410 (46.9%)
1032 (20.1%)

4887
2563 (52.4%)
2324 (47.6%)

423 (8.7%)
476 (9.7%)
1029 (21.1%)
928 (19.0%)
970 (19.8%)
1060 21.7%)
2649 (54.2%)
2238 (45.8%)
342 (7.0%)
1857 (38.0%)
2688 (55.0%)

1041 (21.3%)
1028 (21.0%)
1087 (22.2%)
999 (20.4%)
732 (15.0%)

1663 (34.0%)

Primary 957 (18.2%) 981 (20.1%)

Secondary 1038 (19.8%) 1411 (27.5%) 1564 (32.0%)

Higher 128 (2.4%) 287 (5.6%) 679 (13.9%)
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Figure | Overall disease prevalence and antibiotic use from 2006 to 2016. (a) Overall percentage prevalence of disease from 2006—
2016. (b) Overall percentage of antibiotic use in the disease population 2006-2016. [Colour figure can be viewed at wileyonline

library.com)]

the terai region for 2006, but highest in 2011 and 2016
(Table 2, Tables S2 and S4). On the other hand, there
was no difference observed between disease prevalence
and urban/rural locations. In contrast to urban areas,
antibiotic use in rural areas increased during each time
interval with 2016 data demonstrating rural antibiotic
consumption for ARI and fever surpassing those in urban
regions (Figure 2a). Changes in wealth did not really
affect ARI prevalence in 2006 but by 2016, increasing
wealth was associated with decreasing rates of disease
with the largest reductions seen in the highest wealth
quintiles, particularly for 2011 and 2016 (Figure 2b).
Whilst there was a trend for increasing antibiotic use
with increasing wealth for 2006, the 2016 data suggested
a reduction in antibiotic use for the wealthiest quintile,
though numbers in this group were small (Figure 2c).
Antibiotic consumption for diarrhoea was highest in the
middle and fourth wealthiest quintiles for diarrhoea in
2016, whilst rates were highest in the wealthiest quintile
in 2006 and 2011. Higher levels of maternal education
were associated with increased prevalence of fever in
2006 and 2011. No association was found for maternal
education and prevalence of ARI or diarrhoea (Table 2
and Tables S2 and S4). Higher levels of maternal educa-
tion were generally associated with increased antibiotic
use, particularly for fever, where the effect was present in
all three time periods (Table 3 and Tables S3 and S5).

AMR-sensitive factors and antibiotic use

Wasting, which is a proxy for acute malnutrition, was
associated with increased rates of fever in 2006 and 2016
(Table 2 and Table S2) as well as greater rates of

antibiotic consumption (Table 4). Difficulty accessing
health care was consistently associated with higher rates
of fever from 2006 to 2016 as well as increased preva-
lence of diarrhoea in 2016. Whilst associated with
reduced antibiotic consumption in 2006, problems with
healthcare access led to increased antibiotic use in 2016
(Table 4). Although there was no association found
between measles vaccination and disease prevalence
(Table 2 and Tables S2 and S4), USs with diarrhoea
receiving the measles vaccine in 2016 had lower rates of
antibiotic consumption (Table 4). There was no associa-
tion between disease prevalence and clean fuel, maternal
smoking, water source or improved toilet sanitation in the
adjusted model (Table 2 and Tables S2 and S4). However,
improved toilet sanitation was associated with reduced
antibiotic use for diarrhoea in 2011 alone (Table 4).

Health-seeking behaviours

There was a decrease in the proportion of people seeking
care from the public sector from 2006-2016 for all con-
ditions, whilst the proportion visiting the private sector
has steadily increased. The pharmacy remained a pre-
dominant healthcare provider. Unregulated facilities,
including traditional healers and shop-keepers, make up a
minority of the healthcare facilities initially visited (Fig-
ure 3a). Accordingly, the source of antibiotics reflected
these changes in health care-seeking behaviour, with the
majority of those receiving antibiotics visiting a private
sector facility first as opposed to the public sector in pre-
vious years. Of note, the majority of antibiotics for diar-
rhoea appears to be consistently coming from pharmacies
since 2006 (Figure 3b).
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Table 2 Determinants of disease prevalence as demonstrated by the odds ratio of having the illness given the presence of the variable
in a bivariable and adjusted analysis (2016 data)

Association of variable

with disease prevalence Adjusted model®
Variable Illness % with illness () Odds ratio (95% CI) QOdds ratio (95% CI)
AMR-specific (direct) variables
Age ARI 1.3 (5)
<6 months 4.5 (21) 3.59 (1.40-9.26)
6-11 months 4.0 (41) 3.16 (1.28-7.79)
12-23 months 2.2 (20) 1.71 (0.67-4.41)
24-35 months 1.3 (13) 1.01 (0.38-2.71)
36-47 months 1.6 (17) 1.28 (0.49-3.32)
48-59 months
<6 months Fever 16.2 (69 2.10 (1.45-3.05)
6-11 months 29.0 (138) 1.70 (1.19-2.43)
12-23 months 24.8 (2595) 1.43 (1.00-2.04)
24-35 months 21.7 (202) 1.16 (0.82-1.62)
36-47 months 18.3 (178) 1.15 (0.78-1.71)
48-59 months 18 3 (193)
<6 months Diarrhoea 0(2 ) 2.49 (1.45-4.29)
6-11 months 13 7 (65 1.93 (1.19-3.15)
12-23 months 10 9 (11 ) 1.09 (0.68-1.74)
24-35 months 5 (60) 1.06 (0.63-1.80)
36-47 months 3 (61) 0.74 (0.45-1.21)
48-59 months 5 (48)
Urban ARI 1(55)
Rural 8 (63) 1.36 (0.90-2.07)
Urban Fever 22 7 (600)
Rural 19 4 (434) 0.82 (0.66-1.02)
Urban Diarrhoea 8 (207)
Rural 4 (165) 0.94 (0.66-1.34)
Mountain ARI 9 (10)
Hill 4 (62) 1.17 (0.64-2.12)
Terai 7 (46) 0.58 (0.32-1.06)
Mountain Fever 16 4 (56)
Hill 21.6 (402) 1.40 (0.97-2.02)
Terai 21 4 (576) 1.38 (0.97-1.98)
Mountain Diarrhoea 2 (18)
Hill 4 (120) 1.26 (0.73-2.16)
Terai 7 (234) 1.74 (1.15-6.65)
Wealth index
Poorest ARI 3.3 (34)
Second 3.1(32) 0.94 (0.57-1.56)
Middle 2.4 (26) 0.73 (0.38-1.38)
Fourth 2.1 (20) 0.61 (0.34-1.10)
Richest 0.6 (4) 0.17 (0.06-0.47)
Poorest Fever 17.9 (186)
Second 21.4 (220) 1.25 (0.99-1.59)
Middle 23.0 (251) 1.38 (1.06-1.79)
Fourth 21.3 (213) 1.25 (0.95-1.64)
Richest 22.5 (164) 1.33 (0.97-1.83)
Poorest Diarrhoea 5.9 (61)
Second 8.0 (82) 1.40 (0.95-2.05)
Middle 8.4 (91) 1.46 (0.96-2.24)
Fourth 8.3 (83) 1.46 (1.02-2.09)
Richest 7.3 (54) 1.26 (0.70-2.28)
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Table 2 (Continued)

Association of variable
with disease prevalence

Adjusted model®

Variable Illness % with illness (7) QOdds ratio (95% CI) QOdds ratio (95% CI)
Maternal education
No education ARI 2.1 (35)
Primary education 2.8 (28) 1.34 (0.77-2.33)
Secondary/higher 2.5 (55) 1.16 (0.72-1.87)
No education Fever 19.7 (327)
Primary education 21.5 (211) 1.12 (0.87-1.44)
Secondary/higher 22.1 (496) 1.16 (0.93-1.44)
No education Diarrhoea 8.5 (142)
Primary education 8.4 (82) 0.98 (0.73-1.32)
Secondary/higher 6.6 (148) 0.76 (0.55-1.05)
Household members
1-3 ARI 2.8 (18)
4-6 2.5 (61) 0.92 (0.48-1.75)
7-10 2.2 (32) 0.79 (0.39-1.58)
>10 1.9 (7) 0.68 (0.25-1.85)
1-3 Fever 21.3 (135)
4-6 22.3 (536) 1.06 (0.80-1.40)
7-10 20.3 (299) 0.94 (0.69-1.27)
>10 17.2 (64) 0.77 (0.45-1.30)
1-3 Diarrhoea 6.8 (43)
4-6 7.3 (175) 1.08 (0.69-1.69)
7-10 8.6 (127) 1.29 (0.77-2.17)
>10 7.1 (26) 1.05 (0.49-2.25)
AMR-sensitive (indirect) variables
Received measles vaccine ARI 3.4 (68) 1.49 (0.88-2.51) 1.67 (0.84-3.31)
Fever 23.2 (463) 0.99 (0.79-1.22) 0.79 (0.59-1.05)
Diarrhoea 8.5 (169) 0.78 (0.55-1.11) 0.64 (0.34-1.18)
All basic vaccinations ARI 3.4 (57) 1.25 (0.77-2.03) 1.21 (0.65-2.26)
Fever 23.0 (394) 0.96 (0.78-1.19) 0.84 (0.65-1.09)
Diarrhoea 8.3 (141) 0.77 (0.52-1.15) 0.69 (0.41-1.17)
Clean fuel ARI 1.4 (16) 0.48 (0.28-0.84) 0.98 (0.53-1.81)
Maternal smoking ARI 4.3 (8) 1.86 (0.73-4.74) 1.61 (0.60-4.30)
Improved toilet sanitation Diarrhoea 6.7 (231) 0.68 (0.46-1.00) 0.66 (0.42-1.03)
Improved water source Diarrhoea 7.3 (315) 0.99 (0.55-1.75) 0.91 (0.50-1.63)
Wasting ARI 2.9 (6) 1.16 (0.53-2.54) 0.95 (0.43-2.11)
Fever 28.5 (61) 1.56 (1.08-2.24) 1.54 (1.07-2.23)
Diarrhoea 9.9 (21) 1.40 (0.77-2.55) 1.13 (0.61-2.07)
Difficult access to health care ARI 2.9 (86) 1.81 (1.16-2.82) 1.44 (0.91-2.28)
Fever 22.8 (670) 1.29 (1.06-1.57) 1.44 (1.17-1.76)
Diarrhoea 9.1 (266) 1.75 (1.33-2.32) 1.95 (1.45-2.62)

Wealth index — wealth quintile of household as determined by ownership of selected assets.

All basic vaccinations — includes BCG, 3x DPT, 3X Polio, Measles.

Clean fuel — gas, kerosene, electric. Unclean fuel — wood, charcoal, animal dung, straw, agricultural crop.

Improved toilet sanitation — sewer system, septic tank, VIP, covered pit, composting toilet. Unimproved toilet sanitation — no facility/
bush/field, open pit, pit latrine without slab, flush to unknown place.

Improved water source — piped, public tap, tube well or borehole, protected well, protected spring or bottled water.

Wasting — weight for height less than 2 SD of median.

Difficult access to health care — distance to health facility is a problem for getting medical advice and treatment.

Bold values are statistically significant at p < 0.035.

"Variables in adjusted analysis — age, wealth index, urban/rural location.
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Inappropriate use of antibiotics

According to the IMCI guidelines, children with cough
only should not be treated with antibiotics. From 2006
to 2011, the percentage of USs with cough only receiving
antibiotics increased from 7% (n = 15) to 12% (n = 39).
The figure for 2016 could not be calculated as this ques-
tion was not asked. Those receiving an IMCl-recom-
mended antibiotic, specifically oral co-trimoxazole
(before 2014), amoxicillin (after 2014) or IV/IM procaine
penicillin, decreased from 99.9% (n = 68) in 2006 to
81.6% (n = 71) in 2011, and then to 50% (n = 24) in
2016. The IMCI guidelines stipulate that children with
dysentery (diarrhoea and bloody stools) should receive
antibiotic therapy. In 2006 and 2011, only 11.5%
(n=12) and 23.1% (n = 23) of children with dysentery
received antibiotics respectively, whilst 75% of children

who received antibiotics for diarrhoea did not meet the
required indication. Again, this question was omitted in
the 2016 questionnaire and could not be evaluated.

Discussion

From our analysis, the prevalence of ARI and diarrhoea
in USs in Nepal declined from 2006 onwards. This was
particularly pronounced in ARI amongst the highest
wealth quintiles with the difference between rich and
poor widening over time (Figure 2b), which has been the
global trend over the last few decades [15]. It is often the
case that the wealthiest groups are the first to access new
services and treatments. Conversely, overall antibiotic use
in Nepal has been rising, reflecting increasing consump-
tion in the low- and middle-income groups. The marked

(a)
Percentage of antibiotic use in ARI by Percentage of antibiotic use in fever Percentage of antibiotic use in
urban/rural from 2006 - 2016 by urban/rural from 2006 - 2016 diarrhoea by urban/rural from 2006
-2016
m Urban Rural
u Urban ® Rural m Urban Rural
. 50.3
404736 g 35.932.8 30.3
0.4 . 27
141* I 1492 12.0% 15.4* 141
B - =
2006 2011 2016 2006 2011 2016 2006 2011 2016
* Estimates based on fewer than 25 cases
(b) (c)
w2006 =l=2011 2016 60
(2]
L 50 —
5 2006
2
= 40 e 2011
©
> 30 2016
= *
§ 20
3.3 3.1 2.1 2
) o 10
2.4 06 ™
0
Poorest Second Middle Fourth Richest Poorest Second Middle Fourth Richest

* Data point for the richest quintile in 2016 has been omitted as the number is very small (n = 4)

Figure 2 Determinants of disease prevalence and antibiotic consumption from 2006 to 2016. (a) Urban and rural rates of antibiotic
consumption for ARI, fever and diarrhoea from 2006-2016. (b) Percentage prevalence of ARI by wealth quintile. (c) Percentage of chil-
dren with ARI receiving antibiotics by wealth quintile 2006-2016. [Colour figure can be viewed at wileyonlinelibrary.com]
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Table 3 Determinants of antibiotic use for ARI, fever and diarrhoea demonstrated by the odds ratio of antibiotic use given the pres-
ence of the variable in a bivariable and adjusted analysis (2016 data)

Association of variable with

antibiotic use for each illness Adjusted model®
Variable Illness % antibiotic use (n)* QOdds ratio (95% CI) QOdds ratio (95% CI)
AMR-specific (direct) variables
Age ARI
<6 months 0.8 (3)
6-11 months 2.3 (11) 2.93 (0.71-2.09)
12-23 months 1.6 (17) 2.08 (0.55-7.90)
24-35 months 0.7 (6) 0.89 (0.20-3.90)
36-47 months 0.5 (5) 0.68 (0.15-3.12)
48-59 months 0.5 (6) 0.69 (0.16-2.97)
<6 months Fever 4.7 (20)
6-11 months 11.3 (54) 2.60 (1.36-4.99)
12-23 months 8.7 (90) 1.95 (1.05-3.62)
24-35 months 7.5 (70) 1.66 (0.90-3.05)
36-47 months 6.3 (61) 1.37 (0.75-2.50)
48-59 months 6.0 (64) 1.31 (0.67-2.53)
<6 months Diarrhoea 2.0(9)
6-11 months 4.4 (21) 2.21 (0.86-5.67)
12-23 months 3.4 (35) 1.69 (0.75—3.80)
24-35 months 1.5 (15) 0.75 (0.30-1.87)
36-47 months 0.7 (7) 0.34 (0.14-0.81)
48-59 months 0.9 (10) 0.46 (0.15-1.45)
Urban ARI 0.6 (16)
Rural 1.4 (32) 2.31 (1.10-4.85)
Urban Fever 8.1 (215)
Rural 6.4 (142) 0.77 (0.52-1.13)
Urban Diarrhoea 1.7 (47)
Rural 2.2 (50) 1.27 (0.75-2.16)
Mountain ARI 0.6 (2)
Hill 1.5 (29) 2.76 (0.64-11.92)
Terai 0.7 (17) 1.15 (0.25-5.18)
Mountain Fever 4.3 (15)
Hill 7.0 (130) 1.67 (0.69-4.01)
Terai 7.9 (213) 1.92 (0.82-4.47)
Mountain Diarrhoea 1.1 (4)
Hill 1.0 (19) 0.87 (0.32-2.37)
Terai 2.7 (74) 2.39 (0.95-6.02)
Wealth index
Poorest ARI 1.4 (15)
Second 1.3 (13) 0.92 (0.43-1.95)
Middle 1.3 (14) 0.91 (0.35-2.34)
Fourth 0.6 (6) 0.39 (0.14-1.12)
Richest Fever 0 (0) N/A
Poorest 4.9 (51)
Second 8.7 (89) 1.85 (1.25-2.75)
Middle 7.4 (81) 1.56 (0.98-2.49)
Fourth 9.0 (90) 1.92 (1.25-2.94)
Richest 6.4 (47) 1.33 (0.82-2.18)
Poorest Diarrhoea 0.8 (9)
Second 1.9 (20) 2.29 (0.98-5.40)
Middle 2.6 (29) 3.16 (1.59-6.28)
Fourth 2.6 (27) 3.24 (1.55-6.77)
Richest 1.6 (12) 1.97 (0.81-4.75)
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Table 3 (Continued)

Association of variable with

antibiotic use for each illness Adjusted model®
Variable Illness % antibiotic use (1) QOdds ratio (95% CI) QOdds ratio (95% CI)
Maternal education
No education ARI 0.8 (12)
Primary education 1.1 (11) 1.44 (0.51-4.08)
Secondary/higher 1.1 (25) 1.50 (0.66-3.38)
No education Fever 6.1 (102)
Primary education 6.2 (60) 1.01 (0.70-1.46)
Secondary/higher 8.7 (195) 1.46 (1.02-2.09)
No education Diarrhoea 2.2 (38)
Primary education 2.2 (22) 1.01 (0.57-1.76)
Secondary/higher 1.6 (37) 0.75 (0.42-1.32)
Household members
1-3 ARI 1.8 (11)
4-6 0.9 (21) 0.49 (0.19-1.26)
7-10 0.9 (14) 0.52 (0.20-1.39)
>10 0.7 (2) 0.38 (0.07-1.95)
1-3 Fever 9.5 (60)
4-6 7.6 (183) 0.79 (0.52-1.19)
7-10 6.6 (98) 0.68 (0.44-1.04)
>10 4.6 (17) 0.47 (0.22-0.98)
1-3 Diarrhoea 1.4 (9)
4-6 1.7 (41) 1.18 (0.52-2.69)
7-10 2.3 (35) 1.61 (0.65-3.97)
>10 3.2 (12) 2.30 (0.72-7.36)
AMR-sensitive (indirect) variables
Received measles vaccine ARI 1.3 (27) 1.16 (0.51-2.62) 1.98 (0.81-4.86)
Fever 7.8 (156) 0.88 (0.63-1.21) 0.62 (0.35-1.12)
Diarrhoea 2.2 (44) 0.55 (0.33-0.91) 0.41 (0.18-0.95)
All basic vaccinations ARI 1.4 (24) 1.25 (0.55-2.86) 1.88 (0.79-4.47)
Fever 7.8 (133) 0.89 (0.66-1.19) 0.75 (0.53-1.06)
Diarrhoea 2.0 (34) 0.51 (0.32-0.82) 0.43 (0.25-0.76)
Clean fuel ARI 0.3 (3) 0.22 (0.07-0.71) 0.71 (0.22-2.26)
Maternal smoking ARI 1.8 (3) 1.95 (0.31-12.50) 1.73 (0.24-12.70)
Improved toilet sanitation Diarrhoea 1.6 (56) 0.57 (0.31-1.07) 0.59 (0.72-5.99)
Improved water source Diarrhoea 1.8 (82) 0.96 (0.30-3.09) 1.92 (0.40-9.16)
Wasting ARI 0.4 (1) 0.36 (0.05-2.76) 0.26 (0.03-2.06)
Fever 10.7 (23) 1.64 (0.98-2.74) 1.52 (0.93-2.51)
Diarrhoea 4.2 (9) 2.76 (1.04-7.29) 2.29 (0.87-6.03)
Difficult access to health care ARI (33) 1.46 (0.71-3.00) 1.00 (0.48-2.08)
Fever 8.1 (239) 1.14 (0.79-1.65) 1.52 (1.10-2.09)
Diarrhoea 2.3 (70) 1.73 (0.98-3.04) 1.93 (1.09-3.43)

Wealth index — wealth quintile of household as determined by ownership of selected assets.

All basic vaccinations — includes BCG, 3x DPT, 3X Polio, Measles.

Clean fuel — gas, kerosene, electric. Unclean fuel — wood, charcoal, animal dung, straw, agricultural crop.
Improved toilet sanitation — sewer system, septic tank, VIP, covered pit, composting toilet. Unimproved toilet sanitation — no facility/
bush/field, open pit, pit latrine without slab, flush to unknown place.

Improved water source — piped, public tap, tube well or borehole, protected well, protected spring or bottled water.
Wasting — weight for height less than 2 SD of median.

Difficult access to health care — distance to health facility is a problem for getting medical advice and treatment.
"Variables in adjusted analysis — age, wealth index, urban/rural location.

Antibiotic use is expressed as a percentage of the total population, that is those with and without illness.

Bold values are statistically significant at p < 0.05.
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redistribution of urban and rural populations in 2016
may be partially explained by the authorisation of labour
emigration by the Home and Labour Ministry in 2011.
Those returning from working abroad have been able to
afford to move from rural villages to urban areas with
improved access to health care. Falling rates of antibiotic
use in the wealthier quintiles over time (Figure 2¢) proba-
bly reflect concomitant reduction in disease prevalence.
Even within Nepal, patterns of antibiotic consumption
reflect global trends as described by Klein et al [1]. This
is not necessarily undesirable given poorer populations
are often in most need of health care but it highlights the
need for education and regulation amongst these groups
to prevent inappropriate use.

Overall, wasting and difficult access to health care
were associated with increased disease prevalence.
Improved toilet sanitation, measles vaccination, all basic
vaccinations and access to health care were associated
with reduced antibiotic use whilst wasting was associated
with increased antibiotic consumption in the adjusted
models (Table 4). These findings emphasise the impor-
tance of optimising existing public health strategies,
which could have significant impacts on antibiotic use
and AMR. Improved toilet sanitation reduced antibiotic
use, but this was not seen with improved water sources,
suggesting that the former could be more important in
reducing enteric infections by preventing contamination
of water sources in the first place. The association
between measles vaccination and reduced antibiotic use
in diarrhoea may be explained by similar findings else-
where. Measles vaccination has been associated with
non-specific effects, including reduced prevalence in diar-
rhoea in India, Pakistan, Nigeria and the Democratic

Republic of Congo [16]. It has also been associated with
increased child survival unrelated to measles prevention
and reduction in hospital admissions for other infections
[17, 18]. Nutritional status was consistently associated
with reduced illness and antibiotic use in our analysis.
The 2017 Global Burden of Disease study identified wast-
ing as the strongest risk factor for mortality associated
with pneumonia [19]. Public health policy should there-
fore make childhood nutrition a priority.

Individuals are increasingly seeking health care and
thus receiving antibiotics from private facilities, which is
reflected by the greater number of private hospitals (364)
vs. government hospitals (103) available [7]. Similarly,
analysis of DHS and Service Provision Assessment sur-
veys on eight LMICs by Fink et al. found a greater num-
ber of U5 attendances and mean antibiotics prescribed at
private health facilities than public ones [20]. Care seek-
ing at pharmacies has remained frequent from 2006 to
2016, particularly for diarrhoea. Pharmacies often pro-
vide quicker perceived solutions to more minor ailments
compared to the opportunity cost of spending time being
assessed in the hospital. They are likely to be a significant
contributor to inappropriate antibiotic use. A study by
Wachter et al. demonstrated that antibiotics were sup-
plied inappropriately by 97% of surveyed pharmacists in
Kathmandu for childhood diarrhoea [21]. Simulated cli-
ent studies carried out in pharmacies in India and Thai-
land reported inappropriate antibiotic use for diarrhoea
of 40% and 52.2%, respectively [22, 23].

Falling adherence to IMCI-recommended antibiotics for
ARI and dysentery has also been observed in other LMICs.
A prospective study by Ragowski et al examining antibi-
otic use in children up to 2 years old in eight LMICs in

Table 4 Summary of significant AMR-sensitive determinants of antibiotic use from 2006 to 2016

Variable Illness Year Adjusted model” Odds ratio (95% CI)
Measles vaccine Diarrhoea 2016 OR 0.41 (0.18-0.95)
All basic vaccinations Diarrhoea 2016 OR 0.43 (0.25-0.76)
Improved toilet sanitation Diarrhoea 2011 OR 0.48 (0.24-0.95)
Difficult access to health care ARI 2006 OR 0.36 (0.20-0.65)
Fever 2016 OR 1.52 (1.10-2.09)
Diarrhoea 2016 OR 1.93 (1.09-3.43)
Wasting ARI 2006 OR 2.72 (1.26-5.86)
Fever 2006 OR 1.97 (1.28-3.02)

Antibiotic use is expressed as a percentage of the total population, that is those with and without illness
Improved toilet sanitation — sewer system, septic tank, VIP, covered pit, composting toilet. Unimproved toilet sanitation — no facility/

bush/field, open pit, pit latrine without slab, flush to unknown place.

Wasting — weight for height less than 2 SD of median.

Difficult access to health care — distance to health facility is a problem for getting medical advice and treatment.
"Variables in adjusted analysis — age, wealth index, urban/rural location.
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(a)
% of children with ARI who % children with fever who % children with diarrhoea who
sought care sought care sought care
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42 381 a7 397,, 312 423584 3908
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(b)
% of children with ARI who sought % of children with fever who % of children with diarrhoea who
care and received an antibiotic sought care and received an sought care and received an
antibiotic antibiotic
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Figure 3 (a) Percentage of children with ARI, fever and diarrhoea seeking care from a government/public, private or pharmacy/unregu-
lated health facility from 2006 to 2016. (b) Proportion of children with ARI, fever and diarrhoea who sought care and received an antibi-
otic from a government/public, private or pharmacy/unregulated health facility from 2006 to 2016. Government/public: government
hospital, primary health care centre, health post/sub health post, primary healthcare outreach post, female community health volunteer,
NGOs. Private: private hospital, private clinic, private doctor. Pharmacy/unregulated: pharmacy, shop, traditional practitioner/healer.

[Colour figure can be viewed at wileyonlinelibrary.com)]

South Asia, Africa and South America noted substantial
variation from IMCI-recommended antibiotics for ARI
and, in particular, bloody diarrhoea [24]. Deviation from
guidelines may be due to reduced drug availability, poor
knowledge of local resistance rates, financial incentives for
certain antibiotics and lack of legal consequences for incor-
rect antibiotic prescribing [25, 26]. The government needs
to tackle unregulated antibiotic use in the private sectors
but this will be challenging given prescribing laws are often
ignored and difficult to implement [21]. Strategies could be
targeted at educating and raising awareness about AMR
amongst these healthcare professionals.

Limitations

Due to the method of data collection in the DHS, there is
a risk of recall bias. Non-response and selection bias was
minimised by weighted data. Our analysis provides
insight into the associations of AMR-specific and AMR-
sensitive variables with antibiotic use but does not

attempt to establish a causal relationship between expo-
sure and outcome. As the total population was used as a
denominator, the trends for antibiotic use are likely to
reflect those for disease prevalence. However, it is inter-
esting to note the analysis did not demonstrate this. Exact
information on antibiotic prescriptions was not available,
so we used antibiotic source as a proxy for this. How-
ever, it is important to note that over-prescription of
antibiotics in healthcare settings is common and does not
necessarily mean that antibiotics were required. We there-
fore also included measures of self-reported disease sever-
ity to identify children who were likely to have self-
limiting infections. Small sample sub-group sizes made it
difficult to examine certain associations, in particular the
impact of maternal smoking and breastfeeding on illness
and antibiotic use. This may have also affected data pre-
cision for examining the associations of ARI with wealth
and ecological zone. 2016 data were collected later in the
year compared to 2006 and 2011 perhaps reflecting the
disruption from the April 2015 earthquake. This
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(seasonal) bias along with the effect of the earthquake
may have influenced trends in disease prevalence and
make the 2016 data less comparable. Lastly, the data
only provided a limited perspective on the ‘appropriate’
use of antibiotics, as neither clinical information nor
microbiology results were available.

Conclusion

The results of our study highlight the importance of
the following specific primary strategies that were pro-
posed in the Situation Analysis conducted with the
Global Antibiotic Resistance Partnership to improve
antibiotic use: reduce the need for antibiotics by
improving public health (in particular sanitation, nutri-
tion, vaccination and access to health care), rationalise
antibiotic use in the community and educate health
professionals, policymakers and the public on sustain-
able antibiotic use [8]. Tackling antimicrobial resistance
requires both AMR-specific and AMR-sensitive mea-
sures whilst ensuring access to antibiotics for those
who need them the most.
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Table S2. Determinants of disease prevalence as
demonstrated by the odds ratio of having the illness given

the presence of the variable in a bivariable and adjusted
analysis (2006 data).

Table S3. Determinants of antibiotic use for ARI, fever
and diarrhoea demonstrated by the odds ratio of antibi-
otic use given the presence of the variable in a bivariable
and adjusted analysis (2006 data).

Table S4. Determinants of disease prevalence as
demonstrated by the odds ratio of having the illness given
the presence of the variable in a bivariable and adjusted
analysis (2011 data).

Table S5. Determinants of antibiotic use for ARI, fever
and diarrhoea demonstrated by the odds ratio of antibi-
otic use given the presence of the variable in a bivariable
and adjusted analysis (2011 data).
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