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Use of antibiotics in children younger than two years in eight countries:
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Objective To describe the frequency and factors associated with antibiotic use in early childhood, and estimate the proportion of diarrhoea
and respiratory illnesses episodes treated with antibiotics.

Methods Between 2009 and 2014, we followed 2134 children from eight sites in Bangladesh, Brazil, India, Nepal, Pakistan, Peru, South Africa
and the United Republic of Tanzania, enrolled in the MAL-ED birth cohort study. We documented all antibiotic use from mothers'reports at
twice-weekly visits over the children’s first two years of life. We estimated the incidence of antibiotic use and the associations of antibiotic
use with child and household characteristics. We described treatment patterns for diarrhoea and respiratory illnesses, and identified factors
associated with treatment and antibiotic class.

Findings Over 1 346 388 total days of observation, 16 913 courses of antibiotics were recorded (an incidence of 4.9 courses per child per
year), with the highest use in South Asia. Antibiotic treatment was given for 375/499 (75.2%) episodes of bloody diarrhoea and for 4274/966 1
(44.2%) episodes of diarrhoea without bloody stools. Antibiotics were used in 2384/3943 (60.5%) episodes of fieldworker-confirmed acute
lower respiratory tract iliness as well as in 6608/16742 (39.5%) episodes of upper respiratory iliness. Penicillins were used most frequently
for respiratory illness, while antibiotic classes for diarrhoea treatment varied within and between sites.

Conclusion Repeated antibiotic exposure was common early in life, and treatment of non-bloody diarrhoea and non-specific respiratory
ilinesses was not consistent with international recommendations. Rational antibiotic use programmes may have the most impact in South
Asia, where antibiotic use was highest.

Abstracts in G 13, Francais, Pycckuii and Espaiiol at the end of each article.

Introduction

Antibiotics can be a lifesaving treatment for children with
bacterial infections and are the most commonly prescribed
therapy among all medications given to children." However,
antibiotics can also result in adverse events, drug toxicity
and detrimental effects on the gut microbiota*’ and enteric
immune system.*” Furthermore, both at the individual and
population levels, antibiotic overuse drives the development
and transmission of antimicrobial resistance.® International
guidelines for the treatment of childhood illnesses recommend
antibiotic treatment for diarrhoea with bloody stools and for
acute lower respiratory tract infections, but not for non-bloody
diarrhoea and for upper respiratory infections.”* Interventions
to promote rational antibiotic use are critical for preserving the
effectiveness of available drugs.””'' Conversely, in low-resource

settings, the high burden of bacterial causes of diarrhoea in
children'>" has led to proposals for antibiotics to be used more
widely for the treatment of diarrhoea even in the absence of
dysentery.'*-'® Antibiotics may also be a potential intervention
for malnutrition and environmental enteropathy.”

Differences in antibiotic use practices around the world
reflect differences in local medication policies, in barriers to
access to care and in the preferences of health-care providers
and mothers. The availability of antibiotics without a doctor’s
prescription varies,”'® and laws to limit access to antibiotics are
often poorly enforced.*'”** In some settings, drug shortages
may be a major limiter of antibiotic use.'®** Cultural prefer-
ences, such as high demand by mothers, also influence patterns
of antibiotic use.'””>**?* Even when health-care providers are
aware of the appropriate indications for antibiotics, there can
be differences between knowledge and practice.”*
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Many studies of antibiotic use have
been conducted in various health-care
settings’>**~* and in cross-sectional
community-based surveys.”’~** Nev-
ertheless, high-resolution, systematic
assessments of antibiotic use in prospec-
tive, observational cohort studies have
not been reported. MAL-ED (Etiology,
Risk Factors, and Interactions of Enteric
Infections and Malnutrition and the
Consequences for Child Health and De-
velopment Project) was a multisite birth
cohort study conducted in eight sites in
different countries of South America,
sub-Saharan Africa and Asia.” This
study included community-based sur-
veillance for antibiotic use and provides
an opportunity to compare antibiotic
use patterns across diverse low-resource
sites. We aimed to describe the fre-
quency of antibiotic use by children in
the first two years of life; determine the
characteristics associated with antibiotic
use; and estimate the proportions of di-
arrhoea and respiratory illness episodes
treated with antibiotics, as reported by
mothers in the MAL-ED study.

Methods

The MAL-ED study design®® and cohort
characteristics have been previously de-
scribed.” Briefly, the study was conducted
at sites in eight different countries: Dhaka
(Bangladesh), Fortaleza (Brazil), Vellore
(India), Bhaktapur (Nepal), Naushahro
Feroze (Pakistan), Loreto (Peru), Venda
(South Africa) and Haydom (United
Republic of Tanzania). Healthy children
were enrolled between November 2009
and February 2012 within 17 days of
birth. Two-year follow-up for all enrolled
children was completed in February
2014. The criteria for enrolment were
children without severe or chronic condi-
tions, enteropathy or hospitalization, and
enrolment weight >1500 g.
Surveillance for illnesses and anti-
biotic use was conducted twice per week
by fieldworkers at home visits until the
child was two years of age or was lost
to follow-up. Children were referred to
locally available care, generally a local
clinic, when ill.*® Fieldworkers asked the
mother (or other caregiver) to report all
oral or injected antibiotics given to their
child on each day since the previous visit
and to show the medication packaging
to confirm the antibiotic and class. If
packaging were not available, fieldwork-
ers documented antibiotic use from any
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Fig. 1. Incidence of antibiotic use in the first two years of life by study site among 2134
children in the MAL-ED birth cohort, 2009-2014
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MAL-ED: Etiology, Risk Factors, and Interactions of Enteric Infections and Malnutrition and the
Consequences for Child Health and Development Project.

Notes: Incidence was calculated using restricted quadratic splines for age.” The total number of antibiotic
courses was 16913. Number of antibiotic courses at study sites: Dhaka (Bangladesh) n=4062; Fortaleza
(Brazil) n=235; Vellore (India) n=1730; Bhaktapur (Nepal) n=1065; Naushahro Feroze (Pakistan) n=5142;
Loreto (Peru) n=2447;Venda (South Africa) n =534; Haydom (United Republic of Tanzania) n=1698.

paperwork provided by health-care pro-
viders. When a mother reported seeking
medical care or medications for their
child, fieldworkers recorded separately
prescribed medicines in medical care
report forms. Socioeconomic character-
istics were assessed through twice-yearly
questionnaires.

To validate mothers’ reports of an-
tibiotic use, we randomly selected 4409
of the fieldworkers’ medical care report
forms (including at least 200 records of
antibiotics per site) and extracted all
antibiotic information. We assessed the
concordance between mother-reported
antibiotic use and antibiotic use as docu-
mented on the medical care report forms.

All sites received ethical approval
from their respective government, local
institution and collaborating institution
ethical review boards. We obtained

informed consent from the mother of
each child.

Data and definitions

We counted distinct antibiotic courses
when separated by at least two antibiot-
ic-free days. The results were insensitive
to an alternative definition using three
antibiotic-free days; only 580 (3.4%)
of 16 913 courses occurred within
three days. The duration of antibiotic
courses was defined as the total num-
ber of days on which antibiotics were
received, assuming antibiotics were
not received on missed surveillance
days (2.0% of all surveillance days). A
child was classified as exposed to high
antibiotic use if he or she received more
than or equal to the median number of
courses received by children at his or her
study site in the first two years of life.
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We based illness definitions on
Integrated Management of Child-
hood Illness guidelines.” Non-bloody
diarrhoea was defined as mother’s
reports of three or more loose stools in
24 hours. Bloody diarrhoea was defined
as mother’s report of at least one loose
stool with visible blood.”® Respiratory
illness was defined as cough or shortness
of breath. Acute lower respiratory tract
illness was defined as cough or shortness
of breath with a rapid respiratory rate
determined by fieldworkers (defined by
the average of two measurements per
day that were: > 60 breaths per minute
when the child was <2 months old; > 50
breaths per minute at age 2 months to
1 year; and >40 breaths per minute at
age > 1 year).” If antibiotics were taken
during any day of the illness episode,
the episode was classified as treated with
antibiotics.

Socioeconomic status was de-
scribed using the child’s average score
on the WAMI index based on: household
access to improved water and sanitation;
wealth measured by eight household
assets; mother’s education; and monthly
household income.” Crowding was de-
fined as the mean number of people per
room. Improved water and sanitation
were defined following World Health
Organization (WHO) guidelines."

Analysis

We calculated the incidence of antibiotic
use as the number of courses divided by
the number of at-risk surveillance days.
The incidence over the first two years of
life was estimated using a pooled logis-
tic regression model with a restricted
quadratic spline*' for age with seven
knots. Cumulative incidence curves
were constructed non-parametrically as
the inverse of Kaplan-Meier estimates.

We adjusted for the following: study
site; the proportion of days ill with
diarrhoea, cough, fever, vomiting and
fieldworker-confirmed acute lower re-
spiratory infection in the first two years
of life; and the interaction between this
proportion and study site. To estimate
the associations between overall an-
tibiotic use and child and household
characteristics we used linear regression
for the proportion of days on antibiotics
and log-binomial regression for risk of
high antibiotic use.

We then described the frequency of
treatment for diarrhoea and respiratory
illnesses. We estimated the associations

between the characteristics of those
episodes and antibiotic treatment using
log-binomial regression, adjusting for
study site and other episode character-
istics. We also accounted for correlations
between episodes in the same child
using generalized estimating equations
with a robust variance estimator. Among
treated episodes, we used these log-
binomial models to estimate the asso-
ciations between antibiotic class chosen
and episode and child characteristics.

Results
Antibiotic use

We included 2134 children in the
MAL-ED cohort who were surveyed
for antibiotic use for any illness on at
least one day in the first two years of
life. Over a mean of 631 days of obser-
vation per child (1 346 388 total days of
observation), 16913 courses (100342
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total days) of antibiotics were recorded.
This corresponded to an overall average
antibiotic use of 4.9 courses per child per
year. The median duration of antibiotic
courses was 5 days (interquartile range:
3 to 7). Extended courses of antibiotics
were rare; only 53 (0.3%) courses had
durations longer than 1 month.

The magnitude of use differed
across the eight sites (Fig. 1). Frequency
of use was highest at the site in Naushah-
ro Feroze (an average of 11.9 courses per
child-year) and in Dhaka (10.3 courses
per child-year). In contrast, the use was
<1.0 course per child-year in Fortaleza
and Venda, respectively. Antibiotic use
peaked between 6 and 12 months of
age in all sites, and peaked again in the
second year of life in Loreto, Vellore
and Fortaleza.

Early antibiotic use was common
even in the first 6 months of life. In
Dhaka and Naushahro Feroze, more

Fig. 2. Cumulative incidence of first antibiotic use in the first two years of life by study
site among 2134 children in the MAL-ED birth cohort, 2009-2014
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MAL-ED: Etiology, Risk Factors, and Interactions of Enteric Infections and Malnutrition and the
Consequences for Child Health and Development Project.

Notes: The black dotted line indicates age at each study site where 50% of children received at least

one course of antibiotics. Incidence was calculated using restricted quadratic splines for age.*' The total
number of antibiotic courses was 16913. Number of antibiotic courses at study sites: Dhaka (Bangladesh)
n=4062; Fortaleza (Brazil) n=235; Vellore (India) n=1730; Bhaktapur (Nepal) n=1065; Naushahro Feroze
(Pakistan) n=>5142; Loreto (Peru) n=2447;Venda (South Africa) n=>534; Haydom (United Republic of

Tanzania) n=1698.
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than 98.0% of children followed until
at least age 6 months had received
antibiotics by that age (Fig. 2). More
than half of children had received an-
tibiotics by age 6 months in Bhaktapur,
Haydom, Loreto and Vellore. Children
in Naushahro Feroze were exposed
to antibiotics on 32 345 (17.5%) of
152 176 observed child-days in the first
two years of life, which corresponds
to more than 4 months of cumulative
antibiotic treatment. This proportion
was even higher in the first 6 months of
life (9383 child-days; 19.5%). The days
of treatment in the first two years of life
was lower in other sites, ranging from
1823 (1.3%) of 138 060 observed child-
days in Fortaleza to 25 663 (15.5%) of
140 237 child-days in Dhaka.

A total of 1741 children (81.6%)
remained under surveillance until
at least two years of age. More boys
(543/888; 61.2%) than girls (436/853;
51.1%) received at or above the site-
specific median number of antibiotic
courses (Table 1). Adjusting for the
proportion of days ill, the risk of high
antibiotic use was 13% greater among
boys compared with girls (risk ratio,
RR: 1.13; 95% confidence interval, CI:
0.99 to 1.28). The association between
antibiotic use and sex was driven by
Naushahro Feroze (RR: 1.44; 95%
CI: 1.02 to 2.03) and Bhaktapur (RR:
1.37; 95% CI: 0.9 to 1.97), with no as-
sociations at the other country sites.
Socioeconomic status and income
were associated with small increases in
overall antibiotic use (Table 1).

Diarrhoea treatment

A total of 10161 diarrhoea episodes
were recorded among 1201 of the
children; 4649 (45.8%) episodes were
treated with antibiotics (Table 2). The
use of antibiotics for the treatment of
diarrhoea varied across sites from 10.6%
of 180 episodes in Fortaleza to 59.1%
of 3212 episodes in Naushahro Feroze.

Mothers reported bloody stools in
499 (4.9%) diarrhoea episodes. A higher
proportion of episodes of bloody diar-
rhoea (375; 75.2%) were treated with
antibiotics than those without bloody
stools (4274/9661; 44.2%; Table 3).
Adjusting for study site and other
characteristics of illness episodes, the
risk ratio of antibiotic treatment was
1.50 (95% CI: 1.40 to 1.64) for episodes
with bloody stools. Greater age at epi-
sode, duration, number of loose stools,
and presence of fever, dehydration and

Table 2. Proportion of ilness episodes treated with antibiotics among children in the MAL-ED cohort, by study site, 2009-2014

Episodes of respiratory illness

Episodes of diarrhoea®

Total

Study site

no. of
children

Acute lower respiratory tract illness

Non-specific respiratory tract illness

Bloody

Non-bloody

Antibiotic treated, Total no. Antibiotic treated, Total no. Antibiotic treated, Total no. Antibiotic treated,

Total no.

no. (%)
221 (50.0)
184 (86.0)

no. (%)
379 (20.2)
2391 (55.8)

no. (%)
42 (84.0)
58 (79.5)

no. (%)
284 (27.7)
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1873
4284

50
73

1027
1597

240
265

Bhaktapur (Nepal)

214

914 (57.2)
17.(9.7)
260 (48.2)

Dhaka (Bangladesh)
Fortaleza (Brazil)

18 (47.4)
79 (69.3)

38
114

135 (34.4)
799 (62.2)

393
1285

2 (50.0)
62 (73.8)

176
539

233
262

84

Haydom (United
Republic of
Tanzania)

1386 (66.9)

2072

777 (45.2)
1332(34.2)

1720
3895

82(81.2)
97 (85.1)

101

1817 (584)

303
277

Loreto (Peru)

158 (66.7)

237

695 (35.0)

1988

Naushahro Feroze

(Pakistan)

Research
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539(23.2) 698 278(39.8)

2325

28 (45.9)

220 (24.1)

913
3N

251
303

Vellore (India)

12 4(333) 967 256 (26.5) 128 60 (46.9)

67 (21.5)

Venda (South

Africa)

6608 (39.5) 3943 2384 (60.5)

16742

375(75.2)

499

4274 (44.2)

9662

2134

All sites

MAL-ED: Etiology, Risk Factors, and Interactions of Enteric Infections and Malnutrition and the Consequences for Child Health and Development Project.

2 1201 children had one or more episodes of diarrhoea; 1672 children had one or more episodes of respiratory illness.

53



Research

Elizabeth T Rogawski et al.

Antibiotic use in low-resource settings

(" " "sanu1u09)

VN VN VN VN (6l'Loroo L)Ll (PG'1018EL) 9F'L (6'£9) 209 /88 dlow o ¢
VN VN VN VN @zLoioll)gll (L1 o18Cl) L€1 (C'89) 68¢ 899 14
VN VN VN VN (6lLor/0L)€ElLL (lgLorgll) €Tt (1°€S) 59 L6l1 L
VN VN VN VN (4=1) 00°L (421) 00'L (80%) €20 € 60Y £ 0
sfep ‘Buniwop
VN VN VN VN @|Lror/ol)ell @109y 5L (7AN174 966 SOA
VN VN VN VN (4o1) 00'L (42 00'L (Lth) 606 € 9L 6 ON
uoneipAyaqg
VN VN VN VN (791 0107'1) 051 (L9101 /¥1) LS'L (Css)sLe 667 SOA
VN VN VN VN (4o1) 00°L (4o1) 00'L vy viTy 199 6 ON
5|001s Apoojg
,S21IsudRIRYD
Jypads-eaoyuieiq
(91T 0196'1) 90T (SSTOECD T (069) SOC L AZA! (G£1011S1) €91 (80T 01 €81) 6L (£02) ¥6¢C oy pawliyuo)
(€81 010£71) 91 Olcorvel) 0T (¥'85) 508 ¥ €8 (SSL 01Ty L) 8YL (P21 01851)99°] (999) ¢/8 | €58 ¢ paLiodal-1aylopn
(4o1) 00°L (Jo1) 00'L (810)t86¢C SLzolL (Jo1) 00'L (Jo1) 00'L (09¢) €87 ¢ 6889 SUON
SEVCE|
(F81L0169°L) LLL (8¥'C038C7) 8E'C ((NARTANS 96¢ € (SELoIglL)oct (PL10¥SS L) V9L (€10 Tl (S¢ <
091 0187L) #5'L (881 01€/°1)08'L (£T8)9tl ¢ 9¢6 S (Lol et (€L 0107 L) 9r'L (€19) 978 08¢ | A
(421 00°L (421 00'L (50¢€) €6V € 9 LL (4=1) 00°L (42 00'L 6'1Y) LES € 678 9-1
sfep ‘uoneing
(901 01 86'0) 7O'L (S0'L01/60) LO'L (87k) 058 € 986 8 (L oreel) Ll (reLorell)ort (V'8¥) £90C [9CY vt
(601 0100°1) SO'L ('L o10L) 80°L (€°5%) #89 ¢ 6065 (ceLogll)sel (ogLorgll)ect (€L¥) 06¥ L 8yl € -9
(4o1) 00°L (Jo1) 00'L (9ty) 85w ¢ 041§ (Jo1) 00'L (Jo1) 00'L (8'6¢€) 60 | oL ¢C 9>
syjuow ‘aposida ssauj|i je aby
sonsuRldRIRYD SSAU]||
asea.nul JNYM
(LILoreo)olt (SL'L016610) LO'L VN G89 0¢ (6rLoroll)e6ll (871 0160°L) 8Ll pVN 191 0L °0 42d ‘snje)s D1Wou030109
(86001 16'0) 1610 (96'0 0168°0) €610 6'17) 661 ¥ 61001 (001 ©106'0) 5610 (66:001060) ¥60 (S¥h)8LLC 1681 dlewie
(421 00°L (421 00'L (67v) €6/ ¥ 999 01 (4=1) 00°L (420 00'L 69 LLv T 124 de
X35 SPIYD
sansiddeIRYd dIydeibowaq
(D %$6) (D %S6) (%) ou (D %$6) (D %S6) (%) "ou
»q013e1)s1 paisn(py 40131 Ys11 apna) ‘pareany dnoiqnuy ‘ou [e)0] »q011e1){S1 paasnipy 0131 st apna) ‘pareasy noiqruy ‘ou [e)0]

Ls9ssau||i K10)eaidsai jo saposidy

230y LIRIp Jo saposidy

sJpsuv)eiey)

¥107-600T “M0Y0> 3-TYW 3y Ul udipjiy> Huowre Juawiyeas) dJ10IGIIUR Y3IM UolIepOSsse 1Y) pue saposida ssaujji Jo sonsuaeley) ¢ 3|qe|

Bull World Health Organ 2017;95:49-61 I doi: http://dx.doi.org/10.2471/BLT.16.176123

54



Research

Elizabeth T Rogawski et al. Antibiotic use in low-resource settings
. ¢ vomiting were all independently associ-
5 —_ © . . . . . .
.‘:g S N S ° ated with an increased risk of antibiotic
= g i | £ 3
s = = 5 e e o treatment
= S T 8 T S T 2ol = A R ) )
E S £ = § = @ = é s & Slightly fewer diarrhoea episodes
e s 2= 2B " in girls (2178/4897; 44.5%) were treated
2 =t ] <SS 2 . Tt s .
= = D =| & E with antibiotics than those in boys
= 2 — | I=
= s £ (2471/5264; 46.9%; adjusted RR: 0.95;
o T )
< e 95% CI: 0.90 to 1.00; Table 3). Higher
2 — — —~| = < . . .
3% Q £y By = 3 socioeconomic status was associated
| ® = o = o = e =S 2 with an increase in treatment (RR: 1.19;
(=S T O T o T o= <
s|lee 2e B2e 2cCE = The antibiotic class chosen for
‘fs -g o o o % u
[ v . .
=5 ) ) n| = = diarrhoea treatment varied across and
A A A [ o . . . . . .
S s 3 within sites (Fig. 3). Diarrhoea episodes
s 2 & in the sites in Dhaka and Loreto were
1] > = o
§ e S o most often treated with macrolides,
2| & e = ook IS . .
AR . ST Se 238 5 while metlron;dazgle gvas the most
é S == ge wma n3|= 2 common class for diarrhoea treatment
2 = S A 8oy g in Bhaktapur, Haydom and Naushahro
=1 ~ — o~ N D o] . .
E I S Feroze. Episodes in Fortaleza and Venda
a-
- < . . .
= = were mainly treated with sulfonamides
v [
g S and penicillins. Fluoroquinolones were
g .
S ) 2 . .
2 = S8 882 Q¢ ‘s rarely used for diarrhoea treatment in
i (e} O [e)) j<5 5 . .
2 === PN © m © m| o = most sites; their use was most frequent
= S BN in the South Asian sites of Dhaka and
= o
= = Vellore
© O .
[
. T M Bloody diarrhoea episodes (75/499
= —~ = o) -
£ 93 5 2 were twice as likely to be treated with
® = = u S ) .
e 5 o ] < fluoroquinolones compared with non-
] = = <
2 £ << << <<|§ i
£ R SX% 5 = s 5 = 2| ¢ = bloody episodes (462/9661) (RR ad-
ge = = 2 5 justed for study site: 2.01; 95% CI: 1.63
(o Q = .
=Y N & £ € to 2.48). Bloody episodes were also 20
= Q4 & to 40% more likely to be treated with
c £ £
== 5 = 3 macrolides, cephalosporins and met-
b Q] = j = . .
S 5 @ s g s S ronidazole, and were less likely to be
c ~ = o c =
=5 C 9 9 2 = = o : RPET
IR g2e << =< <</t § g 2 tre.ated with penicillins (51/499 bloody
S| =i S MmN =z = z = =z =z 2 < 2 B episodes and 870/9661 non-bloody epi-
£l o = = < © e 3 . .
R R = 3 v sodes; RR adjusted for study site: 0.57;
£S5 S R T 8, £ B
s e S 22 ¢ 5 95%CL0.44100.75).
3 2 2 . . .
g s ob& = B2 Diarrhoea episodes among children
=4 i¥] [Slne] S = . . .
gl= & £2 = &  fromhigher socioeconomic status were
= (7] c = 2 E o
& B N v g3 § &  morelikely than those occurringamong
< <t © ¢ o} c © = %) . . .
s LBy < < < < < < E =4 é y 5 children of lower socioeconomic status
S 33 . .
e g @ § © 5 £33 2385 to be treated with metronidazole (RR
= 59) 2 o 9 225 . .
= — o s £ 393 per 0.5 difference in WAMI score: 1.17;
= 5 =2 o 1] R
< 8 £9 ZZ2&E  95% CIL 1.06 to 1.30) and macrolides
o ~ 4 c 90
c GE 3ec¢ (RR:1.14; 95% CI: 0.93 to 1.39) and less
T L= 4 ST . . R
o s §z88s< ks likely to be treated with penicillins (RR:
~N 1N Oy 3 o R 2T .
=2 o N T << << <<|§ £8EFcy 0.79; 95% CI: 0.62 to 1.00). The child’s
o] — v 3 =z = =z = =z Z| 5302w . .
S ;Y £ T2 EL£g 8 sex did not affect choice of antibiotic
B 2 C2E5%5 (s for diarrh
£ 580550 class for diarrhoea.
5 8=228%¢ . .
S 85=Z=Z  Respiratoryillness treatment
£ Sg33g%
W b v g cL U g . . .
& SEgE>® =8 2  Of 20685 respiratory illness episodes
(9] ) © O = o .
g 2258 s Z $ %  among 1672 children, 8992 (43.5%)
5 Y =g €L ody . . L
. 2 - 2 §E5582 8L ¢8 episodes \.Ne.re.treated with .ant1b10t1cs.
] 2 = 5 > 52233085 Use of antibiotics was lowest in Fortaleza
38 3 =z 5 S £EEgCZirsoB 9 : .
g £ g ~Z = B s385538% £ §35.SA) of 431 episodes) and hlghest
55 S 85 o a o TOCZ2TBED in Haydom (62.8% of 1399 episodes;
5 € 2 % < g o SEZC5%52  Table2)
! = 2 ¢ .
3 § 8oy s88co085082 088882528
R — ©
| S 3 V un o &_S E =z > < =z > S Z >S5 Ee o v oo oo o
>

Bull World Health Organ 2017,95:49-61| doi: http://dx.doi.org/10.2471/BLT.16.176123 55



Research
Antibiotic use in low-resource settings

Fieldworkers confirmed 3943
(19.1%) episodes of respiratory illnesses
had signs of acute lower respiratory tract
illness. A higher proportion of these
episodes (2384; 60.5%) were treated with
antibiotics than were episodes of upper
respiratory illness (6608/16742; 39.5%;
Table 3). Adjusting for site, the risk ratio
of antibiotic treatment for acute lower
respiratory tract illness compared to
upper respiratory illness was 1.53 (95%
CI: 1.47 to 1.59).

Respiratory illnesses were signifi-
cantly more likely to be treated if the
episode was of longer duration, and if
independently there was fever, short-
ness of breath or rapid respiratory
rate reported (Table 3). Treatment did
not vary by age. Similar to diarrhoea
treatment, respiratory illness episodes
in girls were slightly less likely to be
treated with antibiotics (4199/10 019;
41.9%) than those in boys (4793/10 666;
44.9%); after adjusting for study site and
episode characteristics, the risk ratio was
0.94 (95% CI: 0.91 to 0.98). Higher so-
cioeconomic status was also associated
with a significant but small increase in
treatment (adjusted RR: 1.10; 95% CI:
1.03 to 1.17).

The antibiotic class used for re-
spiratory illness treatment was fairly
consistent across sites, with penicillins
the most frequently used drug in all sites
except Naushahro Feroze (Fig. 4). Ceph-
alosporins were also often chosen in the
South Asian sites of Naushahro Feroze,
Vellore and Dhaka, while macrolides
were also highly used in Dhaka. Because
penicillins were almost exclusively used
at several sites, a cross-site analysis of
antibiotic classes by type of respiratory
illness was not possible.

Among antibiotic-treated respira-
tory illnesses, higher socioeconomic
status was significantly associated with
more use of macrolides (RR per 0.5
difference in WAMI score: 1.30; 95%
CI: 1.09 to 1.56) and cephalosporins
(RR: 1.48; 95% CI: 1.30 to 1.69) and
correspondingly less use of penicil-
lins (RR: 0.93; 95% CI: 0.85 to 1.01).
There was no association between sex
and antibiotic class used for respira-
tory illness.

Validation of mothers’ reports

Overall concordance between antibiot-
ics reported in the medical care report
forms and caregiver-reported antibiotic
use was high 1737 (85.8%) of 2042 forms
analysed (Box 1).

56

Elizabeth T Rogawski et al.

Fig. 3. Relative frequency of antibiotic drug dasses used in 4649 treated diarrhoea
episodes among 1201 children in the MAL-ED birth cohort, 2009-2014
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MAL-ED: Etiology, Risk Factors, and Interactions of Enteric Infections and Malnutrition and the
Consequences for Child Health and Development Project.

Notes: Distinct antibiotic courses were counted when separated by at least two antibiotic-free days.
Courses are included in multiple class categories if more than one drug class was given. Number of
treated diarrhoea episodes at study sites: Dhaka (Bangladesh) n=972; Fortaleza (Brazil), n=19; Vellore
(India) n=248; Bhaktapur (Nepal) n=326; Naushahro Feroze (Pakistan) n=1899; Loreto (Peru) n=792;
Venda (South Africa) n= 71; Haydom (United Republic of Tanzania) n= 322; all sites n=4649.

Fig. 4. Relative frequency of antibiotic drug classes used in 8992 treated respiratory
illness episodes among 1672 children in the MAL-ED birth cohort, 2009-2014
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MAL-ED: Etiology, Risk Factors, and Interactions of Enteric Infections and Malnutrition and the
Consequences for Child Health and Development Project.

Notes: Distinct antibiotic courses were counted when separated by at least two antibiotic-free days.
Courses are included in multiple class categories if more than one drug class was given. Number of
treated respiratory illness episodes at study sites: Dhaka (Bangladesh) n=2575; Fortaleza (Brazil), n=153;
Vellore (India) n=817; Bhaktapur (Nepal) n=600; Naushahro Feroze (Pakistan) n=2163; Loreto (Peru)
n=1490; Venda (South Africa) n= 316; Haydom (United Republic of Tanzania) n=878; all sites n=8992.

Discussion

Despite substantial heterogeneity, the
frequent and early use of antibiotics in
these low-resource settings is striking.
In the most extreme case, children at the

site in Pakistan were exposed to antibiot-
ics on approximately one-fifth of days
in their first 6 months of life. Antibiotic
usage rates were higher in most sites

Bull World Health Organ 2017,95:49-61| doi: http://dx.doi.org/10.2471/BLT.16.176123
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than that reported for children aged 3
to 24 months in the United States of
America in 2010 (0.9 to 1.7 courses per
child-year).”* Higher antibiotic use in
the South Asian sites compared with
the African and South American sites
is explained by more episodes of diar-
rhoea and respiratory illnesses as well as
a higher proportion of illness episodes
treated in this region. Differences in
the proportion of episodes treated may
be explained by site-specific treatment
guidelines and availability of antibiotics.
For example, access to antibiotics is less
restricted in the South Asian sites,*"”
while drug shortages are common in
South Africa.”

Illness symptoms were strong
drivers of antibiotic treatment for both
diarrhoea and respiratory illnesses,
demonstrating that treatment decisions
were made rationally according to illness
severity. However, many episodes of
non-bloody diarrhoea (44.2%) and non-
acute-lower respiratory-tract illness
(39.5%) were treated with antibiotics,
contrary to international recommenda-
tions against routine use of antibiotics
for non-bloody diarrhoea® and upper
respiratory tract infections.”>** These
percentages were higher than the overall
antibiotic treatment frequency of 37%
reported for 17 693 paediatric inpatients
from 226 hospitals in 41 countries.*
Because only 4.9% of diarrhoea epi-
sodes in our study were bloody, almost
all antibiotic treatment of diarrhoea
(4274/4649 episodes; 91.9%) was for
non-bloody episodes, which is inconsis-
tent with treatment guidelines. Similarly,
only one-fifth of respiratory infections
were fieldworker-confirmed acute lower
respiratory tract infection and therefore
73.5% (6608/8992) treated episodes of
respiratory illnesses were inconsistent
with treatment guidelines.

Conversely, while antibiotic treat-
ment is recommended for dysen-
tery® and acute lower respiratory tract
infection,” only 75.2% of diarrhoea
episodes with bloody stools and 60.5%
of fieldworker-confirmed acute lower
respiratory illness episodes were treated
with antibiotics. Choice of antibiotic
class for diarrhoea treatment was also
inconsistent, suggesting diarrhoea
treatment guidelines were not clearly
followed. Fluoroquinolones and mac-
rolides are recommended by WHO for
the treatment of dysentery,® but metro-
nidazole was given most frequently, in

Research
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Box 1.Validation of mothers’ reports of antibiotic use in the MAL-ED cohort study,

2009-2014

Medical care report forms were identified for 13 393 (79.2%) of all 16913 antibiotic courses,
and the validation sample yielded 2024 antibiotic prescriptions from 4409 forms. Concordance
between use of antibiotics reported in the medical care report forms and mother-reported
antibiotic use was high; on 1737 (85.8%) of forms the antibiotics corresponded with mothers’
reports on the same day. The concordance between antibiotic classes was also high: 95.1%
(849/893) for penicillins, 94.8% (329/247) for cephalosporins, 86.6% (265/306) for macrolides,
85.2% (213/250) for metronidazole, 73.4% (177/241) for sulphonamides and 70.0% (42/60) for

fluoroquinolones.

more than one-third of dysentery cases.
Presence of bloody stools was associated
with a higher probability of appropriate
treatment with fluoroquinolones and
macrolides, but these drugs were still
underused.

The lower frequency of treatment
among girls compared with boys after
adjusting for illness burden and severity
indicates that social factors also likely
played a role in treatment decisions. So-
cioeconomic status was associated with
frequency of antibiotic treatment as well
as the antibiotic classes chosen for both
diarrhoea and respiratory illnesses. In-
creased macrolides and cephalosporins
use compared to less penicillins use
among families with higher socioeco-
nomic status corresponds to higher prices
for these drugs, which may be a barrier to
access for low-income families.

This analysis provides a comprehen-
sive description of antibiotic use across
eight low-resource country settings,
using data reported on every day of the
first two years of life, a method which is
superior to that of retrospective surveys.
Using data on diarrhoea and respira-
tory illness symptoms, we were able to
document treatment frequency and to
comment on compliance with interna-
tional guidelines. Mothers’ reports of
antibiotic use ensured that we counted
antibiotics taken (not only prescribed)
and captured antibiotic use from all
sources, including those that would
not be included in clinic or prescrip-
tion records, e.g. those from alternative
health-care providers. We found high
concordance between mothers’ reports
and medical care report forms, as has
been previously described,* suggesting
mothers’ reporting was reliable.

The study was limited by incom-
plete details of antibiotic use, including
specific drugs given and their formula-
tions, prophylactic versus treatment
use, how and where antibiotics were
obtained, and the antibiotic class for the

Bull World Health Organ 2017,95:49-61| doi: http://dx.doi.org/10.2471/BLT.16.176123

courses classified as unknown or other.
We also inferred indication for treat-
ment by concurrent illnesses and symp-
toms reported, without direct reports
of the cause of treatment, which limits
our ability to determine conclusively the
appropriateness of treatment.

Overall, antibiotic use early in life
was common, and we found evidence
of both overuse for the treatment of
non-bloody diarrhoea and upper respi-
ratory tract illnesses, and underuse for
the treatment of bloody diarrhoea and
acute lower respiratory tract infection.
We also found evidence for sex and
class differences in access to medicines.
Rational antibiotic use programmes and
promotion of illness-specific treatment
guidelines may have the greatest impact
in South Asia, where antibiotic use was
highest. Planning of intervention studies
involving antibiotic treatment needs to
address complex, site-specific variations
in use and consider the potentially high
baseline frequency of antibiotic use.
Further inquiry into the consequences
of this highly prevalent exposure among
children will be an important contri-
bution to our understanding of child
development in low-resource settings. M
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Résumé

Utilisation d’antibiotiques chez les enfants de moins de deux ans dans huit pays: une étude de cohorte prospective

Objectif Décrire la fréquence et les facteurs associés a |'utilisation
d‘antibiotiques chez les jeunes enfants et estimer la proportion
dépisodes de diarrhée et de maladies respiratoires traités avec des
antibiotiques.

Méthodes De 2009 a 2014, nous avons suivi 2134 enfants qui
participaient a Iétude de cohorte de naissance MAL-ED sur huit sites
en Afrique du Sud, au Bangladesh, au Brésil, en Inde, au Népal, au
Pakistan, au Pérou et en République-Unie de Tanzanie. Nous avons
noté I'utilisation de tous les antibiotiques déclarés par les méres lors de
consultations bi-hebdomadaires pendant les deux premiéres années
de vie des enfants. Nous avons estimé lincidence du recours aux
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antibiotiques ainsi que les associations entre utilisation d'antibiotiques
et caractéristiques des enfants et des foyers. Nous avons décrit les
habitudes de traitement de la diarrhée et des maladies respiratoires
et avons identifié les facteurs associés aux traitements et aux classes
dantibiotiques.

Résultats Sur 1 346 388 jours d'observation au total,
16 913 traitements aux antibiotiques ont été enregistrés (incidence
de 4,9 traitements par enfant et par an), la plus forte utilisation
ayant été observée en Asie du Sud. Un traitement antibiotique a été
administré pour 375/499 (75,2%) épisodes de diarrhée sanglante et
pour 4274/9661 (44,2%) épisodes de diarrhée sans présence de sang

doi: http://dx.doi.org/10.2471/BLT.16.176123
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dans les selles. Des antibiotiques ont été utilisés pour 2384/3943
(60,5%) épisodes de maladie aigué des voies respiratoires inférieures
confirmée par un professionnel sur le terrain ainsi que pour
6608/16 742 (39,5%) épisodes de maladie des voies respiratoires
supérieures. Les pénicillines étaient les plus fréquemment utilisées
pour combattre les maladies respiratoires, tandis que les classes
d‘antibiotiques utilisées pour traiter la diarrhée variaient selon les
sites et au sein d'un méme site.

Research
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Conclusion Lexposition répétée aux antibiotiques a un jeune age était
courante et le traitement de la diarrhée sans présence de sang dans les
selles et de maladies respiratoires non spécifiques ne respectait pas les
recommandations internationales. Cest en Asie du Sud, ot I'usage des
antibiotiques était le plus important, que les programmes d'utilisation
rationnelle des antibiotiques pourraient avoir le plus fort impact.

Peslome

anIEM AHTUONOTUKOB AeTbMn Mnajlle ABYyX JieT B BOCbMU CTPaHaX: NPOCNeKTUBHOE KOFOpTHOE

nccnegoBaHune

Llenb OnwucaTtb yactoTy ynoTpebneHusa aHTUOMOTVKOB B PaHHeEM
[eTcTBe 1 GpaKTopbl, CBA3AHHbIE C 3TVIM, M ONPEAENTb OO CllyYaeB
avapeu 1 3aboneBaHuii AblXaTebHbIX MyTew, 1A NeYeHnsa KOToPbIX
MCMOMb30BANINC AaHTUONOTUKMN.

MeTtopab! B neprioa mexay 2009 1 2014 rofgamu aBTopbl OCYLLECTBAANM
HabnogeHve 3a 2134 geTbmr 13 BOCbMI Nokauwui B baHrnageLy,
Bpasvnuu, Muouuw, Henane, O6beanHeHHow Pecny6nvike TaH3aHNs,
MaknctaHe, Mepy 1 HOxHOM AGprIKe, yUacTBYIOLLMX B UCCNELOBAHMN
Bo3pacTtHol rpynnsl MAL-ED. Bce cnyyaun npriema aHTMOMOTMKOB
6blI1 33A0KYMEHTUPOBAHbI CO CIOB MaTepei paboTHVKamM MECTHOTO
LeHTPa, COBEPLUABLIMMA BU3NT [ABa Pa3a B HeAeNo B TeueHue
NepBbIX ABYX NET K13HW1 pebeHKa. ABTOPbI Onpefennm YacToTHOCTb
npvema aHTMOMOTNKOB 1 CBA3W MeXAy MpUeMOoM aHTUOMOTUKOB
[eTbMM 1 OCOBEHHOCTAMM AOMALLIHErO X03AMCTBa. bbinu onvcaHbl
Mofenn neyeHva aviapen v 3abonesaHuii AbixaTenbHblx NyTew, a
Takxke onpeneneHbl GakTopbl, CBA3aHHbIE C NeYeHreM 1 KNaccom
AHTVOMOTMKOB.

Pe3synbrtatbl 3a 1 346 388 cymmapHbix AHeln HabnogeHua
6bin0 3apernctpupoBaHo 16 913 KypCcoB neyeHuUn

AHTMOVOTUKaMM (4aCTOTHOCTL cocTaBuna 4,9 Kypca Ha pebeHka
B rofl), 6bonblan fona KoTopbix Npuwnacek Ha lOxHyo A3nio.
JleueHne aHTMOVOTMKaMM BbINO NponMcaHo B 375 13 499 cnyyaes
Avapen C KpoBblo (75,2%) 1 B 4274 13 9661 cnydasa anapen 6es
KpoBaBbIx npumecelt (44,2%). AHTUOVOTVKA NPUMEHANNCH B 2384
13 3943 cnyyaes OCTPOro 3aboneBaHuA HKHUX AblXaTeNbHbIX
nyTel (60,5%), NOATBEPXKAEHHOTO PAOOTHMKaMM MECTHOTO LIEHTPa, a
Takke B6608 13 16 742 cnydyaes 3a601eBaHNA BEPXHUX [AbIXaTeNbHbBIX
nyTel (39,5%). Yalle apyrvix Ans neveHris 3a00neBaHnii AblxaTesbHbIX
nyTen UCNonb30BanvCh NEHULUIIMHBI, B TO BPEMA KaK Kacc
AHTVOWOTVIKOB [115 NIeUeHVA AMaper pasnyanca Kak B npedenax
OfHOW NNOKaLUMMK, TaK U MeXTY NOKaLMAMM.

BbiBoa B paHHem Bo3pacTe Obl10 PacnpoCTpaHeHO HEOAHOKPATHOe
BO3/ENCTBYIE aHTUOVOTUKOB, a ledeHwe Avapen 6e3 Cneaos KpoBm 1
Hecneumdunueckx 3aboneBaHunii AbixaTenbHbIX MyTen NPOBOAMNOCH
He B COOTBETCTBUM C MEXAYHAPOAHBIMN PEKOMEHAAUMAMMU.
MporpamMmbl pauroHanbHOro MCNOMb30BaHWA aHTUOWOTMKOB,
BO3MOKHO, OKa3blBaloT Hanbonbluee BavaHWe B KOxHOM A3nu, roe
NPOLEHT NPUMEHEHVIA aHTUBUOTNKOB OblN HANbONEe BbICOK.

Resumen

El uso de antibidticos en nifios menores de dos aios en ocho paises: un estudio prospectivo de cohortes

Objetivo Describir la frecuencia y los factores relacionados con el
uso de antibidticos en la primera infancia y estimar la proporcion de
los episodios de diarrea y enfermedades respiratorias tratados con
antibioticos.

Métodos Entre 2009 y 2014, se realizé el sequimiento de 2 134 nifios
de ocho lugares en Bangladesh, Brasil, India, Nepal, Pakistan, Perd,
la Republica Unida de Tanzania y Sudéfrica inscritos en el estudio de
cohortes en el nacimiento MAL-ED. Se document6 el uso de todos los
antibidticos de los informes de las madres en las visitas dos veces por
semana a lo largo de los dos primeros afios de vida de los nifios. Se
estimd la incidencia del uso de antibidticos y las asociaciones del uso de
antibidticos con caracterfsticas familiares y con nifios. Se describieron los
patrones de tratamiento para la diarreay las enfermedades respiratorias,
y seidentificaron los factores relacionados con las clases de tratamientos
y de antibioticos.

Resultados De un total de 1346 388 dfas de observacion, se
registraron 16 913 tratamientos con antibidticos (una incidencia de 4,9
tratamientos por nifio al afo), siendo el mayor uso en el sur de Asia.

Bull World Health Organ 2017,95:49-61| doi: http://dx.doi.org/10.2471/BLT.16.176123

Se empled tratamiento con antibiéticos en 375/499 (75,2%) episodios
de diarrea hemorrdgica y en 4 274/9 661 (44,2%) episodios de diarrea
sin deposiciones hemorrdgicas. Se usaron antibiticos en 2 384/3 943
(60,5%) episodios de enfermedad respiratoria aguda de las vias bajas
confirmadas por los investigadores, asi como en 6 608/16 742 (39,5%)
episodios de enfermedad respiratoria de las vias altas. Las penicilinas
se usaron mas frecuentemente para las enfermedades respiratorias,
mientras que los antibidticos para el tratamiento de la diarrea variaron
entre los distintos lugares.

Conclusion La exposicién repetida a antibidticos fue comun en los
primeros afios de vida, y el tratamiento de diarrea no hemorrégica y
de enfermedades respiratorias no especificas no fue coherente con las
recomendaciones internacionales. Los programas de uso racional de
antibiéticos pueden tener el mayor efecto en el sur de Asia, donde el
uso de antibiéticos fue el mas alto.
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