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Oral amoxicillin versus injectable penicillin for severe
pneumonia in children aged 3 to 59 months: a randomised

multicentre equivalency study
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Summary

Background Injectable penicillin is the recommended reatment for WHO-defined severe pacumonia flower chest
indrawing). If oral amaxicillin proves equally effective, it could reduce refesval, admission. and treatment costs. 'We
aimed W determine whether oral amoxicillin and parenteral penicillin were equivalent in the treatment of severe

potumonia in children aged 3-59 months.

Methods This multicentre, randomised, open-label equivalency study was undertaken at lertiary-care centres im cight
developing countries in Africa, Asia, and South Ametica. Children aged 3-59 months with scveve pitmanonia were
admitted for 48 b and, if symptoms improved, were discharged with a 5-day course of oral amoxicillin 1702 children
were randomly allocated to recrive either oral ameniciltin (n=357) or parenteral penicillin {n=845) for 48 b Follow-op
assessments were done At S and 14 days afer enrolment. Primary outcome was treatmemt Giilure (persistence of
lower chest indrawing or new danger signs} at 43 h. Analyses were by intention-to-treat and per protocol.

Findings Treatment Bilure was 19% in each group (161 patients. pencillin: 167 amoxillin: risk difference -9-4%: 5%
CI-4-2% 3-3) at 48 b. Infancy (age 3-11 months; odds ratio 2-72, 95% C1 1-95 to 3-79), very fast breathing (1-94.
1-42 w0 2-65), and hypoxia (1-95, 1-34 10 2-32) at baseline predicied treatment Gilure by multivariate analysis.

settings. Polential benefits of oral treatment inciude decreases in (1) risk of needle-borne mfections: (2} meed for
referral o admission; (3) administration costs; and (4) costs o the family.

introduction

Acute respiratory infection is one of the leading causes
of morbadity and mortality in children under 5 years of
age in developing countries, and is responsible for an
estimaied 1-9 million deaths in this age group every
year. ' Bacterial infextion has a far greater role as a cause
of pneumonia in chikdren in developing countries than it
does in developed countries. Ome explanation for the
higher mortality assocated with acule respiratory
infection in developing countries 1s the high prevalence
of a bacterial cruse. Researchers using hing aspirabion:
have 1solated Streplococcus paeumoniac and Hacmophilus
influenzae {as well as others). in up to 74% of patients
with pneumonia in developing countries.

Standard guidelines developed by WHO' recommend
that children with no lower chest wall indrawing who
have fast breathing (50 breaths per min in infants aged
1-11 months and >40 breaths per mm 1n those aged
12-59 monthsp—ie, with nonsevere pneumonia—
be treated at home with oral antibiotics, and those
with lower chest wall indrawing {ie, severe pneumonia),
be admitted and given parenteral antibiotics
{benzylpenicillin or ampicillinj. Appbcation of these
guidelines in developing countries has resulted in
deaeased mortality from acute respiratory infection”’
However. admission required for administration of
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injectable treatment has several drawbacks. Furst.
routine use of injectable antibiotics, either intravencusly
or intramuscularly, is associated with an increase in the
risk of cinically significant mocbidity, such as
complications of abscess formation at the mpection site
and transmission of HiV. hqnlms.wdnp:llm
associated with use of contaminawd needles. Second.
mection needles and admimstraton cquipment are @
shatt supply o peviodically unavailable in some sethngs.
preventing delivery of recommended teatment. Third
admission can substantially rarse the cost of health care.
Fourth, children who have to be referred for admissaon
and injectable treatment might not be brought or be able
to trave] o hospital.

A recent mrial in Pakistan showed that oral amoncillin
was effective in 82% of bactevaeric duldren with a
clinical diagnosis of severe pneumonia® If oral
amoxicilhn proved as effective as mpexctable pemalhn
in the treatment of severe pneumonia. substanbal
improvements  in Mcess o appropnale  cane,
nosocomial complicabons, iatrogenx infechons, and
costs could be achieved with its wndespread use. Our
aum was o do a multicentre equivalency study
companng oral amonallin with imectable peniailhn in
the treatment of WHO-defined severe ppeumonia 1n
children.
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Methods

Patients

We undertook a randomised, non-blinded equivalency
trial of oral amoxicillin and injectable penicillin in
children aged 3-59 months with WHO-defined severe
pheumonia,’ in the paediatric departments of tertiary-
care facilities at nine international sites: Colombia,
Ghana, India, Mexico, Pakistan, South Africa (two sites),
Vietnam, and Zambia. Children presenting as
emergencies with a history of coughing or difficulty
breathing and lower chest indrawing were assessed for
enrolment into the study. We attempted to keep
enrolment of children with reversible airways disease to
a minimum because lower chest indrawing can occur
with severe wheezing. Wheezing is commonly
associated with respiratory syncytial virus (RSV)
infection {especially in infants), which would not be
expected to respond to either treatment. This effect
would bias the results towards finding equivalence.

The primary endpoint was treatment faiture at 48 h in
children aged 3-59 months with WHO-defined severe
pneumonia who were given oral amoxicillin or injectable
penicillin. Secondary endpoint was relapse at days 5 and
14, Treatment failure for primary and secondary
outcomes was a priori {panel).

We excluded children with a history of asthma or those
with audible wheeze whose lower chest indrawing was
resolved after two courses of inhaled salbutamol. We ruled
out children with non-severe pneumnonia showing danger
signs of very severe disease {as defined by WHO; inability
to drnk, abnormal sleepiness, central cyanosis, con-
vulsions, and severe malnutrition}, who were then referred
for immediate admission and standard hospital care. Also
excluded were children with a recent history of very severe
infectious or non-infectious disease, chronic or congenital
illness, known asthma, dinically evident HIV infection,
persistent vomiting, known penicillin allergy, or more
than 48 h of antibictic treatment for the present iflness.
We obtained written informed consent from parents or
legal guardians of children before enrolment Ethical
approval was obtained from every local institution and
both sponsoring organisations. The study was monitored
by an independent data safety monitoring board.

Procedures

Clinical assessment, sampling, randomisation, and
provision of study medication tock place within 1 h of
enrolment. Baseline assessment consisted of physical
exarnination and administration of a standardised
questionnaire. Nasopharyngeal samples were obtained
before the first dose of antibiotic with a calcium alginate
swab, which was inoculated onto Amies transport media
(Difco  Laboratories, Surrey, UK} and cultured
immediately for S preumoniae and H influenzae with
standard microbiology techniques.” We obtained nasal
aspirates of 2-5 mlL saline to test for RSV at baseline,
Oxygen saturation was measured by pulse oximetry in a

Panef; Definitions of study endpoints

Primary outcome (treatment failure up to or at first 48 h)
Any of the following:

Appearance of danger signs®

Low oxygen saturationt

Persistence of lower chest indrawing at 48 h
Life-threatening or serious adverse drug reaction
Received another antibiotic

Newly diagnosed comorbid condition

Parents or quardian withdrew consent

Child left against medical advice

Death

Secondary cutcome (treatment failure at 5 of 14-day
follow-up visits)

Any of the following:

Appearance of danger signs*

Low oxygen saturation

Recurrence of lower chest indrawing at follow-up visit
Life-threatening or serious adverse drug reaction
Received another antibictic

Newly diagnosed comerbid condition

Parents or guardian withdrew consent

Child left against medical advice

Death

Previously defined as treatment failore (at 48 h or 5 days)
Signs of non-severe pneumaonia on follow-up at day 14

* & O & " 8 & ¥ D

*Inability to drink, abnormat sieepiness, central cyanosts, comvutsions, H<80% in
OO & at sea leval, of <75% in room air in Colurmbia and Mexico). § {=90% in room
air at sea lavel, or <88% in room air in Columbia and Mexico).

non-crying child on room air (Nellcor N-20E, N-25 sensor,
Pleasanton, CA, USA). We did not require chest
radiographs for enrolment, but we obtained them if
clinically warranted. At two centres (Zambia and Durban,
South Africa), parents separately gave consent to be tested
for HIV, and blood samples were obtained for testing at
the end of the study. Results of HIV testing and outcomes
of this assessment are presented elsewhere (unpublished
data). At these two sites, all parents or guardians were
offered real-time HIV testing if clinically warranted.

Randormisation codes were sealed in opaque envelopes
in accordance with the allocation sequence, siratified by
gite, and ptepared in advance by WHO for random
assignment to either oral amoxicillin syrup (45 mg/fkg
per day in three doses} or parenteral penicifiin G
{200 000 [U/kg per day in four doses). After completion
of baseline examination, the next envelope in sequence
was opened to determine treatment assignment. We
standardised assessment of respiratory rate, lower chest
indrawing, and danger signs in all study participants
with pilot-phase training sessions using WHO-standard
acute respiratory infection case-management modules
and demonstration video.

All patients were admitted for at least 48 h. We
obtained vital, clinical, and danger signs, and oxygen
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saturation data every 6 h. General supportive care that
inchuded salbutamol and antipyretics were provided.
when indicated. The site principal investigator reviewed
study culcomes (ie, treatment failure} within the first
48 h before dassification. Patients whose chinical status
improved to non-severe pneumonia (ie. absence of lower
chest indrawing with fast breathing) or better were
discharged at 48 h with a course of oral amoxicllin for
another 5 days and asked to return for reassessmenis at
days 5 and 14. Children who were classified as treatrnent
failure were treated wath a local alternative standand
therapy.

Two formal interim analyses were undertaken dunng
the trial. At the second intenm analysis, we noted an
early (nonsignificant] trend towards increased early
deaths at sites with high H1V prevalence {Durban, South
Afnica, and Zambia} compared with the other sites.
Since these deaths might have been due to clinicatly
unrecognised HIV-infected children, the data safety and
monitoring board recommended expansion of the
exclusion criteria 1o omit all children under 1 year of age
with oral thrush, with hepatosplenomegaly, or who had a
parent known 1o be infected with HIV. These changes
were implemented after acorual of 286 (55%} of these
patients enrolled at these two sites.

We undertook a planned subgroup analysis of data
from two sites with high HIV prevalence {Durban,
South Africa, and Ndola, Zambia}. The goal for this
subgroup analysis was to determine whether children
with asymptomatic or mild (stage A} HIV™ infection and
comrunity-acquired severe pneumonia {treated with
WHO-standard  acute  respiratory infection case
management guidelines) failed treatment more often
than HIV-uninfected children with severe pneunmonia.

Neither primary prophylaxs of Peeumocystis jiroveci
poeumantia for children borm to HIV-infected women or
indusion of codrimoxazole m the m:tnl empiric
treatment of community-acquired was the
standard of care at either site at the time of this study
(199820004

We tested for RSV antigen in nasal washings obtained at
baseline and frooe these samples & -20°C m bakches
using the Abbott Testpack RSV {Abbott Diagnostics, Baar,
Switzerland). Study samples from the Ndola and Durban
sites were tested for HIV by standard ELISA {confirmed
with western blotting) in children older than 15 months
and HIV-1 DNA PCR in those younger than 15 months.
We used sandard mucrobwological wchreques® o solate
and identify S puneumoniac and H influercae. Minimum
mhibitory concentration  (MIC) of amoxicillin and
penicillin for both H influmzar and S pneumoniae were
measured by E test according to the manufacturer’s
instructions {AB Biodisk, Solna. Sweden).

Statistical analyss
Sample size was estirnated by use of historical outcome
data of severe pneumonia obtained from every site. With
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these data and previously published resalts.” we
anticipated that about 10% of pabents would fad w
improve or deteriorate (i, treatinent failure] withun 48 h
after imhating treatment with parenteral perucifling
Equivalency was defined 2 priori as 2 5% or less
difference in the propornon of chinical faures between
treatment groups within 48 h of imanon of therapy.
With respect to admission needed for the study, we
assurned a loss to follow-up rate at 48 h of 1% and
estimated the proportions of faures in the parenteral
peniailin and oral amoxicilhn groups to be 11% and
16%, respectively. if 2 onesided a level of 0-05 was
assumed, 861 children per group were requured for 90%
power 1o detect 2 5% difference 1n failure rases between
the two treatment groups. This esimate inchuded three
interim analyses and one hinal analysis, with an O"Brien-
Fleming stopping ruke (EaSi, Cyel Software
Corporation, 2000, version 1.01.7°” The final target
sample size was thus 1722 children. wiuch provided
90% power to detect a similar difference in secondary
outcomes: dinical Gilure at days 5 and 14.
Equivalercy between the two treatments was shown
with the two one-sided tests procedure.* We cabculated
the nsk difference and %5% Cls of the pnmary and
secondary ouicomes. The difference was regarded as
equivalent if the 95% Cls were within -5% 10 5% We
also examined the effect of the intention-o-treat analysrs
with a per-protocol analysis, to deterrune whether any
risk of bias towards the null hypothesis existed m thas
equivalence trial.

Predictors of treatment failure at 48 h were assessed
with a random-effects logistic regression model (SAS
package. version 8.0). Study cite was included in the
model as a random effect and the treatment a< 2 hzed
effect. Baseline vanables studed 1n the moded 2= fned
effects inchded: sex; age between 3 and 11 months;
breastfeeding at onset of present iiness (not applcable
for chikdren alder than 24 months), up-to-dase
immunisation status; preenrolment antilwotic  use
within 48 h; presence of malnutrinon {woght-for-age
Z scores <=1 fever {>35°C) or  hvpothermua;
tachyproca; hypoxia {see footnote, panel); and presence
of more than one resistant nasopharyngeal isolase.

Role of the funding source

S A Qazi (ol WHO}, D Thea, and B Maclerod had full
access to all data within the study and contrnibuted to the
deasion to submit for publxaton. $ A Qazn and D Thea
also contnbuted to development of the protocol.

Results

Particpant accrual took place between May, 1999, and
May, 2002. The Cape Town and Zamina centres ended
recruitment i Seplember. 1999. and july, 2000,
in the referral patterns. We randomly assigned
1762 partiapants to penicillm and amonallin (figure).
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27 children aged between 2 and 3 months were
mistakenly allocated but this protocol deviation was
distributed evenly between both treatment groups, and
these babies were included in the analysis according to
assignment.

All randomly assigned participants were included in
the intention-to-treat analysis for the primary outcome.
Children were lost to follow-up because of voluntary
withdrawal or absconding by 48 h. Random assignment
was successful with nearly equal numbers of individuals
in each treatment group. Table 1 shows baseline
characteristics. Table 2 shows the number of children
enrolled at every study site,

Rate of treatment failure at 48 h {19%) was judged
equivalent across the two treatment groups {table 3). The
most common cause for ftreatment failure was
persistence of lower chest indrawing. In nearly half
these children (124 of 262; risk ratio 2-0,95% CI 1.7 to
2-3), lower chest indrawing was accompanied by
wheezing, which in some individuals probably
contributed to lower chest indrawing in the presence of
resolving pneumonia. Only 34 of these children with
wheeze had RSV isolated at baseline. If we excuded
from analysis the 124 patients who had persistent
wheezing and lower chest indrawing at 48 h, treatment
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245 allocated o 857 allocated to
injectable amondciliin
penicilin All anabysed
Al anabysed

Ibstto ostto
follow-up foflow-up
158 Failed At48h 159 failed
treatrrant assessmernt treatment
1
7lostio Jiostto
follow-up follow-up
19 faed el IETT
treatment treatment
3 48htos days h 4
l 658 cured 672 cured |
13 kst te Whest1e
follow-up follow-up
13 failed Treatment 19 failed
treatment failure from Treatment
[ Stol4days L
‘ 632 cured ‘ 633 cured I
Figure: Trial profile

Penicilin (ruB45)  Amoxicibin (n=857)

Male SHHB4S (62%) 537/857 (63%)
Infants (3-11 manths old) 513/825 {62%) 532/B44 (63%)
Children (12 -59 months okd) 312/875 (38%) 3127844 3TW)
Breastfeeding” S32/717 (74%) 5614725 (77%)
Up-to-date immunisation status 7197811 (85%) 7397824 (90%)
Report of antiiotics in past 48 h 82/828 (10%) 75846 (9%} :
Weight-for-age Z score “07(-20t003) -07(-10tw03) -
Weight-for-age 7 score (<-2) 133/841 (16%} 124/845 {15%)
Temperature (°C} 37.4(37 0 38) 375371038}
Respiratory rate per min
3-11 months 61 (55 1068} 61 (560 68)
12-5G months 59 (50 to 64} 57 {4810 £3)
Oxygen satumation a4 (91 to 96} 94 (92 1o 57}
RSV positivet 1834759 (24%) 192765 (25%)
S pievenonioe isolated from 071743 (29%) 201/743 (27%}
nasophanyect
Hinfluenzaeisolated from 145/739 (20%)} 146/743 (20%}
nasopharynxt

Vatues are mediart (JQR) unless otharwise indicated. *Deacminators for breastfeeding
are the number of children under 24 months of age. tDenominators for RSV,

Sp iae, ang H infk isofated are the nurmber of children with
nasopharyngeal aspirates taken

Table 1: Basefine cor - 1between t 1t groups

failures in the amoxicillin and penicillin groups were 95
of 785 and 109 of 793, respectively {risk difference 1.-6%,
~1.7 to 4.95).

Newly diagnosed comorbid conditions and death
occurred slighdly more frequently in the penicillin than
in the amoxicillin group. The per-protocol analysis was
in agreement with the intention-to-treat analysis
{table 3}. Cumulative treatment failures at 5 and 14 days
{secondary endpoints) increased at each follow-up
assessment point, but distribution of treatment failure
remained largely the same as that seen at 48 h. Rate of
treatment failure at 5 days (22%) between the two
treatment groups was equivalent, although the rate of
treatment failure at 14 days was not equivalent, with one
of the bounds of the CI just outside the lower 5%
boundary. The per-protocol analysis agreed with the
result at 5 days, but showed equivalence at 14 days.

During the study, a total of 12 (0-7%) children died
within 14 days of enrolment. Nine had received
penicillin and three oral amoxicillin. Of these deaths,
nine were associated with treatment failure (table 3). We

Site Noumber of children enrolled (%)
Bogota, Columbia 105 {6-2%)
Cape Town, South Africa* 32 (1-9%)
Burban, Soyth Aftica 425 (25-0%)
+Ho Chi Minh City, Vietnam 217 (12.3%)
islarnabad, Pakistan 296 (17-4%)
Kumasi, Ghana 179 (10-5%)
Mexico City, Mexice 150 (8-8%)
Nagpur, India 260 (118%)
Ndala, Zambia 9B (5-8%)
Total 1702 (100%)

L ape Town ended recruitment in Septernber, 1599, because of poor accruad as a result
of changes in: referral patterns

Tabde 2: Enrciment by study site
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Table 3: Cummidative treatrment failures bry specific caues at 48 h, § days, and 14 days

saw a shight but non-significamt assocation between
injectable penicillin and treatment failure with death at
48 h and 5 days. Two of the seven deaths within 48 h
occurred in HIV-infected children. All deaths were in
children aged 15 months or younger.

Of the clinical and laboratory factors present at
baseline that were investhgated, only mfancy (age
3-11 months), very fast breathing (=70 breaths per ntin
in infants and >60 breaths per min in children}, and
hypoxaemia were predictive of treatment failure at 48 h
on multivariable logistic regression analysis (table 4).
Treatment failure rates were not significantly increased
at the Zambia and Durben sites with HIV prevalence
{data not shown).
were exchaded if lower chest indrawing persisted after up
0 two courses of safbutamol. Nevertheless, wheezing was
noted i at Jeast one of the first four dlinical assessments
{done every & h) withm 24 h of enrolment in 826 children
{49%6). However, failure rates between these two groups
were equivalent and fell within our a-priori definition of
equivalence (19-25% vs 18-74%; risk difference 0-519%,
95% C1 -3-2 to 4-3). Of 870 children without wheeze in
the first 24 h of enrolment, the nsk difference was 0-52%
(~4-7 to 5-6). Notably, the Cls were only slightly greater
than our apriori 5% defmitian of equivalence, We see this
as an indication of the robusiness of the findings, since
the sample size was halved

With respect %0 HIV infection and treatment failure,
523 children with severe preumcnia were enrolled at two
sites (425 in Durban. 98 in Ndola) and HIV testing was
undertaken on 464 (89%} of these. Of the remaining 59,
43 [8%) vefused HIV testing and 16 (3%) samples were
lost. Baseline characteristics of children not tested for HIV
did not differ from those ested Our analysis was
restricted to the 464 pabents with imown HEV infection
status. Of these, 262 were randomly allocated to the
penicillin and 261 to the amoxalhn group. 106 (23%)
children were infected with HIV: 82 {22-4% sie
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prevalence) at the Durban site and 24 (24 -5%) at the Ndola
site. HIV-infecied children aged 3-11 months with hugher
respiratory raies were twice a5 likely a3 unmfeced
children to present with low cxygen saturatron at basedine.

Ovenall. 57 {12%) of the 464 HIV-tested patients faled
treatrnent at 48 h and 110 (24%) by 14 days. 48-h fnlure
rates between HIV-nfeciad and uninfected children by
treatment assignment were not different (33 [14%2
peniallin vs 24 {10%] amoxicilling, however, this analysis
was not properly powered to address this ssue.
Treatment fathure at 48 h owcurred wath  greater
frequency in HIV-infected (20 {19%] vs 37 {10%). relatree
risk 1-83, 95% Cl t.11-3.01) than in unnfected
children. and was increased in  chikiren aged
3-11 months {16 {36%] vs 29 (1796}, 208, 1-25-3.49);
HiV-indected children aged 12-59 months were also
more likely to fail eatment, though the effect was
reduced {4 [79] vs 8 [436], 1- 54, 0. 48—4.94).

RSV was detecied at basehne i about a quarner of
nasopharyngeal washings obtained (table 4). isolaton
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. Paricifin (345} Arnacicillin (n=<857)
ptibility Vombsar of solstebested  Numbar of sclatag/tected
S prewmoniac” 2171743 29%} 2011743 (27%}
Penicillin
Non-susceptible 142/211 (67%) 132/200 (66%)
Susceplible £9/211 {33%) 68/200 (34%)
Co-trimoxazole
Non-susceplible 154/1388 (87%) 139/175 (79%)
Susceptible 34/188 (18%) 357175 (21%)
Chioramphanicol
Non-susceptible 35/213 (16%) 29/199 (15%)
Susceptible 178/213 (B4%} 1707199 {85%}
Hinfluenzaet 145/739 (20%} 146/743 (20%)
Ampicilin
Non-susceplible 38/140(27%) 42/133(30%)
Suscepiible 102/140 (73%) 97139 (70%)
Co-trimoxazole
Non-susceptible 781173 (63%) 76116 (66%)
Susceptible 45/123{37%) 40/116 (3d%}
Chorarmphenicol
Non-susceptible 73144 (16%} 20/144 (20%}
Susceptible 121/144 (84X} 115/144 (80%)
*Susceptible MIC vatues for 5 preumaniae. pericdin 00625, co-trimomarole MIC
=05, and chi shainicol MIC <4, 15usceptitae MIC vatues for H infk

Lo
! ampiclin < 1, co-timoxaale MIC =0-5, and chioramphenicol MIC <2

frequency of nasopharyngeal organisms

| Toble 5:Isotation and

was not associated with treatment failure {table 4). We
saw a fairly wide range in the RSV detection rates across
sites, from 12-5% in Zambia to 46% in Vietnam.
Nasopharyngeal swabs for S pneumoniae and
H influenzae were positive in 418 {28%) of 1486 and 291
(2096} of 1482 children, respectively. Intermediate-grade
to high-grade resistance of § preumoniae to penicillin
and co-trimoxazole (142 [67%] and 154 [82%6] isolates,
respectively) was present but chloramphenicol remained
more ot less active against both organisms (table 5).

Serious adverse events were reported in 30 children,
eight in the amoxicillin group and 22 in the penicillin
group. Only 13 of these individuals were thought to be
either possibly or probably associated with the study
drugs, and treatment was discontinued or changed in 12
of the 13 cases—all improved subsequently. None of the
deaths was judged to be associated with a study drug
reaction. In summary, the serious adverse events were:
death (12 children}, rash {five), diarthoea {five), allergy to
penicillin {two), anaemia and malaria {one), severe
mataria {three; which also includes one death), and
unspecified events (two).

Discussion

We have shown that oral amoxicillin and injectable
penicilfin are equally effective at 48 h and beyond. The
48-h treatment failure rate was similar to that of 18%
Straus and colleagues reported with oral amoxicillin for
the treatment of severe pneumonia.’ Although several
baseline characteristics were predictive of treatment
failure at 48 h, only infancy {age 3-11 months}, severe
tachypnoea, and hypoxaemia were predictive in the
multivariable model, which is in accordance with the

findings of others*™* Infant age has also been
associated with high fatality rates.” * We believe that
these factors are important risk indicators of treatment
failure {including death) and should be considered on an
individua! basis when assessing a child for admission.

The high failure rate for severe pneumonia can be
partly explained by the stringent clinical criteria that we
used to establish treatment failure at this endpoint. The
low fatality rate lends support to this obsetvation. Over
80% of treatment failures at 48 h were due only to
persistence of lower chest indrawing; most patients
improved clinically at the time and pneumonia went on
to resolve soon thereafier. Despite our efforts to exclude
enrolment of patients with asthma and recurrent
wheezing, wheezing was a prominent component of the
48-h treatment failures. Such children might not be
expected lo improve on antibiotic treatment.

We identified RSV in nasopharyngeal samples from a
quarter of children with severe pneurnonia, which is
similar to previously reported data from developing
countries.”* A high detection rate was consistent with
the median age of patients in our study (8 months) since
RSV characteristically affects young children.
Additionally, exclusion of children with reversible
airways disease might have increased the proportion of
those with RSV infection, which is known to be
associated with bronchiolitis and small airways
obstruction.

With respect to the slight difference in deaths between
the treatment groups and overall in children treated with
penicillin, four of the deaths in the penicillin group (data
not shown) wete in HIV-infected children who were more
likely to be infected with organisms resistant to penicillin
(eg, gram-negative organisms or Preumocystis firoved).”*
This fact, along with the increased failure rate in HIV-
infected children, suggests that empiric treatment of
severe pneumonia with oral arnoxicillin or parenteral
penicillin alone is insufficient in areas of high HIV
prevalence. Diagnostic capabilities in most developing
countries are few for both HIV infection and P jiroveci
pneumnonia, and children with respiratory infection are
usuzlly managed on the basis of dinical algorithms;
management is done with a small number of
antimicrobials and without confirmation of HIV status.
We have shown that the empiric treatment of severe
pneumonia using the WHO dinical treatment algorithm
resulted in a substantally increased failure rate in HIV-
positive children, despite our attempts to exclude children
with a history or evidence of moderate or severely
symptomatic HIV disease. Treatment regimens that
include both a wider spectrum of antibacterial and spedfic
pneurnocystis activity will be needed.

Although ocur final enrolment of participants was less
than the calculated target, it still provided 909 power. A
potential strength of this study was that very few adverse
events were related to the study drugs, which necessitated
a change in treatment, especially with amoxicillin,
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Further, we inchaded several sites that were representative
of diverse cirumstances in the developing world, to
increase the generalisability of our results.

investigators were not masked to the treatment allocation
when the primary outcome of Gilure was recorded
Although 2 blinded study would have avoided such
potential bias, we feit that placebo injections were not
ethical o give ©© children. We believe that the bias that
might have been introduced by being unblinded was
counteracted by the strict chinical cnitena used, and the
requirement that the site investigator and one other
clinical staff agree on all treatment fihares. Second, the
power to detect equivalence might have been reduced
because a proportion of enroiled children had lower chest
indrzwing from a non-bacterial cause (eg, asthma or RSV).
However, the fnding that equivaience was nearly achieved
when only children without wheezing in the first 24 h
were analysed suggests that 2 non-bacterial carse was not
a substantial factor and that our findings are robust
Addimonally, mixed viral and bacterial infections are
common in children from both developing and developed
countries,” 2 and WHO recommends that, “Children
without a previous history of wheeze who develop a lower
respiratory infection with wheeze and tachypnoea may
have a bacterial or 3 mixed viral-bacterial infection and
thﬁ&dmﬁlmﬁhmfamm

developing countries.

A fourth potennal limitation is the heterogeneity of
study sites; two were at high altrode and might have
saturation, and another two were m areas of high-HIV
prevalence where the spectrum of presenting pulmonary
infections was different o that in low-prevalence areas.
Although we had hoped to restrict enrolment to mildly
infected or non-immunocompromised children  from
high HIV-prevalence sites, the high initial death rate
exdusion aiteria mandated by the independent data
only one additional death was recorded from these sites
after these changes were put in plare. Fifth, we did not st
for antibiotic activity in the urine of participants, which
might have resulted in some chikiren being enralled who
had received antibiotics before  admission.  Last,
amamcillin was given in hospital for 48 h under 2
controlled environment and adhererxe to oval amodcidlin
treastment cannot be assumed to be as adequate when

given at home, especaally in poor communities.

worw thelancet com Vol 364 September 25 2004

Active-control equivalency trals might be dificult w
interpret because of built-tn design Aaws that could make
non-inferiority  for equivalence) difficult W firmly
establish,” as has been described for acue ots media ™ *

cures, thus reducing the number of possible cases truly
responding to treattnent effect. In our study, we allowed
for this possibdity by (1) exchuding children who
responded to a tnal of bronchodiators and might have had
lower chest idrawing due solely o airways dhsease, and
{2) chooming 48 h for the primary outcome, durmg whach
spontancous cures were less likely to take place.

Our findings have several imporant  bencfical
implications if applied as public-health policy. oral
amanicillin will reduce (1) the risk of needle-assocawed
comphications such as needle-borne mfectons; (2) the
noed for referral or  admussion; {3} treatment
administration costs: and {4) ransport, food. and lost
income costs for the Earnily. The role of oral amaxcillm n
treatment of severe prrumonia in a pubbc-bealth setting
at the community of howschold level needs o be
established. Additionally, targetrd rescarch 1 needed o
improve the speciaty of chnical treatment fadure crena.
These two recommendations have been xentified 2
prionty nesearch areas by WHO™ Fmally, and
importantly. a nested analysis of these data from the two
sites with high HIV prevalence shows that these
recommendations should not be applied m such areas,
and the best teatment regumens m these settngs need ©
be ascertained.

Contrinstors

S A Gaxn and D Thes were urvolved (o the stady desagn. analvois and
mirypreieon of duta. wrimng of the repuort aosl e deckin 10 ulvmes
the paper for pubicaion O F wa dved m e sedy deog
W Mawleod wai invobeed 1o the &3t coctdinatian aalvee and
mierpretation of dats, and writing of the teport M Fox wa sovalved
the smplyss and murrpectanon of deta wnd wrmmg of der rrpory | Semon
w2t iovolwed 0 the developent of the stady desagn. P Hobberd was
bared as a consulant by the ARCH Propect b belp with she somdy
mmwmdmwmd&m
Lint of contributors (in e

EMTMYMW PJ\ld- di. B Radoe B

L Cardenas. N Choada H M Coovadia O Fortme E Goddard.

C Gramachos, % Hasdes. Ml Hasan P Hibtwerd € T Ho. G Husey
Ploena, Q Tie TN B le | Lovans, & Macheod $ W Marwmes,

| Maulen-Radovan, G McGelirray. W Mushan jdeceased).

NTV Ngoyen A Pasel HNDMuas S Qan | G Rz H Shaan

] Sumon. N Skede. T Subwa $ S Tankiwwale D Thea § Thmla.
AT Tran. | Tshuuls, K Yeboah-Antwn

Conflict of intarest satamant

5 A Qan and O Fompdane are medncal offecers 10 e Departmess of
Child and Adclescent Health and Developoaent, WHO D Thea s 2

professon of the ARCH Prowect o the Bomon Lniversiy W Macisod
M Fox, aned | Siewn work for the ARCH Progect of e Bosacan

L The § 1 deved rkshop was hedd m Dorban,
mm“mmmwmmm
was bebd in N U SA Parnapants o the contriasrs s for thear twe
wtmbes were supported wantly by WHO and the ARCH Prowct Other
authors and contnbauion have devlared o conflsct of enest.




Articles

Acknowledgments

The Department of Child and Adolescent Health and Development,
WHO, Geneva, and the Applied Research Child Health {ARCH]) project,
Boston University, Boston, under USAID cocperative agreement HRN-
A-00-96-00010-00 provided funding for the strdy. The results of this
study were presented in part at the 33rd World Conference on Lung
Health of the [nternational Union Against Tuberculosis and Lung
Disease {IUATLD), Montreal, Canada. Oct 6-10, 1002; at the 1%th
INCLEN Global Meeting, Kunming, China, Feb 19-23, 2003; and at the
second Intermational Conference on Improving Use of Medidines
{ICIUM,), Chiang Mai, Thailand, March 30-Aprii 2, 2004.

References

1

2

10

11

12
13
14

15

1148

Mulholland K. Magnitude of the problem of childhood pneumonia.
Lancet 1999; 354: 590-92.
Mathers CD. Murray CJL. Lopez AD, Stein C. The global burden of
dlscase 2000 project: objectives, methods, data sources, and
results. Evidence and information for peiicy (E1P).
Geneva: World Health Organization, 2001.
Williams BG, Gouws E, Boschi-Pinto C, Bryce ], Dye C. Estimates
of world-wide distribution of child deaths from acute respiratory
infections. Loncet Infect Dis 2002; 2: 25-32.
Shann F. Etiology of severe pneumonia in children in developing
countries. Pediatr Infect Dis | 1986; 5: 247-52,
World Health Organization. WHO Programme for the Control of
Acute Respiratory Infections. Acute respiratory infections in
children: case management in small hospitals in developing
countries. Geneva: World Health Organization, 1990. Report
tmber 5.
Qazi SA, Rehman GN, Khan MA. Reducnon in acute respiratory
infection hospital mortality with dard ari case
Islamabad, Pakistan: Federal ARI Ceil, National ARI Control
Programme, the Children’ Hospital, Institute of Medical Sciences,
1995.
Sazawal 5, Black RE. Effect of pneumonia case management on
mortality in neonates, infants, and preschool children: a meta-
analysis of community-based trials. Lancet Infect Dis 2003; 3: 547-56.
Straus WL, Qazi SA, Kundi Z, Nomani NK, Schwartz B.
Antimicrobial resistance and clinical effectiveness of co-
trimoxazole versus ameoxycillin for pnenmonia among children in
Pakistan: randomised controlied triai. Lancet 1998; 352: 270-74.
Forrest KV, Jorgensen JH, Murray PR, Manual of clinical
microbiology, 8th edn. Washington, IXC: American Society for
Microbiclogy, 2003.
Centers for Disease Control and Prevention. 1994 revised
classification system for human immunodeficiency virus infection
in children less than 13 years of age. MMWR Mork Mortal Wkly
Rep 1994; 43 (RR-12): 1-19.
Qazi SA, Rehman GN. Khan MA. Standard management of acute
respiratory infections in a children’s hospital in Pakistan; impact
on antibiotic use 2nd case fatality. Bu#l World Health Organ 1996;
74: 501-07.
OBrien PC. Procedures for cornparing samples with multiple
endpoints. Biometrics 1984: 40: 1079-87.
O’Brien PC, Fleming TR. A multiple testing procedure for clinical
trials. Biomeirics 1979; 35: 549-56.
Chow SC, Shao ]. A note on smtistical methods for assessing
therapeutic equivalence. Control Clin Trials 2002; 23: 515-20.
MASCOT study group. Clinical efficacy of 3 days versus 5 days of
oral amexicillin for treatment of childhood preumonia: a
multicentre double-blind trial. Lancet 2002; 360: 835-41.
Catchup study group. Clinical efficacy of co-trimoxazole versus
amoxicillint twice daily for treatment of pneurnonia: a randomised

controlled clinical trial in Pakistar. Arch Dis Child 2002; 86: 113-18.

Shann F, Barker ], Poore P. Clinical signs that predict death in
children with severe pneurnonia. Pediatr Infect Dis | 1989; 8: 852-55.
"Tupasi TE, Velmonte MA, Sanvictores ME, et al. Determinants of
morhidity and mortality due to acute respiratory infecticns:
implications for intervention. [ Infect Dis 1988; 157: 615-25.

19

20

21

22

23

24

25

26

27

28

29

30

1

32

33

34

35

35

37

38

19

Sehgal V. Sethi GR, Sachdev HP, Satyanarayana L. Predictors of
mortality in subjects hospitalized with acute lower respiratory tract
infections. Indian Pedigir 1997, 34: 213-19.

Hussey GD, Apolles P, Arendse Z, et al. Respiratory syncytial virus
infection in children hospitalised with acute lower respiratory tract
infection. § Afr Med J 2000; 90: 509-12.

Stensballe LG, Devasundaram JK, Simoes EA. Respiratory syncytial
virus epidemics: the ups and downs of a seasonal virus.

Pedigir Infect Dis J 2003; 23 521-832.

Weber MW, Mulholtand EX, Greerowood BM. Respiratory syncytial
virs infection in tropical and developing countries.

Trop Med Int Heolth 1998; 3: 268-80.

Chan PW, Chew FT, Tan TN, Chua KB, Hooi PS. Seasonal
variation in respiratory syncytial virus chest infection in the tropics.
Pediatr Pulmaonol 2000; 34: 47-51.

Delport SD, Brisley T. Aeticlogy and outcome of severe
community-acquired phreumonia in children admitted to 2
paediatric intensive care unit. S Afr Med j 2002; 92: 907-11.
Chintu C, Mudenda V, Lucas 8, et al. Yung diseases at necropsy in
African chuldren dying from respiratory illnesses: a descriptive
necropsy study. Lancet 2002; 360: 985-50.

Zar H). Preumocystis carinii pneumonia (PCP) in HIV-infected
African <hildren. SADS 2001; 56: 617-19.

Ghafoor A, Nomani NX, Ishaq Z, et al. Diagnoses of acute lower
respiratory tract infections in children in Rawalpindi and
islamabad, Pakistan. Rev Infect Dis 1990; 12: suppl-14.

{uven T, Mertsola ], Waris M, et at. Ftiology of comsmunity-
acquired pneumonia in 254 hospiwlized children.

Pediatr Infect Dis | 2000; 19: 29398,

Forgie IM, Campbell H, Lloyd-Evans N, et al. Etiology of acute
lower respiratery tract infections in children in a rural community
in The Gambia. Pediatr Infect Dis § 1992; 11: 466-73.

Tupasi TE, Lucerc MG, Magdangal DM, et al Etiology of acute
lower respiratory tract infection in children from Alabang, Metro
Manila. Rev Infect Dis 1990: 12 {suppl 8): §929-5939.

Korppi M, Leinonen M, Koskela M, Makela PH, Launiala K.
Bacterial ceinfection in children hospitalized with respiratory
synicytial viras infections. Pediatr Infect Dis | 1989, B: 687-91.
Hietala ], Uhari M, Tuokko H, Leinonen M. Mixed bacterial and
viral infections are commeon in children. Pediatr Infect Dis | 1989; 8
683-86.

World Health Organization. Bronchodilators and other
medications for the treatment of wheeze-associated illnesses in
young children. Programme for the Control of Acute Respiratory
Infections. hitp: { fwww.who.int/child-adolescent-health/
New_Publications/CHILD_HEALTH/WHO_ARI_93.29.htm
laccessed March 25, 2004},

Pepin ], Derers AM, Mberyo-Yaah F, et al. Arute lower respiratory
infections among children hospitalized in Bangui, Central African
Republic: toward a new case-management algorithm,

Trans R Soc Trop Med Hyg 2001; 9%: 410-17.

Nascimento-Carvalho CM. Rocha H, Benguigui Y. Association of
crackles andor wheezing with tachypnea or chest indrawing in
children with pneumonia. Indian Pediatr 2002; 3% 205-07.

Usha N, Katariya S, Walia BN. Simple clinical signs of lower
respiratory infection. Trop Doct 1990; 2z 158-60.

Marchant CD. Acute otitis media, antibiotics, children and clinical
trial design. Pediasr Infect Dis | 2002; 21: 891-93.

Dagan R, McCracken GH fr. Flaws in design and conduct of
clinical trials in acute otitis media. Pediatr Infect Dis | 2002; 21:
894-902.

Marchant CD, Carlin SA, Johnson CE, Shurin PA. Measuting the
comparative efficacy of antibacterial agents for acute otitis media:
the “Pollyanna phenomenon”. | Pediatr 1992; 120: 72-77.

Worki Health Organization. Report of consultative meeting to
review evidence and research priorities in the management of
acute respiratory infections (ART). Geneva: WHO, 2003.
WHO/FCHCAH/04.2.

www.thelancet.com Vol 364 September 25, 2004



Contributarship of APPIS study group
Cormpt, study design, awd p _

Dr Paul Arthur sheccased)
Dr Nodl Chisaka

Prof Mumuz Hassan
Prof Patncia Hibberd
Dy Ofivier Fontaine
Prof Prakish jerma

Prof hoam 1ozano

Dr Irene Mauben-Radovan
Dy George McGillivray

i crder)

L L=y

Dy Mohammad Mushiag ideceased}

Dr Archana Pawl

Prof Donald Thea

Dy Shamim Qaz

Dr Jomathon Simaon
Dy Torm Sokwa

Dr Nguyen Ngok Tuong Vy

Mordtoring of the stuy {alphabetical order)

Dr Olivier Forszine
Dr Willkam Mackeod
Prof Donald Thea
Dr Shamim Qari

Study implementation and data collection

Siw (alphabencal ceder}
Colombia

Ghama

Lexkia

Mexcn

Pakistan

South Africa {Cape Town)
South Afnica [Durbsarg

Vietnam

Ponopal weeesbgators
Prof Juan Lozno

Dr Emymasraed Addo-Yobo

Dy Archana Pawl
Dr lrene Maulen-Radovan
Prof Mumeaz Hassan

Prof Gregory Hussey
Prof Prakash jevra

Dx Nguyen Ngor Toong Vy

Persored {siphabetical order)

Dr Enumanuet Addo Yobo
Dy Notl Chisaka
Mr Maitherw Fox
Prof Mumtaz Hassan
Prof Parvaa Hibberd
Prof Prakash jeena
Prof juan Lozano
Dy Wilkiam Maxbecd
De Archana Pael
Dt Hadet Shotan
Prof Donakd Thea
Dr Shamir Qaxi
Dr jonathan Simon

Dr Ngaven Ngoc Toweg ¥y

b o amipiad bty £k b oai ol

Dr Claadia Granados
Prof e Cardevas

Prof juan G Roxz

Dr Kjo Yeboah-Arten
Dr Yaw Adg-Sarbadie
Prof Ben Baffoc Borime
Dx Tankhiwale

De Sandea V Marteves
Dr Haider Shiran

Dr Nadeem Hasdes

Dr Eluraterth Coddurd
Prod Hossemn M Coosadia
Dr Sankey Thala

Dx Tran Anh Tuan

Dr Le Tha Ngoc Back

Dy Phan Huu Nguyet Deems
Dr Ho Cin Thanh

Dx Le Quor Think

Dr Thomas Sakws

Dr jean Tduula

bata and
M1 Matthew Fax

Prof Patricia Hibberd
Dr William MacLeod

cod o o

s tholaracet com Puliinivest onfine Septewdoer 25, 2004 bnitpe/fionage thalarcet comdentra0SarSolBvwalengpralie: pif



Articles

Institutional affiliations and qualifications {alphabetical order)
Department of Pediatrics, Schoot of Medicine, Universidad Javeriana, Bogota, Columbia

Department of Child Health, School of Medical Sciences, Komfo Anokye Teaching Hospital,
Kwame Nkrumah University of Science and Technology, Kumasi, Ghana

Clinical Epidemiology Unit and Departrent of Paediatrics, Indira Gandhi Medical
Institute, Nagpur, India
Instituto Nacichal de Pediatria, Divisicn de bnvestipacion, Mexico City, Mexico

Children’s Hospital, Pakistan Institute of Medical Sciences, Islamabad, Pakistan

Red Cross Children"s Hospital, Cape Town, South Africa
Department of Pzediatrics. University of Natal, Durban, South Africa

Applied Research in Child Heaith {ARCH) Project, Center for International Health,
Boston University, Boston, MA USA

Clinical Research Institute, New England Medical Center Tufts University, Boston, MA, USA
Children’s Hospital number 1, Ho Chi Minh City, Vietnam

Department of Child and Adolescent Health and Development, Wotld Health
Organization. Geneva, Switzerland

Department of Clinica] Sciences, Tropical Disease Research Centre {TDRC), Ndola,
Zambia and Arthur Davidson Children's Hospital, Ndola, Zambia

* Currently at WHO African Regional Gffice {AFRO), Harare, Zimbabwe.

Prof Juan Lozano, MD, MSc¢

D1 Claudia Granados, MD

Prof Luis Cardenas, MP

Prof Juan G Ruiz, MD, MSc

Dr Emmanue] Addo-Yobe, MD, MSc

Dr Kojo Yeboah-Antwi, MB ChB, MPH

Dr Yaw Adu-Sarkcdie, MB ChB. MS¢

Dr Paul Arthur {deceased), MB ChB, MSc
Prof Ben Baffoe-Bonnie, FWACP

Dr Archana Patel, MD, MS¢

Dt Tankhiwale, MD

Dr Irene Maulen-Radovan, MP

Dr Sandra ¥ Martinez, MD

Prof Mumtaz Hassan, FRCPCH, FRCP

Dr Haider Shirazi, MCPS, DCH, FCPS

Dr Nadeem Haider, MBBS, DCH .
Dr Mohammad Mushtaq {deceased), MBBS, DCH
Prof Gregory Hussey, MD

Dr George McGillivray, MD

Prof Prakash Jeena, FCP {Paeds), FCP (Pulm)
Prof Hossain M. Coovadia, MD

Dr Stanley Thula, MD

Mr Matthew Fox, MPH

Dr William Macleod, DSc

D1 Jonathan Simon, DS¢

Prof Donald Thea, MD, MSc

Prof Patricia Hibberd, MD, PhD

Dr Nguyen Ngoc Tuong vy, MD

Dr Tran Anh Tuan, MD

Dr Le Thi Ngoc Bich

Dr Phan Huu Nguyet Diem

Dr Ho Chi Thanh

Dr Le Quoc Thinh

Dr Olivier Fontaine, MD

Dr Shamim Qazi, MBRS, DCH, MSc, MD Paediatrics
Dr Noel Chisaka, MD, M5c {TDRC}*

Dr Thomas Sukwa, MD, PhD (TDRC)*

Dr Nombulelo Skeile, MD (TDRC)

Dr Jean Tshiuka, MD (ADCH)

www thefancet.com Published online September 25, 2004 http://image.thelancet.comfextras/o3art 8088webappendix.pdf



