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Methods 
Patient5 
We undenwk a randomised, non-blinded equivalency 
uial of oral amoxicillin and injectable penicillin in 
children aged 3-59 months with WHOdefined severe 
pneumonia.' in the paediatnc 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 
breathine and lower chest indrawine were assessed for " 
enrolment into the study. We attempted to keep 
enmlment of children with reversible airways disease to 
a minimum because lower chest indrawing can occur 
with severe wheezing. Wheezing is commonly 
associated with respiratory syncybd virus (RSV) 
infection les~eciallv in infants). which would not be . . 
expected to respond to either treatment Thin effect 
would bias the resulb towards finding equivalence. 
lhe primary endpoint was treatment f > l m  at 48 h in 

children aged 3-59 months with WHOdefined severe 
pneumonia who were even oral amoxicillin or injectable 
penicillin. Seconduy endpoint was relapse at days Sand 
14. Treatment failure for primary and secondary 
outcomes was a priori (panel). 

We euluded drildren with a histom of asthma or those 
with audible wheere whose lo- &st indrawing was 
lesdved after two courses ofinhaled &tamoL We ruled 
out children with non-sewre pneumonia showing danger 
signs of very severe disease (as defined by WHO: inability 
to drink, abnormal sleepiness, central cyanosis, con- 
vulsions, and severe malnutritionl, whowre then r e f e d  

Panel: Definitiont~f Wendpoints 

Prirruryoutcme(matment failureup tow at first48 h) 
Any ofthe following 

Appearaweof danger signs5 . Low oxygen 5ataturcftiont 
Persistence of l o w  chert idrawingat 48 h 
Life-threatening axriour ahhrene d y  reution . R e c e i d  anotherantibiotic . Newly diagnosedcomrbidco~tion . Parents or guardian withdrewconsent . Child left again* medical advice 
Death 

Serandary wtc- (ueatment failure at 5 w 14-day 
follow-upviria) 
Any of the following: 

Appam~eofdangersignr' . Low oxygen raturatbnt . Recwre~eoflaner&uk&a~gatfdbw-upvisa . Ufe~threatming w x"ouradverredy readion . R~~wdanothwantibbtk . Newly diagnose4 comorbidi-onditkm 
P a r e n b o r g m d a n v i t h d r e w c ~ ~ n t  
Child left againa medid advice 
Death 
Pwiouslydefinedar treatment failwe (at 48 h a  5 days) . Signrofnon-rwwepnwmiaonfdlau-upat day 14 

~ l " a b r , , y r " ~ n r . I b n ~ m * ~ , , , m m d m " O B , < ~  ,,'em," 
mmrraualrr*w.ii*inmnnc&&ndUam> tr'**inrmm 
rrr ixzlsusi a'R8rnioam~nlaiurnbam(Ik1ko! 

for trnmdale Anusston and shndard huspatal car? Abo nonirylng rluld on rmm a i r  (NeUcor N-20F. N-25 sensor. 
rxcluded w m  rhjldr~n vnrh a n u a t  hslor) of vrry sewn- Plcacarnlon. CA. CSA). W r  did not mluin- r k l  
i n f d o u  or n o n n W w s  direase, chronic or congenital radiographs for enrolment, but we obtained them if 
illness, known asthma, dinicaUy evident HIV infection, clinically wdrranted At two cenm (Zambia and huban. 
pasistent vomiting. h w n  p e n i d i n  allergy, or more South Ahica), parents separately gave c m n t  tobe tested 
than 48 h of antibiotic treatment for the mesent iUness. for HIV. and blmd samdes were obtained for teslkw at 
Wc obtarned mttm infomed consmt f;om parer!& or the rnrl of lhc study. ~r;;lts of H I V  csnngand uutcoirs 
I d  pmrd~ans of <h~ldn.n M o r e  enrolmcnL Ftt~~ral of thus assrssmnl arc. prnrnttd rlwwhere (unpuM~shed 

rvas obtained from evav local institution and dahl. At these two sit&. all m t s  or euar&ans were . . . " 
both sponsoring organisations. The study was monitored offered real-time HIV testing if dinically warranted 
bv an i n h n d e n t  data safety monitorimg board Randomisation codes were sealed in opaque envelopes - 
P r m d u m  
Clinical as-men6 sampling, randomisation, and 
provision of study mediation tmk place within 1 h of 
enrolment Basdine assessment consisted of physical 
examination and adminishation of a standardised 
questionnaire. Nasopharynged samples were obtained 
before the fmt dose of antibiotic with a calcium +ate 
swab, which was insulated onto Amies W p o n  media 
(Difco laboratories. Surrey, UK) and cultured 
immediately for 5 pnrumoninc and H i$umznc with 
mndard mioobio10gy tdmiques.' We obtained nasal 
aspirates of 2.5 mL saline to test for RSV at basetine. 
%en saturation was measured by pulse oximeny in a 

in accordance with the allocation sequenci, stratiliedby 
site, and prepared in advance by WHO for random 
assignment to either oral moxidlin syrup (45 mgpg 
per day in three doses) or parentera1 penicillin G 
(200000 IU/kg per day in four doses). After completion 
of baseline examination, the next envelope in sequence 
was opened to determine weatment assignment. We 
standardieed assessment of respiratory rate, lower chest 
indrawing, and danger signs in all study participants 
with pilot-phase training sessions using WHO-standard 
acute rerplratory infection case-management modules 
and demonstration video. 

All patien8 were admitted for at least 4 8  h. We 
obtained vital, clinical, and danger signs, and oxygen 
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27 children aged between 2 and 3 months were 
mistakenlv allocated but this orotocol deviation was 
distributed evenly between bath 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-uo k a u s e  of volunta~ 
withdrawal or absconding by 48 h. Random assignment 
was successful with nearly equal numbers of individuals 
in each treatment g r ~ ~ ~ . - ~ a h l e  1 shows baseline 
characteristics. Table 2 shows the number of children 
enrolled at every study site. 

Rate of treament failure at 48 h (1Yk) was judged 
equivalent across the two treament groups (table 3). The 
most common cause for treahnent 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 isdated at baseline. If we excluded 
fmm analysis the 124 patients who had persistent 
wheaing and lower chest indrawing at 48 h, mahnent 

failures in the amoxicillin and penicillin groups were 95 
of 785 and 109 of 793, r e s~ t ive ly  (risk difference I .6%. 
-1.7104.95). 

Newly diagnosed comorbid conditions and death 
occurred slightly more frequently in the penicillin than 
in the amoxkillin group. The per-protocol analysis was 
in agreement with the intention-to-treat analysis 
(table 3). Cumulative heahnent 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 n te  of 
treatment failure at 14days was not equivalent,with one 
of the bounds of the CI just outside the lower 5% 
boundary. me per-protocol analysis agreed with the 
result at 5 days, but showed equivalence at 14 days. 

Dwing the study, a total of 12 (0.7%) children died 
within 14 days of enrolment. Nine had received 
penicillin and three oral amodcillin. Of these deaths, 
nine were associated with treatment failure (table 3). We 
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findings of others.""'Vlnfint age has also been 
associated with high fatality rates." '' We believe that 
these factors are i m ~ o m n t  risk indicators of treabnent 
fa~lurr (~ncludtny death) and should hrconsrdered un arb 
t~.dl\tdw>I b w s  uhcm rcsrcstng a ~ h d d  for admtss~on. 

The h)& failure rate for severe onemonia can be 
partly ex$ained by the stringent di ical  criteria that w 
used to establish beatment failure at this endpoint The 
low fatahty rate lends supporf to this observation. Over 
80% of treatment failures at 48 h were due only to 
persistence of lower chest indrawing: most patients 
imomved clinicallv at the time and onewnonia went on , . 

~ ~ r v r q , i b C  381140(1>%) 1211390WSl to resolv? swn thereafter. Despite our efforts to exclude 
l0211Q1(73X) 971139 06%) enrolment of patienk with asthma and -ent 

~on--'ptilk ,81123 (63%) 7 u n s i w x l  wheezing, wheezing was a prominent component ofthe 
! --it& l i I l 2 1  i 3 m I  401116 04%) 48-h treatment failures. Such children might not be 
V expected to improve on antibiotic treatment. 
Nmvrqt i t *  2Yl44[26X) 21144(2OX) 

luarpl* 1 2 l n * r [ s n )  i s l l ~ ( 8 a )  
We identified RSV in mopharyngeal samples from a 

. L . r W Y l n * n k 5 p n r a a c . w h f 0 0 6 2 1 . ~ o C M I  
quarter of children with severe pneumonia, which is 

s ~ ~ , n d ~ * l ( r ~ ~ ~ ~ ( . * u n r c . ~ ~  simrlar to previously reported data fmm developing 
~ m r o h l < l , ~ ~ t * ~ ~  C C I ~ ~ ~ ~ ~ ~ ~ ~ M I ~ ~  countries."" A hi& detection rate was consistent with 

was not associated with treatment failure (table 4). We 
saw a fairly wide w e  in the RSV detection rates across 
sites, f m k  12.5%-h Zambia to 46% in Viehlam. 
Nasopharyngeal swabs for S pncuml?c and 
H influmw were positive in 418 (28%) of 1486 and 291 
(21%) of 1482 duldrm, rnFuvcly. Intermedtale-pdr 
lo h ~ g h . p &  resistance of S pmumonurc lo pentclllln 
and co-mmoxazok (142 67%1 and 154 IRZ%I ~colatrr. 
respectively) was but &oramphe~col remained 
more or less active against both organisms (table 5). 

Serious adverse wents were reported in 30 children, 
eight in the amoddin  group and 22 in the penicillin 
group. Only 13 of these individuals were thought to be 
either possibly or probably as-iated with the study 
drugs, and treatment was discontinued or changed in 12 
of the 13 c a s d  improved subsequently. None of the 
deaths was judged to be assmated with a study drug 
r d o n .  In summary, the senow adverse events were: 
death (12 children), m h  (five), diarrhoea (five), allergy to 
penicillin (two), anaemia and d r i a  (one), severe 
malaria ( t h m  which also i n d u d ~  one death), and 
unspedfied wents (two). 

Discussion 
We have shown that onl  moxicillin md injectable 
penicillin are equally effective at 48 h and beyond. The 
48-h heament fail- rate was similar to that of 18% 
Smus and colleagues reporfed with oral amoxicillin for 
the matment of severe pneumonia.' Although several 
baseline duracteristics were predictive of treatment 
failure at 48 h. only infancy (age 3-11 months). severe 
tachypnoea, and hypoxaemia were predictive in the 
multivariabk model. which is in accordance with the 

- 
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 pmpomon of 
those with RSV infedon, which is known to be 
associated with bronchiolitis and small airways 
obsmction. 

With res@ to the s l i t  d a f w ~ ~ e  in deaths between 
the matment p p s  and overall in children treated with 
penicillin, four of the deaths in the penidin group (data 
not shown) were in HIV-infected children who were more 
likely to k infected with organisms resistant to penidin 
(eg, gramnegative organisms or PMlmayrtisjimKa)."' 
Thk fact, along with the increased failure rate in HIV- 
infected children, suggesk that empiric treahnent of 
sevrre pneumonia with onl amaidllin or pventenl 
penicillin alone is insllmdent in areas of high HIV 
prevalence. Diagnmtic capabilities in mmt developing 
countries are few for both HIV infedon and P j+ 
pneumonia, and children with respiratory i n f d o n  an 
usually managed on the baris of clinical algorithnq 
management is done with a small number of 
antimicrobials and without coditmation of HIV status. 
We have shown that the e m p ~ c  treatment of sevae 
pneumonia using the WHO d i n i d  treatment algorithm 
resulted in a s u ~ t i a l l y  inmead  failure rate in HIV- 
positive children, h p i t e  our attempts to exclude children 
with a history or evidence of moderate or severeb 
symptomatic HIV disease. Treatment regimens that 
indude both a wider spechum of antibacterial and spedfic 
pneumocystis activity will be needed. 

Although our final enrolment of m i p a n t s  ans less 
than the calculated target, it sfill pmvided 90% power. A 
potential strength ofthir study m that very few adwrje 
events were related to the study drugs, which necessitated 
a change in treatment, espxially with amwdcillin. 
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