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’The new captain’



Alexander Fleming, 

Nobel prize speech 1945

“The time may come when penicillin can be 

bought by anyone in the shops. Then there 

is the danger that the ignorant man may 

easily under dose himself and by exposing 

his microbes to non-lethal quantities of the 
drug make them resistant” 



Antimicrobial resistance globally



Anti-microbial resistance

At current rates: 
• Beta lactams and third generation 

cephalosporins will become redundant in gram 
positive infections.

• Gram negative infections even more 
problematic: choice more limited.

• Likely some drugs already redundant.
• WHO: Global Antibiotic Resistance Use 

Surveillance System- ‘GLASS’ – 82 contributory 
countries including Pakistan. Little granularity in 
individual level data.

• WHO: Global Antibiotic Resistance Programme-
‘GARP’



Antibiotics – microbiome 
Recurrent negative effects: 

Reduced species diversity

Altered metabolic activity 

Selection of antibiotic-resistant 
organisms

Antibiotic-associated diarrhea and 
recurrent Clostridioides
difficile infections. 

Associations with childhood allergy,  
gastrointestinal, immunologic, and 
neurocognitive conditions. 



Where we are now: 

recent data
Child Health Epidemiology Research Group: CAP in LMICs of 0.22 (IQR 0.11-0.51) episodes per child per year.

Systematic review (McAllister 2018).

Incidence fell from 178 million episodes in 2000 to 138 million in 2015.

Mortality: in 2000, 2.1 million deaths/year-currently (2015) to 900,000. 

HIV pneumonia burden down 45%.

Global Burden of Disease data (2017) estimates 120 million illness episodes and 809,000 deaths in children/ year 
(Reiner 2020). Note marked increase 2000-2017 in severe pneumonia admission rates: LICs 7 to 50%; 23 to 80% MICs



Vaccination coverage -pneumonoccal



Aetiology: PERCH and GABRIEL

PERCH (pneumonia aetiology research in child health)

GABRIEL (global approach to biological research ID and epidemics in LMICs) 
multicentre studies

Estimates- ca 60% viral: primarily RSV, influenza, meta-pneumovirus, adeno and 
rhinovirus. 

However s.pneumoniae and h.influenzae type B still largest individual causes of death. 



Case fatality McAllister 2019  



Case management: WHO guidance

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Figure.%20Comparison%20of%20previous%20and%20revised%20classification%20and%20treatment%20of%20childhood%20pneumonia%20at%20health%20facility.&p=BOOKS&id=264160_ch4f1.jpg


The debate
WHO guidance 

assumes follow up 
unlikely. 

Algorithm 
acknowledged to be 

non-specific 

Acknowledgement 
of dearth of 

evidence (Maitland 
2014, English 2008). 

Most infections viral 
and self-limiting. 

Equipoise- Hazir 
(Pakistan) 2011, 

Awasthi (India) 2008. 

2014:  Cochrane-
“insufficient evidence for or 

against’’-



Literature- antibiotics in fast breathers  

Early 2000s: key papers

Hazir (Clin Inf Dis 2011) – non-inferiority RCT (amoxycillin vs placebo)4 centres-
outpatients- Pakistan – failure rates comparable – 50 % had wheeze

Awasthi (Plos one 2008) – non-inferioity RCT of fast breathers with wheeze- treatment 
failure 19.9% vs 24.0%

Both potentially non-generalisable



Malawi- fast breathing pneumonia 



Malawi- Amy Ginsburg JAMA 2019

Noninferiority RCT, Malawi 2016-17 

Placebo vs amoxicillin dispersible tablets administered twice daily for 3 days.

Proportion by group with treatment failure up to or on day 4: Severe respiratory distress; 
hypoxemia;  WHO IMCI danger signs;  missing >2 study drug doses due to vomiting; 
change in antibiotics; hospitalization; death and (on day 4) temperature >38C 



Results 

In total, 1126 children were randomized

Mean (SD) age was 21.3 (15.1) months, 53.4% girls

DMSB terminated early because children receiving amoxicillin had a 4.0% vs placebo 
7.0% TF rate (ARR, 1.78; 95% CI, 1.07%-2.97%)

Day 14 outcomes: 10.1% amoxicillin vs 11.8% receiving placebo TF by day 4 or relapse by day 
14 (relative risk, 1.16; 95% CI, 0.83%-1.63%) 

There were no deaths.



Inference

Placebo treatment inferior, but by day 4, approximately 93% of 
children receiving placebo were without treatment failure

Ab benefits confined to a small subgroup- unclear whether due 
to treatment of infection or another anti- inflammatory effect.

No significant difference between groups in treatment failure 
or relapse by day 14. 

NNT 33.



RETAPP- Fyezah Jehan –Aga Khan 

University- NEJM 2020





RETAPP

Setting: Peri-urban slums, Bin Qasim Town, Karachi.

Infant mortality 69/1,000. Under 5 mortality 78/1,000.

Health centres supported by AKU (health and demographic surveillance).

Staffed by AKU trained staff. Treatment to children free.

Trial Registration: ClinicalTrials.gov NCT02372461.

Ethical clearance: AKU ERC, University of Southampton, UK. 



Bhains



Methods 

Randomised, double blinded, non-inferiority trial.

Inclusion : children fulfilling WHO criteria for ‘fast breathing’ non-chest indrawing 
pneumonia’.

Outcome: cumulative composite failure rate by groups.

Directly observed treatment (AM-clinics, PM-home).

Target sample size - based on failure rate of 3.5 % in standard limb and non-
inferiority margin of 1.75% (50%) = 3,978 in total.

Written consent.



Exposure and outcome 

‘Adherence’ defining per-protocol analysis = at least 5 doses by 
day 3, including the first 4 doses.

Treatment failure (TF) - danger signs OR indrawing day 0-4, OR 
treatment change OR a serious adverse event OR death.

Relapse = signs of TF between day 4 and 14.



Results: headlines
Per protocol analysis (3,856 eligible): 

TF placebo 4.9% and amoxicillin 2.6%*.

Difference, 2.3 percentage points  (95% CI 0.9 to 3.7)*. Above non-inferiority upper margin.

OR TF amoxicillin= 0.52 (95% CI 0.37 to 0.74)- favours amoxicillin.

Fever, tachypnoea and wheeze predicted treatment failure.

Number needed to treat = 44 (95% CI, 31 to 80). 

One patient (<0.1%) in each group died. 

Relapse: 2.2% placebo group- 3.1% in the amoxicillin group.



Treatment failure: Total



Treatment failure



Inference 

Vast majority of children with placebo (95.1%) recover 
spontaneously

NNT very high- 44

TF significantly higher (4.9 vs 2.6%) in placebo group 

Wheeze, fever, tachypnoea- predictive of TF



Malawi- chest indrawing pneumonia-

Amy Ginsburg 

NEJM 2020



Chest indrawing- 3 vs 5 days

Randomised- 3000 children 

TF 5.9% in the 3-day group vs 5.2% in the 5-day group (adj diff 0.7%,  −0.9 to 
2.4)

Inference - noninferiority of the 3 vs day regimen. 

Day 14 - 12.5% in the 3-day group and 10.8% in the 5-day group had TF or 
relapse by day 14 (NS) 

‘In HIV-uninfected Malawian children, treatment with amoxicillin for chest-
indrawing pneumonia for 3 days was noninferior to treatment for 5 days’





Policy implications 

Continue with present recommendations. Malawi study (2018) similar 
direction of inferiority. 

High NNT: stratification targeted treatment – fever, RR and wheeze if 
close surveillance feasible.

Fuller vaccine coverage (in RETAPP ca 54%) might change the picture.

Shorter antibiotic courses: Malawi duration of treatment study(2020) 
showed non-inferiority. 



Changing landscape

Environment and pollution.

Adjunctive treatments.

HIV prevention and treatment.

Identification of the most and least unwell children: algorithms, detection and treatment of 
hypoxia.

Covid



The future: Realistic options for targeting 

Future
•NNTs very high- must be scope to refine 

•Targets- all likely feasible within practical guidelines 

Phenotypic

•Fever

•Wheeze

•Tachypnoea (highest vs lowest tertile RR, OR 2.03)

Treatment

•Shorter courses- 1-2 days in fast breathing ..? We don’t know 

•App-based algorithms 

Context

•Setting+surveillance

•Adherence 

•Modelling


