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Data sharing statement

Data will be made available upon request, following assessment from the research team and strictly adhering to
patient confidentiality and consent. Whole genome sequencing data have been submitted to the European
Nucleotide Archive and can be accessed via ENA browser (https://www.ebi.ac.uk/ena/browser/home), as
referenced in the main text and single accession numbers referenced on Appendix, pages 8-10. Excel files for
pathogenicity indexing, virulence factor scores, MIC profiles and deidentified demographic data of neonates
included within this study can also be made available upon request. All relevant study protocols including
ethical and consent forms are on the BARNARDS group website (www.barnards-group.com). Links for specific
protocols are referenced below. Datasets specific to this study will be made available upon request immediately
following publication. Requests for access to additional data should be made directly to Professor Walsh, via
email: timothy.walsh@zoo0.0x.ac.uk

Links to a range of standard operating procedures (SOPs) and methodology for BARNARDS can be found on
the BARNARDS website https://barnards-group.com/publications/

Specific URLS for each SOP can be found at the following links:

1. Appendix E: Ethics template:
https://barnards-group.com/wp-content/uploads/2020/05/Appendix-E-Ethics-Template.pdf

2. Ethical approval per country can be found via https://barnards-group.com/publications/

3. Appendix C: Consent form template:
https://barnards-group.com/wp-content/uploads/2020/05/Appendix-C-Consent-Form-Template.pdf

4. Appendix N: Neonatal sepsis clinical presentation worksheet:
https://barnards-group.com/wp-content/uploads/2020/05/Appendix-N-Neonatal-Sepsis-Signs-of-
Clinical-Presentation.pdf

5. Appendix P: Phlebotomy checklist:
https://barnards-group.com/wp-content/uploads/2020/05/Appendix-P-Phelbotomy-checklist.pdf

6. Appendix M: Microbiology standard operating procedures at clinical sites:
https://barnards-group.com/wp-content/uploads/2020/05/Appendix-M-Microbiology.pdf

7. Appendix F: Follow up SOP:
https://barnards-group.com/wp-content/uploads/2020/05/Appendix-F-Follow-up-appendix.pdf
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Supplementary Table 1. Breakpoints used to determine susceptibility profiles from Gram-negative bacteria analysed (EUCAST v9.0%). Enterobacteriaceae breakpoints were
available for all antibiotics tested, except for Minocycline. PK-PD breakpoints were also not available; therefore SIR was not analysed for minocycline. Where available,
breakpoints for Pseudomonas sp. as determined by EUCAST. However, where these were not available, Enterobacteriaceae breakpoints were used. Similarly, Pseudomonas
sp. (green) or Enterobacteriaeceae (blue) breakpoints were used to determine Acinetobater sp. isolate resistance. Where breakpoints were not available for Stenotrophomonas
sp., Acinetobacter sp. breakpoints were used were available (orange), followed by Pseudomonas sp. (green) or Enterobacteriaceae (blue). Enterobacteriaceae breakpoints
were used for Aeromonas sp. isolates where no confirmed breakpoints were available.

Antibiotic Enterobacteriaceae Pseudomonas” Acinetobacter Stenotrophomonas Aeromonas PK-PD

<S >R <S >R <S >R <S >R <S >R <S >R
Ampicillin 8 8 8 8 8 8 8 8 2 8
Amoxicillin-clavulanate 8 8 8 8 8 8 8 8 8 8 2 8
Piperacillin-tazobactam 8 16 16 16 16 16 16 16 8 16 4 16
Ceftriaxone 1 2 1 2 1 2 1 2 1 2 1 2
Cefotaxime 1 2 1 2 1 2 1 2 1 2 1 2
Ceftazidime 1 4 8 8 8 8 8 8 1 4 4 8
Cefepime 1 4 8 8 8 8 8 8 1 4 4 8
Imipenem 2 4 4 4 2 4 2 4 2 4 2 4
Meropenem 2 8 2 8 2 8 2 8 2 8 2 8
Ertapenem 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Aztreonam 1 4 16 16 16 16 16 16 1 4 4 8
Gentamicin 2 4 4 4 4 2 4 - -
Amikacin 8 16 8 16 8 16 8 16 8 16 - -
Tobramycin 2 4 4 4 4 4 2 4 - -
Tigecycline ECOFF values for respective species used*2 0.5 0.5
Minocycline NA NA NA NA NA NA NA NA NA NA - -
Fosfomycin 32 32 32 32 32 32 32 32 32 32 - -
Levofloxacin 0.5 1 1 1 0.5 1 0.5 1 0.5 1 0.5 1
Ciprofloxacin 0.25 0.5 0.5 0.5 0.25 1 0.25 0.5 0.25 0.5 0.25 0.5
Colistin 2 2 2 2 2 2 2 2 2 2 - -

*Burkholderia sp. and Ralstonia sp. isolates were analysed with the same breakpoints as Pseudomonas sp., as these species are closely related and not in EUCAST v9.0.
"2ECOFF values can be found for Tigecycline through link provided in the reference list.?



Supplementary Table 2. Breakpoints used to determine susceptibility profiles from Gram-positive bacteria analysed (EUCAST v9.0%). No breakpoint is provided for
ampicillin, as most are penicillinase producers and considered resistant*

Antibiotic Staphylococcus sp.
<S >R
Ampicillin
Oxacillin 2 2
Flucloxacillin 2 2
Levofloxacin 1 1
Ciprofloxacin 1 1
Gentamicin 1 1
Amikacin 8 16
Tobramycin 1 1
Tigecycline 0.5 0.5
Minocycline 0.5 1
Rifampicin 0.06 0.5
Vancomycin 2 2
Azithromycin 1 2
Linezolide 4 4

MICs were undertaken in batches of 80 isolates, including control strain for either Gram-negative or Gram-positive isolates at Cardiff University, UK. Control strains were
included in every batch. Control strains for Gram-negative batches included: E. coli ATCC 25922; Pseudomonas aeruginosa ATCC 27853; VIM-positive Pseudomonas
aeruginosa A70; NDM-1-positive E. coli IR60; NDM-1-positive K. pneumoniae IR35. Control strains for Gram-positive batches included: E. coli ATCC 25922;
Pseudomonas aeruginosa ATCC 27853; Staphylococcus aureus 29213; Staphylococcus aureus 25923; NDM-1-positive E. coli IR60.

Literature search for Heat Maps

We searched for the terms “Enterobacteriaceae antibiotic resistance” and “country” and sought studies possessing susceptibility to all four antibiotics shown in the heat maps.
Original searches started with “neonatal sepsis” and then “sepsis” and were broadened to include other clinical syndromes. Moreover, where possible we chose studies
possessing over 100 isolates. Where national reference reporting was available i.e. Canada, the data was taken from the most recent datasets. Not all countries were searched
using the above terms and therefore, the heat maps are not meant to show a comprehensive review but a reflection on the global picture of ampicillin versus ceftazidime, and
gentamicin versus amikacin.

Resistance data from the main BARNARDS project were also incorporated into these heatmaps for BARNARDS sites in Bangladesh, Indian, Pakistan, Ethiopia, Rwanda,
South Africa and Nigeria.
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Supplementary Figure 1. An overview of the methodology is depicted in below flow chart.

Patient characteristics data

Two subsets of the data were used including either n=290 patients or n=476 patients. For both datasets we
included only patients who received one of the four most commonly used antibiotic combinations, which
included six antibiotics (ampicillin, amikacin, amoxicillin, ceftazidime, gentamicin and piperacillin). The
dataset of n=290 patients only included patients who received a single combination treatment, whereas the
larger dataset of n=476 also included patients who received another antibiotic (combination) regimen. Age,
gender, patient-specific MIC, antibiotic dosing information, and study-site specific dosing schedules were
collected.

Gestational and postnatal age assumptions

Missing gestational ages (GA) and postnatal ages (PNA) were imputed with the average age for preterm and no-
preterm infants by sites. GAs for no-preterm infants were assumed to be either 40 weeks (on time) or 42 weeks
(late). Postmenstrual ages (PMA) were calculated by PNA adding GA.

Estimation of body weight

Birth weight was estimated by ages and genders from a global reference (Eq. 1).2 Ratios of global and local
estimates were calculated to predict the region-specific birth weight. Postnatal weight was estimated based on a
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growth standard for preterm from Lancet (Eq. 2)* and a WHO standard for no-preterm (Eq. 3-4) with a shifted
ratio between the estimated birthweight by Lancet and WHO standard by sites.> Average birth and postnatal
weight were imputed for patients whose gender information were missing.

Estimation for serum creatinine and serum albumin

Serum creatinine (SCR) was also computed using ages which are based on a reference for no-preterm infants
(Eq. 5).6 Detected creatinine values were adopted for preterm newborns younger than 1 month.” For preterm
infants older than 1 month, the reference for no-preterm infants was used after adjusting by a ratio of no-preterm
and preterm values at day 28. Plasma albumin (ALB) was also estimated by an age-related equation for children
(Eq. 6).8

Birthweight(g) = exp(0.578 + 0.332 X GA — 0.00354 X GA?) X Ratio(Eq.1)
Weight(kg) = exp(2.591 — 0.012 x PMA®S — 2201.705 x PMA~2 + 0.091 x Sex)
Sex = 1formale, 0f orfemale(Eq.2)
Formale: weight(kg) = BCPE (x = Age®35,df (u) = 11,df (¢) = 7,df (v) = 4,7 = 2) * Ratio(Eq.3)
Forfemale: weight(kg) = BCPE (x = Age®35,df (u) = 11,df (c) = 7,df (v) = 3,7 = 2) * Ratio(Eq.4)

SCR(“mOl/L) = 10(175-007xl0g>(4g€) % Ratio(Eq.5)
ALB(Y/)) = 1.1287 x In(Age) + 33.746(Eq. 6)

MIC data handling
For MIC values recorded at the boundaries of their possible values, we assumed the next-lowest or next-highest
dilution. In case of missing MIC data we performed random sampling based on the empirical MIC density.

PK/PD simulations to calculate target attainment for the 4 most commonly used antibiotics

For the six antibiotics studied (ampicillin, amikacin, amoxicillin, ceftazidime, gentamicin and piperacillin) we
selected published neonatal population pharmacokinetics (PK) models.®** Using the population PK models, for
each individual we performed 1000 simulations based on their patient characteristics including MIC and specific
dosing schedule used, using the R package RXxODE. As PK/PD target we used 50% fT>MIC and Cmax/MIC>8
were used as PK/PD targets for beta-lactam (70% for ceftazidime)® and aminoglycosides®®, respectively.
Subsequently, the percentage of PK/PD target attainment (PTA) for each combination by site was computed,

determining if at least one of the targets in a combination was reached. PTAs 280% was applied as an index of
efficacy and 100 times of above simulations were implement to get the distribution of PTAs =280%. The final

PTAs 280%, shown in mean + SD, for these four combinations were compared with the actual survival rate for
each combination in this study.

For calculating the PTA per country to assess differences in dosing schedules we used the n=476 patients
dataset because here we aimed to identify the impact of differences in dosing schedules used in different
countries. For all other PTA calculations we used the single treatment n=290 dataset.

Sensitivity analyses

We performed sensitivity analyses to test the effect of assumptions made regarding missing sex for PTA
calculations of all 4 combinations. We also tested the effect of ignoring the effect of co-administration of
ibuprofen or dopamine was a covariate for population PK models for gentamicin or amoxicillin. We used a t-test
to determine if PTA values were statistically different.

PK/PD simulations for meropenem, fosfomycin and colistin monotherapies

We performed PK/PD simulations for meropenem, fosfomycin and colistin, following the same steps as
described for the other antibiotics. For meropenem, a published population PK model in neonates®’ and a
recommended dosage of 10mg/kg every 8h were chosen for simulation®®. 50% fT>MIC were used as the PK/PD
target, assuming an approximate protein binding of 2%%17,

For fosfomycin and colistin, pharmacokinetics parameter (e.g. clearance and distribution volume) were based on
previous studies'®?* Estimates for inter-individual variability were also included.??? The fraction of colistin
methate sodium (CMS) converted to colistin was based on a preclinical study.?® The maximum recommended
dose regimens were selected for simulation.?*25 A 40%fT>MIC with 3% protein binding rate?®?” and the



average steady state concentration (Css,avg) >2.0mg/L?® were chosen as PK/PD targets for fosfomycin and
colistin, respectively.

10 mg/kg every 8 h 200 mg/kg every 12h 5 mg/kg per day




Antibiotics and isolate selection for FOR

Antibiotics for inclusion in FORs were selected based on use as a current treatment and those antibiotics shown
to have lower rates of resistance from the overall BARNARDS MICS dataset! and were thought to be
potentially suitable alternative options for treatment of neonatal sepsis. Antibiotics chosen for FoR analysis
included ampicillin, amikacin, amoxicillin-clavulanate, ceftazidime, gentamicin, piperacillin-tazobactam,
fosfomycin, meropenem, and colistin.

Isolates were selected based on availability of antibiotic data and MIC profiles. Species commonly found as
sepsis pathogens were chosen to select from, which included Acinetobacter spp.; Burkholderia spp.;
Enterobacter spp.; Escherichia coli; Klebsiella spp.; Pseudomonas spp.; Serratia marcescens; and Ralstonia
mannitolilytica. Isolates were then filtered for susceptibility towards meropenem, amikacin, fosfomycin,
gentamicin and colistin.

For each species selected for inclusion, phylogenetic groups were divided via clusters/ clades and key sequence
types were identified. Representative isolates were then chosen from the filtered list of sensitive isolates.

This process was repeated separately for isolates susceptible to ampicillin, as a lower number of sensitive
isolates were available.

Isolate selection Pl and VF

Isolate selection for pathogenicity was based on the isolates which were analysed for FORs with additional S.
aureus, E. coli and K. pneumoniae isolates. The additional isolates were selected based on including a range of
sequence types of each species, as well as considering various clinical outcome to give a representation of the
pathogens found in BARNARDS. Isolates were additionally chosen based on a range of MICs for AMP-GEN.

Virulence factor scores were given to each E. coli, K. pneumoniae and S. aureus isolates with PI analysed,
which denoted how many virulence factor genes each isolate had.

A colony of E. coli, K. pneumoniae or S. aureus was transferred into 1.8ml of LB broth and incubated at 37°C,
180 rpm for 18hours. Genomic DNA was extracted on the QlAcube (Qiagen, Germany) using the QIAmp DNA
mini kit (Qiagen, Germany), with an additional RNAse step. DNA was quantified using the Qubit fluorometer
3.0 and Genomic libraries were prepared using Nextera XT V2 (Illumina, USA), with bead-based normalisation
as per manufacturer guidelines. Paired end WGS, was performed on an Illumina MiSeq using the V3 chemistry
to generate fragment lengths up to 300bp (600 cycles). Bioinformatics analysis was performed using a high-
performance computing cluster at Cardiff University (ARCCA). Quality control of sequence reads was
performed using fastgc (v0.11.2)% and Trimgalore (v0.4.3)%®. Paired-end reads were overlapped using Flash
(v1.2.11)% and assembled into contigs using SPAdes (v3.9.0)%, with the resulting contigs mapped back to the
raw sequence reads using BWA (v.0.7.15)® and samtools (v1.3.1)%*. Pilon (v1.22)%* was then used to assess any
misassembles/errors in base calling in the mapped BAM file. Genome assembly metrics were generated using
quast (v.2.1)%. Species identification was performed using PathogenWatch®”. Genomes were screened for
virulence factors using Abricate (v0.9.7) and vfdb. Outputs were filtered in Microsoft Excel and genes =98%
identity were included to create a total virulence factor score per isolate. Virulence factor scores were given to
each E. coli, K. pneumoniae and S. aureus isolates with Pl analysed, which denoted how many putative
virulence associated genes each isolate had.

Bioinformatics script parameters used

o trim_galore --paired --phred33 -q 25 --nextera - 0.2%

o spades.py -k 21,33,55,77,99,127 --careful -1 [isolate_code]_R1 -2 [isolate_code]_R2 -o [isolate_code]

o bwa index [isolate_code].fasta | bwa mem [isolate_code].fasta [isolate_code]_R1 [isolate_code]_R2 >
[isolate_code].sam | samtools sort [isolate_code].sam -o [isolate_code]_mapped.bam | samtools index
[isolate_code]_mapped.bam

o pilon-1.22.jar --changes --mindepth 0.5 —genome —frags [isolate_code] mapped.bam --output
[isolate_code].fasta

o abricate —db vfdb > [isolate_code].txt



Supplementary Table 3. Accession numbers for isolates included in VF analysis.

Species Isolate ID ENA accession
Escherichia coli BC-BB312-1 ERS5229805 (SAMEA7472110)
Escherichia coli BC-BB322-1 ERS5229806 (SAMEAT7472111)

Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae

Klebsiella pneumoniae

ESS-BB0379a-11
ESS-BB0140-11
ESS-BB0187-11
NK-BB1367-1
NN-BB187-1
NN-BB499-I
PP-BB2700-I
PP-BB2812-1
PP-BB5340-I
RK-BB62-1
RK-BB103-1
RK-BB111-1
RK-BB1384-1
RK-BB1495-1
RK-BB2246-1
RK-BB91-1
RK-BB973-1
RU-BB339-1
ZAT-BB1448-11
ZAT-BB279-13
BC-BB1210-I
BC-BB1228-1
BC-BB1283-I
BC-BB296-1
BC-BB980-1
ESI-BB0616-12
ESI-BB1044b-11
ESI-BB1341a-11
ESI-BB1344b-11
ESI-BB1384a-11
ESO-BB1839b-11
ESO-BB2005-11
ESS-BB0547a-11
ESS-BB0139-11
ESI-BB1691-11
ESO-BB1839a-11
ESS-BB0259-11
ESS-BB0304a-11
ESS-BB0383-11
ESS-BB0405-11
ESS-BB0460b-11
ESS-BB0463-12

ERS5229993 (SAMEA7472298)
ERS5229975 (SAMEAT7472280)
ERS5229979 (SAMEA7472284)
ERS5230076 (SAMEAT7472381)
ERS5230180 (SAMEA7472485)
ERS5230199 (SAMEAT7472504)
ERS5230320 (SAMEA7472625)
ERS5230322 (SAMEAT7472627)
ERS5230408 (SAMEA7472714)
ERS5230567 (SAMEAT7472873)
ERS5230533 (SAMEA7472839)
ERS5230537 (SAMEAT7472843)
ERS5230541 (SAMEA7472847)
ERS5230544 (SAMEAT7472850)
ERS5230555 (SAMEAT7472861)
ERS5230584 (SAMEAT7472890)
ERS5230587 (SAMEA7472893)
ERS5230598 (SAMEAT7472904)
ERS5230618 (SAMEAT7472924)
ERS5230636 (SAMEAT7472942)
ERS5229750 (SAMEA7472055)
ERS5229751 (SAMEAT7472056)
ERS5229755 (SAMEA7472060)
ERS5229802 (SAMEAT7472107)
ERS5229897 (SAMEA7472202)
ERS5229913 (SAMEA7472218)
ERS5229920 (SAMEA7472225)
ERS5229924 (SAMEAT7472229)
ERS5229926 (SAMEA7472231)
ERS5229927 (SAMEAT7472232)
ERS5229954 (SAMEA7472259)
ERS5229958 (SAMEAT7472263)
ERS5230029 (SAMEA7472334)
ERS5229974 (SAMEAT7472279)
ERS5229940 (SAMEA7472245)
ERS5229953 (SAMEAT7472258)
ERS5229982 (SAMEA7472287)
ERS5229987 (SAMEAT7472292)
ERS5229995 (SAMEA7472300)
ERS5229997 (SAMEAT7472302)
ERS5230015 (SAMEA7472320)
ERS5230016 (SAMEA7472321)




Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae

Klebsiella pneumoniae

ESS-BB0482a-11
ESS-BB0490-11
ESS-BB0490-12
ESS-BB0515a-11
ESS-BB0531a-11
NK-BB1145-1
NK-BB1495-1
NN-BB1542r1-11
NN-BB1647-1
NN-BB169-I
NN-BB170-I
NN-BB1721-I
NN-BB455-1
NN-BB492r1-1
NW-BB182arl-1
PC-BB31-I
PC-BB456-1
PP-BB1935-I
PP-BB2093-1
PP-BB2859-I
PP-BB6586-1
RK-BB721b-I
RK-BB1216-I
RK-BB1813-1
RK-BB866-1
RU-BB193-1
RU-BB284-1
RU-BB487-1
ZAT-BB14-11
ZAT-BB1262-14
ZAT-BB175-12
ZAT-BB1830-11
ZAT-BB514b-11

ERS5230018 (SAMEA7472323)
ERS5230020 (SAMEA7472325)
ERS5230021 (SAMEAT7472326)
ERS5230024 (SAMEA7472329)
ERS5230027 (SAMEAT7472332)
ERS5230067 (SAMEA7472372)
ERS5230088 (SAMEAT7472393)
ERS5230132 (SAMEA7472437)
ERS5230157 (SAMEAT7472462)
ERS5230165 (SAMEA7472470)
ERS5230168 (SAMEAT7472473)
ERS5230172 (SAMEA7472477)
ERS5230193 (SAMEAT7472498)
ERS5230198 (SAMEA7472503)
ERS5230210 (SAMEAT7472515)
ERS5230217 (SAMEA7472522)
ERS5230223 (SAMEAT7472528)
ERS5230279 (SAMEA7472584)
ERS5230293 (SAMEAT7472598)
ERS5230327 (SAMEA7472632)
ERS5230453 (SAMEAT7472759)
ERS5230573 (SAMEA7472879)
ERS5230539 (SAMEAT7472845)
ERS5230548 (SAMEA7472854)
ERS5230582 (SAMEAT7472888)
ERS5230592 (SAMEA7472898)
ERS5230596 (SAMEAT7472902)
ERS5230602 (SAMEA7472908)
ERS5230617 (SAMEAT7472923)
ERS5230615 (SAMEA7472921)
ERS5230622 (SAMEAT7472928)
ERS5230624 (SAMEA7472930)
ERS5230641 (SAMEAT7472947)

Supplementary Table 3 cont.

Accession numbers for isolates included in VF analysis.

Species

Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus

Staphylococcus aureus

Isolate ID
BC-BB1562-1
BC-BB991-I
ESS-BB0162-11
NK-BB1278-1
NK-BB2412-1
NN-BB129-I
NN-BB1591-I
NN-BB1604r1-I
NN-BB1727a-1
NN-BB1782-1
NN-BB651-1

ENA accession

ERS5229022 (SAMEAT7471326)
ERS5229026 (SAMEA7471330)
ERS5229029 (SAMEA7471333)
ERS5229033 (SAMEA7471337)
ERS5229042 (SAMEAT7471346)
ERS5229047 (SAMEAT7471351)
ERS5229049 (SAMEA7471353)
ERS5229050 (SAMEA7471354)
ERS5229052 (SAMEA7471356)
ERS5229054 (SAMEAT7471358)
ERS5229055 (SAMEAT7471359)




Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus

Staphylococcus aureus

PC-BB354b-11
PC-BB356-I
PC-BB442-15
PC-BB486-12
PP-BB2079-1
PP-BB3938-I
PP-BB3956-1
PP-BB4507-1
PP-BB4614-1
PP-BB5936-I
PP-BB6944-1
PP-BB7632-I
PP-BB7955-1
PP-BB8010-I
PP-BB8048-1
PP-BB8061-I
RK-BB2000-I
ZAT-BB1262-11
ZAT-BB138-I11
ZAT-BB2180a-11
ZAT-BB2710-11
ZAT-BB326b-11

ERS5229056 (SAMEA7471360)
ERS5229057 (SAMEA7471361)
ERS5229058 (SAMEA7471362)
ERS5229059 (SAMEA7471363)
ERS5229063 (SAMEA7471367)
ERS5229071 (SAMEA7471375)
ERS5229072 (SAMEA7471376)
ERS5229073 (SAMEA7471377)
ERS5229075 (SAMEA7471379)
ERS5229084 (SAMEA7471388)
ERS5229093 (SAMEA7471397)
ERS5229095 (SAMEA7471399)
ERS5229096 (SAMEA7471400)
ERS5229097 (SAMEA7471401)
ERS5229099 (SAMEA7471403)
ERS5229100 (SAMEA7471404)
ERS5229102 (SAMEA7471406)
ERS5229103 (SAMEA7471407)
ERS5229104 (SAMEA7471408)
ERS5229109 (SAMEA7471413)
ERS5229113 (SAMEA7471417)
ERS5229115 (SAMEA7471419)
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Questionnaire asked to site Pls regarding antibiotic therapy

All sites have an experienced clinical neonatologist and microbiologist. The questionnaire
was completed via consultation between their staff and the local pharmacy department. In
some countries such as Nigeria, there is a different between state and federal funding which
was also captured in the income levels. Income levels was self-reporting data by the mothers
but was ratified by the site PIs who have extensive local knowledge on income levels etc.

2.0 Do you have the necessary equipment to perform blood cultures? (Y/N — Indicate if this is on site or off site
facilities if yes)

3.0 Please complete the table below:

Do you have access to the What are the dosing | Estimated cost per
following antibiotics for recommendations? dose?
treatment of neonatal sepsis? | (IV, mg/Kg, Interval | ($)
(Y/N) (Hours)

Example Y IV, 75,12 5

Ampicillin

Gentamicin

Ceftazidime

Piperacillin/Tazobactam

Amikacin

Amoxicillin

Fosfomycin

Tigecycline

Colistin

4.0 What is the primary empirical treatment for neonatal sepsis at the facility?

5.0 What is the common recommended second line of treatment for neonatal sepsis?
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6.0 Which causative pathogens for neonatal sepsis are of most concern at the facility? (Delete as appropriate)
Klebsiella pneumoniae/Staphylococcus aureas/ Escherichia coli/

7.0 What is the estimated average monthly neonatal morbidity from sepsis?

8.0 What is the estimated average total cost for stay, treatment and administration for a neonate with suspected
clinical sepsis? ($ per 24 hours?)

13.0 Is the facility public/private/part private (delete as appropriate)

Thank you for taking the time to complete this survey.
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Sensitivity analyses, excluding untraceable neonates

Supplementary Table 4. Mortality% associated with different antibiotic therapies (n=476), comparison with
untraceable neonates removed from analysis. Mortality increased slightly when untraceable neonates were
removed, due to the lower denominator, but similar p values between treatments were found for both analyses.

All neonates Untraceable neonates removed
Antibiotic
combination Total N Mortality % Total N Mortality%
AMP-GEN 111 16.2 96 18.8
AMC-AMK 78 24.4 78 24.4
CTZ-AMK 172 9.3 138 11.6
PIP-TAZ-AMK 115 27.8 90 35.6

X2 all: N=476, X?=18.825, df=3, p<0.001
X2 untraceable neonates removed: N=402, X?=19.573, df=3, p<0.001

Supplementary Table 5. Mortality% associated with different therapies for empirical dataset only, comparison
with untraceable neonates removed from analysis. Mortality increased slightly when untraceable neonates were
removed, due to the lower denominator, but similar p values between treatments were found for both analyses.

All neonates Untraceable neonates removed
Antibiotic
combination Total N Mortality % Total N Mortality%
AMP-GEN 78 10.3 72 11.1
AMC-AMK 27 29.6 27 29.6
CTZ-AMK 109 8.3 90 10.0
PIP-TAZ-AMK 76 224 58 29.3

X2 all: N=290, X?=13.354, df=3, p=0.004
X2 untraceable neonates removed: N=247, X?=14.174, df=3, p=0.003

Supplementary Table 6. X? statistical results for MIC vs outcome empirical therapy compared to repeated
analysis with untraceable neonates removed. Similar p values were found for both analyses.

Antibiotic All neonates Untraceable neonates removed

combination N X2 Df P value N X2 Df P-value
AMP-GEN 76 0.804 2 0.669 70 0.718 2 0.698
AMC-AMK NA -No untraceable neonates

CTZ-AMK 107 2.818 3 0.421 89 3.162 3 0.367
PIP/TAZ-AMK 76 5.465 3 0.145 58 6.391 3 0.094

Supplementary Table 7. Mann-Whitney U test results for association of Pl and outcome, compared to repeated
analysis with untraceable neonates removed. Similar p values were found for both analyses.

All Untraceable neonates removed
Dataset N Mann Whitney U test | P value (exact) N Mann Whitney U test P-value (exact)
statistic statistic
E. coli 22 33.000 0.837 20 30.000 0.892
K. pneumoniae 55 178.500 0.517 46 189.000 0.549
S. aureus 33 113.000 0.954 28 91.000 1.000

Supplementary Table 8. Mann-Whitney U test results for association of VFs and outcome, compared to repeated
analysis with untraceable neonates removed. Similar p values were found for both analyses.

All Untraceable neonates removed
Dataset N Mann Whitney U test P value N Mann Whitney U test P-value
statistic statistic
E. coli 22 12.500 0.042 20 9.500 0.029
K. pneumoniae 55 188.000 0.663 46 173.000 0.870
S. aureus 33 128.000 0.630 28 108.000 0.408
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Supplementary Table 9. Most frequent antibiotics given per BARNARDS sites. Cells in blue indicate the most
frequently prescribed antibiotic therapy combination per site.

Site Top empirical antibiotics used
BC -Bangladesh Ceftazidime Amikacin Cefotaxime Ampicillin Meropenem
BK -Bangladesh Ampicillin Gentamicin Cefotaxime Ceftazidime Amikacin
Ethiopia Ampicillin Gentamicin Cefotaxime Ceftazidime Vancomycin
India Piperacillin- Netilmicin Ofloxacin Meropenem Cefixime
tazobactam
NK -Nigeria Amoxicillin Gentamicin Amikacin Ceftazidime Cloxacillin
NN -Nigeria Amoxicillin Amikacin Ceftazidime Ceftriaxone Cefuroxime
NW -Nigeria Amoxicillin Ceftazidime Ampicillin Cloxacillin Gentamicin
PC -Pakistan Piperacillin- Amikacin Cefotaxime Meropenem Vancomycin
tazobactam
PP -Pakistan Piperacillin- Amikacin Cefotaxime Vancomycin Imipenem
tazobactam
RK -Rwanda Ampicillin Gentamicin Benzylpenicillin Cefotaxime Ciprofloxacin
RU -Rwanda Ampicillin Gentamicin Cefotaxime Meropenem Ciprofloxacin
South Africa Ampicillin Gentamicin Meropenem Piperacillin- Amikacin
tazobactam
Top total 5 Ampicillin Gentamicin Ceftazidime Amikacin Piperacillin-
antibiotics used tazobactam
Supplementary Table 10. Number of each combination per country.
Antibiotic combination Country Total
Bangladesh Ethiopia Nigeria Pakistan Rwanda South
Africa
AMP-GEN 6 29 2 0 51 23 111
CTZ-AMK 157 0 14 1 0 0 172
AMC-AMK 0 0 75 3 0 0 78
PIP/ITAZ-AMK 0 0 0 108 0 7 115

Supplementary Table 11. Number of each combination per country for the n=290 subset of neonates that only
received one of these treatments with no change in therapy

Antibiotic combination Country Total
Bangladesh Ethiopia Nigeria Pakistan Rwanda South
Africa
AMP-GEN 5 29 0 0 40 4 78
CTZ-AMK 107 0 1 1 0 0 109
AMC-AMK 0 0 27 0 0 0 27
PIP/TAZ-AMK 0 0 0 76 0 0 76

Supplementary Table 12. Numbers included in this sub-study, including all isolates and all prescriptions
recorded for each antibiotic combination, with information on associated cohort and clinical variables.

Antibiotic therapy Total Missing
AMP-GEN CTZ-AMK AMC-AMK PIP/TAZ-AMK data

Total number 111 172 78 115 476 -

Cohort Inborn 69 34 37 102 242 -
Non-inborn 42 138 41 13 234

Gender Male 46 116 44 46 252 70
Female 43 52 34 25 154

Premature Yes 65 24 36 59 184 4
No 42 148 42 56 288

Caesarean Yes 44 70 33 73 220 7
No 60 102 45 42 249

Onset of sepsis EOS 61 44 20 53 178 45
LOS 49 121 54 29 253

Type of GPB 9 9 16 24 58 -

organism GNB 102 163 62 91 418

Supplementary Table 13. Clinical information for neonates included in this study, compared to total numbers of
culturally confirmed neonates in the main BARNARDS project. Similar numbers can be seen for cohort
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enrolment, gender, prevalence of premature neonates and Caesarean section births. There was a higher % of
LOS cases included in this subset compared to the main BARNARDS study. The main BARNARDS study
originally only focused on GNB due to a higher burden of resistance. Therefore, GPB cases of sepsis were
recorded, but the isolates were not sent until later in the study. This is why the WGS for GPB is much lower in
the main BARNARDS study and therefore, a low rate of GPB could be incorporated into this dataset due to

availability of WGS data.

Dataset in this Missing data, Total (%) from Missing data X? P-value
study (n=442) this study main from main statistic
BARNARDS BARNARDS
study study

Total number enrolled with 442 neonates - 2483 neonates -

culturally confirmed sepsis 457 isolates 2620 isolates

Cohort Inborn 221 (50%) - 1111 (44.7%) - 0.409 0.463
Non-inborn | 221 (50%) 1372 (55.3%)

Gender Male 231 (52.26%) 66 (14.93%) 1018 (41.0%) 732 (29.5%) 1.256 0.239
Female 145 (32.81%) 733 (29.5%)

Premature Yes 161 (36.43%) 4 (0.90%) 787 (31.7%) 66 (2.7%) 2.945 0.086
No 277 (62.67%) 1630 (65.7%)

Caesarean Yes 198 (44.79%) 6 (1.36%) 972 (39.2%) 124 (5.0%) 2.679 0.102
No 238 (53.85%) 1387 (55.9%)

Onset of EOS 167 (37.78%) 43 (9.73%) 1429 (57.55%) 228 (9.2%) 64.930 <0.0001

sepsis LOS 232 (52.49%) 829 (33.39%

Type of GPB 55 - 1266 (48.32%) 294 + 21 fungal | 0.046" 0.898

organism per 130 WGS isolates

457/2620 GNB 402 1038 (39.62%) (12.06%)

isolates 916 WGS

X2 for type of organism was based on total sequenced at Cardiff University. X2 carried comparing type of

organism to the total recorded in BARNARDS was significant. However, as described in the table legend above,
most GPB isolates were not received at Cardiff University.

Supplementary Table 14. Number of cases for which each antibiotic combination was prescribed. Mortality rate
for each of these combinations has also been reported.
Antibiotic treatment Number of prescriptions
including treatment

Mortality rate (%)

Ampicillin + Gentamicin 111 16.2
Amoxicillin + Amikacin 78 244
Ceftazidime + Amikacin 172 9.3

Piperacillin-tazobactam + Amikacin 115 27.8

Supplementary Table 15. Number of cases each empirical therapy combination was prescribed with no change
in antibiotics reported to have been prescribed following initial therapy combination. Mortality rate for each of
these combinations has also been reported. Cases where additional antibiotics were reported to be prescribed

simultaneously were excluded.

Empirical therapy Number of cases Mortality rate (%)

Ampicillin + Gentamicin 78 10.3
Amoxicillin + Amikacin 27 29.6
Ceftazidime + Amikacin 109 8.2

Piperacillin-Tazobactam + Amikacin 76 224
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Supplementary Figure 2. Schoenfeld residual plots for A. Unadjusted and B. Adjusted Cox proportional hazard regression models carried out on n=476. Type of sepsis
(EOS/LOS) was stratified within the adjusted model to ensure that Cox proportional hazard assumptions were met. C. Mixed-effect model: PH assumptions displayed NA for
multiple variables, showing that the mixed-effect model with country incorporated as a random effect did not fit the data well, due to the dispersion of the data between
countries.
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Supplementary Table 16. Cox regression proportional hazards results for overall data, n=476 for unadjusted and adjusted models as per clinical information provided in
Supplementary Table 12. Adjusted analysis n=368 (108 observations deleted due to missingness), number of events=63. EOS/LOS was stratified in this model to ensure
proportional hazard assumptions were met. Associated graphs provided below. No confidence intervals could be obtained for the mixed effect model accounting for country
variation due to the poor fit of the model.

Unadjusted Adjusted for clinical factors Mixed effects model, country variation
HR 95% ClI P value HR 95% ClI P value HR 95% ClI P-value
Lower | Upper Lower | Upper Lower | Upper
AMP-GEN (1)
CTZ-AMK (2) 0.338 0.169 0.675 0.002 0.316 0.139 0.718 0.006 2.092 0.450
AMC-AMK (3) 1.281 0.666 2.467 0.458 1.186 0.595 2.237 0.628 2.760 0.270
PIP/ITAZ-AMK (4) 1.669 0.851 3.275 0.136 1.894 0.883 4.063 0.101 0.342 0.190
Strata =+~ AMP-GEN = CTZ-AMK =+~ AMC-AMK =~ PIPT-AMK Strata =+~ AMP-GEN = CTZ-AMK =~ AMC-AMK =~ PIPT-AMK
1.001 1.001
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Supplementary Figure 3. Cox regression proportional hazards results displayed as graphs for overall data, n=476 per antibiotic therapy given for A) unadjusted and B)

adjusted models as per clinical information provided in Supplementary Table 12. For adjusted graph, clinical information was set at: gender: male, cohort: inborn, Type of

sepsis: EOS, sepsis pathogen type: GNB, C-section: no, premature: no. Survival curves were made in R Studio, with the survival and survminer packages.
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Supplementary Figure 4. Schoenfeld residual plots for A. Unadjusted and B. Adjusted Cox proportional hazard regression models carried out on n=290. Type of sepsis

(EOS/LOS) was stratified within the adjusted model to ensure that Cox proportional hazard assumptions were met. C. Mixed-effect model: PH assumptions displayed NA for
multiple variables in the mixed-effect model with country incorporated as a random effect, showing that this model did not fit the data well, due to the dispersion of the data

between countries.

20



Supplementary Table 17. Cox regression proportional hazards results for empirical dataset, n=290 for unadjusted and adjusted models as per clinical information provided in
Supplementary Table 12. Adjusted model n=210 (80 observations deleted due to missingness), events, n=28). EOS/LOS was stratified in this model to ensure proportional
hazard assumptions were met. No confidences intervals were available for the mixed effect model. Associated graphs provided below.

Unadjusted Adjusted for clinical factors Mixed effects model, country variation
HR 95% ClI P value HR 95% ClI P value HR 95% ClI P-value
Lower | Upper Lower | Upper Lower | Upper
AMP-GEN (1)
CTZ-AMK (2) 0.572 0.211 1.566 0.279 0.511 0.155 1.687 0.271 0.511 0.270
AMC-AMK (3) 2.900 1.050 8.011 0.040 5.557 1.707 18.083 0.004 5.557 0.004
PIP/TAZ-AMK (4) 2.002 0.701 5.713 0.195 3.018 0.928 9.813 0.066 3.018 0.066
Strata =+ AMP-GEN == CTZ-AMK =+ AMC-AMK ==~ PIPT-AMK Strata =+ AMP-GEN =+ CTZ-AMK =~ AMC-AMK == PIPT-AMK
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Supplementary Figure 5. Cox regression proportional hazards results displayed as graphs for empirical dataset with survival, n=290 per antibiotic therapy given for A)
unadjusted and B) adjusted models as per clinical information provided in Supplementary Table 11. For adjusted graph, clinical information was set at: gender: male, cohort:
inborn, Type of sepsis: EQS, sepsis pathogen type: GNB, C-section: no, premature: no. Strata 1=AMP-GEN; 2=CTZ-AMK; 3=AMC-AMK; 4=PIP/TAZ-AMK. Survival
curves were made in R Studio, with the survival and survminer packages.
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Supplementary Table 18. MICso and MICq results from for Gram-negative isolates included in this study
(n=401). Highest concentration tested on all isolates input.

Antibiotic M|C50 MIC90
Ampicillin >32 >32
Amoxicillin-clavulanate >32 >32
Piperacillin-tazobactam 4 >32
Ceftriaxone >4 >4
Cefotaxime >4 >4
Ceftazidime >4 >4
Cefepime >4 >4
Imipenem 1 >8
Meropenem 1 >8
Ertapenem 0.25 >2
Aztreonam* >4 >4
Gentamicin >8 >8
Amikacin 4 >32
Tobramycin >8 >8
Tigecycline 1 2
Minocycline 4 >4
Fosfomycin 16 64
Levofloxacin 0.5 >4
Ciprofloxacin 0.5 >2
Colistin 1 >8

Supplementary Table 19. MIC50 and MIC90 results from MIC testing for Gram-positive isolates tested that
were included in this study (n=56). Highest concentration tested on all isolates input.

Antibiotic MICSO M|C90
Ampicillin 4 64
Oxacillin 2 >8
Flucloxacillin 1 >8
Levofloxacin 0.5 >4
Ciprofloxacin 0.5 >4
Gentamicin 0.5 >4
Amikacin 4 8
Tobramycin 0.5 >4
Tigecycline 0.25 0.5
Minocycline 0.25 1
Rifampicin 0.03 0.03
Vancomycin 1 2
Azithromycin 4 >8
Linezolid 2 4
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Supplementary Figure 6. Antibiotic resistance profiles according to EUCAST v9.0 (2019)* breakpoints for
Gram-negative isolates within this subset from sites in A. Asia (n=237) and B. Africa (n=153). Similar
resistance profiles can be seen per continent for most antibiotics. However, differences are seen for tigecycline,
as resistance for this antibiotic was determined via ECOFF values and therefore very reliant on species diversity
in a continent. Colistin also displayed a higher prevalence of resistance in Asia. However, this was due to higher
frequency of intrinsically resistant species, including S. marcescens.
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Supplementary Figure 7. Antibiotic resistance profiles, according to EUCAST v9.0 (2019)* breakpoints for
Gram-positive bacteria with MIC profiles within this sub-set from sites in A. Asia (n=32) and B. Africa (n=23).
Overall, lower resistance profiles were demonstrated, with exception of high Azithromycin resistance in both
continents. Higher levels of resistance were seen in isolates in from clinical sites in Africa for most antibiotics
tested.
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Supplementary Figure 8. Global heatmaps showcasing prevalence of resistance found against A. ampicillin; B. Ceftazidime; C. Gentamicin; and D. Amikacin. Heatmaps
incorporate results from a literature review with terms “Enterobacteriaceae antibiotic resistance” and “country”, “neonatal sepsis” and “sepsis”. Where possible, studies
possessing over 100 isolates were included; where national reference reporting was available i.e. Canada, the data was taken from the most recent datasets. Not all countries
were searched using the above terms and therefore, the heat maps are not meant to show a comprehensive review but a reflection on the global picture of ampicillin versus

ceftazidime, and gentamicin versus amikacin.®*5! The data for Bangladesh, Indian, Pakistan, Ethiopia, Rwanda, South Africa and Nigeria were taken from the main
BARNARDS study.
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Supplementary Figure 9. Proportion of resistance (%) to both antibiotics included in antibiotic combinations
significantly differed between treatment combinations (X?(3, N= 461) = 91.226, p=<0.001) with highest
pathogen resistance to both antibiotics found against Ampicillin & Gentamicin (74.1%), comparative to
resistance seen for ceftazidime & amikacin, piperacillin/tazobactam & amikacin and amoxicillin & amikacin
(24.9, 19.1 and 33.3% respectively). Isolates susceptible to one of the antibiotics in the treatment were included
with isolates suceptible to both antibiotics, as one antibiotic would provide coverage.
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Supplementary Figure 10. Proportion of infant outcome based on susceptibility of the pathogen to common
empirical treatment. Per antibiotic combination, the sepsis causing pathogens susceptibility or resistance to
treatment had no significant effect on patient outcome (Ampicillin & Gentamicin, X?(1, N = 108) = 0.39, p
=0.844; Ceftazidime & Amikacin, X?(1, N = 169) = 0.352, p =0.553;); Amoxicillin & Amikacin, X?(1, N = 69)
= 1.353, p =0.245). With the exception of Piperacillin/Tazobactam & Amikacin, where infants with pathogens
susceptible to this treatment have a significantly higher proprotion of infant mortality X2(1, N = 115) = 4.755, p
=0.029.
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Supplementary Figure 11. Proportion of susceptibility of sepsis causing pathogens isolated from positive

neonatal blood cultures to the treatment given to the infant. Only species included in the top 10 most occurring
sepsis pathogens across sites have been included. A) AMP-GEN; B) AMC-AMK; C) CTZ-AMK; D) PIP/ITAZ-

AMK.
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Supplementary Table 20. Top ten species overall from BARNARDS with WGS IDs, vs those selected for this
study. The 476 subset included 418 (87.82%) Gram-negative species and 58/476 (12.18%) Gram-positive
species, while the overall dataset with WGS IDs included 916/1,046 (87.57%) Gram-negative and 130 (12.43%)
Gram-positive species. This difference was found not to be statistically different (X?=0.0179, p=0.894). Both
datasets had the same top ten species, in a similar order of occurrence.

From BARNARDS overall with WGS data From 476 subset

Species ID Number /1,046 Species ID Number /476
Klebsiella pneumoniae 258 (24.67%) Serratia marcescens 112 (23.53%)
Serratia marcescens 151 (14.44%) Klebsiella pneumoniae 110 (23.11%)
Klebsiella michiganensis 117 (11.19%) Staphylococcus aureus 40 (8.40%)
Staphylococcus aureus 100 (9.56%) Escherichia coli 35 (7.35%)
Escherichia coli 75 (7.17%) Klebsiella michiganensis 32 (6.72%)
Enterobacter cloacae 57 (5.45%) Enterobacter cloacae 28 (5.88%)
complex complex

Burkholderia cenocepacia 56 (5.35%) Acinetobacter baumannii 18 (3.78%)
Acinetobacter baumannii 38 (3.63%) Burkholderia cenocepacia 13 (2.73%)
Pseudomonas aeruginosa 23 (2.20%) Ralstonia mannitolytica 13 (2.73%)
Ralstonia mannitolytica 20 (1.91%) Pseudomonas aeruginosa 9 (1.89%)
Other species 151 (31.72%) Other species 66 (13.87%)

Supplementary Table 21. Chi square tests undertaken for all top ten species listed above to determine any
significant differences in dispersion of species included in the subset included in this study. Overall, the 476
subset included in this study was representative of the overall dataset. However, a statistical difference was
found in the number of S. marcescens K. michiganensis, and B. cenocepacia. Despite this, all top ten species
were the same beween datasets and numbers were relatively close to each other.

Species X2 P-value
Serratia marcescens 18.925 <0.0001*
Klebsiella pneumoniae 0.432 0.511
Staphylococcus aureus 0.362 0.547
Escherichia coli 0.016 0.898
Klebsiella michiganensis 7.378 0.007*
Enterobacter cloacae complex 0.116 0.733
Acinetobacter baumannii 0.020 0.886
Burkholderia cenocepacia 5.199 0.023*
Ralstonia mannitolytica 1.035 0.309
Pseudomonas aeruginosa 0.151 0.698
Other species 0.087 0.768

Supplementary Table 22. Comparison of numbers of Gram-negative isolates resistant to each antibiotic assessed
in the study, for BARNARDS overall MIC dataset and those within this study. MICs were representative of the
overall dataset for ampicillin, amikacin and piperacillin-tazobactam. However, a higher resistance % was seen
for those included in the study for gentamicin, ceftazidime and amoxicillin-clavulanate. This could have been
partly due to the higher number of S. marcescens isolates included.

Antibiotic % resistant isolates from BARNARDS % resistant isolates from study subset X? P-value

overall with MIC data, n=883 with MIC data, n=390

Resistant Increased Resistant Increased

exposure exposure

Ampicillin 95.36% (842) - 97.17% (379) - 2.294 | 0.130
Gentamicin 59.91% (529) 1.02% (9) 70.30% (274) 1.29% (5) 12.436 | 0.0004*
Ceftazidime 60.36% (533) 11.89% (105) 71.02% (277) 7.71% (30) 13.291 | 0.0003*
Amikacin 25.25% (223) 1.93% (17) 25.90% (101) 1.80% (7) 0.059 [ 0.808
Amoxicillin-clavulanate | 77.80% (687) - 85.13% (332) - 9.089 0.003*
Piperacillin-tazobactam 28.20% (249) 4.30% (38) 29.49 % (115) 6.15% (24) 0.220 0.639
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Supplementary Figure 12. MIC outcome graphs showcasing dispersion of combined MIC values for the top four
most commonly applied treatment combinations with outcome for neonates only treated with each of the first
empirical therapy. A: AMP-GEN, n=76 (MIC values not available for 2 isolates), B: AMC-AMK, n=24 (MIC
values not available for 3 isolates), C: CTZ-AMK, n=107 (no MIC values for 2 isolates), and D: PIP/TAZ-
AMK, n=76. Size represents the number of isolates with MIC value combinations. Isolates were split according
to outcome after follow-up for 60 days following birth or admission into the hospital. Dotted lines represent
breakpoint values according to EUCAST v9.0 (EUCAST, 2019) for Enterobacteriaceae and Pseudomonas
species where relevant. MICs were tested only at concentrations around their respective breakpoints. Maximum
MICs given are the concentration above the highest concentration tested. MICs are provided for non-fermenting
bacteria up to 16pug/ml and Enterobacteriaceae up to 8ug/ml to cover resistance breakpoints. NB. Only non-
fermenters were tested at concentration 8mg/L for Ceftazidime. Antibiotic therapies in this analysis were the
primary empirical treatment given to neonates upon clinical diagnosis of sepsis. The four charts are all set to a
scale of 100 and therefore the sizes of the bubbles are relative to the number of isolates included in each
treatment combination.
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MIC vs outcome survival curves for differing resistance profiles: resistance to both or susceptible to at least one antibiotic for each treatment combination with
outcome for neonates treated only with one empirical therapy, n=290.
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Supplemental Figure 13. Schoenfeld analyses for A. unadjusted and B adjusted cox regression carried out for AMP-GEN MIC vs outcome. Small sample size for AMP-GEN
with few events in this empirical only dataset. Not adjusted: 1 observation deleted due to missingness n=75, events=7. Adjusted: 8 observations deleted due to missingness
n=52. Number of events=6. Type of sepsis (GNB/GNB) was removed from the adjusted model due to expansive Cls. Proportional hazard assumptions could not be met after
stratification of variables while maintaining convergence (no stratification shown in B) therefore results should be read with caution as suggests a possible relationship with
time.
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Supplementary Table 23. Cox regression proportional hazards results for empirical dataset for neonates treated with only AMP-GEN, n=76 (MIC values not available for 2
isolates) comparing survival for those infected with pathogens resistant to both antibiotics in the combination compared to those infected with pathogens susceptible to at
least one of the antibiotics prescribed. Results are given for unadjusted and adjusted models as per clinical information provided in Supplementary Table 12. Proportional
hazard assumptions could not be met via stratification, therefore results for the adjusted model are to be evaluated with caution. Adjusted analysis n=52 (24 observations
deleted due to missingness), number of events=6). Associated graphs are provided below.

Unadjusted Adjusted for clinical factors Mixed effects model, country variation
HR 95% CI P-value HR 95% CI P-value HR 95% ClI P-value
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Supplementary Figure 14. Cox regression proportional hazards results displayed as graphs for neonates treated only with AMP-GEN, n=76 per MIC of sepsis causing
pathogen, provided for A) unadjusted and B) adjusted models as per clinical information provided in Supplementary Table 11. For adjusted graph, clinical information was
set at: gender: male, cohort: inborn, Type of sepsis: EOS, sepsis pathogen type: GNB, C-section: no, premature: no. Survival curves were made in R Studio, with the survival

and survminer packages.
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Supplementary Figure 15. Schoenfeld analyses for A. unadjusted and B adjusted cox regression carried out for CTZ-AMK MIC vs outcome. Adjusted: N=99 (8 observations
deleted due to missingness), N observations=8. Type of sepsis (GNB/GPB was removed from this model due to expansive Cls and stratified by C-Section in order to meet PH
assumptions.
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Supplementary Table 24. Cox regression proportional hazards results for empirical dataset for neonates treated with CTZ-AMK, n=107 (MIC values not available for 2
isolates) for resistance of infecting isolate against CTZ-AMK and outcome. Results below include unadjusted and adjusted models as per clinical information provided in
Supplementary Table 12. Type of sepsis (GNB/GPB) was removed from adjusted Cox regression due to expansive confidence intervals and stratified by C-section yes or no
in order to meet PH assumptions. Adjusted analysis n=100 (7 observations deleted due to missing data), number of events=8. A mixed effect model and adjusted for country
was not carried out as 105/107 isolates were from Bangladesh. Associated graphs provided below.
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HR 95% ClI P-value HR 95% ClI P-value
Lower | Upper Lower [ Upper
RR
RS 2.781 [ 0.348 [ 22.240 [ 0335 5.984 [ 0.416 [ 86.109 [ 0.188
Strata == RS=RR =~ RS=RS Strata == RR —— RS
1.007 1.007 =—tt=mi T

>0.751 >0.751

5 3

@© ©

Qo o)

e o

a. 0.50 a 0.501

® ™

2 2

c c

3 3

0,251 " 0.251

0.001 0.001
0 10 20 30 40 50 60 0 10 20 30 40 50 60
A Time (days) B Time (days)

Supplementary Figure 16. Cox regression proportional hazards survival curves for neonates treated only with CTZ-AMK, per MIC of sepsis causing pathogen, provided for
A) unadjusted and B) adjusted models as per clinical information provided in Supplementary Table 12. For adjusted graph, clinical information was set at: gender: male,
cohort: inborn, Type of sepsis: EOS, C-section: no, premature: no. Survival curves were made in R Studio, with the survival and survminer packages.
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Supplementary Figure 17. Schoenfeld residuals tests for MIC vs outcome AMC-AMK. A significant result demonstrates significance with EOSLOS. The model could not be
converged with stratification of this variable, therefore this was results are to be read with caution.
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Supplementary Table 25. Cox regression proportional hazards results for empirical dataset for neonates treated with AMC-AMK, n=24 (MIC values not available for 3
isolates) for unadjusted and adjusted models as per clinical information provided in Supplementary Table 12. N=23 for adjusted analysis (1 observation deleted due to
missing data, number of events=7). Final type of sepsis variable was removed from this model due to expansive Cls. Stratification could not overcome issues with
proportional hazard violoations for this model, therefore adjusted results should be assessed with caution. A mixed effect model and adjusted for country was not carried out
as all isolates were from Nigeria. Associated graphs provided below.

Unadjusted Adjusted for clinical factors
HR 95% CI P-value HR 95% CI P-value
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Supplementary Figure 18. Cox regression proportional hazards results displayed as graphs for neonates treated only with AMC-AMK, per MIC of sepsis causing pathogen,
provided for A) unadjusted and B) adjusted models as per clinical information provided in Supplementary Table 12. For the adjusted graph, clinical information was set at:
gender: male, cohort: inborn, Type of sepsis: EOS, sepsis pathogen type: GNB, C-section: no, premature: no. Strata 1=RR; 2=RS (No SS isolates were found in this dataset).
Survival curves were made in R Studio, with the survival and survminer packages.
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Supplementary Figure 19. Schoenfeld residuals tests for MIC vs outcome PIPT-AMK. All PH assumptions were met for these models, however, large Cls can be seen for the
adjusted model.
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Supplementary Table 26. Cox regression proportional hazards results for empirical dataset for neonates treated with PIP/TAZ-AMK, n=76 (MIC values not available for 3
isolates) for unadjusted and adjusted models as per clinical information provided in Supplementary Table 12. High confidence intervals were witnessed for the adjusted
analysis, partly due to 47 observations deleted from analysis with missing data (n=29, number of events=8). Cohort was deleted from this model due to expansive Cls.
Associated graph provided below. A mixed effect model and adjusted for country was not carried out as all isolates were from Pakistan.
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Supplementary Figure 20. Cox regression proportional hazards results displayed as graphs for neonates treated only with PIP/TAZ-AMK, per MIC of sepsis causing

pathogen, provided for unadjusted cox regression analysis. Red line displaying RR isolates stops at 21 days, as this was the last observation for neonates with RR pathogens.

No adjusted graph is displayed due to extremely high confidence interval, this was not easily visualised. Survival curves were made in R Studio, with the survival and

survminer packages.
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PIPT-AMK
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Supplementary Figure 21. Outcomes considered per top five species found to be sepsis causing pathogen in
neonates treated by each antibiotic combination therapy. A) AMP-GEN: K. pneumoniae n=49, E. coli n=19, E.
cloacae n=9, A. baumannii n=8, S. aureus n=8; B) CTZ-AMK: S. marcescens n=103, K. pneumoniae n=21, K.
quasipneumoniae n=6, S. aureus n=6, A. baumannii n=6; C) AMC-AMK: K. pneumoniae n=27, R.
mannitolytica n=12, S. aureus n=8, E. cloacae n=6, E. coli n=5; D) PIP/TAZ-AMK: K. michiganensis n=30, S.
aureus n=18, K. pneumoniae n=13, B. ceneocepacia n=12, E. cloacae n=9. Of those infected with S. aureus,
worst outcomes were found for treatment with AMP-GEN. The poorest outcomes for neonates infected with K.
pneumoniae or E. coli were found when treated with AMC-AMK. A. baumannii was not associated with
mortality.
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Supplementary Table 27. Number of cases with top four combinations prescribed as empirical first-line
treatment and number of times each therapy combination needed to be changed following original therapy.

Cases where additional antibiotics were reported to be prescribed simultaneously were excluded.
Antibiotic first line treatment combination Total number Number of times therapy was
changed from original

Ampicillin + Gentamicin 106 22 (22%)
Amoxicillin + Amikacin 61 34 (55.7%
Piperacillin-Tazobactam + Amikacin 83 6 (7.2%)
Ceftazidime + Amikacin 158 49 (31.0%)

Supplementary Table 28. Antibiotics used in treatment line of neonatal sepsis across multiple sites. This table
denotes whether an antibiotic therapy change was recorded following treatment with each antibiotic/
combination. These include first line to fifth line treatment, and whether a change occurred following
prescription of each antibiotic/ combination below. Antibiotics included if prescribed in >=10 cases of neonates
included in this study. Cases where additional antibiotics were reported to be prescribed simultaneously were
excluded.

Antibiotic prescription (singular Total number treated with Number of cases reported % antibiotic failure
or combination) antibiotic antibiotic failure

Ceftazidime + Amikacin 159 50 31.4%
Ampicillin + Gentamicin 113 31 27.4%
Piperacillin-Tazobactam + 85 9 10.6%
Amikacin

Amoxicillin (clavulanate) + 66 38 57.6%
Amikacin

Meropenem 26 11 42.3%
Levofloxacin 19 9 47.4%
Cefotaxime 14 3 21.4%
Vancomycin 12 6 50.0%
Ciprofloxacin 11 1 9.1%
Meropenem + Vancomycin 10 1 10.0%
Meropenem + Levofloxacin 10 0 0%
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Supplementary Figure 22. Simulated PTAs for different site (country)-specific dosage regimens for the most commonly used four antibiotic combination therapies (n=476
patients).
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Supplementary Table 29. Sensitivity analyses of PTA analysis. Effect of gender imputation and co-

administration of dopamine and ibuprofen on PTA values.

Antibiotic combination

AMP-GEN
AMX-AMK
CAZ-AMK

TAP-AMK

Antibiotic
combination

AMP-GEN

Antibiotic
combination

AMX-AMK
CAZ-AMK

TAP-AMK

Impute with average Assumption all males Assumption of all T-test
females
Combined PTA Combined PTA Combined PTA
0.546 + 0.390 0.548 £+ 0.391 0.544 +0.391 P=0.984, 0.969
0.692 + 0.381 0.639 + 0.402 0.709 + 0.368 P=0.628, 0.866
0.951 + 0.077 0.950 + 0.077 0.948 + 0.080 P =0.898, 0.813
0.865 + 0.308 0.864 + 0.306 0.862 + 0.306 P=10.973, 0.940
Without co-administration of Dopamine With co-administration of Dopamine T-test
(F_DOPA=0) (F_DOPA=-0.12)
Combined PTA Combined PTA
0.546 + 0.390 0.549 + 0.391 P =0.968
Without co-administration of ibuprofen With co-administration of ibuprofen T-test
(1BU=1) (1BU=0.833)
Combined PTA Combined PTA
0.692 + 0.381 0.733 +0.382 P =0.691
0.951 + 0.077 0.954 + 0.076 P =0.748
0.865 + 0.308 0.868 + 0.307 P =0.951
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Supplementary Figure 23. Frequency of resistance occurring in E. coli isolates tested against Amikacin (n=19);
Amoxicillin-clavulanate (n=6); Ampicillin (n=4); Ceftazidime (n=12); Colistin (n=19); Fosfomycin (n=19);
Gentamicin (n=19); Meropenem (n=19) and Piperacillin-tazobactam (n=18). Data is presented per ml. Results
have been log transformed with a standard of 1x10-1° added to enable incorporation of zero values. This standard
was chosen, as the lowest rate of FoR found was 1x10°°.
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Supplementary Figure 24. Frequency of resistance occurring in K. pneumoniae isolates tested against Amikacin
(n=52); Amoxicillin-clavulanate (n=13); Ceftazidime (n=19); Colistin (n=49); Fosfomycin (n=49); Gentamicin
(n=52); Meropenem (n=52) and Piperacillin-tazobactam (n=44). No isolates were tested against Ampicillin, as
K. pneumoniae is intrinsically resistant to this antibiotic. Data is presented per ml. Results have been log
transformed with a standard of 1x10-1° added to enable incorporation of zero values. This standard was chosen,
as the lowest rate of FoR found was 1x10°°.
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Supplementary Figure 25. Frequency of resistance for all Gram-negative species tested against A) Amikacin; B)
Colistin; C) Fosfomycin; D) Gentamicin; E) Piperacillin-tazobactam. Results have been log transformed with a

standard of 1x107° added to enable incorporation of zero values. This standard was chosen, as the lowest rate of
FoR found was 1x10°°.

e
m
I
[=1
-~
L

FoR + 1e-10

1e-09

Amikacin Flucloxacillin Flijljer])-'Cin Gentamicin
Antibiotic

Supplementary Figure 26. Frequency of resistance (FOR) occurring in Staphylococcus aureus isolates tested
(n=19) against amikacin, flucloxacillin, fosfomycin and gentamicin. Data is presented as growth in colony
forming units (CFU) per ml. Results have been log transformed with a standard of 1x10-10 added to enable
incorporation of zero values. This standard was chosen, as the lowest rate of FOR found was 1x10-9. One isolate
with growth on plates supplemented with fosfomycin, one isolate on flucloxacillin supplemented agar and two
on gentamicin supplemented agar were not included in this analysis, as the isolates had too much growth to
determine colony forming units per ml in the neat concentration, combined with either i) too much growth at

lower bacterial dilutions (fosfomycin), or ii) no growth at lower bacterial dilutions (gentamicin and
flucloxacillin).
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Supplementary Figure 27. Pathogencity index (PI) calculated from pathogenicity of isolates injected into G.
mellonella models have been plotted against Virulence factor (\VF) scores obtained from sequencing data for A.
E. coli (n=24), B. K. pneumoniae (n=55) and C. S. aureus (n=34) isolates. The data was split into two groups for
comparison (‘reported deceased’ and ‘not reported deceased’). Any untraceable neonates have been put into the
‘not reported deceased’ category. These bacterial species were selected for this analysis, as were found to be
common causes of neonatal sepsis across BARNARDS sites and have extensive literature available on clinically
relevant virulence factors.
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