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1 Multinational analysis

This report aggregates data from neonatal units in several countries. This means that, while it reflects a broad
spectrum of care structures, it is only suitable as a benchmark to a somewhat limited extent due to the sometimes
very different healthcare systems and the resources available there.

The aim of NeoIPC Surveillance is therefore always to provide units with a relevant national or regional report,
provided that a sufficient number of units in the respective region participate in the system.
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1 Introduction

This document is a reference report on the NeoIPC Surveillance. It contains information relating to nosocomial infections,
their causative infectious agents, and the associated risk and protective factors in high-risk neonates which was collected
by partners from multiple neonatology departments participating in the NeoIPC Surveillance. The following numbers
provide an overview of the current data set. If you are interested in the surveillance definitions, data collection methods and
sheets, please refer to the surveillance resources on the NeoIPC website.

Number of departments contributing at least one patient record: 29
Number of patient records: 2102

Number of patient admissions: 2159

Sum of patient days: 82349

Average surveillance period per patient: 39.2 days

2 Patient Population

As the process, although supported by various tools, relies on the collection, interpretation and monitoring of information
by qualified professionals, NeoIPC surveillance is currently being targeted at the most common nosocomial infections in
high-risk neonates, in order to make it sustainable in a continuous manner in as many settings as possible. This means that
patients with a birth weight below 1500 g and/or a gestational age below 32 weeks at the time of birth are included into the
surveillance database if they are admitted to a participating neonatology department within the first 120 days of life. In
combination with the filter settings specified above, this results in the composition of the patient population shown in
Figure 1 and Figure 2.
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Figure 1: Distribution of birth weights of the infants included in this report. A is a histogram in 50 g steps with a density
curve and B is a boxplot. Vertical lines in the boxplot represent the 25%, 50% and 75% quantiles, the diamond
represents the pooled arithmetic mean.
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Figure 2: Distribution of gestational ages of the infants included in this report. A is a histogram in 7 day steps with a density
curve and B is a boxplot. Vertical lines in the boxplot represent the 25%, 50% and 75% quantiles, the diamond
represents the pooled arithmetic mean.
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3 Nosocomial Infections

Nosocomial infections represent the primary endpoint of NeoIPC surveillance. In Table 1, the incidence densities of
sepsis/BSI, pneumonia and necrotising enterocolitis, as well as the combined endpoint ‘severe infection’, are displayed.
Overall 588 severe infections were recorded in 2102 infants resulting in an average number of 0.28 infections per patient.

Device-associated infections can be found in Table 2.

Table 1: Incidence Density Rates of nosocomial infections

| Incidence Density Rate’

‘ N’ Pooled’ Qf Q! Q'
Primary sepsis/BSI/Pneumonia
Severe infectionl 588 7.1 4.1 5.3 8.6
Primary sepsis/BSI 551 6.7 3.7 4.8 8.2
Pneumonia 37 0.4 0.0 0.0 0.6
Other
Necrotising Enterocolitis | 84 1.0 0.0 0.5 1.4

Number of infecti
Incidence Density Rate = um er. ol Infections x 1000
Patient days

" N: The aggregated number of infections in all infants.

# Pooled: The Incidence Density Rate calculated across all infants from all departments.

9 Qy Qs Qs: The quartiles (25%, 50% and 75% quantiles) of the Incidence Density Rates of the partner departments.
These quartiles are only displayed when the number of departments contributing to the denominator is greater than or
equal to five, and when the median number of expected infections is greater than or equal to one according to the pooled
Incidence Density Rate.

I Severe infection: Combines the outcomes primary sepsis/BSI and pneumonia
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Table 2: Incidence Density Rates of device-associated infections

Device-Associated Incidence Density Rate’

‘ N’ Pooled? Qf Q) Q'
Vascular catheter associated sepsis / bloodstream infection
CvVC 182 10.4 7.1 10.2 16.9
PVC 88 47 0.0 0.9 4.7
Ventilatory support associated pneumonia
Any ventilatory support 34 0.7 — — —
INV 26 2.5 — — —
NIV 8 0.2 — — —

Number of device-associated infections

Device-Associated Incidence Density Rate = x 1000

Device days

" N: The aggregated number of device-associated infections in all infants.

# Pooled: The Device-Associated Incidence Density Rate calculated across all infants from all departments.

$ Qy, Qs Qs: The quartiles (25%, 50% and 75% quantiles) of the Device-Associated Incidence Density Rates of the partner
departments. These quartiles are only displayed when the number of departments contributing to the denominator is
greater than or equal to five, and when the median number of expected infections is greater than or equal to one according
to the pooled Device-Associated Incidence Density Rate.
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3.1 Infectious Agents

Epidemiology of the infectious agents causing nosocomial infections in neonatology is complex and there is a lot of potential
for bias. While low diagnostic sensitivity (low blood volume) and specificity (contamination) are a general problem in the
neonatal population, the lack of availability of some or all means of microbiological diagnostics, or the lack of financial
resources can have a strong effect on the detection rates in resource-constrained settings.

In total, 334 infectious agents were detected in the 287 infections that were reported to have yielded at least one agent
from either the primary infection and/or the secondary bloodstream infection resulting from it (Table 3). These 287
diagnostic-positive infections out of 681 overall infections represent an Infectious Agent Detection Rate of 42.1 per 100

infections (Table 4).
Table 3: Infectious agents detected in nosocomial infections
| Agent-per-Infection Rate’
| N/ Pooled Qf QfFf Q)
Total 334 1164 100.0 110.1 124.3
Bacteria 320 111.5 100.0 100.0 122.2
Caryophanales 177 617 462 636 833
Staphylococcus spp. 173 60.3 462 60.0 833
Coagulase-negative staphylococci 143 498 364 500 667
Staphylococcus epidermidis 78 27.2 0.0 31.6 50.0
Staphylococcus baemolyticus 29 10.1 — — —
Staphylococcus capitis 13 45 — — —
Staphylococcus bominis 8 2.8 — — —
Staphylococcus warneri 2 0.7 — — —
Coagulase-negative staphylococci n.o.s. 13 4.5 — — —
Coagulase-positive staphylococci 30 10.5 — — —
Staphylococcus aureus 28 9.8 — — —
Staphylococcus coagulans 1 0.3 — — —
Coagulase-positive staphylococci n.o.s. 1 0.3 — — —
Bacillus spp. 4 1.4 — — —
Bacillus cereus 2 0.7 — — —
Bacillus thuringiensis 1 0.3 — — —
Bacillus spp. n.os. 1 0.3 — — —
Enterobacterales 103 359 11.1 333  50.0
Klebsiella spp. 48 16.7 — — —
Klebsiella pnenmoniae 34 11.8 — — —
Klebsiella oxytoca 10 3.5 — — —
Klebsiella aerogenes 4 1.4 — — —
Escherichia spp. 26 9.1 — — —
Escherichia colt 26 9.1 — — —
Serratia spp. 14 4.9 — — —
Serratia marcescens 14 4.9 — — —
Enterobacter spp. 8 2.8 — — —
Enterobacter cloacae 3 1.0 — — —
Enterobacter spp- n.o.s. S 1.7 — — —
Raoultella spp. 3 1.0 — — —
Raoultella ornithinolytica 3 1.0 — — —
Citrobacter spp. 1 0.3 — — —
Citrobacter freundii 1 0.3 — — —
Morganella spp. 1 0.3 — — —
Morganella morganii 1 0.3 — — —
Pantoea spp. 1 0.3 — — —
Pantoea spp. n.o.s. 1 0.3 — — —

m This project bas received funding from the European Union’s Horizon 2020 research and innovation

programme under grant agreement No 965328.
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Table 3: Infectious agents detected in nosocomial infections
| Agent-per-Infection Rate’

| N’ Pooled” Qf Qf Q)
Proteus spp. 1 0.3 — — —
Proteus mirabilis 1 0.3 — — —
Lactobacillales 26 9.1 — — —
Enterococcus spp. 18 6.3 — — —
Enterococcus faecalis 14 4.9 — — —
Enterococcus faecz’um 4 1.4 — — —
Streptococcus spp. 8 2.8 — — —
Streptococcus agalactiae S 1.7 — — —
Streptococcus gallolyticus pastenrianus 1 0.3 — — —
Streptococcus spp. n.o.s. 2 0.7 — — —
Psendomonadales 13 4.5 — — —
Acinetobacter spp. 7 2.4 — — —
Acinetobacter baumannii 4 1.4 — — —
Acinetobacter pittii 1 0.3 — — —
Acinetobacter ursin 017 1 0.3 — — —
Acinetobacter Spp- n.o.s. 1 0.3 — — —
Pseudomonas spp. 6 2.1 — — —
Psendomonas aeru ginosa 6 2.1 — — —
Lysobacterales 1 0.3 — — —
Stenotrophomonas spp. 1 0.3 — — —
Stenotrophomonas maltophilia 1 0.3 — — —
Fungi 8 2.8 — — —
Candida spp. 7 2.4 — — —
Candida parapsilosis 5 1.7 — — —
Candida albicans 2 0.7 — — —
Meyerozyma spp. 1 0.3 — — —
Meyerozyma guilliermondii 1 0.3 — — —

No of infectious agents that were detected in infections .

Agent-per-Infection Rate = - - 5 > X
gentp No of infections where an infectious agent was detected

" N: The aggregated number of infectious agents in all infections.

# Pooled: The Agent-per-Infection Rate calculated across all infants from all departments.

$ Q;, Qz, Qs: The quartiles (25%, 50% and 75% quantiles) of the Agent-per-Infection Rates of the partner departments.
These quartiles are only displayed when the number of departments contributing to the denominator is greater than
or equal to five, and when the median number of expected agents detected in infections is greater than or equal to one
according to the pooled Agent-per-Infection Rate.

This project bas received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 965328.
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Table 4: Infections in which an infectious agent has been identified, including secondary BSI following the infection.

Infectious Agent Detection Rate’

| N/ Pooled’ Q' Q’f Q'
Total 287 42.1 40.0 52.2 66.7
Primary sepsis/BSI 236 42.8 40.9 50.0 90.0
Necrotising Enterocolitis 17 20.2 — — —
Surgical site infection 7 77.8 — — —
Pneumonia 27 73.0 58.3 100.0 100.0

Infectious Agent Detection Rate =

No of infections with agent

x 100

No of infections

" N: The aggregated number of infections where at least one infectious agent was recorded.

7 Pooled: The Infectious Agent Detection Rate calculated across all infants from all departments.

$Qy, Qp Qs: The quartiles (25%, 50% and 75% quantiles) of the Infectious Agent Detection Rates of the partner
departments. These quartiles are only displayed when the number of departments contributing to the denominator is
greater than or equal to five, and when the median number of expected infections with an agents is greater than or equal to
one according to the pooled Infectious Agent Detection Rate.

m This project bas received funding from the European Union’s Horizon 2020 research and innovation

programme under grant agreement No 965328.
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4 Risk and Protective Factors

Next to the inherent risk factors gestational age and birth weight there are also a number of expositional factors that
influence the risk of an infant to acquire a multi-drug-resistant pathogen or to develop an infection. Table 5 shows the
presence of these factors in the NeoIPC Surveillance population.

Table S: Factors influencing the infants’ risk of developing an infection or acquiring antibitic-resistant pathogens.

| Risk Density Rate’
| N/ Pooled Q/ Q) Q’
Vascular catheter
CvVC 17,581 21.3 16.4 23.5 35.2
PVC 18,780 22.8 11.5 19.2 30.9
Ventilatory support
Any 52,048 63.2 49.1 61.4 69.0
INV 10,436 12.7 5.9 11.9 15.4
NIV 41,612 50.5 39.3 51.9 S7.7
Antibiotics
Any antibiotic 16,254 19.7 15.6 18.8 24.5
Access® 15,750 19.1 13.6 18.2 20.5
Watch? 14,866 18.1 10.3 15.7 20.1
Reserve® 626 0.8 0.0 0.0 0.4
Other
Human milk 55,706 67.6 60.1 73.6 76.2
Probiotics 21,515 26.1 0.0 24.9 53.1
Kangaroo care 25,451 30.9 17.9 37.1 45.2

Days with risk/protective factor
Patient days

Risk Density Rate = x 100

" N: The aggregated number of days the risk/protective factor was present in all infants.

' Qp Q,p Qs The quartiles (25%, 50% and 75% quantiles) of the resistant pathogen infection rates of the partner
departments. These quartiles are only displayed when the number of departments contributing to the denominator is
greater than or equal to five, and when the median number of expected infections with an agents is greater than or equal to
one according to the pooled resistant pathogen infection rate.

$ WHO AWaRe group (see aware.essentialmeds.org). As cumulative treatment days for individual substances are recorded
per patient, combination therapies using several substances on one day are counted as multiple days.

This project bas received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 965328.
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4.1 Surgery

22 of the partner departments in this dataset (75.9 %) recorded a total of 319 surgical procedures performed on 174 neonates,
resulting in an average number of 1.8 operations per surgical patient during the surveillance period.
Due to the low number of surgical site infections in this dataset (n = 9) we are not currently calculating their infection rates,

but Table 6 provides an overview of the categories of procedures performed on neonates.

Table 6: Surgical procedures by category

‘ Surgical Procedure Rate’

| N/ Pooled Qf Qf Q)
Overall 328 15.6 2.4 10.7 26.4
Abdominal surgery 160 7.6 0.0 7.1 11.3
Neurosurgery 68 32 0.0 0.0 2.1
Inguinal hernia surgery 41 2.0 0.0 0.0 1.4
Cardiac- / large vessel surgery 13 0.6 — — —
Lung- / pleural space- / thoracic surgery 7 0.3 — — —
Oesophageal surgery 2 0.1 — — —
Other 37 1.8 — — —

No of procedures

Surgical Procedure Rate = No of Datients

x 100

" N: The aggregated number surgical procedures performed in all infants.

# Pooled: The Surgical Procedure Rate calculated across all infants from all departments.

9Q;, Q, Qs The quartiles (25%, 50% and 75% quantiles) of the Surgical Procedure Rates of the partner departments. These
quartiles are only displayed when the number of departments contributing to the denominator is greater than or equal to five,
and when the median number of procedures is greater than or equal to one according to the pooled Surgical Procedure Rate.

m This project bas received funding from the European Union’s Horizon 2020 research and innovation 10

programme under grant agreement No 965328.
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