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In light of rising antibiotic resistance, better methods for selection of empiric antibiotic treatment based on clinical and microbiological data are needed. Most guidelines target specific clinical infections, and variably adjust empiric antibiotic selection by certain patient characteristics. Coverage estimates reflect the probability that an antibiotic regimen will be active against the causative pathogen once confirmed and can provide an objective basis for empiric regimen selection. Coverage can be estimated for specific infections using a weighted incidence syndromic combination antibiograms (WISCAs) framework. However, no comprehensive data combining clinical and microbiological data for specific clinical syndromes are available in Switzerland. We therefore describe estimating coverage from semi-deterministically linked routine microbiological and cohort data of hospitalised children with sepsis. Coverage estimates were generated for each hospital and separately pooling data across ten contributing hospitals for five pre-defined patient risk groups. Data from 1,082 patients collected during the Swiss Paediatric Sepsis Study (SPSS) 2011–2015 were included. Preterm neonates were the most commonly represented group, and half of infants and children had a comorbidity. 67% of neonatal sepsis cases were hospital-acquired late-onset whereas in children 76% of infections were community-acquired. Escherichia coli, Coagulase-negative staphylococci (CoNS) and Staphylococcus aureus were the most common pathogens. At all hospitals, ceftazidime plus amikacin regimen had the lowest coverage, and coverage of amoxicillin plus gentamicin and meropenem were generally comparable. Coverage was improved when vancomycin was included in the regimen, reflecting uncertainty about the empirically targeted pathogen spectrum. Children with community-acquired infections had high coverage overall. It is feasible to estimate coverage of common empiric antibiotic regimens from linked data. Pooling data by patient risk groups with similar expected pathogen and susceptibility profiles may improve coverage estimate precision, supporting better differentiation of coverage between regimens. Identification of data sources, selection of regimens and consideration of pathogens to target for improved empiric coverage is important.
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Introduction

Early concordant therapy, defined as antibiotic treatment that is subsequently shown to be active in vitro against the identified causative bacteria, appears to be associated with improved survival for children with sepsis, in particular among vulnerable populations, such as neonates (1). One challenge for achieving concordance is that antibiotic treatment for severe infections, such as sepsis, is generally started empirically, when the causative pathogen is unknown. This presents a dilemma for clinicians and those setting hospital guidelines regarding recommendations for empiric regimens. Already, a shift towards the more intensive use of very broad-spectrum agents from the World Health Organization AWaRe classification (2–4) Watch group is being observed in regions with a high prevalence of resistant bacteria (5). In many low and middle-income countries, for example, meropenem is now the most commonly used empiric therapy for neonates and children treated for sepsis (5). While using broader spectrum regimens may improve concordance, using these antibiotics sparingly or only when necessary is important to reduce the development of resistance and conserve their utility.

Better methods are required to improve targeting of empiric regimen guidelines, for example by targeting specific infection syndromes or by incorporating knowledge of certain patient characteristics in the selection of regimens. It is likely that this would result in a reduction in use of broader-spectrum agents for patients unlikely to benefit from them, but a more targeted and consistent use of such antibiotics empirically in certain high-risk situations or patient groups. Where local microbiology data is used to inform empiric prescribing guidelines, it is commonly done using aggregate hospital antibiograms (e.g., all ages) or surveillance data without accounting for differing epidemiology by patient characteristics which may be problematic because of inherent issues of bias, small sample sizes and limited clinical relevance (6–9).

One approach that has been described and combines microbiological and clinical data is to calculate expected coverage of antibiotic regimens based on a weighted incidence syndromic combination antibiogram (WISCA) (10–12). Syndromic coverage estimates use routine microbiological data from patients with specific infections, for example children with bloodstream infections, to assess the probability that a specific regimen will cover episodes of that syndrome, improving clinical relevance. Clinical relevance might be further increased by accounting for specific patient characteristics (13) in coverage estimates.

Datasets combining microbiological surveillance and clinical information are not often routinely available. Basing coverage estimates on microbiological data from a single hospital alone, especially when focusing on isolates identified in a specific infection syndrome, considerably reduces sample sizes, which limits the utility of coverage estimates due to wide uncertainty intervals by now allowing for the differentiation between regimens (11). Borrowing or pooling data can be one way to deal with this challenge, especially if microbiological patterns are expected to be similar for specific patients across different hospitals.

The aim of this study was to generate a linked dataset combining surveillance microbiological data and clinical characteristics for neonates and children with blood-culture positive sepsis enrolled in a prospective cohort. These linked data were used to describe coverage of common empiric regimens in Swiss paediatric populations exploring either using data from a single hospital or pooling within patient groups across hospitals in Switzerland.



Materials and Methods

We addressed the study's objectives by exploring and selecting appropriate methods of data linkage between the Swiss National Surveillance database ANRESIS and a prospectively collected cohort of neonates and children with blood culture positive sepsis. Based on the linked data, antibiotic coverage was then estimated for various antibiotic regimens in use for empiric treatment of paediatric sepsis, using different stratification approaches for data pooling.


Datasets


Clinical data

The Swiss Paediatric Sepsis Study (SPSS) of neonates and children with blood-culture proven sepsis collected data between September 1, 2011 and December 31, 2015 at 10 participating hospitals in Switzerland (14). The primary aim of SPSS was to assess the epidemiology and to identify immune defects associated with severe sepsis and sepsis-mortality, and detailed demographic and epidemiological data related to the sepsis episode were collected including underlying comorbidities, hospitalisation prior to culture, empiric treatment and causative pathogen. Causative pathogens were recorded using a drop-down list of key species (see Supplementary Material) or by providing additional details in a free text field. Antimicrobial susceptibility testing data collected in SPSS were limited to key resistance phenotypes, such as methicillin-resistance in Staphylococcus aureus or extended-spectrum beta-lactamase expression in Gram-negative bacteria. These do not allow a full estimation of coverage of different antibiotic regimens in children with blood-culture proven sepsis in Switzerland, instead requiring linkage to microbiological data including full antimicrobial susceptibility testing results. Of note, pathogens that are frequently considered contaminants, such as coagulase-negative staphylococci, (CoNS) were considered relevant in SPSS if the participants fulfilled all study criteria for sepsis, the local investigator considered the identified pathogen causative, treatment was targeted towards this pathogen and given for at least 5 days.



Microbiological data

Detailed antimicrobial susceptibility data from centres participating in SPSS during the same time period were obtained from ANRESIS, a national bacteraemia and antibacterial resistance surveillance database collecting routine data provided by Swiss microbiology laboratories (15). Speciation and antimicrobial susceptibility testing data, for example, for blood culture isolates, including potential contaminants, are electronically extracted from participating laboratories' information management systems according to a predefined algorithm and entered into the surveillance database. Demographic data collected are limited to age and sex, but the source hospital, date of hospitalisation and date of blood culture are also available. Local laboratory sample numbers are recorded, enabling manual identification of relevant samples by the laboratory transferring data, but all patient identifiable data are anonymised within ANRESIS. Participation is voluntary in ANRESIS, but all centres contributing to SPSS were also represented in ANRESIS.




Linkage methods

Both probabilistic and semi-deterministic linkage approaches were evaluated for quality of linking the SPSS study data to the detailed susceptibility data from ANRESIS. The process, validation and outcomes of both linkage approaches are described in the Supplementary Material.

As the semi-deterministic linkage approach had a higher proportion of cases linked and a lower rate of falsely linked cases, the semi-deterministically linked dataset was used for further analysis. Briefly, semi-deterministic linkage took a stepwise approach. We started out with matches on all data items available in both databases (site, age group, gender, pathogen and day of blood culture). As a next step we accepted a widened window for the date of blood culture, expecting matching on all other items. We then included some “fuzzy”-type matching rules for the pathogen field, described in the Supplementary Material. Finally, both age and blood culture date matching criteria were relaxed or omitted. For each of the above steps, where multiple records were matched, we chose the one with the nearest blood culture date, or failing this arbitrarily the first record. Those records not matched in any of the steps were identified and manually reviewed. This latter set was also an interesting source of finding new potential matches for the fuzzy matching process.



Data definitions


Regimens of interest

The regimens of interest for the coverage calculation were: amoxicillin + gentamicin, amoxicillin/clavulanic acid, amoxicillin/clavulanic acid + gentamicin, cefepime, ceftriaxone, ceftazidime + amikacin, piperacillin/tazobactam and meropenem. In supplementary analyses, we also looked at coverage when adding vancomycin as part of the regimen.



Susceptibility interpretations for coverage estimates

After linkage, all patients with fungal species or organisms that were considered contaminants were removed from the dataset. Reported results in ANRESIS were coded as susceptible (S), intermediate (I) and resistant (R). Results reported as intermediate were classified as resistant for the purposes of this analysis. EUCAST interpretive algorithms were used to interpret the reported resistance results from ANRESIS for the selected antibiotics. Briefly,


	•Where the organism is considered by EUCAST to be intrinsically resistant to the antibiotic of interest, it was coded as resistant regardless of reported susceptibility.

	•Primarily, reported susceptibility to the antibiotic of interest was used.

	•If susceptibility to the antibiotic of interest was not available, susceptibility was inferred from other antibiotics in the same class (e.g., susceptibility to gentamicin was inferred from other aminoglycosides if gentamicin susceptibility was not reported).

	•Susceptibility to cephalosporins and carbapenems for S. aureus and Coagulase-negative Staphylococci was inferred from cefoxitin or oxacillin reported results, where available.

	•For vancomycin, all streptococci were considered susceptible regardless of what was reported given EUCAST indication that resistant isolates are rare.



Susceptibility to a regimen comprised of more than one antibiotic was determined as the pathogen being classified susceptible to at least one antibiotic in the regimen; resistant was where it was resistant to all antibiotics in the regimen; unknown/not tested was where results were unavailable for both antibiotics or unavailable for one antibiotic when the other antibiotic in the regimen was reported resistant.



Patient risk groups

Using basic demographic and patient data collected as part of the SPSS data, we grouped patients into five risk groups based on a system previously used in antibiotic use surveillance (13). The groupings are based on basic risk factors assumed to be associated with different underlying epidemiology or empiric guidance. The groups are as follows:


	•Group 1 – neonates with community-acquired sepsis

	•Group 2 – neonates with hospital-acquired sepsis

	•Group 3 – infants and children without comorbidities with community-acquired sepsis

	•Group 4 – infants and children with comorbidities with community-acquired sepsis

	•Group 5 – infants and children with hospital-acquired sepsis



Neonates were defined as term-born infant less than 28 days at blood culture sampling or prematurely-born infant less than 44 weeks gestational age at blood culture sampling. Community-acquired sepsis was defined as culture taken ≤2 days after admission and hospital-acquired sepsis was >2 days after admission. In neonates, community-acquired sepsis includes both early-onset sepsis (culture taken ≤2 days of life) and late-onset community-acquired sepsis (culture taken ≤2 days after admission in babies presenting from the community). In non-neonates, we defined comorbidities according to the paediatric complex chronic conditions classifications system version 2 (14, 16) We considered infants and children with comorbidities to be those with at least one comorbidity regardless of its type.




Data analysis

Weighted-incidence syndromic combination antibiograms (WISCA) were used to estimate coverage to the chosen empiric regimens. As previously described (11, 12, 17), the WISCA is conceptualised as a Bayesian decision tree approach accounting for relative incidence of causative pathogens producing a point estimate of coverage as the mean of the posteriors and a 95% credible interval for each regimen of interest. We used non-informative priors for relative incidence and susceptibility. Incidence is assumed to come from a multinomial Dirichlet distribution (with K the numbers of each pathogen and alpha equal to 1) and susceptibility is assumed to come from a beta distribution (with the two shape parameters taken from the number of susceptible isolates and the number of non-susceptible isolates). We estimated the WISCAs using a Monte-Carlo approach with 1,000 simulations producing an average estimated coverage for the regimen of interest with associated 95% credible interval.

Coverage for regimens was calculated for each hospital using all isolates in each hospital and separately for patient groups by pooling isolates across hospitals for each patient group. Pathogens where all isolates had unknown susceptibility results for the regimen of interest were excluded for the coverage calculation of that regimen.

Data linkage, data cleaning and modelling for coverage analyses was conducted in R v4.1.2 (18).



Ethical approval

The SPSS study was approved by the ethics committees of all participating centres (Cantonal Ethics Committee, Inselspital, University of Bern, no KEK-029/11) (14). ANRESIS is a surveillance database with fully anonymised data therefore no ethics approvals were required.




Results

After removing those with no pathogen identified in ANRESIS, with a species considered a contaminant, or with a fungal pathogen, 1,082 patients from 10 hospitals participating in the Swiss Paediatric Sepsis Study with organism and susceptibility data matched from ANRESIS were included in the coverage analysis (Supplementary Figure S1).

The number of patients included per facility ranged between 49 and 224. All hospitals covered the whole paediatric age-spectrum, except for one which was exclusively a neonatal unit. Overall, the most frequently represented age group was preterm neonates (24%, n = 258) followed by children aged one to four years (20% n = 218) and children <1 year (20%, n = 215). 52% of children (>28 days of life) had a comorbidity (369/712); neonates were considered their own category of comorbidity given their age (Table 1). 67% of infections (248/370) in neonates were hospital-acquired late-onset sepsis whereas in children, 76% (541/712) of infections were community-acquired infections (CAI).


TABLE 1 Summary characteristics of the Swiss Paediatric Sepsis Study (SPSS) patients included in this analysis.
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After grouping patients into risk groups, 30% of episodes (n = 328) occurred in previously healthy children with community-acquired infections, and 23% in neonates with hospital-acquired infections (n = 248). The least common risk groups were neonates with community-acquired infections (11%, n = 122) and hospital-acquired infections (HAI) in children (16%, n = 171) (Table 1). Number of patients per risk group at each hospital are presented in Supplementary Table S1.

Overall, there were 34 unique pathogens identified in all patients. The most common pathogens were Escherichia. coli (21%, n = 231), Coagulase-negative Staphylococcus (CoNS) (17%, n = 178), S. aureus (16%, n = 172) and Streptococcus pneumoniae (11%, n = 116) (Supplementary Table S2 and Supplementary Figure S2, S3).

By site, the most common pathogen was E. coli at 7 sites (range: 24%, 25/106–30%, 17/56) and CoNS at 3 sites (range: 29%, 50/174–39%, 19/49 and 31/80) (Figure 1A). By patient risk group, the most common pathogen in group 1 was E. coli (43%, 54/122), group 2 was CoNS (45%, 112/248), group 3 was S. pneumoniae (25%, 83/328), group 4 was E. coli (27%, 58/213) and group 5 was S. aureus (22%, 37/171) (Figure 1B).


[image: Figure 1]
FIGURE 1
Distribution of pathogens included in the study by (A) hospital and (B) patient risk group.



Coverage

Full coverage results for each hospital are shown in Figure 2 and described in Supplementary Table S3 Considering coverage by site, the regimen with the lowest coverage at all hospitals was ceftazidime plus amikacin ranging from 48% to 64% with overlapping credible intervals. One site had noticeably lower coverage for all regimens compared to other hospitals, with data reflecting mostly episodes among neonates. Coverage of amoxicillin plus gentamicin ranged between 57% and 91%. Credible intervals were wide at most sites, reflecting the low number of isolates (<100 at 6/10 sites) contributing to the coverage models.


[image: Figure 2]
FIGURE 2
Coverage probability estimates and 95% credible intervals for empiric antibiotic regimens of interest at each hospital.


When looking at coverage by patient risk group (Figure 3 and Supplementary Table S4), coverage and precision were the highest in group 3 – healthy children with CAI for all regimens except ceftazidime plus amikacin and credible intervals were the smallest (most robust estimates). Group 2 – neonates with HAIs - had low coverage (<65%) for all regimens of interest. Patients with HAIs had significantly lower coverage to amoxicillin/clavulanic acid (non-overlapping credible intervals) but coverage was significantly improved with the addition of gentamicin.


[image: Figure 3]
FIGURE 3
Coverage probability estimates and 95% credible intervals for empiric antibiotic regimens of interest for each patient risk group.


We performed a supplementary analysis adding vancomycin to all regimens of interest for coverage estimates at hospitals (Figure 4 and Supplementary Table S5) and for patient groups (Figure 5 and Supplementary Table S6). Across the board, coverage estimates increased, and credible intervals became smaller with the addition of vancomycin. The most notable coverage increases were seen at hospital 5 and in neonates with HAIs, most likely linked to the high proportion of blood culture positive sepsis episodes due to coagulase-negative staphylococci in both instances. Adding vancomycin to regimens for community-acquired infections in children without comorbidities (group 3), did not provide much of an improvement in coverage estimates although credible intervals did become smaller.


[image: Figure 4]
FIGURE 4
Coverage probability estimates and 95% credible intervals for empiric antibiotic regimens PLUS vancomycin at each hospital.
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FIGURE 5
Coverage probability estimates and 95% credible intervals for empiric antibiotic regimens PLUS vancomycin for each patient risk group.





Discussion

We linked detailed clinical data from a Swiss Paediatric Sepsis cohort study with a national microbiology surveillance dataset to support estimation of antibiotic coverage of commonly used empiric regimens. Semi-deterministic matching to link clinical characteristics with routine microbiology data was successful with >90% match success. We calculated coverage in two ways: (i) for each hospital, reflecting information that would be found in a paediatric-specific hospital antibiogram; (ii) for five pre-defined patient risk groups pooling data across hospitals, selecting patient risk groups that might be expected to have a similar microbiological epidemiology. We focused on typical regimens used in Switzerland as first choice empiric treatment for sepsis. Generally, these do not provide cover for methicillin-resistant S. aureus (MRSA), as MRSA prevalence in Switzerland is low (19).

At hospital-level, coverage of amoxicillin plus gentamicin (range 57%–91% of episodes covered) was highest or comparable to meropenem (53%–96%), whereas ceftazidime plus amikacin offered the lowest coverage. Because of limited sample size, differentiation of coverage between different regimens was limited in some sites.

Considering patient risk groups, coverage was lowest for all regimens in group 2 – neonates with HAI (range 47%–63%) and highest in group 3 – healthy children with CAIs (85%–93%). Ceftazidime plus amikacin performed worst, with an estimated coverage of only 40% of episodes in group 3, for example. Coverage of all antibiotic regimens except ceftazidime plus amikacin followed the same pattern when children in the risk groups 3–5 were considered: estimated coverage was highest for group 3 – healthy children with CAI, lower for group 4 – children with comorbidities, and lowest for children experiencing HAI. This is in line with studies in adult populations indicating that an important risk factor for lower coverage is whether infections are community-acquired, healthcare-associated or hospital acquired (20, 21). The decline in expected coverage in groups 3–5 was most pronounced for beta-lactams used alone without addition of an aminoglycoside.

In neonates with HAIs, coagulase-negative staphylococci were most commonly identified in blood culture as causing the sepsis episode (22), likely contributing to the low coverage of the regimens of interest given high reported methicillin-resistance of up to 90% (23, 24). Similarly, lower coverage of all regimens at two sites, one comprising only a neonatal unit and the other predominantly having recruited neonates, is likely to have been related to the high frequency of coagulase-negative staphylococci in this subgroup.

With a relevant proportion of patients in SPSS considered to have sepsis related to coagulase-negative staphylococci and enterococci, we included a supplemental analysis of coverage of empiric regimens adding vancomycin. At hospital level, the most substantial increase in estimated coverage to estimates without vancomycin was observed at sites predominantly enrolling neonates into SPSS. Similarly, the impact on coverage of adding vancomycin was most striking for patient risk group 2 – neonates with HAI,but was also considerable for the other two groups reflecting healthcare-associated infections: group 4 – children with comorbidities presenting from the community and group 5 – children with HAI. There was no improvement in coverage estimates in children without comorbidities with CAIs (group 3) when adding vancomycin potentially due to the lower number of CoNS identified in these infections.

There is on-going debate whether improved early coverage offered by adding vancomycin is associated with survival benefits (25), and therefore whether incorporating vancomycin in empiric regimens is appropriate (25, 26). The addition of vancomycin has been shown to be important in settings where MRSA contributes substantially to paediatric bloodstream infections, which is not the case in Switzerland (27, 28). Instead, the consensus is to add vancomycin for management of childhood sepsis or bloodstream infection in certain situations, for example in response to identification of coagulase-negative staphylococci in culture as targeted treatment, when indicated.

Our analysis points to a number of critical aspects of clinically relevant coverage estimates for informing empiric antibiotic regimen selection. First, it is essential to define the bacterial species that are considered critical. If there is no clinical advantage of early coverage of methicillin-resistant coagulase-negative staphylococci, for example, these isolates should not contribute to coverage estimates. With such an approach, coverage for the standalone beta-lactam and beta-lactam/aminoglycoside combinations for the remaining pathogens are expected to be high. This is important, because clinicians express a clear preference for regimens providing coverage of at least 80% and 90% for mild and severe sepsis, respectively (29), and may be driven to unjustified broad-spectrum agent combinations unless the species targeted by empiric therapy are clarified and reflected.

Second, any decisions on target bacteria for coverage estimates impact sample size, especially at hospital level. This in turn results in wider 95% credible intervals, differentiation between coverage point estimates becomes limited and selection of certain regimens over others consequently more difficult. Pooling data for patients considered to share a risk profile for the target infection responds to this problem. Our analysis supports this as an appropriate approach, in particular for CAI in any age group, where patterns of causative bacteria are highly comparable between sites. Healthcare-associated infections (group 4) and HAI are characterised by greater variability in causative pathogens, and potentially in antimicrobial resistance, being more reflective of what is happening locally. Detected or undetected local outbreaks or endemicity of certain strains could then considerably distort relative incidence and resistance prevalence, respectively (11). Estimating within-patient risk group coverage with data from several hospitals is likely to be acceptable in a low-resistance setting, such as Switzerland.

Third, there is on-going work to determine the best mode of presenting coverage estimates. In the US, a human-centred antibiogram has been developed providing the coverage shortfall of regimens based on patient risk factors and for specific infection syndromes (30). In a prototype, coverage estimates are based on all causative bacteria, without limiting input data to those for pathogens most important for early concordant treatment. This results in similar “coverage gaps” of typical broad-spectrum beta-lactam backbones as in our study, due to high prevalence of vancomycin-resistant enterococci and coagulase-negative staphylococci.

Our study has several limitations. We did not account for some patients contributing multiple isolates to the SPSS and ANRESIS datasets because of polymicrobial infections. This means that our coverage estimates reflect the distribution of bacterial isolates in both datasets and not necessarily the treated episodes. The linkage process itself may have introduced bias if matches between demographics and organisms were not a perfect match; however, we feel the linkage process was well evaluated and few patients were not matched. Furthermore, estimated coverage is for patients enrolled in the SPSS and may not be entirely reflective of neonates and children with blood-culture positive sepsis treated in Swiss hospitals more generally. Bias may have been introduced by differential lack of enrolment of patients with mild or severe sepsis, for example, as these may be expected to have a different microbiological epidemiology. Conversely, it is not possible to identify children with sepsis and bloodstream infection from ANRESIS directly, since relevant clinical data are not collected.



Conclusion

Global and national guidance recommends using local epidemiology to inform empiric prescribing policies, however this can be difficult if sample sizes are small and patient groups are heterogenous within a hospital. Underlying incidence of causative pathogens and resistance may vary between types of patients at one facility (for example neonates vs. older children, healthy children vs. children with comorbidities, community vs. hospital-acquired infections). Therefore, empiric guidelines accounting for these basic characteristics may be more impactful and have greater uptake by clinicians. Pooling data in this way also results in more precise coverage estimates reliably differentiating better performing regimens. This requires expanding typical microbiological surveillance with some clinical information, most importantly relating to the infection that was being treated at the time of sampling. Where these data are not routinely collected together, we illustrate that linkage methods are feasible and provided robust matching (∼90%). For Switzerland, we observed that more conservative regimens in line with antibiotic stewardship tenets, such as amoxicillin plus gentamicin, are expected to perform in a comparable manner to more broad-spectrum options, including meropenem. Such similar coverage between narrower and broader regimens could encourage a local-data-driven rationale for continuing to use narrower regimens.
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Characteristic

Hospital

Hospital 1

56 (5%)

Hospital 2 89 (8%)
Hospital 3 164 (15%)
Hospital 4 57 (5%)
Hospital 5 80 (7%)
Hospital 6 174 (16%)
Hospital 7 83 (8%)
Hospital 8 49 (5%)
Hospital 9 106 (10%)

Hospital 10

224 (21%)

Age group

Preterm neonate

258 (24%)

Term neonate 112 (10%)
Child <12 months 215 (20%)
Child 1-4 years 218 (20%)
Child 5-9 years 141 (13%)

Child 10-16 years

138 (13%)

Sex

Female

435 (40%)

Male 647 (60%)
Comorbidity

Neonate 370 (34%)
Comorbidity 369 (34%)

No Comorbidity

343 (32%)

CAIHAI®

Early-onset neonatal sepsis

62 (6%)

Late-onset sepsis CAI 60 (6%)
Late-onset sepsis HAI 248 (23%)
Community-acquired infection (CAI) 541 (50%)
Hospital-acquired infection (HAI) 171 (16%)
Patient on PICU 534 (49%)
Derived risk group

Group 1 - neonatal sepsis CAI 122 (11%)
Group 2 - neonatal sepsis HAI 248 (23%)
Group 3 - CAI healthy children 328 (30%)
Group 4 - CAI comorbidity children 213 (20%)
Group 5 - HAI children 171 (16%)

*Frequency (%)
°CAl, community-acquired infection (<2 days from hospital admission to blood
culturing); HAI, hospital-acquired infection (>2 days from hospital admission to
bidod cuttiring).





