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Comparison of sPLA2IIA 
performance with high‑sensitive 
CRP neutrophil percentage PCT 
and lactate to identify bacterial 
infection
Toh Leong Tan1*, Christabel Wan‑li Kang2, Kai Shen Ooi1, Swee Thian Tan1, 
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Early bacterial infection (BI) identification in resource‑limiting Emergency Departments (ED) is 
challenging, especially in low‑ and middle‑income counties (LMIC). Misdiagnosis predisposes to 
antibiotic overuse and propagates antimicrobial resistance. This study evaluates new emerging 
biomarkers, secretory phospholipase A2 group IIA (sPLA2‑IIA) and compares with other biomarkers 
on their performance characteristic of BI detection in Malaysia, an LMIC. A prospective cohort study 
was conducted involving 151 consecutive patients admitted to the ED. A single measurement was 
taken upon patient arrival in ED and was analysed for serum levels of sPLA2‑IIA, high‑sensitive 
C‑reactive protein (CRP), procalcitonin (PCT), neutrophil percentage (N%), and lactate. All biomarkers’ 
performance was compared for the outcomes using area under the receiver operating characteristic 
curve (AUROC), sensitivity, and specificity. The performance of sPLA2‑IIA (AUROC 0.93 [95% CI: 0.89–
0.97]; Sn 80% [95% CI: 72–87]; Sp 94% [95% CI: 81–89]) was the highest among all. It was comparable 
with high‑sensitive CRP (AUROC 0.93 [95% CI: 0.88–0.97]; Sn 75% [95% CI: 66–83]; Sp 91 [95% CI: 
77–98]) but had a higher Sn and Sp. The sPLA2‑IIA was also found superior to N%, PCT, and lactate. 
This finding suggested sPLA2‑IIA was recommended biomarkers for BI detection in LMIC.

The Global Burden of Disease Study reported that infection caused more than 10 million lives lost per  year1. Vari-
ous studies show a marked difference in mortality rate from high-income to low- and middle-income countries 
(LMIC), with the highest death, observed in Sub-Saharan Africa and Southeast Asia (SEA)2–4. In Malaysia, an 
LMIC in SEA, pneumonia remains amongst the leading cause of death right after ischemic heart disease since 
2014 across all age groups, gender, ethnicities, and  stratum5.

Infection, not limited to pneumonia, can happen elsewhere caused by a diversity of microbial pathogens. 
Hence, identification of the aetiological agent is the key in determining patient recovery. It is clinically essential 
to differentiate bacterial infection (BI), and non-bacterial infection (NBI) as the treatment protocol differs sig-
nificantly. Nevertheless, considering the similar clinical presentation between bacterial and viral infections, it 
could be challenging in distinguishing the two based on both history taking and  examinations6.
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Theoretically, by isolating out the causative agents, blood culture is always recognised as the gold standard 
to diagnose BI. The biggest drawback is the significant turnaround time of approximately 24–48 h to isolate the 
causative agents. This time-intensive limitation had become the disadvantages for blood culture and rendering 
it impracticable at ED for its triage  responsibility7,8. Hence, the delay in diagnosis would render the initiation 
of empirical antibiotics. Saleh et al. (2019) illustrated that up to 30% of the clinicians proceed to continue the 
antibiotic, although the results were yet to confirm bacterial  infection7. Frequent abuse and misuse of the antibi-
otic attribute to antimicrobial resistance becoming one of the biggest threats to global public health. Moreover, 
individual patient health is at stake with prolonged hospitalisation, radical treatment, and soaring healthcare 
 expenses6.

Therefore, there is an ongoing effort to pursue a simple and accurate diagnostic tool. Biomarkers appear as a 
promising point-of-care test in the triage system. Culture and sensitivity would play a supportive role to further 
assist in proper clinical judgement. Among the biomarkers, CRP and PCT are the most extensively studied. 
However, most of them being studied in high-income countries with limited data generated from  LMIC9. Nev-
ertheless, the performances were somewhat inconsistent and  fluctuated10,11. For the new emerging biomarkers, 
secretory phospholipase A2 group IIA (sPLA2-IIA) was hypothesised able to distinguish BI, but few studies were 
available, hence requiring further  validation12,13. This prospective study aimed to investigate the performance 
of new emerging biomarker sPLA2-IIA with other biomarkers inclusive of high-sensitive CRP, PCT, N%, and 
lactate in their diagnostic value to identify BI from NBI.

Methods
Study design, population and setting. The ED UKM Medical Centre, with 72,000 ED visits annually, 
served as an urban, academic teaching hospital with 1000-beds. The target population includes ≥ 18 years old 
who presented to the ED suspicious of infection throughout the study. Patients enrolled had given their writ-
ten informed consent to participate in this study. The diagnosis of infection was determined by attending ED 
physicians based on the criteria stated in Horan et al. (2008)14. The patients were then be grouped into either BI 
or NBI. The bacterial infection is defined as a clinical bacterial infection or positive bacterial cultures (sputum, 
body fluids, blood, et cetera). However, the exclusion criteria were immunosuppressed patients, in either case, 
oncologic  patients15–19, partially treated with antibiotics before ED presentation, preexisting liver  cirrhosis20–23 
and end-stage renal failure who required regular  dialysis24–26, or sterile inflammatory disease. The research was 
approved by the Universiti Kebangsaan Malaysia (UKM) ethical review board (ethic code FF-2015-322) and 
carried out according to Good Clinical Practice guideline. This single-centre prospective cohort study was con-
ducted over 30 months (May 2015–October 2017) in ED UKM Medical Centre, Malaysia.

Data collection and quality control. The data collections were done by two well-trained clinicians who 
work in the Emergency Department. Once patients with suspected infections fulfil the study criterion upon reg-
istration in the ED, single-time blood (either venous or arterial) sampling was performed for each interest bio-
marker (high-sensitive CRP, sPLA2-IIA, N%, PCT, and Lactate) before the patients received any form of medical 
treatment. The patients recruited were monitored continuously during the ED stay until they were discharged 
or passed away for their current admission. For each patient, a total of 5 mL of whole blood was collected with 
2.5 mL dispensed into an EDTA tube for a full blood count. Another 3 mL whole blood was withdrawn to the 
serum tube for high-sensitive CRP, sPLA2-IIA, and PCT. The samples were centrifuged immediately and stored 
at  − 85 °C until the moment of analysis. The serum lactate level was detected from the site lab arterial blood gas 
results, whereas N% was traced from full blood count results. Relevant culture and serology tests were ordered 
as determined by the treating physician based on a case-to-case basis.

Method of determination of biomarkers. The high-sensitive latex immunoassay MULTIGENT CRP 
Vario with a measurement range of 0.10–160.00  mg/L was used to measure high-sensitive CRP levels. For 
sPLA2-IIA serum activity, the samples were tested in triplicates on sPLA2-IIA (human type IIA) Enzyme Immu-
nometric Assay Kit (Cayman Chemical, USA) as per the manufacturer’s instructions. N% was determined by 
flow cytometry analysis on an SYSMEX XN-3000 Analyzer. In vitro quantitative determination of PCT value 
was done with Elecsys BRAHMS PCT, which was utilised as an immunoassay. Lactate levels were measured with 
ABL 800 BASIC analyser.

Statistical analysis. All statistical analysis was accomplished using SPSS software, version 24. The recruited 
patients’ demographic data and causative microorganisms were summarised as frequency (%), mean and stand-
ard deviation. Parametric variables with normal distribution were presented as mean ± standard deviation. Oth-
erwise, the median and interquartile values were reported instead. Subsequently, non-parametric variables were 
tested with the Mann–Whitney U test for two-group comparisons and Kruskal–Wallis tests for multi-group 
comparisons. A 2-sided P value of < 0.05 was used in simple comparisons to indicate statistical significance. A 
2-sided P value of < 0.01 was adjusted for multiple comparisons to indicate the statistical significance based on 
Bonferroni’s  correction27. Pearson chi-square, χ2 test was used to compare the association of categorical vari-
ables. Area under receiver operating characteristic curve (AUROC) was used to assess each biomarker’s per-
formance in discriminating between BI and non-BI. The cut-off point of each biomarker was then determined 
and used as the reference. The MedCalc online calculator was used to determine Sn, Sp, positive predictive 
values (PPV), negative predictive values (NPV), and accuracy with a 95% confidence interval (95%CI) of each 
biomarker. The accuracy of each parameter was verified by Cohen’s kappa (κ) agreement test. An online sample 
calculator, “easyROC”, was used to calculate the sample size using PCT as a standard biomarker based on past 
literature. With a type 1 error of 0.05, a power of 0.8, an AUROC PCT of 0.93 from the Luzzani et al. (2003), and 
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an AUROC sPLA2-IIA of 0.93 from Tan et al. (2016) at the lower difference of 0.01, we calculated a total sample 
size of  11212,28.

Results
Characteristic of study cohort. From March 2015–October 2017, a total of 154 patients admitted to the 
Emergency Department were who fulfilled the inclusion criteria, of which 151 consecutive patients were eligible 
and selected for this study after exclusion of three missing blood samples (Fig. 1). The demographic data of the 
patient characteristics were shown in Table 1, and causative pathogen data was presented in Table 2. The mean 
age was around 57.8 years old with equal gender distribution. The age for BI appeared older as compared with 
the NBI group (p = 0.008). Among the 151 patients, 115 were diagnosed to have BI. All biomarker results were 
compared at a cut-off level determined via AUROC analysis.

Detection of bacterial infection. According to BI and NBI groups, the median and interquartile range 
for all biomarker levels were summarised in Table 1 and Fig. 2. All biomarker median levels were significantly 
higher in the BI group than the NBI group (P < 0.001). The AUROC values, Sn, Sp, PPV, NPV, accuracy, and κ for 
all biomarkers for detecting sepsis and BI were shown in Table 3 and Fig. 3. Table 1 showed that high-sensitive 

151 blood sampling analyzed for high-
sensitive CRP, sPLA2-IIA, N%, PCT 

and lactate before treatment

Culture and sensitivity before antibiotics

264 patients were screened, but
154 patients fulfill criteria
- 18 years and above
- presented to the ED during the study  

period with suspected infection
- consented to participate in this study 

Primary Outcome

The performance of biomarkers of 
interest to identify BI

High-sensitive CRP
(n=151) 
Cut-off: 6.3 mg/dL
HL (BI – 87 NBI – 3)
LL (BI – 29 NBI – 32)

sPLA2-IIA
(n=151) 
Cut-off: 7.04 μg/L
HL (BI – 93 NBI – 2)
LL (BI – 23 NBI – 33)

N%
(n=151)
Cut-off: 75.00%
HL (BI – 98 NBI – 11)
LL (BI – 18 NBI -24)

PCT  
(n=151)
Cut-off: 0.38 ng/mL
HL (BI – 59 NBI – 3)
LL (BI – 57 NBI –32)

Lactate
(n=151)
Cut off: 2.00 mmol/L
HL (BI – 49 NBI – 5)    
LL (BI – 67 NBI – 30)

27 Preexiting Liver Cirrhosis
21 Antibiotic    
17 Cancer    
14 Steroid 
10 End-Stage Renal Failure
8 Autoimmune 
6 Sterile inflammation
4 HIV
3 Acute coronary syndromes
3 missing blood samples 

Figure 1.  Study on-site recruitment and workflow (May 2015–October 2017). High-sensitive CRP = High-
Sensitive C-Reactive Protein; sPLA2-IIA = Secretory Phospholipase 2- IIA; N%, = Neutrophil Percentage; 
PCT = Procalcitonin; HIV = Human Immunodeficiency Virus; ESRF = End-Stage Renal Failure; BI = Bacterial 
Infection; NBI = Non-Bacterial Infection; HL = High Level*; LL = Low  Level†. *High level refers to biomarker’s 
level that equal to or higher than the cut-off point. † Low level refers to biomarker’s level that equal to or lower 
than the cut-off point.
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CRP and sPLA2-IIA were found to have the highest AUROC values, both 0.93 (95% CI, 0.88–0.97). Figure 3 
presents the AUROC for all biomarkers in differentiating BI. Interestingly, sPLA2-IIA was found to have the best 
Sp (94%, 95% CI, 0.81–0.99) with a cut-off point of 7.04 μg/l. N% had the highest Sn (84%, 95% CI, 0.77–0.91) 
among all the biomarkers, with a cut-off of 75%. High-sensitive CRP, PCT, and sPLA2-IIA had higher cut-off 
points in BI detection than in sepsis detection. In further analyses of AUROC among biomarkers, high-sensitive 
CRP, sPLA2-IIA, and N% predictability of BI were found equally good (P > 0.05). These three biomarkers also 
had significantly higher AUROC than PCT and lactate (P < 0.05) (Table 4).

Discussion
In our study, high-sensitive CRP and sPLA2-IIA had better AUROCs followed by N%, PCT, and lactate in dis-
criminating sepsis and differentiating BI.

Despite limited literature available, the sPLA2-IIA performance in our study parallel with the findings from 
Rintala et al. (1993), showing that sPLA2-IIA was significantly higher in BI  patients29. The same study also high-
lighted a strong correlation of sPLA2-IIA level to high-sensitive CRP and PCT. In our current study, we found 
sPLA2-IIA has the equal performance to high-sensitive CRP and outweigh PCT. The primitive role of sPLA2-IIA 
coined as a bactericidal enzyme, catalysed bacterial membranes’  hydrolysis13. This acute-phase protein engages 
the body host in response to inflammation and generates pro-inflammatory  metabolites12. Hence, its activity level 
is reliable to measure the degree of systemic inflammation in various bacteremic and non-bacteremic infections 
and differentiate between bacterial and viral  infections12,30.

Several studies comparing CRP and PCT in the detection of BI showed that PCT was superior to CRP;31–35 
however, our results showed otherwise. Since CRP and PCT are mostly evaluated among the high-income coun-
tries, there was a lack of reference tests for comparative analysis in a geographical speicfic region. Therefore, 
Escadafal et al. (2017) highlighted the necessity to appraise biomarkers in LMIC populations for its intended 
application  settings36. Our CRP cut-off point falls within the cut-off range above 60–80 mg/dL that bacterial 
infection may be  present8. We hope the biomarkers value and their cut-off point in our study could serve as a 

Table 1.  Sociodemographic data of patients recruited for the study. hsCRP high-sensitive C-reactive protein, 
sPLA2-IIA secretory phospholipase 2-IIA, N% neutrophil percentage, PCT procalcitonin. *A 2-sided P value 
of < 0.05 indicate the statistical significance. *A 2-sided P value of < 0.01 was adjusted for multiple comparisons 
to indicate the statistical significance based on Bonferroni’s correction. aMann–Witney U test, bChi square test. 
cBonferroni’s correction.

Demography All Patients (n = 151)
Bacterial infection 
(n = 116)

Non-bacterial 
infection (n = 35) P-value

Age (years; mean [SD]) 57.8 (19.3) 60.3 (18.1) 49.4 (20.9) 0.008*a

Gender, No. (%)

Male 80 (53.0%) 62 53.4 18 51.4

Female 71 (47.0%) 54 46.6 17 48.6 0.849b

Race, No. (%)

Malay 67 (44.0%) 56 48.3 11 31.4 0.012bc

Chinese 63 (42.0%) 47 40.5 16 45.7

Indian 9 (6.0%) 8 6.9 1 2.9

Others 12 (8.0%) 5 4.3 7 20.0

Biomarkers, median, (quartile 3, quartile 1)

hsCRP (mg/dL) 8.79 (17.71, 1.81) 12.23 (20.13, 6.33) 0.39 (2.36, 0.09)  < 0.001*a

sPLA2-IIA (μg/L) 13.76 (30.42, 2.91) 23.29 (32.37, 8.13) 0.83 (3.03, 0.43)  < 0.001*a

N% 79.30 (86.60, 73.50) 82.45 (88.05, 77.55) 65.80 (75.30, 54.25)  < 0.001*a

PCT (ng/mL) 0.255 (1.51, 0.08) 0.39 (2.90, 0.13) 0.05 (0.19, 0.03)  < 0.001*a

Lactate (mmol/L) 1.70 (2.3, 1.3) 1.80 (2.50, 1.35) 1.30 (1.75, 1.20)  < 0.001*a

Source of infection, No. (%)

Respiratory 48 (31.8%)

Urinary 27 (17.9%)

Musculoskeletal 22 (14.6%)

Gastrointestinal 14 (9.3%)

Skin 13 (8.6%)

Cardiac 10 (6.6%)

Dengue 7 (4.6%)

Central nervous system 3 (2.0%)

Blood/Catheter related 3 (2.0%)

Obstetrics and Gynaecology 2 (1.3%)

Thyroid 1 (0.7%)

Eye 1 (0.7%)



5

Vol.:(0123456789)

Scientific Reports |        (2021) 11:11369  | https://doi.org/10.1038/s41598-021-90894-0

www.nature.com/scientificreports/

reference and guidance for future result interpretation among the LMIC countries. Being the leading most exten-
sive study on CRP and PCT’s efficacy for predicting bacterial infection in tropical, malarial endemic settings in 
the Southeast Asian context, Lubell et al. (2015, 2016) concluded that CRP outperforms PCT in its  accuracy37,38. 
Although the role of CRP was debatable as a biomarker of either inflammation or  infection7,8, our result affirmed 
the stand of Escadafal et al. (2020) whereby CRP levels correlated with the presence of bacterial infection and was 
consistent across various  studies39. Our study showed better performance of CRP than PCT which is comparable 
to other LMIC context studies in contrary to the observations in high-income  countries38,40,41.

PCT played an essential role in antibiotic stewardship (AMS) and was recognised internationally for its 
diagnostic and prognostic  properties42,43. The efficacy was validated in several trials showing a decreased anti-
biotic prescription rate and improvement in patients’ clinical outcomes. The Berlin 2018 expert consensus had 
developed a PCT-guided AMS concerning illness severity and likelihood for BI. Subsequently, algorithm adap-
tations were made to harmonise the PCT usage across the Asia–Pacific region, given the differences in LMIC 
background. Nevertheless, the modified consensus also agreed that the PCT-guided AMS was not applicable 
in patients suspected of tropical  disease43. From the Berlin 2018 consensus, the PCT cut-off was fixed at 0.5 ng/
mL at the intensive care unit (ICU) and 0.25 ng/mL non-ICU setting to predict the likelihood of  BI42. However, 
our study reported a higher PCT cut-off at 0.38 ng/mL compared to the non-ICU group. As ED stands a unique 
setting that harbours a mixture of critical and non-critical ill patients, a higher PCT cut-off is more practical for 
BI identification. Furthermore, the uprising performance in sPLA2-IIA compared to PCT in our study prompts 
the consideration of sPLA2-IIA to rise as a potential AMS biomarker. This current study encourages further 
exploration of sPLA2-IIA on AMS as an approach for more judicious antibiotic usage in the future time.

In previous literature, N% showed weak BI prediction in elderly patients. With an 80% cut-off point, low Sn 
and Sp were recorded at 35% and 74%,  respectively44. Comparatively, our study demonstrated a slightly lower 
N% cut-off (75%) with a higher Sn (84%) and Sp (69%). Although it is not the best biomarker, N% showed 
promising performance and outperformed PCT and lactate. Such attribution may relate to the neutrophils’ role 
as the predominant immune cell population migrated to the affected site regardless of the etiological agents at the 
early stage of infection. Mainly, the neutrophils were markedly increased during bacterial or fungal infections as 
compared to viral  infections11. Considering N% as an inexpensive and readily available biomarker, it promised to 
be an excellent parsimonious biomarker in detecting BI in LMICs. Therefore, a high N% should prompt a high 
BI suspicion and warrant further investigation in our settings.

Table 2.  Causative microbial detected via cultivation. a Extended-spectrum beta-lactamases.

Cultured organisms Frequency Percentage

Escherichia coli 15 (9.9%)

Dengue virus 7 (4.6%)

Staphylococcus aureus 6 (4.0%)

Proteus spp. 4 (2.6%)

Pseudomonas aeruginosa 4 (2.6%)

Candida spp. 3 (2.0%)

Escherichia coli  ESBLa 3 (2.0%)

Klebsiella spp.  ESBLa 3 (2.0%)

Streptococcus Beta-Hemolytic Group B 3 (2.0%)

Bacteroides spp. 2 (1.3%)

Klebsiella spp. 2 (1.3%)

Methicillin-resistant Staphylococcus aureus 2 (1.3%)

Morganella morganii 2 (1.3%)

Mycoplasma tuberculosis 2 (1.3%)

Streptococcus Beta-Hemolytic Group G 2 (1.3%)

Streptococcus viridans 2 (1.3%)

Burkholderia pseudomallei 1 (0.7%)

Chlamydia Pneumoniae 1 (0.7%)

Enterobacter spp. 1 (0.7%)

Enterobacter spp.  ESBLa 1 (0.7%)

Enterobacter cloacae 1 (0.7%)

Klebsiella pneumoniae 1 (0.7%)

Klebsiella pneumoniae  ESBLa 1 (0.7%)

Salmonella spp. 1 (0.7%)

Scytalidium spp. 1 (0.7%)

Staphylococcus coagulase negative 1 (0.7%)

Streptococcus pneumoniae 1 (0.7%)
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In contrast, our study found that lactate was poor in differentiating BI, even though it has been used widely 
in clinical settings as a biomarker to discriminate sepsis from non-sepsis patients. Lactate reflects strained cel-
lular metabolism as it is an end product in anaerobic metabolism from hypoxemia. A wide variety of conditions, 
such as trauma, endocrine emergency, acute cardiac events, and increased bacterial load, lead to lactate level 
elevation, impeding its sensitivity.

This study addressed several limitations that merit consideration. However, it was a single-centre ED-based 
study with all data samples collected solely from an academic medical centre. Hence, selective bias may have 
occurred, and this study result may not apply to other hospitals’ ED settings. Apart from that, the study excluded 
the minorities with the inclusion age criterion restricted to those aged ≥ 18 years old. The paediatric population 
appeared to be an exciting group for further investigation as its application may possess considerable clinical 
potential and relevance. Undoubtedly, this will potentially support the use of biomarkers in all age groups to 

Figure 2.  Box plots for high-sensitive CRP, sPLA2-IIA, N%, PCT, and lactate levels in detecting bacterial 
infection. hsCRP = High-Sensitive C-Reactive Protein; sPLA2-IIA = Secretory Phospholipase 2-IIA; 
N% = Neutrophil Percentage; PCT = Procalcitonin. Boxes show the 25th–75th centiles, while whiskers indicate 
the 10th and 90th centiles. Horizontal lines within the boxes indicate the median. Outliers are shown as circles 
and stars.

Table 3.  The ability of five tested biomarkers to differentiate bacterial infection in ED. AUROC area under 
receiver operating characteristic curve, Sn sensitivity, Sp specificity, PPV positive predictive value, NPV 
negative predictive value, PLR positive likelihood ratio, NPR negative likelihood ratio, hsCRP high-sensitive 
C-reactive protein, sPLA2-IIA secretory phospholipase 2-IIA, %, neutrophil percentage, PCT procalcitonin. 
The result compared the bacterial infection group (n = 116) against non-bacterial infection group (n = 35). 
*AUROC classification: 0.70–0.79 = Fair, 0.80–0.89 = Good, > 0.90 = Excellence. a Patients recruited excluding 
missing data(biomarkers) patients; complete case analysis. b P values are based on χ2 test, P < 0.05 indicates a 
significant difference.

Biomarker
AUROC*a 
(95% CI) Cut-off

Sn (%) (95% 
CI)

Sp (%) (95% 
CI)

PPV (%) 
(95% CI)

NPV (%) 
(95% CI) PLR (95% CI)

NLR (95% 
CI) Kappa (κ) P  Valueb

Accuracy 
(95% CI)

hsCRP (mg/
dL)

0.93 
(0.88–0.97) 6.33 75 (66–83) 91 (77–98) 97 (91–99) 52 (44–61) 8.8 (3.0–26.0) 0.3 (0.2–0.4) 0.53  < 0.001 79 (71–85)

sPLA2-IIA 
(μg/L)

0.93 
(0.89–0.97) 7.04 80 (72–87) 94 (81–99) 98 (92–99) 59 (50–68) 14.0 

(3.6–54.1) 0.2 (0.1–0.3) 0.62  < 0.001 83 (77–89)

N% 0.85 
(0.76–0.93) 75.00 84 (77–91) 69 (51–83) 90 (84–94) 57 (45–68) 2.5 (1.5–4.2) 0.3 (0.3–0.5) 0.50 0.001 81 (74–87)

PCT (ng/mL) 0.81 
(0.73–0.89) 0.38 51 (41–60) 91 (77–98) 95 (87–98) 36 (31–41) 8.3 (2.8–24.7) 0.3 (0.2–0.5) 0.28  < 0.001 60 (52–68)

Lactate 
(mmol/L)

0.68 
(0.59–0.77) 2.00 42 (33–52) 86 (70–95) 91 (81–96) 31 (27–36) 3.0 (1.3–6.8) 0.7 (0.6–0.8) 0.17 0.002 52 (44–61)
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identify patients with BI. Lastly, the available clinical algorithm and lab test for microbiological diagnosis may 
be imperfect. The diagnostic performance may have negatively affected several cases whereby bacterial infection 
was misclassified as other pathogenic agents at some instances when patients harbour bacterial infections without 
being microbiologically proven. Regardless, antibiotics would still be administered in these cases as part of a regu-
lar clinical routine. Our study’s strength is that the prospective study was carried out as proposed despite limited 
resources in our setting. Our study had achieved the proposed sample size, which ensured a high-power study.

Conclusion
Taking all together, sPLA2-IIA is comparable to high-sensitive CRP but better than N%, PCT, and lactate in 
identifying BI at a fast-paced ED setting in LMIC, preliminarily. Combinations of biomarkers can yield better 
diagnostic performance on bacterial infection management in LMICs. Further studies should be carried out to 
explore the potency of sPLA2-IIA, particularly validating its implicit roles as a potential AMS biomarker. This 
would expedite the physicians’ decision-making for proper antimicrobial administration and mitigate the rising 
threat of antimicrobial resistance globally.

Figure 3.  AUROCs of five tested biomarkers in differentiating bacterial infection in ED. This figure showed 
that all biomarkers able to predict sepsis and bacterial infection (BI). High-sensitive CRP, sPLA2-IIA, and 
N% have the highest AUROC among all for both sepsis and BI detection in ED. AUROC = Area Under 
Receiver Operating Characteristic Curve; hsCRP = High-Sensitive C-Reactive Protein; sPLA2-IIA = Secretory 
Phospholipase 2-IIA; N% = Neutrophil Percentage; PCT = Procalcitonin.

Table 4.  Comparison of the performance of biomarkers’ AUROC to differentiate bacterial 
infection in ED. AUROC area under receiver operating characteristic curve (0.70–0.79 = Fair, 0.80–
0.89 = Good, > 0.90 = Excellence); p p-value, hsCRP high-sensitive C-reactive protein, sPLA2-IIA secretory 
phospholipase 2-IIA, N% neutrophil percentage, PCT procalcitonin.*p < 0.05 indicates a significant 
difference between the two biomarkers of interest.

Bacterial (n = 116) and Non-bacterial Infection (n = 35)

Biomarkers hsCRP (mg/dL) sPLA2-IIA (μg/L) N% PCT (ng/mL) Lactate (mmol/L)

hsCRP (mg/dL) AUROC 0.93 – – – –

sPLA2-IIA (μg/L) p > 0.99 AUROC 0.93 – – –

N% p = 0.20 p = 0.19 AUROC 0.88 – –

PCT (ng/mL) p = 0.02* p = 0.02* p = 0.21 AUROC 0.81 –

Lactate (mmol/L) p < 0.001* p < 0.001* p < 0.001* p = 0.08 AUROC 0.68
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