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Background: To assess the ability of urinary neutro-
phil gelatinase-associated lipocalin (UNGAL) to discriminate 
between culture-positive vs. culture-negative late-onset sepsis 
evaluations.
Methods: This is a prospective observational study of 136 
neonates who underwent ≥1 sepsis evaluation at >72 h of age. 
Urine was obtained at the time of sepsis evaluation to measure 
UNGAL concentration. Using generalized estimating equa-
tions controlling for gender, gestational and postnatal age, 
acute kidney injury, and within-patient correlations, pair-wise 
contrasts between mean log UNGAL concentrations of infants 
with negative sepsis evaluations vs. culture-positive sepsis and 
presumed sepsis were assessed. Discrimination characteristics 
at several UNGAL cutoff concentrations were assessed using 
receiver-operating characteristic curves.
results: The predicted mean log UNGAL values of 
 culture-positive sepsis and presumed sepsis vs. negative sep-
sis evaluations differed significantly (P < 0.001 and P = 0.02, 
respectively). At a cutoff ≥ 50 ng/ml, UNGAL discriminated 
between culture-positive sepsis and culture-negative sepsis 
evaluations with sensitivity = 86%, specificity = 56%, positive 
predictive value = 41%, negative predictive value = 92%, and 
number needed to treat = 3.
conclusion: UNGAL is a noninvasive biomarker with high 
negative predictive value at the time of late-onset sepsis evalu-
ation in neonates and could be a useful adjunct to traditional 
components of sepsis evaluations.

late-onset sepsis, by definition, occurs at >72 h of life and 
can affect as many as 20–30% of infants hospitalized in the 

neonatal intensive care unit (NICU), with varying mortal-
ity rates depending on gestational age (GA) (1,2). Accurate 
diagnosis of late-onset sepsis in this vulnerable population 
can be difficult due to nonspecific signs and symptoms, as 
well as due to difficulties in obtaining sufficient diagnostic 
specimens, such as an adequate volume of blood samples. 
In order to determine which infants are most likely to be 
infected, biomarkers have been utilized with varying success. 
The ideal biomarker should have rapid onset of expression, 

reversibility of expression when the disease abates, ease 
of collection and measurement, high sensitivity, and high 
negative predictive value (NPV). Currently, C-reactive pro-
tein (CRP) is the most frequently used serum biomarker in 
the NICU population. As described by Benitz et  al. (3), a 
single CRP at the time of a sepsis evaluation has a modest 
sensitivity (65%) and NPV (79%). In septic infants, CRP 
peaks 24–48 h after the onset of symptoms; a second sample 
obtained during this time period increases the sensitivity 
to 97%. Although CRP can help determine which neonates 
may not be septic, it is a relatively invasive, late biomarker 
and the results of the second sample may have limited addi-
tional diagnostic utility compared with blood culture results, 
which are often available about the same time. A noninvasive 
biomarker with high sensitivity, high NPV, and results avail-
able at the time of sepsis evaluation might be more useful 
than currently available biomarkers.

Urinary neutrophil gelatinase-associated lipocalin 
(UNGAL) is a 25-kDa protein of the lipocalin family produced 
by the kidney (4). UNGAL is an indicator of acute kidney 
injury (AKI) due to sepsis, ischemia, and nephrotoxins (5,6); 
concentrations have been shown to rise after cardiopulmonary 
bypass and renal transplantation in adults and children (7–10), 
with contrast administration (11), with hemolytic-uremic syn-
drome (12), and with lupus nephritis (13). We have previously 
demonstrated, in a pilot study, that concentrations of UNGAL 
in urine specimens obtained at the time of sepsis evaluations 
in very-low-birth-weight infants correlated with the presence 
of sepsis (14).

The objective of this study was to prospectively measure 
UNGAL at the time of initial evaluation for late-onset sep-
sis among infants in a quaternary care NICU to determine 
a cutoff concentration of UNGAL for culture-positive late-
onset sepsis with optimal sensitivity and NPV compared 
with negative-sepsis evaluations. We hypothesized that (i) 
UNGAL concentrations would be increased in neonates of 
all GAs and birth weights (BWs) with culture-positive late-
onset sepsis and (ii) UNGAL would have a sensitivity and 
NPV comparable to those of CRP at the time of the sepsis 
workup.
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RESULTS
Study Subjects
During the study period, 368 late-onset sepsis evaluations were 
performed in 179 patients. Of these, urine for UNGAL analy-
sis was obtained in 58% (214/368) of evaluations from 76% 
(136/179) of subjects. Urine was not obtained for 154 evalua-
tions in 43 patients for the following reasons: missed collection 
(n = 119), oliguria/anuria (n = 23), and parents declined par-
ticipation (n = 12). Subjects with UNGAL measurements were 
of lower GA and BW than those infants for whom urine was 
not collected for UNGAL measurement (P < 0.05) (Table 1).

Sepsis Evaluations
Organisms identified in the culture-positive sepsis group 
included: Klebsiella pneumoniae (n  =  10), methicillin- 
susceptible Staphylococcus aureus (n  =  8), coagulase-nega-
tive Staphylococcus (n = 8), Escherichia coli (n = 4), Candida 
spp. (n  =  3), group B Streptococcus (n  =  1), Enterobacter 
spp. (n  =  1), methicillin-resistant S. aureus (n  =  1), and 
Actinomyces (n = 1). Three necrotizing enterocolitis (NEC) 

evaluations yielded a concomitant K. pneumoniae bactere-
mia and one NEC evaluation yielded a concomitant E. coli 
urinary tract infection (UTI); these were categorized in the 
culture-positive sepsis and UTI groups, respectively. When 
an antimicrobial treatment was given to subjects for wound 
infections, pneumonia, or cellulitis with negative blood cul-
tures, these episodes were categorized in the “other” group.

Urinary Neutrophil Gelatinase-Associated Lipocalin 
Concentrations
Figure 1 shows the geometric mean UNGAL concentrations 
and 95% confidence interval (CI) for each group. Log UNGAL 
concentrations were highest for the culture-positive and pre-
sumed sepsis groups. Pair-wise contrast estimates demon-
strated significant differences between the culture-positive 
sepsis group and the culture-negative sepsis evaluation group 
and between the presumed sepsis group and the culture-neg-
ative sepsis evaluation group (P < 0.001 and P = 0.02, respec-
tively). The UNGAL concentration was similar among other 
pair-wise comparisons (Table 2). The generalized estimating 
equation used in this study included initial and subsequent 
sepsis evaluations. However, when only the first episode 
was analyzed, the results were similar but effects were not as 
pronounced.

A receiver-operator curve (ROC) was constructed to eval-
uate the ability of log UNGAL to discriminate between the 
culture-positive sepsis group and the culture-negative sep-
sis evaluation group (Figure  2). The area under the curve 
(AUC) was 0.81 (95% CI (0.72, 0.90)). At a cutoff concen-
tration ≥ 50 ng/ml, UNGAL discriminated between culture-
positive sepsis and culture-negative sepsis evaluation groups 
with sensitivity = 86%, specificity = 56%, positive predictive 
value (PPV)  =  41%, NPV  =  92%, positive likelihood ratio 
(posLR) = 1.95, negative likelihood ratio (negLR) = 0.25, and 
the number needed to treat (NNT) = 3 (Table 3). The esti-
mated values for screening test parameters for the composite 
variable, “sepsis-treated” group vs. culture-negative sepsis 
evaluation group, were similar (Table 3). When comparing 

table 1. Baseline characteristics of infants included and not included in the study

Group
Infants 

(n)
Evaluations 

(n)
GA median  

(IQR)
BW median  

(IQR)
GA ≤  

32wk (%)
BW ≤  

1,500g (%)
Male 
(%)

PDA  
(%)

AKI 
(%)

Culture-negative sepsis evaluation 49 102 29 wk (26–36) 1,070 g (770–2,470) 61 61 65 8 12

Culture-positive sepsis 32 37 27.5 wk (25–36) 827 g (617–2,726) 63 59 59 13 16

Single culture positive for CONS 5 8 28 wk (27–28) 1,070 g (599–1,145) 100 100 40 20 20

Presumed sepsis 19 22 37 wk (25–38.5) 2,050 g (681–2,768) 47 47 37 5 21

Urinary tract infection 12 16 35 wk (28.5–39) 2,100 g (1,314–3,076) 42 50 83 8 0

Necrotizing enterocolitis 14 21 27 wk (26–30.5) 712 g (608–1,181) 93 79 57 7 21

Other 5 8 39 wk (26–39) 2,965 g (911–3,200) 40 40 60 0 20

Total includeda 136 214 29 wk* (26–37) 1,070 g* (703–2,736) 62 60 60 9 15

Eligible, but not includedb 43 154 38 wk (32.5–39) 2,690 g (1,588–3,242) 26 26 58 NA NA

AKI, acute kidney injury; BW, birth weight; CONs, coagulase-negative Staphylococcus; g, gram; GA, gestational age; IQR, interquartile range; NA, not available; wk, week; PDA, patent 
ductus arteriosus; UNGAL, urinary neutrophil gelatinase-associated lipocalin.
aenrolled in the study and one or more urine samples assayed for UNGAL at the time of late-onset sepsis evaluation. bBorn during the study period and evaluated for late-onset sepsis 
evaluation, but either not enrolled or no urine obtained. *P < 0.05.

Figure 1. Geometric mean urinary neutrophil gelatinase-associated 
lipocalin by culture result. Error bars: 95% CI.
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those with confirmed sepsis with those with negative blood 
cultures (excluding NEC, UTI, and other categories), a 
similar ROC was constructed with an AUC of 0.79 (95% CI 
(0.70, 0.87)). Negative predictive values (NPVs) increased 
since the prevalence of culture-positive sepsis decreased by 
increasing the number of negative cultures, but the negLR 
ratio was nearly identical and the NNT increased to 5. We 
compared the performance of UNGAL ≥ 50 ng/ml with that 
of CRP ≥ 10 mg/l collected at the time of sepsis evaluation. 
The screening test parameter estimates for the two biomark-
ers were similar (Table 3).

DISCUSSION
Few investigations have examined the utility of UNGAL as a 
potential biomarker for neonatal late-onset sepsis. This study is 
the largest prospective study demonstrating the use of UNGAL 
as a noninvasive biomarker for late-onset sepsis in the neonatal 
population. The inclusion of patients across a range of GA and 
BW improves the generalizability of these findings. The design 
of our study offered the opportunity to directly compare the 
performance of UNGAL with that of another biomarker in 
common use, CRP. In order to compare our results with those 
in the study by Benitz et al. (3), the comparison group (cul-
ture-negative sepsis evaluation group) was used. This group 
is most similar to that used by Benitz, in which the negative 
culture group was defined as follows: “no sepsis if there were 
no clinical, radiographic, or laboratory findings attributable 
to sepsis (3).” As noted in Table 3, the screening test param-
eter estimates for UNGAL (cutoff ≥ 50 ng/ml) and CRP (cut-
off > 10 mg/l) were similar. Moreover, the parameter estimates 
for both biomarkers were similar to those for the initial CRP 
published by Benitz et al. (3).

Our study is conditioned on infants experiencing deterio-
ration in status sufficient to warrant a sepsis evaluation. The 
screening test characteristics derived from this design are 
likely to resemble those observed in clinical practice. Recently 
Ertuğrul et al. (15) compared the screening test performance 
of three biomarkers: CRP, procalcitonin, and UNGAL taken 
from 24 preterm infants at the onset of culture-proven sepsis. 
Of the three tests, UNGAL performed best, with sensitivity, 
specificity, PPV, and NPV values of 91.7, 100, 100, and 90.9%, 
respectively. However, the design of this study excluded infants 
with presumed sepsis as well as those with other infectious and 
noninfectious conditions likely to raise the concentration of a 
biomarker; moreover, UNGAL from well infants was used as 
the comparison group rather than UNGAL from infants with 
culture-negative sepsis evaluations, as in our study. Thus, the 
results of Ertuğrul et al. (15) cannot be compared with those 
of this study.

We explored the utility of a single UNGAL determination 
collected at the time of sepsis evaluation; thus, we have no data 
on the characteristics of UNGAL as a screening test when addi-
tional serially obtained values are combined with the initial 
result. However, we have previously described the longitudi-
nal behavior of UNGAL in very-low-birth-weight infants with 
sepsis (14): UNGAL increases from baseline 1 d prior to blood 
culture sampling and peaks at a mean level six times higher 
than baseline 2 d after the initiation of the antibiotic treatment, 
which then begins a slow descent back toward baseline that 
encompasses the duration of treatment. This pattern suggests 
that additional UNGAL determinations obtained serially, early 
in the course of a sepsis evaluation, might enhance the sensi-
tivity and PPV of the biomarker.

In adult humans and in the adult mouse model, neutrophil 
gelatinase-associated lipocalin (NGAL) exists in two separate 
body pools: systemic and renal. In the systemic pool, NGAL is 
normally expressed at very low concentrations by many organs, 

table 2. Exponentiated contrast estimates derived from generalized 
estimating equations regressing log UNGAL on culture resultsa

Group contrasts
Contrast 
estimate SE P

Culture-positive sepsis vs. negative 
sepsis evaluation

3.63 2.27 <0.001

Single culture positive for CONS vs. 
negative sepsis evaluation

0.92 0.41 0.85

Presumed sepsis vs. negative sepsis 
evaluation

1.92 1.09 0.02

Urinary tract infection vs. negative 
sepsis evaluation

1.30 0.83 0.26

Necrotizing enterocolitis vs. 
negative sepsis evaluation

1.09 0.64 0.74

Other infectionsb vs. negative sepsis 
evaluation

1.67 0.87 0.12

AKI, acute kidney injury; CONs, coagulase-negative Staphylococcus; GA, gestational 
age; se, standard error; UNGAL, urinary neutrophil gelatinase-associated lipocalin.
aModel controls for gender, GA, chronologic age, AKI, and within-subject correlations. 
The negative sepsis evaluation group is the reference category. exponentiated 
contrasts may be interpreted as the ratio of predicted geometric mean UNGAL 
values of particular results group vs. negative sepsis evaluation group (predicted 
mean = 48.3 ng/ml). In similar models that included interaction terms between culture 
results and GA, gender, and AKI, contrasts and predicted mean log UNGAL values by 
group remained stable. bWound infections, pneumonia, and cellulitis not associated 
with a positive blood culture.

Figure 2. Receiver-operator curves for culture-positive sepsis vs. 
 culture-negative sepsis evaluation.
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as well as in neutrophils and macrophages (16,17). NGAL 
expression is up-regulated by infection, inflammation, isch-
emia, and neoplastic transformation (18–23). Filtered NGAL is 
captured by megalin in the proximal tubule and degraded; thus, 
very little (0.1–0.2%) is found in urine, suggesting that systemic 
(filtered) NGAL contributes little if any NGAL to the urinary 
pool. In the postischemic mouse model, NGAL production 
is up-regulated within the kidney in the thick ascending limb 
of Henle and the collecting ducts (17). Studies looking at the 
biomarker characteristics of NGAL using the NGAL-reporter 
mouse model have also demonstrated the α-intercalated cells 
of the collecting system and the thick ascending limb of Henle 
as the sources of urinary NGAL (24).

The mechanism by which UNGAL increases in neonatal 
sepsis is unknown. One possibility is that systemic NGAL 
elaborated by neutrophils or other tissues in response to 
infection is less effectively reabsorbed during sepsis by the 
immature neonatal kidney. Nonetheless, based on studies 
using mouse models, a toll-like receptor expression is essen-
tial to NGAL production (18) and UNGAL excretion in 
response to infection (25). Filterable bacterial products may 
reach the kidney tubule to activate these toll-like receptors 
in the renal tubules.

Limitations
Our study provides support for the use of UNGAL as a bio-
marker; however, several limitations must be acknowledged. 
The first is using blood culture result as the “gold standard” 
for sepsis. Blood cultures have their own inherent false posi-
tive and false negative rates (26–28). Given this uncertainty, we 
used the sepsis-treated outcome to evaluate the performance 
of UNGAL as a screening test to distinguish those infants 
in whom a decision was made to treat with a full course of 
antibiotics. Second, in a prior study in which bagged urine 
specimens were collected daily, the mean UNGAL values 
from female infants exceeded those of males (29). The authors 
speculated that the cause of this difference was the contamina-
tion of female urine by stool or secretions during collection. 
In this study, urine was obtained by urethral catheterization or 
bag specimen for culture at the time of sepsis workup and no 
male–female difference in UNGAL values was observed. We 
speculate that in this study greater care may have been taken 
in collecting specimens to be used for urine culture than in 
the prior study, in which urine was not usually cultured. Third, 
GA and AKI (30–32) have been associated with changes in 
UNGAL concentrations in infants, independent of infection. 
Regression models controlling for the effects of GA, sex, and 

table 4. Group criteria, geometric mean UNGAL and 95% CI by culture group

Group n Blood culture result
Treatment 
duration

Age (d) at sepsis 
evaluation  

(median, IQR)

Geometric  
mean UNGAL 

(95% CI)

Negative sepsis evaluation 102 Negative <5 days 34 (15–67) 49 (39, 62)

Culture positive sepsis 37 At least 1 culture (+) for known pathogen 
or 2 cultures (+) for CONS

≥5 days 32 (12–44) 214 (140, 328)

Single culture positive for CONS 8 One culture (+) for CONS Variable 29 (11–48) 65 (29, 145)

Presumed sepsis 22 Negative ≥5 days 26 (15–48) 103 (61, 174)

Urinary tract infection 16 Negative ≥5 days 54 (24–90) 52 (35, 78)

Necrotizing enterocolitis 21 Negative ≥5 days 32 (15–47) 73 (43, 122)

Other infectionsa 8 Negative ≥5 days 20 (15–62) 84 (33, 216)

Total 214

Sepsis treated 59 Includes culture positive and presumed 
sepsis groups

≥5 days 31 (15–48) 162 (135, 194)

CI, confidence interval; CONs, coagulase-negative Staphylococcus; IQR, interquartile range; UNGAL, urinary neutrophil gelatinase-associated lipocalin.
aWound infections, pneumonia, and cellulitis not associated with a positive blood culture.

table 3. Estimates of sensitivity, specificity, predictive values, likelihood ratios, and number needed to treat for UNGAL ≥ 50 ng/ml, and for initial 
CRP ≥ 10 mg/l. Parentheses contain 95% CIs

Comparison group
Sensitivity  

(%)
Specificity  

(%)
Positive predictive 

value (%)
Negative predictive 

value (%)
Positive 

likelihood ratio
Negative 

likelihood ratio
Number 

needed to treat

Culture positive sepsis (n = 37) vs. negative evaluations (n = 102)

UNGAL 86 (70,95) 56 (46,63) 41 (30,53) 92 (81,97) 1.95 (1.51,2.52) 0.25 (0.11,0.57) 3 (2,5)

CRP 82 (69,91) 66 (58,74) 50 (39,61) 90 (82,95) 2.10 (1.64,2.68) 0.28 (0.14,0.59) 4 (3,6)

Sepsis treateda (n = 59) vs. negative evaluations (n = 102)

UNGAL 83 (70,91) 56 (46,65) 49 (39,60) 86 (75,93) 1.86 (1.46,2.36) 0.31 (0.17,0.58) 3 (2,5)

CRP 81 (69,90) 67 (59,74) 48 (38,59) 90 (83,95) 2.44 (1.87,3.19) 0.27 (0.15,0.47) 3 (2,4)

CI, confidence interval; CRP, C-reactive protein; UNGAL, urinary neutrophil gelatinase-associated lipocalin.
aCulture positive sepsis and presumed sepsis groups combined.

Volume 78  |  Number 1  |  July 2015      Pediatric ReseARCh 79



Copyright © 2015 International Pediatric Research Foundation, Inc.

Articles         Pynn et al.

AKI found no significant interactions between these covariates 
and culture results; however, our study was neither designed 
nor powered to detect such effects. Fourth, the results of our 
study are primarily based on very-low-birth-weight infants, 
which limit the generalizability of our study. We were unable 
to further delineate any additional clinical differences among 
the patients with and without UNGAL levels, which may have 
contributed to the statistically significant difference between 
GA and BW. When controlled for GA and BW among patients 
with UNGAL values, no differences were detected.

Urinary neutrophil gelatinase-associated lipocalin (UNGAL) 
levels can be elevated due to both ischemic and septic kidney 
damage; thus, UNGAL levels must be interpreted in the clinical 
context. The results of our multivariate analysis, which demon-
strated significant associations between elevated UNGAL and 
culture-positive sepsis and presumed sepsis, controlled for the 
presence of AKI. In practical terms, the presence of AKI reduces 
the specificity and PPV of UNGAL as a screening test for sepsis.

Conclusion
This study found that UNGAL is a potential biomarker for 
late-onset neonatal sepsis. When obtained at the time of sepsis 
evaluation, UNGAL has discriminant characteristics equal to 
the most widely used biomarker, CRP. Further studies should 
explore the ability of serial UNGAL measures to improve the 
sensitivity and NPV of this biomarker.

METHODS
Study Design, Site, and Subjects
This is a prospective observational study of hospitalized infants 
undergoing an evaluation for late-onset sepsis at >72 h of age per-
formed from 1 February 2010 to 30 April 2011 in the quaternary 
care NICU at the NewYork-Presbyterian Morgan Stanley Children’s 
Hospital at Columbia University Medical Center. The eligible infants 
were of any GA and BW, inborn or outborn, who underwent one or 
more evaluations for late-onset sepsis. Thus, multiple evaluations 
performed in the same infant were eligible for inclusion. The infants 
on antibiotics at the time of sepsis evaluation were excluded. The 
Institutional Review Board of Columbia University Medical Center 
approved the study with verbal consent from parents prior to the 
measurement of UNGAL in an aliquot of urine obtained at the time 
of sepsis evaluation.

Specimen Collection and UNGAL Measurement
At the time of evaluation for late-onset sepsis, the following tests 
were obtained as per usual practice: complete blood counts, at least 
one—preferably two—blood culture(s), a CRP at the time of the ini-
tial evaluation and 24 h later, urine culture, and (if indicated) cere-
brospinal fluid. To measure UNGAL, 500 μl of urine was collected 
from the bagged urine or the urethral catheter specimen obtained for 
urine culture. No subjects were catheterized for the sole purpose of 
obtaining urine for UNGAL. The urine specimens for UNGAL con-
centrations were refrigerated and centrifuged (5,000 rpm for 5 min) 
within 12 h of collection and the supernatant was stored at –80 °C for 
a subsequent batch analysis. As described in a previous study (29), 
UNGAL was measured by a western immunoblot by a single techni-
cian blinded to the results of the late-onset sepsis evaluations. The 
UNGAL concentrations were not shared with the practitioners in the 
NICU.

Case Definitions
The study investigators defined seven mutually exclusive outcomes of 
the late-onset sepsis evaluations (Table 4). These included: (i) culture- 
positive sepsis; (ii) single positive culture for coagulase-negative 

Staphylococcus; (iii) presumed (culture-negative) sepsis treated with 
intravenous antibiotics for ≥ 5 d; (iv) UTI with a urine culture posi-
tive for >10,000 colonies of a single pathogen from a catheterized 
specimen; (v) NEC defined as Bell stage ≥2, with either pneumatosis 
intestinalis or portal venous gas on abdominal radiograph or consis-
tent surgical pathology; (vi) other infections, e.g., wound infections, 
pneumonia, and cellulitis not associated with a positive blood cul-
ture; and (vii) negative sepsis evaluations that did not fulfill any of the 
other outcome definitions. A study investigator blinded to UNGAL 
results then categorized each eligible late-onset sepsis evaluation into 
one of these seven outcomes. A composite endpoint, “sepsis treated,” 
included both culture-positive and presumed sepsis outcomes. The 
episodes of NEC evaluations yielding positive blood cultures were 
categorized as culture-positive sepsis. Creatinine concentration was 
measured on the day of sepsis evaluation and/or within 72 h of the 
evaluation for all but eight of the sepsis evaluations. AKI was defined 
as an increase in serum creatinine, 26.5 µmol/l (≥0.3 mg/dl) above 
baseline for ≥48 h within 72 h of the sepsis evaluation (33).

Statistical Analysis
To assess whether infants enrolled in the study were representative of 
our NICU population undergoing sepsis evaluations, we compared 
the GA, BW, and gender of study subjects with the GA, BW, and 
gender of infants undergoing sepsis evaluations without an available 
UNGAL concentration. These demographic data were collected from 
the electronic medical record.

Urinary neutrophil gelatinase-associated lipocalin (UNGAL) has a 
log-normal distribution (29). Exploratory bivariate comparisons were 
done using standard parametric and nonparametric techniques, as 
appropriate. The log UNGAL concentrations for each category were 
graphically displayed as geometric means with 95% CIs. We used gen-
eralized estimating equations (SPSS, version 20, IBM Corporation, 
Armonk, NY) controlling for sex, GA, postnatal age, AKI, and 
within-patient correlations resulting from one or more evaluations 
per subject to assess the pair-wise contrasts between the mean log 
UNGAL concentrations of the reference group (culture-negative sep-
sis evaluations) and other outcomes. The initial and all subsequent 
sepsis evaluations were included in the model.

We used ROCs to assess discrimination characteristics at several 
UNGAL cutoff concentrations. Based on these cutoffs, we estimated 
the screening test parameters including sensitivity, specificity, PPV, 
NPV, posLRs and negLRs, and NNT for the culture-positive sepsis 
vs. culture-negative sepsis evaluations and for the “sepsis-treated” 
outcome vs. culture-negative sepsis evaluations. For comparison, the 
screening test parameter estimates for CRP collected at the same time 
as UNGAL were computed using a cutoff of ≥10 mg/l.
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