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Objective: Sepsis is a host response with life-threatening
organ dysfunction caused by an infection. Although the
overall mortality rate has increased from 30% to 37%
by the surviving sepsis campaign, it is still not accept-
able. Early identification, accurate stratification and ap-
propriate intervention can improve the prognosis. In this
study we assessed the risk stratification and prognostic
value of serum neutrophil gelatinase-associated lipocalin
(SNGAL) as a biomarker in sepsis patients. Methods:
A total of 112 sepsis patients (38 patients with sepsis,
41 patients with severe sepsis, 33 patients with sep-
tic shock) and 25 healthy controls were enrolled in this
study. Serum samples of all patients were collected and
frozen before testing. Basic patient information was col-
lected, including age, gender, primary infection, com-
plications, and so on. Results of serum calcitonin, lactic
acid, and SOFA score were followed up for 28 days. Re-
sults: Levels of serum procalcitonin (PCT), serum lac-
tate, Sequential Organ Failure Assessment (SOFA) score
and sNGAL of sepsis patients were significantly higher
(p<0.05) than those of controls. The sNGAL level in sep-
sis patients who were alive on the 28th day of follow-
up was significantly lower (p<0.05) than that of sepsis
patients who had died before the 28th day of follow-
up. Multiple logistic regression analysis showed that
sNGAL-Oh and lactates were independent risk factors
of death due to sepsis within 28 days. At cut-off value
of 250 ng/mL, the sensitivity and specificity SNGAL-Oh
predicting the 28-day mortality in septic patients were
0.838 and 0.827, respectively. The sNGAL level in sepsis
patients with acute kidney injury (AKI) was significantly
higher (p<0.05) than in sepsis patients without AKI. Con-
clusion: Serum NGAL may contribute to the assessment
of the severity of sepsis. Serum NGAL and lactate can be
independent risk factors for 28-day mortality in sepsis
patients. Serum NGAL has potential of predicting septic-
AKI.
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INTRODUCTION

Sepsis is a kind of infection which is caused by patho-
gen entering blood circulation. It can progress into severe
sepsis, septic shock or even multiple organ failure (Wu ef
al., 2015). According to the statistics, 1% of patients in

the hospital suffered from sepsis and 25% of patients in
Intensive Care Unit (ICU) came down with sepsis (Zou
et al., 2014). Sepsis is one of the major causes to death
of patients in the hospital, and its number reaches that of
deaths due to myocardial infraction (Cecconi ¢ al., 2018).
Sepsis is common in elder patients and the number of
sepsis patients will increase with the aging of the popula-
tion (Hall ez @/, 2011). Early diagnosis, accurate stratifica-
tion and proper intervention at an early stage of sepsis are
essential in reducing its mortality (Strehlow e al, 20006).
Delayed diagnosis and invalid antibacterial treatment were
considered as major causes of high incidence and high
mortality (Balci ef al, 2003). Nowadays, there is no ideal
biomarker that helps to diagnose or evaluate severity of
sepsis in clinical practice (Wacker ¢z al, 2013). With the
development and application of antibiotics, incidence and
mortality of sepsis has declined but it is still not satisfying
(Dellinger e al., 2013a). According to the statistics, there
are over 178 practical biomarkers of sepsis, small part
of which are intermediates of inflaimmation, while most
of which are anti-inflammation agents (Liu e¢f af, 2014).
There is no consensus as to which kind of biomarker of
sepsis is the most accurate in diagnosis and stratification
(Behnes ez al., 2014).

Neutrophil gelatinase-associated lipocalin  (NGAL),
with molecular mass of 25 kDa, is a type of glycopro-
tein, and belongs to the lipocalin family (Devarajan,
2010; Cowland & Borregaard, 1997). NGAL is involved
in immune reaction, prostaglandin synthesis and cell pro-
liferation (Flower ez al., 2000). NGAL can also represent
the vitality of neutrophils, which reflects a systemic in-
fection caused by a systemic immune disease (Bosmann
& Ward, 2013). NGAL can be detected both, in the
blood and urine. The main source of urinary NGAL are
renal tubular epithelial cells, distal to the tubules (Mori ef
al., 2005), and serum NGAL comes not only from the
damaged renal tubular system, but also from the extrare-
nal organs (Passov e al., 2019). The difference is that the
serum NGAI can reflect the body’s systemic inflamma-
tory conditions, while the urinary NGAL has a diagnos-
tic value for acute tubular injury (Feldkamp ez a/, 2011).
Although NGAL has been proven to be an early marker
for AKI, results of different studies have not reached a
consensus (Zhang ez al., 2010).

PATIENTS AND METHOD

Patients

Basic information. According to inclusion and exclu-
sion criteria for this study mentioned below, a total of
112 registrations in our hospital from Jul 2015 to Dec
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2016 were enrolled in this study. Out of 112 patients,
58 were male and 54 were female. The average age was
71.8218.76 years old. Basic information included age,
gender, primary infection, complications (such as hy-
pertension, diabetes, chronic lung diseases, chronic liver
diseases and so on), mechanical ventilation, and hemodi-
alysis. This study has been approved by the ethics com-
mittee of the Tongji Hospital. All patients enrolled have
signed the informed consent.

Inclusion criteria. According to the “Surviving Sepsis
Campaign” (Dellinger e¢f al., 2013a), age of the patients
should be over 18 years old and the patient should be
able to provide consent by himself/herself.

Exclusion criteria. Patients whose age was lower than
18 years old, pregnant women, malignant tumor patients,
patients who suffered from the end-stage renal disease
(including long-term dialysis, patients recently undergoing
renal transplantation, who had had a kidney transplant be-
fore), were diagnosed and suspected to have acute radical
glomerulonephritis, acute renal interstitial nephritis or re-
nal vascular disease, were excluded from the study.

Group division. According to the diagnostic crite-
ria for sepsis, 112 patients were divided into three sub-
groups: sepsis (n=38), severe sepsis (n1=41) and septic
shock (n=33). In the meantime, 25 healthy people who
received regular health checks in our hospital were en-
rolled as the control group.

Sequential organ failure assessment (SOFA). The
SOFA score (Lambden ez al, 2019) is used to evalu-
ate dysfunction in various organ systems and when the
score reaches three it is the cutoff for failure. A higher
score means a number of failed organs, which suggests a
severer condition and often a higher mortality. Dynamic
score can reflect the evolution of the disease and treat-
ment (see Table 1).

Statistical analysis

IBM SPSS 21.0 was used for statistical analysis. Meas-
urement data that was in line with the normal distribu-

Table 1. Sequential organ failure assessment (SOFA) score

tion was shown as mean £S.D. T-test was adapted in
analyzing data from two different groups, and one-way
ANOVA was adapted in analyzing data from several dif-
ferent groups. Non-Gauss distributed data was analyzed
by a non-parametric test. The count data is expressed as
a percentage and two-group data are compared using the
chi-square test. Pearson analysis was adapted to assess
relationship among sNGAL, PCT, level of serum lac-
tate and SOFA score. Multiple factors logistic regression
analysis was adapted to assess relationship between sep-
sis and age, gender, level of CRP, sNGAL, lactate, PCT
and SOFA score. A significant difference was marked
when p value is less than 0.05. R means coefficient of
association, SE means standard error, OR means odds
ratio, CI means confidence interval, and # value means
Significance test value.

RESULTS

Basic information on sepsis patients at different stages

All of the basic information including age, gender,
complications and other index values is organized in
Supplementary Table 1 (at https://ojs.ptbioch.edu.pl/in-
dex.php/abp/).

Level of PCT and sNGAL, SOFA score in different
subgroups of sepsis

In comparison to the level of sSNGAL of Control
Group that is 165.28117.34 ng/ml, levels of sNGAL in
sepsis, severe sepsis and septic shock were 215.421+29.35
ng/ml, 243.661£21.23 ng/ml, and 258.12£22.65 ng/ml,
respectively, and the difference is significant (p<<0.05).
As time went by, the levels of 24-hour-sNGAL of the
three subgroups were 217.82+25.66, 241.07£24.40 and
257.27£25.60, respectively, which is significantly differ-
ent (p<0.05). Furthermore, levels of 48-hour-sNGAL of
the three subgroups were 217.82%25.66, 241.07£24.40

Score
Index
0 1 2 3 4

Respiration PaO2/FiO2 (Kpa) >53.33 40~53.33 26.67~40 13.33~26.67 <1333

Assisted respiration NO - - YES -
Coagulation Platelet (109-L-") >150 101~150 51~100 21~50 <21
Hepatic Bilirubin (umol-L-) <20 20~32 33~101 102~204 >204
Circulation Mean arterial pressure (mmHg) =70 <70 - - -

Dose of Dopamine (ug-kg-'-min-") 0 - <5 5~15 >15

Dose of Adrenaline (ug-kg-"min-1) 0 - - <0.1 >0.1

Dose of Norepinephrine (ug-kg-"-min-') 0 - - <0.1 >0.1

Use of Dobutamine NO - YES - -
Nervous GCS score 15 13~14 10~12 6~9 <6
Renal Serum creatinine (umol-L-) <100 100~170 171~299 300~400 >400

Urine volume within 24 hours (ml) - - - 201~500 <200
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Table 2. Relationship of sNGAL with PCT, lactate and SOFA
score

items r p value

PCT 0.394 <0.01
sNGAL Lactate 0.710 <0.01

SOFA 0.636 <0.01

and 257.27£25.60, respectively, which is significantly dif-
ferent (p<0.05).

The r values of PCT level, lactate and the SOFA
score with sSNGAL in Pearson analysis were 0.394, 0.710
and 0.6306, respectively (see Table 2).

Risk factors for death of sepsis within 28 days

Death of sepsis within 28 days was set as a dependent
variable and age, gender, level of PCT, lactate and CRP,
level of Oh-sNGAL, 24h-sNGAL and 48h-sNGAL and
the SOFA score were analyzed in a logistic regression
analysis. Results suggested that age, level of PCT, lactate,
0h-sNGAL, 24h-sNGAL and 48h-sNGAL, as well as
the SOFA score were all risk factors for death of sepsis
within 28 days (see Table 3).

Table 3. Single factor logistic regression analysis

In single factor logistic regression analysis, only the
level of Oh-sNGAL and lactate were independent risk
factors for death of sepsis within 28 days (see Supple-
mentary Table 2 at https://ojs.ptbioch.edu.pl/index.
php/abp/).

Sensitivity and specificity of SNGAL-Oh and lactate
predicting 28-day mortality in septic patients

When the cutoff of sNGAL-Oh predicting 28-day
mortality in septic patients was set as 250 ng/ml, sensi-
tivity and specificity were 0.838 and 0.827, respectively.
When the cutoff of lactate predicting 28-day mortality
in septic patients was set as 0.6ng/ml, sensitivity and
specificity were 0.892 and 0.653, respectively. Area under
curve (AUC) of ROC curve of sSNGAL-0Oh was less than
that of lactate, so the specificity of SNGAL-0Oh was bet-
ter (see Table 4).

Level of PCT, lactate, SNGAL and SOFA score in AKI
patients

Levels of PCT, lactate and creatine in the serum and
SOFA score in sepsis without AKI patients were not
significantly different from those of sepsis with AKI pa-
tients. However, the level of Oh-sNGAL in sepsis with-
out AKI patients (217.48£27.08) was lower than that of

Item B SE Wals p OR (95%Cl)

age 0.149 0.035 17.965 <0.01 1.161 (1.083 ~ 1.243)
gender -0.136 0.403 0.114 0.736 0.873 (0.396 ~ 1.922)
Oh-sNGAL 0.069 0.014 25.875 <0.01 1.072 (1.043 ~ 1.101)
24h-sNGAL 0.079 0.014 30.916 <0.01 1.082 (1.052 ~ 1.112)
48h-sNGAL 0.082 0.014 32.016 <0.01 1.085 (1.055 ~ 1.116)
PCT 0.070 0.019 13.302 <0.01 1.073 (1.033 ~ 1.114)
lactate 0.650 0.125 4.400 <0.01 1.915 (0.499 ~ 2.447)
SOFA 0.665 0.134 24.639 <0.01 1.944 (1.495 ~ 2.527)
CRP 0.020 0.010 4.380 0.304 1.009 (0.992 ~ 1.027)

B is one coefficient; Wals is one statistical magnitude.

Table 4. Sensitivity and specificity of SNGAL-Oh and lactate predicting 28-day mortality in septic patients

Items AUC-ROC p Cutoff Sensitivity Specificity Cl (95%)

sNGALOh 0.873 <0.05 250 0.838 0.827 (0.800 ~ 0.946)

lactate 0.899 <0.05 : 6.6 0.892 0.653 (0.842 ~ 0.957)
Table 5. Levels of creatine, SNGAL, PCT and lactate, and SOFA score in sepsis with(out) AKI patients

tems Sepsis without AKI Sepsis with AKI . ,

n=46 n=11

Creatine

Oh (umol/Il) 88.71+18.13 88.68+18.22 -0.004 0.997

48h (umol/l) 82.21+11.31 150.18+23.41 -9.369 0.000

sNGAL

0Oh (ng/ml) 217.48+27.08 245.09+26.03 -3.060 0.007

24h (ng/ml) 219.00+25.66 243.91+24.65 -2.987 0.009

48h (ng/ml) 222.70+22.16 259.00+24.36 -4.516 0.000

PCT (ng/ml) 12.00+5.68 12.3645.55 0.194 0.849

Lactate (mmol/l) 4.33+2.38 6.05+3.61 -1.499 0.159

SOFA score 5.02+1.75 5.8242.48 -1.249 0.217
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sepsis with AKI patients (245.09+26.03), which is sig-
nificantly different (»p<0.05). As the disease developed,
the level of 24h-sNGAL and 48h-sNGAL in sepsis
without AKI patients (219.00£25.66 and 222.70£22.106)
was still lower than that of sepsis with AKI patients
(243.91£24.65 and 259.00£24.36), which is significantly
different (p<<0.05) (see Table 5).

DISCUSSION

Sepsis, particulatly severe sepsis, septic shock and sepsis
accompanied by organ failure, has become a major problem
in patients in the hospital and their number reaches a mil-
lion all over the world (Dombrovskiy e al, 2007; Vincent
et al., 2009). Some studies have found that dysfunction of
organs or cognition of those patients who survived sepsis
were considered as a factor that doubled the risk of death
during hospitalization within 5 years (Iwashyna ez 4/, 2010;
Quartin ¢z al., 1997). Consequently, sepsis and its compli-
cations have always been a major public health problem
which brings a burden onto the whole society (Moss, 2005).
Someone even took sepsis as a hidden disaster of public
sanitation (Angus, 2010). In 1980, the initial focus on sepsis
was the eatly stage of inflammation and TNFo, IL13 and
IL6 were considered to start SIRS. CRP, a group of pro-
teins increasing in the liver by IL6 synthesis, was used as a
potential biomarker. At that time, a large dose of glucocor-
ticoids in the regimen was used to treat sepsis (Vandewalle
& Libert, 2020). In 1990, researchers found that PCT levels
were elevated in patients with bacterial infections and PCT
was then considered as another potential biomarker (Karzai
et al., 1997). PCT and CRP can assist in the diagnosis and
staging of sepsis, and PCT is a relatively new biomarker but
relevant to systemic inflammation, infection and sepsis (As-
sicot ¢ al., 1993). In comparison to CRP, PCT shows better
specificity and is more closely related to prognosis (Cai et
al., 2010, Hur et al, 2009). Thetefore PCT is now widely
used as a biomarker in clinical practice. However, predict-
ing value of PCT is doubtable because of lack of evidence
(Katlsson ez al., 2010; Kibe ¢z al., 2011). Although no single
biomarker proved to be ideal for sepsis over the past three
decades, there are at least some biomatkers that can identify
critically ill patients, making it possible to provide eatly di-
agnose, early treatment, and improved prognosis (Dellinger
et al., 2013b).

In all 112 cases enrolled in our study, we checked the
level of PCT, lactate and sNGAL, as well as the SOFA
score in different groups. The results showed an elevated
level of PCT in sepsis patients which suggested an in-
fection by bacteria (Assicot ef al, 1993). We also found
that as disease has severely progressed, the PCT level in-
creased and the levels of lactate and sNGAI had a simi-
lar tendency. Similar results were found in the Haasefiel-
itz and others study (Haasefielitz ef al., 2014). Therefore,
we can conclude that SNGAL could be used in the risk
stratification of sepsis (Wang e/ al., 2014). Bacterial infec-
tion and dysfunction of several organs caused by infec-
tion account for that level of SNGAL which increased as
the disease developed. Referring to former studies about
PCT (Becker et al., 2008; Billeter e al., 2009), we could
not set a cutoff for SNGAL in diagnosis of sepsis.

In this study, results suggested that an increased mor-
tality could be related to aging (Hall ez 4/, 2011), accom-
panied by AKI (Wheeler ez al, 2008) and septic shock
(Yan et al., 2001). We found that age, level of PCT, lac-
tate, Oh-sNGAL, 24hsNGAL and 48h-sNGAL, as well
as the SOFA score were all risk factors for death due to
sepsis within 28 days, but only the levels of Oh-sNGAL

and lactate were independent risk factors for death of
sepsis within 28 days. Similar results were found in the
Mikkelsen and others study (Mikkelsen ez a/., 2009). The
levels of Oh-sNGAL and lactate can be used to predict
death of sepsis within 28 days and Oh-sNGAL has a
higher specificity than lactate.

In comparison to creatine, SNGAL has more value in
diagnosis of AKI and similar results were found in the
Bagshaw and others study (Bagshaw ef 4/, 2010). In the
Hong and others study (Nga ¢# al., 2015), 48-h sSNGAL
has more value in predicting AKI and similar result was
also found in our study.

This study is a single center observation which has a
bias during sample collection. The number of sepsis pa-
tient cases is not abundant and equivalent among groups.

In summary, sNGAL could be used in risk strati-
fication and prognosis in sepsis patients. The levels of
sNGAL and lactate could be single risk factors for death
of sepsis within 28 days. In comparison to creatine,
48h-sNGAL has more value in predicting AKI in sepsis
patients. However, more studies are needed to provide
deeper evidence for these methods.
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