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Background: Little is known of neutrophil-to-lymphocyte ratio (NLR) variations in septic shock. Hence, the predictive value
of procalcitonin (PCT) and NLR variations for septic shock in bloodstream infection were explored.
Material/Methods: We analyzed 146 patients with bloodstream infection admitted to the Intensive Care Unit (ICU) of the First
Affiliated Hospital of Anhui Medical University from October 2016 to May 2020. PCT and NLR were evaluat-
ed at 0 and 48 h after admission, and their variations (APCT and ANLR) were calculated. The patients were di-
vided into a shock group (n=80) and a non-shock group (n=66) and a gram-positive cocci group (n=69) and a
gram-negative bacilli group (n=77). The predictive value of APCT and ANLR was compared among groups.
Results: AUROC of NLROh (0.756) higher than PCTOh (0.743).APCT (0.561 vs 0.301) and ANLR (0.609 vs 0.361) were sig-
nificantly higher in the shock group than in the non-shock group (P<0.05). No significant difference was seen in
APCT and ANLR in the gram-positive cocci infection group. However, the gram-negative bacilli infection group
showed a significant difference in APCT (0.606 vs 0.312) and ANLR (0.872 vs 0.508) between the shock and
non-shock groups (P<0.05). APCT+ANLR showed the best area under the curve (0.937), with a high sensitivity
(78.80%) and specificity (90.80%), for predicting septic shock.
Conclusions: The prediction efficiency of initial NLR is higher than that of PCT. APCT+ANLR best predicted septic shock in pa-
tients with bloodstream infections, with better accuracy for gram-negative infections.
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Background

At present, sepsis is the leading cause of death from infections
worldwide. The definition of sepsis is constantly updated, and
as defined in the 2016 Surviving Sepsis Campaign guidelines
(Sepsis-3), it is “a life-threatening organ dysfunction caused
by a dysregulation of the host’s response to infection”. It is
mainly caused by bloodstream, lung, urinary tract, and cen-
tral nervous system infections. Septic shock is a kind of sepsis,
defined as the disorder of circulation, cells, and metabolism,
which are severe enough to increase mortality [1]. Sepsis 3.0
will help clinicians make a rough assessment of the patient’s
condition, so as to identify and effectively treat critically ill
patients early, protect organ function, and reduce mortality.
However, early assessment of sepsis severity and prognosis
remains inaccurate, and many studies are being carried out
to solve this problem.

With the clinical application of broad-spectrum antibacteri-
al drugs and immunosuppressive drugs and the development
of minimally invasive treatment techniques, the incidence of
BSlis increasing [2]. In particular, the incidence of septic shock
due to bloodstream infections has continued to increase, and
the mortality rate can be as high as 30-50%. Calcitoninogen
is widely recognized as a diagnostic index for early blood-
stream infections [3,4] and can be used to assess the sever-
ity of sepsis [5] and predict prognosis [6]. However, it is fur-
ther influenced by several factors, such as multiple injuries,
tumors, major surgery, poisoning, and other non-infectious
diseases that can lead to changes in procalcitonin (PCT) lev-
els. In recent years, the neutrophil-to-lymphocyte ratio (NLR)
has been found to be a simple, inexpensive, and rapid indica-
tor for detecting inflammation and can be used as a marker
for early diagnosis and poor prognosis in bloodstream infec-
tions [7,8]. Various studies indicated that NLR and PCT have
equal predictive value in patients with sepsis [9].There are
several reports on PCT and PCT variations with sepsis [10-12];
however, few studies have assessed NLR variations in septic
shock. Some studies suggested that the NLR level in patients
with sepsis does not improve with treatment, which can pre-
dict poor prognosis [13].This study aimed to monitor NLR dy-
namically and compare it with an established sepsis-related
biomarker (PCT), and observe the predictive value of PCT and
NLR variations in bloodstream infections with septic shock.

Material and Methods

General Information

The clinical data of 146 patients with bloodstream infections
between October 2016 and May 2020 in the Intensive Care
Unit (ICU) of the First Affiliated Hospital of Anhui Medical
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University were retrospectively analyzed. The diagnostic cri-
teria for bloodstream infections and septic shock were based
on the International Guidelines for the Treatment of Sepsis
and Septic Shock (2016 Surviving Sepsis Campaign guide-
lines) [1]. We categorized the 146 patients into shock (80 cas-
es) and non-shock (66 cases) groups. Moreover, the 146 pa-
tients were divided into gram-positive bacteria (69 cases) and
gram-negative bacteria (77 cases) infection groups based on
the pathogenic bacteria causing the bloodstream infection. All
enrolled patients were hospitalized for more than 48 h. The
exclusion criteria were age <18 years; ICU stay <48 h; the on-
set time is more than 24 h; the presence of malignant tumors,
hematologic diseases, AIDS, autoimmune system diseases; and
the patients receiving immunosuppressive drugs that could af-
fect hematologic and PCT parameters.

Research Methods

We retrospectively collected basic clinical data and related lab-
oratory test results of the patients, including age, sex, under-
lying disease, white blood cell count, NLR, serum PCT, blood
culture results, NLROh and PCTOh at admission, and NLR48h
and PCT48h after 48 h. Blood culture (bilateral and double
sets) should be sent before the administration of antibiotics.
The variations in PCT (APCT) and NLR (ANLR) were analyzed
[APCT=|(PCT48h-PCTOh)|/PCTOh and ANLR=|(NLR48h-NLROh)|
/NLROh].

Statistical Methods

In this study, all the statistical analyses were performed with
IBM SPSS for Windows, Version 22.0 (IBM Corp., Armonk, N.Y.,
USA). Normally distributed data are presented as mean +
standard deviation and were compared with the t test. Non-
normally distributed data are expressed as median and inter-
quartile range and were compared with the rank-sum test.
Categorical data are expressed as numbers or frequency (%)
and were compared with the corrected ? test. The receiv-
er operating characteristic curve (ROC) was drawn to analyze
the predictive value of APCT and ANLR for bloodstream infec-
tion complicated with septic shock. The area under the curve
(AUC), sensitivity, and specificity were calculated. P<0.05 in-
dicated the presence of a statistically significant difference.

Results

Analysis of Clinical Data of the 2 Groups of Patients

The mortality rate in the shock and non-shock groups was
61.25% and 24.24%, respectively. No significant difference
was observed in sex, age, basic complications of diabetes, car-
diovascular disease, respiratory disease, and kidney disease
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Table 1. Comparison of baseline information between the 2 groups of patients.

Baseline clinical characteristics Shock group (n=80) Non-shock group (n=66) P value

Sex (Male/Female) 47/33 39/27 0.081

Age (years) 57.64+17.71 62.75+18.16 0.153
CPCTOR (ng/m) 31860 (635576375 2530 (0.320,10570) - 0001
PCT4sh(ng/m) 22860 (2107,40305) 0879  (0173,5320) . 0001
CNWROM 21367 (10544,37.838) 10019 (5102,15093) - 0001
CNIR4SR 10232 (6340,20067) 6467 (2504,10.136) 0026
_ Complications of diabetes 24 (3000%) 20  (3030%) 0850
_ Complications of cardiovascular disease 16 (2000%) 12 (1818%) 0274
* Complications of respiratory disease 62 (77.50%) 46  (6969%) 0063
_ Complications of kidney disease 18 (2250%) 10 (1515%) 0062
_ Outcome [ICU mortality, n (%)] 49 (6125%) 16 (2424%) 0001

NLR — neutrophil-to-lymphocyte ratio; NLROh — NLR at O hours; NLR48h — NLR at 48 hours; PCT — procalcitonin; PCTOh — PCT at O hours;

PCT48h — PCT at 48 hours.

Table 2. Comparison of APCT and ANLR.

Index Shock group (n=80)
APCT 0.561 (0.246,2.730)
ANLR 0.609 (0.533,3.923)

Non-shock group (n=66) P value
0.301 (0.062,0.831) 0.003
0.361 (0.126,0.920) 0.000

APCT=|(PCT48h-PCTOh)|/PCTOh; ANLR=|(NLR48h-NLROh)|/NLROh.

between the 2 groups. PCTOh, PCT48h, NLROh, and NLR48h
were significantly higher in the shock group than in the non-
shock group (P<0.05; Table 1).

Comparison of APCT and ANLR in Patients with
Bloodstream Infection

Comparison of APCT and ANLR Between the Shock and Non-
Shock Groups

APCT and ANLR were significantly higher in the shock group
than in the non-shock group (P<0.05; Table 2).

Comparison of APCT and ANLR in Patients with
Bloodstream Infection Caused by Different Pathogens

The gram-negative coccus infection group (n=77) comprised
45 and 32 cases in the shock and non-shock groups, respec-
tively. APCT and ANLR in the shock group were 0.606 (0.246,
5.038) and 0.872 (0.309, 7.061), respectively. In the non-shock
group, APCT and ANLR were 0.312 (0.172, 0.806) and 0.508
(0.314, 0.975), respectively. The differences between the shock
and non-shock groups were significant (P<0.05).

The gram-positive coccus infection group (n=69) comprised
35 and 34 cases in the shock and non-shock groups, respec-
tively. No significant difference was observed in APCT [0.446
(0.194, 1.036) vs 0.346 (0.120, 0.732)] or ANLR [0.573 (0.213,
2.078) vs 0.417 (0.101, 0.895)] between the 2 groups (P>0.05).
The gram-negative bacillus infection group (n=77) included 45
and 32 cases in the shock and non-shock groups, respective-
ly. There was a significant difference in APCT [(0.606 (0.246,
5.038) vs 0.312 (0.172, 0.806) and ANLR [0.872 (0.309, 7.061)
vs 0.508 (0.314, 0.975)] between the 2 groups (P<0.05; Table 3).

Predictive Value of APCT and ANLR for Septic Shock in
Patients with Bloodstream Infection

ROC curves were drawn, with PCTOh, NLROh, PCT48h, NLR48h,
APCT, ANLR, and APCT+ANLR as independent variables and blood-
stream infection complicated with septic shock as the outcome
variable. The AUC of PCTOh, NLROh, PCT48h, NLR48h, APCT, ANLR,
and APCT+ANLR were 0.743, 0,756, 0.769, 0.682, 0.834, 0.852, and
0.937, respectively; the sensitivity was 70.50%, 38.36%, 32.23%,
41.09%, 80.98%,83.82%,and 80.02%, respectively; and the speci-
ficity was 78.00%, 92.13%, 94.08%, 81.25%, 75.03%,76.98%, and
92.80%, respectively (Table 4, Figure 1). APCT+ANLR showed the
highest predictive value for bloodstream infection complicated
with septic shock, with high sensitivity and specificity.
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Table 3. APCT and ANLR in patients with different bacterial bloodstream infections.

Gram-positive cocci Gram-negative bacilli
Shock group Non-shockgroup Shock group Non-shock group
(n=35) (n=34) (n=45) (n=32)
APCT 0.446 (0.194, 1.036)  0.346 (0.120, 0.732) 0.067 0.606 (0.246, 5.038) 0.312 (0.172, 0.806) 0.001
”””” ANIR  0573(0213,2078) 0417(0.101,0895) 0154 0872 (0309,7.061) 0508 (0314,0975) 0042

APCT=|(PCT48h-PCTOh)|/PCTOh; ANLR=|(NLR48h-NLROh)|/NLROh.

Table 4. Performance of variables in predicting septic shock in patients with bloodstream infection.

Test variables AUC (95%Cl) Specificity (%) Sensitivity (%)
PCTOh 0.743 (0.661, 0.826) <0.001 78.00 70.50
CNRON 0756 0686,0825) <0001 0213 36
Cpctash 0769 (0702,083) <0001 os08 223
NWR4R 0682 (0606,0758) <0001 8125 4109
AT 0834 (0778,0891) <0001 7503 8098
CANR 0852(0797,0908) <0001 7698 8382
CAPCTEANIR 0937 (090509700 <0001 9280 8002

AUC - area under curve; NLR — neutrophil-to-lymphocyte ratio; PCT — procalcitonin; NLROh — NLR at O hours; NLR48h — NLR at 48
hours; PCTOh — PCT at 0 hours; PCT48h — PCT at 48 hours.

Discussion

1.0

Bloodstream infection is one of the common causes of sep-
sis, and septic shock caused by uncontrolled inflammatory re-
sponse is a major cause of death in patients with bloodstream
infection in the ICU [14,15], with fatality rates increasing year-
ly [16]. Early and accurate identification and effective initial
treatment can reduce the probability of severe sepsis progress-
ing to septic shock and reduce mortality. Serum PCT has been
- m%?] widely used in the diagnosis and treatment of sepsis [17-20]
PCT48h because of its high sensitivity, accuracy, and rapidity. However,
i XIEE‘T‘% the independent detection of serum PCT is affected by vari-
wees ANIR ous factors, and combined detection and dynamic monitoring
===« APCT-+ANLR of variations can improve its diagnostic and prognostic value
Reference line for bloodstream infection [21]. NLR is a new inflammatory in-
dicator and can be used for early severity assessment, where
higher NLR values indicate unfavorable prognoses in the sep-
0.0 0.2 0.4 0.6 038 1.0 sis patients [22,23]. Dynamic monitoring of changes is more
Specifiicty beneficial for early disease severity assessment in patients

with sepsis or septic shock [24].
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Figure 1. Performance of variables in predicting septic shock
in patients with bloodstream infection. (SPSS version Comparison Between PCT and NLR and Predictive Value for
22.0, IBM Corp., USA). Septic Shock

In this study, we found that the mortality rate in the shock
group of bloodstream infection was significantly higher than
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that in the non-shock group, which may be related to the multi-
ple-organ failure caused by shock, further confirming that sep-
tic shock is a major lethal factor in bloodstream infection [25].
Excessive inflammatory response and immune dysfunction can
lead to lymphocyte apoptosis and increased PCT, neutrophil
count, and NLR [26], which have been reported to be correlated
with higher 28-day mortality in patients with septic shock [27].
In this study, PCTOh (PCT at 0 h) and PCT48h (PCT at 48 h) in
the septic shock group were significantly higher than those
in the non-shock group, which could be used as predictors of
septic shock. It further confirmed the role of PCT in the evalu-
ation of sepsis and is consistent with earlier reports [12]. The
normal reference range for NLR is 0.88-4.0, regardless of sex
and age. Elevated NLR is related to physiological stress lev-
els, especially in patients with septic shock. It reflects the se-
verity of the disease, and NLR >10 can predict severe sepsis.
In our study, NLROh values were higher than normal in all pa-
tients, and the median NLR in patients with septic shock was
21.367, significantly higher than that in the non-septic shock
group, which was 10.019, thereby indicating that NLR has some
value in assessing the severity of sepsis. The NLROh levels of
septic shock patients obtained were similar to the findings of
Liberski et al [28] but were higher than that of another study
[29]. This may be related to sample size, the different sourc-
es of infection, and the different time-points of NLR assess-
ment. The predictive value of NLROh in septic shock patients is
higher than that of PCTOh, which can be used as a biomarker
of blood flow infection complicated with septic shock. A simi-
lar conclusion was put forward in a report on severe sepsis in
children [30]. Therefore, in the early stage of severe sepsis or
septic shock, NLR may be better than PCT in judging the se-
verity of the disease.

Comparison Between APCT and ANLR and Their Predictive
Value for Septic Shock

This study found that APCT had good predictive performance
for bloodstream infections complicated by septic shock and its
performance was better than that of PCT, in disagreement with
a previous report [10]. The differences may be attributed to (1)
sample size variation, (2) different sources of infection and age
groups, (3) inclusion of factors affecting PCT, and (4) different
detection time-points, which can cause PCT value errors. NLR
variations have a better predictive value of bloodstream in-
fections complicated with septic shock than any other index
(such as PCT, NLR, and APCT), but is worse than combined de-
tection (APCT+ANLR). For patients with sepsis without under-
lying autoimmune suppression, monitoring NLR changes may
be preferred to assess disease severity because it is easier to
perform and is less expensive, and, when combined with PCT
variations, it can improve the predictive value.

CLINICAL RESEARCH

Comparison of APCT and ANLR in Patients with
Bloodstream Infection Caused by Different Pathogens

Several studies have shown that the PCT level of patients with
gram-negative bacterial bloodstream infections is significantly
higher than that of patients with gram-positive bacterial blood-
stream infections [31,32]. Because the cell wall of gram-nega-
tive bacteria is composed of lipopolysaccharide, which mainly
produces endotoxin, it can directly induce and stimulate the
production of high levels of PCT in vitro without cytokines [32].
The cell wall of gram-positive bacteria is composed of peptido-
glycans, which mainly produce exotoxins and affect the pro-
duction and release of PCT. Therefore, in patients with gram-
negative bacterial infections, the release of PCT is increased
significantly under the dual influence of endotoxins and in-
flammatory factors, resulting in a higher level of PCT than in
those with gram-positive bacterial bloodstream infections.
Studies have shown that the NLR of patients with gram-neg-
ative bacterial bloodstream infections is significantly higher
than that of patients with gram-positive bacterial bloodstream
infections. The specific explanation is unclear. Reports on the
role of APCT and ANLR in identifying the pathogens of blood-
stream infection are lacking. In this study, we compared the
APCT and ANLR of patients with bloodstream infections due
to different pathogens and found that APCT and ANLR lev-
els of patients with gram-negative bacterial infections with
shock were significantly higher than those of non-shock pa-
tients, thereby indicating a higher predictive value for septic
shock. However, APCT and ANLR in patients with gram-posi-
tive bacteremia showed no statistically significant difference
between shock and non-shock patients. This may be related to
the slow decrease of PCT and NLR in patients with gram-pos-
itive bacterial bloodstream infections within 48 h after treat-
ment, resulting in no significant difference in APCT and ANLR
between the 2 groups. In clinical work, we found that gram-
positive bacterial anti-infective therapy was slow to respond,
taking at least 3 days, which leads to a slow decline in early
inflammatory indicators. Primary wound infection and insuf-
ficient drainage of abscesses also affect the rate of decline of
infection indicators.

Study Limitations

As a single-center retrospective study, this study had the
following limitations: the number of included subjects was
small; there were few PCT, NLR, and other index data collec-
tion points; and detection and analysis at more time-points
are required to reduce data bias. The validity and reliability
of this study need to be verified by a large-sample and multi-
center prospective study.
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Conclusions

In conclusion, NLR can be used as a good inflammatory indicator
to assist PCT in judging the severity of bloodstream infections,
making the detection convenient and economical. Dynamic
detection of changes can improve the accuracy of disease as-
sessment, and the combined detection is more meaningful, es-
pecially for patients with gram-negative bacteremia compli-
cated by septic shock. In clinical work, it can help us achieve
early identification and prediction, thereby strengthening the
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