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1 | INTRODUCTION

| Ozlem Duvenci Birben? | Tezcan Akin! | Gokhan Akkurt? |
| EsraYakisik® | Deniz Erdem®

Abstract

Objectives: Coronavirus-19 is a rapidly progressing disease that can result in mor-
tality. We aimed to evaluate the efficacy of the delta neutrophil index in predicting
mortality in intensive care patients diagnosed with Coronavirus-19.

Materials and methods: Patients with a positive polymerase chain reaction test and/
or computed tomography findings compatible with the disease were included in the
study. The demographic characteristics of the patients, polymerase chain reaction
test results, chest computed tomography findings, blood parameters at the time of
presentation, 30-day mortality, and the number of days in the intensive care unit
were assessed.

Results: Of the 388 patients receiving intensive care, 220 (56.7%) were men and
168 (43.3%) were women. The mean age was 70 + 15 years. The evaluation of mor-
tality, 264 (68%) of the patients survived and 124 (32%) died. The delta neutrophil
index, neutrophil lymphocyte ratio, lactate, interleukin-6 and C-reactive protein val-
ues were statistically significantly higher and the lymphocyte value was significantly
lower in the mortality group (P = .003, .034, .000, .002, .000 and .024, respectively).
In the receiver operating characteristic curve analysis, the area under the curve val-
ues of the delta neutrophil index, lymphocyte, neutrophil lymphocyte ratio, lactate,
interleukin-6 and C-reactive protein levels in predicting mortality were 0.718, 0.416,
0.628, 0.585, 0.701 and 0.684, respectively.

Conclusion: We consider that the delta neutrophil index can be used as an ef-
fective prognostic parameter to show intensive care mortality in patients with
Coronavirus-19.

Currently, some biochemical, haematological and immune markers,
such as leukocyte, lymphocyte, neutrophil/lymphocyte ratio (NLR),

Coronavirus-19 (COVID-19) is a disease that progresses rapidly and
can lead to severe morbidity and mortality. According to the data
of the World Health Organization, 62 363 527 COVID-19 cases
and 1 456 687 (2.3%) deaths occurred during the pandemic until
November 30, 2020. For the diagnosis of COVID-19, physical ex-
amination findings, haematological tests, polymerase chain reaction
(PCR) test and/or chest computed tomography (CT) are utilised.?3

C-reactive protein (CRP), lactate, platelet, red cell distribution width
(RDW), procalcitonin and interleukin-6 are used in the evaluation of
disease progression.“'6 The delta neutrophil index (DNI), a marker
obtained by measuring the fraction of circulating immature granu-
locytes and increases in infection and inflammation states,” has be-
come a frequently used marker for the assessment of mortality in

intensive care patients with sepsis.®? In the current study, we aimed
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to evaluate the efficacy of DNI in predicting mortality in intensive
care patients diagnosed with COVID-19 based on PCR and/or chest
CT.

2 | MATERIAL AND METHODS
2.1 | Patient data

Approval was obtained from the Turkish Ministry of Health and the
ethics committee of Ankara City Hospital for this study (approval
number: E1-20-1015). The study included patients aged 18 and over,
who presented to the emergency service of Ankara City Hospital be-
tween April 2020 and July 2020 with the symptoms of fever, cough
and shortness of breath. The sample consisted of patients who were
suspected to have or were diagnosed with COVID-19 based on ex-
aminations performed and thus admitted to the general intensive
care unit, as well as those who were followed up with various di-
agnoses in other departments of the hospital and referred to the
intensive care unit with the suspicion of COVID-19 based on related
symptoms and findings. The data of 602 cases in which COVID-
19 treatment was initiated in the general intensive care unit were
retrospectively analysed. A total of 388 patients with a positive
COVID-19 PCR test and/or CT findings consistent with COVID-19
were included in the study. Patients whose CT findings were not
compatible with COVID-19 and PCR test was negative, those with
haematological malignancies and pregnant women were excluded.
The demographic characteristics of the patients, COVID-19 PCR test
results, chest CT findings, blood parameters at the time of presenta-
tion to the emergency service or transfer from this service to the
intensive care unit (procalcitonin, delta neutrophil index, leukocyte,
platelet count, lymphocyte, neutrophil lymphocyte ratio, RDW,
blood lactate level, interleukin-6 and CRP values), 30-day mortality
and the number of days in the intensive care unit were evaluated. At
least one positive value was considered significant in the PCR test.
The patients were evaluated in two groups as those who died in in-
tensive care (mortality group) and those who recovered (surviving
group).

2.2 | Statistical analysis

Data analysis was carried out using SPSS for Windows program v.
15. Normality was assessed using the Kolmogorov-Smirnov test.
The descriptive statistics of normally distributed continuous vari-
ables were expressed as mean + standard deviation (SD) while
those of non-normally distributed continuous variables were given
as median (interquartile range) values. The differences between
the groups in terms of normally distributed variables were analysed
with the Student's t-test while non-normally distributed variables
were analysed using the Mann-Whitney U test. The discrimina-
tive power of variables was measured as the area under the receiver

operating characteristic (ROC) curve. The discriminative power of

the prognostic variables was considered perfect if the area under
the curve (AUC) was 1, good if >0.8, moderate if 0.6-0.8 and poor
if <0.6. Specificity, sensitivity, positive predictive value (PPV), nega-
tive predictive value (NPV), negative likelihood ratio and positive

likelihood ratio were also calculated.

3 | RESULTS

Of the 388 patients hospitalised in intensive care, 220 (56.7%) were
men and 168 (43.3%) were women. The mean age of the patients
was 70 + 15 years. The PCR test was (-) in 217 (55.9%) of the pa-
tients and (+) in 171 (44.1%). The chest CT findings were evaluated
as negative for COVID-19 in 27 (7%) of the patients and compatible
with COVID-19 in 361 (93%). The median value of the number of
days in intensive care was 7 (4-12), and concerning 30-day mortal-
ity, 264 (68%) of the patients survived and 124 (32%) died in the
intensive care unit.

Of the 264 patients in the surviving group, 141 (53.4%) were men
and 123 (46.6%) were women, with a mean age of 69 + 15 years. In
159 (60.2%) of the patients, PCR was (-) for COVID-19 in 159 (60.2%)
and (4) in 105 (39.8%). The median values of the blood parameters
were 14 ug/L (0.04-0.52) for procalcitonin, 0.10 (0.10-0.55) for
DNI%, 8430 x 10°/L (6015-12 255) for leukocyte, 250 00D 10°/L
(179-318) for platelet, 0.90 x 10%/L (0.61-1.41) for lymphocyte, 7.47
(3.92-13.01) for NLR, 1.68 (1.25- 2.21) for lactate, 46.10 pg/mL
(23.70-92) for interleukin-6 and 65 mg/L (26-129) for CRP, and the
mean RDW% value was 15.40 + 2.49. The number of patients with
suspected COVID-19 based on chest CT was 242 (91.7%), and the
number of those without COVID-19 suspicion on chest CT was 22
(8.3%).

The median value of the number of hospitalised days in intensive
care was 8 (5-13), and 79 (63.7%) of the 124 patients who died were
men while 45 (36.3%) were women. The mean age value of the mor-
tality group was found to be 72 + 15 years. PCR was (-) for COVID-19
in 58 (46.8%) of the patients and (+) in 66 (53.2%). In these patients,
the median values of procalcitonin, DNI%, leukocyte, platelet, lym-
phocyte, NLR, lactate, interleukin-6 and CRP were 0.35 pg/L (0.17-
1.36), 1.00 (0.10-2.60), 9365 x 10°/L (6755-12 640), 235 x 10°/L
(141-315), 0.77 x 10°/L (0.50-1.14), 9.36 (5.93-15.90), 2.15 (1.52-
3.09), 94.20 pg/mL (46.20-239) and 119 mg/L (60-185), respectively,
and the mean RDW% value was 15.87 + 2.17. Furthermore, the
number of patients with suspected COVID-19 on a chest CT was de-
termined as 119 (96%), and the number of those without COVID-19
suspicion on a chest CT as 5 (4%). The median value for the number
of days in the intensive care unit was 5 (3-11).

When the blood parameters were compared between the mor-
tality and surviving groups for the first 30 days of intensive care, it
was observed that the mean age was higher in the mortality group,
but there was no statistically significant difference (P = .182). The
procalcitonin, RDW and leukocyte values were also found to be
higher among the patients in the mortality group without a statisti-
cally significant difference (P =.243,.075 and .498 respectively). The
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TABLE 1 Comparison of the mortality
and surviving groups in terms of various
parameters

n =388
Gender F/M (%)

Age, years

Procalcitonin ug/L

DNI%

Leukocyte x 10°/L

Platelet x 107/L

Lymphocyte x 107/L

Neutrophil/

lymphocyte ratio

RDW%

Lactate

Interleukin-6 pg/mL

CRP mg/L

COVID-19 PCR

Chest CT (COVID-19
suspicion)

Number of
hospitalised days
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Surviving P
(n = 264) Mortality (n = 124) value
123/141 45/79 (36.3/63.7)
(46.6/53.4)
Mean + SD 69 + 15 72 + 15 .182
Median 0.14 (0.04-0.52) 0.35(0.17-1.36) .243
(percentile
25-75)
Median 0.10 (0.10-0.55) 1.00 (0.10-2.60) .003
(percentile
25-75)
Median 8430 9365 (6755-12 640)  .498
(percentile (6015-12 255)
25-75)
Median 250 (179-318) 235 (141-315) .058
(percentile
25-75)
Median 0.90 (0.60-1.41) 0.77 (0.50-1.14) .024
(percentile
25-75)
Median 7.47 (3.92-13.01) 9.36(5.93-15.90) .034
(percentile
25-75)
Mean + SD 15.40 + 2.49 15.87 +2.17 .075
Median 1.68(1.25-2.21) 2.15(1.52-3.09) .000
(percentile
25-75)
Median 46.10 94.20 .002
(percentile (23.70-92.00) (46.20-239.00)
25-75)
Median 65 (26-129) 119 (60-185) .000
(percentile
25-75)
Negative 159 (60.2%) 58 (46.8%) .014
Positive 105 (39.8%) 66 (53.2%)
Negative 22 (8.3%) 5 (4%) .081
Positive 242 (91.7%) 119 (96%)
Median 8 (5-13) 5(3-11) .027
(percentile
25-75)

Abbreviations: COVID-19, Coronavirus-19; CRP, C-reactive protein; CT, computed tomography;
DNI, delta neutrophil index; PCR, polymerase chain reaction; SD, standard deviation.

P values written in bold show statistically significance.

platelet value was lower in the mortality group with no statistical
significance (P = .058). The DNI, lactate, interleukin-6, CRP and NLR
values were significantly higher (P =.003,.000, .002,.000 and .034,
respectively) and the lymphocyte value was significantly lower (P =
.024) in the mortality group compared to the surviving group. It was
observed that the percentage of patients with suspected COVID-19
on a chest CT was higher in the mortality group, but there was no
statistically significant difference (P = .081). However, the number of
hospitalised days in the intensive care unit was significantly lower in
the mortality group (P = .027) (Table 1).

In the ROC analysis (Figure 1) of 30-day mortality prediction, the
AUC values of DNI, lymphocyte, NLR, lactate, interleukin-6 and CRP
were determined as 0.718, 0.416, 0.628, 0.585, 0.701 and 0.684,
respectively. At the cut-off value of 0.15, DNI% had a sensitivity of
62.90%, specificity of 68.94%, PPV of 48.75% and NPV of 79.82%.
At the cut-off value of 0.80 x 10%/L, lymphocyte had sensitivity,
specificity, PPV and NPV values of 55.46%, 57.87%, 38.15% and
73.50% respectively. The cut-off value of NLR was 8.72, at which the
sensitivity, specificity, PPV and NPV values were 55.00%, 59.84%,
39.29% and 72.79% respectively. The cut-off value of lactate was
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FIGURE 1 ROC analysis graph of the blood markers in the prediction of morality
TABLE 2 ROC curve analysis of the blood markers in the prediction of mortality
95% CI
Cut-off
AUC Lower Upper value Sensitivity Specificity PPV NPV
DNI 0.718 0.620 0.815 0.15 62.90% 68.94% 48.75% 79.82%
Lymphocyte 0.416 0.315 0.516 0.80 55.46% 57.87% 38.15% 73.50%
Neutrophil/lymphocyte ratio 0.628 0.528 0.728 8.72 55.00% 59.84% 39.29% 73.79%
Lactate 0.585 0.481 0.690 1.80 61.04% 59.26% 46.08% 72.73%
Interleukin-6 0.701 0.609 0.793 62.25 63.64% 65.42% 48.61% 77.78%
CRP 0.684 0.589 0.779 108.5 54.78% 65.08% 41.72% 75.93%

Abbreviations: AUC, area under the curve; Cl, confidence interval; CRP, C-reactive protein; DNI, delta neutrophil index; NPV, negative predictive

value; PPV, positive predictive value.

1.80, at which the sensitivity, specificity, PPV and NPV values were
61.04%, 59.26%, 46.08% and 72.73% respectively. At the cut-off
value of 62.25 pg/mL, interleukin-6 had sensitivity, specificity,
PPV and NPV values of 63.64%, 65.42%, 48.61% and 77.78% re-
spectively. Lastly, at the cut-off value of 108.5 mg/L, the sensitivity,
specificity, PPV and NPV of CRP were 54.78%, 65.08%, 41.72% and
75.93% respectively (Table 2).

4 | DISCUSSION

Simple laboratory parameters are more useful in predicting pa-

tient prognosis, so they are used more commonly in daily medical

practice.*'° DNI is a frequently used parameter in the evaluation of
mortality in patients with sepsis. Today, it is important to evaluate
patients with a diagnosis of COVID-19, especially those at risk of sec-
ondary bacterial sepsis.® To our knowledge, there is no study in the
literature on the predictability of intensive care mortality in COVID-
19 patients based on DNI values. Therefore, we consider that our
study can be useful in terms of contributing to the literature.

Frater et al stated that the procalcitonin value was mostly in the
normal range in the early stages of COVID-19, but increased in cases
where the severity of infection increased.® In our study, although the
procalcitonin value was elevated on the first day of intensive care,
this was not statistically significant, suggesting that it is a parame-

ter to be evaluated according to consecutive daily changes rather
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than as an early marker. Sharma et al reported that the RDW value
increased in COVID-19 patients, but did not create a statistically sig-
nificant difference in terms of disease severity, in contrast to lymph-
openia that provided significant results for the evaluation of disease
severity.” Similarly, in our study, although the RDW value was higher
in the mortality group, no statistically significant difference was ob-
served compared to the surviving group. In addition, we determined
that lymphocytes were lower in the mortality group, and they were
statistically significant in predicting disease severity. Li et al stated
that leukocytosis and high lactate levels were associated with mor-
tality in severe COVID-19 cases and reported the 32-day mortality
rate as 32.5%.% In our study, the median leukocyte values remained
within the normal range in both groups and did not present a sig-
nificant difference for the evaluation of disease severity; however,
the lactate levels were significant in evaluating the severity of the
disease. In addition, our intensive care mortality rate was similar to
previously reported. Xia et al commented that an elevated NLR level
was associated with the greater severity of COVID-19.1? Similarly,
in our study, we found this parameter to be significantly higher in
the mortality group. Lippi et al determined that thrombocytopenia
was associated with the severity of COVID-19 and mortality.!® In
contrast, in our study, although the platelet values were lower in the
mortality group, no statistically significant difference was observed.
Liu et al also noted that high IL-6 and CRP values were indepen-
dent prognostic factors for the evaluation of COVID-19 severity. ™
Consistent with that research, we also detected a statistically sig-
nificant increase in these parameters in the mortality group. Li
et al emphasised the importance of chest tomography in diagnosing
viral pneumonia and suggested that this modality might be useful in
making a rapid diagnosis in the early period.15 In a similar study, Fang
et al argued that chest tomography was more successful than the
PCR technique in the diagnosis of COVID-19.2 In a study conducted
by Chan et al, the positivity rate of the PCR test reached 43% among
COVID-19 cases. In our study, although the chest CT findings were
highly compatible with COVID-19 in the mortality group, no statisti-
cally significant difference was observed. In addition, the rate of PCR
positivity for COVID-19 was higher in the mortality group. Polidoro
et al stated that immature granulocytes caused acute respiratory
distress syndrome (ARDS) in patients with COVID-19.Y In our study,
DNI was found to be significantly higher in the mortality group. We
consider that the association of high DNI with mortality may be re-
lated to ARDS. Predicting the mortality in Covid-19 patients is im-
portant for regulating patients’ treatment. Scoring systems which
are formed by using these parameters could be extremely useful for
determining the high-risk patient groups.®

In conclusion, we consider that DNI can be used as an effective
prognostic parameter to show intensive care mortality in COVID-19
patients. There is a need for further research in this area, especially

in terms of determining cases that will progress in intensive care.
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