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Abstract
Background: The corona virus disease 2019 (COVID-19) caused by SARS-
CoV-2 virus has been declared as a global pandemic by WHO. Various
hematological parameters may be considered as usefirl prognostic indicators in
COVID-I9 infection. Materiels and Methods: Age, neutrophil to lyrnphocyte
ratio (NLR), derived-NlR (d-NLR), platelet to lymphocyte ratio (PLR) and
red cell djstribution *'idth (RDIV) of 266 lafuratarT confinrrd COVID-l9
patients, at the time of admission, belonging to clinical category B and C were
recorded and compared in this single-center, retrospective observatioual sfudy.
The receiver operating characteristic (ROC) curye was applied to determine
the thresholds for bio-markers and their prognostic values wsre assessed.
Result: A statistically significant elevated NLR (P:0.001), d-NLR ( P:0.001),
PLR (P:C.001) and RDW (P:0.026) wcrc noticcd in Catcgory C (scvcrc)
group when compared to Category B group. From the ROC curve, it was
established tlrat d-NL.R, NLR and WBC count proved to be a fair distinguisler
(arca undcr thc curvc bctwccr 0.7- 0.8) in prcdicting thc clinical swcrity in
COVID-I9 patients. NLR and WBC count was found to be having the highest
sensitivity af 820/", while d-NLR proved to be highly specific. Elevated age
was also significantly associated with illness severity (P=0.001). Conclusion:
Elevated age, WBC count, NLR, d-NLR, RD\Y and PLR may be considered
as useful prognostic biomarkers for predicting the severity of COVID-I9
infection and adverse outcome, with NLR and WBC count showing the
highest sensitivity and d-NLR with the highest specificity.
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INTRODUCTTON

In Dscember 2019, several cases of oew €orona
virus disease 2019 (COVID-l9) c,r'sed by Severe
Acutc Respiratory Slmdrome Coronavinrs-2 (SARS-
CoV-2) have been emerged from Wuhan, China,tL4
which was later declared as a global pandemic by
World Health Organisation (WHO) on March 116
2020. Since *ren this infection has been spreading
widely and rapidly, intbcting more than 150
countries worldwide. As of May &th 2022, over 514
million confirmed cases and over six million deaths
have been reported globally.
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\YHO has broadly defined the clinical
characterization of COVID-I9 disease,t J with most
of the laboratory confirmed cases present with only
mild to moderate symptoms. Ho'wever, in some
patients, a rapid deterioration of symptoms were
noted, even leading to respiratory failure, sepric
shock or m-rilti oryan dysfrurciir.rn, eird;urgcriug lifr.
Even after all these months, the early laboratory
parirmeters *,hich efficiently predicts the disease
severity and outcorne still eludes us. Eariy
recognition of these laboratory indicators is
important as it helps_ delineating the sevcre
patienLs from moderate disease.
which intcrvention,
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thereby decreasing the mortality rate as well as
reducing the increased straiu on the health care
system especially in a developing country like India.
The elevated levels of pro inflammatory cytokines,
as seen during cytokine storm, is a characteristic
feahre of severe COVID -19 disease, causing Acute
Respiratory Distress Syndrome (ARDS) and
Multiple Organ Dysfuntion Syndrome (MODS),
eventually leading to death in COVID -19
patisnB.tll Hence, the many circulating
inflammatory biomarkers may be used as significant
predictors of disease severity and mortality in
CO\rID= 19 paticnts. Scvcra! sudics havc bccn
conducted during the last year to assess the
predictive role of inflammatory markers such a-s

peripheral white blood cell (WBC) count, neutrophil
(NE[D to lymplrocyte (LYM) ratio (NLR), derived
NLR ratiq (d-NLR) and platelet to lymphoeyte ratio
(PLR) in severe COVID -19 patients, in China and
sonre European coufltrie$.D.61-$ However, studiee
from the Indian subcontinent are yery less. Hence,
we designed this study to evaluate the accuracy of
NLR, d NLR, PLR and RDW (red cell dishibution
width) in predicting the clinical severity in COWD-
l9 patients in Indian scenario.

MATERTALS AND N,IETHODS

We conducted a single center, retrospective
observational shrdy on 266 laboratory confirmed
COVID-l9 cases, after obtaining the Institutional
scientific and ethics committee a.pproval. All these

adult COVID-I9 cases, confirmed by either Rapid
Autigen test or TrueNat test or by RT-PCR test, of
more than 18 years of age, of either sex, belonging
to Category B or C [categorised as per ou State
freaftreut guidelines of COVID-l9(Figure l)1, who
were admitted in our hospital from September to
December 2020, were included rn our study and
subsequent data collection and analysis. However, if
any of the studieci data was found missing or
inadequate, those patients were excluded liom
further study and analysis. The need for informcd
consent was renounced, considering the
retrospecti';e, obser';ational and auonlnnor:s nanrre
ofour study.
We performed a retrospective medical chart review
method for data collection. A tained researcher,
who was unaware of the study protocol obtained the
epidemiological characteristics, clinical signs and
symptoms as well as the laboratory investigation
results especially complete blood count at the time
of admission. A second researcher monitored all the
collected data for analysis. From the obtained
laboratory data, the parameters such as WBC count,
NLR, d-NLR (neutrophil count divided by the result
of white blood cell count minus neutrophil count),
RDW and PLR were primarily studied.
Thc statistical analysis werc performcd using the
software Statistical Package for the Sscial Sciences
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[SPSS] for Windows rrersion 17.0 [SPSS Inc.,
Chicago, IL, USAI. Continuous data was
represented aE mean and standard deviation.
Student t test or IV{ann-\Uhitney U-test was used for
comparisons of quantitative variables among
groups. Chi-squared test was performed to assess
differences in proportions across groqps. Area under
the receiver operating characteristic curve
(AUROC) were calculaied and was used to cornpile
the thresholds tbr bio markers and their diagnostic
performance. P value < 0.05 was considered
statistically signifi cant.

Figure 1: Categortzation

R,ESULTS

Figure 2: STROBE Flow Diagram

After meeting the inclusiou criteriq we
retrospectively reviewed the medical charts of 280
patients, who were admitted in our hospital during
the study period. Among them 14 patients were
excluded from further data analysig, due to either
missing or inadequate tlata. The remainirry 266
patients were included in our data collection and
analysis in which 153 patients belonged to Category
B, while 113 patients were included in Category C.
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Table l: end Charecteristics

Data expressed as Mean (standard deviation) or Numirer WBC: White Blood Celi, NLR: Neutrophil to
Lymphocyte Ratio, d-NLR: derived-NlR" PLR: Platelet to Lymphocyte Ratio, RDW-SD: Red cell Distribution
Width- Standard Deviation, RDW-CV: RDW- Coefficisnt of Variation
*significant at the 0.05 level

The demographic profile as well as the laborato(y charaeteristics of the shrdy participants are shown in the
lTehle ll
The average age of the patients in our srudy was 56.E2 years, with t}te maximum age recorded was 88 years. The
average age of patients in less ssvere group (Cat B) was 51.85 years, while in severe group (Cat C) it was 63.52
years. Considering gander, a statistically significant increase in the number of male patisnts were noted in Cat C
grotp (P= 0,024)- The age, \tr/BC count, NLR, d-NLR, and PLR in severely ill patients were significantly higher
(P= 0.001) when compared to less severe group (Table l). RDW-SD (red cell distribution width- standard
deviation) also showed a statistically significant higher values (P: 0.026) in Cat C than in Cat B patients. While
lymphocyte count was found to be significantly lower in Cat C group [Table lJ.

a non-patanretric assumptioR
b Null hypothesis: tme area: 0.5
WBC; White Blood Cell, NLR: Neutrophil to Lynphocyte Ratio, d-NLR: derived-NlR, PLR: Platelet to
Lymphocyte Ratio, RDW-SD: Red cell Distribution Width- Standard Dsviation

Table 3: ofArea under ROC curve

Caffsory C {N= 113) P vrlue
Agc (yean) 51.85 { 63.52 (l l.es) 0.001r
Sex (M/F) 72181 69144 0.024*
WBC count 9.99 (5.43) 0.001.
Neutrophil 67.67 fl4.: ) I 0.001|
L,r,rnphocvte 2s.14 (13.01) 13.73 (r0.41 0.001*
Aixotute Lymphocyte count i .67 (r.00) i.r3 o.94i 0.rnl i '.
Platelet count 233.02 (92.93 0.897
NI.R 4.6E (6.00) U.UU I -
d-NI.R. 7.71 (8.09, 0.001+
PLR 188.96 r 3o'1.67 (22t.U) 0.001*
RDW-SD 42.661 ) 0.026*
RDW-CV 14.11 I 0.369

Test Result Verieble(s) Area Std- Error e Asymptotic Sig. b
Lower Bound Upper Bound

WBC count 0.708 0.033 0.001+ 0.6,43 0.7'13
NLR 0.769 0.030 0.001* 0_711 o.82'l
d.NLR 0.782 0.028 0.001+ 0.726 0.838

PIR 0.690 0.033 0.001* 0.(t24 o.755
RDW-SD n <o,a 0_036 0.009r 0.525 o-664

auRoc CatecorY
0.9-l Very good

0.8 - 0.9 Good
0.7 - 0.8 Fair
0.6 - 0.7 Poor

0.5 - 0.5 Fait

Test Result Variable(s) Positive if Greater Thln or Equal To Sensitivity I - Specif citr
WBC count 6.045 0.825 0.497
NLR 3.067 0.823 0.399
d-NLR 3.008 o.743 0.268
PLR 164.320 0.711 0.418

Teble 4: Coordinetes of ROC curve

WBC: White Blood Cell, NLR: Neukophil to Lynphocyte Ratio, d-NLR: derived-NlR, PLR: Platelet to
Llrmphocyte Ratio

Table 5: BandC when cnt off for NLR is 33

Data expressed as number, Neutrophil to Lymphocle
*significant at the 0.05 level
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Using the parameters that are found to be
statistically significant, a ROC c[rve was plofted
and AUROC was determined [Figure 3J. From the
ROC curve, it was established that d-NLR, NLR and
WBC count proved to be a fair distinguisher
(AUROC between 0.7-0.8) in predicting the clinical
severity in COVID-I9 paticnts fTable 2-3]. NLR
and WBC count was found to be having the highest
sensitivity of 82%, while d-N-I-R proved to be highly
specific (73%) with a sensitivity of 74Y" [Table 4].
A cut off value of 3.3 was taken for NLR from a
previous studyS and on comparing with patients
from Cat B and Cat C, a statistically sig,rificant
increased number of patients was found in Cat C
severe Efoup with hlLR values more than 3.3 at
admission [Table 5].

Figure 3: ROC Cur-ve

DISCUSSION

Corona virus disease 2Ol9 (COVID-19) is
predominantly an infection of the respiratory tract
caused by novel SARS-CoV-2 virus, which has

been spreadiug worldwide fast and wids, evs sisse
its first reporting Aom Wuhan, China in December
2019. Even though numerous studies on COVID-I9
had been reported from different parts of the world"
the studies from the Indian sub-continent are only a

fbw. Hence, we conducted this study to evaluate the
predictive role of NLR, d NLR, PLR and RDW in
assessing the ctinical severity in COVID-19 patients
in Iudia.
In our study, while studying the demographic
characteristics, we found that more often males were
scvercly affected when cornpared to females, similar
to the findings of several previous studies on
ggylp'19.[e.ur] Several studies on SERS COV
and MERS also showed that malee are more
adversely affected tlran females.[2'i]l ln this study,
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the average age ofpatients in less severe group (Cat
B) was 51.85 years, while in severe group (Cat C) it
was 63.52 years, which showed a statistically
significant increase in age in severe group, similar to
thc earlier done studies by Yang et a1.5 and Maddani
et al.tH
Even though WHO has claarly and brcadly defined
the characteristic clinical features of COVID-I9, a

silhouene of the most illustrative laborarory
abnormalities that were recorded in patients with
COVID-I9 is still elusive in the Indian scenario. ln
our study, we observed a statistically sipificant
elevated levels of V/BC count, NLR, d-NLR and
PLR in severe\r ill group when compared to the less

severe gfoup. Also a statistically significant levels
of neukophilia as well as lymphopenia were
recorded in Cat C severe group. RDW-SD values
were also significantly high in Cat C group. From
the ROC curve, d-NLR" NLR and WBC count
proved to be a fair distinguisher .in predicting the
clinical severity in COVID-I9 parients, with NLR
and WBC count having the highest sensitivity of
82%, whilc d-NLR proved to be highly specilic
(73Yo)vurth a sensitivity of 74Y,.
The neutrophil to lymphocyte ratio (NLR) is a

biomarker usually used for assessing the severity of
bacterial infections as well as for predicting the
progaosis of patienLs sufferiag from pneumoni4
malignancy, auto immune diseases and hrberculosis.
But in this COVID-l9 times, NLR sa,ves the
purpose as a surrogate marker for early
identification of drsease severity in COVID-I9

ti'{:il r-, ----- -L-i-- tft n -- ----rr -- I ryr nrnr€CUtJIl.'-' ln OUr sru{ly l\Lll, as wCll AS O-I\LK
values were sipificantly elevated in severe illness
group and therefore can be considered as an
independent prognostic biomarker predicting the
disease progression of pner:monia in COVID-I9
patients. Yang et al.tsl while investigating and
colrrparhg 93 laburaiory confinrreti COVID-I9
cases from Wuhan also obtained similar results,

with a out off value of 3.3 for NLR, We also
observed a statistioally significant increase in
patients in critically ill group with NLR values more
than 3.3. Earlier Forget ct al.ttgl had recorded that
NLR values hetween 0.78 and 3.53 were normal in
an adult, non-geriatric healthy population. Wlttrcas,
Jingyuan Liu,t{ concluded that COMD-l9 patients
with age 250 having NLR values >3.13 are at risk of
advancing to sevtre illness, and tley should be
given priority to admission in the intensive care unit,
ifneed arises.
The most relevant hematological abnormalities in
COVID-l9 patients are neutrophilia, lymphopenia
and thrombocyoperria as it may cffectively predict
the morbidity aud mortality in COVID-I9. These
prognostic indicators though they have its own
definite clinical and biological importance but when
considered together, can even reflect the progression
to more outcome.

t signifi cant neutrophilia,
oxygen species which
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results in cell DNA damage and therefore free the
virus from cells. All these will stirmrlate cell-
specific as well as humoral immunities. In addition
!o this, neutrophil releases nun€rous cytokines and
effector molecules as they interact with specific cell
populations, such as circulating vascular endothelial
growth factor (VEGF).ud VEGF rurially stimul3ls5
growth, tumour angiogenesis as well as

metastasis.[!2] In COMD-l9 patients, VEGF-A and
VEGF-C have been shown to have a significantly
higher expressions while comparing with normal
tissues.t2ql At the same time the reduced expression
of VEGF and VEGFR rcsults in prcfcundly
inhibited organ and fissue damage.20 Also, virus-
mediated inflannnatory frctors such as interleukin-6
and interleukin-8, granulocyte colony stimulating
factor and tumor necrosis factor-alpha, and gamma
inierferons, produced by lymphocyte and
endothelial cells, rigger the release of
neutrophils.iruzJ Thus, virus-triggered
inflammation resulting in neutrophilia and
iymphopenia resuls in elevated NLR vaiues. In
COVID-I9 patients with raised levels of NLR, tie
clinical symptoms were alarmingly severe with a

rapid deterioration requiring mechanical ventilation
.^Arftl -^-
Lymphopenia, was shown as a hallmark feature of
severe CCIVID-l9 infection by l{uang and
praas6.t?-al Similarly Yang X et al.t:51 specified in
their article that lymphopenia was observed in 85%
sf the seriously ilt COVID-I9 patients. Chuan Qin
et al.tu in his study revealed that. primarily it is the

tiysregulation of the imnrune reqix)nse, specifically
of thar of T lymphocytes, which are largely involved
in the disease progression in COVID-l9 infection.
He also stated that even though inflammatory
cytokines and infection induced biomarkers were
significantly raised in most of the severely ill
palicnts, T uells wcrc significantly reduccti.
The elevated PLR levels noticed in critically ill
COVID-l9 patients in o*r study rnay be related to
oytokinc storm,[1] which rnay contribute as a ncw
indicator for the monitoring of disease severity in
those patients. Meta-analysis on COVID-I9
reported that both thrombocytopenia and
lymphopcnia were associated wifi severe COVID-
19 in{bction.t24'271 }Iowever, the decrease in absolute
lyrryhocyte count was much more pronounced tban
the decrease in the platelet count thereby raising the
PLR values- Simadibrata et al,ul in thpir meta
analysis on 998 COVID-l9 patients also concluded
that high PLR values were associated with COVD-
19 severe infection. They postulated that cytokine
storm activatcd by SARS-CoV-2 destoys the bone
miurow progenitor cells, drereby reduce the
slmthesis of platelets. Also, the ganeration of
autoantibody and immune complex instigated by
S A P Q-Cn\/-? narrcn f ho rlnctnrctinr nf nlatolatc., v. rrBiYrYru,

resulting in thrombocytopenia secn in critically ill
COVID-I9 patients.
In a recent paper, it is proposed that SARS-CoV-2
virel pmtein by the immune haemolysis of red blood
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cells infecrs hemoglobin, besides various
mechailisms.2$ In our study we obssryed a
statistically significant increase in RDW-SD in
severe illness group when compared 0o less severe
group which was in accordance to the findings
obtained by Foy BH et al.l{ The reason for this
elevated RDW seen in severe COVID-I9 patients
could be attributed to the suggestion llom some
previous reports on non-COMD-i9 patienis, that
RDW can be raiscd when RBC production kinetics
shows a slowing trend,M when there is elevatcd
WBC and platelet kinetics.
Thorc arc a fcrv limitation cxistcd in our study.
Firstly, we collected the data of the patients ftom a

single research ce[ter, not from multiple certers.
Secondly, due to time limitations we collected all
the infornrati,on only at the timc of admission. Thcre
was no continuous follow up of the taboratory data.
Also i66 sample size was small. Hence, for
obeaining results with rnore accuxacy, precision and
extemal validity, a multi-centred clinical study with
a iarger sample 5i7s may be required.

CONCLUSION

Eievated age, WIBC count, NL,R, d-NLR, PLR and
RDW may be considered as useful prognostic
biomarkers for predicting the severiry* of COVTD-I9
infection and possible outcome, with NLR and
WBC count showing the highest sursitivity and d-
NLR with the highest specificity. Hence, in our
setting, where scarcitv of resources frequently
prevsnt expensive testing, these pmgnostic
biomarkers can be of extremely irnportant, as they
can help physicians to detect deteriorating cases

early and to provide timely effective treatment,
thereby reducing mortality in COVID-I9 patimts-
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