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Original Article
Initial complete blood count score and predicting
disease progression in COVID-19 patients
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Abstract: Introduction: Coronavirus has caused a pandemic since it was first detected in Wuhan in December 2019.
The mortality rate is high in moderate and severe cases. Our study aimed to screen the CBC parameters as a useful
predictive factor for COVID-19 resulting in critical illness. Methods: A total of 285 patients with positive PCR results
were analyzed. The median age was 55 (24-90), and 64.2% of patients were male. Sixty-eight percent of cases were
hospitalized with moderate, 32% with severe disease at initial admission. Results: We found that lymphocyte count
<620/mcl, neutrophil-to-lymphocyte ratio (NLR) >6, and platelet to lymphocyte ratio (PLR) >350 were predictive of
the outcome. We scored our cohort O-3 for these three parameters. Patients with a score of 2-3 were more likely to
have progressive disease, anti-cytokine treatment, intensive care admission, intubation, and death, compared to
patients with a score of O-1. Additionally, they tended to be hospitalized for longer (median 11.5 days, mean 15.6),
compared to those with a score O or 1 (median 9 days, mean 11.3). Twenty-eight of 38 cases with scores of 2-3
were discharged (73.6%), whereas the rate was 89% for patients with a score of 0-1 (P=0.009). Conclusion: Based
on the absolute lymphocyte count (<620/mcl, NLR >6, PLR >350), our three-parameter score was able to predict
disease progression, and the likelihood of anti-cytokine treatment, intubation, and death. We think that COVID-19
patients presenting with moderate to severe pneumonia, and having scores of 2 or 3 on our scale, should be closely
monitored and robustly supported.
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Introduction The outcome of COVID-19 pneumonia is unpre-
dictable, and it varies according to the individu-
al characteristics. Although we know that the
disease has more severe consequences in

elderly patients with comorbidities, it can also

Severe acute respiratory syndrome (SARS)
coronavirus 2 (SARS-Cov-2) associated respira-
tory disease (COVID-19) has caused a pandem-

ic since it was first detected in Wuhan in
December 2019 [1]. Mild cases have a good
prognosis. On the other hand, moderate and
severe cases have variable outcomes, which
can result in death. Mortality rates reported
from China range between 4.3% and 14.6%,
mainly increasing in elderly patients with
comorbidities [2-4]. About 19% of cases are
classified as severe or critical, and the mortali-
ty rate is 49% for the critical group [5].

cause death in younger people. Studies have
focused on early detection of severe cases that
should be hospitalized, and could need inten-
sive care. Hematological markers were pro-
posed to diagnose COVID-19 [6], as well as to
predict the severity of the disease and the out-
comes [7, 8].

An excessive inflammatory response consti-
tutes the main pathophysiological mechanism,
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and this could be predicted by hematological
markers. The ratios of neutrophils, monocytes,
and platelets to absolute lymphocyte count
have been demonstrated to be useful in the
diagnosis of COVID-19, and in predicting
the severity of the disease [6]. Therefore, it is
possible that CBC could predict disease’s
outcomes. This study will analyze CBC parame-
ters to determine whether they can predict
the severity of COVID-19 disease, and its
outcomes.

Patients and methods

Study design, patients and treatment strate-
gies

In this single-center retrospective analysis,
all adult patients hospitalized during the COVID-
19 pandemic between March and May 2020
were included. Patients with active malignan-
cies or chronic diseases, which could affect the
outcomes, were excluded from the analysis. As
an institutional approach, patients who had
typical radiological findings associated with
COVID-19 pneumonia [9], and who had moder-
ate, severe, or critically severe disease [5] were
hospitalized.

We retrospectively screened the medical
records of the patients, including files, electron-
ic files, and laboratory results. Laboratory con-
firmation of COVID-19 was performed with
reverse transcriptase-polymerase chain reac-
tion (RT-PCR) assays [10].

The treatment protocol included hydroxychlo-
roquine and azithromycin, and when patients
were deteriorating under treatment, we swi-
tched to favipiravir or anti-cytokine treatment.
The vast majority of patients had received anti-
coagulant therapy with low molecular weight
heparins, and dipyridamole as bid 75 mg
orally.

Definitions

The disease severity was defined as moderate
if radiological pneumonia, fever, and respirato-
ry symptoms were present. In cases of severe
disease, patients presented with a respiratory
rate equal to or above 30/minute, a pulse oxy-
gen saturation level equal to or less than 93%,
or an oxygenation index equal to or less than
300. Detection of 50% growth from a comput-
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erized tomography (CT) scan was defined as
disease progression. The critically severe
patients were defined as those who had
required mechanical ventilation, had been in
shock, or had suffered from any type of
organ failure [5]. CT severity was defined and
classified in our analysis as mild to moderate-
severe according to the five lobe scores [11].

Statistical analysis

Continuous variables were presented as a
median. The differences between groups were
analyzed using the X? test. The risk factors were
evaluated with univariate and multivariate
logistic regression models. The variables found
to be significant from univariate analysis were
included in the logistic regression analysis. A
two-sided o of less than 0.05 was considered
statistically significant. We used receiver
operating curve (ROC) analysis to evaluate the
sensitivity and specificity of the parameters.
Statistical analysis was performed using
StataMP-64 software.

No funding source was used, and our study
was approved by the Istanbul University,
Istanbul Medical Faculty ethical committee (nr:
22/05/2020-84932).

Results

Atotal of 285 patients with positive PCR results
were hospitalized between March 11 and
May 5, 2020, and were included in the analysis.
The median age was 55 (24-90), and 183
patients (64.2%) were male. The majority of
patients were hospitalized with moderate dis-
ease (n=194), and about 32% of our cohort
(n=91) had severe disease at initial admission.
The demographic features, clinical presenta-
tion and comorbidities of our cohort is summa-
rized in Table 1. The median hospitalization
time was nine days (range: 2-61). There were no
significant differences in the CBC parameters
between patients with moderate disease, and
those with severe disease (Table 2).

Sixty patients had progressive pneumonia.
According to our treatment protocols, 33.7% of
our cohort needed anti-cytokine agents. Forty-
eight patients were transferred to the intensive
care unit, and 41 of them were intubated. A
total of 26 out of 285 hospitalized patients
(9.1%) died.
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(PLR) greater than 350 were predictive of our
outcomes (Table 3).

Table 1. Demographic characteristics, initial signs
and symptomatology

n=285 Outcomes of patients with initial lymphocyte
Median Age (range) 55(24-90) count less than 620/mcl
Sex
Female (%) 102 (35.8%) Patients presenting with a lymphocyte count of
Male (%) 183 (64.2%) less than 620/mcl were more likely to have pro-
Disease severity gressive pneumonia (AUC 0.55; 95% Cl 0.49-
Moderate 194 (68%) 0.60), anti-cytokine treatment (AUC 0.55, 95%
Severe 91 (32% Cl 0.51-0.60), intensive care admission (AUC

0.60; 95% CI 0.53-0.67), intubation (AUC 0.58;

Initial t
nitial symproms 95% Cl 0.51-0.65), and it was more likely that

Fatigue and myalgia 273 (958%)  tpeir iliness would result in death (AUC 0.58;
Cough 249 (87.4%) 959 €1 0.49-0.67).

Fever 219 (76.8%)

Dyspnea 127 (44.5%) Outcomes of patients with initial neutrophil to
Nausea 44 (15.4%) lymphocyte ratio more than six

Diarrhea 37 (13%) e o
BT e e oy o
Sputum 9 (3.16%) '

0.52-0.66), anti-cytokine treatment (AUC 0.62,
95% Cl 0.56-0.67), intensive care admission
(AUC 0.68; 95% CI 0.60-0.75), and intubation
(AUC 0.64; 95% Cl 0.56-0.72). Although the
p-value was not significant for death (AUC 0.58;

Comorbid conditions
Hypertension
Diabetes mellitus
COPD or Asthma

109 (38.5%)
67 (23.6%)
30 (10.5%)

Coronary artery disease 30 (10.5%) 95% Cl 0.48-0.68), almost 15% of patients who
Congestive heart failure 16 (5.6%) had an NLR>6 died, whereas only 7.3% of those
History of solid malignancy 7 (2.5%) with an NLR<6 died.

History of hematologic malignancy 8 (2.8%)

Outcomes of patients with initial platelet to

Median number of comorbidities (range) 1 (0-6) lymphocyte ratio more than 350

Anti-hypertensive exposure 106 (37.2%)
Angiotensin convertng enzyme inhibitor 22 (7.8%)
Angiotensin receptor blocker 51 (17.9%)

A PLR of more than 350 was predictive of pro-
gressive pneumonia (AUC 0.55; 95% Cl 0.49-
0.61), anti-cytokine treatment (AUC 0.54, 95%
Cl 0.49-0.59), intensive care admission (AUC

We analyzed the differences in initial CBC
parameters for disease progression, the need
for anti-cytokine treatment, intensive care, or
intubation, and the likelihood of death. We eval-
uated the white blood cell (WBC), neutrophil,
lymphocyte, monocyte, eosinophil, and platelet
counts, and hemoglobin concentrations. We
also measured neutrophil to lymphocyte, mono-
cyte to lymphocyte, and platelet to lymphocyte
ratios for the above outcomes.

The differential of WBC, hemoglobin, and plate-
lets was similar in the groups presenting with
moderate to severe COVID-19 pneumonia
(Table 2). In the univariate analysis of CBC
parameters, a lymphocyte count of less than
620/mcl, neutrophil to lymphocyte ratio (NLR)
greater than 6, and platelet to lymphocyte ratio

79

0.61; 95% Cl 0.54-0.68), intubation (AUC 0.58;
95% Cl 0.51-0.65), and death (AUC 0.58; 95%
C1 0.49-0.68).

Outcomes of patients according to CBC score

We gave our cohort a score of 0-3 for the three
parameters. Patients with scores of 2 or 3 were
more likely to have progressive disease (AUC
0.55; 95% Cl 0.49-0.60), require anti-cytokine
treatment (AUC 0.55, 95% Cl 0.51-0.60), inten-
sive care admission (AUC 0.61; 95% CI 0.54-
0.68), or intubation (AUC 0.57; 95% CI 0.50-
0.65), and were at increased risk of death (AUC
0.57; 95% Cl 0.48-0.66) compared to patients
with a score of O or 1 (Table 3). The patients
with scores of 2 or 3 tended to be hospitalized
for longer (median 11.5 days, mean 15.6,
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Table 2. Initial complete blood counts of patients according to disease severity

Median (range) Moderate disease (n=194) Severe disease (n=91) P

White blood cells (/mcl) 5800 (2310-12710) 6630 (1510-97110) 0.584
Neutrophils (/mcl) 3790 (1020-10290) 5000 (1100-18500) 0.281
Lymphocytes (/mcl) 1255 (100-3230) 1000 (160-81150) 0.283
Monocytes (/mcl) 500 (150-1340) 420 (10-6520) 0.197
Eosinophils (/mcl) 0 (0-310) 0 (0-740) 0.346
Hemoglobin (g/dl) 13.7 (9.1-17.3) 13 (6.1-17.7) 0.266
Platelets (/mcl) 191050 (75000-552000) 222000 (85900-515000) 0.445

range: 4-49) compared to those with a score of
O or 1 (median nine days, mean 11.3, range:
2-61). Twenty-eight out of 38 cases with scores
of 2 or 3 were externalized (73.6%), whereas
the rate was 89% for patients with a score of O
or 1 (P=0.009).

Discussion

We have followed the progress of COVID-19
since December 2019, and have experienced it
face to face since March 2020. We are now
able to recognize the signs, symptoms, and
radiological features of COVID-19. However, the
current problem is identifying which patients
will have progressive pneumonia and need
more robust treatment. The aim might not be
treating the disease, but supporting the patient
to overcome the excessive inflammatory
period.

In case of severe infection or systemic inflam-
mation, the NLR increases, and the absolute
lymphocyte count decreases as a response
to pneumonia [12]. The NLR was found to be
higher in severe COVID-19 cases [13, 14].
Several studies have found that increased NLR
was an independent factor in predicting pro-
gression to critical illness [15-17]. Ma et al.
found that an NLR >9.2 could be used to pre-
dict acute respiratory distress syndrome and
the need for ventilation support [18]. A recent
analysis from Wuhan demonstrated that higher
NLR, along with hypertension and increased
NT-proBNP, was associated with poorer progno-
sis in hospitalized cases [19]. In a recent meta-
analysis, severe cases were found to have high-
er NLR and PLR values [20]. Several studies
have found a relationship between thrombocy-
topenia and poor outcomes in COVID-19 [21,
22]. We could not define a stable cut-off for the
platelet count to predict our outcomes.
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The main limitation of this study was its retro-
spective nature. We excluded all patients with
known active malignancies, which could have
affected the outcomes. We noted the initial
CBC of all hospitalized cases. Hospitalization
was decided on objective criteria. Although the
number of patients may be relatively small, we
would like to emphasize that we included mod-
erate and severe cases only and we performed
a detailed analysis including diverse outcome
parameters such as the need for anti-cytokine
treatment, intensive care, or intubation, and
the likelihood of death.

We have hospitalized all cases of moderate and
severe pneumonia in our center since identify-
ing COVID-19 in our country. In the literature,
there are many studies emphasizing the impor-
tance of cytopenia and cellular ratios to predict
the outcome of COVID-19 pneumonia. However,
our method which is only based on CNC param-
eters and does not include any biochemical
parameters, is concise and easy to perform
even in emergency setting. Based on the abso-
lute lymphocyte count (<620/mcl, NLR >6, PLR
>350), the three-parameter score was able to
predict disease progression, and the likelihood
of anti-cytokine treatment, intubation, and
death. We think that COVID-19 patients pre-
senting with moderate to severe pneumonia,
and having scores of 2 or 3 on our scale, should
be closely monitored and robustly supported.
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Table 3. Detailed analysis of the initial complete blood count ratios of patients

All patients Patiepts V\{ith Patients_ who ‘ Patien_ts whq Patiepts whq Patier?ts
n (%) (n=285) progressive disease P needed anticytokine P needed intensive P needed intubation P who died P
(n=60) treatment (n=96) care (n=48) (n=41) (n=26)
Lymphocyte
<620/mcl 34 (11.9%) 12 (35.2%) 0.03 19 (55.9%) 0.004 14 (41.2%) <0.001 11 (32.4%) 0.002 7(20.6%) 0.013
>620/mcl 251 (88.1%) 48 (19.1%) 77 (30.7%) 34 (13.5%) 30 (11.9%) 19 (7.6%)
Neutrophil to lymphocyte ratio
>6 67 (23.5%) 23 (34.3%) 0.002 38 (56.7%) <0.001 26 (38.8%) <0.001 20 (29.9%) <0.001 10 (14.9%) 0.059
<6 218 (76.5%) 37 (16.9%) 58 (26.6%) 22 (10%) 21 (9.6%) 16 (7.3%)
Platelet to lymphocyte ratio >350
>350 42 (14.7%) 14 (33.3%) 0.034 20 (47.6%) 0.042 16 (38%) <0.001 12 (28.6%) 0.005  8(19%)  0.016
<350 243 (85.3%) 46 (18.9%) 76 (31.3%) 32 (13.2%) 29 (11.9%) 18 (7.4%)
Complete Blood Count Score
0-1 247 (86.6%) 47 (19%) 0.033 76 (31%) 0.009 32(13.2%) <0.001 30 (12.2%) 0.006 19 (7.7%) 0.032
2-3 38 (13.4%) 13 (34.2%) 20 (52.6%) 16 (42.1%) 11 (28.9%) 7 (18.4%)
81 Am J Blood Res 2021;11(1):77-83



Complete blood count score in COVID-19

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

82

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J,
Zhao X, Huang B, Shi W, Lu R, Niu P, Zhan F, Ma
X, Wang D, Xu W, Wu G, Gao GF and Tan W;
China Novel Coronavirus Investigating and
Research Team. A novel coronavirus from pa-
tients with pneumonia in China, 2019. N Engl J
Med 2020; 382: 727-733.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y,
Qiu Y, Wang J, Liu Y, Wei Y, Xia J, Yu T, Zhang X
and Zhang L. Epidemiological and clinical char-
acteristics of 99 cases of 2019 novel coronavi-
rus pneumonia in Wuhan, China: a descriptive
study. Lancet 2020; 395: 507-513.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y,
ZhangL, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia J,
Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y,
Gao H, Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin
Q, Wang J and Cao B. Clinical features of pa-
tients infected with 2019 novel coronavirus in
Wuhan, China. Lancet 2020; 395: 497-506.
Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J,
Wang B, Xiang H, Cheng Z, Xiong Y, ZhaoY, Li Y,
Wang X and Peng Z. Clinical characteristics of
138 hospitalized patients with 2019 novel
coronavirus-infected pneumonia in Wuhan,
China. JAMA 2020; 323: 1061-1069.

Wu Z and McGoogan JM. Characteristics of
and important lessons from the coronavirus
disease 2019 (COVID-19) Outbreak in china:
summary of a report of 72314 cases from the
chinese center for disease control and preven-
tion. JAMA 2020; 323: 1239-1242.

Peng J, Qi D, Yuan G, Deng X, Mei Y, Feng L and
Wang D. Diagnostic value of peripheral hema-
tologic markers for coronavirus disease 2019
(COVID-19): a multicenter, cross-sectional
study. J Clin Lab Anal 2020; e23475.

Zhang B, Zhou X, Zhu C, Song Y, Feng F, Qiu Y,
Feng J, Jia Q, Song Q, Zhu B and Wang J.
Immune phenotyping based on the neutrophil-
to-lymphocyte ratio and IgG level predicts dis-
ease severity and outcome for patients with
COVID-19. Front Mol Biosci 2020; 7: 157.
Chen FF, Zhong M, Liu Y, Zhang Y, Zhang K, Su
DZ, Meng X and Zhang Y. The characteristics
and outcomes of 681 severe cases with
COVID-19 in China. J Crit Care 2020; 60: 32-
37.

Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J,
Fan Y and Zheng C. Radiological findings from
81 patients with COVID-19 pneumonia in
Wuhan, China: a descriptive study. Lancet
Infect Dis 2020; 20: 425-434.
WorldHealthOrganization. Laboratory testing
of 2019 novel coronavirus (2019-nCoV) in sus-
pected human cases: interim guidance, 17
January 2020; accessed on 01 Jan 2021.
url:https://www.who.int/publications/i/item/

(11]

[12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

[20]

[21]

laboratory-testing-of-2019-novel-coronavirus-(-
2019-ncov)-in-suspected-human-cases-inter-
im-guidance-17-january-2020

Chung M, Bernheim A, Mei X, Zhang N,
Huang M, Zeng X, Cui J, Xu W, Yang Y, Fayad ZA,
Jacobi A, Li K, Li S and Shan H. CT imaging fea-
tures of 2019 novel coronavirus (2019-nCoV).
Radiology 2020; 295: 202-207.

Curbelo J, Rajas O, Arnalich B, Galvan-Roman
JM, Luquero-Bueno S, Ortega-Gomez M,
Lancho A, Roy E, Sanchez Azofra A, Mateo
Jimenez G, Gomez M, Moldenhauer F and
Aspa J. Neutrophil count percentage and neu-
trophil-lymphocyte ratio as prognostic markers
in patients hospitalized for community-ac-
quired pneumonia. Arch Bronconeumol 2019;
55: 472-477.

Kong M, Zhang H, Cao X, Mao X and Lu Z.
Higher level of neutrophil-to-lymphocyte is as-
sociated with severe COVID-19. Epidemiol
Infect 2020; 148: e139.

Fu J, Kong J, Wang W, Wu M, Yao L, Wang Z, Jin
J, Wu D and Yu X. The clinical implication of
dynamic neutrophil to lymphocyte ratio and
D-dimer in COVID-19: a retrospective study in
Suzhou China. Thromb Res 2020; 192: 3-8.
Lian J, Jin C, Hao S, Zhang X, Yang M, Jin X, Lu
Y, Hu J, Zhang S, Zheng L, Jia H, Cai H, Zhang Y,
Yu G, Wang X, Gu J, Ye C, Yu X, Gao J, Yang Y
and Sheng J. High neutrophil-to-lymphocyte ra-
tio associated with progression to critical ill-
ness in older patients with COVID-19: a multi-
center retrospective study. Aging (Albany NY)
2020; 12: 13849-13859.

Gottlieb M, Sansom S, Frankenberger C, Ward
E and Hota B. Clinical course and factors as-
sociated with hospitalization and critical ill-
ness among COVID-19 patients in chicago,
Illinois. Acad Emerg Med 2020; 27: 963-97 3.
Yang AP, Liu JP, Tao WQ and Li HM. The
diagnostic and predictive role of NLR,
d-NLR and PLR in COVID-19 patients. Int
Immunopharmacol 2020; 84: 106504.

Ma A, Cheng J, Yang J, Dong M, Liao X and
Kang Y. Neutrophil-to-lymphocyte ratio as a
predictive biomarker for moderate-severe
ARDS in severe COVID-19 patients. Crit Care
2020; 24: 288.

Dong YM, Sun J, Li YX, Chen Q, Liu QQ, Sun Z,
Pang R, Chen F, Xu BY, Manyande A, Clark TG,
Li JP, Orhan IE, Tian YK, Wang T, Wu W and Ye
DW. Development and validation of a nomo-
gram for assessing survival in patients with
COVID-19 pneumonia. Clin Infect Dis 2021;
72: 652-660.

Chan AS and Rout A. Use of neutrophil-to-lym-
phocyte and platelet-to-lymphocyte ratios in
COVID-19. J Clin Med Res 2020; 12: 448-453.
Yang X, Yang Q, Wang Y, Wu Y, Xu J, Yu Y and
Shang Y. Thrombocytopenia and its associa-

Am J Blood Res 2021;11(1):77-83



[22]

83

Complete blood count score in COVID-19

tion with mortality in patients with COVID-19. J
Thromb Haemost 2020; 18: 1469-1472.

Maquet J, Lafaurie M, Sommet A, Moulis G,
Covid-Clinic-Toul investigators g, Alvarez M,
Amar J, Attal M, Balardy L, Balen F, Beyne-
Rauzy O, Bouali O, Bounes F, Bureau C, Buscail
L, Calviere L, Charpentier S, Chollet F, Claudet
I, Constantin A, Debard A, Delavigne K, Delobel
P, Delrieu J, Didier A, Faruch M, Fourcade O,
Georges B, Grunenwald E, Guyonnet S, Hanaire

H, Hein C, Kamar N, Lairez O, Mansat P,
Martin-Blondel G, Minville V, Pariente J, Paul C,
Payoux P, Pugnet G, Piel-Julian ML, Recher C,
Rolland Y, Ruyssen-Witrand A, Sabatier J,
Sailler L, Salles JP, Sans N, Secher M, Sevely
A, Silva S, Thalamas C and Toulza O.
Thrombocytopenia is independently associat-
ed with poor outcome in patients hospitalized
for COVID-19. Br J Haematol 2020; 190: e276-
e279.

Am J Blood Res 2021;11(1):77-83





