Received: 25 June 2020

Revised: 7 August 2020

Accepted: 10 August 2020

DOI: 10.1111/€jh.13509

ORIGINAL ARTICLE

Haématology

Characteristics of peripheral blood differential counts in
hospitalized patients with COVID-19

Irene S. Pakos!

| Kevin Bryan Lo' | Grace Salacup’

| Jerald Pelayo! |

Ruchika Bhargav! | Eric Peterson! | Fahad Gul' | Robert DeJoy IlI* | Jeri Albano® |

Gabriel Patarroyo-Aponte?® | Janani Rangaswami®

!Department of Medicine, Einstein
Medical Center Philadelphia, Philadelphia,
Pennsylvania

zPuImonary, Critical Care and Sleep
Medicine, Einstein Medical Center
Philadelphia, Philadelphia, Pennsylvania

3Sidney Kimmel College of Thomas Jefferson
University, Philadelphia, Pennsylvania

Correspondence

Irene Pakos, Einstein Medical Center
Philadelphia, 5501 Old York Road,
Philadelphia, PA 19141, USA.

Email: pakosire@einstein.edu

1 | INTRODUCTION

3 | Zurab Azmaiparashvili

Abstract

Background: A lot remains unknown about the features and laboratory findings that
may predict worse outcomes in patients with coronavirus disease 2019 (COVID-19).
The aim of this study was to evaluate the difference in complete blood count param-
eters and differential counts in patients hospitalized with COVID-19 who survived
compared to those who died.

Design: We performed a single-center retrospective study including 242 patients
with confirmed COVID-19. We described the characteristics of the complete blood
count parameters in these patients. Mann-Whitney U test was used to compare he-
matologic parameters of patients who died and those who survived; multivariate lo-
gistic regression was used to look for associations with mortality.

Results: Patients with COVID-19 who died had significantly lower median absolute
monocyte count (AMC) (0.4 vs 0.5, P = .039) and median platelet count (169 vs 213,
P = .009) compared to those who survived. Patients who died had a significantly
higher neutrophil-to-lymphocyte ratio (6.4 vs 4.5, P = .001). The NLR was positively
associated with death (OR = 1.038; 95% Cl, 1.003-1.074, P = .031), while AMC was
inversely associated with death (OR = 0.200; 95% Cl, 0.052-0.761, P = .018).
Conclusion: Among patients with COVID-19, a lower AMC and higher NLR are as-

sociated with higher mortality.
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state with the greatest number of cases.! According to the Centers
for Disease Control and Prevention (CDC), as of May 2020, in

The pandemic of coronavirus disease 2019 (COVID-19), the disease
caused by the novel severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) virus that emerged in Wuhan, China, in December
2019, has led to significant mortality in hospitalized patients in most
affected parts of the world. In the United States, New York emerged

as the epicenter of the pandemic, with New Jersey following as the

© 2020 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Pennsylvania, there have been more than 57 000 reported cases
with the majority of cases in Philadelphia County, which has also
seen more than 850 associated deaths.? Among patients who are
hospitalized with COVID-19, disease severity also varies, with age
and comorbidities associated but not fully accountable for poor out-

comes. The pathophysiology of disease as well as the mechanisms
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and factors that lead to differential responses in affected patients
including mortality are not entirely elucidated. The development
of severe disease is currently thought to be associated with an ex-
cessive inflammatory response with several studies reporting as-
sociation of increased serum levels of inflammatory cytokines and
chemokines and higher inflammatory markers.>® The involvement
of monocytes and macrophages in the unraveling of the inflamma-
tory response has also been highlighted as a key component of the
response to SARS-CoV-2, although their role remains elusive but
could involve the potential for productive replication, or the poten-
tial to serve as reservoirs or become vectors for viral dissemination
as is the case for other human coronaviruses.”® Lymphopenia is a
feature reported in patients with COVID-19 which is particularly
prominent in the presence of severe disease,’ whereas neutro-
philia has been shown to have a positive correlation with the risk
of in-hospital death.!® We therefore sought to explore whether
there were substantial differences in the complete blood count pa-
rameters and peripheral blood leukocyte differential counts in our
sample population with COVID-19 which is predominantly African
American.

2 | METHODS
2.1 | Study design, participants, and data collection

This study was a single-center retrospective analysis of all patients
>18 years of age who were admitted to Einstein Medical Center
Philadelphia from March 1 to April 24, 2020, with a confirmed di-
agnosis of COVID-19 via reverse transcriptase-polymerase chain
reaction (RT-PCR) assays performed on nasopharyngeal swab speci-
mens. Demographic and clinical data, comorbidities, outcomes, and
laboratory findings including hematologic profile were obtained.
The complete blood count and differential analysis were performed
at the laboratory of Einstein Medical Center Philadelphia following
standard procedures. Institutional review board (IRB) approval was
obtained with IRB number: 2020-436.

2.2 | Statistical analysis

Demographic variables were presented using descriptive statistics
and frequencies. Categorical variables were analyzed with chi-
square testing. Demographic and clinical variables were tabulated.
Kolmogorov-Smirnov test was used to determine normality of dis-
tribution of data. Data that were skewed were presented as median
with interquartile range (IQR) and non-parametric Mann-Whitney U
test was used to compare the hematologic variables among those
who died compared to those who survived. Multivariable logistic
regression was used to evaluate the factors and blood parameters
associated with mortality. 95% confidence intervals were used and

are presented when appropriate.

3 | RESULTS

3.1 | Demographic and clinical characteristics of the
patients

A total of 389 patients were evaluated in our hospital and tested posi-
tive via RT-PCR for COVID-19. One hundred and twenty-two patients
were excluded who were still admitted at the time of analysis, and 25
patients with incomplete clinical data were excluded leaving a final
sample of 242 patients (see Figure 1). In the final sample of 242 pa-
tients (see Table 1), the mean age (+SD) was 66 + 14.75. 49% were fe-
male, and 70% were African American. Chronic medical conditions of
these patients included hypertension (74%), diabetes mellitus (49%),
and either chronic obstructive pulmonary disease (COPD) or asthma
(19%). Out of our final sample, 26 (11%) patients had a diagnosis of a
malignancy. The number of in-hospital deaths was 52 (22%).

Looking at the hematologic parameters, patients who died
had a significantly lower median absolute monocyte count (AMC)
0.4 x 10° (0.2-0.7) vs 0.5 (0.3-0.8), P = .039 and platelet count
169 x 10° (136-229) vs 213 (160-265), P = .009 compared to those
who survived. On the other hand, patients who died had a signifi-
cantly higher white blood cell (WBC) count 8.0 x 10°% (6.1-11.5) vs
6.4 x 10° (5.0-9.4), P = .011 and neutrophil-to-lymphocyte ratio
(NLR) 6.4 (4.6-9.9) vs 4.5 (3.1-6.8), P = .001 compared to those who
survived (see Table 2). There were no significant differences in the
hematologic parameters among African Americans vs non-African
Americans (Table 3). In multivariable logistic regression, after ad-
justing for age, demographics, and common comorbidities, NLR was
significantly positively associated with inpatient death (OR = 1.038;
95% Cl, 1.003-1.074, P = .031), while AMC was significantly in-
versely associated with inpatient death (OR = 0.200; 95% ClI, 0.052
to 0.761, P = .018) (Table 4).

4 | DISCUSSION

Our study showed that patients who died from the disease had
lower levels of monocytes and platelets in peripheral blood sam-
ples. A higher NLR was associated with increased mortality, while
a higher AMC was inversely associated with mortality. Several
studies have investigated the characteristics of peripheral blood
differential counts of patients with COVID-19 and their associa-
tion with disease severity. In a study by Yang et al,** most patients
with COVID-19 presented with mild symptoms and peripheral
blood analysis showed that 24.2% had leukopenia, 35.6% had
lymphopenia, and 13.4% of patients had lower than normal range
platelet counts. Their study also showed that 22.8% of patients
with COVID-19 had lower than normal range neutrophil counts.
However, Qin et al’ reported that patients with severe COVID-19
tend to have higher overall leukocyte counts and higher percent-
age of neutrophils while at the same time having lower lymphocyte

counts and lower percentage of monocytes. As a consequence, the
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FIGURE 1 Study population [Colour
figure can be viewed at wileyonlinelibrary.
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NLR tended to be higher in those with severe infection. Another
study from Wuhan, China by Mo et al*? showed that patients with
refractory COVID-19 had no significant difference in the overall
leukocyte count compared to general patients but had signifi-
cantly higher counts of neutrophils and lower counts of platelets.

1'% also reported that

Monocyte counts were not reported. Liu et a
a higher NLR was associated with a higher risk of inpatient mortal-
ity. It seems plausible to argue that leukocyte differential counts
vary depending on disease severity with mild disease presenting
with leukopenia and neutropenia, while severe disease presents
with neutrophilia and lymphopenia consistent with our study find-
ings where NLR was significantly associated with mortality. The
lymphopenia observed in these patients may reflect massive re-
cruitment of T cells and monocytes to inflamed tissues, the use of
steroids, or may be the result of high levels of apoptosis.” A case
report from a postmortem analysis from a patient who died from
COVID-19 showed substantial interstitial mononuclear inflamma-
tory infiltrates, dominated by lymphocytes in the lungs and heart*®
supporting the concept of lymphocyte depletion from peripheral
blood.

We also found that non-survivors had lower AMC and that it
was inversely associated with increased mortality. In contrast, Qin
et al’ reported lower percentage of monocytes in patients with
severe disease but that AMC was not different between patients

with severe disease and general patients. The difference could

potentially be attributed to differences in ethnic characteristics of
patients included, as 70% of the patients in our study were African
American. To our knowledge, this is the first report of the in-
verse association of AMC with inpatient mortality in patients with
COVID-19. Our finding of lower monocyte counts in non-survivors
may represent the result of more extensive tissue inflammation
and recruitment of those cells at those sites of inflammation, and
possibly direct productive viral infection of these cells as SARS-
CoV-2 nucleoprotein has been detected in secondary lymphoid
tissue macrophages.14 Mononuclear phagocytes accounted for as
much as 80% of cells in bronchoalveolar lavage fluid (BALF) from
patients with severe COVID-19, with an abundance of inflamma-
tory monocyte-derived macrophages.’ In cases of mild COVID-
19, the BALF had a minimal amount of inflammatory monocyte
infiltration but rather a predominance of tissue-resident memory
T cells.’® Merad et al” report that these memory T cells may have
cross-reactivity against SARS-CoV-2 and enable rapid control of
the virus thus limiting progression of inflammation and accumula-
tion of macrophages. Thus, it seems like activation of the adaptive
immune response is essential in successful control of COVID-19
which can be the result of prior cross-reactivity against SARS-
CoV-2 as mentioned above, while excess activation of just the in-
nate immune response (neutrophils, macrophages, monocytes)*’
can lead to an excessive inflammatory response potentially associ-

ated with poor outcomes.
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TABLE 1 Demographics and clinical characteristics of patients

Age (mean + SD)
Female gender, n (%)
Ethnicity, n (%)
African American
Caucasian
Hispanic
Other
Comorbidities [n (%)]
BMI (mean + SD)
COPD
Asthma
Heart failure
Atrial fibrillation
Liver cirrhosis
Diabetes
Chronic kidney disease
End-stage renal disease on dialysis
Coronary artery disease
Hypertension
HIV
Malignancy
Clinical and laboratory parameters (mean + SD)
FiO,% requirement on admission
Serum ferritin on admission
D-dimer on admission
CRP on admission
LDH on admission
COVID-19 treatment [n (%)]
Hydroxychloroquine
Steroids
Tocilizumab
Clinical outcomes
Inpatient death
Need for CRRT/HD
Need for vasopressors
Need for intubation
Hematologic parameters [medial (IQR)]
WBC count
Platelet
Absolute neutrophil count (ANC)
Absolute lymphocyte count (ALC)
Absolute monocyte count (AMC)
Absolute eosinophil count (AEC)
Absolute bands
Absolute basophil

PAKOS €T AL.
TABLE 1 (Continued)
N =242 N =242
66.03 + 14.75 Neutrophil-to-lymphocyte ratio (NLR) 4.9 (3.2-8.2)
34 (50) Lymphocyte-to-monocyte ratio (LMR) 2.1(1.2-3.5)
Platelet-to-lymphocyte ratio (PLR) 200 (132-297)
171(70) Note: Data reported as mean + SD, n (%), or median (IQR).
17 (7) Abbreviations: BMI, body mass index; COPD, chronic obstructive
26 (11) pulmonary disease; COVID-19, coronavirus disease 2019; CRP,
C-reactive protein; CRRT/HD, continuous renal replacement therapy/
28(12) hemodialysis; FiO,, fraction of inspired oxygen; IQR, interquartile
range; LDH, lactate dehydrogenase; SD, standard deviation; WBC,
29.39 + 9.22 white blood cell.
30(12)
18(7) TABLE 2 Comparison of hematologic parameters among
35 (15) patients who survived vs those who died from COVID-19
24(10) Parameters Death Survived P-value
B WABC count 8.0 (6.1-11.5) 6.4 (5.0-9.4) .011
118 (49)
Platelet 169 (136-229) 213 (160-265) .009
A7 ANC 6.1(4.5-9.1) 4.6 (3.2-7.3) .006
19(8) ALC 0.9 (0.6-0.9) 1.0(0.7-1.4) .098
45 (19)
AMC 0.4 (0.2-0.7) 0.5(0.3-0.8) .039
180 (74) AEC 0(0-0.2) 0.01 (0-0.1) .250
7 Absolute basophil ~ 0.01 (0-0.02) 0.01 (0-0.02) .293
230 Absolute bands 0(0-1.0) 0(0-0.2) 486
NLR 6.4 (4.6-9.9) 4.5(3.1-6.8) .001
39+28 LMR 2.2 (1.1-3.9) 2(1.2-3.2) .582
1888 + 2836 PLR 204 (114-288) 200 (133-301) .752
3855 + 6143
Note: Data are presented as median (IQR). Numbers reported as x10%/
145 + 116 uL
469 +323 Abbreviations: AEC, absolute eosinophil count; ALC, absolute
lymphocyte count; AMC, absolute monocyte count; ANC, absolute
145 (60) neutrophil count; LMR, lymphocyte-to-monocyte ratio; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
55 (23) WBC, white blood cell.
21(9)
52 (21) Yang et al'” showed that thrombocytopenia is associated with in-
24 (10) creased risk of in-hospital mortality, while Tang et al*® showed that
49 (20) platelet count was negatively correlated with mortality. This is consis-
54(22) tent with our study findings as well. Thrombocytopenia in COVID-19
can be linked to possible increased consumption of platelets as a large
6.6(5.2-9.8) percentage of patients with severe disease develop a coagulopathy
T that meets criteria for disseminated intravascular hemorrhage.?’
239 (207-264) . -

In summary, our study found similar results with increased WBC
49(3.4-77) counts, neutrophils, neutrophil-to-lymphocyte ratio, and decreased
1.0(0.7-1.4) platelet counts in patients with severe COVID-19. These findings
0.5(0.3-0.8) seem to be consistent even in the setting of a predominantly African
0(0-0.04) American sample population where variations in hematologic pa-
0(0-0.29) rameters such as benign ethnic neutropenia can occur.?’ However,
0(0-0.02) our study found that the AMC is inversely associated with mortality

(Continues)

in patients with COVID-19 providing insight into the role of the in-
nate immune system to COVID-19 disease pathophysiology.
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TABLE 3 Comparison of hematologic parameters among African
American patients vs non-African Americans

African Non-African
Parameters Americans Americans P-value
WBC count 6.5(5.1-9.8) 6.9 (5.2-9.8) .661
Platelet 213 (153-276) 199 (152-255) 496
ANC 4.9 (3.3-7.6) 5.3(3.7-7.7) 488
ALC 1.1 (0.7-1.5) 0.9 (0.6-1.3) 124
AMC 0.5(0.3-0.8) 0.5(0.3-0.7) 775
AEC 0(0-0.04) 0(0-0.04) .335
Absolute basophil 0(0-0.02) 0(0-0.02) .059
Absolute bands 0(0-0.2) 0(0-0.7) .204
NLR 4.7 (3.1-7.5) 5.4 (3.5-8.9) .099
LMR 2.1(1.3-3.5) 1.9 (1.0-3.0) 130
PLR 194 (130-260) 217 (132-318) 451

Note: Data are reported as median (IQR). Numbers reported as x10%/pL.
Abbreviations: AEC, absolute eosinophil count; ALC, absolute
lymphocyte count; AMC, absolute monocyte count; ANC, absolute
neutrophil count; LMR, lymphocyte-to-monocyte ratio; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
WBC, white blood cell.

TABLE 4 Multivariate logistic regression showing factors
associated with mortality including blood parameters

Characteristics Odds ratio (95% ClI) P-value
Age 1.054 (1.015-1.094) .006
BMI 1.015 (0.960-1.074) .598
Male Referrant

Female 0.867 (0.366-2.053) 746
African American Referrant

Caucasian 4.016 (0.632-25.53) 141
Hispanic 0.652(0.129-3.289) .605
Others 2.325(0.764-7.079) .138
COPD and asthma 0.457 (0.120-1.747) 253
DM 1.258 (0.513-3.086) .616
HTN 1.466 (0.473-4.542) .507
HF 0.607 (0.155-2.377) 473
CKD 0.793(0.256-2.450) .686
NLR 1.038 (1.003-1.074) .031
AMC 0.200 (0.052-0.761) .018
Platelets 0.997 (0.992-1.003) .352

Abbreviations: AMC, absolute monocyte count; BMI, body mass index;
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary
disease; DM, diabetes mellitus; HF, heart failure; HTN, hypertension;
NLR, neutrophil-to-lymphocyte ratio.

4.1 | Limitations

Limitations to our study would include the relatively small number of
patients included and the fact that this was a single-center retrospec-

tive study. Several patients in our study received treatments either
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with hydroxychloroquine, corticosteroids, tocilizumab, or a combina-
tion of these therapies, which may affect the peripheral blood dif-
ferential counts. We were unable to assess the significance of other
hematologic parameters such as hemoglobin, hematocrit, and other
red blood cell parameters. We were also unable to include peripheral
smear characteristics as our data were derived retrospectively from
review of electronic medical records and only the actual numerical
blood counts were available. In our study sample, Caucasians were un-

derrepresented which may limit generalizability of our study findings.

5 | CONCLUSION

Among patients with COVID-19, alower AMCis associated with higher

mortality. A higher NLR is also associated with increased mortality.

ACKNOWLEDGEMENTS
We want to sincerely thank all the staff that was directly involved in
the care of these patients.

CONFLICT OF INTEREST

The authors declare no financial or commercial conflict of interest.

AUTHOR CONTRIBUTIONS

|. Pakos drafted the manuscript; K.B. Lo analyzed the data; G.
Salacup, J. Pelayo, R. Bhargav, E. Peterson, F. Gul, R. DeJoy Ill, and J.
Albano collected the data; and G. Patarroyo Aponte, J. Rangaswami,
and Z. Azmaiparashvili supervised the project. All authors were in-

volved in the conceptualization of the study.

ETHICAL APPROVAL

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki dec-
laration and its later amendments or comparable ethical standards.

This was a retrospective study, and formal consent is not required.

INFORMED CONSENT

The data used in this study were already existing and de-identified.
Informed consent was waived. IRB approval was obtained with IRB
number: 2020-436.

NOVELTY STATEMENTS

Our work explores characteristics of peripheral blood differential
counts that were associated with worse outcomes in patients af-
fected by COVID-19. Our findings indicate that a lower absolute
monocyte count is associated with increased mortality in patients
hospitalized with the disease. This finding can help identify patients
at increased risk for mortality due to COVID-19.

ORCID
Irene S. Pakos https://orcid.org/0000-0002-2441-0798

Grace Salacup https://orcid.org/0000-0002-0003-2040


https://orcid.org/0000-0002-2441-0798
https://orcid.org/0000-0002-2441-0798
https://orcid.org/0000-0002-0003-2040
https://orcid.org/0000-0002-0003-2040

778 -
78 | \WiLEY-sigitiory

PAKOS ET AL.

REFERENCES

1.

10.

11.

Richardson S, Hirsch JS, Narasimhan M, et al. Presenting char-
acteristics, comorbidities, and outcomes among 5700 patients
hospitalized with COVID-19 in the New York City area. JAMA.
2020;23(20):2052-2059.

Centers for Disease Control and Prevention. https://www.cdc.
gov/coronavirus/2019-ncov/cases-updates/county-map.html.
Accessed May 14, 2020.

. Huang C, Wang Y, Li X, et al. Clinical features of patients in-

fected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395(10223):497-506.

Chen G, Wu D, Guo W, et al. Clinical and immunologic features
in severe and moderate Coronavirus Disease 2019. J Clin Invest.
2020;130(5):2620-2629.

Gong J, Dong H, Xia SQ, et al. Correlation analysis between dis-
ease severity and inflammation-related parameters in patients
with COVID-19 pneumonia. Reprint at medRxvi. https://doi.
org/10.1101/2020.02.25.20025643

. Yang Y, Shen C, Li J, et al. Exuberant elevation of IP-10, MCP-3

and IL-1ra during SARS-CoV-2 infection is associated with dis-
ease severity and fatal outcome. Reprint at medRxvi. https://doi.
org/10.1101/2020.03.02.20029975

Merad M, Martin JC. Pathological inflammation in patients with
COVID-19: a key role for monocytes and macrophages. Nat Rev
Immunol. 2020;20(6):355-362.

Desforges M, Miletti TC, Gagnon M, Talbot PJ. Activation of human
monocytes after infection by human coronavirus 229E. Virus Res.
2007;130(1-2):228-240.

Qin C, Zhou L, Hu Z, et al. Dysregulation of immune response
in patients with COVID-19 in Wuhan, China. Clin Infect Dis.
2020;71(15):762-768.

Liu Y, Du X, Chen J, et al. Neutrophil-to-lymphocyte ratio as an
independent risk factor for mortality in hospitalized patients with
COVID-19. J Infect. 2020;81(1):e6-e12.

Yang W, Cao Q, Qin L, et al. Clinical characteristics and imaging
manifestations of the 2019 novel coronavirus disease (COVID-19):
a multi-center study in Wenzhou city, Zhejiang, China. J Infect.
2020;80(4):388-393.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Mo P, Xing Y, Xiao Y, et al. Clinical characteristics of refractory
COVID-19 pneumonia in Wuhan, China. Clin Infect Dis. 2020;
ciaa270. https://doi.org/10.1093/cid/ciaa270 [Online ahead of print]
Xu Z, Shi L, Wang Y, et al. Pathological findings of COVID-19 asso-
ciated with acute respiratory distress syndrome. Lancet Respir Med.
2020;8(4):420-422.

Chen Y, Feng Z, Diao B, et al. The novel Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) directly decimates
human spleens and lymph nodes. Reprint at medRxvi. https://doi.
org/10.1101/2020.03.27.20045427

Liao M, Liu Y, Yuan J, et al. The landscape of lung bronchoalveolar
immune cells in COVID-19 revealed by single-cell RNA sequencing.
Reprint at medRxvi. https://doi.org/10.1101/2020.02.23.20026690
Pennock ND, White JT, Cross EW, Cheney EE, Tamburini BA, Kedl
RM. T cell responses: naive to memory and everything in between.
Adv Physiol Educ. 2013;37(4):273-283.

Yang X, Yang Q, Wang Y, Wu Y, Xu J, Shang Y. Thrombocytopenia
and its association with mortality in patients with COVID-19. J
Thromb Haemost. 2020;18(6):1469-1472.

Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treat-
ment is associated with decreased mortality in severe coronavi-
rus disease 2019 patients with coagulopathy. J Thromb Haemost.
2020;18:1094-1099.

Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are
associated with poor prognosis in patients with novel coronavirus
pneumonia. J Thromb Haemost. 2020;18(4):844-847.

Hsieh MM, Tisdale JF, Rodgers GP, Young NS, Trimble EL, Little
RF. Neutrophil count in African Americans: lowering the tar-
get cutoff to initiate or resume chemotherapy? J Clin Oncol.
2010;28(10):1633-1637.

How to cite this article: Pakos IS, Lo KB, Salacup G, et al.
Characteristics of peripheral blood differential counts in
hospitalized patients with COVID-19. Eur J Haematol.
2020;105:773-778. https://doi.org/10.1111/ejh.13509



https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/county-map.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/county-map.html
https://doi.org/10.1101/2020.02.25.20025643
https://doi.org/10.1101/2020.02.25.20025643
https://doi.org/10.1101/2020.03.02.20029975
https://doi.org/10.1101/2020.03.02.20029975
https://doi.org/10.1093/cid/ciaa270
https://doi.org/10.1101/2020.03.27.20045427
https://doi.org/10.1101/2020.03.27.20045427
https://doi.org/10.1101/2020.02.23.20026690
https://doi.org/10.1111/ejh.13509

