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1  | INTRODUC TION

Coronavirus disease 2019 (COVID-19) is an ongoing global pandemic 
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) with a high mortality rate. The clinical spectrum ranges from 
asymptomatic or paucisymptomatic patients with flu-like symptoms 
to a severe and rapidly progressive viral pneumonia with acute respi-
ratory distress and multi-organ failure.1,2

Early diagnosis and identification of potential critical cases for 
timely treatment are crucial for COVID-19 patients. However, at 
disease onset, the clinical picture may overlap with those of con-
ventional viral and bacterial infections.1 Moreover, not all suspected 
patients will have access to RT-PCR for COVID-19 or to readily ac-
cessible results.

Novel and easily obtainable parameters are needed to reinforce 
the likelihood of COVID-19 diagnosis and identify patients who will 
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Abstract
Introduction: Early diagnosis and identification of potential critical cases for timely 
treatment are crucial for COVID-19 patients. The aim of this study was to analyze 
the diagnostic and prognostic implications of WBC and cell population data (CPD) 
abnormalities related to COVID-19 at disease onset.
Methods: Baseline WBC counts and CPD data were analyzed in one hundred COVID-
19 patients presenting to emergency department and subsequently discharged 
(n = 49), admitted (n = 51) or deceased (n = 22), and in 47 healthy subjects.
Results: Lymphopenia and eosinopenia were observed in all COVID-19 patients, with 
more intensity in the admitted and deceased groups, that also presented increased 
WBC and neutrophil counts. On CPD analysis, COVID-19 was associated with in-
creased volume of neutrophils, lymphocytes, and monocytes, whereas conductiv-
ity was decreased for neutrophils and increased for lymphocytes. The ROC curve 
analysis showed good performance for lymphocyte counts in predicting COVID-19 
diagnosis (AUC = 0.858), for neutrophil counts in predicting admission for COVID-
19 (AUC = 0.744) and for monocytes volume in predicting COVID-19 diagnosis 
(AUC = 0.837).
Conclusion: WBC counts and CPD parameters at disease onset in COVID-19 patients 
can improve diagnostic characterization and aid in the discrimination between severe 
and nonsevere presentations.
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suffer rapid disease progression and death. In this context, increased 
neutrophil counts and lymphopenia have been described in COVID-
19 patients, with implications toward a worse prognosis. However, 
these hematological abnormalities are rather imprecise as they may 
appear in other conventional infections.3

Comprehensive cell population data (CPD) for subpopulations of 
WBC are possible with the automatic blood cell analyzer DxH800 
(Coulter Inc), and this has been applied, for instance, to study WBC 
changes due to acute bacterial infections, G-CSF administration, 
presence of CD34-positive cells in peripheral blood, degeneration in-
duced by storage and, recently, for COVID-19 diagnostic workup.4-8

The aim of this study was to analyze COVID-19-related abnor-
malities of WBC and CPD at disease onset, and identify parameters 
capable of discriminating between severe and nonsevere forms, as 
well as those with high or low risk of mortality.

2  | METHODS

In this retrospective study, a total of 100 baseline samples from adult 
patients with COVID-19 were analyzed. All patients presented to 
the emergency department (ED) mainly with fever and respiratory 
symptoms and the diagnosis was confirmed by RT-PCR. After initial 
evaluation at ED, 49 patients were discharged as outpatients and 
51 admitted. Seventy-seven patients eventually recovered and 22 
died from the disease. The control group consisted of 47 samples of 
healthy subjects with a normal CBC.

All samples were anticoagulated with K2EDTA (Sarstedt, 
S-Monovette® 2.6 mL K3E tubes). The CBC analysis was performed 
by the Unicel® DxH800 automated hematology analyzer (Beckman 
Coulter) to obtain WBC differential and leukocyte CPD with mea-
surements of volume (VOL), conductivity (COND), and median angle 
light scatter laser (MALS) by the flow cytometry methodology.

WBC and CPD data were compared among four groups: control, 
COVID outpatient, COVID admitted, COVID deceased. Statistical 
analyses were conducted using Mann–Whitney's U test for differ-
ences. The receiver operator characteristic (ROC) curve on WBC 
and CPD parameters was used to predict both likelihood of COVID-
19 and severity of the disease in terms of area under the curve 
(AUC) along with the 95% confidence interval. All statistics were 

performed using SPSS software (version 11.5), and two-tailed P val-
ues ≤ 0.05 were considered significant. The protocols of this study 
were performed in accordance with the ethical standards of the local 
institutional review board.

3  | RESULTS

Baseline WBC and neutrophil counts were increased in patients 
subsequently admitted or deceased with COVID-19. All COVID-19 
groups presented lower baseline counts of lymphocytes and eosin-
ophils as compared to control group, but these counts were even 
lower in severe and fatal COVID-19 groups (Table 1).

Cell population data analysis of WBC detected changes in vol-
ume and conductivity of neutrophils and lymphocytes, and in vol-
ume of monocytes of COVID-19 patients. Among COVID-19 groups, 
neutrophils volume was higher in deceased patients (Figure 1).

The ROC curve analysis showed that the AUC for lymphocyte 
counts in predicting COVID-19 diagnosis was 0.858 (P < .001), with a 
sensitivity of 81% and specificity of 80% for counts below 1.6 × 109/
dL (Figure 2A). The AUC for neutrophil counts in predicting admis-
sion for COVID-19 was 0.744 (P < .001), with a sensitivity of 69% and 
specificity of 71% for counts above 5.6 × 109/dL (Figure 2B). Among 
CPD parameters, monocytes volume showed good performance in 
predicting COVID-19 diagnosis with an AUC of 0.837 (P < .001) and 
sensitivity of 70% and specificity of 90% for counts above 183 arbi-
trary units (Figure 2C).

4  | DISCUSSION

On practical grounds, the need for reliable and readily accessible bi-
omarkers of COVID-19 is warranted to decide whether to promptly 
isolate a patient and initiate specific therapies while waiting for con-
firmatory test results. In this study, we identified easily accessible 
WBC and CPD parameters that could be used both as diagnostic and 
prognostic markers at onset of COVID-19.

In regard to WBC counts, lymphopenia and eosinopenia were 
consistently observed in COVID-19 patients, with an intensity that 
paralleled disease severity. This aids in distinguishing this condition 

Control 
(n = 47)

COVID 
outpatients 
(n = 49)

COVID admitted 
(n = 51)

COVID 
deceased 
(n = 22)

WBC (×109/L) 6.96 ± 1.65 7.06 ± 3.36 10.21 ± 5.62*,** 10.78 ± 6.9*,**

Neutrophils (×109/L) 4.36 ± 1.23 5.12 ± 3.10 8.71 ± 5.24*,** 9.35 ± 6.4*,**

Lymphocytes (×109/L) 1.90 ± 0.43 1.34 ± 0.70* 0.91 ± 0.47*,** 0.90 ± 0.62*,**

Monocytes (×109/L) 0.57 ± 0.18 0.57 ± 0.30 0.55 ± 0.35 0.48 ± 0.33

Eosinophils (×109/L) 0.18 ± 0.16 0.05 ± 0.07* 0.22 ± 0.37*,** 0.13 ± 0.24*,**

Basophils (×109/L) 0.32 ± 0.47 0.03 ± 0.02 0.30 ± 0.28 0.25 ± 0.23

*P < .01 vs control. 
**P < .05 vs COVID outpatients. 

TA B L E  1   WBC counts in control and 
COVID-19 groups
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F I G U R E  1   Cell population data of 
neutrophils (A), lymphocytes (B) and 
monocytes (C) in control and COVID 
groups. MALS, median angle light scatter. 
*P < .05 vs control group; **P < .05 vs 
control, COVID outpatient and COVID 
admitted groups [Colour figure can be 
viewed at wileyonlinelibrary.com]
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from conventional viral infections, where the proportion of lympho-
cytes is usually increased, and eosinopenia is uncommon.9 Similar 
to COVID-19, patients with pneumonia due to influenza A/H1N1 
virus infection often present with absolute lymphopenia, but mono-
cyte counts are usually increased.10,11 The underlying mechanisms 
of lymphopenia in COVID-19 are not well known. Possible expla-
nations rely on abnormal hematopoiesis following direct infection 
of bone marrow precursors, infection of CD4 and CD8 cells, or an 
auto-immune response against blood cells.12 It has been further hy-
pothesized that survival may be dependent on ability to replenish 
lymphocytes, mainly CD4, which are killed by the virus.13

Patients with COVID-19 have lower WBC and neutrophil levels 
than those with community-acquired pneumonia. However, in our 
study and others, a mild increase in baseline neutrophil counts, from 
5.6 × 109/dL, could predict an increased risk of admission.13,14 This 
may build up with currently reported biomarkers of disease severity 
such as WBC and lymphocyte counts, IL-6 and IL-10.15,16

Changes in CPD parameters, such as increased neutrophils, 
monocytes, and lymphocytes volumes, have been described in sepsis 
and bacteremic patients, alluding to the fact that volumetric changes 
are an early manifestation of immune cell responses to severe in-
fections..4,17,18 Increased monocyte distribution width (MDW)—pre-
viously deployed for early detection of sepsis—also showed high 
sensitivity (AUC of 0.91) to detect COVID-19.19 Recently, Vasse 
et al8 built a discriminating protocol based on four monocyte CPD 

parameters, provided by the DxH800 analyzer, to identify possi-
ble SARS-CoV-2 infection with a specificity of 89% and sensitivity 
of 60%, which was comparable to RT-PCR. Here, we showed that 
increased monocytes volume was a reliable diagnostic marker of 
COVID-19, regardless of disease severity. The satisfactory perfor-
mance of this CPD parameter might be related to an acute increase 
in circulating monocytes size, as these cells are first responders to 
infections after initial exposure to pathogens.17

One study showed that CPD parameters for neutrophils were 
similar among healthy subjects and suspected patients that tested 
negative or positive for COVID-19.8 Accordingly, in our study, CPD 
parameters for neutrophils were similar between controls and 
COVID-19 outpatients at disease onset. However, the subset of pa-
tients with severe and fatal disease presented with increased vol-
ume and decreased conductivity of neutrophils as well as increased 
conductivity of lymphocytes. These simple and novel parameters 
could be used for early recognition and proper clinical management 
of potentially severe cases.

According to recent reports, the CPD changes observed at dis-
ease onset in severe as compared to mild forms of COVID-19 can be 
explained by dysregulated expression of cytokines, mainly IL-6 and 
IL-10, and aberrant increase of pathological low-density neutrophils 
and the upregulation of genes involved in lymphocyte cell death 
pathway, caused by the mechanism of SARS-CoV2 infection.12,20 
Increased neutrophils conductivity, in particular, favors COVID-19 

F I G U R E  2   ROC curve analysis 
comparing performance of: (A) 
lymphocyte counts in discriminating 
COVID-19 from non-COVID-19 subjects, 
(B) neutrophil counts in predicting 
admission of COVID-19 patients, and 
(C) cell population data (CPD) data in 
discriminating COVID-19 from non-
COVID-19 subjects [Colour figure can be 
viewed at wileyonlinelibrary.com]
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in comparison with conventional viral infections, where the levels 
are usually reduced.

In conclusion, baseline WBC counts and CPD parameters in 
COVID-19 patients can improve diagnostic characterization and aid 
in the discrimination between severe and nonsevere presentations. 
Our results emphasize the need of further efforts to develop accu-
rate admission algorithms to better assist COVID-19 patients.
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