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A summary of the diagnostic and prognostic value of hemocytometry
markers in COVID-19 patients

T. A. Khartabila, H. Russchera, AJAM van der Venb and Y. B. de Rijkea

aDepartment of Clinical Chemistry, Erasmus MC, University Medical Center, Rotterdam, the Netherlands; bDepartment of Internal
Medicine, Radboud Center for Infectious Diseases, Radboudumc, Nijmegen, the Netherlands

ABSTRACT

Many studies have reported hemocytometric changes in COVID-19 infection at admission and
during the course of disease, but an overview is lacking. We provide a summary of the literature
of hemocytometric changes and evaluate whether these changes may assist clinicians in diag-
nosing and predicting disease progression of COVID-19. Eighty-three out of 250 articles from
December 2019 to 20 May 2020 were included from the databases, PubMed, Web of Science
Core Collection, Embase, Cochrane and MedRxiv. Our review of the literature indicates that lym-
phopenia and an elevated neutrophil/lymphocyte ratio are the most consistent abnormal hemo-
cytometric findings and that these alterations may augment in the course of time, especially in
those with severe disease.

Abbreviations: CRP: C-reactive protein; ICU: intensive care unit; MCH: mean corpuscular hemo-
globin; MCV: mean corpuscular volume; MPV: mean platelet volume; NLR: neutrophil-lympho-
cyte-ratio; PLR: platelet-lymphocyte-ratio; PLR: platelet-lymphocyte-ratio; WBC: white blood
cell count
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Introduction

The novel coronavirus pandemic, known as COVID-19

and caused by the SARS-CoV-2 virus, began in

December 2019 in Wuhan, China and spread rapidly

throughout the world. Knowledge of widely available

diagnostic tools indicating a COVID-19 infection would

help to control the pandemic. Molecular techniques to

detect the virus have been developed, but healthcare

workers have limited access to these tests as they

require specialized equipment and expertise. Serology

tests, which are even more limited, are still being eval-

uated and their use is more appropriate for epidemio-

logical purpose. In daily practice, indirect indicators of

COVID-19, such as increases in C-reactive protein (CRP),

D-dimer, albumin, ferritin and LDH levels, are also used

and have proven to be of value, especially to estimate

the severity of infection. Also, hemocytometric changes

have been identified as supporting evidence of a

COVID-19 infection and as possible indicators of

severe disease.

Several international guidelines describe that sus-

pected SARS-CoV-2 infection shows abnormalities in

hemocytometry, particularly in severe cases. In January

2020, diagnostic criteria that were published by

Chinese authorities state that one of the two following

criteria should be met: fever or respiratory symptoms;

or normal or decreased white blood cell counts/

decreased lymphocyte counts. In addition, computer-

ized tomography-based pneumonia should be present

as well as a travel history or contact with a patient with

fever or respiratory symptoms from Hubei Province or

with a confirmed case within 2weeks [1]. Guidelines for

Australia and New Zealand, released in March 2020,

identified lymphopenia and neutrophilia as prognostic

markers for severe disease in COVID-19 cases [2]. The

Centers for Disease Control and Prevention in the

United States also released guidance that stressed that

leukopenia (9–25%), leukocytosis (24–30%), and lym-

phopenia (63%) were among the most common labora-

tory abnormalities reported in hospitalized COVID-19

patients with pneumonia [3].
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A complete blood count is the most commonly-

performed hematological laboratory test worldwide

and most routine laboratories are equipped with a

hematology analyzer. They are often high-throughput

systems providing results within a short time. Although

many papers describing hemocytometric changes in

COVID-19 patients, some of them peer reviewed, others

not yet, are available on the Internet, an overview of

the data is lacking. The primary aim of the present

study is to provide a review of the literature of hemocy-

tometric changes in adult patients with COVID-19 and

to assess whether these changes have prognostic value.

Search strategy

The databases, PubMed, Web of Science Core Collection,

Embase, Cochrane, MedRxiv, and Google Scholar were

used as search engines and the search included the key

words: “COVID,” “COVID-19” “biomarker�,” “coronavirus,”

“CBC,” “SARS-COV-2,” “WBC,” “Lymph�,” “NLR,” “CD,”

“clinical,” “hemocytometry,” “laboratory,” “cytokines,

“immun�,” “differential,” “hemoglobin,” “red blood cells,”

“monocyte�,” “platelet�,” “eosinophil�,” “basophil�,” and

“complete blood count.” Articles from December 2019 to

20 May 2020 that discussed cellular results of COVID-19

patients in addition to the immunopathology of the dis-

ease were included. Papers were excluded if they were

not related to hemocytometry parameters in COVID-19

patients specifically, unless they provided information

about pathophysiology related to other coronaviruses. At

the time of inclusion, 21 papers had yet to be peer

reviewed. Not included in our analysis were single case

studies unless they contributed valuable new informa-

tion. Studies on pediatric patients and pregnant women

were included and are discussed separately as many of

these studies had a small number of patients. Papers ori-

ginated from China, Japan, Taiwan, Singapore, Iran, Spain

and Italy, but most were from China. Populations differed

in composition (genetics/lifestyle) and prevalence of co-

morbidities. Some studies included in this review refer to

patient results during treatment. As there is currently no

specific treatment for COVID-19, this refers to supportive

treatment following hospital admission.

Summary of hemocytometry markers

Approximately 250 papers met the criteria of the search

terms and were reviewed. After excluding certain case

studies and papers focusing only on chemistry parame-

ters, this was reduced to a final 82 papers, including

seven papers with supporting information about patho-

genesis. Tables 1–4 summarizes the eleven largest

studies included in this literature review, but other,

smaller papers are also referenced. The 11 studies with

the largest sample sizes described positive COVID-19

patients in general, severe and non-severe groups, sur-

vivors and non-survivors, and ICU and non-ICU patient

groups. Smaller studies sometimes had contradictory

results, which are also discussed in this paper. The find-

ings in Tables 1–4 represent the most frequently dis-

cussed parameters reviewed in the literature, but other,

less frequent, findings are also included in this paper

for consideration. Table 1 summarizes white blood cell

count (WBC) findings, Table 2 neutrophils and neutro-

phil-lymphocyte-ratio (NLR), Table 3 lymphocytes, and

Table 4 platelets and platelet-lymphocyte-ratio (PLR).

Most of the patients were adults over 65 years old and

the eleven largest studies presented in the tables were

from China. Severe and non-severe cases were catego-

rized using criteria established by the National Health

Commission of China; mild and moderate classifications

were combined into the non-severe group for the pur-

poses of consolidation and the severe group was as

defined by the guideline. In the literature, either the

National Health Commission of China criteria or the

WHO-China Joint Mission on Coronavirus Disease 2019

was used to determine disease severity [4].

White blood cell numbers for diagnosis

and prognosis

White blood cell numbers summarized in Table 1 indi-

cate that WBC was decreased or normal in COVID-19

patients; however, in severe cases the WBC was

increased when compared to the non-severe cases [5],

and such an increase was even more frequent in critical

patients [6]. In the largest cohort of 1099 confirmed

COVID-19 patients, leukocytosis was seen in over 25%

of the most severe cases [7]. Small scale studies not

included in Table 1 also showed normal or decreased

white blood cells upon admission, but leukocytosis was

seen in some ICU patients, including 54% of 41 COVID-

19 patients in one study [8]. In general, white blood cell

numbers seemed to be normal or decreased in COVID-

19 patients upon admission [8–15]. The same finding

was observed in asymptomatic patients [16]. Also age

dependency has been reported related to disease

severity, and higher WBC counts were observed in eld-

erly patients compared to younger adults with COVID-

19 [17]. As the disease progressed, white blood cell

numbers appeared to increase, and this was even more

so in severe cases compared to non-severe cases [18].

Leukocytosis was associated with intensive care unit

(ICU) admission and was more frequent in non-survivors

as compared to survivors [19,20]. In contrast, Shi et al.
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found that mild and severe cases both had reduced

numbers of WBC that were similar in value [21]. There is

the question as to whether WBC numbers may be used

as a prognostic parameter. Yu et al. reported that WBC

counts for COVID-19 patients and healthy controls were

the same in the earlier stages of hospitalization and

were helpful only later in the disease course [22]. Li

et al. went as far to state that WBC counts were of no

prognostic value due to variability [23]. In summary,

white blood cell numbers seem to be normal or

decreased upon admission, and to increase with disease

progression with some severe cases having leukocyt-

osis. When leukocytosis is present, it could also be due

to co-infections, to medication such as prednisone,

which is known to induce leukocytosis [24], or to vari-

ability in immune response.

Neutrophilia is present in the most severe cases

Neutrophil results were present in seven out of the 11

largest studies. The data summarized in Table 2 indi-

cates that neutrophil numbers were mostly normal in

non-severe cases but were increased in severe infec-

tions. Most smaller studies not included in Table 1 drew

the same conclusion but with a few exceptions. For

example, several studies reported neutrophilia present

in COVID-19 patients even from the early stages of hos-

pitalization [11,22], especially in severe cases

[5,18,19,25]. Hu et al. found that even within the severe

group there was variability, with 87.5% of critical

patients having neutrophilia [6]. Lin et al. also reported

neutrophilia in some elderly patients upon admission

[17]. The possibility of neutrophilia being a predictor of

disease severity has been further supported by Zhang

et al., who investigated 82 deaths of COVID-19 patients

and showed that neutrophilia was present in 74.3% of

the cases upon admission, and that it further increased

to 100% in the last 24 h before death [26]. Neutrophil

counts were higher in non-survivors compared to survi-

vors [20]. This was also supported by Wang et al., who

suggested that neutrophilia might be related to the

cytokine storm induced by the invasion of COVID-

19 [27].

In contrast to the studies reporting neutrophilia,

other, smaller studies show the opposite findings. For

example, Zheng et al. did not observe neutrophilia and

actually found that there was a significant reduction in

granulocytes in severe as compared to non-severe

patients [28]. There have also been reports of normal

and even decreased neutrophils in COVID-19 patients

compared to healthy controls [29], but when comparing

severity, WBC was much higher in severe patients [10].T
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Dynamic changes of lymphocytes are

most consistent

Lymphopenia was reported in all the papers summar-

ized in Table 3. In one of the larger studies, Guan et al.

showed that 83.2% of 1099 patients included had lym-

phopenia upon admission, and lymphopenia was even

more prominent and lower in severe cases [7]. However

there was some discrepancy as to whether the presence

of lymphopenia remained consistent in survivors and

non-survivors. Yang et al. found no significant changes

in lymphopenia between survivors and non-survivors

[30]. In two larger studies, lymphopenia was predomin-

antly present in non-survivors [20,31], with Wang et al.

reporting lymphopenia in 91.6% of non-survivors com-

pared to 55.7% in survivors [31]. Many studies reported

patients with both leukopenia and/or lymphopenia

[8,10,12,15,16,32–34]; however, predominantly lympho-

penia [11,17,33,35–43] was consistently present in ado-

lescents, adults, and the elderly. Fan et al. and Wang

et al. reported that the percentage of lymphocytes

changed dynamically over the course of COVID-19

infection, that this change was more consistent than

any other hematological parameter, and that more

severe lymphopenia was associated with ICU admis-

sions and non-survivors [27,44]. This was consistent

with other, larger studies, as previously mentioned.

Even when compared to interleukin-6 and CRP levels,

the lymphocyte count was determined to be the most

sensitive and reliable parameter in predicting disease

severity and outcome [45]. Zheng et al. monitored

blood lymphocyte percentage as the disease pro-

gressed and noted that in severe cases, it was higher

than 5% at 17–19 days after the onset of the disease,

while it fell below 5% just before patients passed away

[46]. Flowcytometric studies were done to better under-

stand the subsets of lymphocytes affected.

Monocyte numbers are in the normal range

For the largest studies included in this review, mono-

cyte numbers were generally within the normal range,

but could be in the lower range in the severe patients,

although some studies found no differences in severe

patients [10,18]. Smaller studies that compared COVID-

19 patients with healthy controls showed that COVID-

19 patients had a higher monocyte count compared to

healthy individuals, but it was still within the normal

range [22]. In regard to severity of disease, the activa-

tion of proinflammatory monocytes has also been

shown to be associated with disease severity, especially

in the elderly upon early diagnosis [17]. However, acti-

vated monocytes are currently not widely available as

parameters on routine hematology analyzers.T
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Eosinophils and basophils to be combined with

other prognostic factors

Compared to other parameters of the differential, there

are normally very low percentages of eosinophils and

basophils in healthy individuals, but decreased num-

bers have still been noticed in infections. Also in

COVID-19, eosinopenia and basopenia were found

[18,22]. Du et al. focused on eosinopenia specifically

and found its presence in almost every patient who

died [47]. In one study that compared COVID-19 posi-

tive patients to COVID-19 negative patients, eosinope-

nia was observed in 78.8% of the positive patients as

compared to 35.8% of the negative patients [23]. Zhang

et al. concluded that eosinopenia could be used as a

reliable factor for diagnosis when combined with lym-

phopenia [43]. In this study, absolute counts were used

and the positive COVID-19 group had an average

eosinophil count of 0.02� 109/L compared to the nega-

tive group which had 0.05� 109/L. Although eosinope-

nia and basopenia have been reported, it is important

to realize that this conclusion is difficult to draw with

current hemocytometry equipment due to lack of sensi-

tivity for the lower concentrations of these cell types.

The mechanisms as to why these parameters tended to

be reduced need to be investigated further, but they

do agree with the finding of significant granulocyte

reduction, as previously mentioned [28].

Dynamic changes in platelets may predict prognosis

Platelet results were reported in seven out of the eleven

largest studies and are shown in Table 4. Platelet counts

upon admission were generally lower in severe com-

pared to non-severe cases [6,7]. As well, low platelet

numbers were identified as a prognostic factor in mul-

tiple smaller studies that included adults and the eld-

erly [10,22,48]. Furthermore, Zhang et al. reported

platelet numbers of <100� 109/L in the last 24 h before

death in 60% of patients [26] while Hu et al. found

thrombocytopenia in 12.5% of the most critical

patients, compared to 6.4% of the patients with less

severe illness [6]. Low platelets numbers had already

been associated with poor prognosis, as summarized

by Lippi et al, who concluded that platelet counts could

determine disease severity [49]. In a small study that

included 30 COVID-19 patients, Qu et al. observed

leukopenia upon admission, and then found that plate-

lets first increased and then decreased in severe

patients during treatment [15]. A peak in platelet num-

bers was noticed, especially in elderly patients and

those with longer hospital stays. Apart from low plate-

let numbers, increased mean platelet volume (MPV) has

also been documented in COVID-19 patients [22]. In

summary, COVID-19 patients generally have normal or

low platelet counts upon admission, but may show

dynamic changes during hospitalization. This contra-

dicts a study that investigated previous strains of cor-

onavirus (CoV 229 and CoV OC43), which stated that

the viruses had no effect on platelet counts in infected

patients [50]; thus COVID-19 has different effects

on platelets.

Apart from platelet numbers, the platelet-lympho-

cyte-ratio (PLR) has also been reported as a parameter

that indicates the severity of the infection. In 30 hospi-

talized patients, Qu et al. described the change in PLR

(�PLR), which was the difference between PLR at

admission and the maximum PLR during treatment

[15]. A cutoff value for active intervention was deter-

mined to be at �PLR >126.7. The authors showed that

if the �PLR exceeded the cutoff, there was a longer

duration of hospitalization [15]. Increased PLR was also

found by Gong et al. in severe patients compared to

non-severe [51].

Changes in RBC parameters due to effects of

impaired erythropoiesis

Erythropoietic changes using hemocytometry have

been observed in COVID-19 patients. In some studies,

lower concentrations of hemoglobin were reported in

41–50% of cases upon admission [19] and they were

also seen in the elderly, although results were still

within the normal range [17,44]. In another smaller

study, Zheng et al. also found that hemoglobin

decreased with disease progression [52]. The mean

corpuscular volume (MCV) was also lower in adult

COVID-19 patients and the mean corpuscular hemoglo-

bin concentration (MCHC) was significantly higher com-

pared to healthy individuals [22]. This is most likely due

to a decrease in hemoglobin. Increased red cell distribu-

tion width (RDW) has also been seen in patients with

COVID-19 [51].

Neutrophil-lymphocyte-ratio (NLR) may reflect the

severity of inflammation

As shown in Table 2, the neutrophil-lymphocyte-ratio

(NLR) seems to be consistently increased in patients

with severe COVID-19. Furthermore, studies have

shown the prognostic value of the NLR [53]. Smaller

studies also reported a high NLR in severe cases

[18,22,54,55]. Zhichao et al. noted that higher NLR upon

admission was an independent predictor for severe

pneumonia in COVID-19 patients [54]. A risk predictive

model based on NLR and age was established by Liu

et al. to improve risk stratification and management; in

their study, the incidence of a severe disease course
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was only 9.1% in patients with an age �50 years and

NLR <3.13 whereas 50% of patients with an age

�50 years and NLR �3.13 developed severe illness [56].

In agreement with the high NLR present in high risk

groups, 94% of the 82 deceased patients with COVID-

19 in the study of Zhang et al. had an NLR >5 [26]. Due

to the consistency and proven importance of this ratio,

elevated NLR could be used as a screening tool at

admission to hospital in order to identify high risk

patients [10].

In addition to the NLR, the neutrophil-to-monocyte

ratio (NMR) was noted to be significantly increased in

patients with pneumonia, but there is a lack of evi-

dence in multiple studies to support this as a strong

prognostic factor for COVID-19 patients [22].

Prognostic factors in pregnant women and children

Laboratory findings in pregnant women and children

differ from adults, which could be a result of differences

in reference ranges between these patient groups. For

example, pregnant women have increased WBC counts,

and lymphocyte counts decrease in the first two trimes-

ters and increase in the third [57]. These hematological

changes could affect the prediction of disease progres-

sion in COVID-19 patients. Pregnant women with

COVID-19 generally did not face major complications;

however severe maternal morbidity and perinatal death

was observed [58]. Pregnant women with COVID-19

pneumonia have shown atypical and inconsistent WBC

results, which caused difficulty in early detection

[59–61]. Liu et al. found leukocytosis in 50% of preg-

nant women with COVID-19 [59]. This was contradicted

in other studies that showed that most pregnant

patients with COVID-19 upon admission actually had

lower WBC counts compared to healthy pregnant

women [61]. For these patients, slightly increased WBC

counts were found only in the postpartum period, indi-

cating that pregnancy may not allow the use of WBC as

a prognostic factor for COVID-19, especially upon

admission [60]. Pregnant women had a much higher

incidence of neutrophilia, sometimes reaching 88%

compared to a maximum of 14% in non-pregnant

women [59]. However, some pregnant women seemed

to have lower neutrophils initially, but neutrophils were

increased postpartum, as seen in Li et al.; also, postpar-

tum women with COVID-19 showed an increase in eosi-

nophils after delivery [60]. Lymphopenia has been

noted consistently in the majority of pregnant women

with COVID-19 [60–63]. However, there was no signifi-

cant difference in lymphopenia between pregnant and

non-pregnant COVID-19 patients [59], indicating that

lymphopenia could be a prognostic factor regardless

of pregnancy.

In terms of symptoms and laboratory abnormalities,

COVID-19 infection in children is much milder than in

adults [64]. Consequently, a limited number of studies

have included COVID-19 infected children. Seven stud-

ies included between 1 and 50 children with COVID-19

that specifically discussed hemocytometry parameters.

Low WBC counts were reported in children with COVID-

19 [64–66]. Although leukopenia, leukocytosis, and lym-

phopenia were frequently seen in adult cases, this was

not convincingly present in the pediatric group that

ranged from 2months to 15 years [11,67]. In addition,

even in severe cases of COVID-19 in children, the num-

bers of white blood cells, neutrophils, lymphocytes,

thrombocyte and hemoglobin levels were mostly within

the pediatric reference ranges or only mildly

increased [68].

Ma et al., in a study on 50 children, found reduced

and increased numbers of lymphocytes in 20% and 8%

of cases, respectively, with 16% having thrombocyto-

penia and 16% having thrombocytosis [64]. The study

of Tang et al., with 26 children, showed that most of

the lymphocyte values increased beyond the normal

range. A study by Qiu et al., in 36 children aged

0–16 years with mostly mild to moderate COVID-19,

found decreased lymphocyte numbers in 31% of chil-

dren and leukopenia in 19% of children, while similar

percentages have been found in adult COVID-19

cases [69].

Discussion

Many studies have reported hemocytometric changes

in COVID-19 infection at admission and during the

course of the disease and, when possible, patients with

mild/moderate and severe disease were compared. Our

review of the literature indicates that lymphopenia and

an increased NLR are the most consistent abnormal

hemocytometric findings and that these alterations

may even augment over the course of the disease,

especially in those with severe disease. Lymphopenia

was also noted in pregnant women with COVID-19, but

this finding was less consistent in infected children.

Furthermore, eosinopenia was found at presentation,

while the numbers of WBC and platelets were generally

normal or decreased and the number of monocytes

were within the reference range.

Lymphopenia was a consistent finding and studies

using flow cytometry indicated that these changes

were associated with lower CD4þ and CD8þ lympho-

cytes [10,12,18,28,41,70,71]. Chen et al. investigated
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lymphocyte subsets during recovery and found that the

levels of CD4þ, CD8þ T cells and B cells seemed to

increase upon viral clearance [39]. Neutrophils had the

tendency to increase as disease progressed; however,

their increase may also have be driven by bacterial

co-infections and medications such as corticosteroids.

Indeed, bacterial co-infections are commonly sus-

pected, corticosteroids are commonly used in COVID-19

patients, and their presence may affect the utility of

markers such as NLR as a prognostic marker.

Furthermore, viral co-infections may occur [29] and

influence hemocytometry. NLR has also been found to

predict disease severity in the early stages of COVID-19

infection. Liu et al. determined that the NLR was the

most promising predictive factor for critical illness in

the early stages of COVID-19 infection when combined

with age, and that it was more predictive than neutro-

phil count alone [56].

Platelets are normal or decreased in non-severe

patients and significantly decreased in severe patients.

Severe non-COVID infections are associated with sec-

ondary thrombocytopenia, which may be a result of

antibodies damaging thrombocytes or infected hem-

atopoietic stem cells [72] leading to hematopoietic

inhibition [15]. Thrombocytopenia may also be caused

by increased consumption of platelets and/or

decreased production of platelets in damaged lungs in

severe pulmonary conditions [72]. Higher platelet turn-

over leads to macrothrombocytes together with

increased release of young platelets that have higher

volumes and, as such, may result in a high MPV as is

found in COVID-19 patients. Parameters such as the

percentage or absolute numbers of immature platelets

may provide insight to increased platelet consumption

and the capacity of the bone marrow to compensate

for this loss [73]. However, data has not been reported

in COVID-19 patients to date. In contrast to platelets,

the MCV as well as RBC, hemoglobin, hematocrit and

mean corpuscular hemoglobin (MCH) were generally

low in COVID-19 patients at onset. Tian et al. deter-

mined that the MCV increased after day 8 of admission,

indicating RBC recovery thereafter [74]. When recovery

did not occur, MCV remained low as has been found in

COVID-19 patients who died [75]. Inflammation is

known to impair the function in maturing erythrocytes

and this may result in hemoglobin production being

impaired in severe COVID-19 cases [76], but decreases

in hemoglobin may also be due to direct infection of

precursor cells by the virus itself [72]. Depressed

erythropoiesis can be analyzed by measuring reticulo-

cyte numbers or reticulocyte hemoglobin content; how-

ever, no such data is available in COVID-19 patients to

date. These parameters are currently under investiga-

tion in COVID-19 patients in Europe.

Although monocyte numbers do not seem to con-

tribute to the diagnosis or prognosis of COVID-19

patients, possibly novel monocyte parameters may be

relevant. Lippi et al. discussed the role of monocytes in

the progression of COVID-19 by evaluating the mono-

cyte distribution width (MDW), measured on a DxH 900

hematology analyzer (Beckman Coulter, Brea, CA, USA),

and found the MDW to be increased in COVID-19

patients, especially in severe cases [77]. Of note,

increased MDW has also been associated with severe

non-COVID viral infections [77].

Apart from using a hematology analyzer, changes in

circulating blood cells may be analyzed microscopically.

Zini et al. found hyposegmented neutrophils with

coarsely clumped chromatin and dark cytoplasmic

granulation as well as immature granulocytes, large,

hyperchromatic platelets, apoptotic cells, and hypogra-

nular neutrophils in COVID-19 patients upon admission

[78]. Following treatment with anti-viral and anti-

inflammatory medications, increased numbers of atyp-

ical lymphocytes and large granular lymphocytes were

observed [78]. In another study, Zhang et al. found

larger, atypical, vacuolated monocytes in the peripheral

blood of COVID-19 patients [79]. Although the morph-

ology of cells can be helpful, manual differentials can

be subject to a significant degree in variation between

observers. Therefore, morphological results cannot be

relied on solely to diagnose a COVID-19 infection but

instead can help, in addition to other automated

parameters, with the overall picture of disease progres-

sion. New (research) parameters on new generation

hematology analyzers are better in differentiating leu-

kocytes [80] and may detect such morphological

changes. The kind of technology used is important as

some technologies may mistake hyposegmented cells

as bands.

Patient characteristics such as young or advanced

age or pregnancy may also influence hemocytometric

parameters. No gender-based differences have been

described during COVID-19 infection for WBC, neutro-

phils, lymphocytes, and platelets [81]. For older patients

(>60 years) who have more systemic symptoms, lym-

phopenia and thrombocytopenia are critical factors

associated with disease severity and mortality [82]. Data

in COVID-19 infected children is limited and seems to

indicate that hemocytometric changes are less promin-

ent compared to adults. The value of lymphopenia as a

prognostic factor in children needs to be further investi-

gated. In pregnant women lymphopenia is consistently

found and may also be a prognostic factor [60–63].
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Finally, data mining or machine learning could help

to develop risk models of COVID-19. By using combina-

tions of hemocytometric and other parameters, studies

have shown that survival rates can be predicted with

high accuracy [51,70]. It would be helpful to focus on

parameters that are widely available and of low costs to

assure that they can be widely implemented.

In conclusion, hemocytometric changes, especially the

presence of lymphopenia and an elevated neutrophil-

lymphocyte-ratio, in patients infected with SARS-CoV-2

virus may assist clinicians in diagnosing and predicting

disease progression of COVID-19. Routine hemocytomet-

ric parameters that provide insight into the dynamics of

platelets (immature platelet fraction) and red blood cells

(reticulocyte production index), as well as new parame-

ters of the new generation hematology analyzers, may

be of added value.
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