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Bambino Gesù, Rome, Italy

☯ These authors contributed equally to this work.

* simone.lanini@inmi.it

Abstract

Background

Detailed temporal analyses of complete (full) blood count (CBC) parameters, their evolution

and relationship to patient age, gender, co-morbidities and management outcomes in survi-

vors and non-survivors with COVID-19 disease, could identify prognostic clinical

biomarkers.

Methods

From 29 January 2020 until 28 March 2020, we performed a longitudinal cohort study of

COVID-19 inpatients at the Italian National Institute for Infectious Diseases, Rome, Italy. 9

CBC parameters were studied as continuous variables [neutrophils, lymphocytes, mono-

cytes, platelets, mean platelet volume, red blood cell count, haemoglobin concentration,

mean red blood cell volume and red blood cell distribution width (RDW %)]. Model-based

punctual estimates, as average of all patients’ values, and differences between survivors

and non-survivors, overall, and by co-morbidities, at specific times after symptoms, with rel-

ative 95% CI and P-values, were obtained by marginal prediction and ANOVA- style joint

tests. All analyses were carried out by STATA 15 statistical package.
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Main findings

379 COVID-19 patients [273 (72% were male; mean age was 61.67 (SD 15.60)] were

enrolled and 1,805 measures per parameter were analysed. Neutrophils’ counts were on

average significantly higher in non-survivors than in survivors (P<0.001) and lymphocytes

were on average higher in survivors (P<0.001). These differences were time dependent.

Average platelets’ counts (P<0.001) and median platelets’ volume (P<0.001) were signifi-

cantly different in survivors and non-survivors. The differences were time dependent and

consistent with acute inflammation followed either by recovery or by death. Anaemia with

anisocytosis was observed in the later phase of COVID-19 disease in non-survivors only.

Mortality was significantly higher in patients with diabetes (OR = 3.28; 95%CI 1.51–7.13; p =

0.005), obesity (OR = 3.89; 95%CI 1.51–10.04; p = 0.010), chronic renal failure (OR = 9.23;

95%CI 3.49–24.36; p = 0.001), COPD (OR = 2.47; 95% IC 1.13–5.43; p = 0.033), cardiovas-

cular diseases (OR = 4.46; 95%CI 2.25–8.86; p = 0.001), and those >60 years (OR = 4.21;

95%CI 1.82–9.77; p = 0.001). Age (OR = 2.59; 95%CI 1.04–6.45; p = 0.042), obesity (OR =

5.13; 95%CI 1.81–14.50; p = 0.002), renal chronic failure (OR = 5.20; 95%CI 1.80–14.97; p

= 0.002) and cardiovascular diseases (OR 2.79; 95%CI 1.29–6.03; p = 0.009) were inde-

pendently associated with poor clinical outcome at 30 days after symptoms’ onset.

Interpretation

Increased neutrophil counts, reduced lymphocyte counts, increased median platelet volume

and anaemia with anisocytosis, are poor prognostic indicators for COVID19, after adjusting

for the confounding effect of obesity, chronic renal failure, COPD, cardiovascular diseases

and age >60 years.

Background

Since the first report of SARS-CoV-2 as a novel human zoonotic pathogen in late December,

2019 [1], from Wuhan (China), the Coronavirus disease 2019 (COVID-19) pandemic [2] has

rapidly spread worldwide. As of June 21st 2020, there have been 8,525,042 cases of COVID-19

with 456,973 deaths reported to the WHO [3]. Whilst COVID-19 predominantly affects the

respiratory system, it is a multisystem disease, with a wide spectrum of clinical presentations

from asymptomatic, mild and moderate, to severe, fulminant disease. The elderly and those

with underlying co-morbidities such as cardiovascular disease, diabetes, chronic respiratory

diseases and cancer appear to have increased risk of death [4]. As underlined by a recent

review, COVID-19 has a significant impact on the hematopoietic system: lymphopenia, neu-

trophil/lymphocyte ratio and peak platelet/lymphocyte ratio may be considered as cardinal

laboratory findings, with prognostic potential [5]. Complete blood count (CBC) is a routine

investigation for all inpatients and provides vital parameters which can inform clinical man-

agement, including diagnosis, presence of infection or inflammation, anaemia, response to

treatment, pathogenesis and stage of an inflammatory process. A study conducted in five dif-

ferent countries in Asia, Africa and United States shows that CBC is the most commonly used

initial laboratory test [6]. A retrospective study from Singapore concluded that clinical findings

and basic blood tests may be useful in identifying individuals with a higher probability of hav-

ing COVID-19 [7].
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To determine the temporal evolution of CBC parameters over the course of COVID-19 ill-

ness in survivors and non-survivors, and their potential association with patient clinical man-

agement outcomes, we performed an in depth analysis of routinely collected clinical and

laboratory data of inpatients with COVID-19 disease admitted to the largest Italian COVID-19

clinical centre since the beginning of the Italian outbreak.

Methods

Study design

We conducted a longitudinal cohort study of all consecutive patients with laboratory con-

firmed COVID-19 admitted at the Italian National Institute for Infectious Diseases “Lazzaro

Spallanzani” (INMI), in Rome (Italy) since the first Italian cases identified in Rome on January

29th, 2020.

Setting

INMI is the largest Italian hospital for infectious diseases. Since the start of COVID-19 epi-

demic, INMI has been coordinating the clinical network for COVID-19 care in Lazio, an

administrative Region of Italy with about 6 million inhabitants, whose main city is Rome. As

regional referral centre, INMI is endowed with state-of-art laboratory and clinical facilities to

care for COVID-19 patients at any stage of the disease. Thus, INMI may receive patients from

other clinical centres but discharges them only after clinically recovery or death. Moreover,

INMI runs the Regional Service for Surveillance of Infectious Diseases (SERESMI), which

daily receives the notifications of all the new confirmed COVID-19 cases reported throughout

the Region.

Ethics/IRB approval

This study was approved by the IRB of INMI, in Rome (Italy).

Patients and follow-up

All patients with confirmed COVID-19 admitted to INMI between the 29 January [8] and 28

March 2020 were followed up until death or discharge from hospital. Patients’ demographics,

clinical features and laboratory tests results were collected on standardised forms.

Variables studied

We analysed nine CBC parameters (as continuous variables) including: neutrophils’ count

(cells/mm3), lymphocytes’ count (cells/mm3), monocytes’ count (cells/mm3), platelets’ count

(cells/mm3), mean platelet volume (MPV; fL), red blood cells’ count (RBC; cells/mm3), haemo-

globin concentration (Hb; g/dL), mean red blood cell volume (MCV; fL) and red blood cell

distribution width (RDW %). Values of all these parameters are recorded for 21 days since

symptoms onset.

Other variables (covariates) included: patients life status at 30 days after symptoms’ onset

(binary, either survivors or non-survivors); time since symptoms’ onset (as a continuous vari-

able in day); age (binary; <60 or older); sex (binary); obesity (binary, body max index >30 or

lower); chronic renal failure; cardiovascular disease (including hypertension); diabetes; history

of cancer throughout life and chronic obstructive pulmonary disease (COPD).
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Definitions

Survivors were defined as patients who recovered and were discharged from hospital or who

were still hospitalized within 30 days after symptoms onset.

Non-survivors are all those subjects who died within 30 days after onset of symptoms.

Data collection and data quality assessment

All patients’ demographic, laboratory and clinical data (CBC parameter values, day of hospital

admission, day of patients’ discharge and patient’s life status at discharge) were collected in the

Regional Service for the Epidemiology and surveillance of Infectious Diseases database.

Laboratory methods

SARS-CoV-2 RNA was extracted by QIAsymphony (QIAgen, Germany) and Real-time

reverse-transcription PCR (RT-PCR) targeting E and RdRp viral genes was used to assess the

presence of SARS-CoV-2 RNA, as per Corman protocol [9].

CBC was performed using the fully automated haematology analyser Sismex XN 1500.

Statistics and modelling

All data analyses were carried out by STATA 15 statistical package (S1 File).

The temporal kinetics of the nine blood counts parameters were modelled according to sep-

arate mixed effect multivariable linear-log regression models (MEMLR) [10,11]. Overall, we

modelled a total of 1,805 measures per parameter taken from the 379 subjects in follow-up.

The average number of measures per patients was 4.8 (range 1–22) and the average number of

observation per day was 82.0 (range 9–122)). For each one of the nine analysed CBC parame-

ters, we provided a plot for describing parameter variation over time (kinetic), either for survi-

vors or for non-survivors. The random component of each model included a random

intercept at patient’s level, a random slope at the time since symptoms’ onset and an unstruc-

tured covariance matrix for dealing with measures imbalance over time (i.e. unequal number

of observation per patient). The fixed component included one dependent variable (i.e. one of

nine blood counts parameters in natural log-form), two main independent variables for

modelling kinetics (i.e. patient’s clinical outcome and time since symptoms’ onset) and a set of

potential confounders (i.e. the set of variables with a significant association with clinical out-

come in previous MVLR model).

The kinetics of each CBC parameter was modelled assuming time since symptoms’ onset as

either linear or quadratic component. Thus, we explored four different hypothetical shapes of

associations (i.e. liner positive, linear negative, U-shaped and inverse U-shaped trajectory).

Linear association was preferred over quadratic association whenever LRT was <0.100

(assuming linear MEMLR nested into quadratic MEMLR). A full interaction term between

time since symptoms’ onset and clinical outcome was used so that the kinetics of each CBC

parameter could have a different temporal trend either in survivors or in non-survivors.

We obtained model-based punctual estimates of CBC parameters at different times and dif-

ference between survivors and non-survivors as overall and at specific time after symptoms’

onset with relative 95% CI and P-values, by marginal prediction and ANOVA- style joint tests.

Estimate values of CBC parameters and relative difference were always shown in exponential

form for simplicity. Multivariable logistic regression (MVLR) models were carried out for

assessing the association between clinical outcome and patients’ demographics. All kinetic

models were adjusted for the four potential confounders selected in the MVLR (i.e. age, obe-

sity, chronic renal failure and cardiovascular disease).
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Results

Patients recruited and demographics

Fig 1 shows study patients’ flowchart. Four-hundred-ten patients were admitted with a diag-

nosis of COVID-19 at INMI Spallanzani between January 29 and March 28. Of them, 379

patients were included in the analyses. Thirty patients (7.32%) were excluded due to incom-

plete records and one died before CBC was performed. Forty-one patients died within 30 days

after symptoms’ onset with a case fatality rate of 10.82%. Among the 379 patients included in

the analysis, 273 (72.03%) were male and the mean age was 61.67 (SD 15.60).

Patients’ demographics and co-morbidities are shown in Table 1.

Association between patients baseline conditions and clinical outcome

Bivariable analyses showed that mortality was significantly higher in patients aged 60 years or

older (OR = 4.21; 95%CI 1.82–9.77; p = 0.001), in diabetic patients (OR = 3.28; 95%CI 1.51–

7.13; p = 0.005), in obese patients (OR = 3.89; 95%CI 1.51–10.04; p = 0.010), in patients with

underlying chronic renal failure (OR = 9.23; 95%CI 3.49–24.36; p = 0.001), in patients with

COPD (OR = 2.47; 95% IC 1.13–5.43; p = 0.033) and in patients with cardiovascular diseases

(OR = 4.46; 95%CI 2.25–8.86; p = 0.001). No association was found between clinical outcome

and sex, and between clinical outcome and history of neoplasm (defined as any anamnestic

data of oncological disease).

The multivariable analysis showed that only age (OR = 2.59; 95%CI 1.04–6.45; p = 0.042),

obesity (OR = 5.13; 95%CI 1.81–14.50; p = 0.002), renal chronic failure (OR = 5.20; 95%CI

1.80–14.97; p = 0.002) and cardiovascular diseases (OR 2.79; 95%CI 1.29–6.03; p = 0.009) were

independently associated with patient clinical outcome at 30 day after symptoms onset.

Table 1 reports the results of bivariable and multivariable analysis. Additional S2 File reports

the details of the model building and variable selection process.

Fig 1. Selection of patients. Between January 29, 2020 and March 28, 2020, 410 patients tested positive to SARSCoV-2

RT-PCR were admitted in Spallanzani Hospital, of whom 379 were included in the analysis. For the 379 patients

included in the analysis a total of 1,805 measurable haematological test results were available.

https://doi.org/10.1371/journal.pone.0244129.g001
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Leukocytes parameters kinetics

Three leukocyte parameters, neutrophils’ counts, lymphocytes’ counts and monocytes’ counts,

were analysed (Fig 2 and Table 2). Average neutrophils’ counts (Fig 2A and 2B) were signifi-

cantly higher in non-survivors than in survivors (p<0.001). The temporal analysis suggested

that, at the time of symptoms’ onset, survivors and non-survivors had similar level of neutro-

phil counts (p = 0.191). In survivors, neutrophils’ counts remained steadily and within the nor-

mal range throughout the follow-up. In contrast, in non-survivors, neutrophils’ counts sharply

increased, being significantly different from those of survivors by day 6 after symptoms’ onset.

Moreover, the model predicted that by day 13, the average neutrophils’ counts in non-survi-

vors steadily exceeded the upper normal limit range (8,000 cells/mm3). Among the considered

confounders, only age was significantly associated to higher neutrophil counts (p = 0.027),

while no significant association was found for obesity, chronic renal failure and cardiovascular

diseases.

Average lymphocytes’ counts (Fig 2C and 2D) were significantly lower in non-survivors

than in survivors (p-joint <0.001) since the first day of symptoms’ onset. The model predicted

that lymphocytes’ counts were significantly lower in non-survivors than in survivors since the

first day after symptoms’ onset (p = 0.033). In particular, the difference of lymphocytes’ counts

between survivors and non-survivors widened over time, being estimated at 330.1 (95% CI

633.48–26.85; p = 0.033) and 765.73 (95% CI 1050.04–481.43; p<0.001) cells per mm3 at symp-

toms’ onset and at the end of follow-up, respectively. Moreover, average lymphocytes’ count

was always below 1,000 cells per mm3 in non-survivors. In contrast, the level of lymphocytes

normalized by the day 15 in survivors. Among the considered confounders, age and chronic

renal failure were significantly associated to lower lymphocyte counts (respectively p<0.001,

and p = 0.052) while no significant association was found for obesity and cardiovascular

diseases.

Table 1. Patients’ demographics and co-morbidities.

Patients feature Descriptive analysis Bivaribale analysis Multivariable analysis

Total survivors Non-survivors OR 95% CI p-value OR 95% CI p-value

N % N % N %

Age <60 years 164 43.27% 157 95.73% 7 4.27% 4.21 1.82 9.77 0.001 2.59 1.04 6.45 0.042

>60 years 215 56.73% 181 84.19% 34 15.81%

Sex female 106 27.97% 93 87.74% 13 12.26% 0.82 0.41 1.65 0.577 - - - -

male 273 72.03% 245 89.74% 28 10.26%

Diabetes no 334 88.13% 304 91.02% 30 8.98% 3.28 1.51 7.13 0.005 - - - -

yes 45 11.87% 34 75.56% 11 24.44%

Neoplasm no 360 94.99% 322 89.44% 38 10.56% 1.59 0.44 5.70 0.498 - - - -

yes 19 5.01% 16 84.21% 3 15.79%

Obesity no 355 93.67% 321 90.42% 34 9.58% 3.89 1.51 10.04 0.010 5.13 1.81 14.50 0.002

yes 24 6.33% 17 70.83% 7 29.17%

Chronic renal failure no 360 94.99% 328 91.11% 32 8.89% 9.23 3.49 24.36 0.001 5.20 1.80 14.97 0.002

yes 19 5.01% 10 52.63% 9 47.37%

COPD no 330 87.07% 299 90.61% 31 9.39% 2.47 1.13 5.43 0.033 - - - -

yes 49 12.93% 39 79.59% 10 20.41%

Cardiovascular disease no 250 65.96% 236 94.40% 4 1.60% 4.46 2.25 8.86 0.001 2.79 1.29 6.03 0.009

yes 129 34.04% 102 79.07% 27 20.93%

Overall - 379 100.00% 338 89.18% 41 10.82% - - - - - - - -

https://doi.org/10.1371/journal.pone.0244129.t001
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Average monocytes’ counts (Fig 2E and 2F) were marginally lower in non-survivors than in

survivors (p-joint <0.058). The temporal analysis suggested that average variation of monocytes

was within the normal range in both survivors and non-survivors. Among the considered con-

founders, only age was significantly associated to lower monocytes’ counts (p = 0.038) while no

significant association was found for obesity, chronic renal failure and cardiovascular diseases.

Red blood cells parameters and kinetics

Four RBC parameters (i.e. RBC count, Hb concentration, MCV, RDW) were analysed (Fig 3

and Table 3). Average RBC (Fig 3A and 3B) were significantly lower in non-survivors than in

Fig 2. Plots of predicted values and box plots of observed values of average neutrophils (A, B), lymphocytes (C, D) and

monocytes (E, F) counts over time for survivors (blue line and boxes) and non-survivors (red line and boxes). In the

box plots the outliers are not displayed. All estimates were made on the full dataset, including 1805 determinations on

the 379 patients. The red line in plots A and B marks the upper normal limit range of neutrophils (8,000 cells/mmc

(red line). The red line in plots C and D marks the lower normal limit of lymphocytes (1,000 cells/mmc). The red line

in plot E and F marks the lower upper normal limit of monocytes (100 cells/mmc)

https://doi.org/10.1371/journal.pone.0244129.g002
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survivors (p-joint <0.001). The temporal analysis suggested that, at the time of symptoms’

onset, survivors and non-survivors had similar RBC counts (p = 0.257). The model predicted

that average level of RBC became significantly different between survivors and non-survivors

by day 2 after symptoms’ onset (p = 0.033). Average RBC in non-survivors steadily decreased

over time being below to normal value (3.8 million cell/mm3) by day 7 after symptoms onset.

In contrast, we found no evidence for a significant decrease of average RBC counts below nor-

mal level in survivors. Among the considered confounders, age (p<0.001) and chronic renal

failure (p<0.001) were significantly associated to lower RBC counts. No significant association

was found for obesity and cardiovascular diseases.

Average Hb levels (Fig 3A and 3B) were significantly lower in non-survivors than in survi-

vors (p-joint <0.001). The temporal analysis suggested that, at the time of symptoms’ onset,

the difference between survivors and non-survivors was marginal (p = 0.063) but became sta-

tistically significant by the next day (p = 0.041). The average levels of Hb were steadily within

the normal range in survivors while a mild (non-statistically significant) anaemia (Hb level

<10 mg/dL) was observed at the end of follow-up in non-survivors. Among the considered

confounders, age (p<0.001) and chronic renal failure (p<0.001) were significantly associated

to lower Hb level. No significant association was found for obesity and cardiovascular diseases.

Average MCVs (Fig 3C and 3D) were significantly higher in non-survivors than in survi-

vors (p-joint <0.001). The temporal analysis suggested that, at the time of symptoms’ onset,

MCV difference between survivors and non-survivors was marginal (p = 0.066) but became

Table 2. Temporal evolution of the differences of neutrophils’, lymphocyte’s and monocytes’ counts, between survivors and non-survivors (diff).

Neutrophils’ counts (cells/mm3) Lymphocytes’ counts (cells/mm3) Monocytes’ counts (cells/mm3)

Day Diff llb ulb p Diff llb ulb p diff llb ulb p

0 841.22 -419.16 2101.60 0.191 -330.16 -633.48 -26.85 0.033 -66.94 -183.12 49.25 0.259

1 821.01 -351.81 1993.82 0.170 -332.25 -578.06 -86.44 0.008 -70.75 -170.66 29.15 0.165

2 816.62 -281.34 1914.58 0.145 -333.86 -536.93 -130.80 0.001 -74.18 -160.95 12.60 0.094

3 831.14 -207.17 1869.46 0.117 -335.53 -507.59 -163.47 <0.001 -77.30 -153.77 -0.82 0.048

4 868.00 -128.49 1864.49 0.088 -337.66 -488.02 -187.30 <0.001 -80.18 -148.90 -11.47 0.022

5 930.94 -43.81 1905.69 0.061 -340.60 -476.49 -204.70 <0.001 -82.89 -146.11 -19.67 0.010

6 1024.11 49.55 1998.67 0.039 -344.61 -471.51 -217.72 <0.001 -85.46 -145.14 -25.78 0.005

7 1152.04 155.75 2148.32 0.023 -349.96 -471.86 -228.07 <0.001 -87.93 -145.69 -30.18 0.003

8 1319.68 280.33 2359.03 0.013 -356.89 -476.64 -237.15 <0.001 -90.33 -147.44 -33.22 0.002

9 1532.47 429.70 2635.23 0.007 -365.64 -485.28 -245.99 <0.001 -92.67 -150.10 -35.24 0.002

10 1796.35 610.43 2982.26 0.003 -376.46 -497.56 -255.37 <0.001 -94.96 -153.44 -36.48 0.002

11 2117.84 828.49 3407.20 0.001 -389.65 -513.48 -265.83 <0.001 -97.20 -157.30 -37.09 0.002

12 2504.12 1088.64 3919.61 0.001 -405.53 -533.30 -277.76 <0.001 -99.37 -161.61 -37.12 0.002

13 2963.08 1393.91 4532.26 <0.001 -424.48 -557.51 -291.45 <0.001 -101.44 -166.42 -36.46 0.002

14 3503.46 1745.19 5261.74 <0.001 -446.96 -586.79 -307.13 <0.001 -103.38 -171.89 -34.86 0.003

15 4134.97 2140.90 6129.04 <0.001 -473.49 -622.04 -324.94 <0.001 -105.12 -178.34 -31.90 0.005

16 4868.41 2576.86 7159.96 <0.001 -504.73 -664.45 -345.02 <0.001 -106.59 -186.26 -26.92 0.009

17 5715.91 3046.30 8385.52 <0.001 -541.46 -715.48 -367.44 <0.001 -107.67 -196.30 -19.04 0.017

18 6691.13 3539.92 9842.34 <0.001 -584.63 -776.99 -392.28 <0.001 -108.22 -209.31 -7.13 0.036

19 7809.51 4045.91 11573.11 <0.001 -635.40 -851.24 -419.56 <0.001 -108.04 -226.24 10.16 0.073

20 9088.61 4549.64 13627.59 <0.001 -695.19 -941.08 -449.29 <0.001 -106.90 -248.20 34.40 0.138

21 10548.49 5033.08 16063.90 <0.001 -765.73 -1050.04 -481.43 <0.001 -104.47 -276.42 67.49 0.234

Joint <0.001 <0.001 0.058

llb = low limit bound, ulb = lower limit bound.

https://doi.org/10.1371/journal.pone.0244129.t002
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statistically significant by the next day (p = 0.024). Although average of MCVs was higher in

non-survivors than in survivors, the variations of MCV were always within the normal range

in both survivors and non-survivors. Among the considered confounders, chronic renal failure

was associated with higher MCV (p = 0.026) and cardiovascular diseases were associated with

lower MCV (p = 0.013), while no significant association was found for age and obesity.

Average RDW percentages (Fig 3E and 3F) were significantly higher in non-survivors than

in survivors (p-joint <0.001). The temporal analysis suggested that this difference was already

significant since the first day of symptoms’ onset (p = 0.004). The average percentages of RDW

were steadily within the normal range in survivors while a mild (non-statistically significant)

Fig 3. Plots of predicted values and box plots of observed values of average erythrocytes counts (A, B), Hb level (C, D),

MCV (E, F) and RDW percentage (D, H) over time for survivors (blue line and boxes) and non-survivors (red line and

boxes). In the box plots, the outliers are not displayed. All estimates were made on the full dataset, including 1805

determinations on the 379 patients. The red line in plots A and B marks the lower normal limit of erythrocytes (3.8

million cell/mmc). The red line in plots C and D marks the lower normal limit of Hb (10 mg/dL). The red line in plots

E and F marks the normal MCV value (80 fL). The red line in plot G and H marks the lower normal average

percentages of RDW (16%).

https://doi.org/10.1371/journal.pone.0244129.g003
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increase of anisocytosis (RDW >16%) was observed at the end of follow-up in non-survivors.

Among the considered confounders, age, chronic renal failure and cardiovascular diseases

were significantly associated to higher RDW percentage (p<0.001 for the three confounders)

while no significant association was found for obesity.

Platelets parameters and kinetics

Two platelets parameters (i.e. platelets’ counts and MPV) were analysed (Fig 4 and Table 4).

Average platelets’ counts (Fig 4A and 4B) were significantly different between non-survivors

and survivors (p-joint <0.001). The temporal analysis suggested that platelets’ counts were

lower in survivors than in non-survivors at beginning of the diseases, while the opposite was

evident at the end of the follow-up. In survivors, platelets’ counts peaked at 302,758 cells/mm3

(95% CI: 264,219–341,298) on day 19 and eventually remained steady. In contrast, platelets’

counts in non-survivors peaked at 223,850 cells/mm3 (95% CI: 190,457–257,242) on day 9 and

eventually decreased, being significantly below the lower normal limit value (150,000 cells/

mm3) at the end of follow-up. Among confounders, only age was significantly associated to

lower platelets’ count (p = 0.001) while no significant association was found for obesity,

chronic renal failure and cardiovascular diseases.

Average MPV (Fig 4C and 4D) had patterns of temporal variations similar to those

observed for platelets’ counts. MPV was significantly higher in survivors than in non-survivors

Table 3. Temporal evolution of the difference of red cell count, Haemoglobin level, MCV and RDW between survivors and non-survivors (diff).

RBC counts (cells/mm3) Hb (g/dL) MCV (fL) RDW (%)

Day diff llb ulb p diff llb ulb p diff llb ulb p diff llb ulb p

0 -186987.30 -510433.40 136458.70 0.257 -0.68 -1.40 0.04 0.063 2.34 -0.15 4.83 0.066 0.78 0.25 1.31 0.004

1 -238952.20 -529112.80 51208.26 0.107 -0.72 -1.41 -0.03 0.041 2.74 0.36 5.12 0.024 0.76 0.26 1.26 0.003

2 -286012.50 -548989.80 -23035.31 0.033 -0.75 -1.41 -0.09 0.025 3.10 0.81 5.39 0.008 0.74 0.27 1.22 0.002

3 -328412.70 -569877.30 -86948.04 0.008 -0.79 -1.42 -0.16 0.015 3.42 1.20 5.64 0.003 0.74 0.28 1.20 0.002

4 -366377.20 -591452.70 -141301.60 0.001 -0.82 -1.43 -0.21 0.008 3.70 1.53 5.87 0.001 0.75 0.30 1.20 0.001

5 -400112.00 -613254.00 -186970.10 <0.001 -0.85 -1.44 -0.26 0.005 3.94 1.81 6.07 <0.001 0.77 0.33 1.21 0.001

6 -429805.60 -634713.90 -224897.40 <0.001 -0.89 -1.46 -0.31 0.003 4.14 2.03 6.24 <0.001 0.80 0.36 1.24 <0.001

7 -455630.00 -655226.80 -256033.10 <0.001 -0.92 -1.48 -0.36 0.001 4.30 2.20 6.39 <0.001 0.84 0.40 1.27 <0.001

8 -477741.50 -674224.50 -281258.40 <0.001 -0.95 -1.50 -0.40 0.001 4.41 2.32 6.50 <0.001 0.88 0.44 1.33 <0.001

9 -496282.10 -691238.20 -301325.90 <0.001 -0.98 -1.53 -0.43 0.001 4.49 2.40 6.58 <0.001 0.94 0.49 1.39 <0.001

10 -511379.70 -705935.60 -316823.90 <0.001 -1.01 -1.56 -0.46 <0.001 4.52 2.43 6.61 <0.001 1.01 0.55 1.46 <0.001

11 -523149.30 -718133.90 -328164.60 <0.001 -1.04 -1.59 -0.49 <0.001 4.51 2.41 6.61 <0.001 1.09 0.62 1.55 <0.001

12 -531692.90 -727797.30 -335588.50 <0.001 -1.07 -1.62 -0.51 <0.001 4.46 2.35 6.57 <0.001 1.17 0.70 1.65 <0.001

13 -537101.00 -735025.40 -339176.60 <0.001 -1.10 -1.66 -0.53 <0.001 4.37 2.24 6.49 <0.001 1.27 0.79 1.76 <0.001

14 -539452.30 -740038.00 -338866.60 <0.001 -1.12 -1.70 -0.55 <0.001 4.23 2.09 6.38 <0.001 1.38 0.89 1.88 <0.001

15 -538814.60 -743156.40 -334472.90 <0.001 -1.15 -1.74 -0.56 <0.001 4.06 1.89 6.22 <0.001 1.51 0.99 2.02 <0.001

16 -535245.00 -744780.50 -325709.50 <0.001 -1.18 -1.78 -0.57 <0.001 3.84 1.64 6.04 0.001 1.64 1.11 2.17 <0.001

17 -528790.10 -745360.30 -312219.80 <0.001 -1.21 -1.83 -0.58 <0.001 3.58 1.34 5.81 0.002 1.78 1.23 2.34 <0.001

18 -519486.50 -745361.60 -293611.40 <0.001 -1.23 -1.87 -0.59 <0.001 3.28 0.99 5.56 0.005 1.94 1.36 2.52 <0.001

19 -507360.90 -745229.90 -269491.80 <0.001 -1.26 -1.92 -0.60 <0.001 2.93 0.58 5.28 0.014 2.11 1.51 2.72 <0.001

20 -492430.20 -745358.90 -239501.50 <0.001 -1.28 -1.97 -0.60 <0.001 2.55 0.12 4.97 0.040 2.30 1.65 2.94 <0.001

21 -474701.90 -746069.30 -203334.50 0.001 -1.31 -2.01 -0.60 <0.001 2.12 -0.41 4.64 0.100 2.49 1.81 3.18 <0.001

Joint <0.001 <0.001 <0.001 <0.001

llb = low limit bound, ulb = lower limit bound.

https://doi.org/10.1371/journal.pone.0244129.t003
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at the beginning of the disease (p<0.001) while the opposite was observed at the end of the fol-

low-up, with MPV significantly higher in non–survivors than in survivors (p<0.001). MPV

tended to normalize over time in survivors, it steadily increased in non-survivors, exceeding

the upper normal limit value (i.e. 11 fl) by the day 7 after symptoms’ onset. Among the consid-

ered confounders, only chronic renal failure is significantly associated to higher MPV

(p = 0.022) while no significant association was found for age, obesity, and cardiovascular

diseases.

Discussion

We found that increased neutrophil counts, reduced lymphocyte counts, increased MPV,

anaemia with anisocytosis, in association with obesity, chronic renal failure, COPD, cardiovas-

cular diseases and age>60 years are poor prognostic indicators for COVID19.

The first analysed CBC set was leukocytes. Whilst in non-survivors lymphocytes’ counts

were persistently below the lower normal limit, in survivors lymphopenia was (on average)

only mild and transient. This observation suggests that lymphopenia can be considered a sur-

rogate biomarker of ineffective immune response to the SARS-CoV-2 [12] infection, as

observed for other coronavirus including MERS [13] and SARS-CoV-1 [14]. The biological

reasons associated to lymphopenia are under investigation and whilst this could be due to loca-

lisation at sites of disease migrating from peripheral blood, it may be also be due to dysregula-

tion of the cytokine network [15]. Neutrophils’ counts showed an opposite trend, significantly

Fig 4. Plots of predicted values and box plots of observed values of average platelets counts (A, B) and MPV (C, D)

over time for survivors (blue line and boxes) and non-survivors (red line and boxes). In the box plots the outliers are

not displayed. All estimates were made on the full dataset, including 1805 determinations on the 379 patients. The red

line in plots A and B marks the normal limit value of PLT (150,000 cells/mmc); the red line in plotd C and D marks the

upper normal limit value of MPV (11 fl).

https://doi.org/10.1371/journal.pone.0244129.g004
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increasing during the second week of the disease in non-survivors, while they remained within

the normal range in survivors. The strong association between patients’ clinical outcome and

increase of neutrophil counts was a biologically and clinically relevant finding of our study and

the reasons for that are manifold. Although bacterial infections could not be ruled out in this

study, the inverse relationship between neutrophils’ and lymphocytes’ counts with disease pro-

gression could have other explanations. First, the opposite kinetics in neutrophils versus lym-

phocytes dynamics might be driven by depletion of CD8+ circulating lymphocytes and a

concomitant increased release of serum IL-6, IL-10, IL-2 and IFN-γ in patients with severe dis-

ease presentations as compared to patients with moderate disease [16]. Second, the high neu-

trophils may be due to a massive expansion of myeloid cells with suppressor activity

[granulocytes myeloid suppressor cells-MDSC]. These cells are morphologically identical to

neutrophils in standard laboratory examination but they are functionally distinct. MDSC are

characterized by their myeloid origin, immature state, and by their potent ability to suppress

T-cell functions and to modulate cytokines’ production [17]. According to this hypothesis, the

hyper inflammatory state observed in severe COVID-19 cases, may induce an abnormal

expansion of MDSC that in turn strongly affect the immunological response required for viral

clearance [18,19].

The second CBC set included platelets’ counts and MPV. The variation of both parameters

was consistent with acute inflammation followed with either by recovery or by death. The

model predicted that mild thrombocytopenia was present in both survivors and non-survivors.

Table 4. Temporal evolution of the differences of platelets’ counts and MPV, between survivors and non-survivors (diff).

Platelets’ counts (cells/mm3) MPV (fL)

Day diff llb ulb p diff llb ulb p

0 47337.03 7861.02 86813.05 0.019 -0.92 -1.43 -0.40 0.001

1 48510.89 9369.23 87652.56 0.015 -0.79 -1.26 -0.32 0.001

2 48464.84 9983.32 86946.37 0.014 -0.66 -1.10 -0.22 0.003

3 46982.17 9414.44 84549.90 0.014 -0.53 -0.93 -0.12 0.012

4 43871.02 7384.70 80357.34 0.018 -0.39 -0.78 -0.01 0.045

5 38976.60 3645.00 74308.21 0.031 -0.26 -0.62 0.11 0.167

6 32192.67 -2007.41 66392.76 0.065 -0.12 -0.47 0.23 0.500

7 23471.41 -9712.96 56655.77 0.166 0.02 -0.32 0.36 0.922

8 12831.03 -19536.53 45198.58 0.437 0.16 -0.18 0.49 0.360

9 360.46 -31457.88 32178.80 0.982 0.30 -0.03 0.63 0.079

10 -13779.49 -45366.39 17807.41 0.393 0.44 0.11 0.78 0.009

11 -29358.67 -61060.23 2342.90 0.070 0.59 0.25 0.93 0.001

12 -46083.82 -78250.46 -13917.18 0.005 0.74 0.40 1.09 <0.001

13 -63608.35 -96570.40 -30646.29 <0.001 0.89 0.54 1.25 <0.001

14 -81545.08 -115590.40 -47499.80 <0.001 1.05 0.69 1.42 <0.001

15 -99481.31 -134837.10 -64125.49 <0.001 1.21 0.83 1.59 <0.001

16 -116995.30 -153816.80 -80173.76 <0.001 1.37 0.97 1.78 <0.001

17 -133673.30 -172039.10 -95307.43 <0.001 1.54 1.11 1.97 <0.001

18 -149125.80 -189040.40 -109211.20 <0.001 1.72 1.25 2.18 <0.001

19 -163003.00 -204405.00 -121601.00 <0.001 1.89 1.39 2.39 <0.001

20 -175007.30 -217781.90 -132232.70 <0.001 2.07 1.53 2.62 <0.001

21 -184903.40 -228896.60 -140910.30 <0.001 2.26 1.66 2.86 <0.001

Joint <0.001 <0.001

llb = low limit bound, ulb = lower limit boun.

https://doi.org/10.1371/journal.pone.0244129.t004
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However, while platelets’ level had a steady trend toward normalization in survivors, platelets’

counts irreversibly fell during the second week of the diseases in non-survivors, possibly

because of a consumption related to the development of micro-thrombotic events in small ves-

sels. The falling platelets’ counts in non-survivors was paralleled with a progressive increase of

MPV suggesting that the increased platelets’ consumption and the production of pro-inflam-

matory cytokines led to an increased, yet insufficient, megakaryocytic activity with release in

the circulation of young, large volume platelets [20]. Our results concur with a recent metanal-

ysis of nine studies with 1779 COVID-19 patients, showing that low platelets’ counts were

associated with increased risk of severe disease and mortality [21]. The precise mechanisms by

which SARS-CoV-2 affects the hematopoietic system in general and platelets in particular are

yet unclear. Reduced production, augmented destruction and augmented consumption have

been suggested [22,23].

The third set of CBC parameters were RBC counts, HB, MCV and RDW. Our model sug-

gested that variation of the four analysed RBC parameters were marginal and with few clinical

implications. The level of RBC counts, HB and MCV were generally within normal range and

difference found between survivors and non-survivors were most probably due to small sys-

tematic differences in the treatment rather than a direct consequence of the COVID-19 its-

self. Notably model predicted higher RDW levels in non-survivors than in survivors. This

observation was consistent with current knowledge that identified RDW as a marker of dysre-

gulated inflammatory response [24], a negative prognostic index for patients with pneumonia

[25], and a predictor of severe lung injury [26,27].

The emerged significant associations between potential confounders and CBC parameters

might have several different explanations. The association between age and alteration of plate-

lets’ and WBCs’ parameters (mainly lymphopenia), probably reflects the severity of COVID-

19 [5,28]. Instead, the association between age, chronical renal failure and cardiovascular dis-

eases with the alteration of the RBCs’ parameters, mainly anaemia and anisocytosis, probably

reflects the stage of the chronical conditions [29,30].

Whilst we modelled data by techniques considered robust, previously validated for analys-

ing complex datasets made of sparse repeated measures in different fields of health [31] and

clinical infectious diseases research [11,32–34], there are limitations of our study, inherent to

observational studies carried out on data collected in real-time inpatients’ clinical manage-

ment. The study population was represented in majority by males (273, 72%) and this might

have impacted on the interpretation of the results. In fact, clinical outcomes can be influenced

by pre-existing comorbidities, such as hypertension, cardiovascular disease and diabetes,

which tended to be more frequent and more severe in men [35]. Another limitation was ana-

lysing only CBC parameters without other laboratory/clinical signs of infection, and without

considering different treatment provided. Moreover, although we found significant associa-

tions between clinical outcome and haematological parameters, a causal relationship cannot

be inferred.

Despite the above limitations, our study describes for the first time the association between

haematological parameters and COVID-19 clinical outcomes, through the analysis of routinely

collected clinical and laboratory data. Although we exercise caution in the interpretation of

results using ‘routine’ laboratory parameters, our findings point out very relevant factors in

the dynamic nature of COVID-19 pathophysiology. Poor prognosis is associated with

increased neutrophils counts, reduced lymphocytes counts, increased MPV and anaemia with

anisocytosis. Even in the absence of deeper analysis of cytokine levels and immune cell subsets,

the inverse relationship between neutrophils and lymphocytes shed light on pivotal factors in

immune dysregulation and impairment to fight off SARS-CoV-2.These observations have

direct implication for future development of more accurate prognostic indexes, composite
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outcomes for interventional studies on new drugs and for endorsing new functional studies to

assess the role of leukocytes and platelets in the pathogenies of severe infections, such as

COVID-19.
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