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ABSTRACT

The role of immune dysregulation in the course and prognosis of COVID-19 is not clearly established. In particular,
immune status in specific populations such as haematological patients, who have an impaired immunological sys-
tem, has not been described so far. Here, we performed a comprehensive analysis of peripheral blood lymphocyte
subsets in 27 SARS-CoV-2-infected patients, including 16 patients with haematological malignancies. We identi-
fied T cell subpopulations, B cells, NK cells and TCR a/B and y/d-expressing T cells during COVID-19 infection,
with significant changes observed in immune profiles during the course of disease, especially in haematological
patients. We observed an increase in activated T lymphocytes (CD3+HLA-DR+ and CD3+CD8+HLA-DR+) in the
early stages of SARS-CoV-2 infection with a concomitant decrease in the CD4/CD8 ratio in haematological pa-
tients compared to non-haematological patients affected by COVID-19. We also found a decrease in y/d T cells
in both studied groups of patients, with lower numbers of CD25+ T cells and CD16+CD56+ NK cells in haema-
tological patients compared to non-haematological patients with COVID-19. Our findings demonstrate, for the
first time, impaired adaptive immunity in patients with haematological malignancies infected with COVID-19, re-
sulting in impaired cellular immune responses to SARS-CoV-2. This warrants further investigation of this disease
group in COVID-19 patient cohorts

Introduction

Both of these phenomena were correlated with severity of infection and
the need for intensive treatment [5,6]. Moreover, there was a trend to-

First discovered in December 2019 in China, a novel type of coron-
avirus, SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2)
quickly spread worldwide and caused a pandemic in just a few months.
The complications of COVID-19 (coronavirus disease 2019), such as
ARDS (acute respiratory distress syndrome), respiratory failure and sep-
sis were associated with the need for intensive care treatment in approx-
imately 5-11% of cases. Deaths, in general, reached a level of about 3%
of all diagnosed patients [1,2], and as high as 97% in patients requiring
invasive mechanical ventilation [3].

Previous studies emphasized the role of disturbed leucocyte ho-
moeostasis during the course of COVID-19 infection [8-14]. In most
cases, total lymphocyte count were clearly reduced. In contrast, the
concentration of ILs such as IL-6, IL-7 or IL-10 was relatively high.
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ward higher lymphocyte baseline levels in survivors compared to non-
survivors, which demonstrates the predictive value of the parameter [3].

However, little is known about dysregulation of the immune sys-
tem, especially in the context of lymphocyte profiles, in patients with
haematological diseases. Due to therapies that target B lymphocytes in
haematological patients, immune changes occurring during the course
of COVID-19 were mainly assessed with respect to populations of T lym-
phocytes and NK cells. In our study, however, only 13% of patients
with haematological diseases were treated with a monoclonal antibody
against CD20 found on B lymphocytes. CD19+ B cells were slightly de-
creased in haematological patients with COVID-19 and remained within
normal ranges in non-haematological patients, however there were no
significant differences in the levels of CD19+ B cells and CD19+CD20+ B
cells between haematological versus non-haematological patients with
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COVID-19. This indicates that B lymphopenia does not constitute the
essence of immune disturbances observed in COVID-19, which is con-
sistent with previous studies [9,15].

In this multicentre study, we examined the immune profiles of Polish
haematological patients affected by COVID-19. To the best of our knowl-
edge, this study of haematological patients infected with SARS-CoV-2 is
the first report from Central and Eastern Europe that compared lym-
phocyte profiles in haematological versus non-haematological patients
with COVID-19. The exact effect of SARS-CoV-2 infection on the human
immune system still remains unknown. Patients with haematological
malignancies represent a distinct group of patients with compromised
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immunological processes, and hence require more specialized clinical
approaches for COVID-19 treatment.

Materials and methods
Study population

We prospectively examined 41 patients with COVID-19, including
30 patients with haematological diseases from three medical centres in
Poland (Department of Haematology, Blood Neoplasms and Bone Mar-
row Transplantation Wroclaw Medical University, Department of Infec-
tious Diseases, Liver Diseases and Acquired Immune Deficiencies Wro-
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claw Medical University, and Regional Specialist Hospital in Grudziadz)
hospitalised from April 1 to June 22, 2020.

Study design

A confirmed COVID-19 case was defined as positive in a real-time
reverse-transcriptase polymerase-chain reaction (RT-PCR) assay using
nasal and pharyngeal swab specimens.

Demographic data, symptoms, signs and laboratory measures were
collected on admission to hospital. Collected data did not include any
personally identifiable information. The lymphocyte subsets in periph-
eral blood were assessed by FACS Canto II in 27 patients including
16 patients with concomitant haematological diseases and 11 patients
without haematological burden at several time points: after confirma-
tion of the SARS-CoV-2 infection (day 1), thorough its duration (day
7, 14, 21) and on recovery (day 28, 35). The following mouse anti-
human monoclonal antibodies, all purchased from Becton Dickinson and
Company (BD), San Jose, CA, were used for analysis: CD8 FITC, CD16
PE, CD4 PerCP-Cy5.5, CD56 PC-7, CD7 APC, CD14 APC-H7, HLA-DR
V450, CD3 V500, TCRap FITC, CD5 PerCP-Cy5.5, TCRyé PC-7, CD19
APC, CD38 APC-H7, CD4 V450 and CD20 V450. For FACS analysis,
20 mL of blood was collected in EDTA tubes (BD). Human peripheral
blood mononuclear cells (PBMC) were separated using Ficoll-Hypaque
(Sigma, St Louis, MO). Cells were surface stained with the following
fluorescence-conjugated mouse anti-human monoclonal antibodies in
one tube: CD8, CD16, CD4, CD56, CD7, CD14, HLA-DR and CD3, and in

a4

107 10
CD3v500-4

a second tube cells, were stained with the following antibodies: TCRa,
CD5, TCRyé$, CD19, CD38, CD20, CD4 and CD3. The evaluation of nu-
cleated cells was carried out on a 8-color FACS Canto II flow cytometer
(BD). The data were analysed using BD FACSDiva software v 8.0 — the
gating strategy is shown in Fig. 1. The severity of COVID-19 was as-
sessed according to the Guidelines for the Diagnosis and Treatment of
COVID-19 (Trial Version 7) [7].

Written informed consents were obtained and accepted by the Wro-
claw Medical University Ethics Committee. The study was performed
in accordance with the Wroclaw Medical University Ethics Committee
(Consent no 315/2020).

Statistical analysis

Statistical analysis was performed using Statistica 13.1 software for
Windows. Categorical variables were presented as frequencies with per-
centages, whereas median and interquartile range (IQR) or range (min-
max) were used to describe continuous variables. Categorical variables
were compared using y2 test or Fisher’s exact test. Evaluation of data
normality was performed using Shapiro-Wilk test. Non-normally dis-
tributed continuous variables were analysed using U Mann Whitney
test and Spearman’s rank correlation. Receiver Operating Characteris-
tics (ROC) curves were used to assess the sensitivity, specificity and
area under the ROC curve (AUC) of the investigated parameters. P <
0.05 was considered statistically significant.
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Table 1

Baseline clinical characteristics of 41 patients with COVID-19.
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Variable

All patients, n=41 Haematological patients Non-haematological patients with P
with covid-19, n=30 COVID-19, n=11
Age (years) 60+15 58+15 64+15 0.65
male, n (%) 21 (51%) 17 (57%) 4 (36%) 0.25
Haematological malignancy
Acute leukaemia/MDS EB2, n (%) 12 (40%)
Chronic leukaemia/indolent lymphoma, n (%) 7 (23.3%)
Agressive lymphoma, n(%) 6 (20%)
Multiple myeloma, n(%) 4 (13.3%)
Other, n (%) 1(3.3%)
Comorbidities
0, n(%) 12 (29.3%) 9 (30%) 3 (27.3%) 0.86
1-2, n (%) 22 (53.7%) 15 (50%) 7 (63.6%) 0.44
>3, n(%) 7 (17%) 6 (20%) 1(9.1%) 0.41
Hypertension, n(%) 15 (36.6%) 13 (43.3%) 2 (18.2%) 0.14
Diabetes mellitus, n(%) 9 (21.9%) 7 (23.3%) 2 (18.2%) 0.72
Heart diseases, n(%) 7 (17.1%) 4 (13.3%) 3(27.3%) 0.29
Symptoms/signs
cough, n(%) 23 (56.1%) 17 (56.7%) 6 (54.5%) 0.90
dyspnoea, n(%) 22 (53.6%) 16 (53.3%) 6 (54.5%) 0.94
Fever, n(%) 19 (46.3%) 12 (40%) 7 (63.6%) 0.18
Pneumonia, n(%) 27 (65.8%) 18 (60%) 9 (81.8%) 0.19
White blood cells [x103/uL] 3.3 (2.2-5.6) 2.92 (1.3-6.2) 3.9 (2.7-5.6) 0.48
Lymphocytes [x103/uL] 0.76 (0.43-1.44) 0.75 (0.26-1.61) 0.76 (0.6-1.44) 0.63
Neutrophiles [x103/uL] 1.86 (0.83-3.2) 1.5 (0.17-2.29) 24 (1.8-4.1) 0.07
White blood cells <1.5x 103/uL 8 (19.5%) 8 (26.7%) 0 (0%) 0.056
Neutrophiles <1.0x 103 JuL 13 (31.7%) 12 (40%) 1(9.1%) 0.059
Lymphocytes <1.0 x 103 /uL 26 (63.4%) 18 (60%) 8 (72.7%) 0.45
Platelets [x103/uL] 115 (30-225) 76 (25-183) 218 (110-296) 0.038
Platelets <20 x 103/ulL (n,%) 6 (14.6%) 6 (20%) 0 (0%) 0.11
CRP [mg/1] 44.5 (26-141) 47 (10-259) 40 (26-64) 0.42
COVID-19 severity
Mild, n (%) 10 (24.4%) 9 (30%) 1(9.1%) 0.17
Moderate, n (%) 9 (21.9%) 5 (16.7%) 4 (36.4%) 0.18
Severe, n (%) 17 (41.5%) 12 (40%) 5 (45.4%) 0.75
Critical, n (%) 5(12.2%) 4 (13.3%) 1(9.1%) 0.71
Time of SARS-CoV-2 infection 27+14 29+15 25+10 0.53
Time of SARS-CoV-2 infection >28 days 18 (44%) 14 (46.7%) 4 (36.4%) 0.55
Clinical outcome, death, n (%) 10 (24.4%) 10 (33.3%) 0 (0%) 0.02
Treatment
Oxygen therapy, n(%) 23 (56.1%) 16 (53.3%) 7 (63.6%) 0.55
High-Flow Nasal Oxygen, n(%) 6 (14.6%) 5 (16.7%) 1(9.1%) 0.54
Mechanical ventilation, n(%) 5(12.2%) 4 (13.3%) 1(9.1%) 0.71
Hydroxychloroquine, n(%) 25 (61%) 23 (76.7%) 2 (18.2%) 0.0007
Lopinavir/Ritonavir, n(%) 6 (14.6%) 2 (6.7%) 4 (36.4%) 0.02
Remdesivir, n(%) 1(2.4%) 1(3.3%) 0 (0%) 0.54
Fresh frozen plasma, n(%) 7 (17.1%) 3 (10%) 4 (36.4%) 0.046
Tocilizumab, n(%) 4 (9.7%) 3 (10%) 1(9.1%) 0.93
Table 2
Comparison of lymphocyte subsets between haematological and non-haematological patients with COVID-19.
Lymphocyte subsets Normal ranges /ul All patients (n=27) Haematological Non-haematological p
patients (n=16) patients (n=11)
T cells (CD3+)/uL 617-2383 530 (200-1000) 540 530 (360-980) 0.65
(175-1080)
Helper T cells (CD3+CD4+)/uL 424-1513 240 (140-530) 185 (95-525) 320 (200-530) 0.23
Suppressor T cells (CD3+CD8+)/uL 101-955 240 (90-510) 320 (60-630) 200 (98-380) 0.88
CD4/CD8 ratio 0.9-2.0 1.11 (0.65-2.22) 1.01 (0.59-1.2) 1.65 (1.18-2.75) 0.03
Activated T cells (CD3+HLA-DR+)/uL 30-200 50 (18-230) 95 (28.5-310) 25 (12-50) 0.041
Activated suppressor T cells 30-180 30 (6-180) 65 (18-260) 10 (5-20) 0.041
(CD3+CD8+HLA-DR+)/uL
TCRa/R/uL 573-2216 510 (200-980) 510 510 (290-880) 0.64
(170-1045)
TCRy/d/uL 30-119 20 (8-49) 18 (7-45) 20 (9.7-83) 0.29
CD25+CD3+/uL 7-94 20 (11-41) 13 (8-27.5) 41 (20-67) 0.008
B cells (CD19+)/uL 31-527 68 (10-160) 29 (0.8-210) 70 (58-140) 0.4
B cells (CD19+CD20+)/uL 66-528 50 (2-139) 9 (0-130) 65 (50-139) 0.07
NK cells (CD16+CD56+)/uL 110-678 110 (55-177) 75 (43-173) 140 (105-270) 0.039
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Fig. 2. Comparison of lymphocyte subsets between haematological and non-haematological patients with COVID-19: haematological group (n=16); non-
haematological group (n=11). CD4/CD8 T cells ratio (A), CD16+CD56+ NK cells (B), HLA-DR+ T cells (C), CD8+HLA-DR+ T cells (D). p<0,05.

Results
Clinical characteristics of patients infected with SARS-CoV-2

We prospectively analysed 41 patients infected with COVID-19, in-
cluding 30 patients with haematological malignancies hospitalised in
three polish medical centres between 1 April and 22 June 2020. The
baseline clinical characteristics of 41 patients included in the analysis
were given in Table 1.

Males comprised 57% of haematological patients in the study cohort
and 36% of patients without haematological diseases. The most com-
mon diagnosis among patients with haematological malignancies was
acute leukaemia, accounting for 40%, followed by chronic leukaemia
and/or indolent lymphoma, which was observed in 26.6% of patients in
the group. Only one third of patients in both groups was not burdened
with comorbidities. Just over two thirds (63.6%) of non-haematological
patients and half of haematological patients had one or two comor-
bidities. The most common comorbidity in haematological patients
was hypertension (43.3%). Heart diseases were most common in non-
haematological patients (27.3%). Both studied groups presented with
similar COVID-19 symptoms with cough and dyspnoea observed in just
over half of the studied patients. The most common sign of SARS-CoV-2
infection was pneumonia, which was observed in 60% and 82% among
haematological and non-haematological patients, respectively. Most of

the haematological and non-haematological patients were classified as
having severe/critical COVID-19 infection (53.3% and 54.5%, respec-
tively). The mean time of infection was 29 days in haematological pa-
tients and 25 days in non-haematological patients. Mortality rates were
significantly higher in the haematological group (p =0.02).

Clinical features and procedures in patients infected with SARS-CoV-2

Laboratory data and applied therapies for the 41 patients included
in the study are given in Table 1. Lymphopenia was present in 60% of
haematological patients and in 72.7% of non-haematological patients.
Neutropenia was observed in 40% of haematological patients and in
9.1% of non-haematological patients. Thrombocytopenia was present
in only one fifth of haematological patients. There was no difference
between studied groups of patients with respect to the inflammatory
marker C-reactive protein (CRP).

The majority of both haematological and non-haematological pa-
tients required oxygen therapy during SARS-CoV-2 infection (70% and
72.7%, respectively). Mechanical ventilation was only used in 13.3% of
haematological patients and in 9.1% of patients without haematological
malignancy. Most of the haematological patients were treated with hy-
droxychloroquine (76.7%), whereas non-haematological patients were
treated mostly with lopinavir/ritonavir (36%) and fresh frozen plasma
(36%).
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Lymphocyte subpopulation analysis in patients infected with SARS-CoV-2

Lymphocyte subpopulations were analysed in 27 patients with
COVID-19, including 16 patients with haematological malignancy. The
analysis of lymphocyte subsets in 27 patients with COVID-19 is shown in
Table 2 and in Fig. 2. The cytometric comparison of relevant lymphocyte
subsets is shown in Fig. 3. The total number of T cells was decreased in
all patients infected with SARS-CoV-2 (530 cells/uL), whereas the total
number of B cells and NK cells were only decreased in haematological
patients infected with SARS-CoV-2 (29 and 75 cells/uL, respectively).
Analysing different lymphocyte subpopulations, we observed lower than
normal levels of helper T cells (CD3+CD4+) in both studied groups of pa-
tients. The helper T and suppressor T cell ratio (CD4/CD8) was near the
lower limit range, and it was significantly lower in patients with haema-
tological burden (p = 0.03). Levels of activated T cells (CD3+HLA-DR+),
as well as levels of activated suppressor T cells (CD3+CD8+HLA-DR+)
were significantly higher in haematological patients (both p=0.041).
Levels of TCRa/[3 and TCRy/Hd were decreased in both studied groups
of patients. Activated CD25+ T cells were near the lower limit nor-
mal range in haematological patients and significantly lower than in
non-haematological patients (p=0.008). Regarding other lymphocyte
subsets, NK cells were below normal range in haematological patients
and significantly decreased compared to non-haematological patients
(p=10.039). Moreover, levels of TCRy/d in haematological patients were
strongly correlated with CD16+CD56+ NK cells (R =0.70, p=0.002).

Based on the results, we singled out CD25+ T cells, activated T cells
(CD3+HLA-DR+), activated suppressor T cells (CD3+CD8+HLA-DR+),
CD4/CDS8 ratio and CD16+CD56+ NK cells as markers differentiating
between haematological patients and non-haematological patients in-
fected with SARS-CoV-2. ROC curve analysis was conducted to evalu-
ate the relationship between clinical attributes and lymphocyte subsets
between haematological and non-haematological patients with COVID-
19 (Fig. 4). It was found that CD25+ T cells counts were below the
cut-off value of 37 in 15 haematological patients, which constituted
93.8% of all haematological patients. The area under the ROC curve
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(AUC) was 0.801 (95% CI: 0.632 — 0.970) with 54.5% specificity and
93.8% sensitivity. The optimal cut-off values of CD3+HLA-DR+ T cells
and CD3+CD8+HLA-DR+ T cells from the ROC curve were 63 and 30,
respectively. These results were elevated in 10 (67%) and 11 (73%)
haematological patients with AUC of 0.736 (95% CI: 0.539 — 0.934) and
0.739 (95% CI: 0.542 — 0.937). Our results show that the CD4/CD8 ratio
and CD16+CD56+ NK cell values appeared to be lower in the haemato-
logical group with a cut off value of 1.12 and 81, respectively, and AUC
of 0.744 (95%CI: 0.537 — 0.951) and 0.739 (95% CL: 0.548 — 0.929),
respectively. The sensitivity and specificity of the parameters were be-
tween 0.379 and 1.0.

Changes in the counts of lymphocyte subpopulations in patients infected
with SARS-CoV-2

The observed changes in the counts of lymphocyte subsets in patients
during SARS-CoV-2 infection are given in Fig. 5. Twenty seven COVID-
19 patients (16 with haematological diseases and 11 without haemato-
logical burden) were assessed during infection at weekly intervals.

Activated T cells (CD3+HLA-DR+) and activated suppressor T cells
(CD3+CD8+HLA-DR+) increased significantly on day 1 to day 7 of
SARS-CoV-2 infection in haematological patients compared to non-
haematological patients (p =0.043 and p =0.047, respectively). In par-
allel, during the initial days of COVID-19, haematological patients had
a significantly lowered CD4/CD8 ratio compared to non-haematological
patients (p =0.036).

On the other hand, numbers of CD25+ T cells increased significantly
at the beginning of SARS-CoV-2 infection only in non-haematological
patients (day 1 and day 7) compared to haematological patients
(p=0.01 and 0.038, respectively).

Numbers of CD16+CD56+ NK cells showed no significant difference
between studied groups during infection, except on day 1, when their
levels were significantly lower in haematological patients.

y/d T cells showed no significant increase during infection, both in
haematological and non-haematological patients.

Discussion

In our multicentre study, we showed a marked dysregulation of the
immune system through reduced numbers of T and NK cells in patients
with haematological diseases suffering from COVID-19. Our research
provides two major findings: first, patients with haematological malig-
nancies affected by COVID-19 are characterized by an increase in acti-
vated T lymphocytes (CD3+HLA-DR+ and CD3+CD8+HLA-DR+) in the
early stages of SARS-CoV-2 infection, with a concomitant decrease in
the CD4/CD8 ratio compared to non-haematological patients. Second,
we observed a decrease in y/d T cells in both studied groups of patients,
with lower CD25+ T cells in haematological patients and a significant
decrease in CD16+CD56+ NK cells in haematological compared to non-
haematological patients with COVID-19.

Lymphopenia is an adverse factor in SARS-CoV-2 infection asso-
ciated with severe presentation of COVID-19, as well as independent
risk factor in patients with haematological malignancies, especially in
acute myeloid leukaemia [4]. T lymphopenia during COVID-19 is asso-
ciated with impaired inflammatory response manifested by an increase
in proinflammatory cytokines (I11-10, Il-2, Il-4, TNFa, INFy) which, in
turn, could induce severe lung injury during SARS infection [15]. Po-
tential reasons for lymphocyte depletion in the course of SARS-CoV-2
infection might include: suppression of bone marrow, T-cell migration
into inflamed tissues, direct (by ACE-2 receptor) and indirect (by in-
ducing proinflammatory cytokines- TNFa, II-6 or producing metabolic
molecules such as lactic acid) destruction of lymphocytes [21-23].

Available data concerning immune abnormalities during COVID-19
reported decreased levels of T lymphocytes — both CD4+ and CD8+ T
cells [8-10,13-16], as well as NK cells [8-10,13,14], with more pro-
nounced reductions in the counts of CD4+ T cells in severely ill pa-
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Fig. 5. Longitudinal analysis of cell counts of different lymphocyte subsets in haematological versus non-haematological patients with COVID-19. The absolute num-
bers of CD25+ T cells (A), HLA-DR+ T cells (B), CD8+HLA-DR+ T cells (C), CD16+CD56+ NK cells (D), CD4/CD8 T cells ratio (E), TCRy /5 cells (F) in haematological
patients with COVID-19 (blue line), and non-haematological patients with COVID-19 (red line) were assessed at different time points after PCR confirmation of
SARS-CoV-2 infection. Median + IQR. The solid grey lines show the normal reference of each parameter. The dotted green line indicates the cut-off value calculated
by ROC analysis. * p < 0,05. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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tients [8,13]. Our results showed decreased levels of CD3+ T lympho-
cytes, especially in the case of CD4+ T cells, both in haematological
and non-haematological patients affected by COVID-19. The CD4/CD8
ratio remained in the normal range, but was significantly decreased in
haematological patients compared to patients without haematological
malignancy. This indicated that haematological patients with COVID-
19 were characterized by a more common decline in CD4+ T cells
than CD8+ T cells, which is in contrast to previous research describ-
ing lymphocyte profiles in COVID-19 patients where mainly a decrease
in CD8+ T cells was observed [9]. Interestingly, during the first days of
SARS-CoV-2 infection in haematological patients, levels of activated T
cells (both CD3+HLA-DR+ and CD3+CD8+HLA-DR+) were significantly
higher compared to non-haematological patients. This finding demon-
strates similarities with the immune status of HIV-infected patients in
whom early increases of activated T cells precede the clinically signifi-
cant CD4+ T cell depletion [17,18].

T cell responses to many infections are mediated by the expression
of TCR a/R and TCR y/H on their surface, the levels of which increase
after infection. ¥/d T cells play a key role in immunity by exerting
effector functions to eliminate pathogens [19]. In the case of SARS-
CoV-2 infection, in contrast to other viral infections, ¥/3 T cells were
found to be decreased compared to healthy controls [19]. In our study,
we observed decreased levels of a/f3 and ¥/d T cells in both studied
groups of patients after confirmation of SARS-CoV-2 infection. In the
days after infection, absolute levels of ¥/d T cells increased in both
groups of patients, however, without achieving statistical significance.
This may indicate that during the course of COVID-19, ¥/4 T cells may
become dysfunctional and/or exhausted, leading to lower responsive-
ness to antigen stimulation. Additionally, no significant increase in the
CD25 antigen on T cells (which serves as a marker of activation of /3
T cells) during SARS-CoV-2 infection was observed in haematological
patients. Moreover, in haematological patients, CD25+ T cells were sig-
nificantly decreased compared to patients without haematological ma-
lignancy. Therefore, indirectly, we can speculate that in the course of
COVID-19, not only levels of v/d T cells, but also their function be-
comes depleted, especially in patients with haematological malignan-
cies. The role of antigen-stimulated v/d T cells also includes interaction
with NK cells. In our study, CD16+CD56+ NK cells were below normal
levels and significantly decreased in haematological patients compared
to non-haematological patients with COVID-19. This fact reflects im-
mune deficiencies observed in other viral infections, such as HIV, during
the course of which the levels and function of ¥/ T and NK cells are
impaired [20].

The sample size in this multicentre study was relatively small. Spe-
cific markers of inflammatory activation (i.e. IL-6, IL-10, INFa) were not
assessed, therefore, the relationship between particular subsets of lym-
phocytes and inflammatory markers were not evaluated. No significant
correlations between lymphocyte subsets, inflammatory markers (CRP)
and in-hospital mortality were observed. This fact may be due to the
heterogeneity of the studied group with respect to different treatments
and various haematological diagnoses.

Further research with larger sample sizes are needed to assess the
potential impact of the mentioned immune disturbances on clinical out-
come. Large-scale studies would provide valuable information on im-
mune status in haematological patients through a detailed assessment
of the activity of lymphocyte subpopulations by evaluating activation
markers and secreted cytokines.

Our study demonstrated impaired adaptive immunity in patients
with haematological malignancies affected by COVID-19 with respect to
T lymphopenia, particularly decreased CD4+ T cells, lowered CD4/CD8
ratio and a reduction in NK cells. Early features of COVID-19 in haemato-
logical patients included increase in activated T cells (CD3+CD8+HLA-
DR+ and CD3+HLA-DR+) with a concomitant decrease in the CD4,/CD8
ratio, which were specific for this group of patients and distinct from
overall population with COVID-19. Low levels of y/H T cells in parallel
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with low CD3+CD25+ T cells in haematological patients may indicate
an impaired cellular immune response to COVID-19.
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