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Abstract

Introduction: In this study, we compared the pre- and post-treatment values of basic hematological
parameters in severe COVID 19 patients, whose were received favipiravir, tocilizumab,
methylprednisolone and convalescent plasma therapy.

Methods: Hematological parameters such as eosinophyl, neutrophil, lymphocyte, platelet count
and, neutrophil / lymphocyte, platelet/ [ymphocyte ratio were investigated pre and post treatment of
favipiravir, tocilizumab convalescent plasma and methylprednisolone in severe COVID 19 patients in
ICU.

Results: Lymphocyt values were increased after convelescent plasma theraphy andi.v. methyl prednisolon
group. Eosinophil count improvement was only in the favipiravir group . We found that favipiravir,
convalescent plasma andmethyl prednisolon treatment, were statistically significant increased both NLR
and PLR.

Conclusion : Hematologic parameters and their contribution of the respond of the treatment and clinical

improvement should be taken into account.

Introduction

By the end of 2019, the Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) was first defined in China. Then the
disease was named as Coronavirus Disease
2019 (COVID 19) which spread outall over the
world and became a pandemic, unfortunately
causing huge mortality and collapse of the
healthcare and economic systems globally
[1,2]. The first COVID 19 case announced to
the public in Turkey on March the 11th, 2020.

COVID 19 is a disease that can damage
organs and systems. The main methods used in
the diagnostics of COVID 19 are polymerase
chain reaction (PCR), thoracal computerized
tomography  (CT), some biochemical
parameters like C-reactive protein (CRP),
fibrinogen, D-dimer, interleukin (IL) 5, 6, 10,
and complete blood count. Complete blood
count is commonly used as a routine test in
medical laboratories and in clinical practice.
It is performed easily, quickly; and provides
cost-effective results. Today there are many
reports about the hematological parameters
and their role for the prognosis of COVID 19.

Most commonly used parameters to
determine prognosis and outcome in COVID
19 patients are lymphopenia, neutrophilia,
leukocytosis, neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR)
and monocyte-to-lymphocyte ratio (MLR).
It is well-known that they are correlated with
overall disease severity, progression and
mortality [3-6]. According to some studies,
changes in eosinophile and platelet counts were
also important in these patients [7-9].

In this study, we compared the pre- and
post-treatment values of basic hematological
parameters in severe COVID 19 patients, who
had been treated with favipiravir, tocilizumab,
methylprednisolone and convalescent plasma.

Material and methods

We conducted an observational, retrospective
study of the data of 102 patients admitted with
severe COVID 19 pneumonia, in Turkey, at
xxxx Pandemic COVID 19 Intensive Care
Unit which was established under emergency
conditions, between 29th March 2020 and 15th
June 2020.
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This study was performed with the permissions of Scientific
Research Platform of the Republic of Turkey Ministry of
Health (Permit No: 2020-06-11T12 14 26) and University of
Health Sciences Istanbul Training and Research Hospital Ethics
Comiteee (decision no: 2020/2472, date: 10th July 2020).

COVID 19 pneumonia was diagnosed with real time-PCR
(RT-PCR), CT scan and patients’ contact history.

Severe illness was defined as present or suspected respiratory
infection with/without fever, and in addition, respiratory
rate >30 breaths/min or severe respiratory distress or oxygen
saturation (Sp02) <93% on room air. Critical illness was defined
as present acute respiratory distress syndrome or sepsis with any
acute organ dysfunction [10]. All the patients who had severe or
critical illness were followed and treated in the intensive care
unit.

The treatments of the patients were planned according to the
COVID 19 Adult Patient Treatment Guide which is relevant
to the General Directorate of Public Health Department of the
Turkish Ministry of Health. With the contribution of infectious
diseases and hematology specialists, the current guidelines of
WHO and Turkish Republic Ministry of Health were analyzed
and performed.

Favipiravir and tocilizumab orders were prescribed according
to the recommendations of the Health Ministry by the infectious
diseases specialists based on patients’ IL-6 and ferritin levels.
Plasma treatments were given accordingly to the hematologists’
advice.

According to this guide, treatment protocols were as follows:
Tocilizumab treatment

The first dose of tocilizumab was administered as 400 mg,
and a dose of 400 mg was repeated within 24 hours. [11]

Convalescent plasma application:

Convalescent plasma was prepared by the Turkish Red
Crescent and obtained from volunteers’ donors’ suitable blood
who have recently recovered in two weeks and with neutralizing
antibody titer above 1: 640. We transfused patients with a
dose of 200 mL of inactivated convalescent plasma in 4 hours
according to the World Health Organization (WHO) blood
transfusion protocol.

Steroid application:

Patients with procalcitonin level over 1 and above during
follow-ups were considered as affected by secondary infection.
In patients with procalcitonin level < 1, methylprednisolone was
administered (40 mg/day for 3 days and gradually reduced and
stopped in 5 days).

Demographic data and laboratory values of 102 patients were
obtained from the formal medical records of hospital. Complete
blood count parameters (ADVIA 2120 Hematology System
-Siemens Healthcare Diagnostics, Erlangen, Germany) were
recorded at the admission of intensive care unit before and 24
hours after the end of each treatment.

Pre- and posttreatment values of eosinophils, neutrophils,
lymphocytes, platelets count, NLR and PLR were compared
in favipiravir, tocilizumab, convalescent plasma and
methylprednisolone treatments.

Statistics

Statistical analyzes were performed with the help of SPSS
version 25.0 program. The conformity of the variables to the
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normal distribution was examined by histogram graphics and the
Kolmogorov-Smirnov test, and it was observed that they were
not normally distributed. Mean, standard deviation, median
and quartile values were used when presenting descriptive
analyzes. Pre-post changes in measured values were analyzed
by Wilcoxon Test because the analyzed differences did not
normally distribute. Results where the p value was below 0.05
were considered as statistically significant.

Results

The effects of favipiravir, convalescent plasma,
methylprednisolon and tocilizumab treatments on lymphocyte,
neutrophil and paletelet counts, NLR and PLR in 102 patients
who were hospitalized in the Haseki Pandemic Intensive Care
Unit due to severe COVID 19 infection were retrospectively
analyzed. Female / male ratio was 42/60 and mean age was
63.46+2.2 years. 14 patients who were admitted to intensive
care unit died before completing their first 24-hour-period. 30
patients in total couldn’t complete their treatments in the first 7
days. Their data were not included. Comorbidities were asthma
(n:4), Alzheimer and Parkinson disease (n:8), cardiovascular
events (Previous heart failure, atrial fibrillation) (n:31), renal
insufficiency (n:17), malignant diseases (n:17), previous
cerebrovascular accident (n:9),COPD (n:5), Diabetes Mellitus
(n:19), arterial hipertension (n:29)

APACHE 11 scores of 78 patients were above 30 and none of
the APACHE scores was below 20. Mean score was 26. Prone
position was performed on 32 patients for 8-hours-period. 18
patients were followed with HFNO and NIMV. 11 patients were
followed with O2 mask on prone position. 3 of them were
intubated after 48 hour after their admission of the ICU. The
rest of the patients were intubated right away at the admission
to hospital.

53 patients received Favipravir, 14 patients received plasma,
17 patients received methylpredisolone, 19 patients tocilizumab
and 30 patients received multiple drug treatment. 7 patients
receieved all treatments with at least 1 week breaks. 4 patients
received favipravir plus tocilizumab and plasma, 4 patients
received favipravir and methylprednisolone, 10 patients
received favipravir and both tocilizumab, 6 patients received
favipravir and methylprednisolone.

6 of the 14 patients receiving plasma were deceased. 9 of
the 19 patients receiving tocilizumab died. 9 of the 16 patients
receiving methylprednisolone were deceased. Mean intensive
care unit stay was 10.73+£13.35 days (Table 1)

18 of the patients survived in the 30-day-follow-ups. Major
mortality causes were cardiac thromboembolism (n:37) and
kidney failure (n:12) and pneumosepsis (n:10).

Eosinophil, NLR and PLR levels after favipiravir treatment
were significantly higher than pretreatment levels (Table 2).

No statistically significant differences were found between
pre- and posttreatment hematologic measurements of patients
receiving tocilizumab treatment.

The differences between eosinophil, neutrophil, PLR values
before and after convalescent plasma treatment were not
statistically significant neither. Lymphocyte and NLR levels
before treatment with immune plasma were significantly higher
than posttreatment levels.

There was no significant difference between pre- and
posttreatment levels of eosinophil, neutrophil, NLR and PLR
with methylprednisolone treatment. However, lymphocyte levels
significantly increased after methylprednisolone treatment.
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Table 1. Demographic Characteristic of The Patients

n Y%
Female 42 41.17)
Gender Male 60 (58.82)
Age(Year) 63.46+2.4*
APACHE II Skore 25.0946.59*
+ 55 (57.29)
PCR - 42 (41.17)
Hypertension 29 (28.43)
Ischemic Heart Disease 31 (30.39)
Diabetes Mellitus 19 (18.62)
Astim 2 (1.96)
e COPD 5 (4.90)
Comorbidities Renal insufficiency 17 (16.6)
CVA 9 (6.84)
Alzheimer/Parkinson 8 (8.82)
Pregnancy 1 (0.96)
Cancer 17 (16.66)
Favipiravir 53 (51.96)
Treatments Tocilizumab 19 (18.62)
M.prednisolone 16 (15.68)
Plasma 14
Exitus(<7 days) 14 8;;2
Exitus ( ICU Follow up) 45 ’
Convalescent (44.11)
Recovery 43 (42.16)
ICU stay(day) 10.73£13.35* ’
Survive (30 day) 18 (17.64)

*:MeantSD PCR (Polymerase Chain Reaction), COPD (Chronic obstructive pulmonary disease), CVA (cere-
brovascular accident) ICU(Intensive Care Unit)

Table 2. Hematological variable results before and after Favipiravir, CP and MP treatment

Mean S.D. Med Q1 Q3 P
Pre- T* eosinophyl 0.04 +.08 0.01 0 0.03 <0.001
Post- T eosinophyl 0.07 +.11 0.03 0 0.1
Favipiravir Pre -T- NLR 9.21 +9.34 6.13 3.59 10.88 0.049
Post- T- NLR 11.23 +9.33 9.22 4.72 14.6
Pre- T- PLR 302.98 +593.67 202.52 103.37 350 0.02
Post -T - PLR 318.54 +243.73 249.38 147.87 454.55
0.93 +.43 0.97 0.53 1.28 0.022
Convalescent Plasma | Pre- T Lymphocyte
Post- T Lymphocyte 1.39 +1.23 1.06 0.73 1.56
Pre -T- NLR 11.46 +9.56 8.83 5.05 15.95 0.013
Post —T- NLR 7.3 +4.82 5.53 3.56 12.09
Methylprednisolone 0.73 +.50 0.65 0.48 0.94 0.023
Pre- T -Lymphocyte
Post- T- Lymphocyte 1.24 +1.22 0.92 0.51 1.57

CP:Convelescent Plasma, MP:Methyl Prednisolone, T*: Treatment, NLR:Neutrophyl Lymphocyt Ratio, PLR:Platelet Lymphocyt Ratio
Wilcoxon Paired Two Sample Test
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Discussion

There are many reports today about the hematological
parameters and their role for the prognosis of COVID 19.
Especially lymphopenia, neutrophilia, thrombocytopenia,
eosinopenia and their proportional values were studied.
However, the effects of various treatment modalities which
were used in COVID 19 on these hematological parameters
have not been investigated.

The most frequently reported hematological abnormality/
pathology/dysfunction in COVID 19 is lymphopenia and it can
be explained with direct lymphocyte lysis through virus binding
to angiotensin converting enzyme 2 (ACE2) receptors, cytokine
storm related lymphocyte apoptosis and exhaustion of T
lymphocytes [4,12]. Additionally, lymphopenia has been found
inversely related to viral load [13] In our study, lymphocyte
values were increased after convalescent plasma treatment and
intravenous methylprednisolone treatment, as expected.

Khalid et al. reported that neutrophilia occurred commonly in
COVID 19 patients who needed hospital admission, and they
pointed out that the cause of neutrophilia may be the cytokine
storm due to elevated IL levels [14]. Additionally, superimposed
bacterial infections and drugs used for treatment in COVID
19 might also cause this presentation [7,15-18]. However, in
our study, treatments with various drugs such as favipiravir,
tocilizumab, convalescent plasma and methylprednisolone did
not create any changes in neutrophil counts.

Palladino et al and Lippi et al reported that the presence of
thrombocytopenia is strongly related to the severity of COVID
19 pneumonia. The virus may cause thrombocytopenia by
three mechanisms. The first one is the virus’ invading the bone
marrow and therefore inhibiting platelet production; the second
one is the destruction of platelets by the cells of immune system
and the last one is the aggregation of platelets in the lungs with
the formation of microthrombi [19-22].

On the contrary, when we compared the platelet values before
and after various treatments in COVID 19, we did not find any
change.

Neutrophil to lymphocyte ratio and PLR are the signs of
systemic inflammation, and they are strongly related to immune
responses. There are many studies about these parameters and
their relationships with other diseases. For example, NLR has
been associated with coronary heart disease, inflammatory
bowel disease, thyroiditis, malignancies and diabetes mellitus,
and PLR is associated with diabetes mellitus or tumors [23-29].

Some studies have also shown that NLR and PLR are
prognostic and independent risk factors for COVID 19, and
neutrophil count and NLR were significantly higher in non-
severe patients [7,30,31]. Sun et al. found higher PRL levels,
lower eosinophil and lymphocyte counts in COVID 19 patients
compared to the control group, however, Shang et al. claimed
that NLR was the best determinant of all [32,33]. Similarly,
Kazancioglu et al comparing influenza and COVID 19 found
that the lymphocyte count, and NLR and PLR values were seen
as more useful parameters than the others [34].

In the light of these data, we investigated the NLR and
PLR responses to various treatment methods against COVID
19 and found that in severe COVID 19 patients, favipiravir,
convalescent plasma and methylprednisolone treatments caused
statistically significant increases in both NLR and PLR.

In our study, we evaluated the lymphocyte, neutrophil, platelet
and eosinophil counts and NLR and PLR values derived from
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the count changes of these parameters as a response to various
treatment methods against COVID 19. Lymphocyte values were
increased after convalescent plasma treatment and intravenous
methylprednisolone group. Recovery in eosinophil count was
only seen in the favipiravir group.

Favipiravir, tocilizumab, convalescent plasma and
methylprednisolone treatments did not create any changes
on neutrophil and platelet counts. We found that favipiravir,
convalescent plasma and methylprednisolone treatments caused
statistically significant increases in both NLR and PLR.

Eosinophils have many functions including immunoregulation
and antiviral activity. It has been reported that eosinopenia may
predict an important role for prognosis in COVID 19 and may
return to normal values before discharge [35-37]. However, we
found statistically significant eosinophil count increase only in
the favipiravir group in our study.

Limitations

One of the limitations of our study is that it was conducted
in a field hospital under scant emergency pandemic conditions.
In addition, the patients with multiple co-morbidities and the
ones using multiple medications were included. If we had
sufficient number of patients, it could be investigated whether
these hematological changes related to treatment agents have
any effect in mortality and recovery. In literature, there is a little
clinical evidence about the patients’ hematological responses to
different treatment methods in COVID 19.

Conclusion

We would like to state that the positive aspects of our work
are that the tension in the first peak of COVID 19, under the
complicated conditions of these days, the follow-ups were in
an isolated intensive care unit by a small number of experts in a
coordinated manner and that the datas were collected carefully
and documented in a healthy manner after the chaos had passed.

In addition, as it is known, diseases who affected more than
one organ system , are usually treated with different treatment
methods and it is difficult to evaluate the effectiveness of each
treatment individually .Especially in this epidemic, we observe
that the disease progresses very rapidly, the treatments change
rapidly, but the effectivities of the treatments cannot be followed
at an equal rate.

There are many new treatment options for the COVID 19
today even if there is no absolute cure yet. We would like to
state that these follow-up parameters can be counted among the
fast and inexpensive methods that can be used anywhere and
anytime, especially in epidemics, not only for prognosis but also
for evaluating the effectivities of the treatments of the disease.
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