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Abstract

Purpose An outbreak of a novel respiratory disease due to coronavirus species was emerged in 2019 and named as Corona-
virus Disease-2019 (COVID-19). Clinical and immunological factors affecting the course of COVID-19 in kidney transplant
recipients (KTR) are not well-known.

Methods In this prospective observational study, we presented 20 KTR with COVID-19 pnemonia and examined the factors
predicting the severity of COVID-19. A total of 10 KTR without COVID-19 was used as control group. Lymphocyte subsets
were determined by flow cytometry. In 13/20 patients, immunophenotyping was repeated 1 week later.

Results Mean age of the patients was 50+ 9 years. Patients were classified as mild—moderate (oxygen saturation: SO, >90%)
and severe disease groups (SO, <90%). Serum albumin and hemoglobin were lower and CRP, fibrinogen and peak p-dimer
were higher in severe group. Peak CRP was inversely associated with nadir SO, (r= —0.68, p=0.001). Neutrophil/lympho-
cyte ratio was higher in severe group (p=0.01). CD3 + and CD4 + cells were lower and NK cell percentage (CD16+56+)
was higher in severe group. Percentage of spontaneously activated CD8 cells (CD8 + CD69 +) was higher in severe group.
In comparison of KTR with and without COVID-19, CD8 + cells were lower but NK cell percentage was higher in KTR
with COVID-19.

Conclusion In this pilot study, increased NK cells, activated CD8 + cells and decreased CD3 + and CD4 + cells were associ-
ated with severity of COVID-19 in KTR. Peripheral immunophenotyping of lymphocyte subtypes may provide prognostic
information about the clinical course of COVID-19 in KTR.
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Introduction

< Alaattin Yildiz )
alaattin.yildiz @yahoo.com; yildiza@istanbul.edu.tr An outbreak of a novel respiratory disease due to coronavi-

rus species has been described in China in December 2019.
This virus was named as ““severe acute respiratory syndrome
coronavirus-2” (SARS-CoV-2) and associated disease was
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whelming the healthcare systems of the most countries [3].

Kidney transplant recipients (KTR) receive immunosup-
pressive treatment to prevent rejection. The possible effects
of immunosuppression on this novel virus and the disease
course of COVID-19 in KTR are currently not well-known.
In this study, we present the clinical course of 20 KTR with
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COVID-19 pneumonia and examined the immunological
factors predicting the severity of COVID-19.

Materials and methods

In this prospective observational study, 20 KTR with
COVID-19 pneumonia were enrolled from two transplant
centers of Memorial Healthcare group (Memorial Sigli and
Memorial Hizmet Hospitals). Baseline demographic data
were presented in (Tables 1, 2). Mean age of the patients
was 50 +9 years and most of the patients were male (15/20:
75%). Median transplantation duration was 75 (30-112)
months. All patients had living-donor transplantation.

Primary cause of end-stage renal disease were as fol-
lows: diabetes mellitus (DM) in three patients (15%), glo-
merulonephritis in seven patients (10%), amyloidosis in two
patients (10%), hypertension in two patient (10%), autoso-
mal dominant polycystic kidney disease in one patient (5%),
retroperitoneal fibrosis in one patient (5%), and unknown
in nine patients (45%). Most patients (85%) had comorbid
diseases. Comorbid diseases were as follows: hypertension
(10; 50%), ischemic heart disease (6; 30%), diabetes mellitus
(3; 15%), chronic obstructive pulmonary disease (COPD) (2;
10%), ankylosing spondylitis (2;10%), amyloidosis (2;10%),
cerebrovascular accident (1; 5%), Hodgkin lymphoma (1;
5%), gout (2; 10%) and Behget’s disease (1; 5%).

Symptoms of the patients at admission to hospital were
as follows: cough (18; 90%), fever (14; 70%), dyspnea (6;
30%), fatigue (5; 25%), diarrhea (3; 15%) and anosmia (1;
5%). All of the patients were hospitalized. Demographic,
clinical and biochemical data were recorded. COVID-19
treatments and modification of immunosuppressive drugs
were also recorded.

Biochemical tests

Biochemical analyses such as creatinine, C-reactive protein
(CRP), procalcitonin, b-dimer, fibrinogen, complete blood
count were performed several times during the follow-up
of patients. Peak and nadir values of these tests were deter-
mined and analyzed.

Baseline and modification of immunosuppressive
treatments

Baseline maintenance immunosuppressive treatment
was composed of tacrolimus (TAC)+ mycophenolate
mofetil (MMF) + deltacortril (DC) in 11 patients (55%),
TAC + mycopenolic acid (MPA) +DC in seven patients
(35%), cyclosporine (CSA)+ MPA + DC in one patient
(5%) and MMF + DC in one patient (5%). At admission
to hospital, anti-metabolite treatments (MMF/MPA) were
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withdrawn from all patients. Prednisolone dose was doubled
and patients received 10 mg of prednisolone. Blood TAC
and CSA levels were measured every day and doses of these
drugs were reduced to keep the target blood trough levels at
5-7 ng/mL for TAC and 50-75 ng/mL for CSA.

Diagnosis of COVID-19

SARS-CoV-2 real time reverse transcription polymerase
chain reaction (RT-PCR) test of naso/oropharyngeal samples
and thorax computed tomography have been performed to all
patients. The diagnosis of COVID-19 pneumonia has been
established based on [1] PCR positivity for SARS-CoV-2
(Covid-19 RT-qPCR Wuhan- RdRp- Qiagen Rotorgene
RT-PCR) and [2] typical thorax CT and clinical findings.
Out of 20 patients, 13 patients were SARS-CoV-2-RT-PCR
positive. Diagnosis of COVID-19 was established in seven
patients based on typical thorax CT and clinical findings. All
of the patients had SARS-CoV-2 pneumonia. Radiological
features of the pneumonia were presented in Table 1.

Definition of mild-moderate and severe patient
groups

Patients were grouped as severe (oxygen saturation <90%,
n:10) and mild—moderate COVID-19 pneumonia (oxygen
saturation > 90%, n:10) according to the nadir oxygen satura-
tion at room air during the course of the disease [4].

Treatment of COVID-19

All patients received hydroxychloroquine (HCQ) (loading
dose: 2 X400 mg, maintenance dose: 2 X 200 mg) and most
patients (n:13,%65) received azithromycin (2 X250 mg).
Since HCQ, azithromycin and calcineurin inhibitors are
known to prolong QT interval, ECG was performed to all
patients on admission to hospital and ECG was checked
every 3 days. In case of a prolongation of corrected QT
(>500 ms), HCQ and azithromycin were withdrawn. Treat-
ments were established according to COVID-19 protocols
of the Turkish Ministry of Health including HCQ and anti-
viral drugs, namely LPV/rv and favipravir. Accordingly, first
choice of antiviral treatment was usually LPV/rv (200/50 mg
tb, 2 X 2 tab/day). If the patients did not respond to treat-
ment with LPV/r and O, saturation dropped below 90%,
favipravir (loading dose: 2x 1600 mg, maintenance dose:
2x 600 mg) was started. Two patients received convalescent
immune plasma.

All patients received antibiotics (ceftriaxone 2 g/day for
5 days) to prevent and treat bacterial super-infection. All
patients also received low-molecular weight heparin (enoxa-
parin) in prophylactic doses. Two patients were already on
warfarin treatment because of their comorbid diseases.
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Table 1 (continued)

Nadir Out-

Anti-COVID ICU Nadir Peak
treatment

Tx drugs Hosp

Tx drugs

(initial)

Comorbid
diseases

Thorax

COVID-

severity

PCR Symp-

Age Sex Tx

Case
no

come

Lymph.
count

CRP

SO,

stay

(modif.)

CT find-
ings

toms

time

(%)

(days)

(mo.)

(mg/L)

26

Recov-

1100

84

HCQ+AZT+
FAV

10

CSA+PRED

CSA, MPA,
PRED

Severe Bilateral HT, IHD,

Cough,

62 97

20

ery

BPH

wide-

dyspnea

spread
GGO
and

con-

solida-
tions

PCR polymerase-chain reaction, GGO ground-glass opacities, HT hypertension, /HD ischemic heart disease, HBV hepatitis B, CVA cerebrovascular accident, AS ankylosing spondylitis, CSA
cyclosporin, FMF familial mediterranean fever, DM diabetes mellitus, COPD chronic obstructive pulmonary disease, CT computed tomography, BD Behget’s disease, BPH benign prostate
hyperplasia, TAC tacrolimus, MMF mycophenolate mofetil, MPA mycophenolic acid, PRED prednisolone, HCQ hydroxychloroquine, AZT azithromycin, LPV/RV lopinavir/ritonavir, FAV favip-

iravir, CIP convalescent immuneplasma, /CU intensive care unit, CRP C-reactive protein, Tx ransplantation

Other treatments

A total of six patients (30%) was on angiotensin converting
enzyme inhibitor (ACEI) and angiotensin receptor blocker
(ARB) treatments. Five patients were on ramipril and one
patient was on losartan treatments. Four patients were on
colchicine treatment indicated by their comorbid diseases
such as AA amyloidosis and gout. Colchicine treatment was
continued during the hospitalization period.

Definition of acute kidney injury (AKI)

AKI was defined by the following criteria determined by
KDIGO guidelines: increase in serum creatinine > 0.3 mg/
dL or increase in serum creatinine more than 1.5 times from
the baseline creatinine levels [5].

Isolation of white blood cells
and immunophenotyping

Peripheral blood white blood cells (WBC) of all partici-
pants were isolated from their hemogram tubes with EDTA
taken for their routine tests by using erythrocyte lysing solu-
tion (155 mM NH4CI; 10 mM KHCO3; 0,1 mM EDTA;
pH:7.3). The following fluorochrome labeled monoclonal
antibodies (mAb) and isotype-matched controls were used
for two—three color phenotypic analysis: anti-IgG1, anti-
IgG2a, anti-CD45, anti-CD3; anti-CD4; anti-CD8; anti-
CD16; anti-CD56; anti-CD19; anti-HLA-DR; anti-CD69,
(Becton&Dickinson Corp, San Jose, CA, USA). Cells were
acquired and analyzed using CellQuest software on a FACS
scan flow cytometer (Becton Dickinson Inc, San Jose, CA,
USA). Lymphocytes were gated according to their forward
and side scatter characteristics and their specific CD mark-
ers. Markers were evaluated as percentages. In 13 of 20
patients, peripheral lymphocyte subset analysis was repeated
1 week later. A total of 10 KTR without COVID-19 was
used as control group.

Statistical analysis

Continuous variables were presented as mean + SD or
median-IQR. Mann—Whitney U test was used to compare
non-parametric data. Normality of distribution was tested
by Shapiro—Wilk test. Normally distributed parameters were
compared using Student’s ¢ test. y* test was used for categori-
cal variables. Paired samples T test and Wilcoxon-signed
ranks tests were used to compare repeated parameters. Sta-
tistical significance was defined as p <0.05. Statistical analy-
ses were performed by SPSS (ver 16.0).

The study was approved by Marmara University Ethics
Committee (No: 08.05.2020/09.2020.541). Informed con-
sent was obtained from all participants before the study.

@ Springer
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Table 2 Comparison of mild and severe COVID

Overall Mean +SD/ Mild-moderate COVID Severe COVID Mean+SD/ p value (mild—
median IQR (25-75%)  Mean + SD/median IQR median IQR (25-75%) moderate vs
(25-75%) severe)

Age (years) 50+9 49+11 52+7 0.51
Tx vintage (months) 75 (30-112) 87 (23-124) 65 (29-112) 0.73
Hospital stay (days) 10 (5-13) 5(4-11) 12 (10-18) 0.009
Donor source (living/deceased) 20/0 10/0 10/0 1
Creatinine (mg/dL) 1.33+0.54 1.23+0.54 1.43+0.56 0.20
Peak creatinine (mg/dL) 1.63+0.97 1.39+0.72 1.86+1.16 0.31
Urea (mg/dL) 42 (28-58) 33 (26-54) 48 (37-84) 0.14
Uric acid (mg/dL) 6.37+2.21 5.85+2.53 6.77+1.97 0.42
Albumin (g/dL) 3.89+0.65 4.27+0.42 3.55+0.64 0.017
ALT (U/L) 22 (13-30) 26 (18-37) 17 (11-26) 0.13
LDH (U/L) 294+96 257 (231-319) 265 (211-398) 0.90
Ferritin (ug/L) 326 (137-783) 242 (112-398) 631 (172-960) 0.10
Peak ferritin (ug/L) 419 (192-1337) 283 (125-671) 719 (333-1612) 0.14
CRP (mg/L) 45 (16.25-78.25) 19.5 (5.67-39.5) 77.50 (56.5-142.5) 0.0001
Peak CRP (mg/L) 76.50 (26.12-161.25) 35.5(11.3-56) 148.5 (113.5-184.5) 0.004
Procalcitonin (ng/mL) 0.08 (0.03-0.02) 0.10 (0.04-0.37) 0.06 (0.03-0.18) 0.43
Peak procalcitonin (ng/mL) 0.11 (0.06-0.21) 0.16 (0.08-0.46) 0.10 (0.05-0.19) 0.36
D-dimer (ng/mL) 524 (445-736) 504 (394-565) 668 (424-1764) 0.08
Peak D-dimer (ng/mL) 716 (513-1083) 519 (506-666) 1052 (818-2288) 0.003
Fibrinogen (mg/dL) 419+93 368 +70 469+87 0.016
Peak fibrinogen (mg/dL) 451+112 379+72 524 +99 0.003
Leukocyte (/uL) 5640 (3835-6822) 5890 (3925-6460) 5390 (3192-7312) 091
Nadir leukocyte (/uL) 4020 (2450-4965) 4410 (2822-5107) 3365 (2007-5405) 0.52
Lymphocyte (/uL) 690 (494-1425) 1110 (727-1735) 520 (475-665) 0.015
Nadir lymphocyte (/uL) 520 (350-1087) 1025 (497-1227) 421 (285-537) 0.019
Hemoglobin (g/dL) 12.27+1.80 13.31+1.30 11.24+1.68 0.007
Nadir hemoglobin (g/dL) 10.97+1.94 12.25+1.28 9.70+1.65 0.001
Platelets (x 1000/uL) 187+53 176 +59 198 +46 0.37
Mean blood tacrolimus (ng/mL) 8.45 (5.90-10.25) 6.10 (5.15-13.3) 9.50 (8-10.9) 0.16

Tx transplantation, ALT Alanine Aminotransferase, LDH lactate dehydrogenase, CRP C-reactive protein, SD standard deviation, /QR interquar-

tile range

Results

Baseline demographic and clinical parameters were pre-
sented in Table 1. Accordingly, mean O, saturation at room
air was 92 + 3% at admission to hospital and 97 +2% at
discharge from the hospital. Mean nadir O, saturation dur-
ing follow-up was 89 + 8%. During follow-up of patients,
none of the patients died. Only two patients were admitted
to ICU and one of these patients was intubated who had a
previous history of COPD. Comparison of mild—-moderate
and severe COVID-19 patients was presented in Table 2.
Accordingly, age and transplantation vintage were not dif-
ferent between the groups. Hospitalization duration was
found to be significantly higher in severe COVID-19 group
as expected. Serum albumin, hemoglobin and lymphocyte
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levels were significantly lower in severe COVID-19 group
compared to mild group. Serum CRP, fibrinogen and
peak D-dimer levels were significantly higher in severe
COVID-19 group. Furthermore, peak serum CRP levels
were significantly inversely associated with nadir SO, lev-
els (r=—0.68, p=0.001) (Fig. 1). Also serum CRP level
at admission was significantly associated with the initial
S0, (r=—0.50, p=0.022).

Male patients were significantly younger than female
patients (48 +8 vs. 58 +7 years, p=0.019). Disease severity
was observed to be similar in gender groups (severe COVID-
19 frequency 53% in males, 40% in females, p =0.60).

A total of four patients were on colchicium for the
treatmentof AA amylodiosis and gout. Baseline and
maximum serum CRP levels were not different between
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patients with and without colchicum treatment [56
(9-143) vs. 45 (16-75), p=0.73 and 84 (13-154) vs. 76
(26-173), p=10.66, respectively]. Oxygen saturations
were similar between the groups. Two out of four patients
on colchicum treatment had severe COVID-19 (50%)
compared to 8/16 patients in non-colchicum group (50%).

Although blood tacrolimus trough levels were closely
followed up and reduction or temporary cessation of tac-
rolimus treatments were performed, blood tacrolimus lev-
els were significantly higher in patients on LPV/rv treat-
ment [9.6 (8.22-21.31) vs. 6.1 (4.85-8.42), p=0.008].

Patients with ACEI/ARB treatment were less likely to
have severe COVID-19 (1/6, 16%) compared to patients
without ACEI/ARB treatment (9/14, 64%) (likelihood
ratio =0.04). Time on transplantation (115 (99-136) vs.
54 (11-84) months, p =0.009) and lymphocyte counts
at admission (1515 (1140-1787) vs. 525 (475-755)/
pL, p=0.001) and nadir lymphocyte counts (1170
(1087-1487 vs. 461 (285-537)/uL, p=0.0001) were
found to be significantly higher in ACEI/ARB groups.
Furthermore CRP at admission [19.5 (4.72-32.37) vs.
67.5 (35.25-105) mg/L, p=0.012] and peak CRP lev-
els [26.25 (10.42-47.47) vs. 144 (64.5-184.5) mg/L,
p=0.012] were significantly lower in patients on ACEIl/
ARB treatment.

AKI developed in five patients (25%) during the
course of hospitalization. Peak serum CRP [71 (19-168)
vs. 82 (26-165) mg/L, p=0.86] and nadir lymphocyte
counts [500 (381-885) vs. 520 (350-1170) /uL, p=0.73]
were not different between the patients with and without
AKI. Median blood tacrolimus levels were also not dif-
ferent between these two groups [8.45 (2.7-8.7) vs. 8.5
(5.95-12.3) ng/mL, p=0.37]. AKI was observed in three
of 10 patients with severe COVID-19 (30%), meanwhile
AKI developed in two of ten patients with mild COVID-
19 (20%). AKI seemed not to be related to severity of
COVID-19. ACEI/ARB use was also not associated with
AKI; AKI occurred in only one patient using ACEI/
ARB (16%), and in four patients not using these drugs
(28%) (Chi-squared p value: 0.57). Serum creatinine lev-
els returned to basal values in all these patients at the
end of the follow-up period (1.66+0.65 vs. 1.64 +0.57,
p=0.91). Since all patients recovered in terms of kidney
function, kidney biopsy was not performed to determine
the cause of AKI.

New-onset proteinuria occurred in seven patients (35%)
during the course of the disease. Five of the patients
(71%) with new-onset proteinuria had severe COVID-
19, however, no significant relationship could be found
between new-onset proteinuria and severity of COVID-19
(Chi-squared p value=0.13). No association was present
between patients with AKI and new-onset proteinuria;
only one patient with AKI has new-onset proteinuria and

Table 3 Comparison of lymphocyte subsets between severe and
mild—-moderate COVID-19 groups (NK cells: natural killer cells)

Mild-moder- Severe COVID-19 p value
ate COVID-
19
Leukocyte (/uL) 4621+1515  4402+2794 0.42
Lymphocyte (%) 26.22+12.86 11.85+5.15 0.01
Monocyte (%) 9.83+3.46 7.77+4.34 0.26
Neutrophil (%) 63.11+14.56 78.85+9.04 0.03
Neutrophil/lymphocyte ~ 4.2+5 8.4+5 0.01
ratio
CD19+cells (%) 5.88+4.83 12.68+8.70 0.10
CD3 +cells (%) 70.77+13.97 49.80+15.33 0.02
CD3+HLADR+cells 15.03+10.56 17.91+17.84 0.95
(%)
CD4 +cells (%) 40.68+15.45 25.71+11.74 0.05
CD8 +cells (%) 26.6+6.75 20.35+9.73 0.28
CD4 +/CD8 +ratio 1.7+0.6 1.8+1.7 0.70
CD4+CD69 +cells (%) 4.5+6.4 11.8+6.3 0.06
CD8+CD69 +cells (%) 12.8+8.9 31+9 0.01
NK cells (CD1656) (%) 15.51+7.91 28.31+12.36 0.03
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Fig.1 Peak serum CRP levels were significantly inversely associated
with nadir SO, levels (r= —0.68, p=0.001)

only one patient with new-onset proteinuria had AKI dur-
ing the follow-up. In five of the seven patients (71%),
proteinuria disappeared after the recovery.
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Immunophenotyping and lymphocyte subsets

Comparison of lymphocyte subsets between severe and
mild—moderate COVID-19 groups was presented in Table 3.
Accordingly, in severe COVID-19 group, lymphocyte ratio
was found to be lower and granulocyte ratio was higher com-
pared to mild—moderate COVID-19 group. Neutrophil/lym-
phocyte ratio was also higher in KTR with severe COVID-19
pneumonia compared to mild—moderate group (p=0.01).
CD3 + cell percentage was significantly lower. NK cell
percentage (CD16+ 56 +) was found to be higher in severe
COVID-19 group (Fig. 2). CD4 + cell percentages were
lower in severe COVID-19 group compared to mild—mod-
erated COVID-19 group. Although CD8 + cell percentages
were similar between the groups, percentage of spontane-
ously activated CDS cells (CD8 + CD69 +) was significantly
higher in severe COVID-19 group (Fig. 3a). Spontaneously
activated CD4 cell percentage (CD4 + CD69 +) tended to be
higher in severe group (p =0.06) (Fig. 3b).

We also examined the change of lymphocyte subsets at
baseline and 1 week after the admission (Table 4). Accord-
ingly, CD4 4+ CD69 + and CD8 + CD69 + cell percentages
were observed to significantly decrease during the COVID-
19 course. NK cell percentage (CD16+ 56 +) had tendency
to decrease (from 20.67 +12.21 to 12.32 +5.49%, p=0.08).

Comparison of immunophenotyping parameters between
KTR with and without COVID-19 pneumonia was presented
in Table 5. CD8 + cell percentage was significantly lower but
NK cell percentage was significantly higher in KTR patients
with COVID-19. CD3 +cell percentage tended to be lower
in KTR patients with COVID-19.

Discussion
In this study, we present the clinical course of 20 KTR with

COVID-19 pneumonia and examined the immunological
factors predicting the severity of COVID-19. In contrary to

NK (CD16+CD56+)
50 %
45
40
35
30
X

25
20
15 X
10

s L

9 mild-moderate severe

Fig.2 NK cell percentage (CD16+56+) was higher in severe
COVID-19 group compared to mild—-moderate group
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Fig.3 a Percentage of spontaneously activated CD8 cells
(CD8+CD69 +) was significantly higher in severe COVID-19 group
compared to mild—-moderate group. b Percentage of spontaneously
activated CD4 cells (CD4+CD69 +) tended to be higher in severe
group (p=0.06)

several reports from US, Italy and Spain for KTR, outcome
of our patients was relatively good with no loss of patients.
In China, in general population, overall case fatality rate was
reported to be around 1.4-2%. However, it may be lower as
less than 1% in the absence of comorbidities [6, 7]. The pres-
ence of comorbidities such as hypertension, diabetes, coro-
nary heart disease was associated with a higher risk of death
[8]. Immunosuppression due to transplantation was a feared
condition which was thought to cause very high rates of mor-
tality which was extrapolated from the clinical experiences

Table 4 Course of lymphocte subsets at baseline and 1 week after the
admission (NK cells natural killer cells)

At admission 1 week after  p value
CD19 +cells (%) 8.85+7.41 11.53+9.73 0.394
CD3 +cells (%) 61.72+17.88 69.71+14.94 0.261
CD3+HLADR +cells (%) 16.87+13.25 17.45+11.48 0.792
CD4 +cells (%) 33.95+15.25 39.52+18.24 0.349
CD8+cells (%) 24.18+8.72  28.96+10.19 0.298
CD4 +/CDS8 +ratio 1.69+1.20 1.62+1.30 0.618
CD4+ CD69 +cells (%) 8.14+7.15 2.73+£3.75 0.044
CD8+ CD69 +cells (%) 20.69+12.53 825+6.95 0.018
NK cells (CD1656) (%) 20.67+12.21 12.32+5.49  0.080
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Table 5 Comparison of
immunophenotyping parameters

between KTR with and without
COVID-19 pneumonia (NK
cells: natural killer cells)

KTR with COVID-19 KTR without COVID-19 p value
CD19 +cells (%) 8.85+7.41 6.38+2.28 0.772
CD3+cells (%) 61.72+17.88 73.6+8.95 0.097
CD4 +cells (%) 33.95+15.25 39.45+12.99 0.342
CDS8 +cells (%) 24.18+8.72 32.1+£9.09 0.039
CD4 +/CD8 +ratio 1.69+1.20 1.41+0.81 0.598
NK cells (CD16+56+) (%) 20.67+12.21 9.05+4.25 0.009

from other known viral infections in this patient population.
In a study from Spain, in solid organ transplantation, case
fatality rate of COVID-19 was 27% [9]. In a case-series from
US, which included 15 KRT patients with COVID-19, four
patients (27%) needed intubation and mechanical ventilation
and two patients died due to ARDS [10]. In another study
from US, 36 KTR with COVID-19 was included. A total
of 11 patients (39%) needed mechanical ventilation and 10
patients died (28%) [11]. In a case series form Italy which
included 20 KTR with COVID-19, five patients died (25%)
[12]. In these previous case series of KTR with COVID-19,
patients were significantly older than our patients. For exam-
ple, median age of case series from Spain was 71 + 12 years
[9]. Furthermore, deceased patients in these studies were
even more older; mean ages of deceased patients were
7445, 74+ 4 and 64 + 6 years, respectively [9, 10, 12]. In
our study, mean age of our patients was 50 + 9 and our oldest
patient was 64 years of age. We thought that main reason of
the difference of outcomes between the studies might be the
younger age of our patients. Other possible explanations of
why our patients had more favorable outcomes compared
to literature might be genetic differences in immune system
and different vaccination policies in countries such as BCG
vaccination which might decrease the COVID-19-associated
morbidity and mortality by the way of trained immunity [13,
14].

Lymphopenia and neutrophilia are common manifesta-
tions of COVID-19 which was observed in up to 63% of
patients in general population [15]. They have been found
to be associated with the severity of COVID-19 pneumonia
[16]. Neutrophil-lymphocyte ratio (NLR) may be a better
combined indicator of the disease severity. In a study by Liu
et al., patients with NLR >3.13 were found to be associated
with severe illness and the need for ICU admission [17].
In consistent with the literature, in the present study, lym-
phocyte count was lower and granulocyte count was higher
in severe COVID-19 group compared to mild—moderate
COVID-19 group. Thus NLR was also significantly higher in
severe COVID-19 pneumonia in parallel to previous reports.

Universal response to viral infections includes the
activation of both innate (NK cells) and adaptive immu-
nity (CD4 +and CD8+T cells) [18]. Thus immune pro-
file seems to be directly associated with the outcome of

patients with COVID-19. We examined and compared the
immunophenotyping profiles of KTR with mild-moderate
and severe COVID-19 pneumonia. Furthermore, we also
investigated the differences of lymphocyte subsets in KTR
with and without COVID-19 pneumonia. In the context of
COVID-19 disease, T cell profile was investigated in a few
studies. In most of the studies performed in patients with
COVID-19 in non-transplant population, a marked reduc-
tion of CD4 + cells and CD8 + cells was observed [19, 20].
In a study by Li et al. [21], deceased COVID-19 patients
had lower CD3 +, CD4 +, and CD8 + T cells. In another
study, CD3 +and CD4 + T cell percentages were found to
be significantly lower in severe COVID-19 patients com-
pared to mild patients [22]. Studies that examined T cell
subsets in transplant patients are even more scarce. In a case
report, immunophenotyping was performed in two transplant
patients (a KTR and bone marrow transplant recipient) and
it showed low counts of T cells [23]. In a case series from
US, 79% of patients had lymphopenia, 68% had low CD3
cell counts, 71% had low CD4 cell counts, and 29% had
low CD8 cell counts [11]. In consistent with these results
in the literature, CD8 + cell percentage was significantly
lower in KTR with COVID-19 pneumonia compared to KTR
without COVID-19 in our study. Furthermore, CD3 + and
CD8 cell percentage were found to be significantly lower
in severe COVID-19 group as compared to mild/moderate
disease. CD4 + cell percentage tended to be lower in severe
COVID-19 group. One of the most important proposed
mechanism responsible for reduction of T lymphocytes is
initial hyperfunctioning of lymphocytes with subsequent
exhaustion and senescence of these cells [24]. Although T
cells are decreased, their expression of activation markers
such as CD69, CD38, CD44, and HLA-DR are reported to
be increased [25]. Furthermore, degree of activation may be
an indicator of severity of the COVID-19. In a study, activa-
tion markers such as HLA-DR and CD45RO on CD4 +and
CD8+T cells were found to be higher in severe patients
compared with mild patients [22]. Importantly, in our study,
we studied the activation marker, CD69 on T cells. Spon-
taneously activated CDS8 cells namely CDS8 + CD69 + cell
percentage were significantly higher in severe COVID-19
group. Also, spontaneously activated CD4 cell percent-
age (CD4 + CD69 +) tended to be higher in severe group
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(p=0.06). Furthermore, activation of CD4 + and CD8 + cells
(CD4 +CD69 + and CD8 + CD69 +) was decreased within
1 week in course of COVID-19. These findings may sup-
port the hypothesis of activation induced T cell apoptosis
and exhaustion. HLA-DR expression is known to be another
activation marker of T cells. In a study, there was no signifi-
cant difference in activated total T cells (CD3 + HLADR +)
and activated cytotoxic T cells (CD3 +CD8+HLA —DR+)
in mild and severe COVID-19 patients [26]. Similar to this
study, we also found no difference in terms of CD3 + HLA-
DR + between mild—-moderate and severe group. Further-
more, CD3 +HLA-DR + cell percentage did not change
during the course of disease.

NK cells are the most important cells of the immune sys-
tem during acute viral infections [27]. However there are
controversial findings in literature about the NK-cell lev-
els during the course of COVID-19. In several studies, NK
cells were reported to be reduced in COVID-19 patients,
and furthermore, low NK cell counts were associated with
the severity of the disease [28-30]. Similarly, in a study that
made a single-cell atlas of the peripheral immune response
in non-transplant patients with severe COVID-19, NK cells
were found to be depleted [31]. However in analysis of
BALF transcriptome, NK cells were found to be increased
in COVID-19 patients, compared to healthy controls [32].
Similarly, in another study, NK cell percentages increased
in severe COVID-19 patients [22]. In consistent with these
results, NK cell percentages (CD16+ 56 +) were found to be
higher in severe COVID-19 group compared to mild—mod-
erate group in our study. When we compare KTR with or
without COVID-19, we observed that NK cell percentage
was increased in KTR patients with COVID-19 pneumonia.
Increased NK-cells in KTR patients with COVID-19 may
suggest that a similar pattern of NK-cell response to viral
infections in general population is valid for also KTR with
COVID-19.

Exaggerated inflammatory response and cytokine storm
seem to be the most important factors in severe COVID-19
patients leading to high mortality rates. In our study, serum
CRP levels were found to be directly associated with the
severity of COVID-19. Peak serum CRP levels were also
significantly inversely associated with the nadir SO, levels
suggesting a direct role of inflammation in the pathophysiol-
ogy of respiratory failure.

Optimal modification of maintenance immunosuppres-
sive treatments of KTR during the course of COVID-19 is
not well-known and there is no consensus on this topic. In
everyday clinical practice, during the treatment of severe
opportunistic infections, a reduction or discontinuation of
immunosuppressive treatment is a common strategy which
is frequently associated with faster recovery [33, 34]. In our
clinics, antimetabolites (MMF/MPA) were withdrawn from
all KTR, prednisolone dose was doubled and CNI doses
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were reduced. However, these modifications vary between
the clinics. Similar modifications in parallel to our adjust-
ments have been described in the literature [10]. In some
guidelines, total withdrawal of CNIs was recommended in
severe COVID-19 patients [35]. However, an analysis of pro-
tein—protein interactions between SARS-CoV and human
proteins showed that cyclophilin molecules and FK506-
binding proteins interacted with SARS-CoV proteins [36].
Furthermore, in in-vitro studies, tacrolimus was demon-
strated to decrease SARS-CoV replication which suggested
that CNIs might have inhibitory effects on SARS-CoV-2
replication [37]. Therefore, continuing CNIs might be use-
ful in KTR with COVID-19 infection. Increased inflamma-
tion is known to be associated with COVID-19 associated
mortality. Abrupt and major decline in immunosuppres-
sive treatments may result in exacerbation of inflammatory
responses and poor clinical outcomes [38]. Another concern
in reduction of immunosuppressive treatment is the risk of
acute rejection. Impaired graft function is a comorbidity
which can lead to poor outcomes in KTR with COVID-19.
For that reason, we recommend continuing CNI treatment
in reduced doses in KTR with mild/moderate COVID-19 in
early stages.

AKI is an important complication of COVID-19 infec-
tions which causes increased mortality rates. In general
population, AKI was reported to occur with a frequency of
0.5% to 15% during the course of COVID-19. In critically
ill patients with COVID-19, rate of AKI increased up to
29% [6, 39]. In a case series from UK, AKI was reported
to occur at a rate of 57% in KTR with COVID-19 [40]. In
another case series from US, AKI frequency was reported
to be 40% during the course of COVID-19 [10]. Etiology of
AKI may be various including direct viral effects on kidneys
as well as CNI overdose, sepsis, increased inflammation,
cytokine storm, hypotension and acute rejection [10, 41]. In
our study, AKI developed in five patients (25%) during the
course of hospitalization, however, all patients recovered to
baseline renal functions at the end of the follow-up period.
Furthermore, AKI was not found to be related to the severity
of COVID-19. ACEI/ARB use and blood tacrolimus levels
were not associated with AKI.

Innate immunity is the first line of defense against viral
infections. A component of SARS-CoV, namely Viroporin
E is known to activate the NLRP3 inflammasome [42]. Col-
chicine blocks NLRP3 inflammasome assembly leading to
decreased cytokine secretion including IL-1b and IL-6 [43].
In a clinical observation from Italy, colchicine was started
to a KTR with severe COVID-19. During follow-up, plasma
IL-6 levels decreased and respiratory parameters improved.
In another KTR patient, colchicine decreased plasma IL-6
levels promptly. We continued colchicine treatment in four
patients during the hospitalization period. There was no
difference in inflammation parameters (serum CRP) and
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oxygen saturations in patients receiving colchicum com-
pared to patients who were not on colchicum. Further stud-
ies investigating the effectivity of colchicine in COVID-19
are needed.

Relatively small sample size may be regarded as a limita-
tion of this study.

In this pilot study, we presented clinical features and
lymphocyte profiles of 20 KTR with COVID-19 pneu-
monia. Increased CRP, neutrophil/lymphocyte ratio,
p-dimer and fibrinogen levels were associated with severe
COVID-19 pneumonia. Furthermore, increased percent-
age of NK cell and spontaneously activated CD8 + cell
(CD8 + CD69 +) and decreased percentage of CD3 + and
CD4 + cells predicted the severity of the disease. Periph-
eral immunophenotyping of lymphocyte subtypes may
provide prognostic information about the clinical course
of COVID-19 in KTR.
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