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Abstract

When patients with chronic kidney disease are infected with severe acute re-

spiratory syndrome coronavirus 2 (SARS‐CoV‐2) they can face two specific pro-

blems: virus‐specific immune responses may be impaired and remdesivir, an antiviral

drug described to shorten recovery, is contraindicated. Antiviral treatment with

convalescent plasma (CP) could be an alternative treatment option. In this case

report, we present two kidney transplant recipients and two hemodialysis patients

who were infected with SARS‐CoV‐2 and received CP. Antibodies against the

receptor‐binding domain in the S1 subunit of the SARS‐CoV‐2 spike protein were

determined sequentially by immunoglobulin G (IgG) enzyme‐linked immunosorbent

assay (ELISA) and neutralization assay and specific cellular responses by interferon‐
gamma ELISpot. Before treatment, in both kidney transplant recipients and one

hemodialysis patient antibodies were undetectable by ELISA (ratio < 1.1), corre-

sponding to low neutralizing antibody titers (≤1:40). ELISpot responses in the four

patients were either weak or absent. After CP treatment, we observed an increase

of SARS‐CoV‐2‐specific antibodies (IgG ratio and neutralization titer) and of specific

cellular responses. After intermittent clinical improvement, one kidney transplant

recipient again developed typical symptoms on Day 12 after treatment and received

a second cycle of CP treatment. Altogether, three patients clinically improved and

could be discharged from the hospital. However, one 83‐year‐old multimorbid pa-

tient deceased. Our data suggest that the success of CP therapy may only be

temporary in patients with chronic kidney disease; which requires close monitoring

of viral load and antiviral immunity and possibly an adaptation of the treatment

regimen.
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1 | INTRODUCTION

In patients with chronic kidney disease and infected with severe

acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) treatment

can be complicated because their immune function is suppressed

due to medication to prevent allograft rejection and/or the

underlying kidney disease. Thereby, the formation of specific anti-

bodies and of T‐cell immunity is impaired; which can result in a

prolonged persistence of SARS‐CoV‐2 (for up to 2 months1).

Furthermore, remdesivir, an antiviral nucleoside analog that shor-

tened the time to recovery in adults hospitalized with coronavirus

2019 (COVID‐19) disease,2 is contraindicated in this special cohort.

Antiviral treatment with convalescent plasma (CP) could be an

alternative treatment option. Data on patients with chronic kidney

disease infected with SARS‐CoV‐2 and receiving CP treatment are

still limited. We are aware of only 14 described kidney transplant

recipients who received CP.3–7 Whereas clinical improvement after

CP has been shown for all six kidney transplant recipients included

in three studies,3–5 in the fourth study6 a mortality rate for

solid organ recipients (including six with kidney allograft) in the

range of recipients without CP treatment8–10 was reported (23%6

vs. 24%–32%,8–10 respectively). In the fifth study describing

HIV‐infected kidney transplant recipients7 one of the two patients

died after having received CP treatment. However, the previous

reports did not present data on the course of SARS‐CoV‐2‐specific
antibodies or cellular responses in the patients.

It was the aim of the current study to follow‐up up virus‐
specific humoral and cellular immunity in patients with chronic

kidney disease who were infected with SARS‐CoV‐2 and received

CP therapy. We functionally analyzed the antibodies (by neu-

tralization assay) and measured specific cellular responses by the

highly sensitive ELISpot method, using various protein antigens

of SARS‐CoV‐2 as specific stimuli. Finally, in one transplant

recipient who again developed typical COVID‐19 symptoms after

initial clinical improvement, we had the chance to modify

the treatment regimen and to apply the second cycle of CP

therapy.

2 | MATERIALS AND METHODS

2.1 | Patients and blood donors

The current case report includes two renal transplant recipients

and two hemodialysis patients (Table 1) and their respective CP

donors. Within the study period (July 27 to September 9, 2020),

all SARS‐CoV‐2 infected renal transplant and hemodialysis

patients with an estimated glomerular filtration rate (eGFR)

< 30 ml/min/1.73 m2 were included. The four patients included in

the current study had chronic kidney disease according to the

eGFR of 7–29 ml/min/1.73 m2. Both transplant recipients re-

ceived tacrolimus, mycophenolate mofetil, and prednisone, both

hemodialysis patients dexamethasone. The kidney transplant re-

cipients were treated with prednisone to prevent organ rejection

(which was not changed due to COVID‐19 infection), whereas the

dialysis‐requiring patients were specifically treated with dex-

amethasone for 5 days to prevent an exaggerated immune re-

sponse during COVID‐19 infection. Treatment with CP started

when patients with chronic kidney disease without detectable

immunoglobulin G (IgG) antibodies against SARS‐CoV‐2 showed

increasing oxygen demand/clinical deterioration (RTX01, RTX02,

and HD01) or when oxygen supply via nasal cannula was no

longer sufficient in a patient with chronic kidney disease with

detectable antibodies (HD02). One patient suffered from mod-

erate (RTX02) and three from severe COVID‐19 disease.11 More

detailed information on the patients and the therapy used can be

found in Table 1. One cycle of CP consisted of three units, se-

parated with the Amicus™ (Fresenius Kabi), each containing

200–280 ml, which was applied at Days 1, 3, and 5. The study was

approved by the local ethics committee (20‐9256‐BO for the

patients and 20‐9225‐BO for the donors) and the study partici-

pants provided written informed consent. The procedures were in

accordance with the institutional and national ethical standards

as well as with the Helsinki Declaration of 1975, as revised in

2013. Four donors were selected based on their SARS‐CoV‐2 IgG

ratio after polymerase chain reaction (PCR)‐confirmed SARS‐
CoV‐2 infection and additional parameters like blood group and

weight (Table 2). Details on the donor selection criteria have been

described recently.12

2.2 | Antibody enzyme‐linked immunosorbent
assay

To assess SARS‐CoV‐2‐specific humoral immunity, IgG antibodies

in donor and patient sera were determined by a CE marked

anti‐SARS‐CoV‐2 IgG semi‐quantitative enzyme‐linked immunosorbent

assay (ELISA; Euroimmun), according to the manufacturer's instructions.

The ELISA plates were coated with recombinant SARS‐CoV‐2 spike

(S) 1 protein (receptor binding domain). Serum samples were analyzed

automatically at a 1:100 dilution, using the Immunomat™ (Virion\

Serion). Results are given as a ratio (patient sample/control sample). An

antibody ratio of ≥1.1 was considered positive, of ≥0.8 to <1.1 bor-

derlines and of <0.8 negative.
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2.3 | Virus neutralization assay

The function of specific antibodies was measured by a cell‐culture
based neutralization assay, using Vero E6 cells (ATCC®

CRL‐1586™) and a clinical isolate of SARS‐CoV‐2 in a biosafety

level 3 laboratory.12,13 Neutralization capacity was determined by

endpoint dilution assay, expressed as 50% tissue culture infective

dose (TCID50)/ml. Serial dilutions (1:20 to 1:1280) of the respective

sera were preincubated with 100 TCID50 of SARS‐CoV‐2 for 1 h at

37°C and added afterward to confluent Vero E6 cells cultured in

96‐well microtiter plates. On Day 3 after infection, the cells were

stained with crystal violet (Roth) solved in 20% methanol (Merck)

and the appearance of cytopathic effects (CPE) was analyzed by

light microscopy. The neutralizing titer was defined as the re-

ciprocal of the highest serum dilution at which no CPE break-

through in any of the triplicate cultures was observed.

2.4 | ELISpot assay

To assess SARS‐CoV‐2‐specific cellular immunity, we performed

ELISpot assays, using peptide pools of the S1/S2 protein, the S1

protein, and the membrane (M) protein (PepTivator®, Miltenyi

Biotec) and an S1 protein antigen of SARS‐CoV‐2 (Sino Biological).

The peptide pools consist mainly of 15‐mer sequences with 11 amino

acids overlap. We tested 250,000 peripheral blood mononuclear cells

per cell culture and measured interferon‐gamma (IFN‐γ) production
after 19 h, as published recently in detail.12 Spot numbers were

analyzed by an ELISpot reader (AID Fluorospot; Autoimmun Diag-

nostika GmbH). Mean values of duplicate cell cultures were con-

sidered. SARS‐CoV‐2‐specific spots were determined as stimulated

minus nonstimulated (background) values (spots increment). We

defined threefold higher SARS‐CoV‐2‐specific spots versus back-

ground together with at least three spots above background as a

positive response. This cut‐off was set based on negative control

values as specified previously.12

3 | RESULTS

In both kidney recipients and one hemodialysis patient with

undetectable SARS‐CoV‐2‐specific IgG (ratio < 1.1) and low neu-

tralizing antibody titers ( ≤ 1:40; RTX01, RTX02, and HD01;

Table 1) we observed an increase of antibody titers (Figure 1A–C).

A 63‐year‐old female who was transplanted twice (RTX01) initially

showed a clinical response to CP therapy, but at Day 12 again

developed typical symptoms of COVID‐19 disease (fever and

shortage of air; Figure 2A,B). Therefore, she received another

cycle of CP therapy (from the same donor). SARS‐CoV‐2 anti-

bodies increased after both CP cycles and SARS‐CoV‐2 viral load

decreased (Ct value to the PCR increased from 17.8 to 25.8 after

the first and to 34.9 after the second CP cycle; Figure 2C). The

patient could be discharged from the hospital on Day 28 after

initiation of CP treatment. Since Day 13 after initiation of CP

therapy oxygen supplementation via nasal cannula could be

completely stopped and at Day 29 viral load became undetectable.

The second kidney transplant recipient (RTX02), a 62‐year‐old
female who received her graft 13 days before the detection of

SARS‐CoV‐2 infection, also showed a decrease of the viral load

(Ct value to the PCR increased from 21.6 to 30.3 after the CP cycle

and to 35.4 on Day 16 after initiation of CP treatment, when the

patient was discharged from the hospital). On Day 39 after CP

therapy, SARS‐CoV‐2 viral load became undetectable in the na-

sopharyngeal swab. The third patient, an 83‐year‐old multimorbid

female (HD01), showed no clinical improvement despite increasing

neutralizing antibody titers and decreasing C‐reactive protein and

deceased due to COVID‐19 pneumonia on Day 4 after initiation of

CP therapy. She had been on hemodialysis for 8 years, suffered

from diabetes mellitus, coronary heart disease, had apoplexy in

2010, and an acute event of fall.

The antibody ratios in these first three patients before the CP

therapy were 0.15, 0.14, and 0.17, and the respective neutralizing

antibody titers 1:20, <1:20, and 1:40. After CP therapy, antibodies in

the patients reached a maximum ratio of 3.07, 2.19, and 3.70, cor-

responding to a neutralizing titer of up to 1:640, 1:160, and 1:640,

respectively. In the donors, the antibody ratios were 5.83, 7.33, and

10.44, and the neutralizing titers 1:1280, 1:320, and 1:160,

respectively.

The fourth patient, a 78‐year‐old female with pre‐existing anti-

bodies (HD02), showed rapid clinical improvement and could be

discharged from the hospital on Day 8 after initiation of CP treat-

ment. Before CP treatment, SARS‐CoV‐2 was detectable by PCR at a

low level (Ct value of 31.1). On Day 14 after CP therapy, viral load

was undetectable. The patient also showed an increase of specific

immunity (ratio 5.96→ 7.01; neutralizing titer 1:640→ 1:1280;

Figure 1D). However, SARS‐CoV‐2‐specific antibodies in the CP

TABLE 2 Characteristics of
convalescent plasma donors

ID Sex Age

Blood

group

Antibody

ratio

Neutralizing antibody

titer HLA antibodies

D‐RTX01 F 55 O 5.83 1:1280 neg

D‐RTX02 M 53 A 7.33 1:320 neg

D‐HD01 M 40 A 10.44 1:160 neg

D‐HD02 F 48 O 3.39 1:320 neg

Abbreviations: D, donor; neg, negative.
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F IGURE 1 (See caption on next page)
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F IGURE 1 Course of specific humoral and cellular immunity in four patients with chronic kidney disease infected with severe acute respiratory
syndrome coronavirus 2 (SARS‐CoV‐2) and receiving convalescent plasma treatment. Antibodies were determined by an S1 specific immunoglobulin
G (IgG) enzyme‐linked immunosorbent assay (Euroimmun) and by cell‐culture based neutralization assay (NT titer). Cellular responses were
analyzed by an interferon‐gamma (IFN‐γ) ELISpot assay, using peptide pools of the S1/S2, S1, and M protein and an S1 protein antigen as specific
stimuli (depicted as S1/S2, S1, M, and S ELI). We here present data on two kidney transplant recipients (RTX01, RTX02) and two patients on
hemodialysis (HD01, HD02) and compared their immune responses with those of the corresponding donors of convalescent plasma (CP; shaded
area). SARS‐CoV‐2‐specific antibody data (IgG ratio and NT titer) are given on the left Y‐axis and ELISpot data on the right one. Horizontal dashed
lines represent the cut‐off values for positive reactions (IgG ratio of 1.1 and NT titer of 1:20). Vertical dotted lines indicate the time points of
convalescent plasma applications (CP1, CP2, and CP3). Related data points are connected. PBMC, peripheral blood mononuclear cells

(A)

(B)

(C)

F IGURE 2 Course of oxygen demand, C‐reactive protein, and severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) viral load in four
patients with chronic kidney disease infected with SARS‐CoV‐2 and receiving convalescent plasma treatment. We here present data on two
kidney transplant recipients (RTX01, RTX02) and two patients on hemodialysis (HD01, HD02) which were tested up to Day 39 after receiving
convalescent plasma (CP). Vertical dotted lines indicate the time points of convalescent plasma applications (CP1, CP2, and CP3). Of note, only RTX01
received two cycles of CP while the remaining three patients received one cycle. A ct value of SARS‐CoV‐2 RNA>40 was considered negative
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donor of the fourth patient were lower than in the patient (ratio:

3.39, neutralizing titer: 1:320).

Cellular immunity could be followed‐up by IFN‐γ ELISpot, using

four different SARS‐CoV‐2‐specific antigens (peptide pools of the

S1/S2, S1, and M protein and an S1 protein antigen). Before CP

treatment, one patient was negative to the ELISpot (HD02) and three

showed weak responses (RTX01, RTX02, and HD01). Three patients

could be followed‐up after CP treatment. In these three patients,

IFN‐γ production to the ELISpot intermittently increased, reaching a

maximum at Days 6–14 after CP therapy.

4 | DISCUSSION

Our data show an increase of specific humoral and cellular immunity

in two kidney transplant recipients and two hemodialysis patients with

SARS‐CoV‐2 infection after treatment with CP. This may represent

the natural course of infection. However, the increase of immune

responses occurred very close in time to the administration of CP;

which suggests that there may be a causal relationship between

treatment with CP and the increase in humoral and cellular immune

responses. CP contains neutralizing antibodies as well as anti‐
inflammatory cytokines and other immunomodulatory proteins. This

combination could improve virus control in immunocompromised

patients.3 CP therapy thus could bridge the phase of acute COVID‐19
disease. However, presumably due to drug‐induced immunosuppres-

sion or impaired kidney function, the immune responses were not as

long‐acting as expected. In one patient with two prior kidney trans-

plantations (RTX01) two cycles of therapy were necessary for suc-

cessful treatment. It can be supposed that the patient herself was

unable to mount an adequate antibody response and that the pas-

sively transferred antibodies partly bound the virus that resides in the

affected organs and in the respective lymphoid tissue.14 Theoretically,

it is possible that CP therapy mitigates the native humoral immune

response and leaves an individual vulnerable to subsequent reinfec-

tion with SARS‐CoV‐2.3,15 This phenomenon appears more likely in

immunosuppressed versus otherwise healthy individuals. Concerning

ELISpot data, we observed a maximum of IFN‐γ responses shortly

after completion of the CP cycle. Of note, cellular immunity is re-

garded as important for recovery from SARS‐CoV‐2 infection16 and

appears as short‐lived in the current cohort. As CP therapy is a form

of passive immunization, an increase in cellular responses is not ex-

pected at first glance. After an initial increase, IFN‐γ production de-

creased again, which could reflect the fact that proinflammatory

immune responses shifted to anti‐inflammatory responses.17 It has

already been shown that there was a reduction in proinflammatory

cytokines like IL‐6 and an increase in anti‐inflammatory cytokines

after CP was administered.18–20 Moreover, chronic kidney disease

suppressed T‐cell function, which could impede long‐term protection

against reinfection.3,21

Three out of four patients with chronic kidney disease showed

clinical improvement; which is in the range of previous reports.3–6

However, due to the low patient number, it was beyond the aim of

our study to answer the question of CP therapy was effective. This

answer can only be given by large randomized clinical studies such as

the Randomized Evaluation of COVID‐19 Therapy (RECOVERY)

trial22; which is currently underway.

In conclusion, our data suggest that despite an increase of

SARS‐CoV‐2‐specific immunity the success of CP therapy may only be

temporary in patients with chronic kidney disease. Thus, short‐term
treatment control (monitoring of viral load and antiviral immunity) ap-

pears mandatory for this patient group. If necessary, the treatment

regimen has to be adapted.
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