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 Background: There are many safety concerns regarding the use of antithymocyte globulin (ATG) in kidney transplant recip-
ients (KTRs) during the ongoing COVID-19 pandemic. Hereby, we present our recent experience with ATG ad-
ministration both as induction therapy and as an anti-rejection treatment.

 Material/Methods: We retrospectively analyzed all patients transplanted during the first 12 months of the COVID-19 pandemic 
who were treated with thymoglobulin. The ATG dosing, lymphocyte number and percentage in blood smear, 
adverse effects (thrombocytopenia and infectious complications), and kidney graft function up to 12 months 
and patients’ outcomes were analyzed and compared to KTRs who received basiliximab induction.

 Results: During pandemic, a total of 31 patients were treated with ATG and 59 received basiliximab. The median cu-
mulative ATG doses were 275 (175-325) mg in the induction subgroup and 263 (200-275) mg in the anti-rejec-
tion treatment subgroup. Mild thrombocytopenia was noted in 7 (22.6%) and 13 (29.5%) patients, respectively. 
There were more infectious complications among patients treated with ATG as compared with the basiliximab 
subgroup (32.3 vs 10.2%, P<0.01), but there were similar incidence rates of thrombocytopenia. Kidney graft 
function up to 12 months after transplant was comparable (1.1 [1.0-1.9] vs 1.1 [1.0-1.4] mg/dl, respectively).

 Conclusions: 1. ATG use in the induction protocol or as the anti-rejection treatment during the COVID-19 pandemic appears 
to be safe and the risk of adverse events is acceptable. 2. During the COVID-19 pandemic the necessary use of 
ATG should not be postponed, especially in KTRs with increased immunologic risk.
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Background

The ongoing pandemic of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) profoundly changed daily practice 
in kidney transplantation. During the spring and autumn out-
breaks of this novel infection, both the donor reporting rate 
and the number of performed kidney transplantations were 
markedly reduced worldwide [1-3]. This was mainly the result 
of compromised hospital resources, especially in intensive care 
units, and serious doubts concerning the safety of potential 
organ recipients [4]. Advanced chronic kidney disease itself, 
as well as high co-morbidity (including hypertension, diabe-
tes and obesity), put this population at very high risk of com-
plications in case of accidental COVID-19 infection during or 
after the kidney transplantation procedure [5-7].

As any immunosuppressed patient seemed to be at greater 
risk of potentially deleterious viral infection, even more con-
cerns arose about the safety of new kidney transplant patients, 
taking into account the need for relatively intensified immu-
nosuppression within the first few months after transplanta-
tion. The major issue is induction therapy, with the growing 
need for antithymocyte globulin (ATG) use, especially in kidney 
transplant candidates with increased immunological risk [8]. 
These concerns were mirrored by a substantial drop in the use 
of lymphocyte-depleting induction agents during first “pan-
demic” months, which was noted in the USA [9] and also in 
Poland (unpublished data). On the other hand, avoiding ATG 
could lead to increased incidence of rejection episodes, while 
the full anti-rejection protocol accumulates a much larger dose 
of immunosuppression [10]. Another consequence is the pos-
sible transplantation delay in case of high-immunologic risk 
patients, as recent evidence clearly suggested the advance of 
ATG over basiliximab induction in this population [11,12]. Until 
now, except for few case reports [13,14], there is no publication 
reporting the safety of routine ATG use during the COVID-19 
pandemic. Thus, in our present single-center study, we report 
the details of restored ATG use in the center and the short-
term outcomes of patients who were transplanted during the 
first 12 months of the COVID-19 era.

Material and Methods

This single-center analysis included all consecutive kidney re-
cipients transplanted during the COVID-19 pandemic who re-
ceived antithymocyte globulin (ATG, Thymoglobulin, Sanofi) as 
an induction therapy or anti-rejection treatment in the ear-
ly post-transplant period from February 24, 2020 to February 
23, 2021. The control group consisted of kidney recipients 
transplanted during the same period who received basilix-
imab induction. The study was performed in accordance with 
the Declaration of Helsinki. The Bioethics Committee of the 

Medical University of Silesia granted permission to keep the 
prospective transplant database and also to perform this analy-
sis based on anonymized data (No PCN/CBN/0022/KB/142/21). 
Informed consent was not necessary, as the data analysis does 
not meet the criteria of a medical experiment.

The overall prevalence of COVID-19 infection in the whole coun-
try and in the local Silesia region was similar (49 960 and 53 
690 cases per million, respectively), with 1245 and 1205 deaths 
per million, respectively, as of March 24, 2021.

According to our immunosuppressive protocol, an induction 
with ATG was prescribed in patients with an increased immu-
nologic risk. Notably, all wait-listed kidney transplant candi-
dates were screened for the presence of anti-HLA antibod-
ies (class I and II), and single-bead antigen identification was 
carried out in patients that showed positive results. Based on 
last pre-transplant Luminex results, donor-specific antibodies 
(DSA) were identified during a virtual crossmatch procedure. 
Immediately before transplantation, patients were stratified 
to the increased immunologic risk group if they showed pres-
ence of DSA (mean fluorescence index, MFI >2000), a substan-
tial (>50%) percentage of positive historic cross-matches dur-
ing wait-listing, or had an established immunological cause 
of failure during the previous transplantation. Notably, ATG 
induction therapy was also prescribed to patients with a low 
DSA titer but with an anti-HLA MFI >2000.

The rest of the transplanted patients routinely received basi-
liximab induction. All analyzed kidney transplantations were 
AB0-compatible transplantations and were performed after 
the negative traditional cross-match. All organs were procured 
from deceased donors.

All acute rejection episodes, when ATG treatment was pre-
scribed, were diagnosed based on protocol or indication bi-
opsy. Protocol biopsies were performed routinely during the 
first post-transplantation hospital stay, usually between 8 and 
10 days after surgery. At transplantation, all those patients re-
ceived induction therapy with basiliximab (but they are not 
included in the characteristics of the basiliximab subgroup).

The administration of ATG induction was initiated immediately 
prior to the transplant procedure, after routine premedication, 
and usually was 50 or 75 mg, depending on patient weight. In 
our center, we used the protocol of ATG intermittent dosing 
based on the lymphocyte count, the effectiveness of which has 
been previously proven [15-17]. Starting from the first post-
operative day, ATG doses were prescribed based on the cur-
rent diuresis and serum creatinine levels, and were adjusted 
for leukopenia, lymphopenia, and thrombocytopenia, as de-
scribed previously [18]. There were neither fixed daily doses 
nor fixed individual cumulative doses in our program. ATG was 
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usually given until an acceptable diuresis and a decrease in se-
rum creatinine down to approximately 2 mg/dl were achieved. 
Importantly, anti-CMV prophylaxis with ganciclovir/valganciclo-
vir for 1 month after the end of ATG administration was given 
to all patients. Trimethoprim/sulfamethoxazole anti-pneumo-
cystis prophylaxis was prescribed for 3 months. Basiliximab (20 
mg) was given intravenously twice: immediately before trans-
plantation and on the 4th post-operative day.

The standard maintenance immunosuppression consisted of 
tacrolimus, mycophenolate mofetil, and steroids, with both 
calcineurin inhibitor and antimetabolite drug started before 
transplantation, and their dosing based on drug therapeutic 
monitoring. The steroid dose was usually tapered to 7.5-10 
mg/day at 3 months after transplant.

In addition to the reasons for ATG therapy and its dosing, the 
available 1-month, 3-month, and 12-month absolute lympho-
cyte count in 1 μl and the blood smear lymphocyte percent-
age were reported, as well as thrombocytopenia episodes dur-
ing and after the ATG treatment. The time-points mentioned 
above were counted from the first day of ATG treatment for 
any cause. We also analyzed the occurrence of infectious com-
plications and death. Additionally, kidney graft function up to 
12 months after transplant was also analyzed. Data were col-
lected from the center-operated prospective database and 
medical records.

Statistical analysis was carried out using STATISTICA 13.3 PL 
for Windows software package (Tibco, Inc., Palo Alto, CA, USA). 
Values are presented as means with 95% confidence interval 
and medians with interquartile ranges or frequencies. The com-
parison between main study subgroups (patients treated with 

Antithymocyte globulin
Basiliximab Statistics

As induction therapy As	anti-rejection	therapy

N 25 6 59

Age [years]*  44.0 (39.0-54.0)  51.0 (42.0-62.0)  48.0 (38.0-58.0) 0.96

Sex [M/F] 12/13 4/2 35/24 0.49

BMI [kg/m2]*  23.3 (21.6-26.5)  27.6 (24.2-31.1)  25.2 (22.9-29.0) 0.23

Dialysis vintage [months]*  39 (28-58)  29 (26-44)  29 (18-39) 0.01

Transplant number [1/2] 18/7 6/0 58/1 0.001

CIT [h]*  15.8 (12.1-23.0)  20.9 (11.9-24.7)  16.9 (12.6-20.1) 0.46

Last pre-transplant PRA [%]  5.1 (2.9-9.9)  0.5 (-0.8-1.8)  0.3 (0-0.5) 0.06

Maximum PRA [%]  15.5 (8.0-22.9)  0.5 (-0.8-1.8)  1.0 (0.4-1.6) <0.001

Maximum PRA >30% [n,%]  7 (28)  0  0 <0.001

HLA class I mismatch*  2 (2-3)  2 (2-3)  2.5 (2-3) 0.25

HLA class II mismatch*  1 (1-1)  1 (0-1)  1 (0-1) 0.09

Pretransplant anti-HLA class I 
[MFI]*

8290 (3349-17966),
range 0-23605

1682 (1326-2295),
range 1130-2746

1629 (693-5351),
range 0-19150 

0.002

Pretransplant anti-HLA class II 
[MFI]*

1922 (483-14019),
range 0-21419

1023 (0-2105),
range 0-2105

986 (673-1455),
range 0-10785

0.25

Tacrolimus trough level POD 
10 [ng/ml]*

 9.3 (7.5-10.1)  9.6 (8.0-10.5)  8.9 (6.8-10.8) 0.67

Mycophenolate level POD 
10 [ng/ml]

 2.1 (1.4-2.9)  1.8 (1.6-2.5)  2.1 (1.6-3.0) 0.49

Table 1.  Clinical characteristics of kidney transplant recipients treated with antithymocyte globulin during the pre-pandemic era (2019) 
and during the COVID-19 pandemic (2020/2021).

Data presented as means with 95% confidence interval or * medians with interquartile ranges (IQR) or frequencies. Statistics: for the 
comparison of all ATG patients with basiliximab patients. ATG – antithymocyte globulin; BMI – body mass index; CIT – cold ischemia 
time; PRA – panel-reactive antibodies; HLA – human leukocyte antigen; MFI – mean fluorescence index; POD – post-operative day.
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ATG and patients who did not receive ATG, but had induction 
therapy using basiliximab) was performed using the t test or 
the Mann-Whitney U test (for variables without normal dis-
tribution). Of note, the induction vs anti-rejection treatment 
study subgroups were not compared due to the low number 
of analyzed patients in the latter subgroup. Nevertheless, the 
baseline characteristics of these 2 subgroups are given sep-
arately in Table 1. For all analyses, a P value below 0.05 was 
considered statistically significant.

Results

Study Group

During the analyzed COVID-19 pandemic period, a total of 90 
kidney transplantations were performed in our center. Twenty-
five patients received ATG as an induction therapy and 6 as 
an anti-rejection treatment in the early post-transplant peri-
od, whereas 59 patients during the study period received the 
basiliximab induction. The clinical characteristics of those 3 
subgroups are given in Table 1. There was no difference in the 
median post-transplant observation time: 11 (7-13) months 
in the ATG vs 12 (11-13) in the basiliximab subgroup; P=0.12.

The whole subgroup of patients who were treated with ATG 
was characterized by a significantly longer time of pre-trans-
plant dialysis therapy (median 36 [26-57] vs 29 [18-39] months; 
P=0.01), greater anti-HLA class I MFI (median 6550 [2171-
16899] vs 1629 [693-5351]; P<0.01), as well as maximum 
PRA titer (mean 12.6 [6.3-18.9] vs 1.0 [0.4-1.6]; P<0.001) and 
borderline greater last pre-transplant PRA titer (4.2 [0.3-8.1] 
vs 0.3 [0-0.5]; P=0.06) and HLA class II mismatch (mean 0.77 
[0.59-0.96] vs 0.54 [0.41-0.67]; P=0.09) in comparison to the 
basiliximab subgroup. There were also more re-transplanted 
patients in this subgroup (22.6% vs 1.7%; P=0.001) and more 
patients with maximum PRA titer >30% (Table 1).

In the ATG induction subgroup, 18 patients (72%) had >50% 
positive historic cross-matches, 3 (12%) had pre-transplant 
DSA, and 1 patient lost her previous graft in the course of 
acute humoral rejection. Additionally, 20 patients (80%) had 
class I or class II anti-HLA antibodies detected in the Luminex 
screening, with MFI >2000 (Table 1).

The	Characteristics	of	Acute	Rejection	Episodes	Treated	
with	ATG

In the rejection subgroup, 4 cases of acute rejection were diag-
nosed based on protocol biopsy performed during the first hos-
pitalization (approximately at post-transplant days 8-9) and 2 
other cases were diagnosed based on indication biopsies per-
formed at post-transplant days 35 and 65. All biopsies were 

analyzed by 1 experienced pathologist. Of importance, prior to 
the diagnosis of rejection which required the ATG treatment, 
both those patients had developed COVID-19 during the first 
post-transplant hospitalization (their clinical course was de-
scribed previously [19] and their mycophenolate doses were 
substantially reduced. Then, they were diagnosed with T-cell-
mediated acute rejection and treated with methylpredniso-
lone pulses, but the ATG treatment was introduced after the 
second worsening of serum creatinine, based on the results of 
indication biopsies (vascular rejection V2 and mixed T-cell/an-
tibody-mediated rejection with C4d-positive staining and the 
presence of DSA). Among the patients diagnosed immediate-
ly after transplantation, there was 1 case of mixed T-cell/anti-
body-mediated rejection with intimal arteritis and microvascu-
lar injury, and 3 cases of vascular rejection (with the presence 
of intimal arteritis, PTC-itis and the obliteration of arterial lu-
men) with negative C4d staining.

ATG	Dosing

During the COVID-19 pandemic, the median cumulative ATG 
dose was 275 (175-325) mg in the induction subgroup and 
263 (200-275) mg in the anti-rejection treatment subgroup. 
The corresponding median doses per kg of body weight were 
3.8 (3.2-5.1) and 3.3 (2.4-4.2) mg/kg, respectively.

Laboratory	Parameters	During	and	After	the	ATG	
Treatment

As expected, the median absolute lymphocyte counts in 
1μl during the whole 12-month observation were signif-
icantly lower in patients who received ATG as com-
pared to the basiliximab subgroup: 1-month: 0.53 
(0.38-1.16)×103/μl vs 1.92 (1.31-2.62)×103/μl; P<0.001, 3-month: 
0.7 (0.42-1.25)×103/μl vs 1.83 (1.35-2.55)×103/μl; P<0.001, 
12-month: 1.1 (0.77-1.47)×103/μl vs 1.84 (1.53-2.36)×103/μl; 
P<0.05). Consistent with this, the concomitant lymphocyte 
percentage at blood smear was significantly lower in the ATG 
subgroup (data not shown).

In the ATG subgroup, there were 8 patients (25.8%) with mild 
thrombocytopenia during and after the ATG treatment, with 
a median nadir of 90 (75-98)×103/μl. In the basiliximab sub-
group, there were 10 patients (16.9%) with mild thrombocy-
topenia with median nadir of 110 (100-113)×103/μl. This dif-
ference was not statistically significant (P=0.32).

Main	Transplant	Outcomes	and	Infectious	Complications

Of the whole study group, 2 patients died soon after transplan-
tation after cardiac arrest (1 after venous thrombosis and sub-
sequent graftectomy and 1 due to the sepsis during COVID-19 
infection), and they were treated with basiliximab. Another 

e933001-4

Kolonko A. and Więcek A.: 
ATG safety in the COVID-19 pandemic
© Ann Transplant, 2021; 26: e933001

ORIGINAL PAPER

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE] 
[Chemical Abstracts] [Scopus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



patient from the basiliximab subgroup lost his graft due to 
the venous thrombosis in the course of post-operative hypo-
tonia and 1 patient returned to hemodialysis therapy after an 
ineffective treatment of acute rejection with ATG.

Of patients treated with ATG during the COVID-19 pandemic, 
7 patients (22.6%) were hospitalized due to infection (4 had 
urinary tract infection [UTI], 1 developed orchitis, SARS-Cov-2 
infection was diagnosed in 2 others), and 3 others (9.7%) had 
UTI treated at home. One patient died within 1 month after 
hospital discharge due to acute pulmonary and peripheral em-
bolism, but she had no clinical or laboratory signs of sepsis. 
No other post-transplant complications were reported in this 
cohort. In the basiliximab subgroup, 6 patients (10.2%) devel-
oped infections (4 UTI, 1 kidney cyst inflammation, and 1 of 
unknown origin), and 3 (5.1%) of them were hospitalized. As 
expected, the percentage of patients with infection was sig-
nificantly greater in the ATG subgroup (P<0.01).

Importantly, there were no significant differences in ATG dos-
es, both median cumulative (250 [150-300] vs 275 [213-338] 
mg, respectively; P=0.42) and median calculated per kg (3.7 
[2.0-4.2] vs 3.8 [3.2-4.8] mg/kg, respectively; P=0.50) between 
patients who were diagnosed with infection and those without 
infectious complications. Additionally, patients with and with-
out infectious complications did not differ in regards of abso-
lute lymphocyte count and lymphocyte percentage during the 
12-month observation period (data not shown).

Kidney Graft Function

There was no difference in median serum creatinine concentra-
tion between both main study subgroups during the first post-
transplant year (3-month: 1.2 [0.9-1.4] in the ATG subgroup vs 
1.2 [1.0-1.4] mg/dl in the control group; 6-month [n=70]: 1.3 
[1.1-1.7] vs 1.2 [1.0-1.4] mg/dl, respectively; 12-month [n=40]: 
1.1 [1.0-1.9] vs 1.1 [1.0-1.4] mg/dl, respectively).

Discussion

In our present study, we report our experience with the use of 
polyclonal antithymocyte globulin as both an induction thera-
py and anti-rejection treatment during the COVID-19 pandem-
ic. In contrast to our previous clinical dilemmas, this power-
ful immunosuppressive agent was found to be relatively safe, 
enabling return to the full program of kidney transplantations, 
and also resuming kidney transplantations in patients with 
high immunologic risk.

Since the early spring of 2020, ATG use in kidney transplan-
tation was significantly reduced, based mostly on previous 
reports about the increased risk of infectious complications, 

including death, in ATG-treated patients [20-22]. Importantly, 
a recent study confirmed that a higher ATG dosage in high-
risk patients is associated with an increased risk of cytomeg-
alovirus disease and death [23]. In our center, we previously 
demonstrated that age >50 years and an absolute lympho-
cyte count <200/1 µl at post-transplant day 7 were signifi-
cant independent risk factors for death due to infections [18]. 
Consequently, when restoring the use of ATG in our center as 
the first wave of the COVID-19 pandemic subsided, the cumu-
lative ATG doses were reduced to approximately 3-5 mg/kg. 
This may partially explain the relatively low and acceptable 
number of infectious complications in our present study, as the 
3-month absolute lymphocyte number in the present analysis 
was significantly higher than was observed during the previ-
ous observation (median 0.58 [0.44-0.82]×103/µl). Noticeably, 
the percentage of infections was higher than in basiliximab 
subgroup, as was reported previously [24], but there were no 
significant differences in thrombocytopenia occurrence or in 
absolute lymphocyte count and lymphocyte percentage be-
tween patients with and without infections. Importantly, de-
spite the decreased total ATG dose, the kidney graft function 
up to 12 months after transplantation was excellent. In agree-
ment with our experience, the authors of the first report of 
COVID-19 infection within 1 month of living kidney transplant 
suggested that, among other factors, a lower dosage of ATG 
possibly contributed to the positive outcomes of those 2 re-
cipients [13]. However, they used much smaller doses of ATG 
(1 mg/kg on the day of surgery), which probably would be in-
sufficient in recipients with increased immunologic risk. On the 
other hand, much higher cumulative doses of ATG (7.5 and 5 
mg/kg) were used in 2 simultaneous pancreas-kidney trans-
plant recipients, who developed acute rejection shortly after 
mild COVID-19 infection [14]. Despite the intensive anti-rejec-
tion treatment, they did not present any signs or symptoms 
of recurrent COVID-19.

The major limitation of the present analysis is the low num-
ber of patients. It is worth noting that due to the COVID-19 
pandemic, according to the medical literature and guidelines 
issued in March 2020 for Polish transplantation centers, we 
temporarily (for 4 months) stopped performing transplantation 
in patients who needed polyclonal antibody induction. In addi-
tion, the donor reporting rate diminished significantly, resulting 
in a relatively low (34.4%) percentage of patients with ATG in-
duction who were eligible for the analysis. However, this is the 
first systematized report concerning the safety and effective-
ness of clinical use of ATG during the ongoing COVID-19 pan-
demic, also including data regarding drug doses, subsequent 
kidney graft function, and lymphocyte count. As the current 
literature on this specific topic is scarce, our real-life experi-
ence, including cautious ATG dosing policy, may help other cli-
nicians to make the right decision when choosing the induc-
tion therapy in kidney transplant recipients.
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Conclusions

In conclusion, reasonable ATG use in the induction protocol or 
as the anti-rejection treatment during the COVID-19 pandemic 

appears to be safe and the risk of adverse events is accept-
able. During COVID-19 pandemic, the necessary use of ATG 
should not be postponed in kidney transplant recipients with 
increased immunologic risk.
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