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Abstract: The COVID-19 pandemic has lasted for more than one year, which caused 
much trouble to the health management of kidney transplant recipients. Numerous 
patients cancelled their review appointment or even lost connection with doctors because 
of the great pressure medical system undergoing, strict travel restrictions, and the worries 
about COVID-19 infection risk. Herein, we introduce two kidney transplant recipients, 
a 33-year-old man and a 32-year-old man, who did not take the immunosuppressant 
drugs and did not go back to the hospital to do the renal function examination as the 
doctor’s request. When they paid their first return visit several months after the pandemic 
outbreak, they were both diagnosed with acute rejection and admitted to the hospital. 
After receiving pulse steroid therapy, they were in remission but failed to reverse the 
rejection. The level of serum creatinine did not recover to the one before pandemic 
outbreak. These cases suggest that it is necessary to ensure that kidney transplant 
recipients follow the doctor’s advice to take drugs and follow-up regularly to examine 
their renal function over pandemic period. Additionally, typical pulse steroid therapy may 
not that effective toward these patients. 
Keywords: acute rejection, kidney transplantation, health management, COVID-19, 
compliance

Introduction
Since novel coronavirus disease (COVID-19) pandemic outbreaks began in Wuhan, 
China, in Dec. 2019, it spread all over the world within a few months. As of 
1 November 2021, over 249 million confirmed cases and more than 5 million deaths 
related to COVID-19 have been reported worldwide.1 The mortality rate of SARS-CoV-2 
infection is significantly differs around the world, ranging from 0.3% to 8.4%.2 Although 
the COVID vaccines have now been developed and distributed to every nation gradually, 
we need fairly a long time to fully eliminate the disastrous influence this pandemic has 
made.

Comparing with normal healthy people, kidney transplant recipients who are immu
nocompromised because of long-term using of immunosuppressant faced much higher 
infected risk during this pandemic. Some researchers have focused on the balance of 
immunosuppression and antiinfection, giving suggestions about how to adjust immuno
suppressive scheme to improve the overall clinical outcome as far as possible.3,4 The 
experiences about the treatment of transplant recipients with COVID-19 have been also 
shared.5,6
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However, the incompliance and sharp decline of return 
visit frequency caused indirectly by the pandemic, which is 
a huge threat to the health management of kidney transplant 
recipients, have not yet raised enough concern. Ensuring the 
patients following the doctor’s advice to take immunosup
pressant during the pandemic period is necessary. 
Accumulating experiences can also help us to improve the 
outcome of these patients. Thus, we share our experience 
with two kidney transplant recipients with acute rejection 
after the pandemic outbreak displaying their clinical course.

The source of the donated kidneys in case 1 was from 
his father, and case 2 was donated after cardiac death. Both 
kidneys were donated voluntarily with written informed 
consent, and that this was conducted in accordance with 
the Declaration of Istanbul. The study was approved by 
Clinical research ethics committee of the First Affiliated 
Hospital Zhejiang University School of Medicine (NO. 

2021-667). Individual informed consents for case presen
tations and publication were obtained from patients.

Case 1
A 33-year-old man was diagnosed as IgA nephropathy and 
received living-related donor kidney transplantation in 
Oct. 2014. The maintenance immunosuppressants were 
prednisone (5mg qd), tacrolimus capsules (1mg bid), 
mycophenolate mofetil (MMF) (500mg bid), in addition 
diltiazem hydrochloride tablets (30mg bid) (Figure 1). The 
level of serum creatinine (sCr) fluctuated between 120 and 
130μmol/L in a long period of time after operation 
(Figure 2). The tacrolimus trough was around 5.0ng/mL 
(Figure 3).

After the outbreak of COVID-19 pandemic, he has no 
longer paid return visit to hospital from Jan. 2020 to 
Aug. 2020. According to the patient’s word, he randomly 

Figure 1 Changes in drug administrations of case 1. 
Notes: D-7 means seven days before his hospitalization. Those grey grids mean doctors and pharmacists did not change the dose of immunosuppressant drugs, but the 
patient did not follow doctors’ advice to take drugs. 
Abbreviations: PDN, prednisone; Tac, tacrolimus; MMF, mycophenolate mofetil; DTZ, diltiazem hydrochloride; MPN, methylprednisolone.

Figure 2 Changes in serum creatinine (sCr) level and estimated glomerular filtration rate (eGFR) of case 1. The left-sided vertical axis represents sCr level and eGFR was 
represented by the right-sided vertical axis.
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reduced the dosage and frequency of medication for about 2 
months (Feb. 2020 and Mar. 2020) without consulting with 
doctors. On September 1, 2020, he went back to hospital and 
had the renal function examination. Laboratory examination 
reported that his sCr level increased to 187μmol/L and he 
presented proteinuria (1+). The tacrolimus trough was 
5.1ng/mL, showing no abnormity. So, the outpatient doctor 
rose the dosage of prednisone and MMF. One week after, his 
renal function did not improve, and he was admitted to 
hospital on September 7, 2020.

The patient had no obvious symptom when he was 
hospitalized. On hospital day 2, the laboratory findings 

showed that the level of sCr and estimated glomerular filtra
tion rate (eGFR using CKD-EPI equation) was 168μmol/L 
and 35mL/min/1.73m2. C-reactive protein (CRP) was 
1.8mg/L and proteinuria improved (±). The tacrolimus 
trough spiked to 9.1ng/mL because of interaction with 
dose adjustment of prednisone and MMF. Therefore, we 
lessened the tacrolimus dose. After that, the trough level 
steadily declined (Figure 3). Then, he received renal biopsy 
on hospital day 2. Two days after, pathology report con
cluded T-cell mediated acute rejection (TCMR) type IA and 
glomerulonephritis, conforming with pulse steroid therapy 
indication (Figure 4). Thus, the patient was given high dose 
of intravenous methylprednisolone for 4 days (500mg qd for 
3 days and 240mg qd for 1 day). After the pulse therapy, the 
level of eGFR rose to 45mL/min/1.73m2, and sCr level fell 
to 170μmol/L. On hospital day 8, the day after the end of 
pulse therapy, he was discharged from hospital with stable 
vital sign and no discomfort. His renal function kept stable 
after this hospitalization and the sCr level fluctuated between 
160 and 170μmol/L (Figure 2).

Case 2
A 32-year-old male kidney transplant recipient, with poly
uria, foamy urine, and nocturia, was admitted to our hospital 
on Sep. 26, 2020. He received kidney transplantation in other 
transplantation center in Jun, 2013. The source of donor 
kidney was unknown. He had regular follow-up examination 
of renal function in our hospital after the operation. The 
maintenance immunosuppressants were methylprednisolone 

Figure 3 Changes in tacrolimus trough level of case 1. The dashed line only 
illustrates that the Tacrolimus trough level of case 1 dropped to a low level because 
he stopped some medication without doctors’ advice, not the exact change of it.

Figure 4 The kidney pathological examination of case 1. (A) PAS stain. (B) H&E stain. The red arrows indicate interstitial nephritis, suggesting TCMR type IA, and the yellow 
arrow indicates glomerulonephritis.
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(8mg qd), tacrolimus (1mg bid), mycophenolate mofetil 
(MMF) (750mg bid) (Figure 5). The level of sCr stabilized 
at around 80μmol/L in 7 years after transplantation. 
However, he did not follow up after the pandemic outbreak 
for 7 months, from Jan. 2020 to Jul. 2020. The change of his 
kidney function is not clear during that period. Also, due to 
the lockdown policy and his busy work, the patient some
times skipped a dose without the doctor’s advice.

One month before, in Jul. 2020, the patient felt stoma
chache. Nausea, vomiting, and diarrhea occurred. Therefore, 
he went to a local hospital and had the examination which 
reported that the sCr level was as high as 181μmol/L, the 24- 
hour ration volume of urine protein was 287mg/24h, and 
level of type II panel reactive antibody (PRA) was 22.5%. 
He received gamma globulin pulse therapy for 5 days (4 
bottles per day) but the sCr level increased continuously. 
The symptoms mentioned above occurred subsequently. 
Thus, he came to our hospital to seek further treatment. On 
Sep.24, 2020, the latest follow-up examination before 

hospitalization reported that his renal function deteriorated 
further. His sCr level rose to 236μmol/L, and the level of 
eGFR was 30mL/min/1.73m2 (Figure 6).

On the hospital day 1, we adjusted his immunosuppres
sants first. We stopped methylprednisolone, and started 
prednisone (10mg qd). Tacrolimus dose was increased to 
1mg in the morning and 1.5mg in the evening. MMF dose 
was 750mg in the morning and 500mg in the evening 
(Figure 5). We expected that this adjustment of immuno
suppressants can improve his renal function, but it pro
duced only little effect. Urine volume decreased gradually. 
So, he received renal biopsy on the hospital day 5. It was 
suggested orally that the patient had rejection by the sur
geon. In consideration of the high level of PRA reported 
one month ago by that local hospital, we decided to start 
the pulse steroid therapy. The patient was given intrave
nous methylprednisolone for 4 days (500mg qd for 3 days 
and 240mg qd for 1 day). The effect of pulse therapy was 
significant. Foamy urine and nocturia disappeared. The 

Figure 5 Changes in drug administrations of case 2. 
Note: The grey grids mean the same as the ones in Figure 1. 
Abbreviations: PDN, prednisone; Tac, tacrolimus; MMF, mycophenolate mofetil; MPN, methylprednisolone; TMG, thymoglobulin; D1 1st, the hospital day 1 of first 
hospitalization; D1 2nd, the hospital day 1 of second hospitalization.

Figure 6 Changes in serum creatinine (sCr) level and estimated glomerular filtration rate (eGFR) of case 2. The left-sided vertical axis represents sCr level and eGFR was 
represented by the right-sided vertical axis.
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rise of sCr level was reversed. On the hospital day 13, 
the day he was discharged from hospital, the sCr level 
sharply declined from the highest 294μmol/L (appeared on 
the hospital day 8) to 200μmol/L (Figure 6). We increased 
the doses of MMF and prednisone again when he was 
discharged (MMF 750mg bid and prednisone 16mg qd).

10 days after, the detailed pathology report was finished, 
which concluded TCMR type II A, tubular atrophy, and renal 
interstitial fibrosis, and occasionally seen glomerulonephritis 
and tubal nephritis (Figure 7). After receiving this report, we 
suggested him that he may need another hospitalization, 
taking into consideration his relative high level of sCr addi
tionally. The patient accepted our suggestion and was 
admitted to hospital again on Oct. 16, 2020.

On the hospital day 1, the laboratory finding reported 
his sCr level was 208μmol/L. The patient was given intra
venous thymoglobulin (50mg qd) for 5 days and intrave
nous methylprednisolone (40mg qd) for 3 days. Also, we 
adjusted his immunosuppressants’ dosage.

Tacrolimus dose was increased to 1.5mg bid. 
Prednisone dose was increased on the hospital day 3 
from 16mg qd to 20mg qd. After the treatment, he was 
discharged on the hospital day 6 without any discomfort. 
After that, follow-up regular examinations reported that 
his sCr level fluctuated between 180 to 210μmol/L and the 
eGFR level stabled at around 40mL/min/1.73m2. The 
change of tacrolimus concentration in the whole process 
is shown in Figure 8. And the relevant important labora
tory index values of the two cases are shown in Table 1.

Discussion
Keeping the compliance of drug use is the first principle of 
health management of kidney transplant recipients. It 
requires the efforts made by the patients themselves. 
Also, the doctors need to remind them regularly in 
a long term.7 These two cases above only reduced the 
medication or skipped a dose, instead of stopping the 
medication completely. Some other cohort studies towards 
solid organ transplant recipients showed a similar conclu
sion: almost no patients completely discontinued the use 
immunosuppressants, but other nonadherence behaviors, 
such as delayed doses or skipping a dose, were very 
commonly seen in COVID-19 era.8,9 We can find similar 
phenomena in rheumatic diseases population. According 
to a survey conducted in America in April 2020, 48% of 

Figure 7 The kidney pathological examination of case 2. (A) PAS-M stain. (B) PAS stain. The red arrows indicate renal allograft intimal arteritis, suggesting TCMR type IIA. 
The yellow arrows indicate tubular atrophy and renal interstitial fibrosis.

Figure 8 Changes in tacrolimus trough level of case 2.
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the total of 530 interviewees cancelled or postponed the 
appointment with their rheumatologists. Besides, 14% of 
interviewees changed their daily drug list and dosage 
regardless of the doctor’s advice. 10% of them could 

even not obtain the drugs they need totally.10 Another 
investigation held in Middle East, which had 2163 parti
cipants, reported that more than 30% of participants 
stopped all or some medication because of the fear of 

Table 1 Changes in Laboratory Findings of Both Two Cases

Case1 Case2

D2 D5 D8 D1 1st D6 D11 D13 D1 2nd D4 D6

Blood cells WBC 109 

/L

13.1 23.2 18.2 9 7.2 10.3 8.5 10.1 6.5 5.8

RBC 1012 

/L

4.93 4.64 4.49 3.76 3.4 2.81 2.89 2.93 2.83 2.94

HGB g/L 148 143 137 111 102 83 85 87 83 87

PLT 109 /L 297 350 297 224 199 157 155 175 156 170

NEU 109 

/L

15.9 21.2 15.9 4.1 3.7 8.9 5 6.2 5.3 4.7

LYM 109 

/L

2.67 1.83 1.53 4.11 2.98 0.99 2.92 2.8 0.39 0.48

EO 109 /L 0.04 0 0 0.03 0.01 0 0.01 0.01 0.01 0.01

BA 109 /L 0.04 0.01 0.01 0.02 0.01 0.01 0.01 0.03 0.01 0.01

MO 109 /L 0.48 0.21 0.82 0.73 0.5 0.43 0.54 1.06 0.74 0.63

Liver and 

kidney 
function; 

Elyctrolyte

sCr μmol/ 

L

168 186 170 229 248 241 200 208 189 200

BUN 
mmol/L

10.56 12.27 15.5 15.11 18.02 20.85 17.01 19.47 15.58 14.97

eGFR mL/ 
min/ 

1.73m2

35 40 44 31 28 29 37 35 39 37

AST U/L 42 30 40 7 8 8 7 8 7 5

ALT U/L 97 114 112 9 17 15 15 32 29 21

Potassium 

mmol/L

4.5 4.56 4.09 3.87 4.06 3.69 3.73 3.87 4.01 4

Albumin g/ 

L

48.9 47.9 40.3 41.7 37.5 31.5 29.5 38.7 34.1 34.8

CRP mg/L 1.8 ND ND 0.2 ND ND ND 0 ND ND

Urine BLD Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative

PRO (g/L) ± (0.15) + (0.3) ± (0.15) ± (0.15) + (0.3) ± (0.15) ± (0.15) Negative ± (0.15) ± (0.15)

GLU 

(mmol/L)

± (2.8) +++ 

(28)

+ (5.6) Negative Negative Negative Negative Negative Negative Negative

Abbreviations: WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; PLT, platelet; NEU, neutrophil; LYM, lymphocyte; EO, eosinophil; BA, basophil; MO, 
monocyte; sCr, serum creatinine; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; AST, aspartate transaminase; ALT, alanine transaminase; CRP, 
C-reactive protein; BLD, urea occult blood; PRO, urea protein; GLU, urea glucose; ND, not done.
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infection and the shortage of drugs.11 The nonadherence of 
immunosuppressant differs from regions. Areas with 
higher COVID-19 prevalence may see higher levels of 
nonadherence and patient concern.12 It is obvious that 
the drug compliance of countless patients with chronic 
diseases, not only the kidney transplant recipients, was 
severely impacted by this pandemic.

Another thing we find is that typical pulse steroid 
therapy was unable to reverse the renal dysfunction in 
these two cases. It only stopped the rise of sCr level, but 
could not restore sCr level to the one before pandemic 
outbreak. Even if the second patient mentioned above was 
admitted to hospital twice and received additional immu
nosuppressive treatment, his outcome was barely accepta
ble On the other hand, the renal dysfunction can be 
imperceptible. According to the experience of the first 
patient, his sCr level has risen by around 60μmol/L, yet 
he did not develop any symptoms. In summary, the dete
rioration of renal function can be hard to discover in 
condition of lack of the return visit during the pandemic 
period and can result in unreversed renal dysfunction, 
leading to poor outcome.

To improve the compliance of drug use of kidney 
transplant recipients in this COVID-19 pandemic, the key 
point is that making patients keep in touch with their 
doctors. In early 2020, the kidney transplant program at 
Columbia University Irving Medical Center implemented 
a telehealth program that offers virtual visits for ambula
tory patients when the in-person visit is unsafe to the most 
patients.13 Telemedicine may have a huge potent in this 
area, but its effectiveness still needs a long-term evalua
tion. Besides, reducing the number of daily doses is 
another possible way to prevent patients from time 
nonadherence.8

In this study, we demonstrated two kidney transplant 
recipient cases with acute rejection caused by poor compli
ance. They had different immunosuppressant scheme and 
clinical manifestation. They received pulse steroid therapy 
both. The second case was in a more aggravating condition 
than the first case. So, he was admitted to hospital for second 
time and we gave him additional treatment. In the end, these 
two cases were discharged with acceptable clinical outcome. 
Basing on these two cases’ experience, it is meaningful to 
ensure the connection between doctors and kidney transplant 
recipients during pandemic period.

Disclosure
The authors report no conflicts of interest for this work.
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