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The long-term impact of COVID-19 on transplant recipients remains unknown. We
describe the case of a 30-year-old male kidney transplant recipient from Wuhan, China
that was treated for severe COVID-19 in February 2020. He suffered an acute lung and
renal injury and required systemic treatment including adjustment of his
immunosuppressant regime. He was followed up to 1-year after discharge. No chronic
lung fibrosis or deterioration of his pulmonary function was observed. Despite COVID-19
mediated damage to his renal tubular cells, no transplant rejection occurred. His
immunological profile demonstrated both cellular anti-SARS-CoV-2 reactivity and
specific humoral immunity, indicating that it is beneficial for the transplanted patients to
be immunized with SARS-CoV-2 virus vaccine. This case will help guide clinical decision
making for immunocompromised individuals that become infected with SARS-CoV-2.
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INTRODUCTION

The Coronavirus Disease 2019 (COVID-19) has had an unprecedented impact on health systems
worldwide, with over 160 million confirmed cases to date. However, the impact of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection on solid organ transplant recipients
remains largely unknown. While understanding of the early effects of the virus is emerging, longer
term clinical and immunological outcomes in this immunosuppressed patient group have yet to be
described. Understanding the longer-term effects of COVID-19 of transplant organ function and
the immunological response of transplant recipients will help guide clinical decision making for this
vulnerable patient group. This report describes the 1-year clinical and immunological outcomes of a
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living kidney transplant recipient from Wuhan, China who
suffered severe COVID-19 in February 2020.
CASE DESCRIPTION

This case report describes a 30-year-old man who was diagnosed
with end stage renal disease (ESRD) in September 2012 without a
clear pathoetiology. He was initially treated with 6-months of
hemodialysis before receiving a living kidney transplant from his
mother in March 2013 using a recognized protocol (1, 2). The
transplant kidney was from a confirmed cytomegalovirus
negative patient, with no relevant comorbidities or infection
history. After transplantation, he was initiated on an
immunosuppressive regimen of tacrolimus, mycophenolic acid
(MMF) and prednisone. He recovered well from surgery with no
postoperative complications. He maintained stable kidney
function (with a serum creatinine (Cr) level of approximately
Frontiers in Immunology | www.frontiersin.org 2
138 mmol/L) with a tacrolimus trough level of 5 mg/L, MMF at
1g/day and prednisone at 2.5 mg/day as of January 7th 2020.

On January 31st 2020 (date of first onset, D0), he became
pyrexial (39°C), with myalgia, anorexia and a tachycardia of 120
bpm. A nasopharyngeal swab specimen obtained and SARS-CoV-
2 ribonucleic acid (RNA) was detected using conventional
qualitative reverse transcription polymerase chain reaction
(Figure 1A). The SARS‐CoV‐2 specific primers used were as
follows: forward primer 5′‐ACTTCTTTTT CTTGCTTTCGT
GGT‐3′; reverse primer 5′‐GCAGCAGTACGCACACAATC‐3′;
and the probe 5′CY5‐CTAGTTACACTAGCCATCCTTACTGC‐
3′BHQ1. A computed tomography (CT) scan of the thorax
demonstrated extensive ground glass opacity across the left lung
field (Figures 1B, C), and routine blood tests revealed a
lymphocytopenia. A diagnosis of COVID-19 was made.

He clinically deteriorated and received supportive therapy
with oseltamivir, antibiotics, and supplementary oxygen through
a non-rebreather mask. His immunosuppressant regime was
A

B

C

D

FIGURE 1 | Pulmonary sequelae of COVID-19. (A) SARS-Cov-2 nucleic acid test results; (B) Serial CT thorax images at different timepoints from initial presentation
of symptoms, and the corresponding COVID-19 CT severity score; (C) Percentage of high attenuation area (HAA%) on CT imaging indicating pulmonary fibrosis;
(D) Immunosuppressive therapy regime before, during and after the patient’s hospitalization for severe COVID-19.
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adjusted in response to his acute illness. After escalation of his
oral prednisone over the first 2-days (2.5 mg/day),
methylprednisolone was given intravenously from D2 to D4
(40 mg/day on D2, 20 mg/day on D3 and D4) due to worsening
clinical symptoms and lung CT which demonstrated pulmonary
oedema consistent with severe COVID-19. MMF was withdrawn
from D3. Intravenous immunoglobulin (IVIG) was given from
D7 to D9 (10 g/day). In response to his worsening clinical status,
his tacrolimus was withdrawn from D10 to D15, before being re-
initiated at half its normal dose (2.5 mg/L). On D27 after
symptom onset, his tacrolimus was converted to Cyclosporin A
(CsA, C2 = 799.6 ng/mL, C0 = 144.7 ng/mL). By D26, his
symptoms had completely resolved, his lung CT had improved,
and his nasopharyngeal specimen was negative for SARS-CoV-2
(3). He was deemed suitable for discharge. His normal
6mmunosuppression regime was re-established by 4-months
after symptom onset (5 mg/L tacrolimus, 1 g/day MMF and 2.5
mg/day prednisone) (Figure 1D).

The patient’s clinical and immunological response to severe
COVID-19 was followed up to 1-year from symptom onset.

Serial SARS-Cov-2 Ribonucleic Acid
Testing
The patient’s nasopharyngeal swab test specimen remained
positive for SARS-Cov-2 RNA for 2 weeks following symptom
onset before being tested negative at every subsequent interval
during the one-year follow-up window (Figure 1A).

Lung Function and Fibrosis
His lung CT revealed patchy shadows and ground-glass opacities
within 9 days after the onset of the disease, and then gradually
improved, and completely returned to normal at 1 month. A
semi-quantitative CT severity scoring of COVID-19 first
proposed by Marco et al. (4, 5) was calculated for each of the
five pulmonary lobes considering the extent of anatomic
involvement, as follows: 0, no involvement; 1, < 5%
involvement; 2, 5–25% involvement; 3, 26–50% involvement; 4,
51–75% involvement; and 5, > 75% involvement. The resulting
global CT score was the sum of the individual lobar scores (i.e.,
between 0 and 25). The CT score was consistent with the trend of
the imaging findings. For the quantitative CT evaluation of
pulmonary fibrosis, corresponding slices were selected from the
CT images in the regions affected by COVID-19 in each lobe.
The extent of fibrosis was determined by calculating the
percentage of each lobe with a high attenuation area (HAA%).
HAA was defined by a attenuation value between -600 and -250
Hounsfield Units (6). The percentage of high attenuation area
(HAA%) approached 0% at 1 month after onset and remained
0% at 1-year, suggesting no pulmonary fibrosis following the
acute COVID-19 episode (Figures 1B, C).

Renal Function
The patient’s kidney function was transiently impaired shortly
after onset of severe COVID-19 (Figures 2A, B). On D3, his
serum Cr level increased to 209 mmol/L while estimated
glomerular filtration rate (eGFR) decreased to 35.5 ml/min/
1.73m2. Following this, his kidney function gradually
Frontiers in Immunology | www.frontiersin.org 3
recovered. By month 12, his serum Cr level was 169 mmol/L,
while eGFR had returned to 45.60 ml/min/1.73m2. Notably, his
urine protein level reached 1+ (0.2-10 g/L) transiently on D49,
but remained negative afterward. His urine micro total protein
(mTP) increased during month 2 to 89.0 mg/L, gradually
increased to its peak as 158.50 mg/L during month 4, and had
decreased back to 67.50 mg/L by month 12. The quantity of urine
microalbumin (mALB) was 19.00 mg/L at month 2, highest
during month 4 at 63.00 mg/L, and had returned to 12.60 mg/L
by month 12. Urine b2 microglobulin (b2m) decreased from 1.49
mg/L at month 2 to 0.67 mg/L by month 12. His urinary WBC
level briefly reached suspicious positive on D125, and was
otherwise negative. His urinary nitrite (NIT) levels always
remained negative (Figure 2C). During the acute disease
phase, the patient’s urine output remained stable (1500-2000
mL/day).

In order to make comparison to a non-infected control, serial
testing and follow-up of two most recent similar living kidney
transplant recipients, of the same gender and with similar
baseline characteristics (e.g., age, BMI, donor history,
immunosuppression regime) with stable kidney function and
without a rejection episode was performed. A comparison to the
paired controls is presented in Supplementary Table 1.

Cellular and Humoral Immunity
The patient’s red blood cell count (RBC) and serum hemoglobin
(Hb) stayed within normal range throughout the acute COVID-
19 infection and follow-up period (Figure 3A). An elevated
white blood cel l (WBC) count , neutrophi l l ia , and
lymphocytopenia (Figures 3B, C) were identified at the onset
of symptoms. This had gradually returned to baseline by month
2; this is consistent with the current understanding of changes in
white cell count and proportions during acute SARS-CoV-2
infection (7).

Alterations in immunocytes were detected by flow cytometry
following antibody staining of their surface markers at Wuhan
KingMed Diagnostics (Wuhan, China). To monitor the impact of
COVID-19 on the immune system of the recipient, serum samples
containing peripheral blood mononuclear cells (PBMCs) were
collected at month 1, 2, 3, 4, 8 and 13. At month 1, the levels of T
cells, CD4+ T cells, CD8+ T cells, B cells and NK cells were lower
compared with the controls, which could be explained by the
cytolytic effect during the acute progressive phase of COVID-19
(Figures 3D–F). Afterward, compared to the uninfected paired
controls, T-cell (CD3+)/CD8+ T-cell (CD3+, CD8+) counts of the
infected recipient increased. Metaphase (CD3+, CD25+) and late
activated T-cells (CD3+, HLADR+), Th1-cells (IFN-g+, CD4+) and
T-regulatory cells (CD3+, CD4+, CD25high, CD127dim) also
increased, whilst Th2 (IL-4+, CD4+) and Th17 (IL-17+, CD4+)
levels remained stable. The levels of circulating CD4+, naive T-cells
(CD3+, CD4+, CCR7+, CD45RA+), central memory T-cells
(TCM; CD3+, CD4+, CCR7+, CD45RA-), effector T-cells (TEFF;
CD3+, CD4+, CCR7-, CD45RA+) and effector memory T-cells
(TEM; CD3+, CD4+, CCR7-, CD45RA-) fluctuated around the
controls with no clear patterns. Regarding CD8+ cells, the level of
Tc cells increased, particularly Tc1 cells (IFN-g+, CD8+). Naïve
T-cells (CD3+, CD8+, CCR7+, CD45RA+), TCM (CD3+, CD8+,
September 2021 | Volume 12 | Article 741765
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CCR7+, CD45RA-) and TEM (CD3+, CD8+, CCR7-, CD45RA-)
also markedly increased. Dendritic cell (DC; Lin-, HLA-DR+)
levels remained similar to the paired controls, however, at
month 13, the levels of DC and myeloid DC (mDC; Lin-, HLA-
DR+, CD11c+) both increased sharply. The serum levels of
monocytes and NK (CD3-, CD56+) cells fluctuated, whilst NKT
(CD3+, CD56+) levels increased throughout the follow-up period
in the infected patient (Figure 3D, Supplementary Figure 1).

Sera were collected tomeasure cytokine concentration atmonth
1, 4, 8 and 13 by the clinical laboratory of Tongji Hospital (Wuhan,
China). The concentration of IL-1b, IL-2R, IL-6, IL-8, IL-10 and
TNF-a increased frommonth 1 to 4, and decreased after month 4.
Only the concentration of IL-2R rose again after month 7, but also
remained at normal level (233-710U/mL) (Figure 3E).

At month 1, the B-cell (CD19+, CD3-) count of the recipient
was lower than the controls. However, after this, it gradually
increased to a slightly higher level than the controls (Figure 3F).
B1-cell (CD19+, CD3-, CD5+) counts of the recipient remained
higher than in the controls for the duration of follow-up (month
2 to 13). The IgM and IgG antibodies against SARS‐CoV‐2 in
Frontiers in Immunology | www.frontiersin.org 4
serum specimens were detected using YHLO‐CLIA‐IgG and
YHLO‐CLIA‐IgM kits supplied by YHLO (YHLO Biotech Co.
Ltd Shenzhen, China) and interpreted with ≥ 1.2 AU/mL
indicating as a reactive (positive) test and < 1.2 AU/mL as a
nonreactive (negative) test. The IgM antibody levels were high in
the infected patient during month 2 (>1.2 AU/mL) before
gradually decreasing up to month 9. After month 9 and then
increased to a relatively high level. The IgG antibody achieved its
peak level at month and then decreased but still remained
positive throughout the follow-up window (Figure 3G).
DISCUSSION

This report describes the case of a young kidney transplant recipient
who was diagnosed with severe COVID-19. He had a typical clinical
timeline from onset of symptoms, to worsening hypoxia requiring
oxygen supplementation, viral clearance, and eventually
rehabilitation. Although his nasopharyngeal swab specimen was
negative two weeks after initial detection (indicating clearance of
A

B

C

FIGURE 2 | Changes in renal function related to COVID-19. (A) Serial serum creatinine and eGFR measurements; (B) Urine protein, micro total protein, micro
albumin, and b2 microglobulin measurements. (C) Urinary WBCs and urinary nitrite (NIT) measurements. The mean value derived from two uninfected paired controls
is shown using dotted lines as a comparator.
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the SARS-CoV-2 virus) and the recipient had recovered
symptomatically after one month, his severe episode of COVID-19
in the presence of immunocompromise had chronic physiological
and immunological effects.
Frontiers in Immunology | www.frontiersin.org 5
During the acute progressive period of COVID-19, whilst the
patient was receiving intravenous methylprednisolone in response
to his worsening pulmonary oedema, MMF withdrawal was
followed by tacrolimus reduction and withdrawal. After his
A B C

D

E

F G

FIGURE 3 | Dynamic changes of cellular and humoral immunity after SARS-CoV-2 infection. (A) Serum RBCs and Hb measurements; (B) SerumWBCs, lymphocyte and
neutrophil counts; (C) Serum lymphocytes and neutrophils proportions; (D) The proportion of immunocytes; (E) Cytokines levels; (F) B cell counts; (G) Antibodies against
SARS-Cov-2. The mean value derived from two uninfected paired controls is shown using dotted lines as a comparator in (A–E).
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clinical situation had improved, CsA was initiated for 3-month
before re-initiation of tacrolimus. CsA administration was
considered as we hypothesized that this may directly inhibit viral
proliferation (8, 9). Conversion back to tacrolimus was performed
with close monitoring for calcineurin inhibitor (CNI) toxicity.
Finally, MMF was re-initiated once his symptoms had fully
resolved. Interestingly, the patient’s immunocompromised status
may be beneficial in avoiding the severe ‘cytokine storm’ which
increases risk of mortality from COVID-19 (10, 11). However,
minimizing orwithdrawing immunosuppression is often necessary
during severe viral interstitial inflammation of the lung. Carefully
balancing thesepotential risks andbenefits is essential for transplant
recipients that developCOVID-19; further data is needed to inform
clinical decision making in the future (12–14).

In this case, a CT thorax scan post resolution of symptoms
demonstrated that the acute lung damage initially observed had
fully resolved. The long-term effects of COVID-19 on pulmonary
function remain relatively unexplored (15). By the completion of
1-year follow-up, no chronic fibrosis was detected on imaging in
this kidney transplant recipient.

The patient’s kidney function was impaired during the acute
progressive phase of COVID-19 with a markedly increased
serum Cr level and decreased eGFR. Though his Cr level and
eGFR eventually recovered to the normal level, the mechanism
by which the SARS-CoV-2 virus impairs renal function remains
unknown (16, 17). Before his acute COVID-19 episode, he had
never previously had detectable proteinuria in the 7-years since
his living donor transplant. Interestingly in this case, proteinuria
occurred for the first time after he had cleared the SARS-CoV-2
virus and recovered from symptomatic COVID-19; urinary
protein rose transiently on D40 and urine b2 microglobulin
between month 2 and 12. This suggests a potential mechanism of
chronic damage to renal tubular cells mediated by the SARS-
CoV-2 virus. Urinary WBC and NIT levels largely remained
negative throughout, which suggest that the proteinuria observed
was not caused by a urinary tract infection.

SARS-CoV-2 exhibited a cytolytic effect during the acute
progressive phase of COVID-19, as demonstrated by the
patient’s decreased lymphocyte counts, especially T cells, CD4+

T cells, CD8+ T cells, B cells and NK cells. Regarding his
immunoreactivity, firstly we compared alloimmunity after
SARS-CoV-2 infection over the follow-up window between
month 3 to 12. DC levels remained similar to the paired
controls, whilst circulating CD4+, naive T-cells, central
memory T-cells, effector T-cells and effector memory T-cells
fluctuated around the controls. Considering no clinical rejection
episode occurred despite changes to the intensity of
immunosuppression, we can deduce that SARS-CoV-2
infection had no impact on immunoreactivity against
alloantigens in this recipient. However, the risk of rejection has
been reported to be increased after SARS-CoV-2 infection (18),
and this requires further investigation in larger, multi-center
studies. With regard to evaluate general immune status after
SARS-CoV-2 infection, ex vivo T cell response to polyclonal T
cell stimulation may be helpful. A recent report showed that no
difference was identified between transplanted recipients and
Frontiers in Immunology | www.frontiersin.org 6
immunocompetent individuals (19). Therefore, more
investigations are required to elucidate the general immune
status in patients after convalescence.

We detected persistent immunoreactivity against the virus
during the follow-up window. From month 1 to month 4, late-
activated T-cells and IFN-g+ CD4+ Th1 cells markedly increased
in the infected patient, indicating lasting antiviral Th-cell
activation. The increase of CD8+ T cells, IFN-g+ CD8+Tc1,
CD8+TEFF, and CD8+TEM also indicates antiviral Tc
activation. After month 4, the counts of these cells decreased
or stabilized. We further detected the expression levels of
cytokines which reflect the functioning of the immune cells.
IL-1b, IL-2R, IL-6, IL-8, IL-10 and TNF-a gradually increased
within 4 months, and gradually decreased after 4 months, which
were similar to the change the above-mentioned trend of T cells.
Briefly, SARS-CoV-2-reactive functional T cell responses
increased after infection and decreased slowly afterward. DC,
pDC and monocyte levels remained marginally higher in the
infected patients than controls throughout the follow-up.
Myeloid dendritic cells were detected during month 3 to 9,
after the acute phase. This indicates a potential long-term
effect of DC against the virus. The detection of raised levels of
monocytes, NK cells and NKT cells in this case suggests intact
innate immunity after SARS-CoV-2 virus infection in
this patient.

We performed an analysis of this transplant recipient’s
humoral immunity, including specific antibodies against SARS-
CoV-2 virus, in order to evaluate the potential protective effect of
infection against future re-infection. From month 2 to 4, B-cell
and B2-cell levels were lower than controls. However, after this
initial phase, the patient’s B- and B2-cell levels increased whilst his
B1-cells were consistently detected at higher levels than controls.
The anti-SARS-CoV-2 IgM decreased from its early peak up to
month 9, but remained within a titer range that was considered
protective, then subsequently rose again. It is unlikely that this
event signified re-infection or re-exposure for the following
reasons: (1) serial nasopharyngeal swab testing for SARS-CoV-2
RNA remained negative until month 12; (2) the patient had no
clinical symptoms suggestive of re-infection; (3) His IgG titer
continually decreased until M12; (4) the changes observed in levels
of DCs, mDCs and B-cells showed a trend consistent with IgM
levels. A very recent study shows that SARS-CoV-2 infection
induces a robust antigen-specific, long-lived humoral immune
response in humans (20). We therefore believe that this transplant
recipient exhibited immunoprotection against SARS-CoV-2 virus,
with effective titer of specific antiviral IgM and IgG (21). These
data suggest that transplant recipients may display sufficient
immunoreactivity to generate protective antibodies against
SARS-CoV-2, which supports expansion of vaccination
programmes to include transplant recipients. This may also have
implications for other immunocompromised populations.

In summary, this living kidney transplant recipient suffered an
episodeof severeCOVID-19 consistentwithcurrentunderstanding
of the disease phenotype. He recovered clinically within onemonth
of infection, and nasopharyngeal swab testing demonstrated
clearance of the SARS-CoV-2 virus. While COVID-19 appeared
September 2021 | Volume 12 | Article 741765
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to have no chronic impact on the lung function or fibrosis, it may
have resulted in lasting damage to renal tubular cells. Over a 1-year
follow-up window, the patient demonstrated both an effective
cellular and specifical humoral anti-SARS-CoV-2 response,
demonstrating that it is beneficial for the transplanted patients to
be immunized with SARS-CoV-2 virus vaccine. This experience
provides novel insights into the long-term effects of the SARS-CoV-
2 virus, and can inform clinical decision making for
immunocompromised individuals that become infected.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.
AUTHOR CONTRIBUTIONS

JZ, YH, GC, XL and NG contributed to the conception of the
study. JZ and YH performed the experiment. LQ, JZ, YH, XL and
Frontiers in Immunology | www.frontiersin.org 7
NG contributed significantly to analysis and manuscript
preparation. LQ, JZ, ZC, CM, XL and NG helped perform the
analysis with constructive discussions. All authors contributed to
the article and approved the submitted version.
FUNDING

This work was supported by grants to NG from the National
Natural Science Foundation of China (No. 81570678), to NG
from the Major State Basic Research Development Program of
China (NO. 2013CB530803, 973), to XC from the Special Project
of the Ministry of Health (201302009), and to NG from the
Clinical Research Physician Program of Tongji Medical
College, HUST.
ACKNOWLEDGMENTS

We thank the patient, the nurses and clinical staff who are
providing care for the patients.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
741765/full#supplementary-material
REFERENCES

1. Gong NQ, Ming CS, Zeng FJ, ZhangWJ, Lin ZB, Zhou P, et al. Renal Function
of Donors and Recipients After Living Donor Kidney Transplantation in a
Chinese Cohort. Chin Med J (2011) 124(9):1290–5. doi: 10.3760/
cma.j.issn.0366-6999.2011.09.003

2. Luo X, Zhang J, Zou S, Wang X, Chen G, Li Z, et al. Bone Fragment Co-
Transplantation Alongside Bone Marrow Aspirate Infusion Protects Kidney
Transplant Recipients. Front Immunol (2021) 12:630710. doi: 10.3389/
fimmu.2021.630710

3. Zhu L, Gong N, Liu B, Lu X, Chen D, Chen S, et al. Coronavirus Disease 2019
Pneumonia in Immunosuppressed Renal Transplant Recipients: A Summary
of 10 Confirmed Cases in Wuhan, China. Eur Urol (2020) 77(6):748–54. doi:
10.1016/j.eururo.2020.03.039

4. Francone M, Iafrate F, Masci GM, Coco S, Cilia F, Manganaro L, et al. Chest
CT Score in COVID-19 Patients: Correlation With Disease Severity and
Short-Term Prognosis. Eur Radiol (2020) 30(12):6808–17. doi: 10.1007/
s00330-020-07033-y

5. Nagpal P, Guo J, Shin KM, Lim JK, Kim KB, Comellas AP, et al. Quantitative
CT Imaging and Advanced Visualization Methods: Potential Application in
Novel Coronavirus Disease 2019 (COVID-19) Pneumonia. BJR Open (2021) 3
(1):20200043. doi: 10.1259/bjro.20200043

6. Kliment CR, Araki T, Doyle TJ, Gao W, Dupuis J, Latourelle JC, et al. A
Comparison of Visual and Quantitative Methods to Identify Interstitial Lung
Abnormalities. BMC Pulmonary Med (2015) 15:134. doi: 10.1186/s12890-
015-0124-x

7. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
Characteristics of Coronavirus Disease 2019 in China. New Engl J Med
(2020) 382(18):1708–20. doi: 10.1056/NEJMoa2002032

8. Gálvez-Romero JL, Palmeros-Rojas O, Real-Ramıŕez FA, Sánchez-Romero S,
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