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1  | BACKGROUND

The outbreak of new coronavirus disease (COVID-19) in December 
2019 first occurred in the Chinese city of Wuhan, and then shortly 
spread throughout the world.1 The high prevalence rate of this viral 
disease is because of the remarkable vital contagiousness and the 
rapid transmission in the pre-symptomatic phase.2 In January 2020, 

the World Health Organization (WHO) announced this viral disease 
as a global health emergency. However, due to the substantial de-
structive impact of COVID-19 on the world's people's health and 
social life as well as on global economic status, the WHO declared 
COVID-19 as a pandemic on 11 March 2020.1,2 By the end of April 
2020, 94 640 patients with COVID-19 in Iran have been identified, 
of which 6028 deaths have been occurred by the new coronavirus. 
Accordingly, this country, from the point of view of the number 
of deaths caused by COVID-19, ranks 10th after the USA, Brazil, 
Mexico, India, the UK, Italy, France, Spain, and Peru.3

Although individuals of all ages are susceptible to severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), older people with 
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Abstract
Background: There is a high risk of COVID-19 in kidney transplant recipients 
(KTRs) because of chronic immunosuppression and severe cytomegalovirus (CMV) 
pneumonitis.
Case presentation: A case series of 10 KTRs with COVID-19 in Iran was developed. 
Participants consisted of two female and eight male patients, aged 46-68 years old. 
The data related to clinical laboratory tests, outcomes, diagnosis, and drug treat-
ments were collected. The RT-PCR confirmed the COVID-19 infection in KTRs. The 
assessment of serum biochemical and blood hematological factors showed that there 
was a strong correlation between COVID-19 intensity and high serum Cr, BUN, and 
ALT levels, high CRP concentration, and lower lymphocyte and platelet counts in 
male KTRs. Ground-glass opacity (GGO) was the main radiologic pattern visible on 
both chest radiographs of computed tomography scans. The COVID-19 and CMV co-
infection in KTRs resulted in large-size kidneys with severe parenchymal echogenic-
ity and hydronephrosis. The combined use of effective antibiotic and antiviral drugs 
was suitable to prevent COVID-19 progression in KTRs.
Conclusions: The coincidence of COVID-19 and CMV in KTRs may potentially in-
crease the mortality risk of patients. The levels of Cr, BUN, ALT, and CRP as well as 
lymphocytes count in these patients should be continuously controlled.
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underlying diseases show a significant number of comorbid conditions 
such as diffuse alveolar damage with cellular fibromyxoid exudates and 
severe acute respiratory distress.4-6 This novel coronavirus after the 
infection of lungs may also accumulate in kidneys and cause injuries to 
renal cells severely.7 The COVID-19 infection in kidney transplant re-
cipients (KTRs) may intensify kidney failure owing to the severe immu-
nosuppression, comorbidity/multimorbidity, and underlying disease.8 
Furthermore, cytomegalovirus (CMV) is the most prevalent pathogen 
causing renal transplantation complications.9,10 The prevalence of CMV 
IgG and CMV IgM antibodies in Iran were estimated to be 92% (95% 
CI:	90-94)	and	2.6%	(95%	CI:	1.7-3.6),	respectively.	Thus,	the	high	se-
roprevalence of CMV IgG reflects the endemic state of CMV infection 
in this country.11 Babazadeh et al12 reported that CMV was diagnosed 
among	178	out	of	725	(24.6%)	Iranian	KTRs.	They	also	proved	that	the	
CMV seroprevalence of KTRs within an age range of 41-60 years was 
fourfold more than those under 20 years old.12 Preemptive therapy 
(with oral valganciclovir) is usually considered as a major strategy for 
CMV prevention among Iranian KTRs.12-14

To the best of our knowledge, there is limited information about clin-
ical symptoms, diagnosis using laboratory tests, and available therapies 
for KTRs infected with SARS-CoV-2. Herein, we tried to present Iranian 
KTRs with COVID-19 infection in terms of clinical signs and symptoms, 
medical managements and pivotal role of CMV co-infection,and other 
risk factors on the health status of patients with COVID-19.

2  | METHODS

2.1 | Study design and participants

From 8 February 2020 to 28 March 2020, a total of 10 cases of 
KTRs with COVID-19 infection including eight males and two fe-
males were detected and enrolled in special ward “corona patients” 
of the Baqiyatallah Hospital (Tehran, Iran). While our patients were 
maintained on cyclosporine or tacrolimus, and mycophenolic acid 
or mycophenolate mofetil, mycophenolic acid or mycophenolate 
mofetil was discontinued after COVID-19 diagnosis. According to 
our preventive strategy for CMV infection, preemptive therapy 
was performed, KTRs monitored once weekly for 12 weeks post-
transplantation until detecting CMV replication and beginning the 
treatment with valganciclovir (900 mg twice daily in normal renal 
function [NRF]) and in critically ill patients with intravenous ganci-
clovir (5 mg/kg twice daily in NRF). Recipients were also evaluated 
for CMV infection in every admission due to fever. All the patients 
referred to the hospital presented with fever and dry cough and 
were in an age range of 46-68 years. None of them had a history of 
sick contacts in the family. No cases were missed during this period.

2.2 | Data collection and representation

Demographic details of all the participants including gender, age, 
previous chronic disease (eg, diabetes and hypertension), smoking 

history, and epidemiological history were recorded. The body tem-
perature, systolic blood pressure, and pulse rate were determined. 
The respiratory rate was counted at the bedside for 1 minute. 
Primary symptoms of COVID-19 infection such as fever, dry cough, 
nausea, chills, etc were diagnosed during the admission time. The 
typical chest computed tomography (CT) images were obtained for 
each patient. CT scans were reviewed to observe the usual char-
acteristic signs of COVID-19, such as peripheral and/or sub-pleural 
ground-glass opacities ground-glass opacities (GGOs). The final di-
agnosis of COVID-19 was confirmed using the molecular analysis of 
real-time reverse transcription-polymerase chain reaction (RT-PCR). 
Accordingly, an RT-PCR nasopharyngeal swab test was used to diag-
nose patients with COVID-19. All the patients were tested for CMV 
infection during hospitalization according to the CMV-PCR assay of 
whole blood samples. In brief, a quantitative real-time PCR was used 
to diagnose the presence of CMV. The standard test for diagnos-
ing CMV infection on whole blood specimens was conducted with 
forward primer (50GCAGCCACGGGATCGTACT-30) and the reverse 
primer (50GGCTTTTACCTCACACGAGCATT-30), through a dual-
labeled fluorogenic probe (TaqMan® probe, Novingene Sanjesh Co., 
Tehran, Iran).15 Moreover, the kidney sonography with a 2.5 MHz 
transducer was performed. Results obtained in this research were 
reported as means, whereas categorical variables were summarized 
as counts and percentages. No imputation was made for missing 
data.

3  | RESULTS

The clinical appearance and some risk factors are shown in Table 1. 
Only 20% of these patients were female. The median age of the 
total population, men and women was 59.6 ±	7.72,	60.62	± 6.69, and 
55.5 ± 13.43 years, respectively. According to the checklists filled 
by the patient's family, the mean duration from illness beginning to 
admission	was	7.5	days.	The	kidney	 transplantation	period	among	
patients was different from 3 months to 11 years before the COVID-
19 infection. Eight patients were recovered and discharged from the 
hospital, while two individuals died due to the severity of the compli-
cations. The shortest and longest recovery period belonged to cases 
nos.	1	 (7	days)	and	4	 (52	days),	 respectively.	The	 (frequent)	hospi-
talization index was their high serum creatinine (Cr) levels. Fever 
(37.1-38.5°C)	in	all	the	patients	was	observed,	whereas	seven	sub-
jects had a dry cough. Other primary symptoms were shortness of 
breath, weakness/fatigue, nausea, chills, abdominal pain, vomiting, 
diarrhea, and anorexia. The molecular testing by RT-PCR confirmed 
the COVID-19 in patients. Four cases suffered from COVID-19 and 
CMV (412-592 IU/mL) co-infection and unfortunately, two of them 
died. Based on past medical history, 50% of patients co-infected 
with SARS-CoV-2and CMV (two out of four) had diabetes mellitus 
for	more	 than	7	years.	The	mean	values	of	 fasting	blood	 sugar	of	
these patients (nos. 3 and 8) during the hospitalization stay were 145 
and 164 mg/dL, respectively. It is noteworthy, all of them were on 
cyclosporine as an immunosuppressive regimen. Overall, diabetes 



     |  3 of 9MOLAEI Et AL

TA
B

LE
 1

 
A

 li
st

 o
f p

rim
ar

y 
sy

m
pt

om
s,

 c
lin

ic
al

 s
ig

ns
, a

nd
 d

is
ea

se
 h

is
to

ry
 o

f I
ra

ni
an

 K
TR

 c
as

es
 w

ith
 C

O
V

ID
-1

9

Pa
ra

m
et

er
s

C
as

e 
no

.a  

1
2

3
4

5
6

7
8

9
10

G
en

de
r

M
al

e
M

al
e

M
al

e
M

al
e

Fe
m

al
e

Fe
m

al
e

M
al

e
M

al
e

M
al

e
M

al
e

A
ge

 (y
ea

rs
)

56
58

68
62

46
65

48
66

67
60

A
dm

is
si

on
 d

at
e

4 
M

ar
ch

28
 M

ar
ch

26
 M

ar
ch

8 
Fe

br
ua

ry
18

 M
ar

ch
17
	M
ar
ch

9 
M

ar
ch

7	
M
ar
ch

12
 M

ar
ch

18
 M

ar
ch

D
is

ch
ar

ge
 d

at
e

11
 M

ar
ch

21
 A

pr
il

-
30

 M
ar

ch
28

 M
ar

ch
25

 M
ar

ch
-

31
 M

ar
ch

31
 M

ar
ch

15
 A

pr
il

IC
U

 a
dm

is
si

on
 (V

en
til

at
or

 n
ee

d)
N

o
Ye

s
Ye

s
N

o
N

o
N

o
Ye

s
Ye

s
N

o
N

o

D
ea

th
 d

at
e

-
-

9 
A

pr
il

-
-

-
28

 M
ar

ch
-

-
-

Bl
oo

d 
ty

pe
B+

O
+

A-
A

+
O

-
B-

A
B+

A
+

A
+

B+

Tr
an

sp
la

nt
at

io
n 

tim
e 

(y
rs

-b
ef

or
e)

2
1

3.
5

0.
15

0.
3

1
5

11
5.

5
2.

5

H
os

pi
ta

liz
at

io
n 

in
de

x
N

R
H

ig
h 

C
r

H
ig

h 
C

r
H

ig
h 

C
r

N
R

H
ig

h 
C

r
N

R
H

ig
h 

C
r

H
ig

h 
C

r
H

ig
h 

C
r

Pr
im

ar
y 

sy
m

pt
om

s
Fe

ve
r 

C
ou

gh
Fe

ve
r, 

C
ou

gh
, 

N
au

se
a

Fe
ve

r, 
C

ou
gh

, 
A

no
re

xi
a

Fe
ve

r, 
SB

, C
ou

gh
, 

Vo
m

iti
ng

, D
ia

rr
he

a
Fe

ve
r, 

C
hi

lls
Fe

ve
r, 

SB
, 

C
ou

gh
Fe

ve
r, 

C
ou

gh
, 

N
au

se
a

Fe
ve

r, 
W

ea
kn

es
s,

 
Fa

tig
ue

, 
A

bd
om

in
al

 p
ai

n

Fe
ve

r, 
SB

, 
W

ea
kn

es
s,

 
Fa

tig
ue

Fe
ve

r, 
C

ou
gh

Te
m
pe
ra
tu
re
	(°
C
)

37
.8

37
.2

37
.5

38
.1

38
.5

38
.0

37
.2

37
.3

37
.1

37
.4

CO
V

ID
-1

9 
(+
/−
)

Po
s.

Po
s.

Po
s.

Po
s.

Po
s.

Po
s.

Po
s.

Po
s.

Po
s.

Po
s.

C
M

V
 (+
/−
)

N
eg

.
N

eg
.

Po
s.

N
eg

.
N

eg
.

Po
s.

Po
s.

Po
s.

N
eg

.
N

eg
.

D
ia

be
te

s 
(+
/−
)

N
eg

.
Po

s.
Po

s.
Po

s.
Po

s.
N

eg
.

N
eg

.
Po

s.
N

eg
.

N
eg

.

FB
S/

BS
 (m

g/
dL

)
FB

S,
 9

6
BS

, 1
85

FB
S,

 1
45

FB
S,

 1
06

BS
, 2

19
FB

S,
 6

8
FB

S,
 1

50
FB

S,
 1

64
FB
S,
	7
2

FB
S,

 2
41

H
yp

er
te

ns
io

n 
(+
/−
)

N
eg

.
N

eg
.

N
eg

.
Po

s.
N

eg
.

N
eg

.
Po

s.
N

eg
.

N
eg

.
N

eg
.

Bl
oo

d 
pr

es
su

re
 (m

m
 H

g)
12

0/
80

12
0/

80
13
0/
70

11
0/

65
14

0/
90

11
0/
70

N
R

13
0/

80
12

0/
80

12
0/

80

Sm
ok

in
g 

ha
bi

t (
+
/−
)

N
eg

.
N

eg
.

N
eg

.
N

eg
.

N
eg

.
N

eg
.

Po
s.

Po
s.

N
eg

.
N

eg
.

Pu
ls

e 
ra

te
 (b

pm
)

80
90

76
78

88
75

96
80

78
80

Re
sp

ira
to

ry
 ra

te
 (b

pm
)

20
20

18
19

18
17

24
18

20
19

A
bb

re
vi

at
io

ns
: B

S,
 B

lo
od

 s
ug

ar
; C

r, 
C

re
at

in
in

e;
 F

BS
, F

as
tin

g 
bl

oo
d 

su
ga

r; 
N

R,
 N

ot
 re

po
rt

ed
; S

B,
 S

ho
rt

ne
ss

 o
f b

re
at

h.
a A

ll 
th

e 
de

m
og

ra
ph

ic
 a

nd
 b

as
ic

 in
fo

rm
at

io
n 

w
er

e 
ob

ta
in

ed
 d

ur
in

g 
th

e 
ad

m
is

si
on

 ti
m

e.
 



4 of 9  |     MOLAEI Et AL

mellitus (in five cases) and hypertension (in two cases) were con-
sidered as underlying diseases to COVID-19. The other non-diabetic 
patients were treated with tacrolimus or cyclosporine. The levels of 
fast blood sugar among the patients ranged from 68 to 241 mg/dL. 
The blood pressure mainly was in a normal range. Two co-infected 
cases with SARS-CoV-2 and CMV had history of cigarette smok-
ing.	The	pulse	and	respiratory	rates	among	patients	were	75-96	and	
18-24	bpm,	respectively.	The	case	no.	7	coinfected	with	SARS-CoV-2	
and CMV and a smoking history had the maximum pulse (96 bpm) 
and respiratory (24 bpm) rate (Table 1). Overall, four KTR patients 
were admitted in the ICU on a ventilator.

Table 2 exhibits the serum biochemical and blood hematologi-
cal parameters of 10 KTRs with COVID-19. The blood urea nitrogen 
(BUN) and Cr levels ranged from 26 to 105 and 1.0 to 10.4 mg/dL, re-
spectively. The highest BUN and Cr amounts were observed in case 
no. 10, while cases nos. 1 and 4 recorded the maximum triglyceride 
(364	 mg/dL)	 and	 cholesterol	 (178	 mg/dL),	 respectively.	 This	 case	
also revealed notable levels of liver enzymes of AST (135 U/L) and 
ALT (89 U/L) compared to the other patients. The normal homeo-
stasis of sodium (Na) and potassium (K) is a an indicator of normal 
renal	function.	The	Na	and	K	levels	were	118-142	and	3.5-5.7	mg/
dL, respectively. Lymphocytes as primary targets of COVID-19 were 

TA B L E  2   Serum biochemical and blood hematological factors of samples collected from Iranian KTR cases with COVID-19

Parametersa 

Case no.

1 2 3 4 5 6 7 8 9 10

Serum biochemistry

BUN (mg/dL) 36 61 99 80 36 22 23 97 82 105

Cr (mg/dL) 3.5 5.7 7.0 6.6 2.2 1.0 2.5 3.9 3.8 10.4

Cholesterol (mg/dL) - 71 70 178 - 2.5 - 122 101 -

TG (mg/dL) 364 271 92 128 - 87 - 200 92 -

LDL (mg/dL) 252 - - - - - - 53 - -

HDL (mg/dL) - - - - - - - 45 - -

Calcium (mg/dL) 9.2 7.8 - 6.8 9.2 - - - 9.5 -

Inorganic phosphate 
(mg/dL)

- - - 11.7 - 2.7 - - - -

Potassium (mg/dL) 4.1 5.5 5.7 4.7 4.0 3.5 3.5 4.6 4.5 5.3

Sodium (mg/dL) 142 133 118 130 136 143 133 135 139 139

Magnesium (mg/dL) - - - 1.7 2.2 - 1.8 - - -

AST (SGOT, U/L) 23 17 260 22 - 21 22 43 13 135

ALT (SGPT, U/L) 44 34 231 10 - 13 100 10 10 89

ALP (U/L) - - - - - - - - 150 427

LDH (U/L) - - 2750 552 - - - 1205 - 1182

Blood/hematology

WBC (×1000) 7.4 9.8 4.0 6.6 5.9 11.0 9.1 4.2 10.8 19.6

Lymphocytes (×1000) 2.5 1.41 0.40 2.13 0.76 0.88 0.80 0.49 1.08 0.90

Polymorphonuclear 
leukocytes (×1000)

3.9 7.05 3.70 3.82 3.59 9.79 7.46 3.31 9.39 17.85

HGB (g/dL) 12.6 9.4 8.1 9.7 39.3 11.4 11.1 9.1 8.8 9.3

HCT (%) 34.2 29.2 22.9 30.7 107.5 35.3 34.9 25.8 25.1 29.3

PLT (×1000) 202 192 131 151 211 158 122 146 259 126

PCT (µg/L) 0.1 - 0.1 - 0.3 0.1 - 0.092 - -

CPK (U/L) - - - 26 49 - - - - -

ESR (mm/h) - - - 55 81 22 - 45 40 -

Troponin (ng/mL) - - - 0.01 0.002 - - - - -

CRP (mg/L) 30.1 28.3 52.9 45.7 12 2.6 43.1 40.2 19.5 20.4

Abbreviations: ALP, Alkaline phosphatase; ALT (SGPT), Alanine aminotransferase (Serum glutamic pyruvic transaminase); AST (SGOT), Aspartate 
aminotransferase (Serum glutamic oxaloacetic transaminase); BUN, Blood urea nitrogen; CPK, Creatine phosphokinase; CRP, C-reactive protein; 
ESR, Erythrocyte sedimentation rate; HCT, Hematocrit; HGB, Hemoglobin; LDH, Lactate dehydrogenase; LDL, Low-density lipoprotein; PCT, 
Procalcitonin; PLT, Platelet; TG, Triglyceride; WBC, White blood cell.
aAll the data were analyzed on the second day of hospitalization. 
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significantly reduced. Although there was no significant difference 
in the decreased number of lymphocytes between cases nos. 3 and 
8, the lowest lymphocytes count (~400) and hemoglobin (8.1 g/dL) 
belonged to the dead case (no. 3), who suffered from the coinfec-
tion of SARS-CoV-2 and CMV. The platelet count among KTRs with 
COVID-19 ranged from 101 000 to 259 000. The higher C-reactive 
protein (CRP) level was associated with more severe symptoms.

Ground-glass opacity (GGO) was the most common radiologic 
finding in chest computed tomography (CT) scan when admitted in 
hospital (Table 3). Even though multifocal patchy GGO in both lungs 
was found, especially when KTRs are coinfected with SARS-CoV-2 
and CMV (Figure 1A and B). As the COVID-19 progresses, paracardiac 
opacity, pleural effusion, bilateral multilobar infiltrate, crazy paving 
pattern, and consolidations mainly in the peripheral segments can be 
seen in the chest CT imaging. Figure 1 compares the radiologic find-
ings such as GGOs and other pulmonary manifestations with blurred 
borders mainly distributed in the middle and lower lobes of both 
lungs in patients with COVID-19 alone or those with COVID-19 and 

CMV co-infection. Ultrasonographical study in all patients revealed 
unremarkable findings in allograft unless in COVID-19 and CMV 
co-infected patients whose expired allografts were enlarged with an 
increase in parenchymal echogenicity and hydronephrosis. However, 
there were small irregular cystic lesions in KTRs' kidneys before the 
COVID-19 infection. Meropenem, teicoplanin, and azithromycin 
were the most common administered antibiotics, respectively. Also, 
antiviral agents such as ganciclovir, oseltamivir, and ribavirin were 
used in some patients as indicated. Moreover, hydroxychloroquine 
and pulse corticosteroid therapy were administered for four KTRs 
during the hospitalization period (Table 3).

4  | DISCUSSION

According to the WHO's list, COVID-19 has become one of the 
biggest threats to global health security. The COVID-19 manage-
ment and control in patients with kidney transplantation are very 

F I G U R E  1   CT scan images of Iranian 
KTR cases with COVID-19 (A, C, E), as 
well as with COVID-19 and CMV (B, 
D, F) on the admission (A, B) and the 
3rd (C, D) and 5th (E, F) days after the 
hospitalization

(A) (B)

(C) (D)

(E) (F)
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challenging due to their chronic immunosuppression and suscep-
tibility to a variety of viral pathogens.16 One or more infectious 
processes such as atypical respiratory infections may be present in 
KTRs. Accordingly, there is a possibility for concurrent viral infec-
tions of CMV and SARS-CoV-2 in these patients. On the other hand, 
as the major receptor of SARS-CoV-2 to enter into the host cells is 
the angiotensin-converting enzyme II (ACE2) and expression of this 
receptor occurs in two vital organs of kidney and lung, renal failure 
similar to respiratory failure could be expected. Li et al17 using the 
human tissue RNA-seq data showed that the ACE2 expression in 
respiratory organs (lungs) was ~100-fold less than kidneys.

In this study, KTRs about 60 years old were referred to our med-
ical center due to fever, dry cough, and shortness of breath. RT-PCR 
examination was then performed to confirm COVID-19 infections. 
Guillen et al18 reported a 50-year-old male KTR in Spain with COVID-
19	with	a	24-hour	history	of	fever	(38.2°C),	cough	without	dyspnea,	
malaise, and vomiting. A recent review on KTRs with COVID-19 has 
shown that most cases in the world are male with a mean age of over 
50 years. Patients received immunosuppressants such as tacrolimus 
with mycophenolate and prednisone, while 18% of them progressed 
to respiratory failure requiring mechanical ventilation.19 We found 
similar results, although the more percentage of KTRs (40%) had a 
need for a ventilator. In addition, Banerjee et al9 reported that 42.8% 
(three out of seven) British KTR cases with COVID-19 required non-
invasive ventilation with a continuous positive airway pressure for 
respiratory failure. The preliminary treatment ways for most KTRs 
was the discontinuation of some immunosuppressive agents (ie, 
mycophenolic acid or mycophenolate mofetil) and beginning with 
a set of antibiotics and antivirals.20 Zhu et al21 used IVIG, steroids, 
and interferon α to treat a 52-year-old Chinese man with COVID-19, 
who received kidney transplantation 1 year ago. Guillen et al18 and 
Gandolfini et al22 applied hydroxychloroquine (HCQ) to treat KTRs 
with COVID-19. In our study, IVIG (patients 1 and 2) and HCQ (pa-
tients 2, 5, 6, and 8) were also administered to treat 20% and 40% 
KTRs. Although the use of colchicine probably could decrease the 
atypical inflammatory responses in KTRs,22 Zhang et al23 did not use 
HCQ to treat all five Chinese KTRs with COVID-19.

In the present study, the COVID-19 intensity with severe sign 
and symptoms was associated nore with high serum Cr and BUN lev-
els and lower lymphocyte and platelet counts in male KTRs. Similar 
results on the increased serum Cr and BUN in KTRs with COVID-19 
were reported.24,25 Chen et al26 earlier showed that the COVID-19 
did not lead to acute kidney injury among 116 hospitalized patients 
from Wuhan, China, despite an increase in BUN or Cr levels after the 
COVID-19 infection and during the treatment. The level of creatine 
kinase is positively associated with the serum Cr level. According to a 
recent study, cytokines or mediators induced by COVID-19 can lead 
to a mild to moderate increase in creatine kinase.27 The lymphope-
nia was also observed by COVID-19 infection in British,9 French,28 
Thai,29 and Indian30 KTRs. This risk factor mainly was due to the de-
creased count of T-type lymphocytes (such as CD4 + T and CD8 + T 
cells) with the potential anti-pathogenicity effect against SARS-
CoV-2.26,31 In general, the immune response of KTRs predominantly 

the T-cell immune-regulatory function is highly depressed owing to 
immunosuppressive agents. Therefore, we recommend to reduce 
these agents to lower limit of maintenance as soon as possible. 
Under this clinical strategy, the preserved immunity might eradicate 
SARS-CoV-2.32

Although there was not an acceptable number of cases, the 
present study revealed that smoking and diabetes mellitus may 
increase KTRs' susceptibility to COVID-19 and CMV infection. 
Acute respiratory distress syndrome (ARDS) is one of the most 
important complications in smoker KTRs with a severe infection 
of COVID-19.21,33 Brake et al34 explained that the ACE2 can be 
upregulated on the airway epithelial cells of smokers. In a retro-
spective study, one-fifth of Chinese patients with COVID-19 had a 
history of diabetes mellitus, showing an increased risk of COVID-
19 along with a poorer prognosis.35 Thus, since ACE2 is widely ex-
pressed in different vital organs systems (eg, kidneys, lungs, heart, 
and brain), some patients with severe COVID-19 infection died of 
multiple organ failure.

The coinfection of CMV and SARS-CoV-2 in KTRs has not been 
yet reported. We found that this coinfection could significantly 
increase the disease severity and mortality rate. CMV as a preva-
lent infection in KTRs acts through two main cell mechanisms: (i) 
the transcription and upregulation of IL-2 and its receptor and the 
inhibitory effect of cyclosporine on the transcription of IL-2 gene, 
and (ii) the generation of a high number of proinflammatory cyto-
kines as a result of the activation of cellular DNA, messenger RNA, 
and protein synthesis.36 These mechanisms not only induce endo-
thelial activation and rejection but also directly lead to an allograft 
injury.37 Accordingly, the coincidence of these adverse effects with 
the COVID-19 infection by reducing the number of white and red 
blood cells can cause morbidity and mortality in KTRs. High levels 
of CRP in dead KTRs with CMV and COVID-19 coinfection was 
proved according to the disease severity. This data suggest that this 
biomarker might be applied to predict severe infection before their 
lung CT lesion appeared. Recently, Tan et al38 also reported that CRP 
could be correlated with the development of this novel viral disease 
and represented an acceptable performance to forecast COVID-19 
severity in early stages.

5  | CONCLUSIONS

This study showed that the COVID-19 changed BUN, Cr, and ALT 
levels, lymphocytes number, as well as CRP amount in KTRs. The 
GGO was the most frequent pattern induced by the process of entry 
of SARS-CoV-2 into the host cell in the lung CT scan. The COVID-19 
and CMV coinfection especially in KTRs led to more severe symp-
toms and mortality. The large-size kidneys with increasing parenchy-
mal echogenicity and hydronephrosis in these patients were found. 
Although it cannot be concluded that there were some associations 
between laboratory variables and clinical outcomes owing to the 
small sample size and lack of control group, implementing a case-
control design with an acceptable number of participants would be 
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appropriate to enable the data acquisition with high reliability and 
repeatability. Thus, more studies are needed to obtain a more com-
plete vision and a reliable result of KTRs infected with COVID-19 
alone or in combination with CMV.
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