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Abstract. Background. Although most people recover from acute COVID-19within a few weeks, some have long-lasting clinical
problems. The prevalence of these prolonged complications in kidney transplant (KT) recipients has not been determined.
Materials and methods. Six months following of 148 patients with post-COVID-19 syndrome admitted to three centers in Iran
(Tehran, Shiraz and Babol) that underwent KT were included in this study. Also, one-hundred COVID-19 patients without
KT were included as the control group. The demographic data, medications, and disease course were recorded. The baseline
and demographic characteristics were analyzed using the Chi-square test. Moreover, student’s t-test were utilized to compare
case and control groups. Results. The total number of patients was 248, of which 148 were in the case groups. Hospitalization
associated with COVID-19 was for all patients; besides, there were 18 patients in control and 24 case groups admitted to an
intensive care unit (ICU). The most commonly reported symptom was fever. Multivariate analysis identified the history
of chronic kidney disease, hypertension, cerebral vascular accident, and diabetes mellites as predictors for developing post-
COVID clinical complications. Conclusion. Evidence shows the high commonness of post-COVID-19 syndrome among
kidney transplant patients after COVID-19, and the most common symptoms were fever, chills, and myalgia. So, all patients
recovered from acute COVID-19 should undergo long-term monitoring to evaluate and treat possible complications.

Key words: long-COVID-19, post-COVID-19, COVID-19, complications, kidney transplant, prolonged symptoms.
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Pestome. Bsedenue. X0oTs1 OONBIIMHCTBO JIOIEH BbI3TOPAaBIMBAIOT OT 0cTpoil hopmbl COVID-19 B TeyeHUE HECKOIb-
KUX Hellesib, Y HEKOTOPHIX 3a00JieBaHKME ITPUOOPETAET 3aTSIKHOE TEUCHUE ¢ Pa3HOrO poja KJIMHUYSCKMMU IIPOSIB-
neHusiMu. PacnpocTpaHeHHOCTh Takux BapuaHToB COVID-19 y nronmeit, mepeHecHIMx TpaHCIIAaHTALMIO MOYKU
(TIT), He ycraHoBAeHA. Mamepuanst u memoost. B uccienoBanue ObI10 BKJIIOYEHO 148 MallMeHTOB ¢ MOCTKOBUIHBIM
CUHJIPOMOM, TOCITUTAIU3UPOBAHHBIX B Tpu LeHTpa B Mpane (TerepaHn, [llupa3 u babonw). 3a mecTb MecsleB 10
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atoro uM Oblaa nposeaeHa TII. KontpoabHyto rpynmny coctaBuau 100 nauuentoB ¢ COVID-19 6e3 npeaiiecTBy-
fomieit TII. Beuin mpoaHaau3upoBaHbl AeMorpaduyecKre AaHHbIE, UCMOJb30BAHHbIC JIEKAPCTBEHHbIE Mpenaparhl
u TeyeHue OonesHu. McxomHble U nemMorpadguyeckue XapaKTepUCTUKU OLIEHUBAJIUCh C UCIOJAb30BAaHUEM KpUTeE-
pus xu-kBaapar. Kpome Toro, ajisi cpaBHEHUS TPYIN CAYyYaeB U KOHTPOJbHBIX TPYMI UCMOIb30BaCs t-KPUTEPUit
CroroneHta. Pezyasmamor. Bece manuentsl ¢ COVID-19, Bktouas nepeHeciunx TIT v AUl KOHTPOJIBHON TPYIIIIbI,
OBLIM TOCMUTATU3UPOBAHHBI, MPUYEM JieueHUE Ha OTneJeHur MHTeHcuBHOU Tepanuu (OUT) nmorpedoBanoch 24
o0oabHbIM ¢ TII B aHaMHe3e u 18 marmeHTaM KOHTPOJIbHOM rpymnmbl. Hanbosee yacTbiM CUMIITOMOM Obljla JIMXOPaI-
Ka. MHOro(akTOpHbIN aHAIU3 0OHAPYXUJ HATUYME B aHAMHE3€¢ XPOHUYECKHUX 3a00IeBaHU U MOYEK, apTepuaaibHON
TUIIEPTEH3UU, MHCYJIbTA U caXapHOro Auadera, KOTOphIE SBISJIUCH MPEAUKTOPAMU PA3BUTUS KIMHUYECKUX OCIOX-
Henuit mociae COVID-19. Boigodwi. [JlaHHbBIE TOKA3bIBAIOT BHICOKYIO PACIPOCTPAHEHHOCTh MOCTKOBUAHOTO CUHIPO-
Ma cpenu MalMeHToB ¢ TpaHcmaaHTauueil mouku nocie COVID-19. Haubosee pacipocTpaHeHHBIMU CUMIITOMaMU
ObLIM TUXOpaJKa, 03HOO U Muaarus. Takum o0pa3oM, Bce MalMeHThl, BbI3aopoBeBliue oT octporo COVID-19, nox-
HBI MPOXOJAUTD NJUTEIbHOE HAOMIOAEHUE /151 OLIEHKU X COCTOSIHUS Y Teparu BO3MOXHBIX OCJIOXKHEHUIA.

Karouesnie caosa: long-COVID-19, post-COVID-19, COVID-19, ocaoxcrherus, mpancniaHmayus no4ku, RpoaoHeUpO8aHHble CUMIIOMDbL.

Introduction

On February 19, 2020, Iran reported its first
COVID-19 mortality; by December 2022, more than
140,000 deaths were reported by SARS-CoV-2 infec-
tion [22]. In severe cases, multiple organ failure threat-
ens patients with possible damage to vital organs such
as the lungs, heart, liver, nervous system, and kidneys
[18]. A condition known as “post-acute COVID-19
syndrome” or “long COVID-19,” lasting for weeks
or months, was observed in some recovered patients
over time that was frequently manifested as persistent
neurological, respiratory, or cardiovascular symptoms
[17]. Persistent symptoms, such as fatigue, diffuse my-
algia, and arthralgia, characterize Post-COVID-19
syndrome. These symptoms are linked mainly to mi-
tochondrial dysfunction, oxidative stress, and low an-
tioxidant levels [19]. Surprisingly, some patients with
severe COVID-19 recover more quickly, whereas oth-
ers with milder forms of the disease, or those who were
asymptomatic, develop significant post-COVID-19
complications and require a long time to recover [24].

Immunocompromised patients may present
with unusual symptoms after SARS-CoV-2 infec-
tion. Therefore, the Centers for Disease Control and
Prevention (CDC) identify immunocompromised
patients, including those requiring immunosuppres-
sive treatment after organ transplantation, as high-risk
groups at risk of becoming severely ill with SARS-
CoV-2 [13]. Kidney transplantation (KT) is the ulti-
mate treatment for end-stage renal disease (ESRD)
patients. KT recipients (KTRs) are at high risk due
to chronic immunosuppression and comorbidities.

A significant temporal relationship has been
observed between the increase in the severity
of COVID-19 infection and the increase in the mor-
tality in solid organ transplant patients. This decline
has been seen most in KT, even in regions with few
cases of COVID-19 [14]. The European Union data-
base stated that about 21% of deaths from COVID-19
between February 1, 2020, and May 1, 2020, were
in KTRs. Risk factors in KTRs with COVID-19 are
older age, more significant weakness, obesity, and
previous lung disease [15]. In KTRs with COVID-19,

fever, cough, respiratory failure, fatigue, myalgia,
and gastrointestinal symptoms have been reported as
the most common manifestations [10, 15].

Several medical facilities stopped all immuno-
suppressive regimens for KTRs with COVID-19 and
replaced them with methylprednisolone. Despite
a reduction and change in baseline immunosup-
pression, no transplant rejection was reported in any
patients [15]. A systematic review examining KTRs
with COVID-19 from Asia, Europe, and America re-
ported that compared to patients with mild or mod-
erate disease, patients with severe disease had higher
C-reactive protein (CRP), lactate dehydrogenase
(LDH), ferritin, and D-dimer. Moreover, more pro-
longed time from transplantation to COVID-19 di-
agnosis, hypoxia, and elevated LDH were associated
with higher mortality. Also, COVID-19 was associ-
ated with higher morbidity and mortality in KTRs.
None of the specific COVID-19 treatments was as-
sociated with disease improvement in KTRs [11].

Little is known about the outcomes of COVID-19
infection and it's residual complications in KTRs. Thus,
this study aimed to describe complications following
COVID-19 in KTRs from three referral centers in Iran.

Materials and methods

Study design and participants. By the end of August
2022, we identified 148 adult KTRs with COVID-19
at Shahid Beheshti hospital of Babol (C1) (35 patients),
Shahid Namazi hospital of Shiraz (C2) (63 patients),
and Shahid Labafinezhad hospital of Tehran, Iran (C3)
(50 patients). Another 100 patients with COVID-19
who did not undergo a KT were included in the study
as the control group. Patients with two negative reverse
transcriptase-polymerase chain reaction (RT-PCR)
tests for SARS-CoV-2 were eligible for further follow-
up at our outpatient clinics. Then, all included patients
were followed up for six months. Ethical approval
for this study was obtained from the ethics committee
of Babol University of Medical Sciences (Reference
code: IRMUBABOL.HRI.REC.1401.086).

Procedures and questionnaires. Patients were inter-
viewed with a standardized survey by an infectious dis-
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ease specialist to recount symptoms during the acute
illness and whether they persisted or some new oc-
curred to assess clinical complications, such as dry
cough, headache, fever, chills, myalgia, sore throat,
sputum discharge, dyspnea, hemoptysis, chest pain,
rhinorrhea, nasal congestion, nausea, and vomiting.
Individually, other diagnostic procedures were em-
ployed (laboratory and radiologic). Patient information
includes demographic data, prescribed medications,
disease course, paraclinical assays, computed tomog-
raphy (CT) scan, time of KT, and immunosuppressive
medications, including azathioprine, mycophenolic
acid, cyclosporine, sirolimus, and tacrolimus, the need
for dialysis during hospitalization, and their final out-
come were recorded via a standardized questionnaire.

Statistical analysis. The primary outcomes included
the presence of clinical complications or the occurrence
of laboratory abnormalities. Multiple logistic regression
statistical tests will be used to investigate the relation-
ship between hematological and biochemical variables
and the occurrence of death. The results will be cal-
culated and reported as an odds ratio (OR) with 95%
confidence intervals. The model’s variables include all
the variables affecting the occurrence of death, which
have been proven in the literature review. A significance
level of 0.05 was considered in all tests. IBM SPSS ver-
sion 26.0 software was used for data analysis.

Results

Demographic features of the patients. Of 248 pa-
tients, 134 (54%) were men, with an age range
of 11 to 96 and a median age of 51.04+15.67 years.
The mean age of the participants in the control group
was 53.68%+17.31 years. The details of the mean age
of each center are provided in Table 1. There was not
a significant difference between the age of the case
and the control groups.

Patients in C1, C2, and C3 have received a trans-
plant since 7.15%+4.09, 12.56%12.54, and 6.66+6.14
years ago, respectively. Hospitalization associated
with COVID-19 was for all patients, besides that there
were 18 patients in control, 6 patients in Cl, 3 pa-
tients in C2, and 15 patients in C3 groups admitted
to an intensive care unit (ICU) because they needed
intense support for failing organ systems, treatment,
constant monitoring, and frequent nursing care, with
a mean hospital stay of 7.44+7.95, 7.50+6.41, and
8.00%£10.25 days, respectively. Table 1 shows the de-
tailed characteristics of the study population.

The major maintenance immunosuppressive
agents currently used in various combination regi-
mens for case groups were Prednisolone (120 pa-
tients, p = 0.001), Tacrolimus (58 patients, p = 0.004),
Sirolimus (3 patients, p = 0.453), Cyclosporine (80 pa-
tients, p = 0.321), Cellcept (98 patients, p < 0.0001),
and Azathioprine (3 patients, p = 0.007).

Radiographic findings. Bilateral interstitial pneu-
monia was seen in C1 (71.90%), C2 (41.30%), and C3

(44%) (p = 0.013). Unilateral involvement was seen
in the control group sharply high (76 patients) but
in other centers was not too high (27 patients, 18.8%),
and Consolidation was not a lot between the centers
(32 patients, 22.5%). In contrast, Ground-glass opacity
(GGO) was an enormous amount between the cent-
ers (114 patients, 79.2%) and effective in centers (p =
0.021). Radiologic features of patients shown in Table 2.

Post-COVID-19 clinical complications and condi-
tions. Fever, chills, and myalgia were the most com-
mon prolonged symptoms commonly reported in pa-
tients infected with COVID-19. Among these pa-
tients, fever (132 patients, 53.7%) was the most com-
mon symptom, and 65 patients were from the control
group (p = 0.003).

Details of clinical complication was demonstrat-
ed in Table 2.

The average oxygen saturation (SpO,) for CI
on admission was 91.20+6.17%, and in discharge was
96.68+1.66%, for C2 on admissions was 91.97+4.10&,
and in discharge was 95.15+2.79%, for C3 on ad-
missions was 91.96+£7.11%, and in discharge was
88.261+19.15%, and for the control group on admissions
was 95.40+4.48%, and in discharge was 88.26+19.15%,
showing that SpO, was higher in the control group.
Further data are summarized in Table 3.

Chronic kidney disease (CKD) before transplant
also was massive among patients (54.9%, p < 0.0001).
Following that, in C3, 54,2% did Hemodialysis and
10% did Continuous renal replacement therapy
(CRRT), which shows that kidneys were failed to pu-
rifying the blood from waste products such as cre-
atinine and urea and free water (p = 0.017 and p =
0.006, respectively). It was seen that minor individu-
als had Polycystic ovary syndrome (PCOS) before
the transplant (4 patients, 2.7%), (p = 0.036). Our
study diagnosed AHF in C2 (1 patient) and C3 (8 pa-
tients). Different types of issues are in Table 4.

Discussion

After the transplant, people in the hospital experi-
enced persistent COVID-19-related symptoms. This
study aims to check whether transplants can lead
to prolongation of COVID-19 symptoms. Generally,
it is difficult to estimate the prevalence, characteris-
tics, and duration of this new condition called a post-
COVID syndrome, primarily because there is cur-
rently no accepted case definition for post-COVID
syndrome and consensus on diagnostic procedures
[5]. Most of the early data on post-COVID syndrome
emerged from the follow-up of hospitalized individu-
als with COVID-19 who had a more severe disease
course and, consequently, reported a higher preva-
lence of persistent symptoms.

We found post-COVID syndrome in patients with
a mild to moderate COVID-19 course. So far, only
two studies have been published on the post-COVID
long-term outcomes in KTR. In the prospective co-
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Table 1. Characteristics of study participants

Characteristics Center 1 Center 2 Center 3 Control group P value
Age, years, mean+SD 47.37£12.26 49.35+13.90 50.44+16.00 53.68+17.31 0.029
Sex, n (%) | Male 19 (54.3) 43 (68.3) 32 (64) 42 (44.2) <0.0001
Years since transplantation,
yoars, mean+SD P 7.15£4.09 12.56+12.54 6.666.14 0 0
Duration of hospitalization
inICU, days, mepaniSD 7.50%6.41 0 8.00£10.25 6.33+4.73 0.955
Drug history
Prednisolone, n (%) 30(85.7) 58 (92.1) 32 (64) 0 0.001
Tacrolimus, n (%) 6 (17.6) 25(39.7) 27 (54) 0 0.004
Sirolimus, n (%) 1(2.9) 2(3.2) 0(0) 0 0.453
Cyclosporine, n (%) 13(38.2) 34 (54) 23 (46) 0 0.321
Celicept, n (%)s 29 (82.9%) 49 (77.8%) 20 (40%) 0 <0.0001
Azathioprine, n (%) 3(8.6) 0(0) 0(0) 0 0.007
Past medical history
PCOS, n (%) 3(8.8) 0 1(2) 0 0.036
Chronic kidney infection, n (%) 7(21.2) 6(9.5) 2(4.1) 0 0.042
ADPKD 0 1 0 0 0
Kidney cancer, n (%) 2(6.1) 2(3.2) 4(8) 0 0.527
CKD, n (%) 8(25.8) 28 (44.4) 43 (86) 0 <0.0001
HTN, n (%) 16 (45.7) 43(68.3) 35(70) 19 (19) <0.0001
CVA, n (%) 2(5.7) 1(1.6) 0 21 (21) <0.0001
Cardiovascular surgery, n (%) 5(14.3) 0 2(4) 4 (4) 0.784
DM, n (%) 10 (30.3) 17 (27.0) 23 (46) 28 (28) 0.301
Malignancy, n (%) 0 0 1(2) 3(3) 0.154
Chronic liver disease, n (%) 0 0 3(2) 1(1) 0.529
Brain diseases, n (%) 1(2.9) 1(1.6) 5(10) 1(1) 0.103
Complications
CKD, n (%) 1(2.9) 1(1.6) 1(2) 0 0.152
AIDS, n (%) 0 0 0 0 0
COPD, n (%) 0 0 1(2) 1(1) 0.779
ARDS, n (%) 1(2.9) 0 2(2) 0.349
Pneumonia, n (%) 1(2.9) 0 0 1(1) 0.779

Abbreviations: ICU, Intensive care unit; PCOS, Polycystic ovary syndrome; ADPKD, Autosomal dominant polycystic kidney disease; CKD, Chronic kidney
disease; HTN, Hypertension; CVA, Cerebrovascular accident; DM, Diabetes mellitus; AIDS, Acquired immunodeficiency syndrome; COPD, Chronic
obstructive pulmonary disease; ARDS, Acute respiratory distress syndrome.

Table 2. Post-COVID-19 radiographic features of study participants

Types of problem Center 1 Center 2 Center 3 Control group Pvalue
Bilateral lung involvement, n (%) 23 (71.9%) 26 (41.3%) 22 (44%) 0 0.013
Unilateral lung involvement, n (%) 8 (25.8%) 9 (14.3%) 10 (20%) 76 (83.5%) 0.389
Consolidation, n (%) 7 (23.3%) 9 (14.3%) 16 (32.7%) 0 0.069
GGO, n (%) 30 (96.8%) 48 (76.2%) 36 (72%) 0 0.021
Peripheral involvement, n (%) 15 (48.4%) 29 (46%) 20 (40%) 0 0.719
Peribronchovascular involvement, n (%) 6 (20%) 6 (9.5%) 8 (16%) 0 0.348
Involvement in lung base, n (%) 12 (40%) 3(4.9%) 3 (6.1%) 0 <0.0001
Cavitary lesions, n (%) 0 3 (4.9%) 0 0 0.134
Diffuse pulmonary nodules, n (%) 0 0 0 0 0
Tree-in-bud pattern, n (%) 0 0 13 (26%) 0 <0.0001
Pleural effusion, n (%) 2 (6.7%) 10 (15.9%) 11 (22.4%) 0 0.181
Lymphadenopathy, n (%) 0 1(1.6%) 8 (16%) 0 0.002
Linear opacities, n (%) 0 0 2 (4%) 0 0.152
Crazy paving, n (%) 12 (40%) 3 (4.8%) 22 (44%) 0 <0.0001
Reversed halo sign, n (%) 0 2(3.2%) 14 (28%) 0 <0.0001

Abbreviations: GGO, Ground-glass opacity.
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Table 3. Self-reported symptoms by study participants.

Symptoms Center 1 Center 2 Center 3 Control group P-value
Fever, n (%) 2 (5.7%) 44 (69.8%) 21 (42%) 65 (65%) 0.003
Chills, n (%) 1(3.1%) 45 (71.4%) 16 (32%) 64 (64%) 0.001
Myalgia, n (%) 2 (6.1%) 21 (33.3%) 18 (36%) 44 (44%) 0.01
Headache, n (%) 1(3%) 10 (15.9%) 4 (8%) 6 (6%) 0.239
Dry cough, n (%) 3(9.1%) 40 (63.5%) 24 (48%) 34 (34.3%) 0.072
Sore throat, n (%) 1(2.9%) 9 (14.3%) 2 (4%) 0 0.003
Sputum discharge, n (%) 2 (5.7%) 1(1.6%) 4 (8%) 6 (6%) 0.337
Dyspnea, n (%) 1(3%) 40 (63.5%) 33 (66%) 47 (47%) 0.570
Hemoptysis, n (%) 0 1(1.6%) 0 1 (1%) 0.787
Chest pain, n (%) 0 2(3.2%) 1(2%) 6 (6%) 0.105
Rhinorrhea, n (%) 1(2.9%) 1(1.6%) 2 (4%) 0 0.149
Nasal congestion, n (%) 0 2(3.2%) 1(2%) 0 0.002
Nausea Vomiting, n (%) 2(6.1%) 24 (38.1%) 14 (28%) 11 (11%) 0.002
Diarrhea, n (%) 0 17 (27%) 7 (14%) 8 (8%) 0.053
Constipation, n (%) 6 (18.2%) 1(1.6%) 2 (4%) 0 0.011
Loss of appetite, n (%) 1(3%) 8 (12.7%) 3 (6%) 7 (7%) 0.725
Arthralgia, n (%) 0 8 (12.7%) 0 0 0.017
Stomachache, n (%) 0 1(1.6%) 3 (6%) 5 (5%) 0.354
Vertigo, n (%) 0 11 (17.5%) 2 (4%) 0 0.002
Attention disorder, n (%) 0 3 (4.8%) 0 1 (1%) 0.521
Memory disorder, n (%) 0 3 (4.8%) 0 0 0.133
Depression, n (%) 2 (6.1%) 4 (6.3%) 0 0 0.196
Anosmia, n (%) 0 5(7.9%) 0 0 0.033
Ageusia, n (%) 0 1(1.6%) 0 0 0.515
Dermatologic manifestations, n (%) 0 2(3.2%) 0 0 0.263
Hair loss, n (%) 2 (6.1%) 3 (20.6%) 0 0 0.001
Sleep disturbances, n (%) 1(3%) 2(3.2%) 0 0 0.450
Weight loss, n (%) 6 (18.2%) 9 (14.3%) 0 0 0.011
Weight gain, n (%) 1(3%) 2(3.2%) 0 0 0.450
Cardiac manifestations, n (%) 1(3%) 1(1.6%) 10 (20%) 0 0.001
Decreased sense of touch, n (%) 1(3%) 1(1.6%) 0 0 0.499
CNS manifestations, n (%) 1(3%) 0 11 (22%) 0 <0.0001
Cyanosis in lips and face, n (%) 1(3%) 0] 0 0 0.178
Table 4. Post-COVID-19 conditions
Conditions, mean+SD Center 1 Center 2 Center 3 Control group P value
Sp0, on admission, mean+SD 91.20+6.17 91.97+4.10 91.96+7.11 95.40+4.48 <0.0001
Sp0, on discharge, mean+SD 96.68+1.66 95.15+2.79 88.26£19.15 0 0.005
BUN on admission, mean+SD 34.09+24.03 76.24+48.47 44.58+30.93 20.56+12.46 <0.0001
BUN on discharge, mean+SD 29.33+20.76 110.36+218.38 | 43.38+26.29 0 <0.0001
Creatinine on admission, mean=SD 1.59+1.27 4.31£17.68 3.25+2.28 1.48+3.60 <0.0001
Creatinine on discharge, mean+SD 1.23+0.69 1.97£1.46 2.26%1.18 0 <0.0001
LDH on admission, mean=SD 720.30+253.00 | 459.02+183.70 | 707.17£439.63 | 442.39+168.24 0.003
AKF, n (%) 0 0 14 (28%) 0 0.002
Hemodialysis, n (%) 1(2.9%) 10 (15.9%) 13 (26%) 0 0.017
CRRT, n (%) 0 0 5(10%) 0 0.006

Abbreviations: SpO,, Oxygen saturation; BUN, Blood urea nitrogen; LDH, Lactate dehydrogenase; AKF, Acute kidney disease; CRRT, Continuous renal

replacement therapy.
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hort study by Basic-Jukic et al., only 11.53% of 104
KTR who survived acute mild to moderate COVID-19
had no clinical symptoms or were free from any labo-
ratory abnormality during the median follow-up of 64
days (range: 50—76 days) after recovery [6].

In our study, prolonged symptom duration and
clinical complications were present in 0 to 10%
of patients in CI, but in C2 and C3 range in too var-
ied but in control group in average was higher than
centers like fever (65%). In contrast, a small number
of individuals had one or more laboratory abnor-
malities, and the most significant abnormalities were
HTN which in C3 was 70%. Many patients require
ICU admission for severe complications. In a study,
Chauhan et al. reported their investigation regarding
the long-term consequences of COVID-19 in KTR
from India. Even in individuals with a mild course
of COVID-19, persistent symptoms and deterioration
in the quality of life were observed up to 6 months af-
ter follow-up. Fatigue, alopecia, sleep disturbances,
and loss of appetite were the most frequently reported
symptoms, and anxiety/depression was the worst af-
fected component of quality of life [8].

Previous studies used various diagnostic meth-
ods (questionnaires, laboratory or imaging tests) and
focused on different groups of patients. As a result,
data on the majority of the post-COVID syndrome
in the total population vary greatly, ranging from
75—93% in hospitalized patients [7, 12, 21], to 10—
20% in patients with a mild course of the disease [2,
20]. On the contrary, at least one persistent symp-
tom at six months post-disease was observed in only
8% of KTR in the recent study from India. Notably,
the studied cohort was significantly younger than our
patients, and the most remarkable thing is the age
that is so widely varied from 22 to 96.

Moreover, the percentage of patients with a se-
vere course of COVID-19 was not significant and
amounted only to 12% [8]. Most of the conditions
that happened to patients were fatigue and weakness.
also we found that fatigue was the most common per-
sistent symptom in KTR, consistent with data from
the long-term follow-up study of Huang et al. in the
general population and KTR from India [8, 12].

However, the course of COVID-19 in our re-
search was mainly moderate, without significant res-
piratory involvement. As in other studies, hair loss,
sleep difficulties, myalgia, and memory disturbances
were some of the most frequently reported persistent
symptoms [1, 8]. Hair loss was the other most fre-
quently reported complaint, which in transplant may
result from the cumulative effects of COVID-19, and
the side effects of immunosuppressants, particularly
tacrolimus or other drugs [23, 25].

Basic-Jukic et al.’s study demonstrated that compli-
cations were more frequent in KTR with diminished
glomerular filtration and those with diabetes mellitus
[6]. Older age, gender, and initial dyspnea were found
to be significantly associated with an increased risk

of the post-COVID syndrome in the general popula-
tion [3, 9, 16]. In a controlled cohort investigation,
including 47.780 citizens of England, Ayoubkhani et
al. displayed that people released from hospital after
COVID-19 had increased rates of multiorgan dysfunc-
tion (particularly respiratory and cardiometabolic)
compared with a matched control group from the gen-
eral population without COVID-19 in history [4].

Conclusion

In conclusion, recovery from acute COVID-19
is associated with different clinical and laboratory
complications in the renal transplant population,
regardless of the age or severity of initial symptoms.
The constant symptoms, weakness, hair loss, dyspnea,
mental disorders, myalgia, and headaches were more
frequent in older patients and those with more signifi-
cant comorbidity. Finally, we can say transplants can
reduce immunity in patients with COVID-19. Our
results highlight the need for a long-term follow-up
of convalescences in this population for diagnostic and
rehabilitation programs. All patients who recovered
from COVID-19 should undergo long-term monitor-
ing to evaluate and treat complications. Further stud-
ies with long-term follow-up are needed.
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