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POST-COVID-19 CONDITION IN SOLID ORGAN TRANSPLANT
RECIPIENTS: A SINGLE-CENTER EXPERIENCE
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Solid organ transplant (SOT) recipients who survived acute COVID-19 can develop post-COVID-19 condition. Post-COVID-19
condition can affect multiple organ systems, and its prevalence is up to 70% in general population. Data regarding post-
COVID-19 condition in SOT recipients are scarce. The aim of our study was to investigate the prevalence and characteristics of
post-COVID-19 condition in SOT recipients.The study included SOT recipients who had kidney transplantation in Merkur Univer-
sity Hospital between 2007 and 2020, and who survived COVID-19. Between July 2020 and June 2021, 78 transplanted patients
(kidney only or combined with pancreas or liver) had acute COVID-19, of which 13 patients died. The study was conducted in the
form of survey and included 60 patients who all gave informed consent for participation in the study. Post-COVID-19 condition
experienced 40 (67%) patients, and most common symptoms were fatigue (43%) and shortness of breath (30%), followed by
hair loss (27%), insomnia (22%), sweating (22%), and decline in the quality of life (20%). There was no difference between pa-
tients with post-COVID-19 condition and those without post-COVID-19 condition regarding gender, age, transplanted organ(s),
time from transplantation to COVID-19, or need of hospitalization due to COVID-19. In conclusion, post-COVID-19 condition
was frequent among SOT (kidney) patients, with fatigue and shortness of breath as the most common symptoms, as in general
population. Thus, unfortunately, COVID-19 contributed to their comorbidity burden at longterm as well.
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INTRODUCTION of COVID-19 (3). It seems that the prevalence of post-
COVID-19 condition does not depend of the severity
of acute COVID-19, indicating that hospitalized pa-
tients and outpatients, including asymptomatic ones,
are both at risk of experiencing long-term consequenc-
es of COVID-19 (4). Post-COVID-19 condition is of-
ten associated with multiple organ systems, although
fatigue, shortness of breath, and cognitive impairment
are reported as most common. Furthermore, negative
impact on the quality of life and socioeconomic status
is also relevant (3). It has been shown that kidney dis-
ease is associated with a higher risk of in-hospital mor-
tality among COVID-19 patients (5). Kidney trans-
plant recipients (KTR) have often allograft dysfunction
and are more susceptible to acute kidney injury (6).
Studies have reported higher mortality rate in KTR
with COVID-19 compared to non-transplant patients

Solid organ transplant (SOT) recipients represent a
frail population susceptible to various infective com-
plications, including infection with severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) re-
sponsible for coronavirus disease 2019 (COVID-19)
(1). COVID-19 is a multi-organ disease with a broad
spectrum of manifestations. Given the diversity of or-
gan systems that can be affected by COVID-19, sur-
vivors might have persistent postinfection sequels,
called post-COVID-19 condition (2). Post-COVID-19
is defined by Delphi consensus as a condition that oc-
curs in patients with COVID-19 usually three months
from the onset, with symptoms that last for at least two
months, and cannot be explained by an alternative di-
agnosis (2). Given that post-COVID-19 is a relatively
new condition, its exact prevalence in general popu-

lation is unknown, but according to one study, up to
70% of patients experienced long-term consequences

(7-9). Immunocompromised patients, such as SOT
recipients, are more susceptible to COVID-19, have a
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greater risk of disease progression and prolonged re-
covery compared to non-transplant patients (10). It
is expected that this population is at an increased risk
of experiencing post-COVID symptoms. Neverthe-
less, data regarding post-COVID-19 condition in SOT
recipients are scarce (3). The aim of our study was to
investigate the prevalence and characteristics of post-
COVID-19 condition in SOT recipients.

PATIENTS AND METHODS

Kidney transplant recipients who had transplantation
in Merkur University Hospital between 2007 and 2020
and who survived COVID-19 from July 2020 to June
2021 were asked to participate in the study. Data re-
garding COVID-19 were regularly documented in all
KTRs who were followed-up at our outpatient clinic.
The diagnosis of COVID-19 was confirmed by the
reverse transcription polymerase chain reaction test
from nasopharyngeal/oropharyngeal swab.

Between July 2020 and June 2021, 78 patients had
acute COVID-19, of which 13 patients did not sur-
vive. All patients who survived acute COVID-19 were
contacted to participate in the study, of which five
refused it. So, 60 patients were included in the study.
The study was conducted in the form of questionnaire
on regular follow up, or in the form of telephone in-
terview during the year 2021. All participants gave
informed consent for participation in the study. The
following post-COVID-19 symptoms were analyzed:
fatigue, shortness of breath, cough, anosmia, arthral-
gia, myalgia, headache, dysgeusia, inappetence, hair
loss, dizziness, insomnia, sweating, diarrhea, inability
to concentrate, anxiety, depression, memory loss, and
decline in the quality of life.

Statistics

Continuous variables were expressed as median (in-
terquartile range, IQR), and categorical variables as
absolute number (percentage). Differences between
the groups were analyzed with Mann-Whitney test for
continuous variables, and using x>-test or Fisher exact
test when appropriate for categorical variables. Statis-
tical analysis was performed using the STATISTICA
(version 12.0 Stat Soft Inc, Tulsa, OK, USA) software.

RESULTS

The study included 60 SOT recipients (65% of male),
median age at transplantation 45 (IQR 37-55) years,
who had COVID-19 during 2020 and 2021. There
were 45 kidney only transplant recipients, 13 pancre-
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as and kidney, and 2 liver and kidney transplant re-
cipients. Median time from transplantation to acute
COVID-19 was 5 (IQR 2-10) years. Twenty of them
were hospitalized due to COVID-19. All partici-
pants survived COVID-19. Among the COVID-19
survivors, 40 (67%) had post-COVID-19 symptoms.
The most common symptoms were fatigue (43%)
and shortness of breath (30%), followed by hair loss
(27%), insomnia (22%), sweating (22%), and decline
in thequality of life (20%) (Figure 1). Regarding dura-
tion of post-COVID-19 symptoms, patients reported
fatigue, hair loss, insomnia, and decline in the quality
of life as most persistent (longer than three months),
while none of the patients had anosmia, dysgeusia,
or inappetence for more than three months. Among
patients with post-COVID-19, hair loss was more
common among females compared to males (70.6%
vs. 17.4%; p=0.001), whereas no gender difference was
found in other post-COVID-19 symptoms. There was
no difference between patients with post-COVID-19
condition and those without post-COVID-19 con-
dition according to gender (p=0.15), age (p=0.882),
transplanted organ(s) (p=0.562), time from transplan-
tation to COVID-19 (p=0.312) or need of hospitaliza-
tion due to COVID-19 (p=0.395) (Table 1).
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Figure 1. Prevalence of post-COVID-19 symptoms among
solid organ transplant recipients (N=60).

Table 1. Solid organ transplant recipients with post-
COVID-19 and without post-COVID-19 (N=60)

) Post-COVID-19 | Post-COVID-19
Variable Yes (n=40) No (n=20) p
Gender (male), n(%) 23 (57.5) 16 (80) 0.15°
Aget(years) 48 (36.0-53.5) | 41(36.5-56.5) | 0.882f
Type of transplantation, n (%)
Kidney 30 (75) 15 (75) .
SPKT 8 20) 55 | 0902
SLKT 2(5) 0
Time from transplantation to } N +
COVID-19 (years)* 6.3(2.6-19.5) | 3.9(1.9-9.3) | 0.312
Need ofhospitalization, n (%) 15(37.5) 5 (25) 0.395°

*y2-test or Fisher exact test; #median (interquartile range, IQR);
tMann-Whitney test; SPKT = simultaneous kidney-pancreas
transplantation; SLKT = simultaneous liver-kidney transplantation
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DISCUSSION

Ameta-analysis which included 47 950 patients showed
a prevalence of 80% of post-COVID-19 in general pop-
ulation (3). We analyzed post-COVID-19 symptoms in
SOT recipients, of which three-quarters were only kid-
ney recipients, while the rest had combined SOT. Our
research showed a high prevalence of post-COVID-19
among SOT recipients (67%), without taking into ac-
count the severity of acute COVID-19. To date, small
observational studies on post-COVID-19 condition in
SOT recipients have been published (11,12). Accord-
ing to the Polish study which included 67 KTRs, the
prevalence of post-COVID-19 syndrome was 70%,
similar as in our research (12). Another study reports
clinical complications in 45% of KTR following acute
COVID-19, whereas laboratory abnormalities were
found in 71% of patients (11). In our study, self-report-
ed fatigue and shortness of breath were most common,
followed by hair loss, insomnia, sweating, and re-
duced quality of life. On the other hand, anosmia and
dysgeusia were uncommon. In line with our results,
Malinowska et al. report that fatigue (43%), dyspnea
(34%) and hair loss (31%) were the most common
symptoms, whereas smell disorder was the least com-
mon one (3%) (12). In addition, Basic Jukic et al. also
report shortness of breath and tiredness as the most
common clinical complications among KTRs (11). In
a meta-analysis which included 15 studies with 47 910
patients, almost 60% of patients had fatigue, followed
by headache (44%), attention disorder (27%), hair loss
(25%), and dyspnea (24%) (3). According to published
studies, it seems that post-COVID-19 symptoms in-
cluding fatigue and dyspnea are frequent in gener-
al population and in SOT recipients. One-quarter to
almost one-third of patients will experience hair loss
after acute COVID-19 (3,12). We found a significantly
higher prevalence of hair loss among female patients.
Several studies also report a higher prevalence of hair
loss after acute COVID-19 among female patients
from general population (13-15). Hyperinflammato-
ry response, called cytokine storm occurring during
acute COVID-19, may initiate hair loss, together with
other factors such as depression and anxiety, which
can occur afterwards (18). Numerous clinical compli-
cations in KTRs, such as worsening of hypertension,
de novo diabetes mellitus, skin changes, etc., can oc-
cur following acute COVID-19, but they seem to be
infrequent (11). Not all sequels of post-COVID-19 last
equally. In a study conducted among KTRs in India,
fatigue was the most common symptom but its prev-
alence decreased significantly with time (17). Also,
improvement in the quality of life was observed in the
majority of patients as follow up time was prolonged
(17). On the other hand, in our research, fatigue, hair
loss, insomnia, and decline in the quality of life were
the most persistent symptoms (lasting beyond three

months). In both studies, duration of anosmia was
short. This difference in the duration of symptom per-
sistence could be because of the characteristic of the
study population, younger patients in India compared
to our population, and severity of acute COVID-19
(17). All patients in India required hospitalization ver-
sus 37.5% of our patients who had post-COVID-19
symptoms (17). We did not find any difference accord-
ing to gender, age, type of transplanted organ(s), time
from transplantation to COVID-19, or need of hospi-
talization due to acute COVID-19 between patients
who developed post-COVID-19 condition and those
who did not experience any of post-COVID-19 symp-
toms. Our results on the prevalence of post-COVID-19
in SOT recipients, with fatigue and shortness of breath
being most common, are comparable to the previously
published results in general population, as well as in
KTRs (3,12).

Our study had several limitations. First was a small
study sample. Second, we did not have data on treat-
ment during acute COVID-19. Third, timing of follow
up after recovery from acute COVID-19 at our outpa-
tient clinic was not equal in all patients. Fourth, we did
not use a widely and validated questionnaire regarding
post-COVID-19 symptoms. Fifth, the nature of tele-
phone interview could influence data quality compared
to data obtained by face to face interview. However, the
main strength of the study are particular epidemio-
logical data on Croatian SOT patients in COVID-19
pandemic during the first pandemic years, inadequate-
ly present in the literature so far. Additional strength
is that we analyzed miscellaneous post-COVID-19
symptoms (a total of 19 symptoms). Further studies
should focus on investigating this relatively new syn-
drome, risk factors and its consequences in immuno-
compromised patients such as SOT recipients.

In conclusion, kidney transplanted patients frequent-
ly experienced post-COVID-19, irrespective of their
gender, age, kidney only or combined SOT or time
from transplantation, or even hospitalization, with
fatigue and shortness of breath as the most common
symptoms, as in general population. Unfortunately,
COVID-19 also contributed to their comorbidity bur-
den at longterm.
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SAZETAK
STANJE POST-COVID-19 U PRIMATELJA BUBREZNOG PRESATKA: ISKUSTVO JEDNOG CENTRA
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Bolesnici s presadenim organom koji su preboljeli COVID-19 mogu razviti sindrom post-COVID-19. Sindrom post-CO-
VID-19 obiljeZzen je moguénosdéu zahvaéanja viSe organskih sustava, a javlja se u do 70 % bolesnika u opéoj populaciji.
Podatci o sindromu post-COVID-19 medu bolesnicima s presadenim organom su oskudni te je stoga cilj ovoga istrazivanja
bio utvrditi uCestalost i obiljezja sindroma post-COVID-19 u navedenoj populaciji. Istrazivanje je ukljucilo bolesnike koji
su imali presadbu bubrega u Klini¢koj bolnici Merkur u razdoblju od 2007. do 2020. godine i koji su prezivjeli COVID-19. U
razdoblju od srpnja 2020. do lipnja 2021. godine 78 bolesnika (s presadenim samo bubregom ili bubregom i gusteracom ili
bubregom i jetrom) preboljelo je COVID-19, od kojih je 13 umrlo. Istrazivanje je provedeno u obliku ankete, a ukljucilo je 60
bolesnika koji su dali dobrovoljni pristanak za sudjelovanje. Sindrom post-COVID-19 razvilo je 40 (67 %) ispitanika, a najce-
S¢i simptomi bili su umor (43 %), kratkoéa daha (30 %), gubitak kose (27 %), nesanica (22 %), znojenje (22 %) i smanjenje
zivotne kakvoce (20 %). Nije nadeno razlike izmedu bolesnika sa sindromom post-COVID-19 i onih koji nisu razvili sindrom
post-COVID-19 s obzirom na spol, dob, vrstu presadenog organa, vrijeme od presadbe organa do COVID-19 ili potrebe za
hospitalizacijom zbog COVID-19. Zaklju¢no, prema rezultatima naseg istrazivanja mozemo reéi da je sindrom post-COVID
C¢est medu bolesnicima s presadenim solidnim organom (bubregom) te da su umor i kratko¢a daha najéesci simptomi, kao
i u opcoj populaciji. COVID-19 je tako, nazalost, i dugoro€no doprinio njihovom ukupnom pobolu.

Kljucne rijeci: post-COVID-19, SARS-CoV-2, transplantacija bubrega
240




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




