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INTRODUCTION

The World Health Organization declared that coronavi-
rus disease 2019 (COVID-19) was a global pandemic on 
March 11, 2020. Reports on the prevalence, incidence, 
hospitalization, and mortality rates of COVID-19 have 
varied worldwide [1]. Providence St. Joseph Health, one 
of the largest health-care organizations in the United 
States, reported an 8.7% prevalence of COVID-19 in its 
facilities between March 1, 2020, and December 31, 2020, 
with 15.6% of cases requiring hospitalization [1]. Mortality 
rates worldwide have ranged from 0.9% to 14.3%, depend-

ing on the country or region [2]. The clinical features of 
COVID-19 are diverse, ranging from minor symptoms to 
death, after an incubation period of 5–14 days [1].

According to a recent meta-analysis, severe COVID-19 
was associated with older age and underlying comorbid-
ities, such as hypertension, diabetes, heart disease, and 
chronic obstructive pulmonary disease [3]. Notably, older 
age and underlying comorbidities were independently as-
sociated with mortality in patients undergoing solid organ 
transplantation [4]. Korean surveillance data showed that 
COVID-19 posed a higher risk of fatality in solid organ 
transplant recipients than in the general population aged 
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50–79 years [5]. Moreover, mortality due to COVID-19 was 
reported to be higher in kidney transplant recipients (KTRs, 
20%–28%) than in non-KTRs (1%–5%) [6]. According to a 
sub-registry task force of the Asian Organ Transplanta-
tion Registry, the overall mortality rate in Asian KTRs was 
23% [7]. In contrast, a comparative study showed that 
mortality, intensive care unit admission, and mechanical 
ventilation were not different for KTRs with chronic immu-
nosuppression than for the general population [8]. There-
fore, the clinical features and outcomes of COVID-19 in 
KTRs remain unclear.

Vaccines have been developed to decrease the 
COVID-19 burden, and governments and societies have 
encouraged the public to accept immunization when ap-
propriate [9]. In Korea, the rate of vaccination exceeded 
80% of the population in December 2021. The Korean gov-
ernment and the Ministry of Health and Welfare required 
patients with COVID-19 to be quarantined for 7 days to 
prevent its spread. We report the clinical presentation 
associated with delayed exacerbated pneumonia due to 
COVID-19 in vaccinated KTRs who were on immunosup-
pressants.

CASE REPORT

This study was approved by the Institutional Re-
view Board of Bong Seng Memorial Hospital (IRB No. 
BSIRB-2022-008), which waived the requirement for in-
formed consent due to the retrospective nature of this 
study. 

We retrospectively reviewed the medical records of 
900 vaccinated KTRs who were followed up between Jan-
uary 1, 2022, and April 30, 2022. This period was the peak 
of the Omicron variant outbreak in South Korea. Overall, 
126 patients with clinical symptoms were diagnosed with 
COVID-19 (incidence rate, 14%) during this period by a 

positive severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) real-time polymerase chain reaction (RT-
PCR) test after a nasopharyngeal swab. The median age 
of patients with COVID-19 was 59 years (range, 26–79 
years), and 61 patients (48.4%) were men. Thirty-four 
KTRs (27%) were hospitalized with COVID-19, of whom 
31 contracted COVID-19 outside of the hospital and three 
had hospital-acquired COVID-19. The 20 patients with-
out pneumonia had various symptoms, including general 
weakness, myalgia, mild fever, sore throat, cough, sputum, 
and diarrhea, and all improved with conservative therapy. 
Fourteen patients had pneumonia, and nine of them were 
hospitalized for more than 1 week after being diagnosed 
with COVID-19 because of the late onset or exacerbation 
of their pneumonia (Fig. 1).

The characteristics of the nine patients are summa-
rized in Tables 1 and 2. When initially diagnosed with 
COVID-19, four patients had no symptoms except myal-
gia, whereas five patients had symptoms of mild upper 
respiratory infection, including sore throat, cough, spu-
tum, and myalgia, with or without mild fever or mild di-
arrhea. Three (33.3%) of the nine patients were men, and 
the median age was 65 years (range, 41–71 years). The 
median time since kidney transplantation was 12 years 
(range, 0.3–28 years). Seven patients had type 2 diabetes 
and hypertension, and two patients had autosomal domi-
nant polycystic kidney disease. All patients received low-
dose steroid therapy and immunosuppressants, including 
tacrolimus, mycophenolate mofetil (MMF), or mizoribine 

HIGHLIGHTS

•	COVID-19 can induce delayed onset or exacerbated 
pneumonia in vaccinated kidney transplant recipients 
(KTRs) who are receiving immunosuppressants.

•	KTRs should be closely observed for a prolonged peri-
od (>1 week) after a COVID-19 diagnosis.

900 COVID-19
vaccinated KTRs

126 Patients with
COVID-19

34 Admission due to
COVID-19

14 With pneumonia

20 Without pneumonia

5 Pneumonia within 1 wk
after COVID-19 diagnosis

9 Late-onset or exacerbated
pneumonia 1 wk after
COVID-19 diagnosis

Fig. 1. Flowchart for identification of the study cohort. COVID-19, corona-
virus disease 2019; KTR, kidney transplantation recipient.
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(Table 1). They had respiratory symptoms, such as cough, 
sputum, sore throat, myalgia, and fever. One patient (pa-
tient 6) had received Paxlovid at the time of his COVID-19 
diagnosis. The median time from COVID-19 diagnosis 
to admission for exacerbated symptoms was 14 days 
(range, 7–25 days). On admission, the patients were re-
tested for SARS-CoV-2 by RT-PCR, and all tested positive. 
The median cycle threshold of SARS-CoV-2 by RT-PCR 
was 21.48 (range, 19.26–23.64). Chest computed to-
mography showed diffuse ground-glass opacity that was 
peripherally distributed, and one patient had widespread 
alveolar consolidation (Table 1). MMF was discontinued 
in all patients diagnosed with viral pneumonia caused 
by COVID-19. Remdesivir with methylprednisolone (32 
mg) was initiated intravenously, with a 200-mg loading 
dose on day 1, followed by 100 mg daily for up to 4–9 
additional days. The mean duration of hospitalization 
was 10 days (5–25 days). Two patients (patients 8 and 9) 
required continuous renal replacement therapy for acute 
kidney injury. Renal biopsy to differentiate acute rejection 
could not be performed because one patient (patient 8) 
strongly declined the procedure since renal replacement 
therapy had already been under consideration, whereas 
the other patient (patient 9) had severe pneumonia with 
invasive mechanical ventilator management and died 
due to progressive pneumonia and pneumothorax. The 
renal function of patient 8 recovered after continuous re-
nal replacement therapy for 3 days with a decrease in his 
serum creatinine level from 5.4 mg/dL to 3.1 mg/dL and 
a 24-hour urine output >1 L. All patients recovered from 
pneumonia except for patient 9 (Table 2).

DISCUSSION

We report on vaccinated KTRs receiving immunosup-
pressants who had a delayed exacerbation or onset of 
pneumonia more than 1 week after a COVID-19 diagnosis 
with mild symptoms. Most patients recovered from the 
pneumonia with antiviral therapy, but acute kidney injury 
developed in two cases and one patient died.

A recent single-center trial reported that the rate of 
positive SARS-CoV-2 by RT-PCR (nasopharyngeal or 
oropharyngeal swabs), hospitalization, and mortality in 
KTRs was 28.3%, 44.4%, and 8.9%, respectively [10]. This 
high mortality rate in KTRs may have been influenced by 
non-vaccination, although the rate of hospitalization was Ta
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like that found in our study. The delay in pneumonia in-
filtration reported in KTRs may be associated with MMF 
and steroid use [10]. In the general population, although 
late-onset or persistent complications of COVID-19 
have been reported, including active shortness of breath, 
cough, asthma, and other respiratory complications, no 
cases of late-onset pneumonia were seen, unlike our 
study [11]. Another study reported that vaccination could 
reduce residual symptoms following COVID-19 in the gen-
eral population [12]. However, these persistent or residual 
symptoms in the general population are different and less 
severe than the late-onset and exacerbated symptoms 
of the KTRs in our study, which required medical atten-
tion and subsequent hospitalization. The risk factors and 
mechanisms that delayed the onset of pneumonia or ex-
acerbated the symptoms in KTRs remain uncertain [10].

In COVID-19, the viral load of SARS-CoV-2 is highest 
in the respiratory tract at the time of diagnosis, and sub-
sequent viral shedding can continue in the respiratory 
tract for 14 days [13,14]. During this period, the number 
of CD8 T cells increases. They mainly eliminate SARS-
CoV-2 and mediate viral clearance in the infected respi-
ratory tract by utilizing a variety of effector mechanisms 
to induce the apoptosis of virus-infected cells [14]. Im-
munosuppressive agents, such as tacrolimus and MMF, 
are known to interfere with the proliferation and survival 
of primary T cells, particularly the generation of memory 
CD8 T cells [15]. These immunosuppressant effects may 
be related to the late onset and exacerbated symptoms of 
pneumonia found in vaccinated KTRs.

In this study, the clinical phenotype of late-onset or 
exacerbated pneumonia 1 week after a COVID-19 diag-
nosis was found in vaccinated KTRs who were receiving 
immunosuppressants, which can delay the onset of pneu-
monia. Therefore, it is important that KTRs on immuno-
suppressants be closely observed for a prolonged period 
after a COVID-19 diagnosis, even when they have been 
vaccinated against COVID-19. Further studies are needed 
to compare the clinical features and prognostic precur-
sors of these patients.
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