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a b s t r a c t   

Background: Although many studies have reported cases of COVID-19 infection in transplant recipients, 
most of them only involve a small number of patients and narrow geographic areas. This study aims to 
investigate the clinical characteristics, morbidity, severity, and mortality of COVID-19 infection among solid 
organ transplant (SOT) recipients by meta-analysis. 
Method: We performed a literature search using the databases PubMed, Web of Science, and Google Scholar 
as of November 26, 2020. We included randomized controlled trials and cohort studies, excluding case 
reports and small case series (n  <  10). The pooled incidence proportion and 95% confidence intervals (CI) 
were used to estimate the combined results of forty-seven studies were included for the meta-analysis. 
Heterogeneity was assessed using I2. Freeman-Tukey double arcsine transformation was used to stabilize 
the specific rate variance. Publication bias was using Egger’s test. 
Results: The morbidity rate of COVID-19 in SOT recipients was 2.10% [95% CI 1.35–3.01], and the proportion 
of severe infection was 22.46% [95% CI 15.74–29.90]. The mortality rate was 17.38% [95% CI 13.72–21.34]. In 
the analysis by transplanted organ, the proportion of patients with severe infection was highest in re
cipients of two or more transplants 48.85% [95% CI 11.88–86.38]. The mortality rate was highest in lung 
transplant recipients 25.12% [95% CI 16.94–34.00]. The most common symptoms of COVID-19 in SOT re
cipients were fever (73.39%), cough (58.90%), and respiratory symptoms (45.77%). 
Conclusion: SOT was a risk factor for worse COVID-19 outcomes, although the morbidity of COVID-19 in SOT 
recipients was not markedly higher than the general population. These results may change when our un
derstanding of the disease progress. 
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 

Sciences. 
CC_BY_NC_ND_4.0   

Introduction 

In December 2019, the first case of coronavirus disease 2019 
(COVID-19) was reported in Wuhan, China. Severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), the causative agent, is a 

pathogenic virus capable of rapid person-to-person spread. As of 
December 1, 2020, the COVID-19 pandemic has affected over 60 
million people, with over 1.4 million deaths worldwide [1]. Although 
many studies have identified risk factors associated with COVID-19 
morbidity and mortality, such as old age, obesity, diabetes, cardio
vascular disease, and chronic kidney disease [2], there are conflicting 
views on whether immunosuppression is a risk factor for morbidity 
and mortality associated with COVID-19 infection. While the U.S. 
Center for Disease Control and Prevention has stated that an im
munocompromised state increases the risk for COVID-19 [3] and 
compromised immunity renders the host more vulnerable to viral 
infection, some argue that immunosuppression may limit the hy
perinflammatory response to COVID-19 caused by cytokine storm 
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syndrome [4]. Furthermore, immunocompromised patients were not 
at an increased risk of contracting a viral infection or experiencing 
worse clinical outcomes in the epidemics of Middle East Respiratory 
Syndrome and SARS-CoV-1 [5]. 

Solid-organ transplant (SOT) recipients are at an increased risk of 
some opportunistic infections because immunisuppressants are 
administered to prevent rejection against transplanted organs. 
Although many people live with SOTs, information on the suscept
ibility to and clinical outcome of COVID-19 infection among these 
patients is lacking, and then it is difficult to make a decision for 
prevention and management of COVID-19 infected patients. 
Although many studies have reported on the association between 
COVID-19 and SOT, these cases are relatively small and from limited 
geographic areas. Thus, we performed a meta-analysis to delineate 
the clinical characteristics and outcomes such as mortality, mor
bidity and severity of COVID-19 infection in SOT recipients. 

Methods 

Search strategy 

Articles published in English were selected from the online da
tabases of PubMed, Web of Science, and Google Scholar as of 
November 26, 2020. The following terms, both separately and in 
combination, were used for the search: (“SARS-CoV-2” or “COVID- 
19” or “Novel coronavirus 2019” or “coronavirus disease 2019”) and 
(“SOT” or “solid organ transplantation” or “kidney transplant” or 
“heart transplant” or “liver transplant” or “lung transplant”). 

Selection criteria 

This meta-analysis and systematic review were screened by the 
Agency for Healthcare Research and Quality (AHRQ) and reported 
according to the meta-analysis guidelines (PRISMA). (Supplement 
Table S1) We included randomized controlled trials and cohort 
studies, case reports were excluded. We also excluded studies in
volving patients with suspected infection, such as chest imaging 
abnormalities and symptoms, and studies without RT-PCR detection. 

In the meta-analysis, we only included articles with 10 or more 
patients to minimize the impact of small studies. The following 
variables were collected from the included studies: sample size, type 
of organ transplantation, symptoms, follow-up period, number of 
COVID-19 diagnoses, number of intensive care unit (ICU) residents, 
and all-cause mortality. After obtaining these results, we excluded 
studies focusing only on critical patient admissions, ICU admissions, 
mechanical ventilation, and all-cause mortality to avoid selection 
bias and heterogeneity. 

Definition of endpoints 

The severity of the study was based on whether to be admitted to 
the ICU. The mortality rate was determined by death regardless of 
other causes. Morbidity refers to the prevalence of COVID-19 infec
tion in patients with SOT. The methodology of morbidity is the 
number of COVID-19 in SOT recipients/ the total number of covid-19 
patients reported in the study. 

Data abstraction 

Two researchers (An and Wang) independently screened the ar
ticles’ titles and abstracts to evaluate study eligibility. Data were 
extracted using a predesigned Microsoft Excel® worksheet. The fol
lowing data were extracted from the studies: first author, year, 
sample size, study design, age of patients, transplanted organs, and 
outcome indicators. Disagreements were resolved by a third re
searcher (Kim and Kang). 

Statistical analysis 

All statistical analyses were performed using the R version 3.6.1. 
The pooled incidence proportion (i.e., cumulative incidence) and 95% 
confidence intervals (CI) were used to estimate the morbidity, se
verity, and mortality of COVID-19 in SOT recipients, as well as clinical 
symptoms. The Cochrane Q statistic and Higgins I2 statistic were 
used to evaluate heterogeneity among the studies. Freeman-Tukey 
double arcsine transformation was used to stabilize the specific rate 
variance to minimize the impact of studies with extremely low or 
highly significant rates on overall estimates. When I2 <  50%, a fixed- 
effect model was used to estimate the risk. In contrast, the random- 
effects model was used when I2 was >  50%. Publication bias was 
estimated using a funnel plot and Egger’s linear regression test. 
Sensitivity analyses were conducted to assess the impact of each 
study on the pooled effect. 

Ethics statement 

This study did not receive nor require ethics approval, as it does 
not involve human & animal participants. The IRB approval and 
Patient and Public Involvement were not required. 

Results 

Study selection and characteristics 

A total of 1189 articles were retrieved based on the keywords. 
After screening the abstracts and titles of 1189 studies, 237 studies 
were selected for full-text evaluation. Among them, 190 studies were 
excluded owing to lack of sufficient data. Finally, a total of 47 studies 
were included in the meta-analysis: 37 articles were analyzed for 
clinical characteristics; 16 articles (kidney: 9; liver: 6; lung: 5; heart: 
9) for morbidity analysis, 36 articles (kidney: 18; liver: 12; lung: 8; 
heart: 9; multi-organ: 4) for severity analysis; 41 articles (kidney: 
31; liver: 15; lung: 11; heart: 12; multi-organ: 7) for mortality 
analysis (Fig. 1). The characteristics of the included studies are pre
sented in Table 1. 

Morbidity, severity, and mortality 

The morbidity rate was investigated in 64,916 patients with SOT 
from 10 articles. The overall morbidity rate of COVID-19 in SOT re
cipients was 2.10% (95% confidence intervals [CI], 1.35–3.01) (Fig. 2A). 
When it was analyzed per organ, the COVID-19 morbidity rates of 
kidney 5.09% (95% CI 3.26–7.27), liver 0.61% (95% CI 0.05–1.55), lung 
0.38% (95% CI 0.00–2.47), and heart transplant recipients 2.14% (95% 
CI 0.73–4.06), respectively (Fig. 3A). 

The severity of infection was evaluated in 1574 patients with 
COVID-19 and SOT from 17 articles. The overall proportion of pa
tients who experienced a severe clinical process resulting in ad
mitting ICU admission was 22.46% (95% CI 15.74–29.90) (Fig. 2B). The 
proportion of patients with severe COVID-19 symptoms per organ 
was in the kidney 21.23% [95% CI 15.68–27.30], liver 7.41% [95% CI 
0.84–17.52], lung 11.84% [95% CI 0.73–29.35], and heart transplant 
recipients 5.77% [95% CI 1.12–12.54], respectively. In the case of 
multi-organ transplant recipients, the proportion was 48.85% (95% CI 
11.88–86.38), which was a markedly higher proportion than that in 
single organ transplant recipients (Fig. 3B). 

The overall mortality rate of COVID-19 in SOT recipients among 
2161 patients with COVID-19 and SOT in 18 articles was 17.38% (95% 
CI 13.72–21.34) (Fig. 2C). When analyzed per organ, the COVID-19 
mortality rates of kidney 18.74% (95% CI 15.20–22.52), liver 11.80% 
(95% CI 8.56–15.33), lung 25.12% (95% CI 16.94–34.00), and heart 
transplant recipients 18.87% (95% CI 12.07–26.43), respectively. The 
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mortality rate of the multi-organ transplant recipients was 5.28% 
(95% CI 0.00–18.95) (Fig. 3C). 

Clinical characteristics of COVID-19 infection in SOT recipients 

The clinical characteristics of COVID-19 infection in SOT re
cipients were evaluated in 2064 patients from 37 articles. The most 
common symptoms of SOT recipients with COVID-19 infection were 
fever 73.39% [95% CI 68.95–77.63], cough 58.90% [95% CI 
54.09–63.62], and other respiratory symptoms 45.77% [95% CI 
41.01–50.56], respectively. Fatigue 34.85% [95% CI 26.83–43.28], 
diarrhea 31.48% [95% CI 26.77–36.38], and myalgia 30.92% [95% CI 
24.47–37.74] were reported in the SOT recipients with COVID-19 
infection, respectively. Headache and vomiting were reported in 
10–20% of SOT recipients with COVID-19 infection. Those patients 
with abdominal pain 4.28% (95% CI 0.90–9.26) and sore throat 9.16% 
(95% CI 4.59–14.80)were reported. The results are presented in  
Table 2. 

Discussion 

To our knowledge, this is the first meta-analysis to report the 
morbidity, severity, and mortality of COVID-19 among SOT re
cipients. Our study showed that the mortality rate of COVID-19 in 
SOT recipients was 17.38%, which is approximately eight times 
higher than that in the population. This result is roughly the same as 

the mortality rate of COVID-19 in SOT recipients reported in the 
previous narrative review of 21% (n = 39)[6], 25.64% (n = 403)[7], and 
18.6% (n = 2772)[8]. The Globally, as of December 1, 2020, the mor
tality rate has been reported to be 2.3%. Although there were dif
ferences by country, the mortality rate generally has not been 
reported to exceed 4.0%. In cases of diabetes mellitus, a known risk 
factor for COVID-19, the mortality rate because of COVID-19 has 
been reported to be 10–20%, which is comparable to the results of 
this study. In our study, the morbidity rate of COVID-19 in SOT re
cipients was 2.10%. Compared to the global morbidity rate reported 
by the World Health Organization[9], it seems similar to that in the 
general population. However, morbidities differ across countries and 
some countries show much higher morbidity: the morbidity rate of 
the US is 4.6% as of December 1, 2020. Considering this, we believe 
that SOT recipients are not more susceptible to COVID-19 than the 
general population. 

Although there was no marked difference in morbidity by 
transplanted organs, the proportion of severe COVID-19 infection in 
multi-organ transplant recipients was significantly higher than that 
in SOT recipients. Interestingly, the mortality rate was not sub
stantially higher than that in SOT recipients. Consistent with the 
clinical course of severe COVID-19 infection leading to respiratory 
failure and acute respiratory distress syndrome, the mortality rate 
was highest in lung transplant recipients. 

It has been shown that SOT patients have severe peripheral 
lymphopenia and have a low frequency of IFN-γ, IL-2, IFN-γ/ 

Fig. 1. Flow chart of study selection.  
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IL-2-producing T cells against membrane antigens. SOT patients have 
a degree of delayed immunity and are unable to achieve a strong 
immune response immediately, as evidenced by a lower rate of IgG 
seroconversion and frequency of cytokine-producing T cells[10]. This 
may be related to the long-term use of immunosuppressants in SOT 
patients, which will aggravate the COVID-19 infection after SOT 
patients are infected with COVID-19. The presence of this condition 
is a challenge for SOT patients infected with COVID-19 during the 
acute infection period. Inflammatory markers as well as IL-6, a risk 
factor for COVID-19-related mortality in hospitalized patients, are 
significantly increased in SOT patients[11]. Therefore, SOT patients 
infected with COVID-19 have a high level of mortality. Lung trans
plantation exhibited high mortality among the five transplant types, 
which may be related to the fact that the SARA-COV-2 viral target 
ACE2 receptors are mostly distributed in alveolar epithelial cells, 
alveolar space, and primary bronchus[12]. 

Even though, the morbidity and severity of COVID infection in 
lung SOT patients is lower than other organ SOT patients but is 

highest in mortality of COVID infections in lung SOT patients. 
Therefore, we believe that we need to be very careful care in 
managing COVID-19 infection in lung SOT patients. Heart transplant 
recipients had the lowest proportion of severity. 

The clinical manifestations of COVID-19 in SOT recipients were 
not different from those in the general population; however, the 
patients experiencing respiratory distress were over 40%, which was 
relatively higher than the 24–26% reported in other meta-analyses 
involving patients with COVID-19 in the general population [13,14]. 
We found significant heterogeneity among some studies, and the 
following reasons may account for this. First, this study did not 
address the clinical history and characteristics of individual trans
plant recipients. Susceptibility to opportunistic infection among SOT 
recipient changes over time and the susceptibility and outcome of 
COVID-19 are likely to differ across transplant recipient dependent 
upon the period of transplantation and the type of im
munosuppressive regimen. Second, this study did not consider other 
risk factors for COVID-19, such as age, obesity, and comorbidities. 

Table 1 
Characteristics of the studies in the meta-analysis.               

No. Study Country Age (mean), 
years 

Sex (M/F) COVID-19 
positive 

Died Patients admitted 
to ICU 

Number of SOT recipients with COVID-19 

Kidney Liver Lung Heart multi- 
organ  

1 Pereira et al.[15] USA 57 53/37  90 16 27 47 13 17 9 NA 
2 Hoek et al.[16] Netherlands 59 18/5  23 5 2 15 1 3 2 NA 
3 Ravanan et al.[17] England NA 387/210  597 154 NA 470 64 13 23 22 
4 Yi et al.[18] USA 54.8 13/8  21 1 7 13 3 2 NA 4 
5 Roberts et al.[19] USA 61.5 23/9  52 5 11 20 4 2 5 NA 
6 Cavagna et al.[20] North Italy NA 10/4  14 2 0 6 NA 3 5 NA 
7 Iacovoni et al.[21] North Italy 65 20/6  26 7 5 NA NA NA 26 NA 
8 Abrishami et al.[22] Iran 47.66 9/3  12 8 10 12 NA NA NA NA 
9 Chaudhry et al.[23] USA 61 32/29  47 8 13 39 1 4 5 NA 
10 Ruiz et al.[24] Spain 71 14/4  18 5 2 8 6 NA 4 NA 
11 Tschopp et al.[25] Swiss 56 15/6  21 2 5 12 5 1 1 NA 
12 Fung et al.[26] USA 56.5 4/6  10 0 3 7 1 1 1 NA 
13 Akdur et al.[27] Turkey NA 162/374  9 0 NA NA NA NA NA NA 
14 Verma et al.[28] UK 39 5/0  5 NA NA NA NA NA NA NA 
15 Passamonti et al.[29] Italy NA NA  5 1 NA 2 2 NA 1 NA 
16 Verleden et al.[30] Belgium 52.5 7/3  10 1 1 NA NA 10 NA NA 
17 Felldin et al.[31] Sweden 56 NA  53 5 8 31 8 5 5 4 
18 Caillard et al.[32] France 61.6 NA  279 43 88 268 NA NA NA NA 
19 Al-Darzi et al.[33] USA 59 5/1  6 NA NA NA NA NA NA NA 
20 Gaston et al.[34] USA 60 12/13  25 7 10 23 2 NA NA NA 
21 Coll et al.[35] Spain 61 512/266  778 4 84 423 110 54 69 1 
22 Alberici et al.[36] Italy NA NA  21 5 NA 21 NA NA NA NA 
23 Nair et al.[37] USA 57 6/4  10 3 5 10 NA NA NA NA 
24 Devresse et al.[38] Belgium 57 12/10  22 2 2 22 NA NA NA NA 
25 Lubetzky et al.[39] USA 57 38/16  54 7 NA 54 NA NA NA NA 
26 Bossini et al.[40] Italy 60 42/11  53 15 10 53 NA NA NA NA 
27 Demir et al.[41] Turkey 44.9 20/20  40 5 7 40 NA NA NA NA 
28 Abolghasemi 

et al.[42] 
Iran 49 62.5%  24 10 12 24 NA NA NA NA 

29 Monfared et al.[43] Iran 52 15/7  22 6 NA 22 NA NA NA NA 
30 Rivinius et al.[44] Germany 58.6 17/4  21 7 NA NA NA NA 21 NA 
31 Elias et al.[45] France NA NA  66 16 15 66 NA NA NA NA 
32 Molaei et al.[46] Iran 59.6 8/2  10 2 4 10 NA NA NA NA 
33 Lum et al.[47] USA 48.5 22/19  41 4 9 41 NA NA NA NA 
34 Benotmane et al.[48] France 62.2 37/12  49 9 14 49 NA NA NA NA 
35 Shrivastava et al.[49] USA NA NA  39 9 13 39 NA NA NA NA 
36 Crespo et al.[50] Spain 62 265/149  414 109 50 414 NA NA NA NA 
37 Cravedi et al.[51] Italy 62 94/50  144 46 NA 144 NA NA NA NA 
38 Garcıá-Cosıó et al.[52] Spain 59.5 10/3  13 4 1 NA NA NA 13 NA 
39 Caraffa et al.[53] USA 67 5/1  6 2 2 NA NA NA 6 NA 
40 Saez-Giménez 

et al.[54] 
Spain 62.8 26/18  44 17 4 NA NA 44 NA NA 

41 Messika et al.[55] France 50.4 19/16  35 5 13 NA NA 35 NA NA 
42 Lee et al.[56] USA NA NA  38 7 8 NA 38 NA NA NA 
43 Loinaz et al.[57] Spain 58 14/5  19 2 1 NA 19 NA NA NA 
44 Becchetti et al.[58] Switzerland 65 40/17  57 7 4 NA 57 NA NA NA 
45 Colmenero et al.[59] Spain 65.34 71.2%  111 20 12 NA 111 NA NA NA 
46 Webb et al.[60] USA 60 102/49  151 28 43 NA 151 NA NA NA 
47 Malekhosseini 

et al.[61] 
Iran 46.4 67/18  85 17 19 NA NA NA NA NA 
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Third, there are still a small number of patients who have not been 
discharged at the time of publication, affecting mortality accuracy. 
Finally, it may be related to the lack of uniformity in treatment and 
hospitalization management. Although almost all articles adopted 
measures to reduce the dosage of immunosuppressants, calcineurin 
inhibitors, etc., in combination with antiviral and symptomatic 

treatment (mechanical ventilation, etc.), there was heterogeneity in 
the kinds of medication administered to individual patient between 
and within groups. On the other hand, all the inpatients in the study 
were required to meet the hospitalization standards set by their 
respective hospitals before they could be admitted for treatment. 
There were many differences in the hospitalization standards of each 

Fig. 2. The forest for morbidity(A), severity(B), and mortality(C) of SOT patients.  
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study, which led to significant heterogeneity between the studies. 
Despite these limitations, we believe that the large sample size of 
various publications can attenuate our limitations to some extent. 

In conclusion, we conducted a systematic review and meta- 
analysis of the symptoms and outcomes of the SOT receptor covid- 
19. Based on this review and meta-analysis, we concluded that al
though the incidence rate of COVID-19 in SOT recipients is not sig
nificantly higher than that of the general population. Once patients 
with SOT are infected with COVID-19, COVID-19 is a risk factor for 

worse prognosis, and the mortality and severity are also higher. 
These results may change when our understanding of the disease 
progress. 

Funding 

The authors received no financial support for the research, au
thorship, and/or publication of this article. 

Fig. 3. The forest for morbidity(A), severity(B), mortality(C), and clinical characteristics(D) of COVID-19 patients in per-organ.  

Table 2 
Results of meta-analysis in clinical characteristics.         

No. Type of analysis Reports Patients 95% CI I2 Egger’s test  

1 Fever  36  2054 0.7339 [0.6895; 0.7763]  73.9  0.732 
2 Cough  36  1914 0.5890 [0.5409; 0.6362]  71.0  0.164 
3 Respiratory system  34  2003 0.4577 [0.4101; 0.5056]  72.4  0.313 
4 Abdominal pain  5  154 0.0428 [0.0090; 0.0926]  15.4  0.090 
5 Vomiting  14  478 0.1476 [0.0901; 0.2145]  66.0  0.052 
6 Headache  11  592 0.2005 [0.1361; 0.2727]  64.2  0.599 
7 Sore throat  5  147 0.0916 [0.0459; 0.1480]  26.3  0.022 
8 Myalgias  20  824 0.3092 [0.2447; 0.3774]  72.3  0.105 
9 Fatigue  10  360 0.3485 [0.2683; 0.4328]  52.3  0.865 
10 Diarrhea  25  1198 0.3148 [0.2677; 0.3638]  60.0  0.247    
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