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ARTICLE INFO ABSTRACT

Background: The effect of solid organ transplantation (SOT) on the severity and mortality of coronavirus disease
2019 (COVID-19) remained controversial. There is still no consensus on whether solid organ transplantation

Keywords: (SOT) recipients with COVID-19 are at greater risk of developing severe or fatal COVID-19. Therefore, we con-

COVID-19 ducted a systematic review and meta-analysis to investigate the association between SOT, severe COVID-19 ill-

Solid organ transplantation ness, and mortality.

ls\;vefel' Methods: A systemically comprehensive search in Pubmed, Embase, the Cochrane Library, Web of Science, and
ortality

China National Knowledge Infrastructure was performed for relevant studies and articles. Consequently, we
pooled the odds ratio (OR) from individual studies and performed heterogeneity, quality assessment and sub-
group/sensitivity analysis.

Results: A total number of 15 articles with 265,839 participants were included in this study. Among the total num-
ber of participants, 1485 were SOT recipients. The meta-analysis results showed that transplant patients with
COVID-19 were remarkably associated with a higher risk of intensive care unit admission than non-transplant
patients (OR = 1.57,95%CI: 1.07 to 2.31, P = 0.02). On the other hand, there were no statistically significant dif-
ferences between SOT recipients and non-SOT recipients in mechanical ventilation need (OR = 1.55, 95%CI: 0.98
to 2.44, P = 0.06). In addition, we found that SOT recipients with COVID-19 had 1.40-fold increased odds of mor-
tality than non-SOT recipients (OR = 1.40, 95%Cl: 1.10 to 1.79, P = 0.007). Moreover, pooled analysis of adjusted
results revealed that SOT recipients had a greater risk of mortality compared with non-SOT patients (HR = 1.54,
95%Cl: 1.03 to 2.32, P = 0.037).

Limitations: The main limitations in our study are attributed to the relatively small sample size, short follow-up
period, and the fact that most of the studies included were retrospective in design.

Conclusions: The results of this study indicate that SOT recipients with COVID-19 had a more significant risk of
COVID-19 severity and mortality than the general population.

Meta-analysis
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1. Introduction

Coronavirus disease-2019 (COVID-19), caused by severe acute respi-
ratory syndrome-coronavirus-2 (SARS-CoV-2), has now claimed over
1.6 million lives worldwide and has led to an unprecedented global
health crisis. The clinical manifestations of COVID-19 may range from
asymptomatic or mild symptoms to severe pneumonia, including
acute respiratory distress syndrome (ARDS) and multiple organ dys-
function syndrome (MODS) [1]. Several risk factors for severe or fatal
COVID-19 were identified, including old age, male gender, obesity, hy-
pertension, cardiovascular disease, chronic kidney disease, and chronic
lung disease [2-4]. Besides, recent studies indicated that the magnitude
of specific immunity is associated with the severity of COVID-19 [5].

Most SOT recipients have one or several associated risk factors
of severe or death COVID-10, such as hypertension, cardiovascular
disease, and chronic kidney disease [6]. Moreover, SOT recipients re-
quire several immunosuppressive drugs, such as calcineurin inhibitors,
antimetabolites, and steroids, which may moderate their immune sys-
tem and significantly increase their susceptibility to viral infections
and bacterial and fungal superinfection [7]. Hence, some studies re-
ported that SOT recipients had a higher COVID-19 related mortality
rate than non-transplant patients [8,9]. In contrast, some other studies
found that both mortality and severity rates of COVID-19 among SOT re-
cipients were similar to the general population [10,11]. Severe COVID-
19 manifestations were mainly associated with a disproportionate
hyperinflammatory reaction due to cytokine release syndrome. Thus,
the serum concentrations of proinflammatory cytokines were found to
be of higher levels in severe cases compared to mild ones [12,13]. Sub-
sequently, under such circumstances, commencing the immunosup-
pressive agents may modulate and reduce the inflammatory response
by blunting excessive cytokine release, thus promoting the prevention
of severe complications in SOT patients [14,15].

It remains highly controversial whether SOT recipients were more
prone to develop severe or fatal COVID-19 or whether immunosuppres-
sion could protect them from “cytokine storm” and prevent potential
severe complications. To the best of our knowledge, no existing meta-
analysis compared the severity and mortality of COVID-19 in SOT recip-
ients and the general population. Therefore, we aimed to perform a sys-
tematic review and meta-analysis to investigate the association
between severe or fatal COVID-19 and SOT.

2. Material and methods
2.1. Search strategy, selection criteria, and outcome

This meta-analysis was carried out in accord with the PRISMA guide-
lines [16]. We systematically searched relevant studies in PubMed,
Embase, the Cochrane Library, Web of Science, and China National
Knowledge Infrastructure (CNKI), using the keywords “solid organ
transplant recipients” or “transplantation” AND “novel coronavirus” or
“coronavirus disease 2019” or “COVID-19” or “SARS-CoV-2" from their
inception up to 26th March 2021 without language restrictions. We in-
cluded studies that fulfilled the following entry criteria: (1) patients
were diagnosed with COVID-19 infection; (2) provided clinical

outcomes of transplant recipients versus non-transplant controls.
Meanwhile, study exclusion criteria included: (1) studies without clini-
cal outcomes (severe versus non-severe patients, death versus sur-
vival); (2) letters, case reports, review articles, abstracts, comments.
Data extraction included study characteristics (e.g., name of the first au-
thor, country, sample size, type of SOT, and duration of follow-up) and
baseline patient characteristics (e.g., age, gender, and comorbidities, ad-
justed variables). Outcome data extraction included the severity of the
disease (intensive care unit admission and mechanical ventilation
need), mortality, and the results of multivariable regression analyses
(including the level of statistical adjustment). Disagreements were re-
solved by consensus or by a third investigator. The severity of the dis-
ease was mainly determined by developing specific symptoms (e.g.
intubation and mechanical ventilation need or intensive care unit ad-
mission). Two investigators (YW and GA) evaluated the risk of bias/
quality of studies using the Newcastle-Ottawa Scale (NOS). A total
score of >7 was used to indicate a high-quality study, while a study
with a total score of <7 was considered a low-quality study. This
study is registered with PROSPERO, number CRD42020207387.

2.2. Statistical analysis

The literature search, study selection and data extraction were per-
formed independently by two investigators (YW and QX). Disagree-
ments were resolved by discussion. Review Manager 5.3 (Cochrane
Collaboration) and Stata 15.0 (StataCorp) were applied to calculate
odds ratios (OR) and their 95% confidence intervals. We used the ad-
justed hazard ratios (HR) with 95% confidence intervals (CI) for the
overall effect estimate, if possible, to reduce the effects of potential con-
founders. We assessed between-study heterogeneity among combined
study results with Cochran's Q test and the I? statistic, with an > <
25%, 25% to 50%, and greater than 50% indicated low, moderate, and
high heterogeneity, respectively. When I? < 50%, we used a fixed effect
model; otherwise, a random-effect model was used. We also preformed
sub-analysis based on countries and sensitivity analysis by excluding
one study at a time to explore the cause of heterogeneity and evaluate
the stability of the results of this meta-analysis. Publication bias was
assessed by Begg's adjusted rank correlation test and Egger's regression
asymmetry test (P < 0.10 was considered indicative of statistically sig-
nificant heterogeneity). P < 0.05 was considered statistically significant.

3. Results

The database search resulted in 584 studies, with two studies identi-
fied through manual searching of reference lists from extracted studies.
After removing duplicates, we conducted a review of the titles and ab-
stracts of the 491 articles. As a result, 491 studies were excluded based
on the title and abstract. After further evaluation of the remaining 58
full-text eligible papers, we excluded 43 papers due to insufficient
data for calculation. Eventually, a total number of 15 papers, including
265,839 participants, were involved in this meta-analysis [8-11,17-
27] (Fig. 1). All studies were published in 2020. Eight studies were
from America, while other studies from European and Asian countries.
One study [21] from Italy, had the largest sample size with 239,325
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Fig. 1. Flow diagram of literature search and study selection.

populations, using the Italian integrated COVID-19 surveillance system.
The final number of SOT recipients was 1485. Four studies [8,17,20,25]
included kidney transplant recipients with COVID-19, and other studies
involved several types of SOT recipients. Additionally, only one single
study was prospective in design, while all other studies were retrospec-
tive. All studies were published in English language. The characteristics
of the study are demonstrated in Table 1. The overall quality of available
literature was moderate with NOS scores ranging from 7 to 9. Character-
istics of SOT and non-SOT recipients with COVID-19 are summarized in
Table 2. Included patients were predominately male. SOT recipients
were more likely to present with higher proportions of co-morbidities,
including hypertension and diabetes mellitus. The quality of the in-
cluded articles is evaluated and shown in Table 3. Eight studies
[9,10,13,18,20,21,26,27] provided data on patients who required admis-
sion to intensive care unit (ICU). The meta-analysis showed that trans-
plant patients with COVID-19 were associated with a higher risk of ICU
admission than non-transplant patients (OR = 1.57,95%Cl: 1.07 to 2.31,
P =0.02; > = 76%) (Fig. 2A). According to the subgroup analysis based
on countries, analysis of studies from America did not reveal significant
differences in ICU admission between transplant patients and non-
transplant patients; however, the heterogeneity decreased to none
(OR = 1.19, 95%CI: 0.89 to 1.58, P = 0.24; I> = 0%). In addition, eleven
studies [8,10,11,19-24,26,27] provided results of patients who needed
mechanical ventilation. We found no significant differences in mechan-
ical ventilation need between SOT recipients and non-SOT recipients
(OR = 1.55, 95%Cl: 0.98 to 2.44, P = 0.06; I> = 84%) (Fig. 2B). Subgroup
analysis of studies from America did not indicate significant differences
in mechanical ventilation need between transplant patients and non-
transplant patients, however the heterogeneity decreased significantly
(OR = 1.26, 95%Cl: 1.00 to 1.59, P = 0.05; I> = 33%). Moreover, we

found that SOT recipients with COVID-19 had 1.40-fold increased odds
of mortality than non-SOT recipients (OR = 1.40, 95%Cl: 1.10 to 1.79,
P = 0.007; 12 = 54%) (Fig. 3A). Pooled analysis of adjusted results
[8-11,17,20,21,23,24,26] also revealed that SOT recipients had a higher
risk of mortality compared with non-SOT patients (HR = 1.54, 95%Cl:
1.03 to 2.32, P = 0.037) with substantial heterogeneity (I> = 87.3%)
(Fig. 3B). Excluding the one study [21] (Trapani et al.) with the largest
sample size did not alter the overall estimate; however, the heterogene-
ity decreased significantly (HR = 1.27, 95%Cl: 1.09 to 1.47, P = 0.002;
I = 24.8%). In addition, pooled analysis of three studies [8,17,26] that
matched SOT recipients with the general population based on age, sex
and comorbidities also indicated that SOT recipients were associated
with increased risk of mortality compared with non-SOT patients (HR
= 1.42, 95%CI: 1.01 to 2.00, P = 0.046, I> = 0%). Sensitivity analyses
by excluding each study at a time did not significantly alter the overall
results. Egger's or Begg's tests did not reveal significant publication
bias in the analysis of mortality (Egger P = 0.502 and Begg P = 0.858).

4. Discussion

Solid organ transplant recipients face a substantial threat of COVID-
19 infection due to the chronic use of immunosuppression agents and
increased comorbidities risks. Previous studies have suggested no sig-
nificant differences between immunocompromised and ordinary pa-
tients in the outcomes of Middle East Respiratory Syndrome (MERS)
and Severe Acute Respiratory Syndrome (SARS) infections [28-31].
However, our study showed a higher risk of developing severe COVID-
19 infection and mortality in SOT patients compared with non-SOT pa-
tients with COIVD-19.
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Table 3
Study quality assessment using the Newcastle-Ottawa Scale.
First author, year of ~ Selection Comparability Outcome
?rl;t;'l;;:;:lc(;r; Representativeness Selection of Ascertainment Outcome of interest Assessment  Follow-up long Adequacy Total
of exposed cohort ~ nonexposed of exposure absent at start of of outcome  enough for outcomes of score
cohort study to occur follow-up

Arya [27] * * * * * * 7
Avery [19] * * * * o * 7
Caillard [8] * * * * o * 7
Chaudhry [10] * * * * o * 7
Chavarot [17] * * * * o * * 8
Fisher [23] * * * * o * 7
Hardesty [25] * * * * o * * 8
Linares [26] * * * * o * * 8
Miarons [9] * * * * o * 7
Molnar [11] * * * * o * 7
Nair [24] * * * * o * 7
Ozturk [20] * * * * o * * 8
Rinaldi [18] * * * * o * * 8
Ringer [22] * * * * o * 7
Trapani [21] * * * * * % * * * 9

Cytokine release syndrome is considered a significant cause of se-
vere COVID-19 infection, including acute respiratory distress syndrome
(ARDS) and organs dysfunction [32,33]. The chronically suppressed im-
mune system in transplant recipients may blunt the effect of Inflamma-
tory cascades and cytokines/chemokines release. Studies have been
reported that immunosuppression in SOT patients can effectively re-
duce the hyperinflammatory in the clinical course of COVID-19 and po-
tentially serve as a protecting factor to prevent inflammation and
cytokine release syndrome [34,35]. In addition, some of the immuno-
suppressive drugs especially cyclosporine and mycophenolic mofetil

ICU admission

have also been demonstrated to have anti-viral activity [36-38]. A re-
cent study has suggested that cyclosporin A (CsA) may reduce the risk
of death in severe COVID-19 patients [39]. Romero et al. also found
that CsA may be an adjuvant to steroid treatment for COVID-19 patients
[40]. However, immunosuppression in transplant recipients during
COVID-19 may change. Innate and adaptive immunity may be altered
in solid organ transplant recipients taking combinations of immunosup-
pressive drugs for an extended period, putting them at risk of infection.
Furthermore, the use of immunosuppression had made these patients
more susceptible to viral respiratory infections. Some studies have

Transplant recipients  Nontransplant controls Odds Ratio Odds Ratio
_Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Arya 17 58 3639 14975 13.1% 1.29[0.73, 2.28] I B
Chaudhry 13 35 43 100 10.3% 0.78[0.35, 1.73] - 1
Fisher 50 128 1318 3907 15.7% 1.26[0.88, 1.81] T
Linares 14 41 90 220 11.4% 0.75[0.37, 1.51] G
Miarons 10 46 25 166  10.0% 1.57 [0.69, 3.56] -1 =
Ozturk 17 81 36 450 12.2% 3.05[1.62, 5.76] - =
Rinaldi 13 24 277 861 10.1% 2.49[1.10, 5.63] - *
Trapani 78 450 17506 238895 17.0% 2.65[2.08, 3.39] =
Total (95% Cl) 863 259574 100.0% 1.57 [1.07, 2.31] -
Total events 212 22934
Heterogeneity: Tau? = 0.21; Chi? = 28.89, df = 7 (P = 0.0002); 2 = 76% 501 oi 7 ! 1’0 p 00‘
Test for overall effect: 2 = 2.28 (P = 0.02) Favours Transplant Recipients  Favours Nontransplant controls
Mechanical ventilation
Transplant Recipients  Nontransplant Controls Odds Ratio Odds Ratio
dy or I Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Arya 14 58 2141 14975  9.9% 1.91[1.04, 3.49]
Avery 1 45 147 2427  3.6% 0.35[0.05, 2.58]
Caillard 78 273 96 273 11.1% 0.74 [0.51, 1.06] ]
Chaudhry 12 35 36 100 8.7% 0.93 [0.41, 2.08] - 1
Fisher 38 128 793 3907 11.0% 1.66 [1.13, 2.44] —
Linares 7 4 43 220 8.3% 0.85[0.35, 2.04] - 1
Molnar 55 98 171 288 10.7% 0.88 [0.55, 1.39] -/
Nair 28 82 399 1625 10.6% 1.59 [1.00, 2.55] -
Ozturk 20 81 14 450  9.1% 10.21 [4.90, 21.27] -
Ringer 8 30 12 60 7.4% 1.45[0.52, 4.06] D
Trapani 9 450 1194 238895 9.5% 4.06 [2.09, 7.88] -
Total (95% Cl) 1321 263220 100.0% 1.55[0.98, 2.44] g
Total events 270 5046
Heterogeneity: Tau? = 0.45; Chi2 = 61.00, df = 10 (P < 0.00001); I2 = 84% ’0_0 i oi p 1 1‘0 . 00’

Test for overall effect: Z = 1.88 (P = 0.06)

Favours Transplant recipients

Favours Nontransplant controls

Fig. 2. Association between solid organ transplantation and severe COVID-19 (2A: ICU admission; 2B: Mechanical ventilation).
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Figure 3A

Transplant recipients

Nontransplant controls

Odds Ratio
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Odds Ratio

__Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Arya 1 58 2216 14975  7.3% 1.35[0.70, 2.60] —
Avery 2 45 269 2427 25% 0.37[0.09, 1.55] —
Caillard 55 273 37 273 10.0% 1.61[1.02, 2.54] I
Chaudhry 8 35 25 100 4.9% 0.89[0.36, 2.21] —
Chavarot 31 83 24 83  7.3% 1.470.76, 2.81] o
Fisher 28 128 581 3907  10.4% 1.60 [1.04, 2.46] .
Hardesty 1 1 4 4 1.0% 1.00 [0.10, 9.96]
Linares 5 41 33 220 4.2% 0.79[0.29, 2.15] B B
Miarons 17 46 38 166 6.8% 1.97 [0.98, 3.98] =
Molnar 39 98 124 288 9.8% 0.87 [0.55, 1.39] —T
Nair 26 82 391 1625 9.7% 1.47[0.91, 2.37] =
Ozturk 9 81 18 450  55% 3.00 [1.30, 6.94] R
Rinaldi 4 24 186 861 3.8% 0.73[0.25, 2.15] —
Ringer 4 30 8 60 2.9% 1.00 [0.28, 3.63]
Trapani 123 450 33972 238895 13.9% 2.27 [1.84, 2.79] =
Total (95% Cl) 1485 264374 100.0% 1.40 [1.10, 1.79] <&
Total events 363 37926
Heterogeneity: Tau? = 0.10; Chiz = 30.53, df = 14 (P = 0.006); I2 = 54% ’0 o 0’ p : 1*0 100’
Testioroverall effect: Z.=2.72/(P-=0.007) Favours Transplant Recipients  Favours Nontransplant Controls
Figure 3B
Study Adjusted %
ID Hazard Ratio (95% Cl) Weight
1
1
Miarons T 1.55 (0.65, 3.69) 8.31
1
Molnar —_— ' 0.92(0.70, 1.22) 12.53
1
Caillard —:*— 1.55(1.02, 2.35) 11.68
1
Chavarot -+~ 1.38(0.67, 2.83) 9.39
1
1
Ozturk : * 1.90 (0.76, 4.73) 7.99
1
Fisher —_— 1.93(1.18,3.15) 11.16
1
1
Linares * ; 0.83(0.28,2.49) 6.81
1
Chaudhry + : 1.11(0.37,3.31) 6.79
1
1
Nair —'0—:— 1.34(1.03, 1.74) 12.61
1
Trapani i —=%—— 3.83(3.03,4.85) 12.74
1
Overall (I-squared = 87.3%, p = 0.000) <> 1.54(1.03,2.32) 100.00
1
1
NOTE: Weights are from random effects analysis i

I
.206

T
4.85

Fig. 3. Association between solid organ transplantation and mortality (3A: analysis of unadjusted results; 3B: analysis of adjusted results).

also demonstrated that SOT recipients with COVID-19 are more likely to
develop bacterial and fungal coinfections [8,18]. Oltean et al. performed
a systematic review of the case series of kidney transplant recipients
with COVID-19. Their study indicates that transplanted patients with
COVID-19 shared several clinical characteristics with the general popu-
lation, such as a higher proportion of men gender and advanced age as
risk factors. However, their main finding was the very high mortality

rates in hospitalized kidney transplant recipients with COVID-19,
which significantly increased with age [41]. Moreover, SOT recipients
have a higher prevalence of comorbidities, such as hypertension, diabe-
tes, chronic kidney disease, and others, which will increase the severity
and mortality of COVID-19 [42]. In a large cohort study, the mortality
among hospitalized SOT recipients with COVID-19 was 20.5%. The au-
thor pointed out that age and underlying comorbidities rather than
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immunosuppression intensity-related measures were significant mor-
tality drivers among SOT recipients [43]. Besides, Coll et al. found that
the mortality rate among transplant recipients with COVID-19 was
27%. Such a high mortality rate may be predominantly influenced by
the demographic profile, comorbidity burden, and type of transplant
organ than by the direct impact of transplantation or associated immu-
nosuppression [44]. In our study, a large proportion of included COVID-
19 positive SOT recipients are kidney transplant patients with renal ane-
mia, renal hypertension, renal bone disease, and other kidney related
complications. Given that these factors could increase the risk of severe
and death in COVID-19 [45], some of the included studies [8,17,26]
matched SOT recipients with the general population based on age, sex
and comorbidities to reduce potential confounders' effects. In addition,
most included studies adjusted confounding risk factors, and our pooled
analysis of adjusted results indicated that SOT recipients had higher risk
of mortality compared with non-SOT patients. However, it is still insuf-
ficient to consider that the different outcome in SOT recipients is attrib-
uted to the use of immunosuppressive drugs rather than potential risk
factors. It is noted that included studies adjusted similar but not the
same variables and adjustments for those classical risk factors may not
be sufficient enough to reduce all the potential confounders that could
influence the outcomes. Further large well-designed studies are needed
to explore the underlying mechanisms of pharmacological effects of im-
munosuppressive drugs on the treatment of SOT recipients with COVID-
19.

Although we performed a comprehensive review of the recent liter-
ature, some limitations to this study should be noted. The studies' sam-
ple size was relatively small, and most of the studies were retrospective
in design, which also limited the number of included studies assignable
to specific subgroups. The included observational studies were subject
to potential confounders that may weaken the effect estimate. The pro-
portion of SOT recipients was relatively small (0.5%), and the lack of suf-
ficient data on different types of SOT hindered analyzing the possibility
of different clinical outcomes. Additionally, one study [9] involved pa-
tients who had been already admitted to the intensive care unit,
which may have potentially impacted the results of both disease sever-
ity and mortality. All included studies had a relatively short follow-up;
therefore, we could not further analyze the short-term versus long-
term follow-up clinical outcomes. Apart from that, this meta-analysis
is not an individual patient data meta-analysis. Although the final total
number of SOT recipients was 1485, there may be an overlap in the
SOT recipients in which one patient may have been involved in more
than one individual study. Finally, despite the high heterogeneity in
the meta-analysis, we further conducted sub-analysis based on coun-
tries and sensitivity analysis to explain the cause of heterogeneity.

To the best of our knowledge, this study is the first systematic liter-
ature review to explore the association between severe or fatal COVID-
19 and SOT recipient. In conclusion, the results of this study indicated
that SOT recipients with COVID-19 had a higher risk of developing se-
vere COVID-19 and mortality compared with the general population.
Further research is needed to shed more light on the risk-benefit bal-
ance of using specific immunosuppression and immunomodulatory
agents in this particular setting.
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