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ABSTRACT

The objective of this study was to assess the impact of the COVID-19 pandemic on the donation and transplant process in
the global context. Methods: An ecological study was conducted from 2017 to 2021, examining the numbers of donors and
transplants, as well as cases and deaths related to COVID-19. Simple linear regression analysis was used in two blocks: between
2017 and 2020, and between 2017 and 2021. We considered rates per million population to assess the impacts. Results: The
study included 10 countries, and Portugal showed the most significant impact on the effective donor rate, with a decrease of
4,463.8 (95% confidence interval [95%CI] -5,103.2—3,824.4), followed by Spain (-3,964.4; 95%CI -5,850.2—-2,078.6), Mexico
(-3,879.3; 95%CI -4,688.6—3,069.9), and Australia (-309; 95%CI -565.3—-52.7), unlike the United States of America, which
showed an increase. In terms of transplant rates, Brazil, Portugal, Spain, France, Iran, and Mexico stood out, also showing decreases.
Conclusion: The COVID-19 pandemic had significant impacts on the donation and transplant process in several countries, and
characterizing these effects is fundamental to resuming activities.

Descriptors: Delivery of Health Care; COVID-19; Indicators and Reagents; Organ Transplantation.

Impactos da Pandemia de COVID-19 nas Atividades de Doagcao

e Transplante de Orgdos.‘ Cendrio Global
RESUMO

O objetivo deste estudo foi avaliar o impacto da pandemia de COVID-19 no processo de doagio e transplante no contexto global.
Meétodos: Foi realizado um estudo ecolégico de 2017 a 2021, examinando o nimero de doadores e transplantes, bem como os casos
e 6bitos relacionados 2 COVID-19. A anilise de regressio linear simples foi utilizada em dois blocos: entre 2017 e 2020 ¢ entre
2017 e 2021. Foram consideradas taxas por milhdo de habitantes para avaliar os impactos. Resultados: O estudo incluiu 10 paises, e
Portugal apresentou o impacto mais significativo na taxa de doadores efetivos, com reducio de 4.463,8 (intervalo de confianga de 95%
[95%CI] -5.103,2—-3.824,4), seguido por Espanha (-3.964,4; 95%CI: -5.850,2—2.078,6), México (-3.879,3; 95%CI -4.688,6—
3.069,9) e Austrilia (-309; 95%CI -565,3—-52,7), ao contririo dos Estados Unidos, que apresentaram aumento. Em termos de taxas
de transplante, destacam-se Brasil, Portugal, Espanha, Franca, Ird e México, que apresentaram redugio. Conclusio: A pandemia de
COVID-19 causou impactos significativos no processo de doagio e transplante em diversos paises, e a caracterizagio desses efeitos
¢ fundamental para a retomada das atividades.

Descritores: Atengio 2 Saide; COVID-19; Indicadores e Reagentes; Transplante de Orgios.
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Impacts of the COVID-19 Pandemic on Organ Donation and Transplantation Activities: Global Scenario

INTRODUCTION

Organ transplantation is a therapy used in severe health scenarios in which the patient, usually due to chronic pathologies,
needs to replace his/her injured organ with one with preserved functions. The process for performing a transplant is not only
complex, involving several stages, but it also requires multidisciplinary action and a robust, high-quality hospital structure.'*

In this context, organ transplantation is often the only therapeutic option for patients with terminal failure of different vital
organs. In the donation and transplantation process, the donor-recipient binomial is inseparable, and the stages of identification,
diagnosis of brain death, validation of the potential donor, family interview, and logistics of organ extraction for donation are
essential steps for carrying out the transplant.*

The heterogeneous behavior of countries' health systems regarding the impact of the pandemic caused by the new coronavirus
disease (SARS-CoV-2/COVID-19) showed different results in sustaining donation and transplantation activities. The decrease
in the number of effective donors and, consequently, the reduction in the number of organ transplants lengthen the waiting lists
longer, cause an increase in mortality of patients with indication for transplants, and worsen disparities concerning the access to
this therapy.’

All in all, the global pandemic caused by the new coronavirus has significantly impacted donation and transplantation
activities worldwide.®? Uncertainties regarding the worsening of the disease, difficulties in carrying out the laboratory diagnosis
of COVID-19 in potential donors and recipients with subsequent donor ineligibility, and the migration of health professionals
working in donation and transplantation activities to join teams caring for patients with COVID-19 and reallocating hospital beds
to care for patients with COVID-19 are among the main factors for changes in the donation and transplantation process reported
in countries in Europe and Asia, such as Spain, France, Portugal, and Iran.'*-"2

In the United States of America, after the World Health Organization (WHO) announced the state of public health emergency,
the bodies managing the donation and transplantation policy acted quickly to develop regulations and guidelines on activities in
the context of the pandemic to protect patients, given the lack of knowledge about COVID-19 and the unavailability of resources
and diagnostic tests. Moreover, guidelines for the suspension of elective organ transplantation activities were implemented by
management bodies in Brazil, Argentina, Mexico, Canada, and Australia.’*-'®

With the availability of diagnostic tests for COVID-19, a better understanding of the disease, the publication of initial studies on
the use of donors reactive to the virus, and, above all, the advancement of vaccination, countries began to work toward recovering
the number of donors and transplants.' The North American transplantation system is a notable example of the adaptation to
the pandemic scenario, having successfully maintained transplant numbers and achieved a record number of effective donors.
However, due to economic hardship, represented by decreases in gross domestic product (GDP) indicators, combined with the
aforementioned difficulties, several countries renowned for this activity were unable to sustain this new scenario. They struggled
to return to pre-pandemic parameters in terms of donor and transplant results.'

The consequences of the COVID-19 pandemic on donation and transplantation actions are serious, evidenced by the significant
reduction in the number of effective donors and the suspension of living-donor transplants, which led to an increase in the
waiting time on transplant lists, culminating in an increase in mortality. As a result of this scenario, some health centers have
disrupted their donation and transplantation teams. Furthermore, the mortality among transplant recipients with COVID-19 has
been higher than that of the general population.”

In this context, given the limited scientific production on the subject and its relevance to addressing emergency health
conditions, such as those mentioned above, this article aimed to assess the impacts of the COVID-19 pandemic on the donation

and transplantation process in a global context.

METHODS

This was a population-based, ecological, cross-sectional, and analytical study. Databases from international repositories were
utilized, providing records on the number of donors and organ transplants, as well as data on the COVID-19 pandemic and
socioeconomic and demographic indicators.

The compiled data, referring to the number of organ donations and transplants, were extracted from the International
Registry of Organ Donation and Transplantation (IRODaT)'® database, statistics on the Eurotransplant’® website, data from the
Global Observatory on Donation and Transplantation (GODT),” and data made available by government agencies in eligible
countries.”»* The numbers related to contagion and deaths from COVID-19 were extracted from the WHO's tables and the
Johns Hopkins University’s dashboards.”** Socioeconomic data were obtained from World Bank indicators and United Nations

database.?>?
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For the selection of countries, by the criterion of representation in the period prior to the pandemic, using data from the years
2017 to 2021, the following criteria were used: selection of nations with more than 500 transplants per year, a population greater
than 10 million inhabitants, and whose donation and transplantation data were public for tabulation and analysis. Thus, except
for the African continent, where no country met the criterion of transplant activity, the selected countries represented at least
one example of a transplant system in each continent. Therefore, the countries that met the eligibility criteria were Argentina,
Australia, Brazil, Canada, Spain, the United States of America, France, Mexico, Iran, and Portugal.

To qualify the comparison of data values from effective donors, organ transplants performed, number of organs transplanted
per donor, and COVID-19 cases and deaths, the rates per million population (PMP) were used.

Descriptive data analysis was performed using absolute values, means, and standard deviations. To evaluate the association
between the rate of cases and deaths from COVID-19 PMP and the rates of effective donors, total number of transplants
performed, and number of organs transplanted per donor, simple linear regression was used to calculate the beta coefficient and
their respective 95% confidence interval (95%CI), considered statistically significant, with p-value < 0.05.

Simple linear regression was used in two blocks: rates from 2017 to 2020, as this last year represents the beginning of the
COVID-19 pandemic, in order to assess its impacts on organ donation and transplant indicators used; and rates from 2017 to
2021, to assess whether the impacts persisted even into the second year of the pandemic or to identify possible delayed impacts.

For data analysis, the statistical program STATA (serial number: 3016063315062, version 16.1)* was used.

RESULTS

The study encompassed 10 countries: Argentina, Australia, Brazil, Canada, Spain, the United States of America, France, Iran,
Mexico, and Portugal. The data presented in Fig. 1 demonstrate that all countries experienced a reduction in GDP from 2019
to 2020, likely due to the COVID-19 pandemic. Brazil (-23%) and Iran (-21%) experienced the most significant drops. In the
United States of America, the reduction was the lowest (-2%), which can be considered stable. When analyzing the GDP variation
between 2020 and 2021, all countries showed recovery, with Iran achieving 70% increase. Brazil stood out because, despite the
increase (11%), it was the only country among those selected whose improvement was not enough to overcome the reduction in
this indicator and surpass the values presented in 2019.

Regarding the human development index, considering the same period, except for Australia and Canada, which experienced
growth of 0.3 and 0.2%, respectively, all countries showed a decrease in the indicator from 2019 to 2020. In 2021, most countries
had an increase in this indicator compared to the previous year, but countries such as Brazil and Iran continued to show a

reduction, as shown in Fig. 1.

GOP 207 2018 2019 2020 202
Argentina 643628.7 524819.7 4528184 389,5910 4914927
Candh Avstralia 13268829 14285296 13919525 13278362 15426599
France Brazil 20635147 19169337 18732882 14485659 1608981.2
! Canada 1,649,2656 17253292 17420151 1,6454234 19907616
United States Portogal Bpan Spain 13125393 14209941 13930461 12814846 142527646
Iran United States 19,479,620.1 20,527,156.0 21,372,5724 20,893,743.8 22,996,100.0
Mexco France 25951511 27909569 27288703 2,630,317.7 29374728
Iran 4866301 3309916 2913629  231,547.6 3933352
Mexico 11589130 12224082 12694043 10871178 12930379

Portugal
HDI 201 2018 201 2020 2021
ot Argentina 0.843 0.842 0.845 0.840 0.842
Australla 0.941 0.943 0944 0.947 0.951

Australia

Brazil 0.761 0.762 0.765 0.756 0.754
Argentioa Canada 0926 0928 0929 0931 0936
Spain 0903 0.905 0904 0899 0.905
United States 0924 0925 0926 0920 0921
France 0897 0.898 0,901 0898 0503
Iran 0.787 0.785 0.783 0.777 0771
Mexico 07711 0.776 0779 0.756 0.758
Portugal 0858 0.860 0.864 0863 0866

Source: adapted from United Nations Development Programme? and The World Bank®.

Figure 1. Selected countries in the study with gross domestic product (GDP)
values and human development index (HDI) from 2017 to 2021.
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The 10 selected countries, together, had an average population of 98,500,000 (+ 97,200,000) inhabitants between 2017 and 2021,
2,279 (+ 3,390) effective donors per year, 7,036 (+ 10,929) transplants per year, 1,209 (+ 1,874) living donors, and an average of
2.6 (+0.4) organs transplanted per donor in the same period. In Table 1, based on the rate of effective donors PMP, a substantial
reduction in the number of donors can be seen in all countries of the study with the beginning of the pandemic. The variation
per million inhabitants in Argentina, comparing the 2019 and 2020 numbers, was -50%. In Mexico, the variation was -68.9%,
and in Iran, it was -46%. The United States of America was an exception, given that even in the face of the pandemic, it managed
to maintain growth in the number of donors PMP at a rate of 5.3% (n = 718 effective donors). When analyzing the percentage
difference between 2020 and 2021, despite the continuous decline in Australia (-9.9%) and Canada (-1.0%), a recovery scenario
is evident.

Similarly, the performance of organ transplants has been highly affected since the onset of COVID-19. All the studied countries
showed a decrease in the number of transplants PMP from 2019 to 2020, with Mexico (-69.5%), France (-46.8%), and Argentina
(-45.2%) showing the largest percentage declines. When comparing the variation between 2020 and 2021, it is observed, in
general, that the countries showed a return to the pre-pandemic pattern of transplants, except for Australia, which continued to
decline (2019/2020: -14% and 2020/2021: -6.4%) and Brazil, with minimal recovery (2019/2020: -20.2% and 2020/2021: 0.3%),
as can be seen in Table 1.

Table 1. Effective donors rate per million population, organs transplantation rate per million
population, and their respective means and standard deviation (SD), from 2017 to 2021.

Variables/countries 2017 2018 2019 2020 2021 Mean (SD)
Effective donors rate (per million population)
Argentina 13.4 15.7 19.6 9.8 13.9 14.5 (3.6)
Australia 20.7 22.7 21.8 18.2 16.4 20.0 (2.6)
Brazil 16.3 16.7 17.7 14.2 16.4 16.3 (1.3)
Canada 21.9 20.1 21.9 19.5 19.3 20.5 (1.3)
Spain 47.1 48.3 49.6 38.0 40.2 44.6 (5.2)
United States 31.7 32.8 36.1 38.0 41.9 36.1 (4.1)
France 29.7 28.9 33.3 23.2 24.7 27.9 (4.1)
Iran 11.4 11.3 14.3 7.8 11.1 11.2 (2.3)
Mexico 4.5 4.1 4.5 1.4 2.0 3.3 (1.5)
Portugal 34.0 33.6 33.7 24.8 29.2 31.1 (4.0)
Organ transplantation rate (per million population)
Argentina 454 49.8 54.0 29.6 41.9 44.1 (9.3)
Australia 70.8 74.3 68.7 59.1 55.3 65.6 (8.1)
Brazil 41.6 42.0 43.6 34.8 34.9 39.4 (4.2)
Canada 82.1 77.0 82.3 70.2 72.0 76.7 (5.6)
Spain 112.9 113.7 115.6 93.5 100.5 107.3 (9.7)
United States 107.9 112.6 121.5 118.8 119.9 116.1 (5.7)
France 95.1 90.3 99.8 53.1 81.8 84.0 (18.5)
Iran 38.8 37.8 37.3 22.3 322 33.7 (6.9)
Mexico 27.6 27.0 25.9 7.9 17.0 21.1(8.5)
Portugal 85.7 79.4 82.3 66.0 71.4 77.0 (8.1)

Source: International Registry in Organ Donation and Transplantation.'®

When analyzing the cases and deaths due to COVID-19 per million inhabitants of each country in 2020 and 2021, it is notable
that there is heterogeneity among the selected nations. Regarding cases of COVID-19 (PMP), the United States of America
recorded the highest values, with 60,352.3 in 2020 and 161,948.8 in 2021, while in Australia, the values were 1,108.8 and 16,611
in the same period, respectively. Regarding the number of COVID-19 PMP deaths, Spain recorded 1,151.7 and Mexico, 1,171.6,
representing the highest rates in 2020, while Brazil, with 2,888.4, and Argentina, with 2,707.7, had the highest numbers in 2021.
Similarly to the number of cases, as shown in Table 2, Australia showed the lowest death rates, with rates of 35.4 and 86.9 in 2020
and 2021, respectively.

The data in Table 3 show the impact of a unit PMP of cases and deaths from COVID-19 on the number of effective donors in two
intervals 2017-2020 and 2017-2021. In the first interval, considering the statistical significance values in the COVID-19 cases rate,
Portugal had the most significant impact among the countries in the study, with a decline of 4,463.8 (95%CI -5103.2--3824.4) in
the rate of effective donors per million population, followed by Spain (-3,964.4; 95%CI -5,850.2--2,078.6), Mexico (-3,879.3; 95%CI
-4688.6—-3069.9) and Australia (-309.0; 95%CI -565.3--52.7) (Table 3).
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Table 2. COVID-19 cases rate and COVID-19 death rate per million population (PMP)
and their respective means and standard deviation (SD) in 2020 and 2021.

Variables/countries 2020 2021 Mean (SD)
COVID-19 cases rate (per million population)
Argentina 36,184.2 131,119.5 83,651.9 (67,129.4)
Australia 1,108.8 16,611.0 8,859.9 (10,961.7)
Brazil 36,119.7 103,988.8 70,054.2 (47,990.7)
Canada 15,526.5 57,227.7 36,377.1 (29,487.2)
Spain 42,023.8 141,572.4 91,798.1 (70,391.5)
United States 60,352.5 161,948.8 111,150.7 (71,839.4)
France 40,457.3 153,904.1 97,180.7 (80,219.0)
Iran 14,176.6 70,463.6 42,320.1 (39,801.0)
Mexico 11,878.5 32,003.3 21,940.9 (14,230.4)
Portugal 41,159.7 137,310.2 89,234.9 (67,988.7)
COVID-19 deaths rate (per million population)
Argentina 961.9 2,707.7 1,834.8 (1,234.5)
Australia 35.4 86.9 61.2 (36.4)
Brazil 916.6 2,888.4 1,902.5 (1,394.3)
Canada 415.5 794.6 605.0 (268.1)
Spain 1,151.7 1,908.8 1,530.3 (535.4)
United States 1,078.6 2,435.7 1,757.2 (959.6)
France 1,016.5 1,879.1 1,447.8 (609.9)
Iran 635.1 1,497.2 1,066.2 (609.6)
Mexico 1,171.6 2,409.8 1,790.7 (875.6)
Portugal 684.1 1,844.1 1,264.1 (820.2)

Source: World Health Organization® and Johns Hopkins Coronavirus Resource Center.**

Table 3. Analysis of the association between the COVID-19 cases rate and the COVID-19 deaths rate per million
population and the effective donors rate per million population between 2017 and 2020 and 2017 and 2021.

2017-2020 2017-2021
Model/countries — —
Beta coefficient 95%CI p-value Beta coefficient 95%CI p-value
Effective donors rate and COVID-19 cases rate (per million population)
Argentina -3,419.6 -11,729.9-4,890.7 0.219 -3,740.4 -32,062.2-24,581.4 0.703
Australia -309.0 -565.3--52.7 0.035 -2,479.7 -5,590.1-630.7 0.085
Brazil -1,105.6 -24,973.6-2,962.4 0.077 -11,436.3 -71,245.2-48,372.5 0.586
Canada -5,433.4 -15,401.8-4,534.9 0.144 -14,119.1 -39,035.9-10,797.7 0.169
Spain -3,964.4 -5,850.2--2,078.6 0.012 -8,374.0 -24,321.9-7,573.7 0.193
United States 8,072.6 -12,019.5-28,164.6 0.226 15,921.6 2,144.1-29,699.1 0.035
France -4,103.6 -10,762.3-2,555.0 0.118 -10,100.4 -32,515.8-12,314.9 0.247
Iran -3,102.2 -6,635.5-430.9 0.063 -213.4 -30,029.7-29,602.9 0.983
Portugal -4,463.8 -5,103.2--3,824.4 0.001 -7,428.7 -30,358.4-15,500.9 0.378
Mexico -3,879.3 -4,688.6--3,069.9 0.002 -7,124.0 -17,962.2-3,714.2 0.128
Effective donors rate and COVID-19 deaths rate (per million population)
Argentina -90.9 -311.8-130.0 0.219 -97.4 -675.5-480.7 0.629
Australia -9.9 -18.1--1.7 0.035 -15.0 -23.0--7.0 0.009
Brazil -279.3 -633.7-75.2 0.077 -291.3 -1,963.9-1,381.3 0.618
Canada -145.4 -412.1-121.3 0.144 -235.4 -521.9-51.1 0.079
Spain -108.6 -160.3--57.0 0.012 -150.9 -306-4.1 0.053
United States 144.3 -214.8-503.4 0.226 244.6 44.7-444.6 0.030
France -103.1 -270.4-64.1 0.118 -159.6 -386.8-67.6 0.111
Iran -139.0 -297.3-19.3 0.063 -78.8 -705.2-547.6 0.716
Portugal -74.2 -84.8--63.6 0.001 -112.4 -408.1-183.3 0.313
Mexico -382.6 -462.5--302.8 0.002 -596.0 -1,309.4-117.4 0.076

Source: adapted from IRODaT", World Health Organization” and Johns Hopkins Coronavirus Resource Center*. 95%CI: 95% confidence

interval; values in bold: statistically significant values.
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Still in the first interval, from 2017 to 2020, but evaluating the impact of the COVID-19 death rate on the effective donors rate,
Mexico (-382.6; 95%CI -462.5--302.8), Spain (-108.6; 95%CI -160.3--57), Portugal (-74.2; 95%CI -84.8--63.6) and Australia
(-9.9; 95%CI -18.1--1.7) continued to show impacts, but in smaller and different proportions (Table 3).

From 2017 to 2021, the scenario changed, and the United States of America experienced an increase in the rate of effective
donors, reaching 15,921.6 (95%CI 2,144.1-29,699.1), despite an increase in cases seen in the country. This increase was also
noticed in the assessment of the rate of COVID-19-related deaths in the same period, with an increase of 244.6 (95%CI 44.7-
444.6), a scenario that was not seen in Australia, which presented a decrease of 15 (95%CI -23--7), a value even more substantial
than that seen in the first period (Table 3).

Regarding the impacts of COVID-19 cases on the organ transplantations rate, the linear regression shown in Table 4 pointed
out that Brazil, with a beta coefficient of -4,541.5 (95%CI -7,714.9--1,368.1) in the analysis from 2017 to 2020, was the country
that suffered the most significant impact, followed by Portugal (-2,283.5; 95%CI -4,449.2--117.9), Spain (-2,014.1; 95%CI -2,682.3-
-1,345.8), France (-933.0; 95%CI -1,454.6--411.3), Iran (-899.2; 95%CI -1,104.9--693.4), and Mexico (-624.7; 95%CI -763.2--486.2).

Likewise, Brazil was the country where the death rate from COVID-19 most affected transplantation activities, with reductions
in the assessment from 2017 to 2020 (-115.2; 95%CI -195.8—-34.7) and from 2017 to 2021 (-4.3; 95%CI -7.8—-1.0), that is, deaths
related to COVID-19 continued to cause a decrease in the transplant rate until 2021. Other countries also had a significant impact
on the evaluation of the association between the rate of COVID-19 deaths and the rate of transplantations performed, such as

Mexico, Spain, Iran, Portugal, and France, as shown in Table 4.

Table 4. Analysis of the association between the COVID-19 cases rate and the COVID-19 deaths rate per one million
population and the transplantations rate per one million population between 2017 and 2020 and 2017 and 2021.

. 2017-2020 2017-2021
Model/countries — —
Beta coefficient 95%CI p-value Beta coefficient 95%CI p-value
Transplantation rate and COVID-19 cases rate (per million population)
Argentina -1,604.7 -3,306.4-97.0 0.056 -2,355.4 -12,705.4-7,994.5 0.521
Australia -79.1 -171.6-13.3 0.066 -683.5 -1,771.7-404.6 0.139
Brazil -4,541.5 -7,714.9--1,368.1 0.025 -8,978.2 -19,916.5-1,960.1 0.080
Canada -1,233.0 -3,006.2-540.1 0.096 -2,966.1 -9,039.8-3,107.6 0.218
Spain -2,014.1 -2,682.3--1,345.8 0.006 -4,037.3 -12,933.2-4,858.6 0.244
United States 1,932.5 -11,809.3-15,674.3 0.607 5,868.1 -14,146.5-25,882.6 0.420
France -933.0 -1,454.6—-411.3 0.016 -1,160.3 -7,423.6-5,103.1 0.597
Iran -899.2 -1,104.9--693.4 0.003 -1,416.3 -9,176.4-6,343.9 0.602
Portugal -2,283.5 -4,449.2--117.9 0.045 -4,648.9 -15,176.0-5,878.3 0.255
Mexico -624.7 -763.2—-486.2 0.003 -989.0 -3,388.6-1,410.6 0.281
Transplantation rate and COVID-19 death rate (per million population)
Argentina -42.7 -87.9-2.6 0.056 -57.7 -265.1-149.8 0.442
Australia -2.5 -5.5-0.4 0.066 -4.3 -7.8--1.0 0.028
Brazil -115.2 -195.8--34.7 0.025 -243.8 -560.0-72.4 0.091
Canada -33.0 -80.4-14.5 0.096 -51.7 -121.2-17.8 0.099
Spain -55.2 -73.5--36.9 0.006 -75.7 -166.4-15.0 0.077
United States 34.5 -211.1-280.1 0.607 91.8 -210.2-393.7 0.405
France -23.4 -36.6--10.3 0.016 -26.0 -95.5-43.6 0.321
Iran -40.3 -49.5--31.1 0.003 -50.3 -200.6-100.0 0.365
Portugal -38.0 -73.9--2.0 0.045 -67.9 -202.1-66.2 0.205
Mexico -61.6 -75.3—-47.9 0.003 -87.0 -254.4-80.4 0.197

Source: adapted from IRODaT"¢, World Health Organization? and Johns Hopkins Coronavirus Resource Center*. 95%CI: confidence interval at
95%; values in bold: statistically significant values.

The impacts caused by the pandemic were also reflected in living-donor transplants and transplantability (rate of organs

transplanted per donor).

DISCUSSION

The study revealed that the COVID-19 pandemic had a profound impact on organ donation and transplantation activities
worldwide, resulting in significant declines in the number of effective donors, transplants, living-donor transplants, and even the

number of organs transplanted per donor, exhibiting heterogeneous behavior among the evaluated countries.
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Regarding the number of effective donors, all countries analyzed, except the United States of America, showed a reduction.
When assessing the impact of COVID-19 cases and deaths on the number of effective donors per million population, the statistical
analysis generally demonstrated a significant impact on this indicator, with varying behaviors among the studied countries. That
is, the countries with the highest number of COVID-19 cases and deaths, as measured by PMP, were not necessarily the ones
that experienced the most significant decrease in their effective organ donor rate with the advent of the pandemic. The new
coronavirus pandemic not only affected the countries included in this study but also significantly impacted organ donation results
in countries such as France, Italy, Austria, Israel, and the United Kingdom.?-*

Regarding the number of organ transplants, all countries experienced a reduction in 2020. However, Australia, Brazil, and
Canada, unlike the other countries, also faced hardship in recovering the number of transplants in 2021. The non-uniformity in
the behavior of countries regarding the impact of the new coronavirus pandemic on transplantation activities, as evidenced by
the analysis, demonstrates that the number of COVID-19 cases and deaths per million population responded differently to the
decrease in organ transplantations.

Similar to the number of effective donors, the United States of America managed to overcome the first two years of the
pandemic by maintaining the number of transplants. The country invested in scenario calculations and computer simulation
models to make decisions about progressively suspending activities, considering the analysis carried out by transplant centers for
the adoption of restrictive measures.** In addition, the availability, in an adjusted form, of tests for the diagnosis of COVID-19,
the advanced stage of vaccination, and the quick access to data and studies that facilitated the flexibilization of the use of infected
donors are among the factors that can justify this scenario being different from that of other countries.**

As aresult of the pandemic, elective surgery activities were suspended. As a result, many countries showed a substantial decline
in living-donor kidney transplants. Another factor studied to assess the organ use rate during this period was the number of
organ transplants per effective donor. The growth of this transplantability rate, possibly associated with the limitation in the use
of expanded criteria donors, demonstrates the use of organs from donors and recipients in conditions of lower ischemic limits
and shorter time logistics.*

This study's findings demonstrate impacts similar to those seen in other scientific productions, which recognize the overload
that the pandemic caused to health systems and the substantial reduction in donation and transplantation procedures.® In
addition, the results reflect the uncertainties of the risk of continuing with organ donation and transplantation activities in the
first year of the pandemic, the orientation of institutions regarding the suspension of activities, and the increased gap between
the supply and demand of organ donors with the advent of the pandemic, which increased the difficulty of allocating expanded
criteria donor organs.****%

The COVID-19 pandemic has caused significant challenges to the healthcare systems of various nations. Aspects such as
the number of COVID-19 cases and deaths, economic limitations, the lack of knowledge about the risks, the repurposing of
professionals and structures for the care of SARS-CoV-2 patients and, consequently, the suspension of transplantation activities
were elements involved in the impact found in the present study. However, it is necessary to delve deeper into other factors that
may manifest as residual effects of the pandemic and have an impact on the transplantation process.*

Thus, as a limitation of this study, one can mention the possibility that factors not measured may also have an impact on the
association between COVID-19 cases and deaths and transplantation. Moreover, the impossibility of incorporating data that
characterize transplantation activities in the countries studied may have hindered the desired in-depth analysis and more accurate
evaluations.

As for this study's strengths, we would like to highlight the inclusion of countries representing transplantation systems across
different continents, the evaluation of normalized data, and the analysis of the association between cases and deaths of COVID-19
and transplant procedures, including not only organ transplants but also several indicators within this scope, such as effective
donors, living-donor transplants and organs transplanted per donor, which characterizes a robust assessment that minimizes
interpretation errors with gross values.

Given the points recognized by this work, we encourage that studies be carried out to evaluate the factors associated with the
effectiveness of transplantation activities, specifying the behavior of each modality of organ transplant in order to understand better
what minimizes the risk of impacts on these activities in the face of health emergencies, as seen in the pandemic. Additionally,
assessing the delayed impacts of the COVID-19 pandemic is of great importance.

CONCLUSION

The COVID-19 pandemic has significantly affected organ donation and transplantation activities worldwide, resulting in a

significant reduction, increased waiting lists, higher patient mortality rates with transplant indications, and the discontinuation

Braz] Transplant m v29 m €3826 m 2026



Impacts of the COVID-19 Pandemic on Organ Donation and Transplantation Activities: Global Scenario

of many transplantation activities. With a better understanding of the risks associated with COVID-19 transmissibility, the

importance of social distancing measures, the use of masks, and adaptations to donation and transplantation systems in response

to the pandemic, as well as the growth of the vaccinated population, nations have begun to resume activities. However, faced with

relevant impact and heterogeneous behavior, some countries continue to show significant difficulties in resuming this activity,

which is still far from the results presented before the pandemic.
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