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ABSTRACT
Purpose: To evaluate the impact of the COVID-19 pandemic and characterize the serological profile 

of discarded corneal donations in the coverage area of the Banco de Olhos de Londrina, through 

reverse transcription-polymerase chain reaction testing for COVID-19 and serological screening of 

cornea donors excluded because of positive test results. Methods: This observational retrospective 

study included 776 cornea donors who’s serological and reverse transcription-polymerase chain 

reaction test results were processed at the Hospital of Universidade Estadual de Londrina between 

May 2020 and 2022. The number of corneal donations and tissue utilization rates throughout the 

years of operation of the Banco de Olhos de Londrina were also analyzed. Results: The mean donor 

age was 53.14 years; 332 donors (43%) were female, and 444 (57%) were male. Positive results 

were identified in 15.76% of donors for hepatitis B core antibody antibodies, 0.65% for hepatitis B 

surface antigen, 1.03% for hepatitis C antibodies, and 0.52% for human immunodeficiency virus and 

human T-lymphotropic vírus. Positive reverse transcription-polymerase chain reaction results for 

SARS-CoV-2 were observed in 2.7% of cases. Older adults were 2.6 times more likely to test positive 

for SARS-CoV-2 (95% CI, 1.06-6.34) and 3.0 times more likely to test positive for hepatitis B core 

antibody (95% CI, 1.95-4.41) than younger individuals. A 75.2% reduction in corneal donations was 

observed in 2020 compared with 2019, accompanied by a 5% increase in tissue utilization, possibly 

associated with the effectiveness of donor screening during the pandemic. Conclusion: The COVID-19 

pandemic had a profound impact on the number of corneal transplants worldwide, in Brazil, and at 

the Banco de Olhos de Londrina because of the substantial decline in donations during this period. 

Hepatitis B was the leading cause of corneal tissue discard due to positive serology in both this 

study and previous reports, highlighting the importance of prevention programs and improved 

vaccination coverage. Strict legislation, comprehensive serological screening, and appropriate 

processing of donated tissue remain essential to eliminate potential sources of infection and 

ensure transplantation safety.
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INTRODUCTION

On February 4, 1997, the Brazilian Federal Government 
enacted Law No. 9.434, which regulates the removal of 
organs, tissues, and body parts for transplantation and 
therapeutic purposes, thereby establishing the National 
Transplant System. Corneal transplantation is the most 
commonly performed type of transplant worldwide. Owing 
to the avascular nature of the cornea, this procedure benefits 
from immune privilege, resulting in relatively low rejection 
rates. Corneal transplantation plays a critical role in restoring 
vision in several ocular diseases and depends on the proper 
donation, processing, and distribution of corneal tissue. 
Viability assessment of donated tissue includes testing for 
hepatitis B (HBsAg and anti-HBc), hepatitis C (anti-HCV), HIV 
(anti-HIV-1 and anti-HIV-2), and human T-cell lymphotropic 
virus (anti-HTLV-I and anti-HTLV-II). In 2020, following the 
onset of the COVID-19 pandemic in Brazil, RT-PCR testing for 
SARS-CoV-2 became mandatory for potential cornea donors, 
directly affecting the number of available donations.

The potential transmission of infectious diseases through 
organ and tissue transplantation is well established(1). Even 
avascular tissues such as the cornea may serve as vectors 
for contamination and pathogen transmission(1,2). At the 
beginning of 2020, the presence of SARS-CoV-2 in corneal 
tissue remained uncertain. Several studies demonstrated 
the presence of the virus in the conjunctiva, aqueous 
humor, and vitreous body(3,4). Furthermore, SARS-CoV-2 
infects human cells primarily through interaction between 
its surface protein and the host angiotensin-converting 
enzyme 2 (ACE2) receptor, a process mediated by the host 
transmembrane protease serine 2 (TMPRSS2). Both ACE2 and 
TMPRSS2 are expressed in corneal tissue, suggesting that 
the cornea may represent a potential source of infection(2,5). 
Studies involving conjunctival and nasopharyngeal swab 
collection from patients with COVID-19 also indicated that 
ocular infection in potential donors could not be excluded(6).

In response to these concerns, and in addition to the 
previously established medical and social history assessment 
of donors (Notification of Potential Donor), potential donors 
in the state of Paraná underwent complementary evaluation 
in accordance with Technical Notes No. 80/2020-SNT/
MS (September 17, 2020) and No. 60/2020/GSTCO/Anvisa 
(August 31, 2020; Supplementary File 1).

The present study aimed to characterize the viral 
infectious profile of cornea donors from the Londrina Eye 
Bank between March 2020 and 2022 and to evaluate the 
impact of the COVID-19 pandemic on corneal transplantation 
during this period.

METHODS

A retrospective descriptive study was conducted through 
the analysis of 776 medical records of cornea donors 
followed by the Eye Bank of the Hospital Universitário of 
Universidade Estadual de Londrina (HU-UEL). All records 
were reviewed by an ophthalmologist specialized in corneal 
transplantation. Donors underwent RT-PCR testing for SARS-
CoV-2, in addition to serological screening for hepatitis B 
(HBsAg and anti-HBc), hepatitis C (anti-HCV), HIV (anti-HIV 1 
and 2), and human T-cell lymphotropic virus (anti-HTLV I and 
II) between May 2020 and 2022.

Statistical reports from Banco de Olhos de Londrina, 
data from the Brazilian National Health Surveillance Agency 
(ANVISA), and epidemiological reports on COVID-19 from the 
Government of the State of Paraná were also reviewed. The 
study was approved by the Human Research Ethics Committee 
of Universidade Estadual de Londrina on September 1, 2021 
(Approval No. 4.948.104) and was conducted in accordance 
with Resolution No. 466/12 of the National Health Council 
and its supplementary regulations.

Cornea donor selection followed predefined inclusion 
and exclusion criteria established by resolutions of the 
Collegiate Board of ANVISA. According to these regulations, 
the initial donor risk assessment consisted of a physical 
examination and interviews with family members. To 
determine tissue eligibility for transplantation, laboratory 
testing was performed to exclude infections caused by HIV 
(anti-HIV 1 and 2), hepatitis B (HBsAg and anti-HBc), hepatitis 
C (anti-HCV), and HTLV (anti-HTLV I and II).

Following the onset of the COVID-19 pandemic in 2020, 
a supplementary questionnaire (Supplementary File 1) was 
incorporated into donor screening protocols in the state 
of Paraná. Potential donors with confirmed SARS-CoV-2 
infection, defined by positive nasopharyngeal RT-PCR 
results as well as individuals with suspected infection or 
documented contact with suspected cases were excluded. 
According to the Centers for Disease Control and Prevention 
(CDC), close contact was defined as being within 2 m of an 
infected individual for at least 15 min during the 2 days before 
symptom onset or, in asymptomatic cases, during the 2  days 
before sample collection.

Donors were categorized into two age groups: younger 
individuals (≤60 years) and older adults (>60 years). 
Contingency tables were constructed, and chi-square tests 
were performed to assess associations between serological 
results and sex as well as between serological results and 
age group. Odds ratios (ORs) were subsequently calculated 
for each serological marker to identify potential differences 
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Table 1. Serological results divided by gender

Result
Covid Hepatitis C

Hepatitis B 
(HBsAg)

Hepatitis B 
(Anti-HBc)

Hepatitis B 
(Anti-HBs)

HIV 
(Tests 1 and 2)

HTLV I/II

F M F M F M F M F M F M F M

Detectable/Reactive 9 12 3 5 2  3 41 81 89 112 2  2 2 2

Non-detectable/Non-reactive 288 396 262 355 263 357 224 280 138 199 264 259 263 359

Untested 34 36 66 82 66 82 66 81 104 131 65 81 66 81

F= female; M= male.

Table 2. Serologies results divided by age

Result
Covid Hepatitis C

Hepatitis B 
(HBsAg)

Hepatitis B 
(Anti-HBc)

Hepatitis B 
(Anti-HBs)

HIV 
(Tests 1 and 2)

HTLV I/II

 O Y O Y O Y O Y O Y O Y O Y

Detectable/Reactive 13 8 2 6 2 3 75 47 78 123 0 4 1 3

Non-detectable/Non-reactive 264 421 250 368 250 371 178 327 143 195 253 371 252 371

Untested 34 36 59 89 59 89 75 47 90 145 58 88 58 89
O= old; Y= young.

Table 3. Odds ratio for gender and age in relation to serologies

Serology
Gender Age

Odds Ratio 95% CI p-value Odds Ratio 95% CI p-value

Covid 1.03 0.43-2.41 0.945 2.59 1.06-6.34 0.031

Hepatitis C 0.81 0.19-3.43 1.000 0.49 0.10-2.45 0.485

Hepatitis B (HBsAg) 0.90 0.15-5.38 1.000 0.99 0.16-5.96 1.000

Hepatitis B (Anti-HBc) 0.63 0.42-0.96 0.030 2.93 1.95-4.41 <0.001

Hepatitis B (Anti-HBs) 1.15 0.81-1.63 0.449 0.86 0.61-1.24 0.424

HIV (Tests 1 and 2) 1.36 0.19-9.72 1.000 — — 0.152

HTLV I/II 1.37 0.19-9.75 1.000 0.49 0.05-4.74 0.651
95% CI= 95% confidence interval. Statistical tests performed: (1) Chi-square test was used to assess the association between serology and gender, serology, and age. Statistical significance was determined 
with p<0.05. (2) Odds ratio (OR) was calculated to evaluate the strength of the association with a 95% CI.
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between groups. A significance level of α=0.05 was adopted 
for all analyses. Statistical analyses were performed using R 
software.

For OR calculations, female sex and older adults were 
used as the reference categories.

RESULTS

During the period from March 2020 to 2022, a total of 
776 cornea donors were registered. The mean age was 53.14 
years. Of these donors, 332 were female, and 444 were male, 
representing 43% and 57% of the total sample, respectively.

Data obtained from reports by the Government of the 
State of Paraná estimated 7,927 deaths from SARS-CoV-2 
during this period in the studied region. These patients were 
not approached because of the epidemiological context of 
COVID-19.

Analysis of serological frequencies (Tables 1 and 2) 
showed that 122 donors (15.76%) tested positive for anti-
HBc antibodies (hepatitis B), five (0.65%) tested positive for 

HBsAg (hepatitis B), and eight (1.03%) tested positive for 
hepatitis C (anti-HCV antibodies). In addition, four donors 
(0.52%) tested positive for HIV and HTLV. Positive RT-PCR 
results for SARS-CoV-2 were detected in 21 cornea donors 
(2.7%).

As shown in table 3, only the hepatitis B serological test 
(anti-HBc) was significantly associated with sex, with a p 
value of 0.030 and an odds ratio of 0.63, indicating that 
males were approximately 59% more likely to test positive 
than females. No statistically significant differences were 
observed between sexes for COVID-19, HBsAg, anti-HCV, HIV 
1 and 2, or HTLV I and II serologies.

Table 3 also shows that COVID-19 and hepatitis B 
(anti-HBc) were significantly associated with age, with p 
values of 0.031 and <0.001, respectively. Elderly individuals 
(>60 years) were 2.6 times more likely to test positive 
for COVID-19 than younger individuals (95% CI, 1.06-
6.34). For hepatitis B (anti-HBc), elderly individuals were 
approximately three times more likely to test positive 
(95% CI, 1.95-4.41). No statistically significant differences 
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between age groups were observed for HBsAg, anti-HCV, 
HIV 1 and 2, or HTLV I and II serologies.

Regarding the total number of cornea donations received 
by the Banco de Olhos de Londrina over the years, 74 
donations were registered in 2011, when the bank began 
technical activities on April 18, followed by 162 in 2012, 130 
in 2013, 123 in 2014, 212 in 2015, 214 in 2016, 258 in 2017, 241 in 
2018, and 307 in 2019. A marked reduction was observed in 
2020, with only 76 donations, followed by 168 in 2021, 262 in 
2022, 273 in 2023, and 107 donations in the first half of 2024 
(Figure 1).

Analysis of tissue utilization rates, corresponding to do
nated tissues that were not discarded, demonstrated high 
rates during the COVID-19 pandemic. Tissue utilization rates 
were 47.7% in 2017, 51.7% in 2018, 75.3% in 2019, and increased 
to 80.3% in 2020, followed by 71% in 2021, 63.4% in 2022, 

and 64.4% in 2023. These findings may be associated with 
the effectiveness of donor screening during the pandemic  
period (Figure 2).

DISCUSSION

With the onset of the COVID-19 pandemic, the Ministry of 
Health restricted cornea donations, limiting them exclusively 
to cases of brain death and excluding those resulting from 
cardiorespiratory arrest for nearly 6 months(7). This measure 
led to a significant reduction in the number of donations.

It is known that discards due to positive serology 
represent one of the main causes of cornea discard in Brazil(8). 
A study involving 37 Eye Banks in Brazil demonstrated an 85% 
reduction in corneal tissue donations from the first to the 
third quarter of 2020(7). According to data from the National 

Figure 1. Number of eye globes/corneas received by the Eye Bank from 2011 to 2024.
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Transplant System, which includes all Eye Banks in the 
country, the reduction was 87.6%. When the donations from 
the Banco de Olhos de Londrina were analyzed separately, a 
reduction of 86.11% was observed during the same period.

The total number of donations at the Banco de Olhos 
de Londrina decreased from 307 in 2019 to 76 in 2020, 
representing a 75.2% reduction in donations during the first 
year of the pandemic (Figure 1). In contrast, there was a 
5% increase in the utilization of donated tissue during the 
same period (Figure 2). The pre-established criteria for 
cornea discard, as defined by law, remained unchanged. 
Therefore, improved selection of brain-dead donors during 
the interview process using the new questionnaire may have 
contributed to the increased utilization of donated tissues.

Chaurasia et al.(9) conducted a study evaluating the 
prevalence of SARS-CoV-2 in 200 ocular tissues, including 
corneas and conjunctiva, from 100 asymptomatic donors 
between September 2020 and April 2021. Positive RT-PCR 

results were found in 1% of the tissues, all from conjunctival 
tissue, whereas no corneal tissues tested positive. Given the 
low positivity rate, the authors questioned the necessity 
of postmortem RT-PCR testing for SARS-CoV-2 in potential 
donors.

Alves et al.(10) evaluated the main causes of cornea discard 
at the Paraíba Eye Bank from 2013 to 2022 and reported a 
SARS-CoV-2 positivity rate of 0.38% among eligible corneas. 
In Brazil, studies evaluating the prevalence of SARS-CoV-2 in 
potential cornea donors are still scarce. In our study, RT-PCR 
positivity for SARS-CoV-2 was observed in 2.7% of donors 
between 2020 and 2022; however, no investigation of viral 
presence in ocular tissue was performed. A study conducted 
in Mexico reported the discard of 3.8% of donors because of 
positive serology for SARS-CoV-2(10).

In the literature, there are no reports of HIV, HTLV, or 
hepatitis C transmission through cornea transplantation(11); 
however, these conditions remain absolute contraindications 

Figure 2. Efficacy of cornea supply for transplantation from 2017 to 2024.
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to ensure the safety and quality of the transplantation 
process. Likewise, there is currently no confirmed evidence 
of COVID-19 transmission through cornea transplantation, 
and positive RT-PCR results from nasal swabs do not 
necessarily indicate the presence of the virus in corneal tissue. 
Nevertheless, the possibility of SARS-CoV-2 transmission 
through this tissue cannot yet be excluded. Therefore, 
our institution maintains the exclusion of potential donors 
positive for SARS-CoV-2 to minimize transmission risk and 
ensure transplant safety.

The literature has discussed the possible future relaxation 
of this exclusion criterion to improve access to corneal 
transplantation(12,13). There has been increasing use of 
kidneys, hearts, and livers from donors who tested positive 
for SARS-CoV-2 at the time of donation, without evidence 
of transmission(14-17). To date, confirmed donor-derived 
infections in solid organ transplantation have mainly 
involved lung donors(18).

A review of serological profiles from different Brazilian 
Eye Banks demonstrated variation in cornea discard rates 
due to positive serology. Santos et al.(19), analyzing 216 post-
preservation corneas intended for optical transplantation, 
found a discard rate of 1.85% due to hepatitis B serology as 
the main cause, in addition to two inconclusive hepatitis B 
results. This was followed by 0.93% positivity for HTLV I and 
II and 0.93% inconclusive results for HIV. No positive serology 
for hepatitis C was reported. Viegas et al. observed at the 
Banco de Olhos do Hospital São Paulo that 10.4% of corneas 
were positive for hepatitis B and 19.8% were inconclusive; 
for hepatitis C, 2.9% were positive and 16.9% inconclusive; and 
for HIV, 1.0% were positive and 17.7% inconclusive. Shiratori 
et al.(20), at the Banco de Olhos de Cascavel, reported 47.4% 
positivity for anti-HBc antibodies, 1.5% for HBsAg, and <1% for 
hepatitis C, while 48.2% of donors had negative serologies 
and no positive HIV I and II results (21). Lunardelli et al.(22) found 
a 23% cornea discard rate due to serological inadequacy 
at Santa Casa de Porto Alegre, with anti-HBc as the most 
prevalent marker, followed by anti-HCV and HIV markers. 
In Minas Gerais, the discard rate due to positive serology in 
2007 was 46%(23).

A previous study conducted at Banco de Olhos de Londrina 
from January 2014 to December 2018 by Morgado et al.(24) 
identified positivity rates of 36.67% for hepatitis B, 1.11% for 
hepatitis C, and 0.89% for HIV.

In our study, positivity rates were 16.41% for hepatitis 
B, 1.03% for hepatitis C, and 0.52% for HIV and HTLV. These 
findings are consistent with reports from other Brazilian Eye 
Banks, where hepatitis B remains the main cause of cornea 
discard due to positive serology(24).

Since 1998, the National Immunization Program of the 
Ministry of Health has recommended universal hepatitis B 
vaccination for children beginning at birth, with the first 
dose administered within the first 12-24 h of life. Since 
2001, vaccination coverage has been expanded to include 
individuals up to 19 yr of age. However, hepatitis B remains 
a major public health issue in Brazil and continues to 
significantly affect morbidity and mortality(24).

Hepatitis B virus is hepatotropic and may cause severe 
liver diseases, including acute and chronic hepatitis, cirrhosis, 
and hepatocellular carcinoma. It is widely disseminated 
worldwide. According to updated estimates from the World 
Health Organization (WHO), in 2022, approximately 296 
million people were living with hepatitis B and 50 million 
with hepatitis C. Half of chronic hepatitis B and C infections 
occur among individuals aged 30-54 years, whereas 12% occur 
in individuals younger than 18 years. Men account for 58% of 
cases(25). Our study also demonstrated a higher prevalence 
of hepatitis B among males, approximately 59% higher than 
in females (p<0.05).

The diagnosis of hepatitis B is based on the detection 
of hepatitis B surface antigen (HBsAg) and IgM antibodies 
against hepatitis B core antigen (IgM anti-HBc). Recovery 
from infection is characterized by clearance of HBsAg and 
seroconversion to anti-HBs. HBsAg is typically detectable 
during acute infection, whereas IgM anti-HBc appears during 
acute hepatitis B and during flares or reactivation of chronic 
infection. Total anti-HBc antibodies, routinely screened in 
cornea donors, serve as markers of both previous exposure 
and prior infection(25). This broader detection window may 
explain the higher prevalence of anti-HBc compared with 
HBsAg in the general population.

By the end of 2022, only 13% of individuals living with 
chronic hepatitis B worldwide had been diagnosed, and only 
3% had received antiviral treatment. These findings remain 
far below the WHO target of treating 80% of chronically 
infected individuals(25).

To reduce infection rates, morbidity, mortality, and conse
quently cornea discard due to positive hepatitis B serology, it 
is necessary to expand access to diagnostic testing, improve 
equitable treatment, strengthen vaccination and prevention 
strategies in primary care, invest in priority regions, engage 
affected communities, and support research aimed at 
improving diagnostics and developing curative therapies(25).

The evolution of patients with concomitant hepatitis B 
and COVID-19 infection has also been investigated. Yu et 
al.(26) observed that COVID-19 patients infected with the 
hepatitis B virus were more likely to develop severe disease 
and presented worse liver function parameters during 
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treatment. Guo et al.(27) concluded that hepatitis B infection is 
significantly associated with increased severity and mortality 
in COVID-19 patients. Therefore, hepatitis B may worsen 
clinical outcomes in patients with confirmed COVID-19.

Virulence characterizes the ability of an organism to 
infect a host and cause disease. In clinical medicine and 
experimental health sciences, the term pathogenicity is often 
used to describe the degree of harm caused by a pathogen(28). 
Data from the literature indicate that the hepatitis B virus can 
cause chronic infection(25) and appears to be more virulent 
than SARS-CoV-2, although no direct comparison has been 
performed. In contrast, SARS-CoV-2 is more transmissible 
and usually causes acute disease. The paradoxical finding 
in the present study regarding the higher prevalence of 
donor exclusion due to hepatitis B compared with SARS-
CoV-2 during the analyzed period may reflect important 
epidemiological and biological differences between these 
pathogens. Hepatitis B surface antigen (HBsAg) may remain 
detectable for years, even in asymptomatic individuals(29). In 
contrast, SARS-CoV-2 infection is predominantly acute, with 
viral elimination usually occurring within weeks, whereas 
prolonged viremia beyond 2 months is uncommon. In 
addition, during the COVID-19 pandemic, routine viral RNA 
screening at hospital admission excluded most patients 
with active or recent infection(30), creating a selection bias 
that reduced the prevalence of viral RNA detection among 
potential donors. Together, these findings may explain why 
hepatitis B serological positivity remained more frequent 
than SARS-CoV-2 positivity, even during the pandemic.

In conclusion, the pandemic had a major impact on 
the number of transplants worldwide, in Brazil, and at the 
Banco de Olhos de Londrina because of the marked decline in 
cornea donations during this period. Given the uncertainties 
regarding viral transmission through transplantation, RT-
PCR testing for SARS-CoV-2 was added to the serological 
screening of potential cornea donors in 2020. Currently, 
the flexibility of this screening criterion in transplantation 
remains under discussion. However, further studies are 
needed before this exclusion criterion can be safely removed.

Hepatitis B remains an important cause of tissue discard; 
therefore, prevention programs and improved vaccination 
strategies should be prioritized. In our study, hepatitis B 
was the leading cause of cornea discard due to positive 
serology, consistent with findings reported in the literature. 
The second most common cause was SARS-CoV-2, followed 
by hepatitis C. Discards due to HIV and HTLV positivity were 
less frequent but were also observed. Strict legislation, 
serological screening, and appropriate processing of donated 
corneal tissue remain essential to eliminate potential sources 
of infection.
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Supplementary File 1. Complementary checklist for clinical and epidemiological screening of potential eye globe donors in relation to the novel 
coronavirus (SARS-CoV-2).


