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The COVID-19 pandemic has caused over 7 million deaths worldwide, with age, underlying conditions,
and immunosuppression increasing the incidence of severe outcomes. Despite vaccination,
immunocompromised (IC) individuals show lower vaccine response, probably leading to more
breakthrough infections. The objective of our study was to evaluate the overall occurrence of intensive
care admission and/or death during hospitalisation, stratified by COVID-19 severity and immunological
status (IC vs. non-IC individuals). Our study used a nationwide database to compare COVID-19
hospitalisations and outcomes in IC versus non-immunocompromised individuals (non-IC). This is a
longitudinal cohort study analysed de-identified COVID-19 data from Brazil’'s DATASUS system (02
March 2020-31 December 2023). The study included 361,898 subjects, identifying 7484 (2.07%) IC
individuals. IC individuals showed higher rates of chronic liver, neurological, and lung diseases, while
non-IC individuals had higher obesity rates. Intensive care unit (ICU) admissions (42.6% vs. 38.5%) and
mortality (51.1% vs. 35.9%) were greater in IC compared to non-IC individuals. Therefore, IC individuals
consistently experienced more ICU admissions and higher mortality across the COVID-19 pandemic
years (odds ratios rising from 1.68 in 2020 to 2.39 in 2023), influenced by the prevalence of SARS-
Cov-2 variants. Our study shows higher morbidity and mortality in IC individuals during the COVID-19
pandemic, underscoring the need for targeted strategies like early interventions, reinforcing the need
for sustained surveillance, targeted vaccination strategies, and prioritised care.
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The global pandemic caused by the Coronavirus Disease 2019 (COVID-19) has led to more than 7.0 million
deaths since its emergence!. Factors such as age, underlying health conditions, such uses of previous or ongoing
immunosuppressive treatments increase the risk of COVID-19 infection and resulting severe outcomes,
including hospitalization and death?=>.

During COVID-19 pandemia the mitigation strategies such as border closures, lockdowns, social
distancing, widespread testing, and vaccination campaigns were implemented globally, leading to a reduction
in transmission and mortality®. Following the declaration of the end of the global pandemic in May 2023, there
has been a progressive scaling back of public health interventions’. However, even after pandemia there is a lack
of sufficient data on the ongoing impact of COVID-19 in immunosuppressive (IC) individuals, who remain
significantly affected throughout Brazil. Despite making up a relatively small segment of the population, IC
individuals experience a disproportionately high rate of severe COVID-19 outcomes, resulting in substantial
healthcare burden based on higher length of stay (LoS) and death compared to immunocompetent (non-IC)
individuals®.

As an example of the COVID-19 burden among IC individuals, lung cancer stands out, with patients
exhibiting a higher mortality rate (57.1%) compared to those with other solid tumors (32.2%)°. This risk is
particularly elevated in individuals recently diagnosed with cancer, compared to those with a longer disease
history'?, highlighting the acute phase of solid tumors as a critical period of increased vulnerability to severe
COVID-19. Similarly, hematological malignancies contribute to higher LoS and mortality, with acute myeloid
leukaemia showing a higher mortality rate compared to lymphoproliferative disorders>.
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In other immuno-compromised clinical scenarios, studies have emphasized that recipients of solid organ
transplants (SOT) face significantly higher mortality rates and LoS compared to the general population. In
particular, found that SOT patients hospitalised with COVID-19 experienced a substantially increased mortality
rate, with recipients of kidney, lung, liver, and combined transplants all showing elevated risk!""!2. On the other
hand, for immunosuppressive viruses such as HIV/AIDS, data on LoS and mortality compared to non-IC
individuals during the COVID-19 pandemic remain conflicting, irrespective of the predominant SARS-CoV-2
variant!’.

Mass vaccination efforts played a central role in reducing the global burden of COVID-19, enabling
populations worldwide to gradually return to normal life. However, IC individuals, who exhibit weaker immune
responses to vaccination, may become increasingly vulnerable to COVID-19 risks as the effectiveness of public
health measures diminishes'*17. Throughout the pandemic, various variants of concern have circulated in
Brazil'®!®, potentially influencing hospitalisation rates, LoS and mortality, particularly among IC individuals,
an issue that is still debatable.

Given the limited evidence on the burden of COVID-19 among IC individuals, this study aimed to evaluate
the overall incidence of intensive care unit (ICU) admission and/or in-hospital mortality, stratified by COVID-19
severity and immunological status (IC vs. non-IC), using data from Brazil’s national public healthcare system
across periods dominated by five distinct SARS-CoV-2 variants.

Materials and methods

Study design and data sources

This observational, longitudinal and descriptive study is based on secondary databases from Brazil's Unified
Health System (SUS) database (DATASUS)®. Data were collected from three public databases, including
DATASUS SRAG?! (severe acute respiratory syndrome), DATASUS SIH?2 (Hospital Information System), and
DATASUS Imuniza¢des** (DATASUS immunization data) and were submitted to linkage process.

The SRAG database captures all hospitalised cases of severe acute respiratory infections, including COVID-19,
in public and private health care facilities across Brazil. It provides individual-level, anonymised data on age, sex,
race/ethnicity, municipality of residence and hospitalisation, symptom onset, admission and discharge dates,
ICU use, comorbidities, diagnostic test results, and clinical outcomes (recovery or death). Each case is assigned a
unique identifier, enabling internal tracking while preserving patient confidentiality. Only cases with laboratory-
confirmed COVID-19 and complete outcome data were included in this analysis.

The SIH database contains administrative and clinical records for all hospitalisations reimbursed by the SUS,
including admissions to public hospitals and private institutions under SUS contract. The database includes
hospital codes, geographic location, admission/discharge dates, LoS, ICD-10-coded diagnoses, and procedures,
including ICU admissions. SIH data were used to validate hospitalization patterns, ICU use, and length of stay
among COVID-19 patients.

The DATASUS Imunizagdes dataset contains individual-level vaccination records, including vaccine type,
dose dates, and administration location. This system enables nationwide tracking of immunization status across
all age groups.

For this study, DATASUS Imunizag¢des data were linked to SRAG records using anonymised individual
identifiers to assess vaccination coverage among IC and non-IC individuals. No personally identifiable
information (e.g., name, address, or national ID number) is accessible in the publicly released dataset.

Study population

The study population consisted of IC individuals hospitalised exclusively for COVID-19 between March 2, 2020,
and December 31, 2023. This cohort represents a substantial sample of COVID-19 cases documented in the
Brazilian public health registry system. Individuals with missing values were excluded from analysis to ensure
data completeness. For analytical purposes, the population was further divided into two groups: IC and non-IC
individuals.

The IC individuals included in the study were patients presenting a primary immunodeficiency, secondary
immunodeficiency, high-dose, long-term moderate dose corticosteroids treatment, end-stage kidney disease
or dialysis, organ transplants in the last five years, stem cell transplants, solid tumors in the last five years,
haematological malignancies in the last five years, and HIV/AIDS. The specific criteria and definitions used to
classify individuals as IC are detailed in the Supplementary Material, Supplement 1, which provides additional
context on classification and group allocation within the study population based on ICD-10-coded diagnoses.

Clinical characteristics and outcomes

Clinical characteristics included sex, age, and predefined age strata (<18, 18-64, 65-69, 70-79, and >80 years),
based on prior studies identifying age-related risk patterns in COVID-19 outcomes?*?*. Clinical covariates
included the presence of key comorbidities: asthma, postpartum, diabetes, obesity, chronic heart disease, chronic
liver disease, chronic neurological conditions, Down syndrome, chronic liver diseases, and chronic respiratory
disease.

The outcomes included the combined incidence of ICU admission and/or in-hospital death among IC versus
non-IC individuals, with secondary analyses stratified by year and LoS, particularly focusing on ICU use across
study groups. Additionally, we analysed hospital admission dates, in-hospital mortality, LoS (in days), and ICU
admissions, including the impact of COVID-19 variants and vaccination status.

Statistical analysis
Clinical characteristics of groups were presented in descriptive tables, providing a detailed overview of each
subgroups attributes. For numerical variables, such as age, the mean and standard deviation were calculated.
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In the case of categorical variables (e.g., sex, comorbidities), both absolute counts and per cents were reported.
Hospitalisation LoS was analysed with a focus on the median value, alongside the 25th (Q1) and 75th (Q3)
percentiles. Additionally, data were further stratified by the COVID-19 period to capture differences across
pandemic phases. To assess differences in baseline characteristics between IC and non-IC groups, p-values were
calculated using the Chi-square test for categorical variables and Mann-Whitney U test for continuous variables.
These values are presented in Table 1.

To evaluate the main outcomes, we performed both unadjusted and multivariable logistic regression analyses,
calculating odds ratios (OR) with 95% confidence intervals (CI). The multivariable models adjusted for age, sex,
key comorbidities, and COVID-19 vaccination status. These adjustments were incorporated to reduce potential
confounding in the association between immunosuppressed status and the outcomes of ICU admission and
in-hospital mortality. Statistical significance was defined as p <0.05. Analyses were performed using R software.

Comparations regarding mortality and ICU admissions between groups (IC vs. non-IC), a cubic spline
regression was performed using the percentiles of LoS as the independent variable and the prevalence of
outcomes (mortality and ICU admissions) as the dependent variable. It was calculated the mean difference
between points in the regression, represented by A Px;.

For the IC population, hospital mortality due to COVID-19 is predicted to be 19%. According to Brazilian
indicators, the IC population rate is 1% in Brazil. In the DATASUS database, we have around 60 to 70 thousand
records about hospitalisations in Brazil. According to the table in Supplementary Table 1S, the accuracy for
different expected scenarios is calculated. Thus, a precision of 2% is expected in the scenario of 19% of hospital

mortality due to COVID-19 in the IC population with 6.000 samples and a 95% CI expected is 18 to 20%.
The p-value of <0.05 was assumed as significant. All statistical analyses were conducted using R software.

Immunocompromised

Non-immunocompromised n=354,414 | n=7484 Total

(97.9%) (2.07%) n=361,898 p-value
Female, n (%) 159,698 (45.1) 3611 (48.2) 163,309 (45.1) <0.001
Age, years, mean (SD) 58.8 (17.9) 59.4 (16.8) 58.9(17.9) <0.001
Age group <0.001
<18 5447 (1.5%) 95 (1.3%) 5542 (1.5%)
18-59 170,871 (48.2%) 3412 (45.6%) 174,283 (48.2%)
60-69 73,452 (20.7%) 1841 (24.6%) 75,293 (20.8%)
70-79 59,127 (16.7%) 1319 (17.6%) 60,446 (16.7%)
80+ 45,517 (12.8%) 817 (10.9%) 46,334 (12.8%)
Length of stay, days, median (Q1,Q3) 7 (4,12) 8 (4, 15) 7 (4,12) <0.001
Length of stay in ranges, days, (%) <0.001
0 3700 (1.0) 91(1.2) 3791 (1.0)
1-7 191,791 (54.1) 3339 (44.6) 195,130 (53.9)
8-14 98,290 (27.7) 2130 (28.5) 100,420 (27.7)
15-21 34,254 (9.7) 958 (12.8) 35,212 (9.7)
22-28 14,612 (4.1) 510 (6.8) 15,122 (4.2)
29+ 11,767 (3.3) 456 (6.1) 12,223 (3.4)
Intense care unit admission, n (%) 136,528 (38.5) 3189 (42.6) 139,717 (38.6) <0.001
Death, n (%) 127,092 (35.9) 3821 (51.1) 130,913 (36.2) <0.001
Postpartum, n(%) 579 (0.2) 7(0.1) 586 (0.2) 0.137
Down syndrome, n (%) 961 (0.3) 49 (0.7) 1010 (0.3) <0.001
Obesity, n (%) 35,269 (10.0) 576 (7.7) 35,845 (9.9) <0.001
Asthma, n (%) 8366 (2.4) 211 (2.8) 8577 (2.4) <0.010
Diabetes mellitus, n (%) 83,851 (23.7) 1802 (24.1) 85,653 (23.7) 0.399
Chronic liver disease, n (%) 2357 (0.7) 313 (4.2) 2670 (0.7) <0.001
Chronic neurological disease, n (%) 11,811 (3.3) 459 (6.1) 12,270 (3.4) <0.001
Chronic pneumopathic disease, n (%) 11,732 (3.3) 612 (8.2) 12,344 (3.4) <0.001
Chronic heart disease, n (%) 115,832 (32.7) 2587 (34.6) 118,419 (32.7) <0.001
Number of comorbidities, n (%) <0.001
0 169,727 (47.9) 2899 (38.7) 172,626 (47.7)
1 107,350 (30.3) 2342 (31.3) 109,692 (30.3)
2 59,003 (16.6) 1500 (20.0) 60,503 (16.7)
3 15,676 (4.4) 531 (7.1) 16,207 (4.5)
4+ 2658 (0.7) 212 (2.8) 2870 (0.8)
Received two doses or more of the COVID-19 vaccine, n (%) | 40,313 (11.4) 1365 (18.2) 41,678 (11.5)

Table 1. Clinical characteristics of patients.
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Ethics

The datasets were validated by removing duplicate entries and ensuring the consistency and completeness of
the registered data, in compliance with the guidelines from Research Ethics of the National Health Council,
Brazil. Written informed consent was not required for participation in this study, in accordance with national
legislation and institutional regulations.

Reporting
We followed the checklist of the Strengthening the Reporting of Observational studies in Epidemiology to report
our data®.

Results
Study population demographics and COVID-19 variants
The study population consisted of 361,898 subjects (Table 1), of which 2.07% were IC individuals (n=7484). The
male group was slightly larger than the female group, and IC individuals had a lower median age compared to
the non-IC group. Some clinical comorbidities prevalence, including asthma, diabetes, and chronic heart disease
were not different between IC vs. non-IC groups. The non-IC group showed a higher prevalence of obesity
compared to the IC group (10.0% vs. 7.7%), whereas the IC group exhibited higher prevalences of chronic liver
disease (4.2% vs. 0.7%), chronic neurological disease (6.1% vs. 3.3%), and chronic pneumopathy (8.2% vs. 3.3%),
as expected.

The distribution of sex and age stays quite even between groups, besides the year stratification. The year-
stratified data reveals the most prevalent COVID-19 variant for each year as follows: Alpha and other in 2020,
co-dominance of Gamma and Delta in 2021 , Omicron in 2022 and Omicron XBB in 2023 (Table 2).

Length of stay and ICU admission

Regarding LoS, the median values were comparable between the IC and non-IC groups (Table 1). However,
when LoS was stratified into day ranges, IC group revels more LoS exceeding 7 days compared to non-IC in all
years analysed (Table 2).

Overall, ICU admission data shows a modestly greater incidence in IC group (42.6%) compared to non-IC
group (38.5%). For all subjects the odds ratio for ICU admission decreases alongside years (Supplementary
Material, Table S2), however, the IC group demonstrated a higher likelihood of ICU admission over the years
compared to the non-IC group (Fig. 1), however, in 2022 and 2023, the odds of ICU admission did not differ
between the IC and non-IC groups (p>0.05) may be influenced by external factors not accounted for in our
analysis (Supplementary Material, Table 3 S).

Mortality

The overall incidence of death during the study period was higher in the IC group compared with the non-IC
group (51.1% vs. 35.9%, respectively; Table 1). In the general population, the odds ratio progressively declined
over the study period (Supplementary Table 2 S). However, mortality rates remained largely stable across all
years in both groups, with consistently higher rates observed in the IC group (Fig. 1B). Specifically, the odds of
mortality in the IC group were 1.68 (95% CI 1.55-1.83) in 2020, increasing to 2.39 (95% CI 1.53-3.71) in 2023
(Supplementary Table 3 S).

Impact of length of stay in mortality

We provide an analysis using spline regressions of prevalence of death vs. percentiles of LoS. This analysis was
stratified by year and the mean A P, was calculated for each year. Of notice, the difference between points
of each slope remains near the mean value, presented in the centre of the graphics (Fig. 2). The A Py, around
the mean value indicates that the difference in mortality prevalence between IC and non-IC individuals remains
relatively constant, particularly beyond the 30th percentile (approximately four days of in-hospital care) for each
year of follow-up, as observed in 2020 (Fig. 2A), 2021 (Fig. 2B), 2022 (Fig. 2C), and 2024 (Fig. 2D). Also, the
slopes of spline regression stay flat starting at the fourth day of in-hospital stay, which shows that the prevalence
of death does not vary in function to the LoS after the fourth day of in-hospital admission. Notably, the mean
distance between points on the slope increases over the years, likely due to a decline in non-IC mortality rates.

Discussion

Our findings revel that the IC individuals did have worse outcomes regarding ICU admission and death when
compared to non-IC individuals during three waves of COVID-19 pandemic, independent of SARS-CoV-2
variant of concern. This data from Brazilian public health system sustain how severe was the pandemics regarding
mortality and ICU admissions, especially for those with immunological system compromised.

The balanced distribution of age and sex across both IC and non-IC groups reinforce the validity of comparing
outcomes directly, as these are potential confounding factors in COVID-19 severity?”-?8. The increased
prevalence of chronic liver disease”, neurological conditions®®, and pneumopathy®! among IC individuals,
in our sample, may be relevant impact to adverse outcomes in COVID-19 infections®2. By contrast, a higher
prevalence of obesity in non-IC individuals suggests that, while obesity is an important risk factor in COVID-19,
the heightened risk among IC individuals may be driven more by underlying immunological vulnerabilities than
by metabolic factors.

The median LoS was comparable between groups; however, IC individuals were more likely to experience
prolonged hospitalisations. Specifically, 54.2% of IC individuals had stays exceeding seven days compared to only
44.9% of non-IC individuals, indicating a greater healthcare burden within the IC population. This prolonged
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Immunocompromised
Non-immunocompromised n=354,414 | n=7484 Total
(97.9%) (2.07%) n=361,898

2020
SARS-Cov2 Variant predominance*
Alfa and Others
Date of admission to hospital
Median 2020-08-14 2020-08-04 2020-08-14
Min-Max 2020-03-02-2020-12-31 2020-03-02-2020-12-31 | 2020-03-02-2020-12-31
Death, n (%) 32,561 (36.9) 1181 (49.6) 33,742 (37.2)
Intense Care Unit admission, n (%) 33,418 (37.9) 1029 (43.2) 34,447 (38.0)
Sex, n (%)
Female 39,076 (44.3) 1075 (45.2) 40,151 (44.3)
Male 49,145 (55.7) 1305 (54.8) 50,450 (55.7)
Age, years, Mean (SD) 61.2 (17.6) 59.5(16.8) 61.2 (17.6)
Length of stay in ranges, days
0 1172 (1.3) 27 (L.1) 1199 (1.3)
1-7 45,997 (52.1) 1002 (42.1) 46,999 (51.9)
8-14 25,075 (28.4) 697 (29.3) 25,772 (28.4)
15-21 8844 (10.0) 325 (13.7) 9169 (10.1)
22-28 3872 (4.4) 179 (7.5) 4051 (4.5
29+ 3261 (3.7) 150 (6.3) 3411 (3.8)
Received two doses or more of the COVID-19 vaccine, n (%) | 1 (0.0) 0(0.0) 1(0.0)
2021
SARS-Cov2 Variant predominance
Gamma/Delta
Date of admission to hospital
Median 2021-04-29 2021-04-28 2021-04-29
Min-Max 2021-01-01-2021-12-31 2021-01-01-2021-12-31 | 2021-01-01-2021-12-31
Death, n (%) 84,676 (35.5) 1972 (52.1) 86,648 (35.7)
Intense Care Unit admission, n (%) 93,729 (39.3) 1690 (44.7) 95,419 (39.4)
Sex, n (%)
Female 107,421 (45.0) 1880 (49.7) 109,298 (45.1)
Male 131,292 (55.0) 1903 (50.3) 133,195 (54.9)
Age, years, Mean (SD) 57.2(16.8) 59.3 (15.7) 57.2(16.8)
Length of stay in ranges, days
0 2048 (0.9) 44 (1.2) 2092 (0.9)
1-7 128,957 (54.0) 1691 (44) 130,648 (53.9)
8-14 66,986 (28.1) 1111 (29.4) 68,097 (28.1)
15-21 23,211 (9.7) 482 (12.7) 23,693 (9.8)
22-28 9797 (4.1) 235 (6.2) 10,032 (4.)
29+ 7701 (3.2) 219 (5.8) 7920 (3.3)
Received two doses or more of the COVID-19 vaccine, n (%) | 23,499 (9.8) 493 (13.0) 23,992 (9.9)
2022
SARS-Cov2 Variant predominance
Omicron
Date of admission to hospital
Median 2022-02-07 2022-02-13 2022-02-07
Min-Max 2022-01-01-2022-12-31 2022-01-01-2022-12-31 | 2022-01-01-2022-12-31
Death, n (%) 9514 (36.3) 627 (50.8) 10,141 (36.9)
Intense Care Unit admission, n (%) 9034 (34.4) 440 (35.6) 9474 (34.5)
Sex, n (%)
Female 12,583 (48.0) 614 (49.5) 13,220 (48.1)
Male 13,632 (52.0) 624 (50.5) 14,256 (51.9)
Age, years, mean (SD) 65.5 (24.1) 59.3 (19.5) 65.2 (23.9)
Length of stay in ranges, days
0 452 (1.7) 18 (1.5) 470 (1.7)
1-7 16,048 (61.3) 597 (48.3) 16,645 (60.6)
Continued
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Non-i p dn=354,414 | n=7484 Total

(97.9%) (2.07%) n=361,898
8-14 5966 (22.7) 307 (24.9) 6273 (22.8)
15-21 2,102 (8.0) 141 (11.4) 2243 (8.2)
22-28 898 (3.4) 93 (7.5) 991 (3.6)
29+ 770 (2.9) 79 (6.4) 849 (3.1)
Received two doses or more of the COVID-19 vaccine, n (%) | 15,846 (60.4) 802 (64.9) 16,648 (60.6)
2023
SARS-Cov2 variant predominance
Omicron XBB
Date of admission to hospital
Median 2023-02-25 2023-03-16 2023-02-26
Min-Max 2023-01-01-2023-07-10 2023-01-01-2023-07-07 | 2023-01-01-2023-07-10
Death, n (%) 341 (27.1) 41 (47.1) 382 (28.4)
Intense care unit admission, n (%) 347 (27.6) 30 (34.5) 377 (28.1)
Sex, n (%)
Female 609 (48.5) 46 (42.9) 656 (47.8)
Male 647 (51.5) 41 (47.1) 688 (51.2)
Age, years, Mean (SD) 64.2 (27.0) 61.6 (20.2) 64.0 (26.6)
Length of stay in ranges, days
0 28(2.2) 2(2.3) 30(2.2)
1-7 789 (62.8) 49 (56.3) 838 (62.4)
8-14 263 (20.9) 15(17.2) 278 (20.7)
15-21 97 (7.7) 10 (11.5) 107 (8.0)
22-28 45 (3.6) 3(3.4) 48 (3.6)
29+ 35 (2.8) 8(9.2) 43(3.2)
Received two doses or more of the COVID-19 vaccine, n (%) | 967 (76.9) 70 (80.5) 1,037 (77.2)

Table 2. Demographic and clinical characteristics of the study population, stratified by year. *SARS-CoS-2
Variant described by WHO Global Influenza Surveillance and Response System.
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Fig. 1. (A) ICU admission due to COVID-19, stratified by year and immunologic status. The fire shows that IC
individuals were admitted to ICU more frequently, with a trend towards reducing the ICU admissions among
both groups (IC and non-IC). (B) In-hospital mortality due to COVID-19, stratified by year and immunologic
status. The figure shows that COVID-19 had a greater mortality among IC patients over the years, with a trend

towards reducing the mortality among both groups (IC and non-IC).

LoS among IC individuals likely reflects the increased complexity of managing COVID-19 in this group, who
often experience extended recovery times and complications from comorbidities and immune suppression.
ICU admission odds were also notably higher among IC patients, though the significance diminished across
the years in a stratified analysis by year®**!. A retrospective cohort study analysing ICU admissions between
March and May 2020, based on data from the COVID-19 Hospitalisation in England Surveillance System™,
reported a median LoS between 10 and 12 days, however, in the same country another study including patients
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Fig. 2. Spline regression with the independent variable being the LoS and the dependent variable being the
prevalence of death, for the year of 2020 (A), 2021 (B), 2022 (C) and 2023 (D). The two lines represent IC and
non-IC individuals. The A Py, represents the mean distance between points of the spline regression. It is of
notice that the regression slope stays flat after the fourth day of in-hospital stay for all of the years analysed. The
A Py increase along the years at the cost of reduction of mortality in non-IC individuals.

between August 2020 to January 2022 revels that LoS among patients who required critical care, the median LoS
was 8 days’®, similar to our findings, may reflect adaptations in COVID-19 management over time, driven by
advancements in vaccines, antiviral therapies, and care protocols.

As expected, the mortality rate among IC individuals was significantly higher than that of non-IC individuals.
These findings underscore the continued vulnerability of IC populations. It is worth highlighting that our
population was composed of more severe cases, for instance, patients who suffered a breakthrough infection and
that were hospitalised. Mortality differences revealed persistent gaps in mortality prevalence between IC and
non-IC groups. Our findings suggest a sustained vulnerability in IC individuals, where mortality risk persists
over time and does not decrease with prolonged in-hospital care. Although spline regression trends suggest
persistent differences in mortality between IC and non-IC groups over the years, these findings are descriptive
and not adjusted for potential confounders such as age, comorbidities, or vaccination status. Therefore, causal
interpretations should be made with caution**!. However, arecent meta-analysis demonstrated significantly higher
COVID-19 mortality risk in patients with solid organ transplants (OR 2.12, 95% CI 1.50-2.99) and malignancies
(OR 2.02, 95% CI 1.69-2.42), with moderately elevated risk in those with rheumatological conditions (OR 1.28,
95% CI 1.13-1.45) or HIV (OR 1.20, 95% CI 1.05-1.36), compared to immunocompetent individuals®’. These
findings suggest that excess mortality is more strongly associated with specific immunosuppressed subgroups
and the predominance of particular SARS-CoV-2 variants.

In general, the introduction of vaccination during the pandemic provided greater security for the population,
including high-risk groups, and served as an important adjunct to behaviors that incorporated preventive
strategies against COVID-19%. However, it is important to emphasise that traditionally high-risk groups
continued to demonstrate greater vulnerability in most studies®®*, including ours. IC individuals consistently
exhibited significantly higher mortality rates compared to the general population following hospitalisation
during the pandemic years.

These findings underscore that, despite the progress achieved through vaccination and preventive measures
during the COVID-19 pandemic, the impact on the IC population requires heightened attention. This group
not only maintained its high vulnerability but also continued to face significant challenges regarding survival
following hospitalisation, particularly in severe infection conditions.

Our study has some strengths. This study is based on national public database analysis reflecting
COVID-19 pandemic impact in IC individuals across three consecutive years. Thus, our findings might help
with implementation of distinct clinical and social management of high-risk subjects, in case of future severe
respiratory infection outbreak. Despite the strengths, some limitations apply: our analysis is based on data from
a national public health database, which may be subject to inherent limitations, including data entry errors,
missing or inconsistent information, and potential misclassification. These issues could introduce selection bias
and affect the completeness and accuracy of the findings. However, to mitigate the risk of bias associated with
the data linkage process, we implemented and validated subject identification criteria across databases. This
approach enhanced data quality but resulted in a reduced sample size and statistical analysis power. We did not
account for the competing risk of death when measuring time of LoS. Given the higher mortality observed for
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IC individuals hospitalised compared to those non-IC during follow-up, we believe that the reported rate ratios
are likely to underestimate the differences. We cannot entirely rule out the possibility of a relative vaccine bias.
Therefore, effect estimates for IC and non-IC conditions, particularly those related to the COVID-19 vaccination
booster over the years, are susceptible to such biases. If present, this bias would imply that the estimated waning
effects are likely conservative relative to the true waning effects. Another point to consider is that hypertension
is a well-established risk factor for mortality in COVID-19 patients. However, data on patients with a history
of hypertension prior to hospital admission were not available in the DATASUS database used for this analysis,
nor were key clinical variables such as oxygen supplementation, laboratory results, or composite measures
of comorbidity (e.g., Charlson Comorbidity Index).This limitation may affect the assessment of classical risk
factors’ impact on iIC individuals hospitalized due to COVID-19.

Conclusion
Our findings show that IC individuals had modestly higher ICU admission rates and more frequent prolonged
hospital stays. Mortality in this group increased over time, with odds ratios rising from 1.68 in 2020 to 2.39
in 2023, across three pandemic waves—highlighting the sustained vulnerability of this population despite
widespread vaccination efforts.

Based on data from Brazil’s public health system, these results highlight the disproportionate vulnerability of
IC populations and reinforce the need for sustained surveillance, targeted vaccination strategies, and prioritized
care. As health systems shift beyond the acute phase of the pandemic, such insights are critical to inform future
preparedness efforts and ensure that high-risk groups remain central in public health responses.
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