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CONTEXT AND SIGNIFICANCE

Although SARS-CoV-2 vaccines

are effective and protect against

COVID-19, this protection is not

perfect, and vaccinated

individuals can still develop

clinical disease that requires

hospitalization. In this

international clinical

epidemiology study, Gonçalves

et al. analyzed data collected in 38

countries to describe

characteristics, including

coexisting medical conditions,

and outcomes of hospitalized

COVID-19 patients by vaccination

status. Hospitalized patients with

history of SARS-CoV-2 vaccination

were on average older than

hospitalized unvaccinated

individuals and more often had

multiple comorbidities. There

were differences in the risk of

death between countries and by

vaccination status. These

observations will facilitate the

design of longer-term studies to

assess changes in the profile of

COVID-19 patients linked to

vaccination and inform better

allocation of healthcare resources.
SUMMARY

Background: Individuals vaccinated against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), when infected, can still develop
disease that requires hospitalization. It remains unclear whether these
patients differ from hospitalized unvaccinated patients with regard to
presentation, coexisting comorbidities, and outcomes.
Methods: Here, we use data from an international consortium to study
this question and assess whether differences between these groups
are context specific. Data from 83,163 hospitalized COVID-19 patients
(34,843 vaccinated, 48,320 unvaccinated) from 38 countries were analyzed.
Findings: While typical symptoms were more often reported in unvac-
cinated patients, comorbidities, including some associated with worse
prognosis in previous studies, were more common in vaccinated pa-
tients. Considerable between-country variation in both in-hospital fatal-
ity risk and vaccinated-versus-unvaccinated difference in this outcome
was observed.
Conclusions: These findings will inform allocation of healthcare resources
in future surges as well as design of longer-term international studies to
characterize changes in clinical profile of hospitalized COVID-19 patients
related to vaccination history.
Funding: This work was made possible by the UK Foreign, Common-
wealth and Development Office and Wellcome (215091/Z/18/Z,
222410/Z/21/Z, 225288/Z/22/Z, and 220757/Z/20/Z); the Bill & Melinda
Gates Foundation (OPP1209135); and the philanthropic support of the
donors to the University of Oxford’s COVID-19 Research Response
Fund (0009109). Additional funders are listed in the ‘‘acknowledg-
ments’’ section.

INTRODUCTION

The swiftness with which vaccines targeting severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2) were developed and tested1–3 in the first year of the

pandemic allowed vaccination to be rolled out as early as December 2020 in

some countries. Since then, coverage has increased in all regions, albeit to a variable

extent, and millions of lives are estimated to have been saved by immunization pro-

grams.4 However, despite their effectiveness, current vaccines do not provide

sterilizing immunity, and vaccinated individuals can still be infected and develop

symptomatic disease. A consequence of this less-than-perfect vaccine-induced im-

munity, which has been shown to wane over time,5,6 and the increase in coverage is
Med 4, 797–812, November 10, 2023 ª 2023 The Author(s). Published by Elsevier Inc.
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that coronavirus disease 2019 (COVID-19) cases, including those requiring hospital

care, often occur in individuals with previous SARS-CoV-2 vaccination. Because dis-

ease presentation might differ between vaccinated and unvaccinated patients (for

multiple reasons, including non-comparability in terms of prognostic factors linked

to the prioritization of high-risk groups for immunization, and vaccine effects on dis-

ease progression after infection), the continuing change in the profile of COVID-19

patients with regard to vaccination history means that it is important to systemati-

cally describe symptoms, comorbidities, and severity of cases by vaccine status.

Although previous studies7–11 reported on characteristics and outcomes of hospital-

ized COVID-19 patients with history of SARS-CoV-2 vaccination, these studies often

had limited sample sizes or did not allow for between-country comparisons. Here,

we analyze data from an international consortium that collected detailed clinical

information on hospitalized patients with COVID-19; our objective is to describe

presentation, coexisting medical conditions, and outcome of patients admitted to

hospital stratified by vaccination status. As this database includes hospital admission

records from the beginning of the pandemic until the second half of 2022, to ensure

that vaccinated and unvaccinated patients compared here were admitted during the

same time period, we restricted analyses to individuals hospitalized after vaccine

coverage reached 10% in the corresponding countries.

RESULTS

Selection of analytic sample

The clinical database used in this analysis includes information on 945,317 hospital-

ized patients from 76 countries; 845,291 either had laboratory-confirmed SARS-

CoV-2 infection or were clinically diagnosed with COVID-19 in the absence of a diag-

nostic test. Data on vaccination were not collected by the consortium before March

2021; for this reason, analyses presented here exclude records of patients admitted

to hospital before thatmonth. Furthermore, since population-level vaccine coverage

remained low for several months after March 2021 in many of the countries where

participating hospitals are located, as mentioned above, only data from patients

admitted after 10% of the corresponding country’s population had been vaccinated

were included (Figure S1). Sensitivity analyses using a different coverage threshold

are described in the Supplementary Appendix and Data S1. Because, in most set-

tings, children and adolescents were offered vaccines after adult age groups, our

analysis also excluded patients younger than 18 years of age. In Figure 1, the

different steps of the selection of participants for the analysis are presented.

In the next subsections, data from 83,163 non-pregnant adult patients in 38 different

countries with known vaccination status are presented. A comparison of these pa-

tients with those recruited during the same period but with unknown vaccination his-

tory is presented in Data S1. Note that, in some countries, patients requiring clinical

management in intensive care units (ICUs) were preferentially enrolled; below, we

refer to countries where more than 80% of study participants were admitted to an

ICU during hospitalization as the ICU country group (18 countries; Table S1).

Vaccination data

Most hospital records in the analytic sample were contributed by South Africa and

the United Kingdom (47,768 [57.4%] and 29,637 [35.6%]); 2,881 (3.5%) participants

were from the ICU country group. Most (71.7%) patients in the analytic sample were

admitted in 2021; 28.3% were admitted in 2022. A total of 37,147 (44.7%) patients

were hospitalized during the period when the Delta variant was dominant; here, the

period during which its frequency at the population level, relative to the other
798 Med 4, 797–812, November 10, 2023
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Figure 1. Selection of the analytic sample

A database from the Our World in Data initiative with information on country-level vaccination

coverage was used in the final step of selection. Pregnant women were excluded from the analysis

because previous studies reported that delivery is a common reason for hospital admission in

patients with incidental SARS-CoV-2 infections.12 See also Figure S1.
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circulating variants, was above 90% (see STAR Methods and Figure S1); 36,976

(44.5%) participants were admitted when the Omicron variant was dominant. Other

study participants were admitted either when the Alpha variant caused most infec-

tions locally (2,025, 2.4%) or during periods when relative frequencies of all circu-

lating variants were below 90% (7,015, 8.4%).

In the combined dataset, 41.9% (34,843/83,163) of hospitalized patients had been

vaccinated. There was between-country variation (Table S2): in the United Kingdom,

64.1% of study participants reported vaccination before hospital admission, while in

South Africa and the ICU country group, which includes settings with different pop-

ulation-level vaccination coverages, lower percentages of patients had received

SARS-CoV-2 vaccine doses, 27.6% and 34.5% respectively. In some countries,

e.g., Norway, there was an increase in the fraction of participants with history of

vaccination during the study period (Figure S2), while in others this proportion re-

mained relatively stable or fluctuated non-monotonously.

Our comparisons are based on a binary variable corresponding to vaccination his-

tory; however, information on the manufacturer of the vaccine used for the first

four doses was also available for 78.5% (27,356 out of 34,843), 59.2% (20,618 out

of 34,843), 1.6% (562 out of 34,843), and 0.1% (25 out of 34,843) of the vaccinated

participants. Note that these numerators include patients who reported ‘‘Unknown

vaccine type’’ (10,575, 4,512, 56, and 3, respectively, for the four doses), and the de-

nominators are the same and correspond to the number of individuals with previous

vaccination, rather than to those reporting different numbers of previous vaccine
Med 4, 797–812, November 10, 2023 799



Figure 2. Manufacturers of vaccines administered to study participants

The y axes present the distributions of vaccine manufacturers, as proportions, by country (x axes;

the same ordering applies to the three panels). For some participants, information on vaccine

manufacturer was available for the second or third doses but not for the first dose (N = 25 and 15,

respectively) or for the third dose but not the second dose (N = 18). Only countries with at least 20

participants for whom manufacturer information was available are included in this figure; this

criterion was also used for each dose-specific panel. Information on vaccine manufacturer for the

fourth dose was available for 22 patients and is not presented here. See also Figure S2 and Table S2.
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doses, as this information was not captured in the case report form. In the combined

data, for first doses, the most frequently used vaccines were those produced by

AstraZeneca (55.3%, 9,275 out of 16,781) and Pfizer (37.5%, 6,294 out of 16,781);

distributions of vaccine manufacturers by country and dose are shown in Figure 2.

Of patients with data on the first two doses, most received the same vaccine type

in the first and second doses (16,048 out of 16,097).

Information on dates when patients received vaccine doses was available for 16,036,

13,312, and 500 participants for the first three doses. The median time interval be-

tween the first dose and hospital admission was 236 days (interquartile range [IQR]

157–306; N = 16,036), and between the most recent dose and admission was

172 days (IQR 104–237; N = 13,985). Of participants with data on vaccination dates,

2.6% (424 out of 16,036) were admitted in the 2 weeks following the first dose; this

percentage was higher (3.4%) for patients admitted in 2021 compared with those

admitted in 2022 (0.3%). For patients recruited in the ICU country group, median

time intervals from the first and the most recent dose to hospital admission were,

respectively, 165 (IQR 77–256) and 110 days (IQR 42–187). When calculating time

from the most recent dose, patients for whom vaccination date was missing for a

later vaccine dose with manufacturer information were not included.

Age and symptoms by vaccination status

In many settings, individuals at higher risk of severe disease were prioritized for

vaccination. This initial susceptibility-based allocation of SARS-CoV-2 vaccines,

aimed at maximizing public health impact, implies that vaccinated and unvaccinated

patients are expected to differ in many clinically relevant characteristics. Consistent

with this, although similar percentages of vaccinated and unvaccinated patients

were male (50.0% and 48.0%, respectively), the median (IQR) age of those
800 Med 4, 797–812, November 10, 2023



Figure 3. Country-specific frequencies of the 10 most common symptoms

Red bars correspond to data from unvaccinated patients and light blue bars to data from vaccinated patients. The ordering of symptoms (x axes) is the

same in all panels; y axes present frequencies as proportions. The 95% confidence intervals are also shown. Only countries with at least 100 patients with

data on one or more symptoms are included; the ISO3 code of each country included is presented as the corresponding panel title: CAN, Canada; IND,

India; KWT, Kuwait; LAO, Laos; NPL, Nepal; NLD, the Netherlands; NOR, Norway; PAK, Pakistan; ROU, Romania; ESP, Spain; GBR, United Kingdom;

USA, United States. See Table S4.
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vaccinated was 65 (50–78) years, higher than the median age of unvaccinated pa-

tients (50 [35–65] years). In Table S3, median, and corresponding IQR, ages of vacci-

nated and unvaccinated participants are presented by country; in most countries,

vaccinated patients were older than unvaccinated patients.

Data on symptoms were available for 30,341 out of 35,395 individuals; the denom-

inator here does not include South African patients, as this information was not

available for participants from that country. The analysis included variables on

24 different symptoms, and the median (IQR) number of symptoms with non-

missing information per patient was 23 (19–24). Table S4 shows the frequencies

of the different symptoms by vaccination status; some of the most common

symptoms, e.g., fever, shortness of breath, and cough, were less frequent in the

vaccinated group. Among patients with non-missing information on the five

most common symptoms in the dataset (shortness of breath, cough, fever, fa-

tigue/malaise, vomiting/nausea), 90.9% (12,041 out of 13,251) of those with history

of vaccination had at least one of these symptoms; the percentage of unvaccinated

patients with one or more of these typical symptoms was 95.6% (9,630 out of

10,070). Country-specific frequencies of symptoms by vaccination status are shown

in Figure 3; data for most countries included in the figure suggest slightly higher

frequencies in the unvaccinated compared with the vaccinated group. An excep-

tion to this pattern is the frequency of confusion or altered consciousness, which

was more often seen in vaccinated patients. Table S4 presents the comparison

by SARS-CoV-2 variant period.

Comorbidities in vaccinated and unvaccinated patients

A total of 21 variables on specific comorbidities were analyzed; information on at

least one of these variables was available for most participants (76,892 out of

83,163; 92.3% and 92.6% of vaccinated and unvaccinated individuals). The median

number of comorbidities in patients with data on at least one comorbidity was two

(IQR, 1–3) for the vaccinated group, and one (IQR, 0–2) for the unvaccinated group.
Med 4, 797–812, November 10, 2023 801



Table 1. Frequencies of comorbidities in vaccinated and unvaccinated patients in the combined (all-country) dataset

Comorbidities

Vaccinated Unvaccinated

% Total (non-missing) Missing data % Total (non-missing) Missing data

AIDS/HIV 3.1 27,675 7,168 11.6 31,369 16,951

Asthma 11.9 28,421 6,422 7.4 32,532 15,788

Cardiac disease 22.1 28,480 6,363 7.1 32,412 15,908

Hematological disease 4.9 17,836 17,007 2.3 9,542 38,778

Kidney disease 14.1 28,280 6,563 3.7 32,067 16,253

Neurological disease 11.6 18,006 16,837 5.9 9,670 38,650

Pulmonary disease 13.7 28,386 6,457 4.3 32,102 16,218

Dementia 10.3 17,776 17,067 3.1 9,585 38,735

Diabetes 27.7 28,640 6,203 18.9 33,870 14,450

Hypertension 47.8 29,426 5,417 33.6 35,145 13,175

Immunosuppression 24.8 2,741 32,102 7.7 901 47,419

Liver disease 3.8 18,917 15,926 3.1 10,085 38,235

Malignant neoplasm 8.9 28,213 6,630 2.1 32,136 16,184

Malnutrition 1.7 16,732 18,111 1.4 9,285 39,035

Obesity 17.2 19,120 15,723 15.7 21,530 26,790

Other 28.7 30,251 4,592 10.8 43,344 4,976

Rare diseases 1.7 2,845 31,998 2.4 915 47,405

Rheumatologic disorder 12.0 17,801 17,042 5.6 9,524 38,796

Smoking 46.7 13,261 21,582 26.3 17,229 31,091

Transplantation 12.2 2,853 31,990 4.3 915 47,405

Tuberculosis 2.2 12,676 22,167 4.8 25,165 23,155

See also Table S5.
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Frequencies of the different medical conditions are presented in Table 1; several,

e.g., chronic cardiac, pulmonary and kidney conditions, were more often reported

in vaccinated compared with unvaccinated patients (respectively, 22.1% versus

7.1%, 13.7% versus 4.3%, 14.1% versus 3.7%). As both vaccination coverage and

prevalence of comorbidities vary by country, we also analyzed country-specific

data on coexisting conditions. In Figure 4, differences in frequencies of comorbid-

ities between vaccinated and unvaccinated individuals are presented. Some condi-

tions were more common in patients with a history of SARS-CoV-2 vaccination: for

example, for several countries, hypertension and chronic cardiac disease were

more frequent in the vaccinated group.

The presence of multiple comorbidities was not infrequent in the analytic sample.

Of the 58,330 participants with non-missing data on at least 10 comorbidities,

27.9% had three or more comorbidities. Of the vaccinated individuals, 42.0%

(11,584 out of 27,571) had a medical history of three or more comorbidities,

compared with 15.2% (4,692 out of 30,759) of the unvaccinated patients. A similar

pattern was observed in each age group: for patients aged between 18 and 60

years, the frequency of three or more comorbidities was 20.4% (2,082 out of

10,198) and 10.4% (1,984 out of 19,105) for those with history of vaccination

and those without previous vaccination, respectively; for patients older than

60 years, these percentages were respectively 54.7% (9,502 out of 17,373) and

23.2% (2,708 out of 11,654). For the ICU country group, the frequencies of multiple

comorbidities in vaccinated and unvaccinated patients were 13.5% (132 out of 980)

and 14.8% (274 out of 1,846), respectively. Table 2 presents country-specific data,

and frequencies of multiple comorbidities for different variant periods are shown in

Table S5.
802 Med 4, 797–812, November 10, 2023



Figure 4. Differences in frequencies of comorbidities between vaccinated and unvaccinated

groups

Coordinates in the y axis correspond to comorbidities, ordered based on mean frequencies in all

countries, and in the x axis, countries, represented by ISO3 codes, are ordered alphabetically. The

four different sizes of the squares in the figure relate to the corresponding frequencies in the

unvaccinated group (see top of the graph). Colors represent country- and comorbidity-specific

numerical differences in frequencies between unvaccinated and vaccinated patients; red tones

indicate that a comorbidity was more frequent in unvaccinated patients. Only countries with 100 or

more patients with data on at least one comorbidity are presented. Stars indicate when the number

of vaccinated or unvaccinated individuals was below 20. A different version of this figure is shown in

the Supplementary Appendix (Figure S3) that accounts for frequencies of comorbidities in the

unvaccinated group not only in the size of the squares but also in the color; i.e., the other version of

this figure presents differences relative to the frequencies in the unvaccinated group rather than

absolute differences.
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In-hospital outcomes

We compared the risk of death during the first 28 days since admission or disease

onset, whichever happened later, for vaccinated and unvaccinated patients (see

STAR Methods for more details on the definition of the outcome). All data com-

bined, there were 4,053 (12.4%) deaths in the vaccinated group, and, in the unvac-

cinated group, 7,832 out of 46,170 (17.0%) patients died. The fatality risk was higher

in participants aged 60 years or older (17.1% [3,333 out of 19,432] and 28.8% [4,516

out of 15,698] in the vaccinated and unvaccinated groups, respectively) compared

with younger patients, aged from 18 to 60 years (5.5% [720 out of 13,167] and

10.9% [3,316 out of 30,472] in the vaccinated and unvaccinated groups). Patients re-

cruited in the ICU country group also had higher death risk, 38.9% (81 out of 208) and

33.1% (230 out of 694), respectively, for vaccinated and unvaccinated patients aged

from 18 to 60 years, and 47.9% (185 out of 386) and 51.2% (353 out of 689) for vacci-

nated and unvaccinated patients aged 60 years or older. Country-specific data on

the risk of death are presented in Table S5, and Figure 5 shows fatality risk by coun-

try, age, and vaccination group: while, in some countries, e.g., the United Kingdom

and South Africa, unvaccinated patients had higher risk of death, in others, with

more limited study sample size, a higher percentage of vaccinated patients

died compared with unvaccinated patients. A multivariable analysis, adjusting for

sex, age, and number of comorbidities, was also performed and the odds

ratio estimated for the association between vaccination and death was 0.53 (95%
Med 4, 797–812, November 10, 2023 803



Table 2. Percentages of patients with three or more comorbidities by vaccination status and

country

Country

Vaccinated Unvaccinated

% with three or more
comorbidities Total

% with three or more
comorbidities Total

Canada 63.0 562 40.0 697

India 10.0 80 13.7 153

Kuwait 26.7 45 28.8 163

Lao PDR 0.6 344 14.3 49

Nepal 5.5 219 4.6 461

The Netherlands 64.7 68 30.3 66

Norway 58.6 70 23.3 86

Pakistan 1.0 483 1.3 603

Romania 12.5 152 15.2 46

South Africa 7.6 9,502 7.4 21,076

Spain 50.8 187 28.0 125

United Kingdom 65.3 15,450 37.1 6,642

United States 78.6 56 50.9 175

Only participants with non-missing information on 10 or more comorbidity-related variables were

included; information is presented for countries with at least 100 patients meeting this criterion. See

also Tables S7–S10.
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confidence interval 0.50–0.56; Table S6). A post hoc regression analysis was also

performed excluding data from the ICU country group; similar results were obtained

(odds ratio 0.50, 0.47–0.53).

In addition to death, we also analyzed a composite outcome combining death and

invasive mechanical ventilation. In analyses restricted to countries where less than

80% of the analytic sample required ICU admission, the composite outcome was

more frequent in unvaccinated patients; in the ICU country group, the frequency

of the composite outcome was high (>85%) regardless of vaccination status or

age. Results of this analysis are detailed in the Supplementary Appendix and

Data S1.
DISCUSSION

Among the many important contributions of epidemiology to the pandemic

response are studies on the effectiveness of SARS-CoV-2 vaccines.13–16 These

have been instrumental to generate evidence on the effect of vaccines against

different variants and in settings different from those where clinical trials were per-

formed. These studies were often designed as test-negative studies or popula-

tion-based studies that use electronic medical records. Our study has a different

design; here, only patients who developed disease severe enough to require hospi-

tal admission were included, and non-COVID-19 patients were not recruited as

part of this consortium. Hence, we did not aim to quantify vaccine effectiveness

against infection or hospitalization; we rather aimed to describe the clinical profile

of hospitalized COVID-19 patients by vaccination status. In the ‘‘results’’ section,

we reported clinical data from 83,163 patients from 38 countries. Our analyses

show that hospitalized vaccinated individuals were on average older than hospital-

ized unvaccinated individuals and more often had multiple comorbidities. Despite

the variable fatality risk observed in different countries, descriptive analyses indicate

that history of vaccination is associated with lower death risk in some settings

despite initial prioritization of high-risk group for vaccination. Although these find-

ings suggest differences between these groups, more consistently with regard to
804 Med 4, 797–812, November 10, 2023



Figure 5. Fatality risks in vaccinated (y axis) and unvaccinated (x axis) patients by country,

represented by different colors, and age

Patients were grouped in two broad age categories for this figure: those aged between 18 and

60 years, represented by triangles, and patients older than 60 years, represented by circles. The

95% confidence intervals for both the vaccinated (vertical lines) and unvaccinated (horizontal lines)

groups are shown. Figure S4 presents a version of this figure where the two axes range from 0 to

0.30, allowing better visualization of data from countries with lower fatality risks, including South

Africa and the United Kingdom. See also Tables S7 and S8.
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coexisting medical conditions, as vaccine coverage, including of booster doses, in-

creases, a finer comparison based on time since most recent dose might be required

to aid clinical practice and allocation of healthcare resources. The data presented

here, in particular on the between-country heterogeneity in patient characteristics,

will inform design of future international studies on this question.

The observation that, in the population of hospitalized COVID-19 patients, vacci-

nated individuals were on average older than unvaccinated individuals was ex-

pected given that, in many settings, age was used in prioritizing the initial allocation

of vaccine doses. However, in some countries, this pattern persisted during the

entire study period: for example, in the United Kingdom, participants aged 60 years

or older represented 70.3% of the vaccinated patients and 29.2% of the unvacci-

nated patients in 2021 and 75.5% and 50.4%, respectively, in 2022; in South Africa,

vaccinated patients were also more often older than 60 years compared with unvac-

cinated patients in both calendar years (see Table S3 for other similar country-spe-

cific comparisons). One possible explanation is that collider bias,17 due to selection

of patients with severe disease, i.e., patients requiring hospital admission, might

have contributed to this pattern. Collider bias18 can occur when study selection is

affected by the two factors being studied or by their causes. Because both previous

SARS-CoV-2 vaccination and age affect disease severity, and consequently risk of

hospitalization, an association between these two factors is expected in the hospital-

ized population. Other explanations could relate to non-optimal immunological

response to vaccination19–21 or higher immunization uptake in older age groups.
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One of the effects of SARS-CoV-2 vaccines is on clinical progression after viral infec-

tion,22 and it seems reasonable to assume that this might also influence frequencies

of symptoms, even among those individuals with severe disease. In our analysis, we

observed that typical symptoms were more often present in unvaccinated than

vaccinated individuals, although the difference was not substantial. The inclusion

of patients with incidental infections might have contributed to this observation.

In hospital-based studies, incidental infections complicate quantitative descriptions

of clinical disease as, for patients with these infections, COVID-19 is not the primary

cause of hospitalization, and COVID-19-related symptoms are thus not necessarily

present, or rather, by definition, are less likely to be present. As previous studies sug-

gest that delivery is a common cause of hospitalization in patients with incidental

SARS-CoV-2 infections, pregnant womenwere excluded from this analysis (Figure 1).

Relative frequencies of different variants should also be considered when interpret-

ing these results, as a recent study provided evidence that infections caused by

different variants could be associated with different symptoms.23 As mentioned in

the ‘‘results’’ section, unlike most other common symptoms, confusion or altered

consciousness was more often observed in vaccinated individuals; it is possible

that this relates to differences in age distribution between the vaccinated and unvac-

cinated groups.24

The vaccinated and unvaccinated groups also differed in terms of comorbidities. In

several countries, some of the most frequent comorbidities, e.g., hypertension and

cardiac disease, were more prevalent in vaccinated patients. This pattern was also

observed in analyses performed by SARS-CoV-2 variant periods. The two mechanisms

described above, prioritization of high-risk groups for vaccination and potential

collider bias, are likely to have contributed to this observation, which is consistent

with a few previous hospital-based studies.25 For example, in a study from the United

States,26 vaccinated patients admitted to hospital, in addition to being older than un-

vaccinated patients, more often had comorbidities; in an Israeli study,27 comorbidities

were also more frequent in vaccinated versus unvaccinated patients. Epidemiological

studies, including some performed before vaccine introduction,28,29 estimated that

many of these conditions are associated with COVID-19-related death; this imbalance

in coexisting comorbidities between vaccinated and unvaccinated patients might thus

influence in-hospital prognosis for these patients. A limitation of this analysis is that

only information on the presence or absence of specific comorbidities was collected,

but not on their relative severities, which would have helped to understand their clin-

ical significance for hospital admission. Note that, in South Africa, vaccinated and un-

vaccinated patients had similar frequencies of multiple comorbidities; it is unclear

whether this relates to local epidemiology and transmission patterns, to a higher pro-

portion of incidental infections, or to data missingness (for this country, only 12 out of

21 comorbidity-related variables were available for analysis).

Previous studies reported conflicting results regarding the risk of death in vaccinated

and unvaccinated patients hospitalized with COVID-19. In the study conducted by

Mielke and colleagues, fewer vaccinated individuals died (10.3%) compared with un-

vaccinated patients (12.8%).11 However, in other studies,26,27 similar fatality risks

were observed in these groups. In our analysis, the odds ratio for the association be-

tween previous vaccination and death in the combined dataset, dominated by data

from South Africa and the United Kingdom, suggests vaccinated patients had a

lower risk of death. There was, however, considerable between-country variation

both in the overall risk of death and in the differences between vaccinated and un-

vaccinated individuals (Figure 5). While for patients recruited in the United Kingdom,

South Africa, and India, the risk of death was lower in the vaccinated group, for
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countries that might have primarily recruitedmore severely ill patients, e.g., Pakistan

and the United States, the opposite pattern was observed. More generally, differ-

ences in fatality risk between vaccinated and unvaccinated hospitalized patients

should not be interpreted as measures of vaccine effectiveness: both confounding

due to vaccine prioritization and collider bias due to study sample selection can

affect associations between vaccination and disease severity in these analyses,

but, foremost, these estimates do not take into account the components of the vac-

cine-induced protection against infection and against progression to disease that re-

quires hospital care conditional on infection.

Given the increasing coverage of vaccination, it is possible that the next surge of

SARS-CoV-2 infections will affect primarily vaccinated individuals. Our analysis,

which used data from one of the largest cohorts of hospitalized COVID-19 patients,

suggests that, when these individuals are infected, develop disease, and are

admitted to hospital, they might be more likely to have comorbidities and be older

than patients with no previous vaccination. However, it does not necessarily follow

that the same pattern will be observed in comparisons of vaccinated individuals

with versus without booster doses, and international studies with design similar to

ours and that are able to more comprehensively capture information on vaccination

dates will be informative in the next waves of this pandemic.
Limitations of the study

The main strength of our study is the joint description of data from more than one

country, which allowed assessment of the consistency of findings in countries with

different SARS-CoV-2 epidemiological trajectories and vaccine coverage. On the

other hand, the high proportion of hospitalizations with missing data on previous

vaccination is an important weakness of our analysis. In Data S1, we present compar-

isons between participants for whom information on vaccination status was available

versus those with missing vaccine data; we did not observe clear differences be-

tween these groups in aggregated analyses. Information on dates when vaccine

doses were administered was also incomplete, only available for 46.0% of first doses

in patients reporting previous vaccination. Another aspect of our analysis that should

be addressed in future studies on similar questions relates to the identification of

incidental SARS-CoV-2 infections as these might affect comparisons, especially if

their frequency is influenced by vaccination. Finally, the inclusion of patients with

more severe presentation in some countries is both a weakness and a strength; while

it increases heterogeneity in the study population, complicating interpretation of

aggregated summaries, we were able to describe data from this group of countries

and compare with the combined dataset.
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REAGENT or RESOURCE SOURCE IDENTIFIER

Deposited data

Code – descriptive analyses in text https://doi.org/10.5281/zenodo.8252909; https://github.com/
BronnerG/Hosp_Vacc_analysis

Software and algorithms

Stata version 17 Stata Corp, Texas, TX, USA https://www.stata.com/

Python version 3.7 Python Software Foundation https://www.python.org/
RESOURCE AVAILABILITY

Lead contact

Further information should be directed to and will be fulfilled by the lead contact,

Bronner P. Gonçalves (bronnergoncalves@gmail.com).

Materials availability

The study did not generate any new reagents or materials.

Data and code availability

d The data that underpin this analysis are highly detailed clinical data on individuals

hospitalised with COVID-19. Due to the sensitive nature of these data and the asso-

ciated privacy concerns, they are available via a governed data access mechanism

following review of a data access committee. Data can be requested via the IDDO

COVID-19 Data Sharing Platform (http://www.iddo.org/covid-19). The Data Access

Application, Terms of Access and details of the Data Access Committee are avail-

able on the website. Briefly, the requirements for access are a request from a qual-

ified researcher working with a legal entity who have a health and/or research remit;

a scientifically valid reason for data access which adheres to appropriate ethical

principles. The full terms are at https://www.iddo.org/document/covid-19-data-

access-guidelines. A small subset of sites who contributed data to this analysis

have not agreed to pooled data sharing as above. In the case of requiring access

to these data, please contact the corresponding author in the first instance who

will look to facilitate access. Code used in the descriptive analysis is available.

d Any additional information required to reanalyze the data reported in this paper is

available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Data on clinical presentation and outcomes of hospitalised COVID-19 patients

were analyzed in this study. Information on the patients’ age and sex is reported

in the results section. These data are part of the ISARIC (International Severe Acute

Respiratory and Emerging Infections Consortium) COVID-19 database, and were

collected using standardised case report forms, and are stored at a central reposi-

tory at the University of Oxford. Additional information on ISARIC can be found

here https://isaric.org/about-us/membership/, and on data collection and curation

can be found in other publications.30,31

METHOD DETAILS

Population-level data on vaccination and SARS-CoV-2 variants

We used data available in the website https://ourworldindata.org/on country-level

vaccination coverage32 to restrict analyses to patients hospitalised after 10% of a
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country population had been vaccinated; data were downloaded on April 7, 2023.

The objective was to report on a more clinically relevant comparison, i.e., of vacci-

nated and unvaccinated patients admitted to hospital during the same period,

rather than on a comparison that would reflect mostly vaccine prioritisation of

high-risk groups and temporal changes in clinical prognosis independent of

vaccination.

We also stratified key analyses by periods defined based on the relative frequencies

of SARS-CoV-2 variants. Data from the Global Initiative on Sharing All Influenza Data

(GISAID) on each of the main SARS-CoV-2 variants were aggregated by sample

collection date (epidemiologic week) using a bespoke pipeline available from

here https://github.com/globaldothealth/covid19-variants-summary. GISAID data

were downloaded on October 10, 2022. Country- and variant-specific periods

were defined based on the dates when the relative frequency of the temporarily

dominant variant was first above and subsequently below 90%; only epidemiological

weeks with 10 or more samples in GISAID were analyzed, and after the start of each

period, drops to frequencies between 80 and 90% were not considered in defining

the end of the period. Note that information on country-level frequencies of variants

was not available for the entire study period for some of the countries contributing

data to the analytic sample.
QUANTIFICATION AND STATISTICAL ANALYSIS

Our aim was to compare clinical presentation, existing comorbidities, and disease

progression after admission of vaccinated and unvaccinated patients hospitalised

with COVID-19. Count and discretised continuous variables such as age were sum-

marised withmedians and interquartile ranges; categorical variables were presented

using frequencies, proportions or percentages, of observations in each stratum.

In addition to frequencies of symptoms and comorbidities, we also analyzed risk of

in-hospital death. For this, only data from patients still in hospital 28 days after

admission or disease onset, regardless of their subsequent outcome, those dis-

charged, and patients who died in the first four weeks of hospitalisation were

analyzed; a total of 4,394 patients in the analytic sample were excluded from this

analysis. We assessed the association between history of vaccination and in-hospital

death using mixed effects logistic regression, including as covariates age, sex and

presence of comorbidities, and random effects for different countries; age was

included as a binary variable (age below versus above 60 years). Qualitatively similar

results, not presented here, were obtained when using Cox proportional hazards

models stratified by country.

R and Python were used for data processing and descriptive analyses, and Stata 17

was used to fit mixed effects logistic regression models.
e2 Med 4, 797–812.e1–e2, November 10, 2023
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