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Abstract

Background

The World Health Organization declared a pandemic of coronavirus disease 2019 (COVID-
19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), on March
11, 2020. The standardized approach of disability-adjusted life years (DALYSs) allows for
quantifying the combined impact of morbidity and mortality of diseases and injuries. The
main objective of this study was to estimate the direct impact of COVID-19 in France in
2020, using DALY's to combine the population health impact of infection fatalities, acute
symptomatic infections and their post-acute consequences, in 28 days (baseline) up to 140
days, following the initial infection.

Methods

National mortality, COVID-19 screening, and hospital admission data were used to calculate
DALYs based on the European Burden of Disease Network consensus disease model. Sce-
nario analyses were performed by varying the number of symptomatic cases and duration
of symptoms up to a maximum of 140 days, defining COVID-19 deaths using the underlying,
and associated, cause of death.

Results

In 2020, the estimated DALYs due to COVID-19 in France were 990 710 (1472 per 100
000), with 99% of burden due to mortality (982 531 years of life lost, YLL) and 1% due to
morbidity (8179 years lived with disability, YLD), following the initial infection. The contribu-
tion of YLD reached 375%, assuming the duration of 140 days of post-acute consequences
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of COVID-19. Post-acute consequences contributed to 49% of the total morbidity burden.
The contribution of YLD due to acute symptomatic infections among people younger than
70 years was higher (67%) than among people aged 70 years and above (33%). YLL
among people aged 70 years and above, contributed to 74% of the total YLL.

Conclusions

COVID-19 had a substantial impact on population health in France in 2020. The majority of
population health loss was due to mortality. Men had higher population health loss due to
COVID-19 than women. Post-acute consequences of COVID-19 had a large contribution to
the YLD component of the disease burden, even when we assume the shortest duration of
28 days, long COVID burden is large. Further research is recommended to assess the
impact of health inequalities associated with these estimates.

Introduction

The World Health Organization declared a global pandemic of coronavirus disease 2019
(COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), on
March 11, 2020 [1]. In France, between January 10 and January 24, 2020 (the confirmation
period of the first cases in France), nine possible cases were identified of which three cases
were confirmed with COVID-19 [2]. Between February 2020 and the end of December 2020,
there were two waves of the COVID-19 epidemic in France: the first in March to mid-May
2020; and the second wave in October to November 2020 [3]. To control the epidemic and
keep the transmission rate low, the French government implemented two national lockdowns
from March 17 to May 10, 2020 [4], and from October 28 to December 1, 2020 [5]. The French
population was encouraged to maintain protective public health measures such as social/physi-
cal distancing, extensive testing and tracing followed by isolation of cases and quarantine of
close contacts, wearing facemasks in public, and COVID-19 vaccination.

Monitoring population health is essential to identify where health improvements are
required to inform targeted prevention and intervention strategies, and to guide policies for
addressing unmet health needs and to reduce health inequalities. The disability adjusted life
year (DALY) is one the most common summary metrics of population health, and has become
a key metric for quantifying the burden of disease (BoD) [6, 7]. The standardized approach of
the DALY allows for quantifying the combined impact of morbidity and mortality of diseases
and injuries [7]. For morbidity, severity distributions and disability weights (DW) allow for
modulation based on how debilitating living with disease is, whereas age-conditional life
expectancies weight mortality, reflecting that deaths at younger ages have a higher public
health impact [8]. The impact of the COVID-19 pandemic on health occurs through two main
pathways: directly, as an infectious disease, and indirectly, as a risk factor, for example through
an increase in mental health issues due to national lockdown or delays to surgery, follow-ups
and diagnoses through restrictions to vital health care services [9]. Henceforth, it is essential to
understand the extent of the direct impact of COVID-19 on population health. Thus far, the
health impact of the COVID-19 pandemic measured in DALYs has primarily focused on the
direct burden of COVID-19. To our knowledge, no study has measured the burden of disease
due to COVID-19 in France. Therefore, this study aimed to estimate the direct impact of
COVID-19 at the national level in France for the 2020 calendar year, to combine the
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population health impact of infection fatalities, acute symptomatic infections and their post-
acute consequences.

Materials and methods

We adopted the European Burden of Disease Network consensus disease model for COVID-
19 using an incidence-based approach to estimate DALYs due to COVID-19 [10]. DALYs
measure the healthy life years lost due to diseases and are calculated by combining years lived
with disability (YLD) and years of life lost to premature mortality (YLL). Estimates of BoD
indicators were calculated at the French national level (including French metropolitan and
French overseas regions). Data inputs on confirmed cases and deaths (both confirmed and
suspected), covered the whole period of 2020. The first two suspected deaths related to
COVID-19 (coded using International Classification of Diseases (ICD-10) code U07.2 as the
underlying cause of death), were recorded on January 1, 2020.

Morbidity data and years lived with disability

SI-DEP (Systéme d’Information de DEpistage Populationnel). Since May 2020, the
French public health agency, Santé Publique France (SPF), which has led COVID-19 surveil-
lance activities in France, has access to a database recording biological test results of COVID-
19 screening, including polymerase chain reaction (PCR) and antigen tests performed in all
biological, medical city laboratories and pharmacies in France [11]. This database, records the
number of new positive test cases with symptoms (symptomatic) and without symptoms
(asymptomatic) and demographic data can be summarized by sex and age-group, ranging
from 0 to 90 years and over. SI-DEP is used to monitor the incidence rate, positivity rate and
screening rate based on the number of tested patients and the number of positive cases. These
indicators are calculated at national and subnational levels and can be aggregated by age or sex
for a specific time frame.

For this study, we included all cases that tested positive (with PCR or antigen tests). We
applied a grace-period of 60 days, before considering additional positive tests from the same
individual. The case definition of positive cases was based on the SI-DEP database as the 60
days period was considered in the calculation of the number of positive cases to take into
account COVID-19 reinfections. This implies that if a person has a second positive test at least
60 days after a first positive test, then it will be considered as a new incident case and two inci-
dent cases would be included. If a person has two positive tests recorded in a period of fewer
than 60 days, then they would only be counted once as an incident case [11]. There was miss-
ing information regarding the absence or presence of symptoms experienced (asymptomatic
or symptomatic) for 14% of the positive cases in the SI-DEP database, which we imputed using
proportional redistribution by age and sex.

SI-VIC (Systéme d’Information pour le suivi des VICtimes d’attentats et de situation
sanitaires exceptionnelles). This information system was created in 2016 following the late-
2015 series of terrorist attacks in Paris. SI-VIC can be used in situations such as health emer-
gencies, to facilitate support to patients and to monitor hospital care, such as the number of
available hospital beds [12]. SPF has access to the data related to COVID-19 patients hospital-
ized with and without intensive care via the SI-VIC database, including their length of stay,
since March 2020.

Health states

According to the French data sources for COVID-19, different health states defined using the
consensus model were considered [13] (Table 1). These health states represent the different
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Table 1. Health states, durations and disability weights for estimating the burden of COVD-19 in France [13].

Health state Description Duration Disability weight (95% uncertainty
interval)
Source
Asymptomatic Has infection but no symptoms 7 days 0
Acute symptomatic COVID-19 infections
Mild/Moderate No smell No taste, diarrhea, sore throat, sneezing, coughing, fever, and, 10 days 0.051 (0.032- (Salomon et al.
pneumonia, 0.074) 2015)
Severe Hospitalised, non-intensive care 12 days 0.133 (0.088- (Salomon et al.
(mean) 0.190) 2015)
Critical Hospitalised with intensive care 20 days 0.655 (0.579- (Haagsma et al.
(mean) 0.727) 2015)
Post-acute consequences of COVID-19/Long COVID
Post-acute Person still feels symptoms such as fatigue, insomnia, depression 28 days 0.219 (0.148- (Salomon et al.
consequences 0.308) 2015)

https://doi.org/10.1371/journal.pone.0280990.t001

severity levels considered for COVID-19 cases. For mild/moderate health states, we assumed
that all the cases were with moderate symptoms and have the same disability weight. This data
input from this health state obtained from SI-DEP. The data inputs for severe (hospitalized
cases) and critical (hospitalized with intensive care) health states were obtained from the
SI-VIC database.

Duration. The duration corresponds to the time from the onset of symptoms to the
improvement of the patient’s condition [14]. According to the French data available from dif-
ferent sources, the duration for each health state was defined as follows (Table 1):

Asymptomatic and symptomatic (mild/moderate) cases: Based on expertise from infectious
disease specialists and clinical practitioners who were dealing with COVID-19 patients, a dura-
tion of 7 days was considered for asymptomatic cases. This was in accordance with the official
duration of isolation of cases in France in 2020 [15]. We defined a duration of 10 days for
mild/moderate cases and used the reference of the Dutch study [16].

Severe and critical cases: The duration for severe cases corresponds to the time between the
first admission to conventional hospitalization and subsequent discharge from SI-VIC (death
or return home) for patients admitted in 2020. The duration for critical cases corresponds to
the time between the first admission in critical care and discharge from SI-VIC (death or
return home) for patients admitted in 2020. We assumed that these patients (i.e., severe and
critical cases) were discharged upon the improvement of their acute infections. We calculated
the mean duration of severe and critical health states for 10 age groups (S1 Table).

Post-acute consequences of COVID-19/Long COVID: The post-acute consequences of
COVID-19 are also called as long COVID. To estimate the post-acute consequences for
COVID-19, we assumed that 1-in-7 (14.3%) acute symptomatic patients with mild/moderate,
severe, and critical manifestations, would have suffered from post-acute consequences of
COVID-19 for four weeks (28 days), based on previously calculated transition probabilities
[17]. At the time this study was conducted, studies to collect data on post-acute consequences
of COVID-19 in France are ongoing.

Disability weights. DWs reflect how debilitating each health state is estimated to be and
are measured from 0 (no impact, perfect health) to 1 (equivalent to death). For different health
states considered in this study, DWs were based on the Global Burden of Disease (GBD) 2019
DWs for infectious diseases [18, 19]. For critical care, the DW was based on the European Dis-
ability Weights Study [18, 19] (Table 1).

For each sex and age category, YLD were calculated by summing across all health states 7,
the product of the number of incident cases (NN;), duration (D;) and the disability weight
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(DW)), [13]:

YLD = N.D.DW,

Total YLD was obtained by summing age and sex specific YLD. We also described the YLD
estimates among males and females according to mild/moderate, severe and critical cases.

Mortality data and years of life lost

Mortality data were extracted from death certificates filled out by medical practitioners and
was obtained from the French Epidemiology Center on medical causes of death (Centre d’épi-
démiologie sur les causes médicales de décés: CépiDc) [20]. This database is managed by the
National Institute of Health and Medical Research and produces annual national statistics of
medical causes of deaths in France, in collaboration with the National Institute of Statistics
and Economic Studies (INSEE). The ‘cause of death’ section of the death certificate consists of
free-text fields where physicians write down one or more causes of death. Then, CépiDc codes
the medical causes of death (CoD) and identifies an underlying cause of death following the
World Health Organization (WHO) rules, using the tenth revision of the ICD-10. The under-
lying causes of death are selected using an automatic system (IRIS software [21]) for coding
and prioritizing multiple cause of death. It can take between four to six months for the free-
text medical causes of death to be made available to epidemiologists, and even longer for sub-
sequent coding. For 2020, the available ICD-10 codes were provisional, as coding was not fully
completed at the time of our study. Our analysis was based on approximately 80% of deaths
certificates coded with COVID-19 as the underlying cause, and 20% of death certificate that
had a mention of COVID-19 (not-coded and included the free text). The search algorithm
used to extract COVID-19 related terms from the free-text section of the death certificate, has
a high performance.

COVID-19 deaths were defined as deaths reported with COVID-19 as the main underlying
cause of death according to WHO recommendations. COVID-19 deaths were coded as having
an ICD-10 code from U07.1 (virus identified) and U07.2 (virus not identified) as underlying
or associated cause of death, based on guidance from World Health Organization [22]. In
death certificates with a “confirmed COVID-19” cause (code U07.1), we could not ascertain if
the confirmation was based on a PCR or antigen test. In our main analysis, we included deaths
with COVID-19 as the main underlying cause of death.

For each age group and sex, YLL were estimated by multiplying the number of COVID-19
deaths D by the remaining life expectancy RLE from the GBD reference life table 2019 [23]
that assigns the same value to both males and females.

YLL =D x RLE

Total YLL due to COVID-19 was obtained by summing all sex and age specific YLL
estimates.

We estimated absolute DALYs and DALY per 100 000 inhabitants using French popula-
tion estimates from INSEE as denominator, by age and sex in 2020. For the interpretation of
results, we used an arbitrary choice of two age categories, < 70 and > 70 years. We also calcu-
lated the YLL per death by dividing the total YLL by the total deaths.

The study was based on aggregated and anonymous data from national mandatory data-
bases (SIVIC: article L3131-9-1 and R3131-10-1 code de la santé publique; SIDEP: article 11
loi n°2020-546 and article 8 and following décret n°2020-551). In accordance with French
law, SPF has been granted specific access to these national databases in order to carry out its
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mission of health monitoring and health crisis response (article L. 1413-7 code de la santé
publique). Therefore, no ethics approval or consent of participant was needed, as the process-
ing made by SPF is provided for by law.

Scenario analyses

We performed a sensitivity analysis by varying input parameters of the number of mild/mod-
erate cases and the duration of symptoms, and by quantifying and comparing the uncertainty
intervals of estimated YLD.

Detection rates of undiagnosed/untested symptomatic cases

At the time of submission of this study, the true incidence of COVID-19 for the whole year of
2020 in France was not available. We hypothesized that a large proportion of the population
with mild and moderate symptoms potentially remained undiagnosed/untested. Therefore, we
increased the mild and moderate symptomatic cases by 50% and 75% (based on experts
inputs), to assess the effect on YLD and DALY estimates.

Duration of mild/moderate cases

The duration of symptoms of a mild/moderate case was not recorded in SI-DEP. The duration
estimates might be impacted by biases in recorded cases, i.e., shorter durations might not be
picked up, so there is uncertainty in this parameter. To investigate the impact of the duration
of symptoms on the final estimates of burden, we applied two different durations (i.e., 7 days
and 14 days) for mild/moderate cases and measured the difference in YLD and DALY
estimates.

Post-acute consequences of COVID-19/long COVID. The duration of post-acute conse-
quences of COVID-19 was based on the transition probability calculated in a previous study
[17]. At the time this study was performed, no data on duration of long COVID were available
in France. Therefore, we assumed two scenarios, one with a threefold (i.e., 84 days) and
another one with a fivefold (i.e., 140 days) increase in duration of post-acute consequences.
The choice of 84 days and 140 days was based on published literature [24, 25] and experts’
inputs.

Using both underlying and associated causes of death. We calculated YLL using
COVID-19 deaths including both underlying and associated causes of death.

Results
Mortality and morbidity due to COVID-19

In 2020, 1 050 551 asymptomatic cases, 1 420 879 symptomatic cases, 138 303 severe cases with
hospitalization and 25 850 critical cases with hospitalization and intensive care, were reported.
In total, 72 735 deaths due to COVID-19 were reported as an underlying cause of death in
2020 in France. Of deaths, 51% were among men and 49% among women, with 39% recorded
among the 80-89 age group.

Years of life lost to premature mortality

In France in 2020, 982 531 YLL due to COVID-19 (1460 per 100 000), of which 422 747 years
of life were lost by women (43%) and 559 784 years of life lost by men (57%). YLL among peo-
ple aged 70 years and above, contributed to 74% of the total YLL. The people aged between
80-89 years had more than one-third (34%) of the total YLL (Fig 1) and women accounted a
higher share of YLL than men (37% vs 31%) in the same age group. On the other hand, men
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Fig 1. Years of life lost due to COVID-19 in France in 2020 by age and sex.
https://doi.org/10.1371/journal.pone.0280990.9001

younger than 70 years accounted for a much higher share of YLL (31% of 559 784) than
women of the same age (19% of 422 747). We estimated over 14 YLL for each death with
COVID-19 in France in 2020 (15 YLL in women vs 19 YLL in men).

Years lived with disability

A total of 4208 YLD (13 per 100 000) were estimated due to acute symptomatic COVID-19
infections including mild/moderate (2174 YLD), severe (835 YLD) and critical (1199 YLD)
cases (Fig 2). Men between 50-79 years of age suffered higher YLD than women of the same age
(1189 vs 783), particularly men between 70-79 years of age who were the sub-group with the
highest YLD (i.e., 464). The percentage of YLD among people younger than 70 years was higher
(67%) than those aged 70 years and above (33%). Contrary to YLL, among people younger than
70 years, women accounted for a slightly higher share of YLD than men (69% vs 66%).

The severity distribution of YLD varied among men and women (Fig 3). Overall, the pro-
portion of YLD among women due to mild/moderate cases was 60% and 44% among men.
Women younger than 70 years of age had a larger proportion of YLD due to mild/moderate
cases than women aged 70 years and above (89% vs 11%). The proportion of YLD due to
severe cases was similar in both sexes (20% women vs 19% men). YLD due to critical cases was
higher among men (37%) than women (20%). A detailed description of YLD due to acute
symptomatic COVID-19 infections in France in 2020 by age, sex and severity level is reported
in S3 Table.

Finally, we estimated that approximately 226 660 people (14.3% of acute symptomatic infec-
tions, calculated based on published transition probabilities) suffered from post-acute conse-
quences of COVID-19 or long COVID, which generated 3971 YLD. In total, 8179 YLD were
estimated due to COVID-19, comprising of YLD due to acute symptomatic infections (4208;
51%) and YLD due to post-acute consequences of COVID-19 or long COVID (3971; 49%).
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Fig 2. Years lived with disability due to acute symptomatic COVID-19 infections in France in 2020 by age and sex.

https://doi.org/10.1371/journal.pone.0280990.9002

The proportion of YLD due to long COVID (3971 YLD) was higher among women than men
(54% vs 46%).

Disability-adjusted life years

In 2020, we estimated that there were 990 710 (1472 per 100 000) DALYs due to COVID-19.
We observed that 99% of DALYs were due to mortality (982 531 YLL) and 1% was due to mor-
bidity (8179 YLD). The percentage of DALYs due to acute symptomatic infections (i.e., includ-
ing only YLD of mild/moderate, severe and critical cases [4208 YLD] and YLL estimates) were
higher among men than women (57% vs 43%). People aged 70 years and above had a higher
DALY estimates compared to people aged under 70 years (728 688 vs 258 051) (Fig 4).

Scenario analyses

Fig 5 shows the impact of the analyses performed on estimated YLD and DALY (Table 2).
First, increasing the number of positive cases by 50% and 75% led to an increase of 26% (5295)
and 39% (5838) of YLD, respectively, as compared to the main results of YLD (4208). This
increase led to an estimated 987 827 and 988 370 DALYs, respectively, as compared to the
main results of DALY (986 740). Second, varying the duration from 7 days to 14 days led to an
increase of 17% in estimated YLD, from 3484 to 4933. Third, varying the duration for post-
acute consequences of COVID-19 or long COVID cases to 84 days and 140 days, it led to an
increase of 188% with a total of 11 417 YLDs and 375% with a total of 18 863 YLD, respectively.
The duration of 140 days had the highest effect on DALY (i.e., 1 001 394). A detailed analysis
by sex is reported in S2 Table.

When using COVID-19 mortality estimates based on both underlying and associated
causes of death, YLL estimates increased by almost 60%, compared to using only COVID-19
as the underlying cause of death (1 041 951 vs 982 531, respectively).
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Discussion

Our study is the first to estimate DALY’ associated with the direct health impact of COVID-19
in France in 2020, the first year of the pandemic. The majority of population health loss was
due to mortality, which contributed to 99% to the estimated DALY. This finding is in the con-
text of long COVID being capped at a maximum of 140 days, but would still hold if long
COVID duration was uncapped for the entire year. People aged 70 years and above had higher
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Fig 4. Disability adjusted life years due to acute symptomatic COVID-19 infections in France in 2020 by age and
sex.
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health loss due to mortality when compared to people aged younger than 70 years. On the con-
trary, people aged younger than 70 years had higher disability due to acute COVID-19 infec-
tions than those aged 70 years and above. Our analysis highlighted that even if long COVID
resolves after less than six months, the post-acute consequences of COVID-19 had a large con-
tribution to the YLD component of disease burden. Moreover, we observed that women had
higher YLD due to the post-acute consequences of COVID-19 than men (2147 vs 1824). Other
studies have also highlighted that females were more likely to have post-COVID syndrome
than males [26-28]. However, population health loss due to mortality and morbidity due to
COVID-19 infections, was higher among men than women.

In Europe, at the time this study was performed, DALY estimates have been published
using the European Burden of Disease consensus disease model for COVID-19 in Germany,
Scotland, Malta, the Netherlands, the Republic of Ireland and Denmark for 2020 [16, 29-33]
(54 Table). Outside Europe, Australia have also published DALY estimates using the Burden
of Disease consensus disease model for COVID -19 [34].

These countries made different choices such as the use of GBD reference life table com-
pared to national life table; COVID-19 mortality definitions; durations used for each health
state; and the consideration of post-acute consequences of COVID-19. For example, the Aus-
tralia study applied the same assumption for the duration of hospitalized and critical cases
(i.e., average length of stay) as France, but yielded different results. The average length of hos-
pital stay among people aged 80 years and over was longer in France than in Australia (i.e., 20
days vs 12 days). These differences suggest that patients were critically ill and required longer
time in intensive care in France than in Australia or they may have died sooner in Australia in
critical care. The heterogeneity in health care provisions in hospitals, and health insurance sys-
tem may also affect the length of stay in the hospital, and consequently YLD estimates. Overall,
the length of stay in hospital increased with age in both countries. In France, YLL was higher
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Fig 5. Scenario analyses highlighting the impact of infections and the durations on YLD, France, 2020.
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(982 531) than in Germany (303 608) despite having a smaller poplulation size. Both countries
had different mortality data sources (i.e., surveillance data on notifiable diseases in Germany
and causes of death statistics in France). France recorded a higher number of infections and

Table 2. Scenario analyses highlighting the impact of number of infections and the durations on YLD and

DALYs, France, 2020.
Health states Parameters YLD (UI 95%) DALY (UI 95%)
Acute symptomatic COVID-19 infections
Reference 4208 [4207-4210] 986 740 [986 738-986 742]
Increased mild/moderate 5295 [5293-5298] 987 827 [987 824-987 829]
cases by 50%
Increase mild/moderate 5838 [5836-5842] 988 370 [988 368-988 373]
cases by 75%
Duration of 7 days 3483 [3482-3485] 986 015 [986 14 - 986 16]
Duration of 14 days 4932 [4931-4935] 987 465 [987 462-987 467]
Post-acute consequences of COVID-19/Long COVID
Duration of 28 days 3971 [3968-3974] 986 503 [986 500-986 505]
(Reference)
Duration of 84 days 11417 [11 409 - 11 424] 993 948 [993 941-993 956]
Duration of 140 days 18 863 [18 850-18 875] 1001 394 [1 001 382—
1001 407]

https://doi.org/10.1371/journal.pone.0280990.t002
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deaths in 2020 than Germany. The large difference in disease burden between these two coun-
tries could be explained by the fact that second wave was more or less over by the end of 2020
in France, whereas in Germany the peak of infections was not reached before January 2021.
Most importantly, France used the GBD reference life table, whereas Germany used national
life expectancy tables to estimate YLL. Scotland, Malta and France took into account the post-
acute consequences of COVID-19. Scotland reported the highest contribution of post-acute
consequences to YLD (76%) followed by Malta (60%) and then France (49%). It is important
to take into account, which post-acute consequences were considered when interpreting these
results. All studies estimated a large contribution of YLL to DALYs, compared to YLD. Overall
differences in estimated COVID-19 disease burdens across countries may reflect differences in
disease surveillance systems, data collection systems and hospital care as well as the heteroge-
neity in impact of COVID-19 during the first waves of the pandemic in 2020.

Strengths and limitations

This is the first study that quantifies the disease burden due to COVID-19 using DALY in
France. We used all available relevant national data sources on COVID-19 infections, hospita-
lisations, and mortality to capture the direct impact of COVID-19 on population health. We
performed a number of sensitivity analyses to measure the uncertainty around these estimates
and highlighted their impact on resulting DALY’ estimates. We used the GBD reference life
table in order to facilitate the comparison of these results with other studies. Nevertheless, we
acknowledged the choice of national or standard GBD life table is of intense debate [35].
Moreover, we adopted a standardized approach based on a consensus model that allowed to
produce comparable estimates with other countries.

This study had limitations. First, we used the number of deaths with COVID-19 as an
underlying cause of death to calculate the YLL estimates. Our analysis was based on approxi-
mately 80% of deaths certificates (coded) and 20% (not-coded and included the free text).
These results may have an over estimated YLL, nevertheless, available data indicate that the
extent of overestimation will likely be minimal. Second, to calculate the duration of severe and
critical patients, we used a proxy indicator (i.e., the duration between the date of admission
and the date of discharge) for each age group. These durations of severe and critical cases do
not take into account whether patients have undergone further medical care, follow up and
rehabilitation care, long-term care unit or psychiatry. Third, we observed a sizable variation in
YLD estimates while increasing the number of acute symptomatic cases by 50% and 75%,
despite a significant proportion of cases, remaining undiagnosed/untested [36]. However,
these did not result in a large impact, as YLD has a relatively small contribution to DALY esti-
mates. Fourth, YLD of post-acute consequences of COVID-19 were calculated using transition
probabilities (1 in 7 cases of acute symptomatic infections). Currently, some French studies
are ongoing to collect data on post-acute consequences, and at the time this study was con-
ducted, evidence was scarce. Therefore, these results might be differ from the actual cases of
post-acute consequences of COVID-19, so YLD estimates of post-acute consequences of
COVID-19 should be interpreted with caution. Fifth, the maximum duration of long COVID
is currently unknown but a subset of patients could suffer these consequences through the
entire annual period of study and we still lack the data to assess these consequences. The dura-
tion of long COVID is a major determinant of YLD of post-acute consequences of COVID-19.
Our disease model was based on a duration of 28 days, we used a threefold and fivefold (i.e., 84
days and 140 days) increase in duration of post-acute consequences as sensitivity analysis, to
evaluate the impact of a much longer duration of post- acute consequences of COVID on YLD
estimates. Nevertheless, the duration of post-acute consequences of COVID-19 remains
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uncertain and more research is needed to draw conclusions on its duration. Finally, SI-VIC
data did not cover immigrants and homeless people, without social security numbers. These
groups may account for at least 1% of the total population, and may have a much higher likeli-
hood of suffering from poorer outcomes. Therefore, our DALY estimates may be a slight
underestimated.

Implications for public health

Estimates of DALYs, YLL and YLD due to COVID-19 in 2020 highlight the direct and imme-
diate impact in terms of mortality and morbidity due to acute infections and post-acute conse-
quences of COVID-19 among the French population. Among people aged younger than 70
years, YLL was much higher among men than women and these results have important impli-
cations for improving health care and prevention. YLD was higher among people aged youn-
ger than 70 years, a population group that constitutes an important contribution to the work
force and professional activities. Consequently, this can lead to strong adverse economic and
social impacts. In general, these results highlight important differences by sex. The concentra-
tion of disease burden among men already in middle age is very noticeable. This is an impor-
tant aspect of the epidemiology of COVID-19, which has practical and political implications,
and emphasizes the benefit of burden of disease indicators compared to classical epidemiologi-
cal measures. We compared these estimates of COVID-19 DALY with the top-ranking dis-
eases and injuries reported by GBD 2019. COVID-19 ranked first (990 710 DALYs), followed
by low back pain (927 416), ischemic heart disease (897 075), lung cancer (880 499), falls (785
307), stroke (630 048), Alzheimer’s disease (582 922) and depressive disorders (511 467). Nev-
ertheless, the country specific analyses had limited comparability with the GBD data due to
several reasons including the use of local data sources, different case definitions, methodologi-
cal choices, etc. This study highlighted the importance of data collection practices especially in
context of more specific information on symptoms, durations, comorbidities and post-acute
consequences of COVID-19 to follow-up these patients. In addition, this study could support
to improve the comprehensiveness and the quality of data collected for COVID-19 or any
other future epidemic. These estimates are useful for informing public health decision-makers
regarding the COVID-19 burden among subgroups of the population who were the most
affected by mortality and to target the high-risk sub-groups (people with comorbidities or with
immunosuppressant diseases, elderly people) to limit the impact of COVID-19 on mortality
estimates. Risk factors for severe COVID-19 and hospital admission, and death include older
age, male sex, non-white ethnicity, being disabled, and pre-existing comorbidities (including
obesity, cardiovascular disease, respiratory disease, and hypertension) [37].

It is important to evaluate the long term impact of the COVID-19 crisis on population
health, such as the disruption of the utilisation of vital health care services [38], increased men-
tal health problems [39] and risk of increase in health inequalities [40]. These are thought to be
some of the main consequences of the COVID-19 pandemic. The current literature on post-
acute COVID-19 syndrome based on clinical studies highlighted the organ-specific sequelae of
COVID-19 survivors, especially the persistence of symptoms after discharge from the hospital
at 60-120 days follow up [41]. For example, the most common symptoms persisted beyond/
after acute COVID-19 infection were fatigue (up to ~64% at 60 days follow-up) [24, 42-46],
dyspnea (42-66% at 60-100 days follow-up) [42, 43, 46, 47], chest pain (up to ~ 20% at 60 days
follow-up) [42, 44] and sleep disturbance (24-31% at 90-120 days follow-up) [45, 46]. This evi-
dence highlights the health care needs for patients with sequelae of COVID-19, such as fatigue,
sleep disturbance, which are potentially not measureable in the data used (since they do not
lead to hospital stays), therefore, the burden of long-COVID is underestimated. These
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evidences suggest that developing integrated approaches across different disciplines for
improved mental and physical health of survivors of COVID-19 in the long term are required
[41]. Further research is needed to develop an updated consensus on defining the scope of
long COVID in relation to the burden of disease calculations, especially in terms of what
symptoms persisted after acute COVID-19 infections, their durations and the estimation of
relevant disability weights. As perspective of this study, we propose to assess the impact of
health inequalities within these estimates, and to update these estimates at subnational level.
We recommend further research to compare the mortality estimates by the CépiDC with the
WHO reported estimates that were published very timely during the pandemic. More research
is required to measure the indirect impact of COVID-19 as a risk factor on the collateral dam-
age to health care services, mental health, and increases in the incidence of non-communicable
diseases.

Conclusions

COVID-19 had a substantial impact on the population health in France in 2020. The majority
of population health loss was due to mortality, especially among people aged 70 years and
above. Overall, men had higher population health loss due to mortality and morbidity due to
COVID-19 infections than women. Our analysis highlighted that the post-acute consequences
of COVID-19 had a large contribution to the YLD component of the disease burden, even
when we assume the shortest duration of 28 days, long COVID burden is large. This is still a
new domain for research and more evidence is needed to understand the dynamics of the
post-acute consequences of this infection in terms of persistence of certain symptoms, their
durations and relevant disability weights, in relation to burden of disease calculations. Further
research is recommended to assess the impact of health inequalities within these estimates and
to measure the indirect impact of COVID-19 as a risk factor.

Supporting information

S1 Table. It is a doc. word file and describes the duration of hospitalization and hospitali-
zation with intensive care by age group in 2020.
(DOCX)

S2 Table. It is a doc. word file and describes the results of scenario analyses highlighting
the impact of number of infections and the durations on YLD and DALYs, by sex France,
2020.

(DOCX)

S3 Table. It is a doc. word file and describes YLD due to acute symptomatic COVID-19
infections in France in 2020 by age, sex and severity level.
(DOCX)

$4 Table. It is a doc. word file and describes the comparison of COVID-19 DALY:s studies
in European countries.
(DOCX)

Acknowledgments

The authors would like to acknowledge the technical networking support from COST Action
CA18218 (European Burden of Disease Network: www.burden-eu.net: Under European
Cooperation in Science and Technology). We thank Julie Figoni (Department of Infectious
Diseases, Santé Publique France, Saint-Maurice, France) for her clinical expertise in dealing

PLOS ONE | https://doi.org/10.1371/journal.pone.0280990 January 24, 2023 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280990.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280990.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280990.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280990.s004
http://www.burden-eu.net/
https://doi.org/10.1371/journal.pone.0280990

PLOS ONE

Direct impact of COVID-19 by estimating disability-adjusted life years at national level in France in 2020

with COVID-19 patients, Annabelle Lapostolle (Directions of Regions—Mayotte) for her
inputs in study protocol.

Author Contributions

Conceptualization: Romana Haneef, Christophe Bonaldi, Anne Gallay.

Data curation: Romana Haneef, Myriam Fayad, Anne Fouillet, Cécile Sommen.
Formal analysis: Romana Haneef, Myriam Fayad, Christophe Bonaldi.
Investigation: Romana Haneef.

Methodology: Romana Haneef, Myriam Fayad, Anne Fouillet, Cécile Sommen, Christophe
Bonaldi, Grant M. A. Wyper, Sara Monteiro Pires, Brecht Devleesschauwer, Daniel Levy-
Bruhl.

Project administration: Romana Haneef.
Resources: Romana Haneef.
Supervision: Romana Haneef, Anne Gallay.

Validation: Romana Haneef, Christophe Bonaldi, Grant M. A. Wyper, Sara Monteiro Pires,
Brecht Devleesschauwer.

Visualization: Romana Haneef, Myriam Fayad.

Writing - original draft: Romana Haneef, Myriam Fayad, Anne Fouillet, Christophe Bonaldi,
Grant M. A. Wyper, Sara Monteiro Pires, Brecht Devleesschauwer.

Writing - review & editing: Romana Haneef, Myriam Fayad, Anne Fouillet, Cécile Sommen,
Christophe Bonaldi, Grant M. A. Wyper, Sara Monteiro Pires, Brecht Devleesschauwer,
Antoine Rachas, Panayotis Constantinou, Daniel Levy-Bruhl, Nathalie Beltzer, Anne
Gallay.

References

1. Cucinotta D, Vanelli M. WHO Declares COVID-19 a Pandemic. Acta Biomed. 2020; 91(1):157—60.
https://doi.org/10.23750/abm.v91i1.9397 PMID: 32191675

2. Bernard Stoecklin S, Rolland P, Silue Y, Mailles A, Campese C, Simondon A, et al. First cases of coro-
navirus disease 2019 (COVID-19) in France: surveillance, investigations and control measures, Janu-
ary 2020. Eurosurveillance. 2020; 25(6):2000094. https://doi.org/10.2807/1560-7917.ES.2020.25.6.
2000094 PMID: 32070465

3. Vaux S, Blondel C, Platon J, et al. Vaccine Coverage Against COVID-19 and Impact on the Dynamics
of the Epidemic: http://beh.santepubliquefrance.fr/beh/2021/cov_12/pdf/2021_Cov_12_1.pdf. 2021.

4. Cauchemez S, Kiem CT, Paireau J, Rolland P, Fontanet A. Lockdown impact on COVID-19 epidemics
in regions across metropolitan France. The Lancet. 2020; 396(10257):1068-9. https://doi.org/10.1016/
S0140-6736(20)32034-1 PMID: 33007219

5. Spaccaferri G, Larrieu S, Pouey J, Calba C, Benet T, Sommen C, et al. Early assessment of the impact
of mitigation measures to control COVID-19 in 22 French metropolitan areas, October to November
2020. Eurosurveillance. 2020; 25(50):2001974. https://doi.org/10.2807/1560-7917.ES.2020.25.50.
2001974 PMID: 33334399

6. Devleesschauwer B, Maertens de Noordhout C, Smit GSA, Duchateau L, Dorny P, Stein C, et al. Quan-
tifying burden of disease to support public health policy in Belgium: opportunities and constraints. BMC
Public Health. 2014; 14(1):1196. https://doi.org/10.1186/1471-2458-14-1196 PMID: 25416547

7. Murray CJL, Ezzati M, Flaxman AD, Lim S, Lozano R, Michaud C, et al. GBD 2010: design, definitions,
and metrics. The Lancet. 2012; 380(9859):2063—6. https://doi.org/10.1016/S0140-6736(12)61899-6
PMID: 23245602

PLOS ONE | https://doi.org/10.1371/journal.pone.0280990 January 24, 2023 15/17


https://doi.org/10.23750/abm.v91i1.9397
http://www.ncbi.nlm.nih.gov/pubmed/32191675
https://doi.org/10.2807/1560-7917.ES.2020.25.6.2000094
https://doi.org/10.2807/1560-7917.ES.2020.25.6.2000094
http://www.ncbi.nlm.nih.gov/pubmed/32070465
http://beh.santepubliquefrance.fr/beh/2021/cov_12/pdf/2021_Cov_12_1.pdf
https://doi.org/10.1016/S0140-6736%2820%2932034-1
https://doi.org/10.1016/S0140-6736%2820%2932034-1
http://www.ncbi.nlm.nih.gov/pubmed/33007219
https://doi.org/10.2807/1560-7917.ES.2020.25.50.2001974
https://doi.org/10.2807/1560-7917.ES.2020.25.50.2001974
http://www.ncbi.nlm.nih.gov/pubmed/33334399
https://doi.org/10.1186/1471-2458-14-1196
http://www.ncbi.nlm.nih.gov/pubmed/25416547
https://doi.org/10.1016/S0140-6736%2812%2961899-6
http://www.ncbi.nlm.nih.gov/pubmed/23245602
https://doi.org/10.1371/journal.pone.0280990

PLOS ONE

Direct impact of COVID-19 by estimating disability-adjusted life years at national level in France in 2020

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22,

23.

24,

25.

26.

27.

Haneef R, Schmidt J, Gallay A, Devleesschauwer B, Grant |, Rommel A, et al. Recommendations to
plan a national burden of disease study. Archives of Public Health. 2021; 79(1):126. https://doi.org/10.
1186/s13690-021-00652-x PMID: 34233754

Douglas M, Katikireddi SV, Taulbut M, McKee M, McCartney G. Mitigating the wider health effects of
covid-19 pandemic response. BMJ. 2020; 369:m1557. https://doi.org/10.1136/bmj.m1557 PMID:
32341002

Wyper GMA, Assunc¢édo RMA, Colzani E, Grant |, Haagsma JA, Lagerweij G, et al. Burden of Disease
Methods: A Guide to Calculate COVID-19 Disability-Adjusted Life Years. International Journal of Public
Health. 2021;66. https://doi.org/10.3389/ijph.2021.619011 PMID: 34744580

Ameli.fr. SI-DEP(Systéme d’Information de DEpistage Poulationnel): https://www.ameli.fr/assure/
covid-19/tester-alerter-proteger-comprendre-la-strategie-pour-stopper-l-epidemie/contact-covid-et-si-
dep-des-outils-au-service-du-depistage. 2020.

ANS. SI-VIC (Systeme d’ldentification unique des VICtimes dénommé): https://esante.gouv.fr/SI-VIC.
2016.

Wyper GM, Assuncao RM, Colzani E, Grant |, Haagsma JA, Lagerweij G, et al. Burden of disease meth-
ods: a guide to calculate COVID-19 disability-adjusted life years: https://osf.io/preprints/socarxiv/tazyh/.
2020.

James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global, regional, and national inci-
dence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and ter-
ritories, 1990—2017: a systematic analysis for the Global Burden of Disease Study 2017. The Lancet.
2018; 392(10159):1789-858. https://doi.org/10.1016/S0140-6736(18)32279-7 PMID: 30496104

SPF. Santé Publique France: Conduite a tenir devant un cas possible d'infection au SARS-CoV-2
(COVID-19) 2021.

McDonald SA, Lagerweij G, Boer Pd, Melker HE, Pijnacker R, Gras LM, et al. The estimated disease
burden of acute COVID-19 in the Netherlands in 2020, in disability-adjusted life-years: https://www.
researchsquare.com/article/rs-1026794/v1. Preprint. 2021.

Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC, et al. Attributes and predic-
tors of long COVID. Nature Medicine. 2021; 27(4):626-31. https://doi.org/10.1038/s41591-021-01292-
y PMID: 33692530

Haagsma JA, Maertens de Noordhout C, Polinder S, Vos T, Havelaar AH, Cassini A, et al. Assessing
disability weights based on the responses of 30,660 people from four European countries. Population
Health Metrics. 2015; 13(1):10. https://doi.org/10.1186/s12963-015-0042-4 PMID: 26778920

Salomon JA, Haagsma JA, Davis A, de Noordhout CM, Polinder S, Havelaar AH, et al. Disability
weights for the Global Burden of Disease 2013 study. The Lancet Global Health. 2015; 3(11):e712—
€23. https://doi.org/10.1016/S2214-109X(15)00069-8 PMID: 26475018

CépiDC: https://www.cepidc.inserm.fr/qui-sommes-nous/le-cepidc.

WHO. Iris automated coding system for causes of death: https://score.tools.who.int/tools/count-births-
deaths-and-causes-of-death/tool/iris-automated-coding-system-for-causes-of-death-97/.

WHO. Emergency use ICD codes for COVID-19 disease outbreak: https://www.who.int/standards/
classifications/classification-of-diseases/emergency-use-icd-codes-for-covid-19-disease-outbreak.
2020.

IHME. Global Burden of Disease Study 2019 (GBD 2019) Reference Life Table: https://ghdx.
healthdata.org/record/ihme-data/global-burden-disease-study-2019-gbd-2019-reference-life-table.
2019.

Moreno-Pérez O, Merino E, Leon-Ramirez J-M, Andres M, Ramos JM, Arenas-Jiménez J, et al. Post-
acute COVID-19 syndrome. Incidence and risk factors: A Mediterranean cohort study. Journal of Infec-
tion. 2021; 82(3):378-83. https://doi.org/10.1016/}.jinf.2021.01.004 PMID: 33450302

Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, et al. 6-month consequences of COVID-19 in patients
discharged from hospital: a cohort study. The Lancet. 2021; 397(10270):220-32. https://doi.org/10.
1016/S0140-6736(20)32656-8 PMID: 33428867

Vanichkachorn G, Newcomb R, Cowl CT, Murad MH, Breeher L, Miller S, et al. Post—-COVID-19 Syn-
drome (Long Haul Syndrome): Description of a Multidisciplinary Clinic at Mayo Clinic and Characteris-
tics of the Initial Patient Cohort. Mayo Clinic Proceedings. 2021; 96(7):1782-91. https://doi.org/10.
1016/j.mayocp.2021.04.024 PMID: 34218857

Heightman M, Prashar J, Hillman TE, Marks M, Livingston R, Ridsdale HA, et al. Post-COVID-19
assessment in a specialist clinical service: a 12-month, single-centre, prospective study in 1325 individ-
uals. BMJ Open Respiratory Research. 2021; 8(1):e001041. https://doi.org/10.1136/bmjresp-2021-
001041 PMID: 34764200

PLOS ONE | https://doi.org/10.1371/journal.pone.0280990 January 24, 2023 16/17


https://doi.org/10.1186/s13690-021-00652-x
https://doi.org/10.1186/s13690-021-00652-x
http://www.ncbi.nlm.nih.gov/pubmed/34233754
https://doi.org/10.1136/bmj.m1557
http://www.ncbi.nlm.nih.gov/pubmed/32341002
https://doi.org/10.3389/ijph.2021.619011
http://www.ncbi.nlm.nih.gov/pubmed/34744580
https://www.ameli.fr/assure/covid-19/tester-alerter-proteger-comprendre-la-strategie-pour-stopper-l-epidemie/contact-covid-et-si-dep-des-outils-au-service-du-depistage
https://www.ameli.fr/assure/covid-19/tester-alerter-proteger-comprendre-la-strategie-pour-stopper-l-epidemie/contact-covid-et-si-dep-des-outils-au-service-du-depistage
https://www.ameli.fr/assure/covid-19/tester-alerter-proteger-comprendre-la-strategie-pour-stopper-l-epidemie/contact-covid-et-si-dep-des-outils-au-service-du-depistage
https://esante.gouv.fr/SI-VIC
https://osf.io/preprints/socarxiv/tazyh/
https://doi.org/10.1016/S0140-6736%2818%2932279-7
http://www.ncbi.nlm.nih.gov/pubmed/30496104
https://www.researchsquare.com/article/rs-1026794/v1
https://www.researchsquare.com/article/rs-1026794/v1
https://doi.org/10.1038/s41591-021-01292-y
https://doi.org/10.1038/s41591-021-01292-y
http://www.ncbi.nlm.nih.gov/pubmed/33692530
https://doi.org/10.1186/s12963-015-0042-4
http://www.ncbi.nlm.nih.gov/pubmed/26778920
https://doi.org/10.1016/S2214-109X%2815%2900069-8
http://www.ncbi.nlm.nih.gov/pubmed/26475018
https://www.cepidc.inserm.fr/qui-sommes-nous/le-cepidc
https://score.tools.who.int/tools/count-births-deaths-and-causes-of-death/tool/iris-automated-coding-system-for-causes-of-death-97/
https://score.tools.who.int/tools/count-births-deaths-and-causes-of-death/tool/iris-automated-coding-system-for-causes-of-death-97/
https://www.who.int/standards/classifications/classification-of-diseases/emergency-use-icd-codes-for-covid-19-disease-outbreak
https://www.who.int/standards/classifications/classification-of-diseases/emergency-use-icd-codes-for-covid-19-disease-outbreak
https://ghdx.healthdata.org/record/ihme-data/global-burden-disease-study-2019-gbd-2019-reference-life-table
https://ghdx.healthdata.org/record/ihme-data/global-burden-disease-study-2019-gbd-2019-reference-life-table
https://doi.org/10.1016/j.jinf.2021.01.004
http://www.ncbi.nlm.nih.gov/pubmed/33450302
https://doi.org/10.1016/S0140-6736%2820%2932656-8
https://doi.org/10.1016/S0140-6736%2820%2932656-8
http://www.ncbi.nlm.nih.gov/pubmed/33428867
https://doi.org/10.1016/j.mayocp.2021.04.024
https://doi.org/10.1016/j.mayocp.2021.04.024
http://www.ncbi.nlm.nih.gov/pubmed/34218857
https://doi.org/10.1136/bmjresp-2021-001041
https://doi.org/10.1136/bmjresp-2021-001041
http://www.ncbi.nlm.nih.gov/pubmed/34764200
https://doi.org/10.1371/journal.pone.0280990

PLOS ONE

Direct impact of COVID-19 by estimating disability-adjusted life years at national level in France in 2020

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

Smith MP. Estimating total morbidity burden of COVID-19: relative importance of death and disability.
Journal of Clinical Epidemiology. 2022; 142:54-9. https://doi.org/10.1016/j.jclinepi.2021.10.018 PMID:
34715312

Rommel A, Lippe EV, Plass D, Ziese T, Diercke M, Heiden MA, et al. The COVID-19 Disease Burden in
Germany in 2020. Dtsch Arztebl Int. 2021; 118(9):145-51.

Wyper GMA, Fletcher E, Grant |, Harding O, de Haro Moro MT, Stockton DL, et al. Inequalities in popu-
lation health loss by multiple deprivation: COVID-19 and pre-pandemic all-cause disability-adjusted life
years (DALYSs) in Scotland. International Journal for Equity in Health. 2021; 20(1):214. https://doi.org/
10.1186/s12939-021-01547-7 PMID: 34565406

Cuschieri S, Calleja N, Devleesschauwer B, Wyper GMA. Estimating the direct Covid-19 disability-
adjusted life years impact on the Malta population for the first full year. BMC Public Health. 2021; 21
(1):1827. https://doi.org/10.1186/s12889-021-11893-4 PMID: 34627228

Moran DP, Pires SM, Wyper GMA, Devleesschauwer B, Cuschieri S, Kabir Z. Estimating the Direct Dis-
ability-Adjusted Life Years Associated With SARS-CoV-2 (COVID-19) in the Republic of Ireland: The
First Full Year. International Journal of Public Health. 2022;67. https://doi.org/10.3389/ijph.2022.
1604699 PMID: 35719731

Pires SM, Redondo HG, Espenhain L, Jakobsen LS, Legarth R, Meaidi M, et al. Disability adjusted life
years associated with COVID-19 in Denmark in the first year of the pandemic. BMC Public Health.
2022; 22(1):1315. https://doi.org/10.1186/s12889-022-13694-9 PMID: 35804310

AIHW. The first year of COVID-19 in Australia: direct and indirect health effects: https://www.aihw.gov.
au/getmedia/a69ee08a-857f-412b-b617-a29acb66a475/aihw-phe-287.pdf.aspx?inline=true. 2021.

Devleesschauwer B, McDonald SA, Speybroeck N, Wyper GMA. Valuing the years of life lost due to
COVID-19: the differences and pitfalls. International Journal of Public Health. 2020; 65(6):719-20.
https://doi.org/10.1007/s00038-020-01430-2 PMID: 32691080

Pullano G, Di Domenico L, Sabbatini CE, Valdano E, Turbelin C, Debin M, et al. Underdetection of
cases of COVID-19 in France threatens epidemic control. Nature. 2021; 590(7844):134-9. https://doi.
org/10.1038/s41586-020-03095-6 PMID: 33348340

Crook H, Raza S, Nowell J, Young M, Edison P. Long covid—mechanisms, risk factors, and manage-
ment. BMJ. 2021; 374:n1648. https://doi.org/10.1136/bmj.n1648 PMID: 34312178

Moynihan R, Sanders S, Michaleff ZA, Scott AM, Clark J, To EJ, et al. Impact of COVID-19 pandemic
on utilisation of healthcare services: a systematic review. BMJ Open. 2021; 11(3):e045343. https://doi.
org/10.1136/bmjopen-2020-045343 PMID: 33727273

Xiong J, Lipsitz O, Nasri F, Lui LMW, Gill H, Phan L, et al. Impact of COVID-19 pandemic on mental
health in the general population: A systematic review. Journal of Affective Disorders. 2020; 277:55—-64.
https://doi.org/10.1016/j.jad.2020.08.001 PMID: 32799105

Bambra C, Riordan R, Ford J, Matthews F. The COVID-19 pandemic and health inequalities. Journal of
epidemiology and community health. 2020; 74(11):964-8. https://doi.org/10.1136/jech-2020-214401
PMID: 32535550

Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS, et al. Post-acute COVID-
19 syndrome. Nature Medicine. 2021; 27(4):601-15. https://doi.org/10.1038/s41591-021-01283-z
PMID: 33753937

Carfi A, Bernabei R, Landi F, Group ftGAC-P-ACS. Persistent Symptoms in Patients After Acute
COVID-19. JAMA. 2020; 324(6):603-5. https://doi.org/10.1001/jama.2020.12603 PMID: 32644129

Halpin SJ, Mclvor C, Whyatt G, Adams A, Harvey O, McLean L, et al. Postdischarge symptoms and
rehabilitation needs in survivors of COVID-19 infection: A cross-sectional evaluation. Journal of Medical
Virology. 2021; 93(2):1013-22. https://doi.org/10.1002/jmv.26368 PMID: 32729939

Carvalho-Schneider C, Laurent E, Lemaignen A, Beaufils E, Bourbao-Tournois C, Laribi S, et al. Fol-
low-up of adults with noncritical COVID-19 two months after symptom onset. Clinical Microbiology and
Infection. 2021; 27(2):258-63. https://doi.org/10.1016/j.cmi.2020.09.052 PMID: 33031948

Arnold DT, Hamilton FW, Milne A, Morley AJ, Viner J, Attwood M, et al. Patient outcomes after hospitali-
sation with COVID-19 and implications for follow-up: results from a prospective UK cohort. Thorax.
2021; 76(4):399—-401. https://doi.org/10.1136/thoraxjnl-2020-216086 PMID: 33273026

Garrigues E, Janvier P, Kherabi Y, Le Bot A, Hamon A, Gouze H, et al. Post-discharge persistent symp-
toms and health-related quality of life after hospitalization for COVID-19. Journal of Infection. 2020; 81
(6):e4—e6. https://doi.org/10.1016/}.jinf.2020.08.029 PMID: 32853602

Chopra V, Flanders SA, O’Malley M, Malani AN, Prescott HC. Sixty-Day Outcomes Among Patients
Hospitalized With COVID-19. Annals of Internal Medicine. 2020; 174(4):576-8. https://doi.org/10.7326/
M20-5661 PMID: 33175566

PLOS ONE | https://doi.org/10.1371/journal.pone.0280990 January 24, 2023 17/17


https://doi.org/10.1016/j.jclinepi.2021.10.018
http://www.ncbi.nlm.nih.gov/pubmed/34715312
https://doi.org/10.1186/s12939-021-01547-7
https://doi.org/10.1186/s12939-021-01547-7
http://www.ncbi.nlm.nih.gov/pubmed/34565406
https://doi.org/10.1186/s12889-021-11893-4
http://www.ncbi.nlm.nih.gov/pubmed/34627228
https://doi.org/10.3389/ijph.2022.1604699
https://doi.org/10.3389/ijph.2022.1604699
http://www.ncbi.nlm.nih.gov/pubmed/35719731
https://doi.org/10.1186/s12889-022-13694-9
http://www.ncbi.nlm.nih.gov/pubmed/35804310
https://www.aihw.gov.au/getmedia/a69ee08a-857f-412b-b617-a29acb66a475/aihw-phe-287.pdf.aspx?inline=true
https://www.aihw.gov.au/getmedia/a69ee08a-857f-412b-b617-a29acb66a475/aihw-phe-287.pdf.aspx?inline=true
https://doi.org/10.1007/s00038-020-01430-2
http://www.ncbi.nlm.nih.gov/pubmed/32691080
https://doi.org/10.1038/s41586-020-03095-6
https://doi.org/10.1038/s41586-020-03095-6
http://www.ncbi.nlm.nih.gov/pubmed/33348340
https://doi.org/10.1136/bmj.n1648
http://www.ncbi.nlm.nih.gov/pubmed/34312178
https://doi.org/10.1136/bmjopen-2020-045343
https://doi.org/10.1136/bmjopen-2020-045343
http://www.ncbi.nlm.nih.gov/pubmed/33727273
https://doi.org/10.1016/j.jad.2020.08.001
http://www.ncbi.nlm.nih.gov/pubmed/32799105
https://doi.org/10.1136/jech-2020-214401
http://www.ncbi.nlm.nih.gov/pubmed/32535550
https://doi.org/10.1038/s41591-021-01283-z
http://www.ncbi.nlm.nih.gov/pubmed/33753937
https://doi.org/10.1001/jama.2020.12603
http://www.ncbi.nlm.nih.gov/pubmed/32644129
https://doi.org/10.1002/jmv.26368
http://www.ncbi.nlm.nih.gov/pubmed/32729939
https://doi.org/10.1016/j.cmi.2020.09.052
http://www.ncbi.nlm.nih.gov/pubmed/33031948
https://doi.org/10.1136/thoraxjnl-2020-216086
http://www.ncbi.nlm.nih.gov/pubmed/33273026
https://doi.org/10.1016/j.jinf.2020.08.029
http://www.ncbi.nlm.nih.gov/pubmed/32853602
https://doi.org/10.7326/M20-5661
https://doi.org/10.7326/M20-5661
http://www.ncbi.nlm.nih.gov/pubmed/33175566
https://doi.org/10.1371/journal.pone.0280990

