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during 2022: a retrospective analysis of nationally
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Summary

Background Post-acute sequelae after SARS-CoV-2 infection (PASC) remains a concerning long-term complication of
COVID-19. Here, we aimed to characterize the epidemiology of PASC in Mexico during 2022 and identify potential
associations of covariates with PASC prevalence using nationally representative data.

Methods We analyzed data from the 2022 Mexican National Health and Nutrition Survey (ENSANUT) from 24,434
participants, representing 85,521,661 adults >20 years. PASC was defined using both the National Institute for
Health and Care Excellence (NICE) definition and a PASC score >12. Estimates of PASC prevalence were stratified by
age, sex, rural vs. urban setting, social lag quartiles, number of reinfections, vaccination status and periods of pre-
dominance of SARS-CoV-2 circulating variants. Determinants of PASC were assessed using log-binomial regression
models adjusted by survey weights.

Findings Persistent symptoms after SARS-CoV-2 infection were reported by 12.44% (95% CI 11.89-12.99) of adults
>20 years in Mexico in 2022. The most common persistent symptoms were fatigue, musculoskeletal pain, headache,
cough, loss of smell or taste, fever, post-exertional malaise, brain fog, anxiety, and chest pain. PASC was present in
21.21% (95% CI 19.74-22.68) of subjects with previously diagnosed COVID-19. Over 28.6% of patients with PASC
reported symptoms persistence >6 months and 14.05% reported incapacitating symptoms. Higher PASC prevalence
was associated with SARS-CoV-2 reinfections, depressive symptoms and living in states with high social lag. PASC
prevalence, particularly its more severe forms, decreased with COVID-19 vaccination and for infections during
periods of Omicron variant predominance.

Interpretation PASC remains a significant public health burden in Mexico as the COVID-19 pandemic transitions
into endemic. Promoting SARS-CoV-2 reinfection prevention and booster vaccination may be useful in reducing
PASC burden.
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Research in context

Evidence before this study

As SARS-CoV-2 transitions into endemicity, understanding
post-acute sequelae after SARS-CoV-2 infection (PACS) has
become an utmost priority. PACS is a heterogeneous entity
with diverse clinical manifestations which often presents as a
debilitating illness; however, inconsistent definitions and the
complexity of tracking cases in low- and middle-income
countries (LMICs) have obscured our understanding of PASC
in regions that were hard-hit during the COVID-19 pandemic,
including Mexico. We conducted a PubMed database search
without language restriction for studies evaluating the
prevalence of PASC in Mexico published between March 1st,
2020, and October 20, 2023. The search terms were (“Long-
covid” OR "Post-acute SARS-CoV-2 sequelae” OR “Post-acute
COVID-19 condition”) AND “prevalence” AND “Mexico”. We
identified a few studies on the topic, most of which were
conducted in specific health centers in Mexico, with one study
providing estimates of SARS-CoV-2 sequelae using data from
ENSANUT 2020 but without using standardized definitions or
characterizing symptom heterogeneity in PASC. No other
study to date has provided nationally representative estimates
of PASC in Mexican adults using the most recent PASC
definitions or explored correlates of PASC prevalence.

Added value of this study

Our study is amongst the first to characterize the
epidemiology of PASC in Mexico and Latin America using
nationally representative data from ENSANUT 2022. We
found that 12.44% (95% Cl 11.89-12.99) of adults >20 in
Mexico reported at least one persistent symptom after SARS-
CoV-2 infection according to the CDC definition during 2022.
The most commonly reported symptoms included fatigue,
musculoskeletal pain, headache, cough, loss of smell or taste,

heterogeneous patient profiles, with other terms also
recognizing it as post-acute COVID-19 condition, long
COVID, and post-acute COVID-19 syndrome.” A Delphi
consensus by the World Health Organization (WHO)
defines PASC as a condition affecting individuals with
suspected or confirmed SARS-CoV-2 infection exhibit-
ing persistent symptoms lasting for >2 months without
an alternative pathophysiological explanation.’ Further-
more, the National Institute for Health and Care
Excellence (NICE) defined PASC as an individual with
persistent symptoms 12 weeks after acute COVID-19.*
Recently, Thaweethai and colleagues developed a self-
reported symptom-based definition to better charac-
terize PASC across cohorts to facilitate diagnosis and
characterization of PASC epidemiology.® Nevertheless,
reports on the epidemiology of PASC remain scarce,
particularly in Latin American countries, which hinders
recognition of its public health impact and delays the
development of public policies aimed at reducing PASC
burden.®

fever, post-exertional malaise, brain fog, anxiety, and chest
pain. Furthermore, we observed that 21.21% (95% Cl
7.71-9.65) of individuals with previously diagnosed COVID-19
had PASC according to the NICE definition. Importantly, a
significant proportion of patients with PASC reported
symptom persistence for six months or longer (28.6%) and
experienced incapacitating symptoms (14.05%). Our study
also identified several correlates for increased PASC
prevalence, including: increasing number of SARS-CoV-2
reinfections, depressive symptoms, and residing in states with
high socio-demographic inequalities. Moreover, we found
that PASC prevalence, particularly its more severe forms,
decreased among individuals who received >1 dose of COVID-
19 vaccination and those infected during periods of Omicron
variant predominance. Our findings underscore the potential
benefits of preventing SARS-CoV-2 reinfections and
promoting booster vaccinations to reduce the burden of PASC
in LMICs.

Implications of all the available evidence

Our findings highlight a need to continuously monitor the
prevalence of PASC to reduce its burden on physical function
and disability. By providing nationally representative data on
the prevalence and determinants of PASC in Mexico, our
study fills an important gap in the literature and highlights an
urgent need to promote research to understand the
epidemiology of PASC and persistent COVID-19 symptoms in
other Latin American countries. Overall, our research may
have very relevant implications for public health planning,
resource allocation, and the development of clinical guidelines
and targeted interventions aimed at mitigating the burden of
PASC in similar settings worldwide.

Mexico experienced one of the highest morbidity and
mortality rates related to the COVID-19 pandemic.’
During periods of high community-level transmission
of SARS-CoV-2 in Mexico, COVID-19 mortality
remained consistently high, yielding one of the highest
rates of excess mortality worldwide.® This scenario was
facilitated in the Mexican context by a landscape of high
cardio-metabolic burden, characterized by a high prev-
alence of diabetes, overweight, and obesity, as well as
marked socio-demographic inequalities.”'" COVID-19
mortality and infection rates in Mexico were reduced
significantly by a high vaccination coverage, which
achieved 79.8% of the adult population according to
ENSANUT 2022.">"* Despite the well-characterized
impact of the COVID-19 pandemic in low- and
middle-income  settings, information regarding the
impact of debilitating chronic sequelae of SARS-CoV-2
infection is lacking. In Mexico, only one report has
evaluated the impact of PASC in cases with severe
COVID-19."*"* However, nationally representative
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estimates of persistent COVID-19 symptoms and
particularly PASC as defined by current criteria in
Mexico remain unreported. Here, we aimed to estimate
the prevalence of persistent COVID-19 symptoms and
PASC wusing a nationally representative sample of
Mexican adults for the year 2022. We also aimed to
evaluate potential correlates of PASC prevalence
including sociodemographic and infection-related de-
terminants to identify potential areas of intervention
aimed at ameliorating the long-term burden of endemic
COVID-19 in Mexico.

Methods

Study design

We analyzed data from the Mexican National Health
and Nutrition Survey (ENSANUT) for the year 2022.
Briefly, ENSANUT is representative at a national and
regional level, as it uses a multi-stage probabilistic
cluster stratified sampling design based on basic geo-
statistical areas, localities, households, and individuals.
Sample weights are further corrected using the expected
response rate in 2021 and calibrated using a post-
stratification correction factor to account for over- or
underrepresentation of specific subgroups, such that the
sample size of ENSANUT expands to the size of the
population it represents. This expansion factor is
calculated according to household (state, and rural/ur-
ban/metropolitan area) and individual (age group)
characteristics, for each participant. Participants under-
went a comprehensive questionnaire collecting de-
mographic, socioeconomic, and health-related data
(available as Supplementary File), and a physical exam
including measurement of blood pressure and anthro-
pometry. As outlined in Fig. 1, ENSANUT 2022 was
collected from July to December 2022 in 10,160
households (response rate of 73%) which amounts to
11,472 complete interviews for 36,483 participants,
amongst which 24,432 were adults >20 years.'® This
survey additionally aimed to investigate the health and
well-being of Mexican adults during the COVID-19
pandemic and a random subsample of 5971 adults
>20 years old provided a capillary blood sample to detect
antibodies for SARS-CoV-2 infection, amongst which
4898 were participants >20 years. A subsample of par-
ticipants with prior COVID-19 diagnosis (n = 2504) had
complete health and lifestyle questionnaire data, which
were used to model the probability of PASC. A complete
flowchart of study participant selection is presented in
Fig. 1.

SARS-CoV-2 seroprevalence

Seropositivity to SARS-CoV-2 was evaluated using an
Elecsys detection assay for IgG against the N-protein
(SARS-CoV-2 Nucleocapsid, #09 203,079,190, Roche-N)
validated by the Institute for Epidemiological and
Diagnostic Reference. Samples were considered positive
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if quantification was >0.72.0 U/ml.”” COVID-19 sero-
prevalence was estimated using population sample
weights with the survey R package and was considered as
a proxy of previous infection amongst 4898 participants
who provided blood samples in ENSANUT.

Variable definitions

Previously diagnosed COVID-19 and SARS-CoV-2
seropositivity

Previously diagnosed COVID-19 was defined for in-
dividuals who self-reported, “at least once” to the ques-
tion: “Since February 2020, how many times have you
been diagnosed with COVID-19 by health personnel?”.
Since this ascertainment likely only captured individuals
with symptomatic COVID-19 with moderate-to-severe
infections who sought medical attention and to
consider the possibility of undiagnosed or asymptomatic
SARS-CoV-2 infection,”® we used seropositivity to the
SARS-CoV-2 N-protein as a proxy of prior infection to
evaluate PASC prevalence as a sensitivity analysis.

Persistent COVID-19 symptoms

Amongst individuals with previously diagnosed COVID-
19, persistent symptoms after SARS-CoV-2 infection
were asked’ using the question: “Regarding the last time
you had COVID, did you continue to present any of these
symptoms/sequelae one month after your illness began?”
and interrogated the presence of the following symp-
toms: cough, fatigue or tiredness, anxiety, depression,
fever, difficulty sleeping, kidney complications, loss of
appetite, weight loss, headache, dizziness, muscle or joint
pain, difficulty breathing (dyspnea), shortness of breath,
chest pain, vomiting or diarrhoea (gastrointestinal
symptoms), loss or decrease in smell, loss or decrease in
taste, difficulty thinking or concentrating or other
symptoms, including post-exertional malaise, which were
defined as symptoms of fatigue or brain fog which
worsen with activity and impede normal functioning.
Participants were also asked to clarify if the symptoms
persisted for less than an additional month after COVID-
19, from one to three months, from three to six months,
more than 6 months, or are still present.

Post-acute COVID-19 sequelae

We used two broad definitions of PASC in our study: 1) A
consensus definition by NICE, which defines PASC as
the presence of >1 persistent symptom lasting >3
months after the last COVID-19 diagnosis. Cases in
whom persistent symptoms lasted only 4-12 weeks after
acute COVID-19 were defined as subacute COVID-19."
2) We also calculated the PASC score, which defined
PASC with a score >12 points.” Symptoms such as pal-
pitations, chronic thirst, decreased sexual desire or ca-
pacity, or abnormal movements were not evaluated in
ENSANUT 2022 and were thus not included for score
calculation. This complementary definition was included
as a sensitivity analysis and was considered irrespective of
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Fig. 1: Flowchart of participant selection for ENSANUT 2022. We display the total number of participants surveyed per year (first row). The
general population of our study is therefore comprised of participants >20 years old that completed the health questionnaire (second row),
while the laboratory subset includes those with complete weights for venous blood and sampling stratum (third row). A subset of analyses was
conducted in individuals with previously diagnosed COVID-19 and complete data (fourth row). This diagram was designed using resources

created by Freepik from www.flaticon.com.

symptom duration. Finally, we used the CDC definition
to estimate the frequency of >1 SARS-CoV-2 sequelae
present >4 weeks after acute COVID-19, which were
reported for all participants with prior medical diagnosis
of COVID-19 evaluated in ENSANUT 2022.” These def-
initions are fully summarised in Table 1.

Modifying factors

We evaluated age categories per 10-year intervals
(20-29, 30-39, 4049, 50-59, 60-69 or >70 years), sex,
rural/urban area, smoking status and previous diag-
nosis of diabetes, hypertension, myocardial infarction,
obesity, stable chronic angina, heart failure, stroke and
chronic kidney disease as modifying factors of PASC
prevalence. The following factors were also considered
to evaluate components of SARS-CoV-2 infection:

+ SARS-CoV-2 reinfection—Defined as having been
diagnosed with COVID-19 more than once by
healthcare personnel (self-report).

+ Predominant SARS-CoV-2 variants—SARS-CoV-2
infection was assumed to be most likely caused by
the predominant variant based on the date of
symptom onset. Based on data submitted to
GISAID,” from March 3rd, 2020, until December
30th, 2020, the predominant SARS-CoV-2 variant
was the ancestral strain, followed by the predomi-
nance of B.1.1.519 until June 6th, 2021, B.1.617.2
(Delta) until December 6th, 2021. B.1.1.529.1 (Om
icron) was considered predominant from December
7th, 2022, onwards.?? For modelling, COVID-19 were
classified into those likely caused by the Omicron
variant or otherwise.

+ COVID-19 vaccination—Vaccination was defined
by self-report among individuals who answered
“yes” to the question: “Have you been vaccinated
for COVID-19?” and further questioned if
receiving one, two, three or four vaccine doses.
Vaccine types for primary vaccination schedules
were classified as mRNA (BNT162b2, mRNA-
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PASC definition

Description

Centers for disease control (20) (PASC-CDC)

(4) (PASC-NICE)
WHO definition (3)

PASC score (5) (PASC positive)

Presence of >1 persistent symptom lasting >4 weeks after onset of the acute phase of COVID-19.

National institute for health and care excellence Presence of >1 persistent symptom lasting >3 months after the last COVID-19 diagnosis. Cases in whom persistent symptoms lasted

only 4-12 weeks after acute COVID-19 were defined as subacute COVID-19

Based on a Delphi consensus, it defines PASC as the presence of >1 persistent symptom lasting >3 months after the last COVID-19
diagnosis without any alternative explanation for the symptoms.

Developed by Thaweethai et al., the score is based on self-reported symptoms using data from the RECOVER adult cohort. PASC is
defined based on a score >12 points for individuals who met the PASC WHO definition. For our study, we applied the score in individuals
meeting the CDC definition and further evaluated it as a proxy of severe PASC.

The CDC, NICE and PASC score definitions were implemented in our study, as no formal ascertainment of alternative causes was conducted to meet the WHO definition.

Table 1: Summary of available definitions of post-acute sequelae after SARS-CoV-2 infection (PASC).

12732), adenovirus vectored (Gam-COVID-Vac,
Ad5-nCoV, Ad26.COV2.S, ChAdOx1) and inacti-
vated virus (CoronaVac).

Social lag—We used data from the National Council
for Evaluation of Social Development Policy
(CONEVAL), which provides state-level estimates of
the 2020 social lag index (SLI), which is a composite
measure of access to education, health care, dwell-
ing quality, and basic services in Mexico.”* To assess
marginalization independently of urbanization, we
extracted mean population density from each state
and regressed it onto SLI and obtained the residuals
which represent a density-independent social lag
index (DISLI).*'"* We then categorized states into
DISLI quartiles (Ql< -0.676, Q2 —0.676 to —0.131,
Q3 -0.131 to 0.110 and Q4 >0.110) and classified
individuals into each quartile according to their
state of residence. DISLI is a dimensionless mea-
sure which is interpreted, when values are higher,
as a proxy of higher sociodemographic inequalities
independent of population density.

+ Depressive symptoms—Evaluated using the seven-
item version of the Center for Epidemiologic
Studies Depression Scale (CESD-7). CESD-7 mea-
sures the frequency with which depressive symp-
toms are experienced during the week prior to the
interview collected at ENSANUT 2022. Cut-offs to
identify the presence of moderate or severe depres-
sive symptoms were >9 points for adults aged 20-59,
and >5 points for adults >60 years.>*
Incapacitating symptoms—Defined if the person
answered “yes” to the question “Do these [persistent
COVID-19] symptoms prevent you or did they pre-
vent you from taking care of yourself? For example,
causing difficulties to bathe or dress oneself”.

Statistical analyses

Weighted prevalence of PASC and persistent COVID-19
symptoms

Prevalence of PASC and persistent symptoms were esti-
mated using sample weights from ENSANUT for par-
ticipants >20 years, as well as those with SARS-CoV-2
seropositivity and for the population with previously
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diagnosed COVID-19; all estimations were conducted
using the survey R package. To allow for population-level
inference, all calculations considered the design of
ENSANUT 2022 and the use of survey weights to esti-
mate expansion factors for individuals.'*” We further
performed weighted subgroup estimation for prevalence
trends stratified by age category, sex, geographical region,
previous reinfection, vaccination status, infection during
periods of Omicron variant predominance, indigenous
identity, rural or urban area, vaccine types, and DISLI
category (high or low/middle). All results presented
herein report prevalence which consider survey design
and their corresponding 95% confidence intervals.

Clustering of persistent sequelae after SARS-CoV-2 infection
Given the heterogeneity of symptom presentation in
patients with SARS-CoV-2 sequelae, we conducted hi-
erarchical cluster analysis in reported persistent
sequelae for participants with PASC using the nomclust
R package. For clustering we implemented a complete
linkage method and used the Goodall 3 similarity
measure, which assigns higher weight if the infrequent
categories match regardless on frequencies of other
categories and has proven to be robust in external vali-
dation studies.”® Optimal number of clusters was set at
four to identify if symptom clustering was similar in
Mexican adults.’

Correlates of PASC prevalence

To identify correlates of PASC positivity we fitted fixed
effects log-binomial regression models considering
survey weights and robust standard errors amongst in-
dividuals with previously diagnosed COVID-19 and
complete data including comorbidities to estimate rela-
tive risks (RR) of PASC. A sensitivity analysis was con-
ducted exploring correlates for any sequelae present
compared to the PASC definition. Complete-case ana-
lyses were conducted under the assumption of data
missing completely at random; a full report of missing
data for analytical models is presented in the Supple-
mentary Material. All statistical analyses were conducted
using R version 4.1.2 and p-values thresholds were set
for a two-sided significance level of a = 0.05.
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Ethics approval and consent to participate

This project was registered and approved by the
Research and Ethics Committee at Instituto Nacional de
Geriatrfa, under project number DI-PI-005/2021.

Role of the funding source

This research was supported by Instituto Nacional de
Gerijatrfa in Mexico. The funding bodies were not
involved in study design; collection, management,
analysis and interpretation of data or the decision to
submit for publication.

Results

Study population

We included adults aged >20 years old who completed
the health questionnaire, totaling 24,434 participants
(expanded to 85,521,661 adults); among them, 4898
participants were selected for capillary blood sampling to
estimate SARS-CoV-2 seropositivity (expanded to
85,098,924 adults). A flowchart diagram detailing the
participant selection process is available in Fig. 1. Overall,
we identified a prevalence of previously diagnosed
COVID-19 amongst adults >20 years of 22.0% (95% CI
21.31-22.69), with a SARS-CoV-2 N-protein seropreva-
lence of 93.66% (95% CI 92.78-94.54). Overall, 86.21%
(95% CI 85.64-86.78) of adults received at least one dose
of COVID-19 vaccines, with 11.62% (95% CI 11.1-12.14)
receiving only one dose, 29.6% (95% CI 28.83-30.37)
with two doses, 39.51% (95% CI 38.73-40.29) with three
doses and 5.48% (95% CI 5.11-5.85) with four doses.

Prevalence of persistent COVID-19 symptoms

We identified that 12.44% (95% CI 11.89-12.99) of
adults >20 years had at least one persistent COVID-19
symptom for >1 month, expanding to 10,634,663 in-
dividuals (95% CI 10,155,424-11,113,902) meeting the
PASC-CDC definition. Among them, 45.87% (95% CI
43.49-48.25) lasted <1 additional month, 16.74% (95%
CI 14.93-18.55) persisted between 1 and 3 months,
4.54% (95% CI 3.56-5.52) between 3 and 6 months,
4.26% (95% CI 3.28-5.24) for >6 months and 28.6%
(95% CI 26.43-30.77) persisting until the date of the
interview. The prevalence of PASC using the CDC
definition was similar when analyzing N-protein sero-
positive adults (12.7%, 95% CI 11.48-14.06) and was
higher when considering only cases with previously
diagnosed COVID-19 by a physician (56.52%, 95% CI
54.75-58.29). The ten most frequent persistent symp-
toms amongst subjects with SARS-CoV-2 N-protein
seropositivity were fatigue, musculoskeletal pain, head-
ache, cough, loss of smell or taste, fever, post-exertional
malaise, brain fog, anxiety, and chest pain (Fig. 2A).

Persistent symptoms in selected subgroups
Amongst SARS-CoV-2 N-protein seropositive in-
dividuals the prevalence of subacute COVID-19 was

7.42% (95% CI 6.42-8.42), whilst for PASC-NICE was
5.51% (95% CI 4.61-6.41). The five most common
persistent symptoms in subacute COVID-19 were
cough, headache, fever, musculoskeletal pain, and
loss of smell or taste, whilst for PASC-NICE they were
fatigue, musculoskeletal pain, post-exertional malaise,
headache, and cough (Supplementary Figure S1). The
prevalence of the PASC-CDC definition for any
persistent symptom amongst SARS-CoV-2 N-protein
seropositive individuals was higher for males
(14.12%, 95% CI 12.42-15.85) compared to females
(10.50%, 95% CI 8.56-12.44); in males the five most
frequent persistent symptoms were fatigue, headache,
cough, musculoskeletal pain, and loss of smell or
taste, whilst for females they were fatigue, cough,
musculoskeletal pain, fever, and headache
(Supplementary Figure S2). SARS-CoV-2 pri-
moinfection was associated with lower prevalence of
persistent sequelae (55.39%, 95% CI 53.49-57.29)
compared to cases with at least one SARS-CoV-2
reinfection (64.41%, 95% CI 59.69-69.13); further-
more, in cases with SARS-CoV-2 primoinfection the
most common persistent symptoms were cough,
musculoskeletal pain, headache, fever, and loss of
smell or taste, whilst for reinfection they were fatigue,
cough, musculoskeletal pain, headache, and fever
(Supplementary Figure S2).

Prevalence of PASC-NICE in Mexico

Using the NICE definition, we identified an overall
PASC-NICE prevalence of 4.67% (95% CI 4.32-5.02),
5.51% (95% CI 4.61-6.41) amongst SARS-CoV-2 N-
protein seropositive, and 21.21% (95% CI 19.74-22.68)
in subjects with previously diagnosed COVID-19,
expanding to 3,990,011 affected adults (95% CI
3,685,878-4,294,144; Fig. 2B). The highest prevalence of
PASC-NICE was observed for individuals living in
Mexico City/Mexico State and the Peninsula region,
whilst the lowest prevalence was observed in the US
Border region (Fig. 3A). Individuals with PASC-NICE
clustered most persistent symptoms, even those not
included in the PASC score; furthermore, individuals
with PASC-NICE had higher rates of reinfections, dia-
betes, myocardial infarction, stable angina, heart failure
and hypertension (Table 2); in contrast, individuals with
PASC-CDC had higher rates of reinfection, lived in
states with higher social lag, higher CES-D scores and
higher prevalence of diabetes and hypertension, but
lower vaccination coverage (Supplementary Table S1).
Overall, 15.13% (95% CI 13.50-16.76) of individuals
affected by persistent symptoms reported incapacity to
perform everyday tasks including take care of oneself;
this rate was 14.06% (95% CI 11.37-16.75) amongst
PASC-NICE compared to 7.13% (95% CI 6.17-8.09) for
cases with persisting sequelae that did not meet the
PASC-NICE definition. We observed a prevalence of
PASC Score >12 of 1.91% (95% CI 1.69-2.13) in the
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Fig. 2: (A) Prevalence of persistent COVID-19 symptoms amongst SARS-CoV-2 N-protein seropositive adults >20 years in ENSANUT 2022; and
(B) prevalence of post-acute sequelae of SARS-CoV-2 symptoms (PASC) as identified by a PASC score >12 in the overall population, in SARS-
CoV-2 N-protein seropositive adults and in individuals with COVID-19 previously diagnosed by a physician in the ENSANUT 2022 sample.

general population, 2.02% (95% CI 1.48-2.56) in SARS-
CoV-2 N-protein seropositive individuals and 8.68%
(95% CI 7.72-9.65) in individuals with previously diag-
nosed COVID-19. Notably, incapacitating persistent
symptoms were observed in 45.38% (95% CI
39.65-51.11) of subjects with PASC Score >12, indi-
cating a more severe phenotype. When comparing
PASC positive (score >12) vs. PASC indeterminate
subjects (score <12) reinfection rates and symptom
clustering occurred most frequently in PASC positive
subjects; interestingly, lower vaccination and infections
detected during periods of Omicron variant predomi-
nance were observed in PASC positive vs. PASC inde-
terminate individuals (Supplementary Table S2);. This
indicated that the PASC score likely detected individuals
with a more severe PASC phenotype.

PASC prevalence in selected subgroups

PASC-NICE prevalence increased with age and was
higher in females compared to males (Fig. 3B); further-
more, PASC-NICE prevalence was higher for individuals
living in states with increasing DISLI values, particularly
in urban settings (Fig. 3D). For infection-related variables
the prevalence of PASC-NICE was lower if the last
infection occurred during periods of high Omicron cir-
culation compared to other SARS-CoV-2 variants and was
generally lower in vaccinated subjects irrespective of
variant predominance (Fig. 3C). Similarly, PASC-NICE
prevalence was higher in subjects with at least one rein-
fection compared to primoinfection, but this was more
evident in cases for COVID-19 cases acquired during
periods of Omicron variant predominance (Fig. 3E).
There was no apparent trend on the prevalence of PASC-
NICE related to vaccine type; however, PASC-NICE
prevalence was consistently higher for vaccinated
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participants with reinfection compared to primoinfection,
particularly during periods of Omicron predominance,
particularly for mRNA and adenovirus vectored vaccines
(Supplementary Figure S3). Finally, PASC-NICE preva-
lence changed from 25.82% (95% CI 22.40-29.24) for
cases infected in 2020, to 21.96% for cases infected in
2021 (95% CI 19.65-24.27), and to 17.60% (95% CI
15.36-19.84) for cases infected in 2022 (Supplementary
Figure S4).

Modifiers of PASC prevalence

We fitted fixed effects log-binomial regression models
considering survey weights to identify correlates of
PASC-NICE amongst individuals with previously diag-
nosed COVID-19 and complete data including comor-
bidities (n = 2504). We identified that infection during
periods of Omicron variant predominance (RR 0.81,
95% CI 0.69-0.21) and male sex (RR 0.82, 95% CI
0.71-0.96) were associated with lower probability of
PASC-NICE. In addition, having had at least one SARS-
CoV-2 reinfection (RR 1.51, 95% CI 1.25-1.83), having
moderate to severe depressive symptoms as identified
by CES-D (RR 1.60, 95% CI 1.37-1.87), older age, and
living in states with higher social lag (RR 1.37, 95% CI
1.10-1.70 for Q4 vs. Q1) were associated with higher
probability of PASC-NICE (Fig. 4A). When evaluating
the same predictors but using the definition of PASC
score >12 points, which likely indicates a more severe
PASC phenotype, infection during periods of Omicron
variant predominance, COVID-19 vaccination, were
associated with lower probability of the outcome, whilst
having had at least one SARS-CoV-2 reinfection, living
in states with higher social lag, and moderate to severe
depressive symptoms by CES-D were associated with
higher probability of the outcome (Fig. 4B); further


www.thelancet.com/digital-health

Articles

@
3

>

N
3

previously diagnosed COVID-19 (%)
=)

PASC prevalence in cases with

Mexico City Peninsula  Southern
Mexico State Pacific

Central
Northern

Central
Pacific

Center  Northern  US Border

Pacific

Sex @ Female @ Male

w

Post-acute SARS-CoV-2 sequelae prevalence

Prevalence (%)
ENSANUT 2022

W e
—
1676
1857
2065
2321
W s
| ES

F

SARS-Cov-2 vaccination status @ Unvaccinated @ Vaccinated

0

Female Male

Unvaccinated Vaccinated

|
|
®

o
——

}

PACS prevalence in cases with

;¢

@
g

»
&

@
8

n
3

3

PASC prevalence in cases with

o

previously diagnosed COVID-19 (%)

2029  30-39  40-49  50-59  60-69 270 20-29

Age groups (years)

3039 40-49

O

DISLI quartile @ a1 @ Q2 @ a3

50-59

previously diagnosed COVID-19 (%)

60-69 270 Ancestral B.1.1.519 Delta Omicron  Ancestral B.1.1.519 Delta  Omicron

SARS-CoV-2 predominant variant at last infection

m

Variant predominance @ Non-Omicron @ Omicron

Rural Urban

Non-Omicron ‘Omicron

PASC prevalence in cases with
previously diagnosed COVID-19 (%)

w
]

©
8

PASC prevalence in cases with
previously diagnosed COVID-19 (%)
o ™
8 b

[}

&

Qt Q2 Q3 Q4 Qt

DISLI quartile

Q2

Q3

Q4
SARS-CoV-2 infection status

Fig. 3: (A) Prevalence of post-acute sequelae of SARS-CoV-2 symptoms (PASC) as identified by a PASC score >12 stratified by geographical
regions in Mexico within the ENSANUT 2022 sample of adults >20 years. The figure also shows PASC prevalence stratified by age and sex
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disaggregating by the number of vaccine doses
compared to unvaccinated individuals showed a similar
protective effect with increasing doses and irrespective
of vaccine platform for primary vaccination schedule
(Supplementary Figures S6-S8).

Correlates of incapacitating PASC symptoms

Amongst individuals with persistent symptoms, a PASC
score >12 points resulted in higher rates of incapa-
citating symptoms at all time points and independent of
the PASC definition (Fig. 5A). Correlates of incapa-
citating symptoms included moderate to severe
depressive symptoms (RR 1.64, 95% CI 1.09-2.47), age
50-59 years compared to younger individuals (RR 2.46,
95% CI 1.08-5.56), having had at least one SARS-CoV-2
reinfection (RR 1.83, 95% CI 1.12-2.99) and a lower risk

observed in individuals infected during periods of
Omicron variant predominance (RR 0.55, 95% CI
0.34-0.89, Fig. 5B). When further adjusting for PASC
score, the most significant predictor of incapacitating
PASC symptoms was a PASC score >12 points (RR
3.16, 95% CI 2.09-4.79, not shown).

Clustering of PASC phenotypes

Finally, we performed hierarchical cluster analysis to
identify clustering of participants with PASC according
to symptom patterns and to identify any predominant
PASC phenotypes in Mexico. We identified four main
clusters with an overall agglomerative score of 0.31:
Cluster 1 (n = 286), characterized by musculoskeletal
pain and cough; Cluster 2 (n = 563), characterized by
fatigue, headache, and breathlessness; Cluster 3
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Characteristic Overall sample p-value”
Overall, N = 5211° Without PACS, N = 4161° PACS, N = 1050°

Male sex (%) 2322 (45%) 1934 (46%) 388 (37%) <0.001
Age (years) 43 (31, 55) 42 (30, 54) 47 (35, 57) <0.001
Reinfection (%) 638 (12%) 465 (11%) 173 (16%) <0.001
Omicron variant (%) 2087 (40%) 1716 (41%) 371 (35%) <0.001
COVID-19 vaccine (%) 4830 (93%) 3843 (92%) 987 (94%) 0.068
Symptom duration <0.001

No persistent symptoms 2320 (45%) 2320 (56%) 0 (0%)

<1 month 1363 (26%) 1363 (33%) 0 (0%)

1-3 months 478 (9.2%) 478 (11%) 0 (0%)

3-6 months 124 (2.4%) 0 (0%) 124 (12%)

>6 months 126 (2.4%) 0 (0%) 126 (12%)

Still persistent 800 (15%) 0 (0%) 800 (76%)
Any symptom (%) 2839 (54%) 1793 (43%) 1046 (100%) <0.001
Loss of smell/taste (%) 692 (13%) 501 (12%) 191 (18%) <0.001
Brain fog (%) 166 (3.2%) 74 (1.8%) 92 (8.8%) <0.001
Gastrointestinal symptoms (%) 160 (3.1%) 119 (2.9%) 41 (3.9%) 0.079
Chest pain (%) 285 (5.5%) 170 (4.1%) 115 (11%) <0.001
Breathlessness (%) 358 (6.9%) 198 (4.8%) 160 (15%) <0.001
Dyspnea (%) 513 (9.8%) 283 (6.8%) 230 (22%) <0.001
Musculoskeletal pain (%) 913 (18%) 617 (15%) 296 (28%) <0.001
Dizziness (%) 213 (4.1%) 130 (3.1%) 83 (7.9%) <0.001
Headache (%) 817 (16%) 575 (14%) 242 (23%) <0.001
Weight loss (%) 203 (3.9%) 149 (3.6%) 54 (5.1%) 0.019
Loss of appetite (%) 210 (4.0%) 169 (4.1%) 41 (3.9%) 0.8
Kidney problems (%) 55 (1.1%) 30 (0.7%) 25 (2.4%) <0.001
Sleep disturbances (%) 288 (5.5%) 169 (4.1%) 119 (11%) <0.001
Fever (%) 670 (13%) 608 (15%) 62 (5.9%) <0.001
Depression (%) 187 (3.6%) 117 (2.8%) 70 (6.7%) <0.001
Anxiety (%) 256 (4.9%) 145 (3.5%) 111 (11%) <0.001
Fatigue (%) 1250 (24%) 783 (19%) 467 (44%) <0.001
Chronic cough (%) 978 (19%) 737 (18%) 241 (23%) <0.001
Post-exertional malaise (%) 541 (10%) 342 (8.2%) 199 (19%) <0.001
PASC score 0.0 (0.0, 5.0) 0.0 (0.0, 4.0) 3.0 (1.0, 8.0) <0.001
DISLI quartile <0.001

Q1 1707 (33%) 1430 (34%) 277 (26%)

Q2 1630 (31%) 1304 (31%) 326 (31%)

Q3 965 (19%) 721 (17%) 244 (23%)

Q4 909 (17%) 706 (17%) 203 (19%)
CES-D score 0 (3.0, 8.0) 5.0 (3.0, 7.0) 0 (4.0, 9.0) <0.001
Diabetes (%) 358 (14%) 258 (13%) 100 (17%) 0.015
Hypertension (%) 505 (20%) 357 (18%) 148 (26%) <0.001
Daily smoking (%) 178 (7.1%) 140 (7.3%) 8 (6.6%) 0.6
Previous myocardial infarction (%) 1 (1.2%) 41 (1.0%) 0 (1.9%) 0.013
Chronic angina (%) 3 (1.0%) 34 (0.8%) 9 (1.8%) 0.004
Heart failure (%) 3 (1.0%) 36 (0.9%) 17 (1.6%) 0.030
Previous stroke (%) 4 (1a.0%) 20 (1.0%) 4 (0.7%) 0.6
Chronic kidney disease (%) 45 (1.8%) 32 (1.7%) 13 (2.3%) 0.3
BMI categories 0.10

Low BMI 15 (0.9%) 4 (1.1%) 1(0.2%)

Normal-range BMI 293 (17%) 232 (18%) 61 (14%)

Overweight 622 (36%) 467 (36%) 155 (36%)

Obesity 796 (46%) 585 (45%) 211 (49%)
Vaccine type 0.091

Unvaccinated 381 (7.3%) 318 (7.6%) 63 (6.0%)

(Table 2 continues on next page)

www.thelancet.com Vol 30 February, 2024


www.thelancet.com/digital-health

Articles

10

Characteristic Overall sample p-value®
Overall, N = 5211° Without PACS, N = 4161° PACS, N = 1050%
(Continued from previous page)
mRNA 1607 (31%) 1291 (31%) 316 (30%)
Adenovirus vector 2629 (50%) 2075 (50%) 554 (53%)
Inactivated virus 438 (8.4%) 44 (8.3%) 4 (9.0%)
Other 156 (3.0%) 133 (3.2%) 3 (22%)
Incapacitating symptoms 457 (8.8%) 310 (7.5%) 147 (14%) <0.001
*n (%); Median (IQR). "Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test.
Table 2: Sociodemographic and clinical characteristics of individuals with post-acute sequelae of SARS-CoV-2 infection (PASC) as defined by the
National Institute for Health and Care Excellence compared individuals without PASC and previously diagnosed with COVID-19 in the ENSANUT 2022
sample.

(n = 111), characterized by dysgeusia, anosmia, and fa-
tigue; and Cluster 4 (n = 90), characterized by fatigue,
headache, musculoskeletal pain, brain fog, and sleep
disorders (Fig. 6). Notably, rates of disability were
similar between groups (Supplementary Table S3).
When comparing characteristics according to symptom
clusters, we identified that individuals in cluster 3 were
younger, less likely to live in states in the upper DISLI
quartile, had higher rates of current smoking and lower
rates of SARS-CoV-2 reinfections compared to other
clusters and, along with cluster 2, had a higher per-
centage of affected female participants. Individuals in
cluster 4 had higher CES-D and PASC scores, along
with higher rates of reinfections. Individuals in Cluster
1 had the highest rates of diabetes and hypertension,
along with the lowest number of participants living in
states within the lowest DISLI quartile (Supplementary
Table S3).

A
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Discussion

Our understanding of the epidemiology and impact of
debilitating chronic sequelae of SARS-CoV-2 infection
remain scarce. To our knowledge, this is among the first
comprehensive reports on the prevalence of PASC in
Mexico during the year 2022, surveying a total of 24,434
adults. Persistent COVID-19 symptoms meeting the
CDC definition were reported by 12.44% of adults >20
years in Mexico during 2022. The most commonly re-
ported persistent COVID-19 symptoms amongst SARS-
CoV-2 N-protein seropositive adults include fatigue,
musculoskeletal pain, followed by headache, cough, loss
of smell or taste, fever, post-exertional malaise, brain
fog, anxiety, and chest pain. By implementing hierar-
chical clustering, we identified that PASC phenotypes
with predominance of fatigue, headache, and breath-
lessness are the most common in Mexico; notably,

sociodemographic  characteristics  differ amongst
RR  95%Cl p
Omicron variant —o— | 07 05,09 0.008
Age (years) 2029 [ ) 1.0
30-39 —— 08 05,11 0.198
4049 —l— 11 0816 0645
50-59 —— 08 0512 0.275
60-69 — 07 04,12 0175
=70 [— L m— 09 05,16 0676

Male sex —— 12 09,15 0.143
Vaccinated —— [ 05 03,0.7 <0.001
Reinfection | —o— 16 11,22 0.006
Diabetes +—o— 13 09,19 0.100
Hypertension —— 12 09,16 0.268
Daily smoking —— 14 09,21 0093
Depressive symptoms —eo— 13 1.0,1.7 0.046

DIsLI Qt 1.0
a2 —e— 19 14,28 <0.001
a3 —e— 16 11,24 0027
Q4 — 20 14,30 <0.001

Setting Urban 10
Rural 09 06,12 0431

Education Primary or less ® 10
Secondary —— 12 08,18 0.306
High school or technical —e— 09 06,15 0.788
University or higher . 08 0513 0.380

05 1.0 30
RR

Fig. 4: (A) Fixed effects log-binomial regression model with robust standard errors adjusted by survey weights for prediction of post-acute
sequelae of SARS-CoV-2 symptoms (PASC) identified by a PASC score >12, and (B) the presence of any persistent COVID-19 symptom
amongst Mexican adults enrolled in ENSANUT 2022. All results are presented as Relative Risks (RR) with their corresponding 95% confidence
intervals. Abbreviations: DISLI, Density-independent social lag-index; Depressive symptoms: Moderate to severe depressive symptoms identified

by the Center for Epidemiologic Studies Depression Scale.
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Fig. 5: (A) Prevalence of incapacitating symptoms amongst patients with persistent post-COVID-19 sequelae disaggregated by PASC scores
using a 12-point threshold. (B) Fixed effects log-binomial regression model adjusted by survey weights for prediction of debilitating PASC
symptoms amongst Mexican adults enrolled in ENSANUT 2022. Abbreviations: PASC, Post-acute sequelae of SARS-CoV-2 infection; Depressive
symptoms: Moderate to severe depressive symptoms identified by the Center for Epidemiologic Studies Depression Scale.

symptom clusters, warranting further evaluations in
future studies. Using the NICE definition* we identified
a PASC prevalence of 5.51% amongst SARS-CoV-2 N-
protein seropositive Mexican adults and 21.21%
amongst cases with previously diagnosed COVID-19.
PASC-NICE was associated with increasing number of
SARS-CoV-2 reinfections, moderate to severe depressive
symptoms and living in states burdened by socio-
demographic inequalities. Despite slightly higher
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PASC-NICE prevalence for females in our study, no
significant association between sex and PASC-NICE was
confirmed in multivariate models. We also confirm
previous reports that COVID-19 vaccination and infec-
tion during periods of Omicron variant predominance
decreases the risk of severe forms of PASC.>**° Notably,
over 28.6% patients with PASC reported persistence of
symptoms >6 months and over 14.06% reported inca-
pacitating symptoms, a subset which will likely require a
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Fig. 6: (A) Bubble plot of symptom cluster frequency derived from hierarchical clustering of persistent SARS-CoV-2 symptoms in patients with
PASC, and (B-E) radar plots displaying the prevalence of persistent symptoms and disability across all four clusters. Abbreviations: WTL: Weight
loss; LoA: Loss of Appetite; Kidney-D: Kidney disease; Sleep-D: Sleep disorders; GIS: Gastrointestinal symptoms; P-E malaise: Post-exertional
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multidisciplinary approach to reduce disability.”’ Inca-
pacitating PASC symptoms were associated moderate to
severe depressive symptoms, SARS-CoV-2 reinfections
and socio-demographic inequalities as proxied by DISLI.
Notably, our study also showed that PASC scores >12
may detect individuals with more severe PASC pheno-
types, and those who have a higher burden of PASC
related disability.

A previous systematic review identified that
approximately 72.5% of individuals previously infected
by SARS-CoV-2 experienced post-acute sequelae.’” This
is higher than the observed 56.52% prevalence
amongst individuals with previously diagnosed
COVID-19 reported in our study and with the even
lower estimate amongst SARS-CoV-2 seropositive
adults. A previous study using data from ENSANUT
2020 reported that amongst SARS-CoV-2 seropositive
individuals who recovered from COVID-19, 15.7% re-
ported unspecified sequelae.”” According to estimates
from a multi-country meta-regression study, persistent
fatigue and bodily pains were the most common PASC
presentations, followed by ongoing respiratory prob-
lems; this agrees with our findings from cluster anal-
ysis, albeit with different symptom combinations
which may be due to differences between studies.** In
the US, reports of PASC prevalence for cases with

previously diagnosed COVID-19 were 18.9% in 2022,
which were similar to estimates from our study.
Interestingly, although PASC prevalence been reported
to decline in recent months in the US, rates of
disability remain alarmingly high.** A previous survey
of Latin American countries reported a PASC preva-
lence of 48% amongst previous COVID-19 survivors
with over a third reporting debilitating symptoms.*
And a study of survivors of severe COVID-19 in
Brazil reported up to 61% of cases developing persis-
tent sequelae after SARS-CoV-2 infection.”* As now
shown in the Mexican context by our results, there is a
need to gather population-based data which allows to
unravel the complex dynamics of PASC in low-and-
middle income countries, particularly with the associ-
ation between socio-demographic inequalities with
PASC and debilitating PASC symptoms observed in
our study.

Similar to our findings, previous reports from the
UK showed that individuals with PASC clustered in
areas of higher socioeconomic deprivation,”” indicating
that structural determinants of health may influence the
incidence and natural history of chronic debilitating
diseases including chronic fatigue syndrome, myalgic
encephalitis and PASC.*** Our findings are also in
agreement with previous data supporting that SARS-
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CoV-2 reinfections increased the risk of PASC, irre-
spective of predominant variant; nevertheless, lower risk
of PASC has been consistently associated with in-
fections caused by the Omicron compared to previous
circulating variants.***' These findings have also been
confirmed in children, in whom infections with the
Omicron variant less commonly associated with
PASC.">* Finally, the higher rate of moderate to severe
depressive symptoms, brain fog and self-reported anxi-
ety in PASC corroborate with reports that viral persis-
tence in neural tissue, neuroinflammation and blood—
brain barrier dysfunction may underlie the long-term
neuropsychiatric sequelae reported in SARS-CoV-2
convalescent individuals after recovery from acute
infection.”">*“* Furthermore, decreased resilience and
impaired homeostatic reserve might be underlying
mechanisms linking anxiety and depression with the
development of PASC and subacute COVID-19.9# It is
speculated that increased inflammatory responses and
an inadequate adaptation of the hypothalamic—pituitary—
adrenal axis to hypocortisolemia after acute SARS-CoV-2
infection may underlie the occurrence of symptoms
related to brain fog, post-exertional malaise, and
neuropsychiatric symptoms, including anxiety and
depression in PASC,>****° which often last the longest
in patients with persistent COVID-19 symptoms.'*”!

Strengths and limitations

Our study had several strengths including a nationally
representative sample of individuals with assessment
of SARS-CoV-2 N-protein seropositivity, previously
diagnosed COVID-19 and reports of long-term
sequelae. Furthermore, we were able to assess risk
factors related to state-level sociodemographic in-
equalities, vaccination, reinfection, and predominant
variant at the time of infection to explore correlates of
PASC in a representative sample of Mexican adults.
However, some limitations must be acknowledged to
adequately interpret our results. Since the definition of
PASC is still evolving, we applied two main definitions
based on the NICE consensus and a recent definition
based on a symptom score*’; however, we were unable
to consider many symptoms and post-COVID-19 con-
ditions reported in other studies including palpita-
tions, chronic thirst, decreased sexual desire or
capacity, abnormal movements, new-onset diabetes,
and cardiovascular events, some of which have previ-
ously been reported for cases recovered from severe
COVID-19 in Mexico."* We should also acknowledge
that no comparison group was implemented to discern
symptoms not directly related to PASC as it has been
done in previous studies’’; notably, this prevented us
from implementing the WHO definition based on
Delphi consensus outlined in Table 1, as there was no
formal ascertainment to exclude alternative causes of
persistent symptoms after COVID-19. Furthermore,
since previously diagnosed COVID-19 required
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diagnosis by a physician, it is likely that using this as
the only proxy of previous infection may lead to pri-
oritize moderate to severe COVID-19 over asymptom-
atic  SARS-CoV-2 infection, leading to an
overestimation of PASC prevalence for cases with
previous diagnosis of COVID-19. To overcome this, we
used SARS-CoV-2 N-protein seropositivity as a proxy of
previous SARS-CoV-2 infection given the high rates of
undetected asymptomatic SARS-CoV-2 infections in
Mexico; however, persistent symptoms were not
interrogated for cases without prior diagnosis of SARS-
CoV-2, thus leading to a potential underestimation of
symptom prevalence in this population.'®** Notably, a
subset of participants who received the CoronaVac
inactivated virus vaccine may display seropositivity
despite not having been previously infected, this rep-
resents 9.44% (95% CI 10.63-11.97) of the total SARS-
CoV-2 N-protein seropositive population.”*** To
address this, we also conducted an analysis excluding
individuals who received with CoronaVac and in-
dividuals who had COVID-19 previously diagnosed by
a physician, obtaining largely similar results with
slightly lower prevalence estimates (Supplementary
Figure S9). Finally, although the observed associa-
tions are consistent with data from previous studies, its
observational nature precludes us from making tem-
poral associations with the onset of PASC, which
require further longitudinal studies to further support
these findings in Mexican population.

Conclusion

We report a prevalence of PASC-NICE of 4.67% in the
general population, affecting 21.21% of individuals with
previously diagnosed COVID-19. In general, over
12.44% of Mexican adults report at least one persistent
COVID-19 symptom meeting the PASC-CDC defini-
tion, with the most common being fatigue, musculo-
skeletal pain, headache, cough, loss of smell or taste,
and fever. PASC prevalence increased with age and was
more common in females; severe PASC was less
frequent for cases infected during periods of Omicron
variant predominance and in vaccinated individuals in a
dose-dependent manner but was more common in in-
dividuals with at least one detected SARS-CoV-2 rein-
fection. Moreover, prevalence of PASC increased in
states with higher marginalization, particularly in urban
settings. Of note, over 14.05% of participants affected by
PASC reported trouble in everyday physical functioning,
highlighting the disabling nature of persistent symp-
toms and indicating a need to implement multidisci-
plinary teams for patient treatment in Mexico. Further
studies are required to characterize the epidemiology of
PASC in Mexico using standardized definitions and
with longer follow-up in order to identify strategies to
mitigate its long-term impact in physical functioning
and quality of life as SARS-CoV-2 transitions into
endemicity.
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