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Abstract

Objective: To evaluate the associations among post-coronavirus disease 2019 (COVID-19) prevalence;
risk factors and comorbidities have not been firmly established within a university outpatient population.
Patients and Methods: Records from 881 COVID-19 outpatient patients (504 females [57.9%] and 366
males [42.07%]), most of whom were between 30 and 40 years of age (mean=37.3 years old; 95% CI,
36.5-38.2), with initial infection data from February 2020 to August 2022 were reviewed once, whereas
the survey took place during 2 different moments during the pandemic. The first period (April 20, 2021,
to June 21, 2021) yielded 279 responses, whereas in the second period (June 23, 2021, to October 4,
2021), 602 responses were recorded. The instrument used contained 20 questions across 3 main domains:
general information, data related to infection and adverse effects, and service satisfaction experience.
Results: All the patients were positive for immunoglobulin G antibodies against nucleocapsid by the third
week. Post-COVID-19 symptoms arose at least 2 weeks after recovery from the initial illness; 654 in-
dividuals reported at least one symptom after the acute COVID-19 period, for a post-COVID-19 preva-
lence of 74.96%. The most frequent symptoms were fatigue (84%), headache (71%), and difficulty
concentrating (71%). More than 60% of participants reported at least one comorbidity, among which the
most common ones were obesity (35.9%), smoking (17.5%), and hypertension (12.2%).

Conclusion: In this study, we assessed post-COVID-19 prevalence among outpatients and found that
comorbidities were strongly related to consequences impacting quality of life and mental health burden.
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cute manifestations caused by infec-
A tion with severe acute respiratory

syndrome coronavirus 2 (SARS-
CoV-2) vary widely among individuals,
ranging from asymptomatic to atypical pneu-
monia and acute respiratory distress syn-
drome, leading to death by multiple organ
failure.'” However, soon after the commence-
ment of the SARS-CoV-2 (coronavirus disease
2019 [COVID-19]) pandemic, a substantial
proportion of patients who recovered from
the disease experienced postacute manifesta-
tions of unknown cause, varying in intensity
and duration.” "

As homeostasis is reset, postacute condi-
tions after several infections take place in the
form of specific syndromes, such as fatigue
syndrome after Q fever from Coxiella burnetii
or chronic fatigue or myalgic encephalomy-
elitis associated with viral infections such as
AHINTI influenza, chickenpox or herpes zos-
ter, and some enteroviruses. In addition,
nonspecific  manifestations  have  been
described in multiple postinfections of micro-
organisms, such as dengue virus, Ebola virus,
Epstein-Barr virus, and Giardia lamblia.'” In
particular, Epstein-Barr virus (and, to a lesser
extent, herpesvirus type and cytomegalovirus)
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is universally latent worldwide, although sero-
conversion age'’ and sex differences,'” and
geographic hotspots have been acknowledged
for some time. Of coincidence, in several high-
ly endemic countries in Africa'” and Latin
America,'© its detection rate in lymphoblastic
tumors seems to be greater than that in
Europe.'” Whereas it is also active in tonsillitis
in the Mexican population,'® recent evidence
has suggested that Epstein-Barr virus is associ-
ated with multiple sclerosis (anti-EBNA1
immunoglobulinG titer-mediated risk)!? and
myalgic encephalomyelitis,”” both of which
share demographic and clinical features with
post-COVID-19, which might result from
reactivation and cross-talk,”! leading to an un-
balanced immune response, worsening the
symptoms of acute COVID-19 disease (and
vice versa) or increasing the risk of developing
post-COVID-19, especially in its early
stages.”””" Further research is needed to
determine the utility of joint analysis for the
presence of herpes viruses in the identification
of patients at risk of developing post-
COVID-19.

The aforementioned coronaviruses that
cause severe disease in humans, SARS-CoV-
1° and MERS,"” are also related to persistent
postinfection symptoms, mainly neuromus-
cular and neuropsychiatric manifestations
partially explained by major disease severity;”
however, in a major number of post-COVID-
19 cases, symptoms appear regardless of the
severity of the acute infection. Mainly a new
and neglected condition, in low-income and
middle-income countries,”” the lack of treat-
ment precludes worse symptoms and
sequelae,20 whereas valuable information
regarding the prevalence, sex ratio, and risk
factors for developing remission or death in
different genetic backgrounds has not been
reported.'”

In that respect, post-COVID-19 identifica-
tion of previous risk conditions among ambu-
latory patients is highly relevant to health
systems to address burdens and allocate re-
sources to cope with disability, because at least
1.5% of COVID-19 survivors worldwide (esti-
mated to be 669,728,000 as of April 2024),”"
will experience long-lasting symptoms.

As of July 25, 2023, in Mexico, 6,885,378
recovered COVID-19 cases had been recorded
by Consejo Nacional de Humanidades,

Ciencia y Tecnologia through data from the
General Office of Epidemiology.””

Various definitions and terms have been
proposed for post-COVID-19, but they are
all in agreement regarding the presence of
symptoms unexplained by other causes after
COVID-19 102932

Owing to the heterogeneity of the various
definitions, in this study, we used the conser-
vative post-COVID-19 definition provided by
the Centers for Disease Control to refer to
the syndrome or conditions starting 4 weeks
from the start of the initial infection (Table 1).

In Mexico, the National Survey of Health
and Nutrition 2021 (ENSANUT 2021) is con-
ducted each year to assess national public
health, covering more than 12,619 homes;
therefore, we obtained ENSANUT data on
men and women aged 20 to 60 years or older
with diabetes or hypertension, among whom
35% declared that their parents suffered
diabetes or hypertension. The risk factors
and comorbidities observed in our study
population at the time of SARS-CoV-2 infec-
tion diagnosis are shown in Supplemental
Figure (available online at http://www.mcpiqo
journal.org).

The aim of this study was to evaluate the
associations among post-COVID-19 preva-
lence, risk factors, and comorbidities within
a university outpatient population.

TABLE 1. Demographic Characteristics of the
Population

Total 870 N % Mean 95% Cl
Sex

Female 504 579

Male 366 42.1
Type

Student 365 43.6
Worker 472 56.3

Age () 37.6 36.5-38.2
<8 7 08
18-29 297 34.1
30-39 179 20.6
40-49 221 254
50-59 137 158
>60 29 33
Hospitalization
Yes 24 2.8
No 846 973
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PATIENTS AND METHODS

From March 2020 to June 23, 2022 (the last
cutoff date was completely recorded), the Cen-
ter for the Diagnosis of SARS-CoV-2 for the
UNAM community evaluated 11,464 patients;
within the evaluation was a survey concerning
medical history, such as previous infection
with SARS-CoV-2. As a result of the increasing
number of reports of the lingering effects of
the disease beyond acute infection, ™" ! a
tool was implemented to evaluate these
continued effects in our population. For this
purpose, a 20-question instrument was
designed for the collection of information
along 3 main domains: general information
(name, student or worker profile, age, and
address), information about the infection,
and secondary effects (date of initial infection,
predominant symptoms, type of ambulatory
or hospitalization care, medications used,
whether oxygen was applied, postrelease
symptoms, time to recovery from symptoms,
taste or smell alterations, and postinfection
rehabilitation), and third, experience in the
clinic. Finally, once the national vaccination
program against SARS-CoV-2 began in Mexico
(December 24, 2020), 3 more questions
regarding adverse reactions to the live attenu-
ated vaccine were added. The instrument was
made accessible through a QR code, which
was distributed through invitation mail or tele-
phone calls or posters located in the evaluation
offices for patients, to address patients who, at
least 1 month before, had a SARS-CoV-2 infec-
tion confirmed by reverse transcription—
polymerase chain reaction in the university
clinic. From this population, patients who
agreed to complete the survey were recruited.
The data were collected through the Survey
Monkey platform, and analysis was performed
by Microsoft Excel. Because the survey
collected retrospective information at a single
moment after a previous infection, this study
is considered retrospective cross-sectional;
therefore, the analysis of risk factors by the
odds ratio (OR) as a measurement of associa-
tion was justified, whereas score matching
analysis identified relative weights over clinical
evolution and addressed confounding variable
effects by XLSTAT premium, version
2024.2.2, 1422. Finally, all the patients under-
went rapid serologic testing 30 days after the

onset of infection. The above research was
approved by the IEC (Research and Ethics
Committees at the Faculty of Medicine,
UNAM [FMED/CEI/MHU/012/2020]). All
participants gave their written informed
consent before sample collection.

RESULTS

In the first data collection period (April 20,
2021, to June 21, 2021), 279 individual sub-
ject responses were recorded, whereas in the
second period (June 23, 2021, to October 4,
2021), which included a vaccination question,
we observed an increase in responsiveness,
resulting in 602 responses recorded, for a total
of 881 completed surveys. Desegregated data
revealed that 57.9% of the respondents were
women (504), whereas men contributed
42.07% (366) of the survey information
(Figure 1); the mean age was 37.3 years
(95% ClI, 36.5-38.2), with 80% of the survey
participants in their 30s and 40s (Table 1).

Among the patients surveyed, 97% (846)
were treated as outpatients, whereas only 3%
required hospitalization. All patients were pos-
itive for immunoglobulinG antibodies against
nucleocapsid from the rapid serologic test.
With respect to the presence of post-COVID-
19 symptoms at least 2 weeks after recovery
from the initial disease, 654 people reported
at least 1 symptom after the acute COVID-19
period, for a 74.96% prevalence of post-
COVID-19 symptoms.

In terms of complaints, the most frequent
symptom was fatigue (84%), followed by
headache (61.4%), and difficulty maintaining
focus or brain fog (71%), among 16 other
symptoms (anxiety-depression > insomnia,
> myalgia, > arthralgia with a reported prev-
alence greater than 50%, whereas chest pain >
cough > palpitations, and anosmia occurred
in 35%-20% of the cases). Importantly, the
post-COVID-19 symptom pattern in our pop-
ulation differed from that reported during
acute infection. Although fever, anosmia or
ageusia, and headache were the most prevalent
symptoms during acute infection, insomnia
and palpitations were the hallmark post-
COVID-19 symptoms. However, the preva-
lence of anxiety, depression, and fatigue,
followed by arthralgia, myalgia, and thoracic
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Gender
Women A —o—
Men - F—o—
Comorbilities
None A —e—
At least | e
More than 2 —
Hypertension - —e—
Diabetes type 2 A ——
Obesity p— —
Smokers B —
Asthma - I {
1
0.1 I 10
OR
FIGURE 1. Post-COVID- 9 risk factors. COVID-19, coronavirus disease 2019.

pain increased the most from preintervention
to postintervention (Figure 2).

The incidence of previous infection
(within a month prior) varied slightly during
the pandemic. Although the incidence from
2021-2022 was 73.1%, the maximum inci-
dence (76.1%) occurred in the first wave,
whereas the prevalence rates during the sec-
ond and third waves were 63.2% (o) and
70.7% (A), respectively . Even when only
cases in which the variant became dominant
(Consejo Nacional de Humanidades, Ciencia
y  Tecnologia Vigilance Committee of
SARS-CoV-2 variants”’ and from the Global
Initiative on Sharing All Influenza Data variant
database)”" were considered, a XZ test revealed
no significant difference in terms of the pro-
portions with respect to the study total
(Figure 3 and Supplemental Figure [available
online at http://www.mcpiqojournal.org]).

Finally, to identify which risk factors took
prominence  over the occurrence  of
post-COVID-19, comorbidities and  their
possible influence on the development of
post-COVID-19 conditions, such as ORs, are
presented in Table 2, which shows the most
frequent comorbidities assessed in this study.
Over 60% of the participants reported at least
1 comorbidity, whereas the most common
comorbidities were obesity (35.9%), smoking
(17.5%), and  hypertension  (12.2%).
Regarding the analysis of proportions, the
OR was calculated for the prevalence of post-
COVID-19 and revealed that male sex (OR,

0.51; 95% CI, 0.35-0.72) and not having
comorbidities (OR, 0.58; 95% CI, 0.36-0.95)
were post-COVID-19 syndrome protective
factors, whereas female sex (OR, 1.95; 95%
CI, 1.37-2.78) and suffering from at least 1 co-
morbidity (regardless of which comorbidity)
resulted in an increased risk of developing
post-COVID-19 conditions (OR, 1.70; 95%
ClI, 1.05-2.77), which further increased with
2 or more additional comorbidities (OR,
2.46;95% CI, 1.34-4.51) (Figure 1). However,
no comorbidity was significantly associated
with an increased risk of developing post-
COVID-19 when analyzed individually. In
addition, to evaluate the antecedents and
comorbidities  (explicative  variables)  of
COVID-19 in our cohort, a propensity score
matching analysis was performed with recov-
ery of smell as the independent variable. The
model was considered good (area under the
curve=0.7), indicating that age and obesity
were the most important contributing factors,
followed by the need for oxygen during active
infection and hypertension, heart disease, or
asthma status. Chronic obstructive pulmonary
disease, chronic kidney disease, and immuno-
suppression also made minor contributions to
the risk of developing post-COVID-19.

DISCUSSION

Postacute syndrome following SARS-CoV-2
infection manifests predominantly among
women, a finding replicated in various
studies,""”” " with females currently having
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almost double the number of cases as males
near the median age of the population, and
among the youngest individuals (>18 years
of age), an alarming trend toward a wider
health gender gap has been reported among
women with fatigue, anxiety-depression,
insomnia, and extremely debilitating condi-
tions,”” with a growing prevalence that causes
the highest post-COVID-19 burden, at least
with regard to years living with disability.”*”
Fatigue has emerged as the most important
factor in post-COVID-19.""* 40 A system-
atic review of 74 studies performed at the
end of 2021 on individuals with fatigue and
cognitive disability reported a 32% prevalence,
which is surprisingly lower than that reported
in most previous studies (intervals between
30% and 80%),"%%*0 including ours; howev-
er, other systematic reviews reported a preva-
lence of fatigue between 58% and 64%,"
indicating high variability in studies post-
COVID-19, even in meta-analyses. The preva-
lence of anxiety and depression might have
been overestimated; if the symptom preva-
lence is much higher than that reported in

any other study (11%-28%),”° close follow-
up is recommended. However, by using the
Centers for Disease Control definition, our
study allowed us to identify symptoms at an
early phase and endow clinicians with a
post-COVID-19 symptomatic pattern, differ-
entiating it from acute infection in ambulatory
patients. Because the continued secretion of
inflammatory factors, particularly those in

TABLE 2. Prevalence of Previous Comorbidities

Variable Prevalence (%)
None 375
At least | 62.5
>2 27.8
Hypertension 12.2
Type 2 diabetes mellitus 8.1
Obesity 359
Smoking 17.5
Asthma 59
Others 18.4

Others: Comorbidities with less than 5% prevalence.
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FIGURE 3. Post-COVID-19 according to the dominant variant at the time of diagnosis.

brain areas, underlies senescence and neuro-
logic sequelae,”' interventions as early as
possible may be indicated. Pathophysiologi-
cally, a shared mechanism, kynurenine
pathway dysregulation, may be involved in
long-lasting inflammation and Epstein-Barr vi-
rus reactivation after COVID-19. This pathway
is responsible for processing tryptophan into
aryl hydrocarbon receptor ligands and is a ma-
jor source of nicotinamide-adenine dinucleo-
tide, mitochondrial oxidative stress and
inflammatory regulation. Moreover, limited
serotonin production, the last metabolite in
the pathway, and/or accumulation of neuro-
toxic quinolinic acid might be the underlying
causes of depression and persistent headache
in post-COVID-19 patients.”” We previously
reported significant activation of IDO1 (a
limiting step in the pathway) in the saliva of
severe, but not moderate, mild, or control in-
dividuals.™” Because IL6 stimulates IDO1 and
a correlation exists between the kynurenine
or tryptophan ratio and the worst outcomes,
which occur in obese, diabetic, male, and
elderly individuals, this relationship should
be further investigated in the context of
post-COVID-19.

Some other symptoms, such as hair loss
and dyspnea, were not as common in our pop-
ulation (0% and 13%, respectively) when
compared with other studies (24% and 8%-
50%, respectively).””'" A plausible explanation
in the case of dyspnea is that the patients in
our study did not develop critical disease,

given that, as mentioned, most patients did
not require hospitalization during active
infection.

The survey revealed a post-COVID-19
prevalence close to 75%, indicating that the re-
sults of this study are within the higher tier of
the expected range (varying between 40% and
85% in the literature)"*”"* despite being a
single-center survey study, which recruited
almost entirely (97%) outpatient patients.
Mexico is at an advanced epidemiological tran-
sition, and the 2022 National Survey of Health
and Nutrition (ENSANUT-2022), which is
representative of a state scale, revealed a
23.7% prevalence of diabetes and a 28.4%
prevalence of hypertension, whereas 19.1%
of respondents were smokers (one to more
than 20 cigarettes a day),” all behaviors or
conditions constituting risk factors for post-
COVID-19 conditions.” Another contribution
from our cohort, in addition to confirming the
increased risk associated with female sex, is
the additive probability from each comorbidity
to post-COVID-19 risk among Mexican outpa-
tients. The diamond forest plot shows an
increased risk of asthma, 2 or more comorbid-
ities, >female sex, >obesity, >HAS, and type
II diabetes mellitus. With respect to smoking,
the results agree with those of Ploubidis
et al,"” who did not report effects of tobacco
use,™ heart rate, or years of disability caused
by type II diabetes mellitus among men and
7.2% among women over the past 27 years
in Mexico City.
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Finally, despite the suspected weight of
spike protein mutations over time (March
2020-July 2022), the possible effects of pre-
dominant circulating SARS-CoV-2 variants
were insignificant, despite common knowl-
edge of omicron causing post-COVID-19. An
important limitation of our study is that corre-
lations with variants (or lack thereof) cannot
be determined by sequencing RNA from
cohort isolates but rather by national epidemi-
ologic follow-up of variants of interest. Among
the possible explanations for our results are
the circulation of less virulent variants, previ-
ous exposure, and a high rate of vaccination
among patients.

CONCLUSION

Long-term symptoms and sequelae from
COVID-19 appear at the border of active
infection, as a new addition to the chronic dis-
ease burden; a clear relationship between the
number of COVID-19 cases and disease risk
means that an opportunity gap widens with
respect to women and the disadvantaged.
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