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Summary The Lancet Regional
Background Emerging research indicates growing concern over long COVID globally, although there have been :e~alt:0_2:?2'.l5t.h:;(s);95
limited studies that estimate population burden. We aimed to estimate the burden of long COVID in three districts of o o
Haryana, India, using an opportunity to link a seroprevalence study to follow-up survey of symptoms associated with
long COVID.
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Methods We used a population-based seroprevalence survey for COVID-19 conducted in September 2021 across

Haryana, India. Adulis from three purposively selected districts (Rohtak, Gurugram, and Jhajjar) were eligible to
participate; 2205 of 3213 consented to participate in a survey on health status. Trained investigators administered
a structured questionnaire that included demographic characteristics, self-reported symptoms of illness in the last
six months before the survey, mental health, and history of COVID-19.

Findings Unadjusted regression estimates indicated positive correlations between symptomatic complaints and
COVID-19 exposure, suggesting lingering effects of COVID-19 in this population. The overall physical morbidity
index was higher among those who tested positive for COVID-19, as was the incidence of new cases. However,
both morbidity and incidence became statistically insignificant after adjustment for multiple comparisons. Cough
emerged as the only statistically significant individual persistent symptom. Sex-stratified analyses indicated
significant estimates only for physical morbidity in women.

Interpretation This study is one of the first from India that uses a large population-based sample to examine longer
term repercussions of COVID infections. The burden of long COVID should primarily be addressed in clinical
settings, where specialised treatment for individual cases continues to evolve. Our analyses also provide insight
into the size and nature of studies required to assess the population-level burden of long COVID.
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Research in context

Evidence before this study

To guide our work in India, we first undertook an
(unpublished) review of literature to assess the prevalence of
region-specific long COVID (LC) among adults worldwide. Our
rapid assessment of available literature published between Jan
1, 2019 and July 31, 2022 was sourced from nine databases:
WHO COVID-19 Global literature on coronavirus disease,
PubMed, Ovid Medline, Ovid Embase, Cochrane, ScienceDirect,
Scopus, Web of Science and CINAHL. Secondary research
papers (including systematic reviews and meta-analyses),
commentaries, individual case reports or case series, pre-
prints, editorials, theoretical or discussion papers, opinion
papers or non-peer-reviewed abstracts or conference
publications, news articles, grey literature, and animal studies
were excluded. Studies published in a language other than
English were excluded from the review and we utilised the
STROBE framework.

Most studies published were from Europe, the Americas and
few from Asia (six studies from India). Many of these studies
report evidence on LC across multiple organ groups such as
chest pain, cognitive impairment, dizziness and nausea etc.
Prospective, short-term studies amongst COVID-19 diagnosed
cases have helped define the symptoms of LC, as well as
suggest associated risk factors. The majority of the studies
related to COVID-19 have varied in sample sizes, loss-to-
follow-up rates, and have used a variety of comparator
groups, from none at all to finely grained comparisons with
patients who were diagnosed with influenza during the same
time or patients who were in intensive care units prior to
COVID-19.

Introduction
Three years into the COVID-19 pandemic, evidence
from a range of settings suggests that many patients
report suffering from the long-term consequences and
complications of COVID-19 infections." In the subset
of patients who did not need hospitalisation, some
symptoms have persisted beyond the 4-week acute
COVID-19 period and all COVID-19 patients are at risk
of post-acute sequelae of COVID-19 or post-acute
COVID syndrome, more commonly referred to as
‘long COVID (LC).** Epidemiological studies to
examine the prevalence, risk factors and experience of
LC use varying terminology to define LC [Panel 1].
The authors conducted a review of LC studies pub-
lished through July 31, 2022. Many of these studies
report evidence of LC affecting multiple organ groups
example chest pain, cognitive impairment, dizziness,
and headache. For instance, a meta-analysis of 41
studies reported that 43% of patients who reported
COVID-19 suffered from some sort of post-acute
sequelae (pooled prevalence 0.43 [95% CI 0.39-0.46]).°

Added value of this study

This study examined long COVID symptoms that persisted
over six months in Haryana, India. Our two-staged study
linked seroprevalence data to self-reported symptoms in a
representative population sample, with measures to limit
response bias. It expands the largely clinical evidence base by
providing population-level estimates, as well as contributes
findings from India, where there has been limited research on
LC. Our findings indicate evidence for persistent cough
associated with previous COVID infection, with higher risk
amongst women. However, our study was insufficiently
powered to detect associations between prior COVID
exposure and other conditions. If further studies of LC
prevalence in the population are required, significantly larger
sample sizes will need to be deployed, and a study design that
can compare multiple categories of symptoms and associated
persistent morbidity in seropositive individuals will be needed.

Implications of all the available evidence

In the absence of administrative data, understanding the
population-level burden of LC requires very large population
surveys that capture a range of morbidity data with clear
comparison groups. Population-based estimates of symptoms
six months after infection with the delta variant in India
suggest that public health strategies in settings with low
prevalence of persistent symptoms can focus on clinical or
individual treatment strategies that account for potentially
higher risk amongst women. In light of wide vaccination
coverage and multiple waves of COVID-19 exposure,
understanding LC further calls for continued investment in
targeted studies to examine its clinical manifestations and
inform appropriate interventions.

The same meta-analysis reports an estimated preva-
lence of post-COVID-19 conditions of 0.34 (95% CI
0.25-0.46) among those who were not hospitalised.
Another study (pre-print) estimates that globally, in 2020
and 2021, 144.7 million (95% uncertainty interval [UI]
54.8-312.9) people suffered from one or more of the
three symptom clusters (fatigue, respiratory and cogni-
tive) of LC.® This study also estimated that nearly 40
million people, in India alone, experienced and reported
symptoms related to LC. Factors associated with risk of
LC include biological sex (females are at greater risk),
minority status, socioeconomic deprivation, smoking,
and a wide range of comorbidities including obesity,
hypertension, and diabetes, based on self-reported
symptoms amongst patients.” For those who were hos-
pitalised and/or endured extended stays in intensive
care unit (ICU), these symptoms were more prevalent
and more severe.* A recent study in Bangladesh by
Afroze and colleagues’ noted that manifestations of
post-acute COVID syndrome (or LC) decreased signifi-
cantly over time in the hospitalised participants, while
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Panel 1: Definitions of Long COVID (LC) and included
symptoms.

a) NICE definition: The British National Institute for Health
and Care Excellence (NICE) describes LC as the persistence
of symptoms for at least 12 weeks after onset.?

b) WHO definition: The WHO defines LC symptoms as
those that last for a slightly shorter period (2 months).*

Common symptoms of LC reported include fatigue,
shortness of breath, cognitive dysfunction but also others
and generally have an impact on everyday functioning.
Less severe systemic manifestations of LC include fatigue,
intermittent low-grade fever, breathlessness, cough, chest
pain, palpitations, dysfunction in taste and smell, headache,
gastroenterological disturbance, joint pain, myalgia,
weakness, insomnia, pins and needles sensation, diarrhea,
rash, hair loss, imbalance, and inability to walk,
neurocognitive issues like memory and concentration
problems and deteriorated quality of life. Other less
frequent but potentially more severe symptoms may
include increased resting heart rate, myocarditis, stroke,
arrhythmia, diabetes mellitus, reduced pulmonary capacity
and pulmonary fibrosis, hepatic dysfunction, renal failure,
hearing loss, anxiety, depression, insomnia, and mood
disorders.

some findings, such as the prevalence of dyspnea,
tachycardia, depression and anxiety disorder, and post-
traumatic stress disorder remained unchanged among
the non-hospitalised group. Peripheral neuropathy
increased significantly over time in both groups.
Another study from north India highlights that hypo-
thyroidism and vaccination post-recovery from COVID-
19 have been found to be strong determinants of LC."

Short-term prospective studies amongst COVID-19
diagnosed cases have helped define the symptoms of
LC, as well as suggest associated risk factors. However,
studies have varied in sample sizes, loss-to-follow-up
rates, and studies have used a variety of comparator
groups, from none at all to finely grained comparisons
with patients who were diagnosed with influenza during
the same time or patients who were in ICU prior to
COVID-19.”

Moreover, studies with large sample sizes have pri-
marily come from the UK and the USA and have used
electronic health records to study the trajectories of
millions of patients. The lack of such administrative
data in low-income and middle-income countries raises
the issue of global imbalance in the research on COVID-
19.” In India for instance, five prospective cohort studies
(3 from south India and 2 from Delhi)"*""” have esti-
mated the prevalence of LC thus far. All the studies
relied on telephone interviews for self-reported data
collection of symptoms from previously hospitalised
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patients and two studies collected some additional in-
person data on complex symptoms (e.g. heart or brain
function related). None of the five studies were popu-
lation based or recruited a comparison group. Sample
sizes varied from 57 to 1234 adults and loss-to-follow-up
(LTFU) ranged from 13% to 100%. These studies sug-
gest that fatigue was the most reported post-acute
sequalae of COVID-19, with prevalence varying from
5% to 32% across the studies. Another study, from
north India among 2760 health workers, with a primary
outcome of vaccine effectiveness against COVID-19
during the second wave in India, reported that ~27%
of persistent health issues (follow up of more than 2
months) were related to infection with COVID-19 (post-
vaccination)."

Towards developing a better understanding of LC
symptoms in a population-based study, this study aimed
to estimate the population prevalence of persistent LC
symptoms in Haryana, India. We used in-person sur-
veys as a follow-up with individuals who had partici-
pated in a seroprevalence survey in April 2022. Because
the studies conducted to date in India come from rela-
tively small samples without comparators, we view this
paper as an exploratory study on measuring the popu-
lation burden of long COVID and include a discussion
of implications for future research.

Methods

Setting

This cross-sectional study was conducted in three dis-
tricts of Haryana, India. Haryana is one of India’s
wealthier states and is ranked 11th in the national index
of health performance by the NITI Aayog, the Govern-
ment of India’s public policy think-tank.” The state’s
population of ~26 million is 65% rural, with 81% lit-
eracy amongst men and 60% amongst women. The
second wave of COVID-19 in Haryana reported spikes
up to 15,786 daily new cases on May 4, 2021, after which
cases began to decline (Fig. 1). Approximately ~80% of
total positive cases were asymptomatic based on the
government report [19]. In this context, seroprevalence
surveys may provide an accurate estimate of the popu-
lation exposed to infection with SARS-CoV-2, including
asymptomatic individuals. In September 2021, the
Government of Haryana conducted a population-based
seroprevalence study through testing anti-spike anti-
bodies. Vaccination coverage across Haryana’s districts
at that time point are shown in Supplementary Fig. S1."

Survey

We selected three districts, Rohtak, Jhajjar and Guru-
gram using non-probabilistic sampling, to conduct a
follow-up survey to estimate prevalence of symptoms
associated with LC. These districts were selected for
logistical convenience for the lead institute based in
Rohtak. In these three districts, 2597 of 3213 (81%; 95%
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COVID-19 IN INDIA : TRAJECTORY OF CASES AND DEATHS
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Fig. 1: COVID-19 in India: trajectory of cases and deaths. Data from Our World in Data (ourworldindata.org). Source: Our world in data

(ourworldindata.org).

CI: 79-82) individuals tested seropositive in September
2021 (Rohtak: 87.3% [95% CI: 84.8-89.5]; Jhajjar: 72.8%
[95% CI: 69.9-75.5]; Gurugram: 82.9% [95% CI:
80.9-84.8]). By basing our sample on those with known
seropositivity, the original idea behind our survey was to
use the seronegative individuals as a potential compar-
ison group.

For the follow-up survey, we contacted all adults who
participated in the seroprevalence survey, irrespective of
COVID-19 status, except for pregnant and lactating
women. The survey was conducted in April-May 2022.
All participants provided written or thumbprint consent
to participate in a survey on their health status. Trained
investigators administered a structured questionnaire
that included demographic characteristics, self-reported
symptoms of illness in the last six month before the
survey, mental health and COVID-19 history including
vaccination.

One issue that all self-reported surveys face is that
the recipient’s reports change depending on their belief
of the nature of the survey.”” This follow-up survey was
therefore de-linked from the seroprevalence survey in
two ways. First, questions on COVID-19 were presented
at the end of the survey, so that respondents’ COVID-19
related answers could not have biased their responses to
the general health questions. Second, we recruited a

new team of investigators who were not linked to the
seroprevalence team. Investigators and analysts were
blinded to seroprevalence status until the final analysis.
The study was reviewed and granted ethics approval
(BREC/21/98) dated Oct 5, 2021 by the Biomedical
Research Fthics Committee (BREC) Pandit Bhagwat
Dayal Sharma, Post Graduate Institute of Medical Sci-
ences (PGIMS/UHS), Rohtak institutional review board.

Exposure and outcome measures

This survey investigated the possible long-term effects
of COVID-19 exposure, including positive antibodies
(SARS-CoV-2 anti-spike antibodies using Chemilumi-
nescent immunoassay assay kits [Siemens] were tested
during the seroprevalence study), self-reported positive
COVID-19 test history, and self-reported hospitalisation.
The study checked physical morbidity, mental health
and depression, and occurrence of new diseases. In the
physical morbidity group, we include a set of eight
symptoms: fever, anosmia (loss of smell), fatigue or
body pain, digestion, ear/nose/throat (ENT) or respira-
tory or influenza like illness symptoms, heart, cough,
and urinary symptoms (Supplementary Table S1). The
mental health and depression outcomes include a
standard battery of 12 questions from the General
Health Questionnaire (GHQ-12)*' regarding mental
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health, such as difficulty sleeping, difficulty concen-
trating, feelings of worthlessness and lack of pleasure in
daily activities. Each was rated on a Likert-scale from 1 to
4, where 1 is the most positive answer (for example, “I
am not having sleeping difficulties at all”) and 4 the
most negative (‘I am having much more difficulty
sleeping than usual”). Patel and colleagues® reported an
area under curve (AUC) of 0.94 for the GHQ in India for
an International Classification of Diseases Version 10
(ICD-10) depressive episode and GHQ in India had the
most accurate performance of the five questionnaires
they examined. For new diseases, individuals were
asked about new heart conditions (including coronary
artery disease and/or heart failure), diabetes, hyperten-
sion, and pulmonary conditions. “Any new disease” is
an indicator variable that takes the value 1 if the
respondent reports a new disease and 0 otherwise. The
timeframe for this variable was past 6 months.

Statistical methods

We report the prevalence of LC symptoms disaggregated
by sex, and we estimate the associations between expo-
sure to COVID-19 infection and potential LC symptoms.
To do so, we used principal components to produce
summary measures of morbidity and mental health, and
a binary indicator was used to summarise new diseases.
Multivariable logistic regression was used to adjust for
age, sex, and an index of household assets (index com-
prises of the possession of the following: pressure
cooker and colour television). As indicators of exposure,
we use (a) seropositivity, (b) self-reported past COVID-
19 test positivity, and (c) hospitalisation among those
who tested positive. The latter two regressions were also
adjusted for seropositivity status.

Due to many potential outcomes in each of the three
groups (as well as the group of three summary mea-
sures), we evaluate the precision of regression estimates
using two common adjustments to standard analytical t-
statistics and p-values. First, we used the Bonferroni
correction within each group of outcome variables to
calculate adjusted confidence intervals for all point es-
timates. Second, instead of using critical values at the
individual-outcome level, we assessed the statistical
significance of all point estimates using the Benjamini
and Hochberg procedure,” which bounds the false
discovery rate, defined as controlling the expected pro-
portion of false positives within each outcome family at
5%. We also report analytical (unadjusted) standard er-
rors and p-values.

Additional analyses

One of the aims of this exploratory study is to assess the
statistical suitability of our sample size for the effect
sizes we observe and therefore provide guidance for
further potential studies in India on LC. In order to do
so, we characterise the suitability of the data set for the
statistical hypotheses posed in the regression models by
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presenting minimum detectable effects (MDEs) using
the methodology outlined in Bloom* and a desired po-
wer of 80%. For each regression, we also evaluated its
performance against statistical benchmarks using a
simulation approach that tests performance for the
dataset using regression at the current sample size up to
20 times the sample size by duplicating the dataset
repeatedly. In addition to measures of statistical power
and detectable effects that take the data as given and
assume representativeness, we provide statistical as-
sessments of potential bias and power issues under
various potential scenarios regarding loss-to-follow-up.

Role of funding source
The funders had no role in study design, data collection,
data analysis, interpretation or writing of the report.

Results

Of 3213 potential participants identified, 2205 partici-
pated in the survey (69%) (Supplementary Fig. S1). The
most common reason for loss of participants to follow-
up was absence of the individual from the house at
the time of the survey and follow-up attempts. The
sampled population had a median age 42 years. Sixty-
one percent of respondents were women. Sixty-three
percent lived in rural areas. A higher proportion of
men completed at least primary school (85%) compared
to women (63%) (Table 1).

Of 2205 adults, 1816 (82%; 95% CI: 81-84) were
seropositive in the original survey and was 5% lower
among those who were lost-to-follow-up, reaching 781 of
1008 (77%; 95% CI: 75-80). In our sample, 136 of 2203
respondents indicated they had tested positive for
COVID-19 at some point (6%; 95% CI: 5-7), of whom
14 (10%; 95% CI: 6-17) indicated they had been hos-
pitalised for that incident. Eight of 49 (16%) of men who
tested positive were hospitalised, compared to 6 of 87
(7%) of women. Almost all respondents (2166 of 2203;
98%) had received at least one COVID-19 vaccine, and
2025 of those 2166 (93%) of these received a second
dose. Finally, 7 (0.2%) participants reported a second
case of COVID-19, and 3 (0.1%) reported three cases
(not used in further analysis).

Of 136 respondents with a positive COVID test, 1704
(82%) were also seropositive. A similar proportion of
respondents who did not report testing positive for
COVID were also seropositive (112/2067; 82%).
Amongst 1816 seropositive respondents, 112 (6%) re-
ported a positive COVID test; and of 387 non-
seropositive respondents, 24 (6%) reported a previous
positive COVID test. Altogether, 1707 (77%) were
seropositive. Of these, 5% had tested positive (n = 112);
24 (1%) tested positive but were not seropositive; and
363 (16%) had neither COVID-19 indicator. The ma-
jority of reported positive tests were in March—-April
2021 (SARS-CoV-2 delta variant period), although
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separately.

Characteristics (mean, SD) Total (n = 2205) Women (n = 1341) Men (n = 864)
Median Age [IQR] 42.0 [32.0,55.0] 42.0, [33.0, 54.0] 42.0, [32.0.57.0]
Rural residence 0.63 [0.48] 0.65 [0.48] 0.61 [0.49]

Primary Education 0.72 [0.45] 0.63 [0.48] 0.85 [0.36]
Secondary Education 0.16 [0.36] 0.13 [0.34] 0.20 [0.40]

Asset index 0.00 [1.92] -0.02 [1.89] 0.03 [1.96]

Vaccine first dose 0.98 [0.13]; n = 2203 0.98 [0.13]; n = 1339 0.98 [0.12]; n = 864
Vaccine second dose 0.93 [0.25]; n = 2166 0.95 [0.22]; n = 1315 0.92 [0.28]; n = 851
% seropositive 0.81 [0.39]; n = 3213 0.82 [0.38]; n = 1341 0.82 [0.38]; n = 864
% reported a positive test 0.06 [0.24]; n = 2203 0.06 [0.25]; n = 1339 0.06 [0.23]; n = 864
% hospitalised 0.10 [0.31]; n = 136 0.07 [0.25]; n = 87 0.16 [0.37]; n = 49

This table reports the mean and standard deviation of key demographic characteristics, first in the full sample and then disaggregated by gender. For age, median and IQR
are reported rather than mean and SD. Indentation indicates conditionality on the prior characteristic. Where N is not equal to the full survey sample, N is reported

Table 1: Demographic characteristics and COVID-19 status.

some infections were as early as January 2020, and some
as late as June 2022 (Supplementary Fig. S2).

Health and wellness status
Table 2 reports prevalence of illness symptoms, mental
health concerns, and new diseases in the population.

Association between health status and COVID-19
exposure

Fig. 2 presents the main associations between our
outcome measures and the three different measures of
exposure to COVID-19. Supplementary Tables S2 and
S3 report adjusted and unadjusted odds ratios by sex,
and Supplementary Fig. S4 illustrates the unadjusted
relationships between test positivity and seropositivity
against the illness index.

There are three main findings. First, across all
comparator groups, linear regression estimates indicate
positive correlations between symptomatic complaints
and COVID-19 exposure. The overall physical morbidity
index is higher among those who tested positive for
COVID-19 (0.3, unadjusted 95% CI: [0.04 to 0.56)), as is
the incidence of new diseases (0.06, unadjusted 95% CI:
[0.00 to 0.12]). However, both become statistically
insignificant when adjusted for the multiple comparison
using the three indices (indicated as [F1] on Fig. 2).
Cough and loss of smell constitute substantial parts of
the overall difference, and all components except
generic respiratory or influenza-like illness conditions
(ENT) were observed to move in the same direction
among those exposed to COVID-19.

Second, cough is the only individual persistent
symptom with evidence of a correlation after adjusting
for multiple hypothesis testing (cough +9.7 p.p,
adjusted 95% CI: [0.3-19.0]). All other individual
symptoms (indicated as [F2] on Fig. 2) are not statisti-
cally distinguishable from null.

Third, statistical correlations emerged only for
women (Supplementary Tables S2 and S3), and only for

physical morbidity. No correlations emerged for men
after adjusting for multiple hypothesis testing. There is
no evidence that the date of testing had any effect on
these estimates, although the sample of those who
tested positive is very small to draw inferences. The
strongest result was that the risk of persisting anosmia
decreased by 0.02% per day elapsed since testing
positive.

Adjustments for loss-to-follow-up

These estimates do not account for the 31% loss-to-
follow-up (LTFU) between the serosurvey and the
health survey. Given the high LFTU and lack of personal
data collected in the serosurvey, we report estimates
using seropositive status across missing observations.
Linear regression assuming various incidences of cough
(with seropositivity fixed from the serosurvey) across the
missing observations finds an association ranging
between +30 percentage points (p.p.).

Power
We report two ancillary analyses that can inform future
study design. First, we estimate a minimum detectable
effect-size (MDE) close to the coefficient estimate only
for the morbidity index, cough, and anosmia; and only
in the comparison between people who tested positive
versus those who did not. In all other cases, the MDE is
significantly higher than our actual coefficient estimate,
indicating that, in repeated studies of the same size and
outcome variables, the estimates would have large
sample-dependent variability and would not provide
reliable estimates. For instance, the MDE for the new
disease index is +9.7 p.p., which means that given our
sample size, a true effect that size or larger would be
detected in at least 80% of replication studies. However,
we estimated the effect as 5.9 p.p.

Second, required sample sizes with 80% power to
detect the estimated effect, either for individual compo-
nents or for multiple outcomes, are presented in Table 3.
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Total (N = 2205) SD

lliness index (PCA) components (Mean) 0.00
Fever 0.34
Smell 0.08
Tiredness 0.36
Digestion 0.26
ENT 0.37
Heart 0.15
Cough 0.19
Urination 0.10

Depression index (PCA) components (% reporting 3 or 4) 0.00
Concentrate 0.16
Sleep 0.13
Useful 0.07
Decisions 0.09
Strain 0.20
Difficult 0.11
Enjoy 0.14
Problems 0.12
Unhappy 0.17
Confidence 0.08
Worthless 0.05
Happy 0.12

New disease components (Mean) 0.14
Heart related 0.01
Diabetes 0.02
Hypertension 0.06
Pulmonary 0.01
Other new disease 0.07

respiratory or influenza like illness; PCA = Principal components analysis score.

This table reports summary statistics (mean, SD) for the health status elements recorded in the health survey, first in the full sample and then disaggregated by gender. The
illness index and the depression index are principal-components summaries of their component elements, standardized to mean zero in the sample. The new disease index
is equal to one if any new health condition was reported and zero otherwise. All index components are binary (yes/no) responses. ENT = Ear, nose, throat; also known as

Women (N = 1341) SD Men (N = 864) SD
152 0.24 1.62 -0.38 127
0.47 0.38 0.49 0.28 0.45
0.27 0.10 0.31 0.05 0.21
0.48 0.45 0.50 0.22 0.41
0.44 0.28 0.45 0.22 0.42
0.48 0.41 0.49 0.30 0.46
0.35 0.18 0.38 0.10 0.29
039 018 039 0.19 0.39
0.30 0.12 0.33 0.06 0.24
227 0.22 239 -0.34 2.04
037 0.19 0.39 0.13 033
034 0.17 0.38 0.07 0.25
0.26 0.08 0.28 0.06 0.24
0.29 0.11 031 0.07 0.26
0.40 0.24 0.43 0.13 033
0.32 0.13 0.34 0.08 0.27
034 0.16 0.37 0.10 0.30
0.32 0.14 0.34 0.09 0.29
037 0.21 0.41 0.10 0.30
0.27 0.09 0.29 0.06 0.24
0.23 0.06 0.24 0.04 0.19
033 0.14 0.35 0.09 0.29
034 0.17 0.37 0.09 0.29
0.11 0.01 0.10 0.02 0.13
0.14 0.02 0.14 0.02 0.12
0.23 0.07 0.26 0.03 0.18
0.07 0.01 0.08 0.00 0.06
0.25 0.09 0.28 0.04 0.20

Table 2: Self-reported health status, April-May 2022.

Third, for the morbidity index, a power of 80% is
achieved at 2 times the current sample size, as well as
for cough and in comparisons between those who tested
positive for COVID-19 and those who did not. All other
specific symptoms required 4-20 times the study sam-
ple to be considered well-powered. The depression index
achieves only 22% at 20 times the current sample size
and therefore requires very large samples to confirm,
assuming our estimates are accurate.

If a study considers multiple outcomes as hypothe-
ses, required sample sizes become substantially larger
(Table 3). Survey attrition at the levels observed in this
study would further increase the risk of bias and sample
size requirements.

Discussion

This study is one of the first, to our knowledge, to es-
timate the population prevalence of LC symptoms in
India. The study’s unique design of linkage to a prior
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seroprevalence survey allowed for follow-up and anal-
ysis blinded to initial seroprevalence status. While over
80% of the population had COVID-19 antibodies, 6%
reported testing positive for COVID-19 at any point.
This gap is likely due to high prevalence of asymp-
tomatic infection, vaccination-induced antibodies
(Supplementary Fig. S2), as well as low testing and
potentially, stigma associated with reporting a positive
test.

A significant feature of our sample is that there is no
correlation between seropositivity and previously having
tested positive for COVID-19. This suggests that using
previously measured seropositivity in design or analysis
of LC will be difficult in general. Specifically, it will be
very challenging to time any follow-up survey such that
no new infections have taken place since the serosurvey.
As all the symptoms were asked before any questions on
COVID-19 testing, we are confident that our estimates
reflect actual differences in morbidity among those who
tested positive and others.
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Fig. 2: COVID-19 Status associations with current health. Estimated differences across a range of outcomes in the population for three different
measures of exposure to COVID-19. In the top panel, all individuals are included, and the figure illustrates estimated regression coefficients for
the effect of seropositivity. In the second panel, all individuals are included, and the figure illustrates estimated regression coefficients for the
effect of reporting a positive COVID-19 test. In the third panel, all test-positive individuals are included, and the figure illustrates estimated
regression coefficients for hospitalisation. All regressions are controlled for age, gender, and assets, and the second and third panels are
controlled for seropositivity. Confidence intervals (95% Cl) are adjusted using the Bonferroni correction by family (F1, F2). Coloured markers
indicate significant results after the Benjamini-Hochberg procedure with a false discovery rate of 0.05. Black markers indicate 80% minimum
detectable effect sizes for each regression. ENT = Ear, nose, throat; also known as respiratory or influenza like illness.

Our analyses indicate that statistically significant re-
ported long-term persistent effects of COVID-19 in a
population amongst those who reported a positive test
were limited to cough, which was reported by one in
seven respondents who tested positive. Since the test-
positive share is much lower than the 82% who were
seropositive, we assume that this group experienced
symptomatic and perhaps severe infections. This could
indicate that long-term effects were more discernible
among patients that had a symptomatic episode of
COVID-19 infections. Moreover, we find associations
were more pronounced in women, a growing area of
inquiry on the sex-specific effects of COVID-19 and
gendered differences in disease experience.”

Our study design departs from previous studies in
three important ways. First, we use a population-based
sample rather than a specific cohort or clinical setting;
Second, the study limited reporting bias by recruiting a
population sample, rather than a sample based on

COVID-19 status; and third, our study covers a six-
month period (September 2021-March 2022) which
allows us to identify persistent LC. In general, most
studies have shorter follow-up times, ranging from as
low as 28 days—180 days. Our study’s main contribu-
tion is provision of estimates of LC from a population-
based, relatively large sample sized, two-staged study
with robust quality checks with moderate to high
follow-up and participation rates. Our analyses also
provide critical insight into the size and nature of
studies required to assess the population-level burden
of LC.

Based on this study, it does not appear that symp-
toms associated with LC after the period of delta variant
varied based on seroprevalence status. We also found
limited evidence of continuing severe symptoms for
those who had tested positive, although there is clear
evidence of lingering coughs. These results provide
cautious optimism that persistent LC has limited
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Without multiple hypothesis corrections Seropositive Test positive Hospitalised
Effect size  Required multiple  Effect size  Required multiple  Effect size  Required multiple
(N = 2203) (N = 2203) (N = 136)

lliness index (PCA) 0.12 5 0.30 2 0.14 20+

Depression index (PCA) 0.04 20+ -0.03 20+ -0.02 20+

New disease (Proportion) -0.02 6 0.06 2 0.19 3

Fever 0.02 12 0.04 -0.15 7

Smell 0.00 20+ 0.05 2 -0.06 19

Tiredness 0.02 14 0.05 7 0.35 2

Digestion -0.01 20+ 0.03 19 0.00 20+

ENT 0.02 20+ -0.02 20+ 0.04 20+

Heart 0.02 8 0.04 6 0.12 7

Cough 0.04 2 0.10 1 0.04 20+

Urination 0.02 5 0.04 4 -0.13 5

With multiple hypothesis corrections Seropositive Test positive Hospitalised

Effect size Required multiple Effect size Required multiple Effect size Required multiple
(N = 2203) (N = 2203) (N = 136)

lliness index (PCA) 0.12 6 0.30 3 0.14 20+

Depression index (PCA) 0.04 20+ -0.03 20+ -0.02 20+

New disease (Proportion) -0.02 7 0.06 3 0.19 4

Fever 0.02 19 0.04 13 -0.15 12

Smell 0.00 20+ 0.05 3 -0.06 20+

Tiredness 0.02 20+ 0.05 11 0.35 2

Digestion -0.01 20+ 0.03 20+ 0.00 20+

ENT 0.02 20+ -0.02 20+ 0.04 20+

Heart 0.02 13 0.04 9 0.12 11

Cough 0.04 4 0.10 2 0.04 20+

Urination 0.02 7 0.04 7 -0.13 8
This table reports regression results (point estimates) obtained from the regressions of health outcomes on (a) seropositivity; (b) test positivity; and (c) hospitalisation for
those with positive COVID tests. All regressions are controlled for age, gender, and assets, and the second and third panels are controlled for seropositivity. The “Required
Multiple” columns report the number of times larger than the current sample that would be required for the 80% minimum detectable effect of our regressions to reach the
estimated effect size. The first panel does so with all hypotheses treated as independent; the second does so with multiple hypothesis testing corrections. See Fig. 2 for a
graphical illustration of the effect sizes, their uncertainties, and the minimum detectable effects at the current sample size. ENT = Ear, nose, throat; also known as respiratory
or influenza like illness, PCA = Principal components analysis score.
Table 3: Effect sizes and sample size multiples required for 80% statistical power.

prevalence and intensity over six months, in this popu-
lation sample.

A more worrying conclusion, however, is that future
studies will have to invest substantially higher resources
to capture LC symptoms accurately at the population
level. There are three aspects to this that are particular to
LC studies.

First, at the effect sizes we have detected, samples for
future studies will have to be up to 20 times larger to be
sufficiently well powered (for instance, to capture the
impact on depression). At sample sizes smaller than
this, there is a very high likelihood that effects that are
estimated to be significant are exaggerated or even the
wrong sign. For instance, following the method pro-
posed by Gelman and Carlin,” if a study is carried out
with a sample size of 4400 individuals (twice the current
sample size) and a significant effect is found for the
depression index, the likelihood that the estimated effect
has the wrong sign is 6.1%; and statistically significant
results are exaggerated on average by a factor of 5.4.
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Second, the LTFU in current studies from India
ranges from 13% to 100%. At these rates, it is unclear
that we can statistically account for these losses in the
estimates through methods that use bounds. We will
therefore require additional assumptions to interpret
these estimates. An alternative is to use double-
sampling techniques, whereby a random subsample of
those who were LTFU in the first stage are followed up
again with significantly higher resource deployment.

Third, it is unclear which comparator group should
be used to attribute symptoms to COVID-19 infections
rather than other illnesses or vaccination.” Studies can
choose tighter comparison group,” for instance, by
comparing individuals who were hospitalised with flu
versus those hospitalised with COVID-19, but then the
study becomes relevant only for a very small fraction of
the population. Prospective studies that are relevant to a
large proportion of the population—which are those
who tested positive or were later detected to be sero-
positive—will always face the problem that the longer
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the post-survey is conducted, the more likely that the
comparison group will become contaminated due to
COVID-19 exposure. This is an urgent problem as
available studies on LC are primarily short-term pro-
spective cohorts of patients who have tested positive for
COVID-19. Although a few have followed patients at
multiple time points after discharge or during the
follow-up period, the symptoms are self-reported and
not clinically endorsed and therefore subject to recall
bias.” A very small number of studies with large sample
size and more extended follow-up periods have been
published from developed country settings.”*

We recognise several limitations to our study design.
First, this study was conducted after the period of delta
variant in India. Hence, we cannot comment on the
after-effects of omicron variant-related LC symptoms or
after either two or three doses of vaccinations.* Second,
our study follow-up period of six months only allowed
us to track persistent symptoms, rather than the range
of LC effects closer to infection. Third, like previous
studies in the literature, our findings on LC prevalence
are also based on self-reported symptoms by study
participants.? No clinical examination or tests were
performed, which may have contributed to high partic-
ipation rates but missed medical conditions (e.g. rheu-
matologic conditions in LC symptomatology). Our focus
on a wide range of conditions prevented in-depth
investigation into multiple symptoms within a group,
such as both body and joint pain, as well as mental or
cognitive effects of COVID-19. Fourth, we cannot
comment on clinical episodes of LC, and, unlike most
previous studies, we have not checked specifically the
hospitalised cases where there may be more significant
after-effects.””*' Fifth, we could not account for
vaccination-induced seropositivity in our analyses. In
light of our analyses of required sample size, it is
possible that our estimates of an association with cough
and physical morbidity are over-estimates, which
require further validation in larger population sizes.

We acknowledge that there is consistent evidence that
LC can be severe and persistent at an individual level.®
Accordingly, cohort-based studies remain important to
isolate the experience of LC amongst patients that have
been infected with COVID-19 and to study their experi-
ence from a clinical perspective.”” Our findings suggest
that the burden of LC after infection by delta variant in
India is amenable to treatment clinical settings, where
specialised treatment for individual cases continues to
evolve, rather than indicating the need for population-
level interventions. Our study clearly indicates that the
estimation of LC prevalence requires significantly larger
sample sizes. Future studies will need investment in
study designs equipped to compare multiple categories of
symptoms and associated persistent morbidity in sero-
positive individuals, with comparison groups will be
increasingly harder to identify, given vaccination
coverage and multiple waves of COVID-19 exposure.
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