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Background. The prevalence, incidence, and interrelationships of persistent symptoms after severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection vary. There are limited data on specific phenotypes of persistent symptoms. Using latent
class analysis (LCA) modeling, we sought to identify whether specific phenotypes of COVID-19 were present 3 months and 6
months post-infection.

Methods. This was a multicenter study of symptomatic adults tested for SARS-CoV-2 with prospectively collected data on
general symptoms and fatigue-related symptoms up to 6 months postdiagnosis. Using LCA, we identified symptomatically
homogenous groups among COVID-positive and COVID-negative participants at each time period for both general and
fatigue-related symptoms.

Results. Among 5963 baseline participants (4504 COVID-positive and 1459 COVID-negative), 4056 had 3-month and
2856 had 6-month data at the time of analysis. We identified 4 distinct phenotypes of post-COVID conditions (PCCs) at 3 and
6 months for both general and fatigue-related symptoms; minimal-symptom groups represented 70% of participants at 3 and 6
months. When compared with the COVID-negative cohort, COVID-positive participants had higher occurrence of loss of taste/
smell and cognition problems. There was substantial class-switching over time; those in 1 symptom class at 3 months were
equally likely to remain or enter a new phenotype at 6 months.

Conclusions. We identified distinct classes of PCC phenotypes for general and fatigue-related symptoms. Most participants had
minimal or no symptoms at 3 and 6 months of follow-up. Significant proportions of participants changed symptom groups over
time, suggesting that symptoms present during the acute illness may differ from prolonged symptoms and that PCCs may have
a more dynamic nature than previously recognized.

Clinical Trials Registration. NCT04610515.
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Prolonged symptoms after severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection, often referred to as

“Long COVID” or post-COVID conditions (PCCs), can be pre-
sent in 10%-60% of those infected [1-4]. While a definitive case
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definition does not exist, PCC is typically defined as new or on-
going symptoms not attributable to another cause that
are present at least 4-12 weeks after SARS-CoV-2 infection
[5-7].

Persistent COVID-19 symptoms—including type, frequen-
cy, and severity—vary [8]. Most studies have focused primarily
on individual symptoms without consideration of clustering,
with wide variations in reporting and time-points for assess-
ment [2]. This variability and individual symptom emphasis
(as opposed to symptom clusters) misses the opportunity to
identify broader PCC phenotypes, to refine case definitions,
and to guide monitoring and treatment strategies.

Two studies recently evaluated potential phenotypes of per-
sistent symptoms 3 months postinfection [9, 10]. While infor-
mative, these studies were limited by reliance on electronic
health records (EHRs), variations in reporting time periods,
and absence of a COVID-negative comparison cohort [9, 10].
Two prospective studies evaluated participants for phenotypic
clusters but had small sample sizes, limiting their ability to dis-
tinguish phenotypic clusters [11, 12]. Moreover, there is a
dearth of data on phenotypes present at 6 months. Therefore,
there is a critical need to better understand the potential pheno-
types of PCCs and how they evolve over time.

The Innovative Support for Patients With SARS-CoV-2
Infections Registry (INSPIRE) is a prospective study designed to
assess long-term symptoms and outcomes of symptomatic partic-
ipants tested for COVID-19, including both SARS-CoV-2-posi-
tive and -negative participants. Latent class analysis (LCA)
applies a probabilistic modeling algorithm to group individuals
into mutually exclusive and exhaustive types based on their pat-
tern of answers on a set of categorical indicator variables. Our
study utilized LCA to identify phenotypes of COVID-19 present-
ing acutely and at 3 and 6 months postinfection.

METHODS

Study Design

INSPIRE is a national study conducted across 8 major health-
care systems that were selected for geographic and population
diversity (NCT04610515). All sites recruited participants broad-
ly without geographic or health system limitations. The study
prospectively enrolled symptomatic participants who tested
positive (COVID-positive) or negative (COVID-negative) for
SARS-CoV-2. We followed participants longitudinally, collect-
ing self-reported symptoms using a standardized questionnaire
every 3 months starting at enrollment. Full study details were
published previously [13]. Data were locked for this analysis
on 13 September 2022.

Adults (age >18 years) were enrolled if they were fluent in
English or Spanish, had self-reported symptoms suggestive of
acute SARS-CoV-2 infection at time of testing (eg, fever, cough,
dyspnea), and were tested within the preceding 42 days with a

US Food and Drug Administration-approved/authorized mo-
lecular or antigen-based assay. Exclusion criteria included pre-
vious SARS-CoV-2 infection >42 days before enrollment and
those without access to an internet-connected device (eg,
smartphone, computer) needed for survey completion.

Participants received surveys via email or text and received
monetary reimbursement for time to complete surveys.
Surveys included questions on sociodemographics; social de-
terminants of health; baseline health status; testing site; symp-
toms of SARS-CoV-2 infection; symptoms of postinfectious
syndromes; subsequent reinfection with SARS-CoV-2; vaccina-
tion status; patient-reported outcomes on physical, mental, and
social well-being; cognitive status; and return to work/daily ac-
tivities [13]. Participants were asked to share access to their
EHR data, which were used to verify COVID-19 status and sup-
plement vaccination data from surveys. If COVID-19 informa-
tion was unavailable in the EHR, participants were required to
provide photographic proof of test results.

Patient Consent Statement

The parent study was funded by the Centers for Disease
Control and Prevention (CDC) and approved by the institu-
tional review boards at all 8 institutions. Participants were en-
rolled virtually or in-person and signed informed consent.

Survey Instruments

We collected data on new postinfectious symptoms informed
by the CDC Person Under Investigation symptom list, which
included symptoms commonly reported at the time of the sur-
vey (eg, fever, headache, anosmia) [13]. We assessed systemic
symptoms using the CDC Short Symptoms Screener, which
is a validated tool surveying 8 domains (fatigue, muscle aches,
joint pain, unrefreshing sleep, problems going to/waking from
sleep, forgetfulness, difficulty concentrating, and dizziness/
fainting) [14]. To reduce participant burden, we modified the
CDC Short Symptoms Screener to focus specifically on
fatigue-related components [13].

Statistical Analysis

We used LCA to classify participants into symptomatically ho-
mogeneous groups, such that individual differences in the ob-
served symptomatic patterns could be explained by differences
in latent class membership [15, 16]. All LCA models were im-
plemented in SAS using the LCA procedure (version 1.3.2, SAS
Institute) [17]. Symptom numbers are reported as median and
interquartile range (IQR).

We conducted the LCA separately for COVID-positive and
COVID-negative participants and for acute, 3-month, and
6-month symptoms. We also explored systematic patterns of
both general and fatigue-related symptoms using survey re-
sponses. We combined “unrefreshing sleep” and “problems go-
ing to/waking from sleep” under the category “sleep
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Figure 1. Diagrams illustrating latent class analysis models using COVID-19 general (A) and fatigue (B) symptoms. C, Summary of the best-fit latent class analysis models.

disturbance” due to clinical similarity and similar responses at
all time-points.

We examined 12 LCA models (Figure 1). For each model, we
tested solutions of 2-6 classes to identify the best solution based
on indices of model fit (eg, Akaike information criterion [AIC],
Consistent AIC, Bayesian information criterion [BIC], Akaike
BIC), entropy, and parsimony. Model formulation and fit indi-
ces of all solutions are included in the Supplementary Appendix.

We examined model-estimated, class-specific probability of
symptoms by COVID-19 status at each time period and iden-
tified systematic characteristics of each class based on homoge-
neity within class and separation between classes [18]. We
expected to identify a class with the most symptoms and one
with the least symptoms at each time period, though we antic-
ipated to observe overall reduction in symptoms from acute

stage to follow-up periods. We examined shifts in class mem-
bership across time, focusing on people who persistently had
many symptoms and those who developed new symptoms
(moving from classes with less to those with more symptoms)
at 3- and 6-month follow-up. Finally, we examined the associ-
ation between patterns of general and fatigue-related symp-
toms at each time period.

RESULTS

There were 5963 participants (4504 COVID-positive and 1459
COVID-negative) included in the LCA of acute symptoms;
4056 and 2856 completed the 3-month and 6-month surveys,
respectively (Figure 2). Surveys were completed a median of
15 days (IQR, 7-24 days) from the index test. Participant
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clinical or pharmacy portals available were ineligible for enrollment.

Participant flow diagram. *Participants who had received their index coronavirus disease 2019 (COVID-19) test >42 days before enrollment or did not have any

characteristics are reported in Table 1 and the Supplementary
Appendix.

Acute General Symptoms

Within the COVID-positive group, 25.7% of participants be-
longed to a class with significantly lower probability of all
symptoms (“minimal-symptoms”) (Figure 3A). Two other
classes had high probability of aches, cough, and tiredness
(ACT) and head/eyes/ears/nose/throat (HEENT) symptoms
but differed by high versus low probability of loss of smell
and taste (LoST) (ACT-HEENT with LoST [23.1%] vs
ACT-HEENT without LoST [34.6%]). The fourth class includ-
ed many miscellaneous symptoms across multiple systems
(MSMS; 16.6%).

Among the COVID-negative group, 37.6% of participants be-
longed to a minimal-symptoms group. There was a second
COVID-negative class with ACT-HEENT without LoST
(42.6%). Finally, 19.9% of COVID-negative participants were in
an MSMS class; however, the median number of symptoms was
lower in the COVID-negative MSMS than COVID-positive
MSMS class (median, 10 [IQR, 9-12] vs 14 [IQR, 12-15]).

General Symptoms at 3 and 6 Months

In the COVID-positive group, the largest 3-month class had al-
most no symptoms (minimal-symptoms; 72.2%). We also ob-
served a class with predominance of tiredness, headache, and
musculoskeletal symptoms (THM; 17.0%) and another class
with isolated LoST (4.9%). Finally, there remained a class
with MSMS (5.9%). The class categories and overall percentag-
es at 6 months were similar.

In the COVID-negative group, the largest 3-month class also
had minimal symptoms (75.7%). Another class with THM
(20.0%) and a smaller class with MSMS (4.2%) were also iden-
tified. The class categories and overall percentages at 6 months
were similar.

To explore changes in latent classes from baseline to 6 months,
we tracked a group of participants who completed the symptom
questions at all 3 time-points and visualized the shift among clas-
ses over time. Overall, 32.2% of COVID-positive participants
switched between different general symptom classes from 3 to 6
months. The majority of participants in the acute minimal-
symptoms class had almost no symptoms at 3 and 6 months
(Figure 4A). Among the remainder, approximately half of
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Table 1. Participant Characteristics

3 mo 6 mo
Overall CovID* COVID™ P Overall CovID* COVID™ P

Variables (n=4056) (n=3107) (n=949) Value (n=2856) (n=2094) (n=762) Value

Age at enrollment, y .01 .06
18-34 1708 (42.1) 1273 (41.0) 435 (45.8) 1240 (43.4) 883 (42.2) 357 (46.9)
35-49 1256 (31.0) 1000 (32.2) 256 (27.0) 862 (30.2) 659 (31.5) 203 (26.6)
50-64 738(18.2) 570 (18.3) 168(17.7) 516 (18.1) 380 (18.1) 136 (17.8)
>65 316 (7.8) 237 (7.6) 9(8.3) 217 (7.6) 156 (7.4) 61 (8.0)
Missing 38 27 11 21 16 5

Gender <.01 <.01
Female 2678 (66.0) 2024 (65.1) 654 (68.9) 1897 (66.4) 1356 (64.8) 541 (71.0)

Male 1193 (29.4) 955 (30.7) 238 (25.1) 832 (29.1) 652 (31.1) 180 (23.6)
Trans/NB/other 61 (1.5) 38(1.2) 23(24) 46 (1.6) 27 (1.3) 19 (2.5)
Missing 124 90 34 81 59 22

Ethnicity .02 .06
Not of Hispanic, Latin, or Spanish origin 3409 (84.0) 2637 (84.9) 772 (81.3) 2385 (83.5) 1766 (84.3) 619 (81.2)
Hispanic, Latin, or Spanish origin 561 (13.8) 408 (13.1) 153 (16.1) 411 (14.4) 286 (13.7) 125(16.4)
Missing 86 62 24 60 42 18

Race <.01 <.01
White 2719 (67.0) 2152 (69.3) 567 (59.7) 1914 (67.0) 1439 (68.7) 475 (62.3)

Black or African American 325 (8.0) 208 (6.7) 117 (12.3) 239 (8.4) 149 (7.1) 90 (11.8)
Asian 532 (13.1) 385 (12.4) 147 (15.5) 347 (12.1) 237 (11.3) 110 (14.4)
Other/multiple 363 (8.9) 282(9.1) 1(8.5) 273(9.6) 213(10.2) 60(7.9)
Missing 117 80 37 83 56 27

Educational attainment <.01 <.01
Less than high school diploma 38(0.9) 29(0.9) 9(0.9) 28 (1.0 22 (1.1) 6 (0.8)

High school graduate or GED 274 (6.8) 176 (5.7) 98 (10.3) 203 (7.1) 125 (6.0) 78 (10.2)
Some college but did not complete degree 576 (14.2) 399 (12.8) 177 (18.7) 430 (15.1) 299 (14.3) 131 (17.2)
2-y college degree 278(6.9) 202 (6.5) 76(8.0 221 (7.7) 168 (7.5) 63 (8.3)
4-y college degree 1262 (31.1) 1047 (33.7) 215 (22.7) 899 (31.5) 710 (33.9) 189 (24.8)
More than 4-y college degree 1486 (36.6) 1155 (37.2) 331 (34.9) 981 (34.3) 714 (34.1) 267 (35.0)
Missing 142 99 43 94 66 28

Marital status <.01 <.01
Never married 1440 (35.5) 1037 (33.4) 403 (42.5) 953 (33.4) 641 (30.6) 312 (40.9)
Married/living with a partner 2175 (53.6) 1759 (56.6) 416 (43.8) 1589 (55.6) 1237 (59.1) 352 (46.2)
Divorced/widowed/separated 401 (9.9) 283(9.1) 118(12.4) 281 (9.8) 194 (9.3) 87 (11.4)
Missing 40 28 12 33 22 1"

Family income (prepandemic) <.01 <.01
<$10000 237 (56.8) 150 (4.8) 7(9.2) 186 (6.5) 116 (6.6)  70(9.2)
$10000-$35 000 426 (10.5) 305(9.8) 121 (12.8) 322 (11.3) 222 (10.6) 100 (13.1)
$35000-$49 999 400 (9.9) 274(8.8) 126 (13.3) 284 (9.9) 194 (9.3)  90(11.8)
$50 000-$74 999 531 (13.1) 405 (13.0) 126 (13.3) 379 (13.3) 281 (13.4) 98(12.9)
>$75 000 2151 (63.0) 1759 (56.6) 392 (41.3) 1448 (50.7) 1128 (53.9) 320 (42.0)
Prefer not to answer/missing 311 214 97 237 153 84

Employment (prepandemic) <.01 <.01
Not employed 758 (18.7) 518 (16.7) 240 (25.3) 543 (19.0) 365 (17.0) 188 (24.7)
Employed, not essential or healthcare worker 1620 (39.9) 1282 (41.3) 338 (35.6) 1133 (39.7) 863 (41.2) 270 (35.4)
Employed, essential or healthcare worker 1637 (40.4) 1278 (41.1) 359 (37.8) 1146 (40.1) 853 (40.7) 293 (38.5)
Missing 41 29 12 34 23 11

Where received COVID-19 test <.01 <.01
At-home testing kit 517 (12.7) 411 (13.2) 106 (11.2) 230 (8.1) 164 (7.8) 66 (8.7)
Tent/drive-up testing site 2099 (51.8) 1732 (55.7) 367 (38.7) 1525 (563.4) 1218 (58.2) 307 (40.3)

Clinic including an urgent care clinic 590 (14.5) 408 (13.1) 182 (19.2) 453 (15.9) 309 (14.8) 144 (18.9)
Hospital 335(8.3) 240(7.7) 5 (10.0) 234 (8.2) 165 (7.9) 69 (9.1)
Emergency department 160 (3.9) 99 (3.2) 1(6.4) 144 (5.0) 83(4.00 61(8.0)
Other 347 (8.6) 209 (6.7) 138 (14.5) 263 (9.2) 148 (7.1) 115 (15.1)
Missing 8 7
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Table 1. Continued

3 mo 6 mo
Overall CovID* COVID™ P Overall CovID* COVID™ P
Variables (n=4056) (n=3107) (n=949) Value (n=2856) (n=2094) (n=762) Value
Tobacco use, past 12 mo 13 .67
Daily or near daily 223 (5.5) 157 (5.1) 66 (7.0) 168 (5.9) 116 (5.5) 52 (6.8)
Weekly 72 (1.8) 52 (1.7)  20(2.1) 55 (1.9) 43 (2.1) 12 (1.6)
Less than monthly 199 (4.9) 159 (5.1) 40 (4.2) 125 (4.4) 93 (4.4) 32(4.2)
Monthly 57 (1.4) 45 (1.4) 12 (1.3) 39 (1.4) 29 (1.4) 10(1.3)
Not at all 3464 (85.4) 2666 (85.8) 798 (84.1) 2435 (85.3) 1791 (85.5) 644 (84.5)
Missing 41 28 13 34 22 12
Binge drinking, past 12 mo <.01 <.01
Daily or near daily 52 (1.3) 1(1. 11(1.2) 34 (1.2) 24 (1.1) 10(1.3)
Weekly 364 (9.0) 303 (9. ) 61 (6.4) 261(9.1)  215(10.3) 46 (6.0)
Less than monthly 930 (22.9) 712 (22.9) 218 (23.0) 640 (22.4) 473 (22.6) 167 (21.9)
Monthly 506 (12.5) 402 (12.9) 104 (11.0) 347 (12.1) 267 (12.8) 80 (10.5)
Not at all 2164 (63.4) 1622 (52.2) 542 (57.1) 1539 (563.9) 1092 (62.1) 447 (58.7)
Missing 40 27 13 35 23 12
Marijuana use, past 12 mo A 2
Daily or near daily 208 (5.1) 154 (5.0) 54 (5.7) 146 (5.1) 104 (5.0) 2 (5.5)
Weekly 189 (4.7) 156 (5.0) 33 (3.5) 125 (4.4) 100 (4.8) 5(3.3)
Less than monthly 456 (11.2) 363 (11.7) 93(9.8) 328 (11.5) 250(11.9) 78(10.2)
Monthly 173 (4.3) 128 (4.1) 5 (4.7) 118 (4.1) 81 (3.9) 7 (4.9)
Not at all 2987 (73.6) 2277 (73.3) 710 (74.8) 2104 (73.7) 1536 (73.4) 568 (74.5)
Missing 43 29 14 35 23 12
Other drug use, past 12 mo 15 .01
Weekly or more 32(0.8) 20 (0.6) 12 (1.3) 20(0.7) 9(0.4) 11 (1.4)
Monthly or less 319(7.9) 243(7.8) 76(8.0 239 (8.4) 179 (8.6) 60 (7.9)
Not at all 3662 (90.3) 2816 (90.6) 846 (89.1) 2560 (89.6) 1882 (89.9) 678 (89.0)
Missing 43 28 15 37 24 13
Health insurance <.01 <.01
Private and public 136 (3.4) 104 (3. 32 (3.4) 101 (3.5) 74 (3.5) 27 (3.5)
Private only 2990 (73.7) 2346 (75 5) 644 (67.9) 2038 (71.4) 1528 (73.0) 510 (66.9)
Public only 771 (19.0) 532 (17.1) 239 (25.2) 586 (20.5) 398 (19.0) 188 (24.7)
None 159 (3.9) 125 (4.0) 34 (3.6) 131 (4.6) 94 (4.5) 37 (4.9
Hospitalization <.01 <.01
No 3820 (94.2) 2888 (93.0) 932 (98.2) 2475 (86.7) 1801 (86.0) 674 (88.5)
Yes 147 (3.6) 140 (4.5) 7(0.7) 102 (3.6) 99 (4.7) 3(0.4)
Missing 89 79 10 279 194 85
Has the COVID-19 pandemic caused you/your immediate family <.01 <.01
financial difficulties?
Not at all 2006 (49.5) 1644 (52.9) 362 (38.1) 1349 (47.2) 1050 (50.1) 299 (39.2)
A little 1286 (31.7) 927 (29.8) 359 (37.8) 921 (32.2) 648(30.9) 273 (35.8)
Quite a bit 410 (10.1) 294 (9.6) 116 (12.2) 328 (11.5) 226(10.8) 102 (13.4)
Very much 314(7.7)  213(6.9) 101 (10.6) 225 (7.9) 147 (7.0) 8(10.2)
Missing 40 29 11 33 23 10
In the past month, how often were you worried that your food would <.01 <.01
run out before you got money to buy more?
Never 3322 (81.9) 2613 (84.1) 709 (74.7) 2293 (80.3) 1719 (82.1) 574 (75.3)
Sometimes 499 (12.3) 337 (10.8) 162 (17.1) 382 (13.4) 252 (12.0) 130 (17.1)
Often 195 (4.8) 129 (4.2) 66 (7.0) 149 (5.2) 101 (4.8) 48(6.3)
Missing 40 28 12 32 22 10
In the past month, has the electric, gas/oil, or water company shut off <.01 <.01
service or threatened to shut off service in your home?
No 3808 (93.9) 2940 (94.6) 868 (91.5) 2685 (94.0) 1984 (94.7) 701 (92.0)
Threatened to shut off services 192 (4.7) 130 (4.2) 62 (6.5) 130 (4.6) 84 (4.0) 46 (6.0)
Already shut off services 17 (0.4) 9(0.3) 8(0.8) 8(0.3) 3(0.1) 5(0.7)
Missing 39 28 11 33 23 10
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Table 1. Continued
3 mo 6 mo
Overall CovID* COovID™ P Overall CovID* COVID™ P
Variables (n=4056) (n=3107) (n=949) Value (n=2856) (n=2094) (n=762) Value
Employed before the coronavirus outbreak <.01 <.01
No 758 (18.7) 518 (16.7) 240 (25.3) 543 (19.0) 365 (17.0) 188 (24.7)
Yes 3259 (80.4) 2561 (82.4) 698 (73.6) 2281 (79.9) 1717 (82.0) 564 (74.0)
Missing &) 28 1 32 22 10
Working at healthcare setting 0.34 19
No 2398 (569.1) 1895 (61.0) 503 (53.0) 1692 (59.2) 1286 (61.4) 406 (53.3)
Yes 861 (21.2) 667 (21.5) 194 (20.4) 588 (20.6) 431 (20.6) 157 (20.6)
Missing 797 545 252 576 377 199
Non-healthcare essential worker .34 .85
No 2407 (59.3) 1902 (61.2) 505 (53.2) 1668 (58.4) 1258 (60.1) 410 (53.8)
Yes 847 (20.9) 656 (21.1) 191 (20.1) 609 (21.3) 457 (21.8) 152 (19.9)
Missing 802 549 253 579 379 200
Experienced challenges with reliable general transportation in the past <.01 <.01
months
No 3862 (95.2) 2987 (96.1) 875(92.2) 2718 (95.2) 2013 (96.1) 705 (92.5)
Yes 194 (4.8) 120 (3.9) 74 (7.8) 138 (4.8) 81 (3.9) 57 (7.5)
Experienced challenges with reliable medical transportation in the <.01 <.01
past months
No 3911 (96.4) 3029 (97.5) 882 (92.9) 2761 (96.7) 2047 (97.8) 714 (93.7)
Yes 145 (3.6) 78 (25  67(7.1) 95 (3.3) 47 (2.2) 48(6.3)
Variant period (based on index test date; 50% cutoff) <.01 <.01
Pre-Delta 650 (16.0) 457 (14.7) 193 (20.3) 551 (19.3) 377 (18.0) 174 (22.8)
Delta 1507 (37.2) 1193 (38.4) 314 (33.1) 1393 (48.8) 1083 (51.7) 310 (40.7)
Omicron 1899 (46.8) 1457 (46.9) 442 (46.6) 912 (31.9) 634 (30.3) 278 (36.5)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: COVID*, tested positive for severe acute respiratory syndrome coronavirus 2; COVID™, tested negative for severe acute respiratory syndrome coronavirus 2; COVID-19,

coronavirus disease 2019; GED, General Educational Development; NB, nonbinary.

participants stayed in the same classes from 3 to 6 months, while
the rest switched into different symptom classes. Among
COVID-negative participants, 30.2% switched between different
general symptom classes from 3 to 6 months. Many shifted to
the minimal-symptom class, while a smaller portion remained
within the THM and MSMS classes (Figure 4B).

Acute Fatigue-Related Symptoms

In the COVID-positive group, we identified a class with a low
probability of fatigue-related symptoms (minimal-fatigue;
42.3%) and a class with almost all fatigue-related symptoms
(maximal-fatigue; 11.8%; Figure 3B). We also identified 2 clas-
ses with fatigue and sleep disturbance, one characterized by ad-
ditional cognitive issues (9.7%) and the other with aches
(36.2%).

In the COVID-negative group, we observed a class with
minimal symptoms (minimal-fatigue; 45.6%) and a class with
high probabilities of all fatigue symptoms (maximal-fatigue;
11.6%). Aside from the maximal-fatigue class, notably, we did
not observe a class with obvious cognitive issues in the
COVID-negative cohort. The other 2 classes both had fatigue
and sleep issues, though one also had aches (21.3%) while the
other did not (21.4%).

Fatigue-Related Symptoms at 3 and 6 Months

In the COVID-positive group, we identified a class with
almost no fatigue-related symptoms (minimal-fatigue) at 3
(64.7%) and 6 months (50.9%), compared to 42.3% acutely.
We also identified a class with almost all fatigue-related symp-
toms (maximal-fatigue) at 3 (8.1%) and 6 months (9.5%),
compared to 11.8% acutely. We identified 2 other classes
with fatigue and sleep disturbance at 3 and 6 months, one
with aches (12.2% and 11.8%, respectively) and the other with-
out aches (15.1% and 27.9%, respectively). The proportion of
people with no fatigue-related symptoms decreased by 13.8%
from 3 to 6 months. Overall, 40.1% of COVID-positive partic-
ipants switched between different fatigue classes from 3 to
6 months.

In the COVID-negative group at both 3 and 6 months, we
observed similar classes, including almost no fatigue, almost
all fatigue-related symptoms, and fatigue and sleep disturbanc-
es with or without aches. From 3 to 6 months, we observed an
increase in the proportion of classes with almost no symptoms
from 51.5% to 56.2% and a decrease in the proportion of class
with almost all symptoms from 11.4% to 8.1%. Overall, 47.7%
of COVID-negative participants switched between different fa-
tigue classes from 3 to 6 months.
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Figure 3. A, Model-estimated class-specific probabilities of general (4) and fatigue (B) symptoms at the acute, 3-month, and 6-month stages for both COVID-positive and
COVID-negative participants. Line thickness reflects number of patients in a given class. Abbreviations: Acute, acute stage; 3/6 months: 3 or 6 months; HEENT, head/ears/
eyes/nose/throat; minimal-symptoms: minimal number of symptoms in the acute stage; minimal-fatigue, minimal number of fatigue symptoms; maximal-fatigue, maximal

number of fatigue symptoms.

To explore changes from 3 to 6 months, we tracked a group
of participants who completed the fatigue questions at all 3
time-points and visualized the shift among symptom classes
over time. In the COVID-positive group, 62% of the acute
minimal-fatigue class had almost no fatigue symptoms across
all 3 time-points (Figure 4C). Among maximal-fatigue, 21.9%

of the acute group remained in this group across all 3 time-
points. In the COVID-negative group, 54.4% of the acute
minimal-fatigue class had almost no fatigue symptoms across
all 3 time-points, while 24.6% of the acute maximal-fatigue
group had almost all fatigue symptoms across all 3 time-points
(Figure 4D).
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Figure 4. A-D, Class shifts across time periods for general symptoms among the COVID-positive (A) and COVID-negative (C) groups and for fatigue symptoms among the
COVID-positive (B) and COVID-negative (D) groups. Abbreviations: HEENT, head/ears/eyes/nose/throat without loss of smell and taste; maximal-fatigue, maximal number of
fatigue symptoms; minimal-fatigue, minimal number of fatigue symptoms; minimal-symptoms, minimal number of symptoms; MSMS, many symptoms across multiple

systems.

Cross-tabulation Between General and Fatigue-Related Symptom LCA
Classes

When assessing cross-membership between classes, we ob-
served that those belonging to the classes with minimal general
symptoms often also belonged to the classes with minimal
fatigue-related symptoms at all 3 stages (Supplementary
Appendix). Similarly, those with more general symptoms
acutely (MSMS) were more likely to belong to the group with
more fatigue-related symptoms (maximal-fatigue). However,
this was no longer true at 3 and 6 months.

DISCUSSION

In this large, multicenter, longitudinal study of participants
with acute symptoms who tested COVID-positive or
COVID-negative, we identified distinct phenotypes of persis-
tent symptoms for both general and fatigue-related symptom
groups at 3- and 6-month follow-up. These included 4 general
symptom phenotypes (minimal symptoms, tired/headache/
musculoskeletal, loss of smell/taste, and many symptoms across
multiple systems) and 4 phenotypes based upon fatigue-related
symptoms (minimal fatigue

symptoms, fatigue/sleep

disturbances, fatigue/sleep disturbances/aches, broad fatigue
symptoms).

While the initial general symptom groups were relatively
evenly distributed, the minimal-symptom group became dom-
inant, representing approximately 70% of participants at 3 and
6 months, suggesting that the majority experienced symptom
resolution. However, approximately 30% of participants—
COVID-positive and COVID-negative—had persistent symp-
toms, with the total number of participants in each group re-
maining relatively constant over time. While this is within
the range of reported rates seen in prior studies, the similarities
of the positive and negative cohorts suggest that some of the
symptoms may not be unique to SARS-CoV-2 infection and re-
sult from disruptive effects of the pandemic or postinfectious
symptoms from other illnesses. The wide range of frequencies
may reflect bias in those seeking medical care or variations in
the criteria used [3]. This further highlights the critical need
for a clearer definition of PCCs/Long COVID and the different
phenotypes and larger-scale population-based studies, as well
as the value of patient-reported outcomes and inclusion of a
COVID-negative comparison cohort as in our study.
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There was substantial class-switching over time, suggesting
that symptoms present during the acute illness may be poorly
predictive of persistent symptoms. While overall numbers in
each group remained stable from 3 to 6 months, one-third of
participants switched between classes during that time period.
We identified similar findings with fatigue, wherein the num-
ber with minimal symptoms at onset increased over time but
switched to different classes. Interestingly, these findings
both  COVID-positive  and
COVID-negative cohorts, highlighting the importance of lon-

were  observed  across
gitudinal cohorts and suggesting that symptoms may not be
persistent among all people. Our data suggest that symptoms
may emerge or remit over time, with participants having differ-
ent symptom complexes at different time-points [8, 12, 19-21].
This adds to growing evidence that PCCs, as currently con-
ceived, may not be a singular condition but rather a range of
phenotypes that may evolve over time. Consequently, patients
and clinicians should recognize that symptoms of PCCs expe-
rienced at 3 months may differ at 6 months [22].

A prior study of 233 people with persistent COVID-19
symptoms reported 3 main symptom groupings using cluster
analysis (as opposed to LCA), which included musculoskeletal,
cardiorespiratory, and minimal symptoms [11]. An EHR-based
study reported 4 main clusters by organ system: cardiac/renal,
respiratory/sleep/anxiety, musculoskeletal/nervous system,
and digestive/respiratory [9]. Another EHR data-based analy-
sis reported different phenotypes, which included persistent fa-
tigue with bodily pain or mood swings, cognitive symptoms,
and respiratory symptoms [10]. We identified some overlap
with those classes in our analysis. However, we found that it
was rare for a phenotype to involve only a single organ system
and often involved combinations of symptoms, such as fatigue,
HEENT, and musculoskeletal symptoms. This is consistent
with a separate smaller study of 179 participants with persistent
COVID-19 symptoms, which identified 2 main clusters (mini-
mal symptoms and maximal symptoms) that involved multiple
organ systems [12]. Together, these findings suggest a much
more complex mechanism and may reflect the ability of
COVID-19 to attack multiple organs through a more diffuse
process [23]. Alternatively, different phenotypes may reflect
different mechanisms and future work should involve mecha-
nistic investigations of specific phenotypes to better understand
the underlying cause [24]. We also identified the commonality
of fatigue across multiple phenotypes, highlighting the role of
fatigue-related symptoms in PCC phenotypes. The multiple
phenotypes identified also highlight the challenges in develop-
ing one overarching definition of PCCs. Definitions of PCCs
will likely need to consider a range of phenotypes.

Essential to our data is the comparison between
COVID-positive and COVID-negative cohorts. During the
acute phase, COVID-positive phenotypes overlapped with
COVID-negative phenotypes, demonstrating the challenges

of differentiating COVID-19 infection from other illnesses
without testing. Among the longer-term symptom clusters,
there also  was
COVID-positive and COVID-negative cohorts, which may re-
flect the commonalties between postacute illnesses and occur-

striking ~ similarity = between the

rence of symptoms in the postacute phase that are not
uniquely attributable to an infection in the first place. The ex-
ceptions are cognition problems and LoST in only the
COVID-positive cohort. Cognition problems have been report-
ed in multiple studies and can impact quality of life [25-27].
Our data suggest that this may be a more distinct feature of
PCCs. LoST has been well-described in the COVID-positive
population [28, 29], and our data further support this and dem-
onstrate persistence at 6 months.

This study has several strengths. First, we collected data pro-
spectively and utilized participant symptom self-report, rather
than relying only on EHR data collected as part of routine care.
The latter may be subject to missing information and underre-
port discrete symptoms, particularly for participants who
choose not to seek medical care or have difficulty accessing
care. By relying on prospective data from participant self-
report, we were also able to elucidate new symptoms from pre-
existing symptoms. Second, we evaluated participants at set in-
tervals of 3 and 6 months, to better understand persistent
symptoms and trajectory over time. Third, we included a symp-
tomatic COVID-negative cohort to identify if there were
unique phenotypes that differed at 3 and 6 months among
the COVID-positive group versus those with other illnesses.

Limitations

We did not explicitly ask about severity for each individual
symptom. Future research is needed to better understand the
linkage among specific symptoms, severity, and impact on
quality of life experienced for people with PCCs to understand
both the presence and degree of symptoms. While there were
the COVID-positive and
COVID-negative groups, there may be additional unidentified

notable similarities between
confounders between them. We relied upon access to internet-
capable devices and a verifiable COVID-19 test, which may
have biased our sample toward those with greater resources
and access to care, and thus may not fully reflect the broader
population [30]. There is also risk of response bias between re-
sponders versus nonresponders, which was slightly higher at 6
months. It is possible that those with more symptoms were
more likely to remain active in the study. Due to the 42-day en-
rollment period, participants with continued symptoms may
have been more likely to enroll than those who were asymp-
tomatic. There is also a risk of recall bias regarding reporting
of preceding symptoms. Additionally, COVID-19 testing may
have false positives or false negatives leading to misclassifica-
tion bias. Although some COVID-negative participants may

have contracted COVID-19 postenrollment, and some
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COVID-positive participants may have experienced reinfection
postenrollment, we did ask about new infection at each
survey. We are unaware of the specific illness prompting
COVID-negative participants to seek testing, limiting the abil-
ity to exclude or specify different postinfectious sequelae caus-
ing these findings. We did not conduct subanalyses to assess the
impact of variant, vaccination, or comorbidities upon the spe-
cific phenotypes. LoST is suggested to be less common with
Omicron, and further research is needed to determine whether
PCC phenotypes differ across variant strains [31-34].
Additional research should also identify differences based
upon race, ethnicity, socioeconomic status, and comorbidities.
While the alluvial figures suggest that symptoms present during
the acute illness may be poorly predictive of prolonged symp-
toms, we did not perform statistical assessments of the predic-
tors; future work is needed to identify these factors. Finally, our
study is limited to only 6 months postinfection and future work
is needed to understand the course beyond this time period.

CONCLUSIONS

Our study identified 4 distinct post-COVID phenotypes of ge-
neral and fatigue-related symptoms. This provides further evi-
dence that there is not a singular “Long COVID” and that
people’s experiences can vary. Tracked over time, the number
of participants with minimal symptoms increased from acute
infection to 3 months and then remained stable from 3 to 6
months postinfection. We also noted significant class-
switching across time periods, suggesting that symptom com-
plexes that individuals experience vary over time. Our findings
may inform future definitions for PCCs and provide an under-
standing of the different phenotypes to identify health system
needs to care for patients experiencing these different groups
of symptoms.
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