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Prevalence and Risk Factors for Long COVID Among California
Workers Captured by a Doctor's First Report-Based
Surveillance System

David Wambui, DrPH, Martha Fiellin, MPH, Claire Majka, MPH, Carolina Espineli, BA,
Jennifer Flattery, MPH, and Ximena Vergara, PhD

Objective: To understand prevalence and risk factors for long COVID among
California workers. Methods: Using a cross-sectional study design, we analyzed
4496 Doctor's First Reports of Occupational Injury or Illness (DFRs) used for track-
ing work-related COVID-19 exposure or illnesses. Logistic regression was used to
assess the risk factors. Results: With a prevalence of 11%, long COVID cases were
slightly higher among male workers, workers aged between 45 and 54 years, and
those in essential industries. Over 30 days of lost work was 13 times more prev-
alent among long COVID cases compared to acute cases. Age, presenting symp-
toms, and working in mixed essential industries increased long COVID risk.
Conclusion: These findings highlight long COVID burden on workers' health
and productivity. Proactive measures are crucial to safeguard workers' health.

Keywords: long COVID, occupational health, workers, surveillance, post-acute
sequalae of SARS-CoV-2

he COVID-19 pandemic continues to create public health chal-

lenges globally.!2 In California alone, over 11 million COVID-
19 cases and over 105,000 deaths were confirmed by December
2023.3 Although most people appear to recover after the acute phase
of COVID-19, some individuals experience lingering symptoms or a
series of new symptoms over time, a condition known as long COVID.4>
This condition, which can persist for weeks or even months post-infection,
is not yet fully understood but is emerging as a significant concern that
requires further study. With most workers in California (60%) working
in-person in 2020° and reported workplace-associated COVID-19 out-
breaks within certain industries,” the potential burden of long-term
COVID-19 effects among workers needs to be examined.

Long COVID can affect multiple-organ systems and presents a
diverse range of symptoms including fatigue, cognitive impairment,
headaches, myalgia, persistent cough, fever, dizziness, altered smell
or taste, and sleep disturbances.® In most patients, symptoms can often
be exacerbated by physical or mental exertion.’~!5 The persistence of
these symptoms is currently unexplained, with hypotheses including
residual viral presence in the body, ongoing inflammatory responses,
autoimmune reactions, and disruptions in immune regulation.!4

LEARNING OUTCOMES

e Estimate the prevalence of long COVID among California
workers who sought medical care for work-related COVID-19
exposure or illness (2020-2025).

e Describe key risk factors associated with developing long
COVID among California workers with work-related
COVID-19 exposure or illness.

In the context of occupational health, the implications of long
COVID are profound. Workers recovering from COVID-19 may con-
tinue to experience symptoms, impacting their ability to perform tasks
efficiently and safely.!17 Furthermore, the fluctuating nature of the
symptoms may require adaptations in the work environment and
schedule. Employers and occupational health professionals must be
aware of these challenges to provide appropriate support and accom-
modations for affected workers.!8-20 Therefore, understanding the dis-
tribution of long COVID among different industries and occupation
groups can uncover the vulnerabilities, inform prevention, and guide
rehabilitation of those affected. First, we aimed to establish the preva-
lence of long COVID and describe long COVID cases by industry and
occupation groups. Second, we examined key demographics and as-
pects of exposure, including industry and occupation, to assess risk
factors of developing long COVID.

METHODS

Data Source and Study Design

Our study utilized data from a statewide DFR-based surveillance
system for work-related SARS-CoV-2 exposure and COVID-19 illness.
In California, physicians are mandated to submit a DFR within 5 days
following the examination of a patient with a suspected work-related
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injury or illness, per requirements of the California Department of In-
dustrial Relations.?! These reports provide a comprehensive snapshot
of the worker's demographics, including employer, job title, and a narra-
tive of the incident, objective clinical findings, diagnoses, prescribed
treatments, and the resulting work status.

To ensure consistency and depth in our analysis, trained person-
nel abstracted these reports for work-related acute and long COVID ill-
nesses using a standardized set of variable definitions. Details pertaining
to the working conditions, health outcomes, severity of illness, and the
duration of work absence were abstracted. The details of this DFR
reporting system are further elaborated elsewhere.?2 For long COVID,
we adapted this surveillance system to include common long COVID
signs and symptoms including fatigue, post-exertion malaise, shortness
of breath, chest pain, alopecia, paresthesia, memory loss, brain fog,
heart palpitations, and sleep disturbance.

In this study, we adopted a cross-sectional design, with the data
extraction completed on May 13, 2025. This approach allowed us to cap-
ture a snapshot of the impact of the pandemic on the workforce between
January 2020 and May 2025. Reporting of this cross-sectional study was
done according to STROBE guidelines (see checklist, Supplemental
Digital Content, Supplemental Data 1, http://links.Iww.com/JOM/C50).

Case Definition

An acute case of COVID-19 was defined using the following
criteria: (1) an individual who developed SARS-CoV-2 symptoms/illness
following a direct contact with a confirmed or suspected COVID-19 case
at workplace, and (2) an individual who had been diagnosed with
COVID-19 (ie, International Classification of Diseases, Tenth Revision
[/CD-10] U07.1) or tested positive for SARS-CoV-2. We established a
surveillance case definition for long COVID to align with existing clini-
cal and epidemiological frameworks while maintaining practical rele-
vance in public health surveillance.$2324 A long COVID case was iden-
tified when diagnosed by a treating physician, based on /CD-10 codes
(U09.9 or B94.8) or clinical descriptions explicitly referencing these
terms: “long COVID,” “long hauler,” “post-acute sequelae,” or “post
COVID-19 syndrome.” Alternatively, a long COVID case was identified
when an individual experienced persistent COVID-19 symptoms lasting
more than 4 weeks following exposure or symptom onset.

Variables

The variables included in this study were selected based on
their relevance to long COVID outcome as determined through litera-
ture review and are specified in this Directed Acyclic Diagram. The
demographic variables included calculated or reported age and sex.
The DFRs contained the industry and occupation free-text fields that
were used by abstractors to assign 2010 Census Industry and Occupa-
tion Codes. Industry and occupation codes could not be determined
for 1.6% (N = 72) and 18% (N = 822) of reports, respectively.

Exposure variables captured detailed occupational exposure
characteristics, including multiple exposures, cluster events, worker prox-
imity, and indoor work settings. Multiple exposures referred to cases
where an individual had experienced more than one exposure event or ill-
ness. Cluster events were defined as two or more cases occurring at the
same worksite within 14 days of the initial report. Worker proximity
was categorized into four levels: very close, somewhat close, close, and
not close. Indoor/outdoor work settings were classified as follows—pri-
marily indoor and often indoor were grouped as indoor work environ-
ments, whereas often outdoor and primarily outdoor were categorized
as outdoor work environments. Worker proximity and indoor/outdoor
work were classified by linking occupation codes to the Council for State
and Territorial Epidemiologists' (CSTE) SARS-CoV-2 Occupational Ex-
posure Matrix.2> The CSTE Work Group assignment (public facing
workers, health care workers, other workers)?¢ and the National Institute
of Occupational Safety and Health's (NIOSH) Essential Industry desig-
nation (essential, mixed [essential/nonessential], and nonessential)?” were
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linked to 2010 Census Occupation and 2012 Census Industry codes,
respectively, and were also used in statistical models.

Worker illness data such as preexisting conditions (obesity, hy-
pertension, asthma, diabetes), signs and symptoms in major organ sys-
tems (respiratory, nervous system, cardiovascular, mental health or
other), number of symptoms (1-4, 5-9, 10 or more), whether hospital-
ized, the type of health care sought following exposure or symptoms
(emergency room, hospital, physician office, telemedicine or other/
unknown), vaccination status (unvaccinated/vaccinated), and lost work
time (days) were abstracted from all DFRs, if the information was
available. Vaccination status was available for 11% (N = 469) of re-
ports. DFRs without vaccine status but with a date of examination,
date of injury or illness onset, or test date prior to vaccines availability
(December 14, 2020) were coded as unvaccinated (N = 1917). For
long COVID DFRs, we also abstracted the type of health care referrals
(cardiologist, neurologist, pulmonologist, occupational therapist,
physical therapist, psychologist/psychiatrist, other), whether the em-
ployee was currently working, and if so, if tasks were modified.

Statistical Methods

We conducted analysis of DFRs by stratifying data on acute
COVID-19 exposure or illness and long COVID. Descriptive analyses
were generated for demographics, exposure and illness characteristics,
and work-related disability. Summary plots of key variables were also
created for comparison of acute COVID-19 and long COVID using Wilson
confidence intervals.2® We assessed whether long COVID was associ-
ated with particular risk factors, such as sex, age, frequency of exposure,
cluster events, worker proximity, hospitalization, worker group, and in-
dustry, using a logistic regression model with complete cases in the mul-
tivariate model. We estimated both unadjusted (OR) and adjusted odds
ratios (aOR), with the latter adjusted for all variables in the model. The
results of the final model are presented as aORs and 95% confidence
intervals (CIs). All statistical analyses were conducted using R.2°

RESULTS

Worker Characteristics

Out of the 4496 work-related COVID-19-associated cases re-
ported from February 2020 to May 2025, 11% (N = 503) were long
COVID cases (Table 1). Among all long COVID cases, we observed
slightly more cases among males (51%, N = 256) than females
(47%, N = 238). We found that 63% of the long COVID cases were
among the 35- to 54-year age group. In contrast, the 65+-year age
group had the smallest proportion of long COVID cases, representing
only 3.6% of the total. Few of the COVID-19 cases, 12% (N = 530),
were attributed to multiple exposures. Furthermore, only 6% of the
long COVID cases were associated with multiple exposures. Over
40% of the long COVID cases were associated with a cluster com-
pared to 75% of the acute COVID-19 cases. Only 7% of all cases re-
ported receiving at least one dose of COVID-19 vaccine, with 89%
of vaccine information missing for all cases, and the rest reporting
as unvaccinated. Excluding cases before vaccine availability, the pro-
portion of all cases having received at least one dose of COVID-19
vaccine was 14%. While hospital admission following exposure was
documented for 3% of all cases, the proportion was three times higher
(9%) for long COVID cases. The duration of hospitalization varied in
length with equal proportions within 1 to 7 and 8 to 30 days. Although
over 59% of acute COVID-19 cases lost work due to illness or quaran-
tine, the proportion was higher (83%) among long COVID cases.

For both acute COVID-19 and long COVID, most cases worked
primarily indoors and in very close proximity to others. Health care
and social assistance and Public administration industry groups
accounted for most of the acute COVID-19 cases at 49% and 34%, re-
spectively. Half of all long COVID cases were from the public admin-
istration industry group (Fig. 1). The health care practitioners and
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TABLE 1. California Worker Characteristics by Acute COVID-19 Exposure or lliness and Long COVID Based on Doctors First Reports (DFRs),

February 2020-May 2025

Overall Acute COVID-19 Long COVID

Variable (N = 4496) (N=13993) (N=1503)
Sex

Female 2241 (50%) 2003 (50%) 238 (47%)

Male 2112 (47%) 1856 (46%) 256 (51%)
Age group (y)

18-34 1322 (29%) 1262 (32%) 60 (12%)

35-44 1194 (27%) 1039 (26%) 155 (31%)

45-54 1143 (25%) 984 (25%) 159 (32%)

55-64 654 (15%) 551 (14%) 103 (20%)

65+ 132 (2.9%) 114 (2.9%) 18 (3.6%)
Multiple exposures or acute illnesses* 530 (12%) 502 (13%) 28 (5.6%)
Cluster event" 3217 (72%) 2997 (75%) 220 (44%)
Proximity to others

Not close 205 (4.6%) 172 (4.3%) 33 (6.6%)

Somewhat close 100 (2.2%) 85 (2.1%) 15 (3.0%)

Close 119 (2.6%) 104 (2.6%) 15 (3.0%)

Very close 3238 (72%) 2880 (72%) 358 (71%)

Indoor exposure
Primarily outdoor
Often outdoor
Often indoor
Primarily indoor

Vaccination status
Fully vaccinated
Partially vaccinated
Vaccinated, doses unspecified
Unvaccinated

Signs or symptoms by organ system
Respiratory
Nervous system
Cardiovascular
Mental health
Other symptoms

First medical care sought (following exposure)

Emergency room
Hospital admission
Physician office
Telemedicine
None
Hospitalized
Days hospitalized
None
1-7d
8-30d
>30d
Unknown days
Lost 1 or more days
Yes, due to illness
Yes, due to quarantine/positive test
Workdays lost
None
1-7d
8-30d
>30d
Unknown days
Census occupation major group*
Architecture and engineering
Arts, design, entertainment, sports,
and media
Building and grounds cleaning
and management
Business and financial operations
Community and social service
Computer and math
Construction and extraction
Education, training, and library
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132 (2.9%)
146 (3.2%)
998 (22%)

2386 (53%)

154 (3.4%)

:
158 (3.5%)
163 (3.6%)

2510 (56%)
1895 (42%)
529 (12%)
178 (4.0%)
2094 (47%)

784 (17%)

124 (2.8%)
1828 (41%)
1169 (26%)

:
213 (4.7%)

4277 (95%)
64 (1.4%)
59 (1.3%)

]
83 (1.8%)

2575 (57%)
209 (4.6%)

366 (8.1%)
602 (13%)
1214 (27%)
109 (2.4%)
2198 (49%)

12 (0.3%)
1

79 (1.8%)

33 (0.7%)
63 (1.4%)

]
34 (0.8%)
182 (4.0%)

122 (3.1%)
131 (3.3%)
845 (21%)

2143 (54%)

119 (3.0%)

)
148 (3.7%)
144 (3.6%)

2102 (53%)
1535 (38%)
333 (8.3%)
76 (1.9%)
1694 (42%)

737 (18%)

81 (2.0%)
1617 (40%)
1106 (28%)

:
140 (3.5%)

3851 (96%)
42 (1.1%)
40 (1.0%)

1
58 (1.5%)

2159 (54%)
208 (5.2%)

350 (8.8%)
583 (15%)
1080 (27%)
44 (1.1%)
1934 (48%)

N
)

72 (1.8%)

27 (0.7%)
49 (1.2%)

]
28 (0.7%)
171 (4.3%)

)

15 (3.0%)
153 (30%)
243 (48%)

35 (7.0%)
1

!
19 (3.8%)

408 (81%)
360 (72%)
196 (39%)
102 (20%)
400 (30%)

47 (9.3%)
43 (8.5%)
211 (42%)
63 (13%)

)

73 (15%)

426 (85%)

22 (4.4%)

19 (3.8%)
)

25 (5.0%)

416 (83%)
1

16 (3.2%)

19 (3.8%)

134 (27%)

65 (13%)

264 (52%)

1
1

1

T
14 (2.8%)
1

!
11 (22%)

Continued next page
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TABLE 1. (Continued)

Overall Acute COVID-19 Long COVID
Variable (N = 4496) (N=3993) (N=503)
Farming, fishing, and forestry 30 (0.7%) 27 (0.7%) 1
Food preparation and serving related 50 (1.1%) 42 (1.1%) 1
Health care practitioners and technical 1159 (26%) 1060 (27%) 99 (20%)
Health care support 289 (6.4%) 274 (6.9%) 15 (3.0%)
Installation, maintenance, and repair 50 (1.1%) 43 (1.1%) 1
Legal 1 1 1
Life, physical, and social science 13 (0.3%) 12 (0.3%) 1
Management 90 (2.0%) 80 (2.0%) 1
Military 1 T -
Office and administrative support 297 (6.6%) 267 (6.7%) 30 (6.0%)
Personal care and service 13 (0.3%) 11 (0.3%) 1
Production 46 (1.0%) 37 (0.9%) T
Protective service 1145 (25%) 971 (24%) 174 (35%)
Sales and related 18 (0.4%) 1 1
Transportation and material moving 57 (1.3%) 42 (1.1%) 15 (3.0%)

CSTE worker group assignment®
Health care worker

Public pacing

Other

Census industry major group

1493 (33%)
1528 (34%)
641 (14%)

Accommodation and food services 18 (0.4%)
Administration and support and waste 55 (1.2%)
management services

Agriculture, forestry, fishing, and hunting 119 (2.6%)

Arts, entertainment, and recreation
Construction

:
13 (0.3%)

Educational services 300 (6.7%)
Finance and insurance 1
Health care and social assistance 2058 (46%)
Information 1
Management of companies and enterprises il
Manufacturing 26 (0.6%)
Military 1
Mining, quarrying, and oil and gas extraction 1
Other services, except public administration 1
Professional, scientific, and tech services 14 (0.3%)
Public administration 1604 (36%)
Real estate and rental and leasing 17 (0.4%)
Retail trade 48 (1.1%)
Transportation and warehousing 35 (0.8%)
Utilities 78 (1.7%)
Wholesale trade 1
NIOSH Industry Designation I
Essential 4343 (97%)
Mixed 66 (1.5%)
Nonessential 14 (0.3%)

1381 (35%)

112 (22%)

1312 (33%) 216 (43%)
548 (14%) 93 (18%)
16 (0.4%) 1
37 (0.9%) 18 (3.6%)
107 (2.7%) 12 (2.4%)
1 1
) 1
292 (7.3%) 1
) 1
1951 (49%) 107 (21%)
T -
T -
14 (0.4%) 12 (2.4%)
1 -
1 1
) 1
1349 (34%) 255 (51%)
16 (0.4%) 1
37 (0.9%) 11 (2.2%)
22 (0.6%) 13 (2.6%)
65 (1.6%) 13 (2.6%)
) 1
3894 (98%) 449 (89%)
46 (1.2%) 20 (4.0%)
1 1

TFinance and insurance; information; military; mining, quarrying, and oil and gas extraction industries; arts, design, entertainment, sports, and media; legal; and military occupations with

less than 5 DFRs are not shown.

*Multiple exposure was defined as more than one exposure event of Acute SARS-CoV-2 or COVID-19 illness (More than 1 DFR).
If two or more cases involved the same employer and were within 14 days of each other, they were ascribed to a single event (cluster).
SCSTE worker group assignment—The Council for State and Territorial Epidemiologists' (CSTE) worker group assignment categorize occupations as public facing workers, health care

workers, and other workers.

INTOSH industry designation—National Institute of Occupational Safety and Health's (NIOSH) industry designation categorize industry as essential, mixed, and nonessential.
Cells with less than 11 DFRs are suppressed. Cells with 0 DFRs (NA) are displayed as “—

technical occupational group, mainly comprising registered nurses,
accounted for 27% of all acute COVID-19 cases, whereas protective
service occupations accounted for 35% of all long COVID cases
driven by these detailed occupations: bailiffs, correctional officers,
and jailers (see chart, Supplemental Digital Content, Supplemental
Fig. 1, http:/links.lww.com/JOM/C51). Although registered nurses
constituted a majority of both acute COVID-19 and long COVID cases
(>55% and >45%, respectively), health practitioner support technolo-
gists and technicians made up 21% of the long COVID cases (see
chart, Supplemental Digital Content, Supplemental Fig. 1, http://

© 2025 American College of Occupational and Environmental Medicine

links.lww.com/JOM/C51). By worker group assignment, 33% of all
cases were health care workers and 34% were public facing workers.

Although missing for 64% of long COVID cases, 36% reported
at least one preexisting condition primarily captured through encoun-
ters at a physician's office (69%) and telemedicine appointments
(24%). The most prevalent preexisting conditions were obesity, hyper-
tension, asthma, and diabetes among all cases (see fig., Supplemental
Digital Content, Supplemental Fig. 2, http:/links.lww.com/JOM/CS52).
About half of all long COVID cases (49%) sought additional care
from specialists including cardiologists (10%), neurologists (10%),

1063

Copyright © 2025 American College of Occupational and Environmental Medicine. Unauthorized reproduction of this article is prohibited.



Wambui et al

JOEM o Volume 67, Number 12, December 2025

Industry Group

Acute COVID-19, N = 3,848
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FIGURE 1. Prevalence of acute COVID-19 exposure or illness and long COVID by major industry and occupation group based on

doctors first reports (DFRs), February 2020-May 2025.

pulmonologists (19%), and other specialists (16%). Approximately
43% (N = 214) of workers with long COVID reported they were ac-
tively working at the time they sought care. Among these, 21% in-
dicated that their work duties were modified, or tasks had been
changed. We observed stark disparity in work disruption, measured
as more than 30 lost workdays, between workers long COVID cases
(13%, N = 65) and acute COVID-19 cases (1.1%, N = 44).

The DFRs captured 70% of the workers presenting with at least
one sign or symptom as displayed by organ system in Figure 2. The most
common signs/symptoms among both acute and long COVID cases were
in the respiratory and the nervous systems. Among acute cases, cough
(32%, N=1258) and muscle pain (22%, N = 883) were the most common
symptoms overall, whereas dyspnea (62%, N = 313), fatigue (57%, N =
285), cough (50%, N = 249), and muscle pain (45%, N = 225) were most
common symptoms among long COVID cases. Less prevalent cardio-
vascular symptoms, such as chest tightness, high arterial blood pres-
sure, palpitations, and tachycardia, were notably more frequent among
long COVID cases compared to acute cases. Additionally, cognitive-
specific symptoms including confusion and memory loss or ‘brain
fog' were also more prevalent among long COVID patients. When
we examined risk factors in relation to developing respiratory, nervous
system, cardiovascular, mental health, and other signs or symptoms,
the age, hospitalization, and vaccination odds ratios increased risk
across all symptoms (Table 2). In contrast, being part of a cluster event
was associated with lower odds for all organ symptoms.

Risk Factors for Long COVID

Using logistic regression analysis, we found that the aORs for
long COVID increased with age; for example, workers aged 45 to
54 years had the highest aOR of long COVID (2.36, 95% CI:
1.44-3.88) compared to those aged between 18 and 34 years, as shown
in Figure 3. In our workplace risk factors assessment, we found an inverse
association of cluster events with long COVID (aOR: 0.34, 95% CI:

1064

0.23-0.49). We did not detect any exposure response pattern when exam-
ining proximity or indoor risk factors in relation to long COVID, which
were about the null. The number of symptoms was strongly associated
with long COVID. For example, having 10 or more symptoms increased
the odds of long COVID by a factor of 7 (aOR: 7.38, 95% CI: 4.04—
13.46), whereas those who had 5 to 9 symptoms increased the odds by
a factor of 2 (aOR: 2.43, 95% CI: 1.66-3.55) (Fig. 3). Working in an in-
dustry classified as mixed, ie, industries carrying out essential and nones-
sential services or work, increased the odds of long COVID compared to
essential industry groups (aOR: 9.90, 95% CI: 1.59-61.65).

DISCUSSION

Our findings revealed that long COVID constituted 11% of all
COVID-19 exposure and illness cases among workers who sought
medical care as captured by DFRs. Long COVID cases predominantly
involved male workers, with the highest incidence observed in the
public administration and health care and social assistance industry
groups The acute work-related COVID-19 cases were more common
among younger workers aged 18 to 34 years, whereas long COVID
cases were more frequently reported among workers aged 45 to
54 years. We that found over half of workers with long COVID were
not actively working at the time care was sought. We found positive as-
sociations of long COVID among older age, workers presenting with
symptoms, and workers from mixed essential/nonessential industries.
However, we found inverse associations of long COVID among
workers involved with worksite clusters in our exploration of work-
place exposure risk factors. These findings highlight which workers
may be at a higher risk of long-term sequelae of a COVID infection
impacting their health and their ability to earn a living.

Although most of our knowledge about long COVID stems
from general population studies, worker population studies of long
COVID are emerging.®-10.12.30.31 The prevalence of long COVID was
slightly lower than 14% reported by Zhang et al.32 We found that most
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Cough

Dyspnea/Shortness of Breath
Pharyngitis/sore throat

Nasal congestion

Other upper respiratory symptoms
Type of Cough

Pneumonia

Rhinorrea/runny nose

Upper respiratory pain/irritation
Wheezing/bronchospasm
Asthma attack 4,
Hyperventilation/tachypneaq,

Cyanosis q,

Diarrhea

Nausea

Vomiting

Abdominal pain

Anorexial/loss of appetite

40%

0% 20% 60%

AgeusialLoss of taste

Anosmia/loss of smell

Paresthiasis/numbness/tingling

Memory loss/brain fog

Blurred vision

Ataxia/lrregular muscle coordination

Hyperactivity/irritability 4,

Coma

Chest pain/tightness

High arterial BP

Palpitations

Tachycardia/> 100 bpm

Lower arterial BP

Cardiac arrest/myocardial infarction

Muscle pain

Headache

Confusion

Dizziness

Tinnitus g5
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FIGURE 2. Prevalence of signs and symptoms of acute COVID-19 exposure or illness and long COVID by organ system based on

doctors first reports (DFRs), February 2020-May 2025.

of the long COVID cases were among workers covered by California
COVID-19 presumptions—namely, first responders, including health
care providers and police officers33 who worked primarily indoors
and in close contact with other.

Our study underscores the profound impact of long COVID on
workers, extending beyond health care to affect quality of life, productiv-
ity, and economic stability.!7-3437 We observed a wide range of persistent
signs and symptoms across various organ systems, including fatigue/mal-
aise, memory loss, and brain fog. Workers experiencing long COVID may
face significant challenges in performing their duties, potentially requiring
workplace accommodation and facing job limitations.?® The economic
strain is also considerable, with increased health care utilization and
potential for long-term disability.3® Our results also highlighted sub-
stantial lost workdays, particularly among long COVID cases, leading
to a 13-fold (1.1% among acute cases vs 13% among long COVID
cases) increase in workers losing over 30 workdays. This loss directly
impacts productivity; exacerbates labor shortages, particularly in crit-
ical sectors; and increases medical costs, as noted by Cutler.!¢ There-
fore, our findings emphasize the socioeconomic importance of under-
standing and addressing the long-term effects of COVID-19 among
workers, highlighting the real-world implications of our research and
the urgent need for supportive interventions.

In our examination, COVID-19 among workers based on DFRs,
age was a risk factor for long COVID as found in other studies.40-43
However, in a meta-analysis of long COVID among adults older than
18 years that assessed risk factors, age was identified as a risk factor

© 2025 American College of Occupational and Environmental Medicine

for the presence of more symptoms rather than for long COVID.#2
Our finding of an inverse association for cluster event and long
COVID may be due to interventions implemented across workplaces
in California.** The highest outbreak-associated cases in California
between January 2020 and August 2021 were among the health care
sector, a group for which we observed the second highest prevalence
of long COVID DFRs.#> The 2009 California Division of Occupa-
tional Safety and Health (Cal/OSHA) Aerosol Transmissible Disease
Standard required employers in health care and congregate living set-
tings to assess and control risk of exposure to aerosol transmissible
pathogens, including novel pathogens like SARS-CoV-2.4¢ For the re-
tail sectors, manufacturing and food services sectors that experience
outbreaks,*> the potential for exposure might have encouraged em-
ployers to provide sick time, to require use of personal protective
equipment, and to encourage uptake of vaccinations. Although we
did not detect any impacts of vaccination on the risk of long COVID,
others have identified vaccines as critical in prevention of long
COVID.#7-49 The association between number of symptoms and in-
creased odds of long COVID is well documented.*!->0 Symptom count
reflects the extent of systemic involvement, multiple-organ involve-
ment, infection severity, or inflammatory response levels, which could
increase the likelihood of lingering effects and increased risk of long
COVID.>! Employment in mixed essential industries was another po-
tential risk factor for long COVID when compared to essential only in-
dustries. As previously noted, health care workers were protected
through the ATD and were under health care orders to receive a
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TABLE 2. Logistic Regression of Risk Factors for Long COVID Major Organ System Signs or Symptoms Based on Doctors First Reports (DFRs),

February 2020-May 2025

Respiratory Nervous System Cardiovascular Mental Health Other
Variable Category Symptoms Symptoms Symptoms Symptoms Symptoms
Sex Female Ref Ref Ref Ref
Male 1.05 (0.72-1.54) 0.91 (0.61-1.37) 1.50 (0.86-2.64) 0.53 (0.24-1.16) 0.99 (0.67-1.45)
Age (y) 18-34 Ref Ref Ref Ref
35-44 1.90 (1.13-3.24) 1.75 (1.00-3.11) 2.61 (1.12-6.81) 3.95(1.37-14.32)  1.81 (1.07-3.11)
45-54 2.48 (1.51-4.18) 248 (1.47-4.31) 2.73 (1.17-7.15) 2.74 (0.88-10.30) 2.45 (1.48-4.14)
55-64 2.09 (1.16-3.77) 1.81(0.96-3.42) 4.74 (1.99-12.55)  2.11 (0.58-8.63) 2.20 (1.23-3.96)
65+ 1.97 (0.55-5.57) 1.68 (0.38-5.28) 3.07 (0.43-13.92) — 1.80 (0.49-5.16)
Multiple exposure™® No Ref Ref Ref Ref
Yes 0.64 (0.30-1.22) 0.58 (0.25-1.17) 0.97 (0.33-2.33) 2.85(0.95-7.46) 0.80 (0.40-1.47)
Cluster event' No Ref Ref Ref Ref
Yes 0.28 (0.20-0.40) 0.32 (0.22-0.47) 0.24 (0.14-0.41) 0.10 (0.04-0.22) 0.28 (0.19-0.40)
Proximity to others Not close Ref Ref Ref Ref
Somewhat close 0.63 (0.18-1.91) 0.56 (0.14-1.87) 2.78 (0.75-10.46)  0.71 (0.03-6.18) 0.45 (0.11-1.50)
Close 0.65 (0.19-1.90) 0.83 (0.24-2.47) 2.61 (0.67-9.84) 233 (0.37-14.16)  1.01 (0.35-2.75)
Very close 0.79 (0.42-1.57) 1.04 (0.52-2.19) 1.23 (0.49-3.60) 1.54 (0.45-6.86) 0.88 (0.46-1.77)
Indoor exposure No Ref Ref Ref Ref
Yes 0.91 (0.62-1.32) 0.85(0.57-1.28) 1.14 (0.65-2.05) 1.26 (0.57-2.97) 0.84 (0.57-1.22)
Hospitalized No Ref Ref Ref Ref
Yes 2.33(1.29-4.08) 2.06 (1.08-3.78) 2.88 (1.35-5.84) 2.48 (0.80-6.67) 2.29 (1.25-4.06)
Vaccination status Unvaccinated Ref Ref Ref Ref
Vaccinated 1.76 (1.13-2.70) 1.97 (1.24-3.06) 1.53 (0.76-2.91) 3.72 (1.65-8.10) 2.21(1.43-3.36)
CSTE worker group assignment ~ Health care worker Ref Ref Ref Ref
Public facing 1.59 (1.01-2.52) 1.80 (1.10-2.99) 1.05 (0.51-2.16) 1.02 (0.39-2.69) 1.31 (0.83-2.09)
Other 1.47 (0.83-2.57) 2.25(1.24-4.05) 1.85 (0.85-3.97) 2.00 (0.71-5.56) 1.55 (0.88-2.67)
NIOSH industry designation® Essential Ref Ref Ref Ref
Mixed 4.74 (1.20-17.78)  6.51 (1.68-24.08)  0.58 (0.03-4.67) 5.30(0.55-30.63) 7.72 (2.07-29.63)
Nonessential 1.71 (0.22-9.81) 1.91 (0.25-10.76)  1.45(0.07-10.49)  6.51 (0.76-46.03)  3.36 (0.57-19.78)

Presented as odds ratios and 95% confidence intervals.

*Multiple exposure was defined as more than one exposure event of acute SARS-CoV-2 or COVID-19 illness (more than 1 DFR).

If two or more cases involved the same employer and were within 14 days of each other, they were ascribed to a single event (cluster).

1CSTE worker group assignment—The Council for State and Territorial Epidemiologists' (CSTE) worker group assignment categorize occupations as public facing workers, health care

workers, and other workers.

SNIOSH industry designation—National Institute of Occupational Safety and Health's (NIOSH) industry designation categorize industry as essential, mixed, and nonessential.

COVID vaccine,*®32 which might explain our strong association for
mixed essential. Many public-facing workers can also work in mixed
essential industries, like those in retail, and may often lack workplace
protections or accommodations, such as paid time off for vaccinations.
In summary, the rationale for our observed pattern of long COVID is
complex and the untangling each of these potential risk factors in an
adequately powered study would be needed.

This study was subject to several limitations affecting the inter-
pretation of our findings. Primarily, our data were contingent on phy-
sician reporting through DFRs, which may introduce a bias as most
occupational COVID-19 cases are likely unreported, thus skewing
our estimates.>? To be identified as an occupational COVID-19 or long
COVID case through a DFR, a worker must have access to and seek
medical care following an illness, the attending physician must recog-
nize the illness as work-related, and the physician must be aware of the
DER reporting requirements. Moreover, patterns of COVID-19 medi-
cal care access may be driven by presumptions, severity of illness, or
both. The fear of workplace retribution often discourages workers
from reporting, and research suggests that up to two-thirds of occupa-
tional illnesses may go unreported.5* Lack of sufficient data to code
for industry and occupation information could have biased the rate es-
timates for these categories. The combination of these mechanisms
may have led to underreporting of occupational COVID. Second, we
devised an approach to classify cases of long COVID that could differ
from other studies and affect the calculation of the prevalence. Third, the
cross-sectional nature of the analysis restricted our understanding of
the temporal relationship between workplace risk factors, health status,
and long COVID. Finally, the extent to which vaccination prevents long
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COVID is unclear; some studies indicate no improvement in resolv-
ing persistent symptoms,>5->8 whereas others indicate prevention or
improvement.*7-#° Due to lack of vaccination information on the DFRs,
we could not adequately examine the effect of vaccination on risk of
long COVID. We had no data to assess race/ethnicity and other socio-
economic data in the development of long COVID among workers.
For DFRs that captured workplace accommodation or task changes,
the specific details on the types of changes were limited. Owing to a lack
of complete reporting, barriers for workers to seek care for a work-
related illness, and limited volume of DFRs, the generalizability of
our findings is limited to workers who sought medical care for an expo-
sure to SARS-CoV-2, acute COVID-19 illness, or long COVID illness.

Despite the limitations, the surveillance system had several
strengths. First, DFRs are timely accounts from medical professionals
while incorporating workers' perspectives on COVID-19 exposure or
illness. This dual reporting ensures both clinical accuracy and first-
hand descriptions of workplace exposures, enhancing data reliability.
Understanding the worker's account provides critical insight into
potential transmission dynamics, workplace risks, and gaps in occupa-
tional protections. Second, unlike many other data sources, DFRs cap-
ture detailed industry and occupational information, providing valuable
context for understanding work-related COVID-19 exposures, illness
not available in many data sources, or both. Lastly, the surveillance
system attempted to capture lost work time, highlighting the economic
impact of COVID-19 on workers. By tracking the duration of work ab-
sence, the occupational COVID-19 surveillance system contributes to
knowledge on the broader economic consequences of long COVID on
the workforce as highlighted by other studies.!6-30-36.59.60
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Long COVID and Risk Factors in California Workers
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FIGURE 3. Logistic regression of risk factors for long COVID based on doctors first reports (DFRs), February 2020-May 2025.

In conclusion, our study characterized the burden of long
COVID among California workers using Doctor's First Reports, empha-
sizing the significance of lost work time as an indicator of economic im-
pact. The findings reveal an elevated risk of long COVID among older
workers, workers presenting with symptoms, and workers in industries
classified as mixed essential/nonessential. In particular, health care and
protective service workers who sought medical care for workplace expo-
sures emerge as key populations for targeted interventions. Given the
prolonged recovery trajectories associated with long COVID, further
research is warranted to assess its long-term impact on worker disability,
labor market participation, and overall economic impacts. Additionally,
examining the role of vaccination in mitigating post-COVID complica-
tions remains a critical avenue for public health inquiry.
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