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Abstract
Objective  The persistent symptoms arising from COVID-19 infection pose a substantial threat to patients’ health, 
carrying significant implications. Amidst the evolving COVID-19 control strategies in China, healthcare workers (HCWs) 
endure considerable stress. This study aims to evaluate the prevalence of long COVID infections and their influencing 
factors among primary HCWs after epidemic control policy adjustment in Jiangsu.

Methods  A self-designed questionnaire was administered through on-site surveys among primary HCWs in five 
counties and districts within Jiangsu Province from July 4 to July 20, 2023. Logistic regression analysis was employed 
to identify factors associated with long COVID.

Results  The prevalence of long COVID among primary HCWs stood at 12.61%, with a 95% confidence interval (CI) 
of 11.67-13.55%. Among those affected, the most common long COVID symptoms were hypomnesia (4.90%, 95%CI: 
4.29-5.51%), sleep difficulties (2.73%, 95%CI: 2.27-3.19%), fatigue (2.35%, 95%CI: 1.92-2.78%), disturbances in the 
reproductive system (1.93%, 95%CI: 1.54-2.32%), hair loss (1.85%, 95%CI: 1.47-2.23%), and myalgia/arthralgia (1.51%, 
95%CI: 1.16-1.86%). Multivariate logistic regression revealed that older age groups (30–45 years (adjusted odds ratio 
(aOR) = 1.93, 95%CI: 1.44–2.58), 45–60 years (aOR = 2.82, 95%CI: 2.07–3.84)), females (aOR = 1.26, 95%CI: 1.03–1.55), and 
higher work stress (high stress (aOR = 1.52, 95%CI: 1.24–1.86), extremely high stress (aOR = 1.37, 95%CI: 1.03–1.82)) 
were more prone to long COVID. Conversely, individuals with educational attainment below the bachelor’s degree 
(aOR = 0.67, 95%CI: 0.55–0.82) and those who received four or more doses of the COVID-19 vaccine (aOR = 0.55, 95%CI: 
0.33–0.92) were at a reduced risk.
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Introduction
Coronavirus disease 2019 (COVID-19) has posed a major 
threat to the health and socioeconomics of people world-
wide since emerging from Wuhan in December 2019 [1]. 
As of Beijing Time, October 5, 2023, there have been 
771,151,224 confirmed cases of COVID-19, including 
6,960,783 deaths reported to the WHO worldwide [2]. 
With the continued prevalence of COVID-19 and the 
increasing number of recovered cases, there is substantial 
evidence to suggest that a higher proportion of individu-
als may experience long-term effects on multiple organs 
and systems even after the nucleic acid test has returned 
to a negative result. This condition is commonly referred 
to as ‘long COVID’.

Long COVID is a post-COVID-19 condition occurring 
in individuals with a history of probable or confirmed 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, usually 3 months from the onset, with 
symptoms lasting for at least 2 months and not attribut-
able to an alternative diagnosis, as defined by the WHO 
[3]. The National Institute for Health and Clinical Excel-
lence (NICE) in the UK distinguishes between symp-
toms that occur between 4 and 12 weeks after infection 
with COVID-19 (referred to as ‘Ongoing symptomatic 
COVID-19’, which is considered a subacute phase of the 
infection), and symptoms that persist for more than 12 
weeks (termed ‘Post-COVID-19 syndrome’ or ‘chronic 
disease’) [4]. As the number of infections increased, 
the number of people experiencing long-term effects of 
COVID-19 also rose rapidly. As of March 5, 2023, about 
1.9 million people in UK households (2.9% of the popu-
lation) reported experiencing long COVID, with symp-
toms lasting over four weeks after their first confirmed 
or suspected COVID-19 infection, and not due to other 
causes [5]. Evidence indicates that a minimum of 65 mil-
lion individuals worldwide are estimated to struggle with 
long COVID [6], with projections indicating its potential 
impact on over a billion individuals globally in the forth-
coming years [7]. The most common symptoms include, 
but are not limited to, fatigue, shortness of breath, and 
cognitive dysfunction, which generally have an impact on 
everyday functioning [8].

The prevalence of long COVID varies depending on 
viral strains and duration of follow-up. Notably, the 
Omicron variant has been associated with lower rates 

compared to other variants. Research indicates preva-
lence rates of long COVID for historical variants at 48.1% 
(95% CI: 39.9–56.2%), Alpha variant at 35.9% (95% CI: 
30.5–41.6%), and a combination of Delta and Omicron 
variants at 16.5% (95% CI: 12.4–21.4%) [9]. The preva-
lence of long COVID tends to decrease with longer 
follow-up periods. A study conducted during the 2021 
Delta variant surge in India showed rates of 29.2% at 4 
weeks and 9.3% at 6 months [10]. A follow-up study after 
the outbreak of the Omicron BA.2 variant in Shanghai in 
March 2022 reported that 8.89% of COVID-19 patients 
experienced WHO-defined long COVID, with a signifi-
cant decrease in its incidence observed after one year 
[11]. Overall, an estimated 10–20% of cases currently 
experience long COVID, potentially affecting individuals 
of all age groups, including children [6]. Its ramifications 
cause widespread health, welfare, and livelihood damages 
globally, resulting in significant economic losses.

There is a considerable body of literature exploring the 
influencing factors of long COVID. Romero-Rodríguez et 
al. identified hospitalization, ICU admission, history of 
pneumonia, and vaccination as predictive factors for long 
COVID symptoms, with vaccination being the only nega-
tive predictor for all significant symptoms [12]. A multi-
center survey across four major cities in China revealed 
that female gender, smoking, having ≥ 3 chronic diseases, 
and prolonged medication usage were risk factors for 
long COVID, while prior administration of ≥ 2 vaccine 
doses acted as a protective factor [13]. A retrospective 
cohort study following the Omicron surge in eastern 
India highlighted previous COVID-19 infection and hav-
ing ≥ 2 symptoms during the acute phase as risk factors 
for developing long COVID [14]. Wang et al. identified 
through a prospective cohort study that individuals expe-
riencing depression, anxiety, perceived stress, and greater 
concern about COVID-19 were more prone to develop 
long COVID related symptoms [15].

Since the issuance of the ‘Notice on Further Opti-
mizing and Implementing COVID-19 Prevention and 
Control Measures’ by the Joint Prevention and Control 
Mechanism of the State Council on December 7, 2022 
[16], virus transmission has rapidly escalated, resulting in 
a sharp rise in infection cases in China. Healthcare work-
ers (HCWs), being at the forefront in combating COVID-
19, face heightened risks and might be more susceptible 

Conclusion  This study investigates the prevalence of long COVID among primary HCWs and identifies key 
influencing factors. These findings are crucial for assisting in the early identification of COVID-19 patients at risk for 
long-term complications, developing targeted interventions aimed at optimizing healthcare resource allocation and 
enhancing the work conditions and quality of life of HCWs. To mitigate the prevalence of long COVID, healthcare 
providers and local authorities should implement effective measures, such as optimizing work-rest schedules and 
actively advocating for vaccination.
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to long COVID. Foreign studies have documented the 
occurrence of long COVID among HCWs. An observa-
tional multicenter study conducted in India, covering the 
period from July to October 2021 among HCWs infected 
with COVID-19, reported an overall prevalence rate of 
30.34% for long COVID [17]. To our knowledge, there 
is no similar research conducted in China. Therefore, it 
seems urgent to conduct relevant studies to understand 
the prevalence of long COVID after epidemic control 
policy adjustment.

Therefore, in July 2023, we conducted a follow-up 
study among primary HCWs in Jiangsu Province who 
had contracted COVID-19, aiming to comprehensively 
understand the current status of long COVID in this 
population, accurately assess associated risk factors, and 
early identify high-risk groups for long COVID. This 
study intends to provide support and research evidence 
for the revision of fundamental healthcare policies.

Materials and methods
Study subjects
Previously, we conducted a study on COVID-19 infec-
tions and the prevalence, characteristics, and predictors 
of ongoing symptoms (lasting > 28 days) of COVID-19 
one and a half months after adjustments the epidemic 
prevention and control policy [18]. This study employed 
the same methodology but changed the question-
naire completion method from online to on-site. From 
July 4th to July 20th, 2023, a follow-up survey was car-
ried out to assess long COVID symptoms among 5,754 
primary HCWs in five counties and districts of Jiangsu 
Province. All participants had been involved in the ini-
tial survey and were primary HCWs who may have been 
directly involved in the diagnosis, care, and treatment of 
COVID-19. The questionnaire was developed according 
to the survey’s purpose and references, and subsequently 
underwent refinement during an expert workshop. The 
finalized questionnaire was distributed through the 
Questionnaire Star platform (https://www.wjx.cn/). At 
the follow-up site, investigators initially provided an 
explanation of the questionnaire, and participants sub-
sequently used their smartphones to scan a QR-code 
for response submission. Participants could consult the 
investigators at any time if they encountered any difficul-
ties during the completion process. Investigators con-
ducted on-site proofreading and review of the collected 
questionnaires to ensure accurate completion. The sur-
vey encompassed demographic information and informa-
tion regarding symptoms associated with long COVID.

The study protocol was approved by the Ethics Com-
mittee of the Jiangsu Provincial Centre for Disease 
Control and Prevention (No. JSJK2023-B010-01). Addi-
tionally, all participants voluntarily joined this study and 

signed an informed consent form before completing the 
questionnaire.

Definition
In our study, long COVID is defined as the presence of 
signs and symptoms consistent with COVID-19 during 
or after infection, lasting more than 12 weeks and not 
explained by other diagnoses [4]. Individuals would be 
diagnosed with ‘long COVID’ if they experienced symp-
toms persisting for more than 90 days, and if they pre-
sented one or more of the following symptoms: fatigue, 
cough, breathing difficulties, nasal congestion/runny 
nose, cardiac issues, anaemia, headache/dizziness, sleep 
difficulties, anxiety, depression, brain fog, hypomnesia, 
hair loss, smell/taste disorder, nausea/vomiting, diarrhea/
constipation, myalgia/arthralgia, limb numbness, skin 
rash, or disturbance of reproductive system [19–21].

Since January 8, 2023, China has implemented “Class 
B control” for COVID-19 infections, and the nucleic acid 
strategy has been adjusted to “test at will“ [22]. The num-
ber of people undergoing nucleic acid testing has sharply 
declined. This study concentrates on individuals who 
have either been infected or likely to be infected. In this 
study, infected persons were defined as those who tested 
positive for COVID-19 nucleic acid, those who tested 
positive for COVID-19 antigen, those who tested posi-
tive for both COVID-19 nucleic acid and antigen, as well 
as those who showed symptoms related to COVID-19 
but were not tested. Based on the literature, the strain of 
infection involved in this investigation is most likely to be 
the Omicron strain [23].

The body mass index (BMI) was calculated as weight in 
kilograms divided by the square of height in metres. The 
BMI classification criteria for Chinese adults are outlined 
as follows [24]: underweight is defined as BMI < 18.5 kg/
m2, normal weight is defined as BMI 18.5–23.9  kg/m2, 
overweight is defined as BMI 24.0–27.9 kg/m2, and obe-
sity was defined as BMI ≥ 28.0 kg/m2.

Sample size and statistical analysis
According to our analysis of data collected from pri-
mary HCWs in Jiangsu Province who were infected 
from December 2022 to January 2023, the prevalence 
rate of ongoing symptoms was 14.83%. Additionally, a 
follow-up survey conducted after the Omicron BA.2 out-
break in Shanghai from March to June 2022 found that 
8.89% COVID-19 patients self-reported the presence 
of long COVID symptoms [11]. In our study, assuming 
a prevalence rate of 8.89% for long COVID, alongside a 
two-tailed alpha level set at 0.05, and a two-sided 95% 
Clopper-Pearson CI width of 0.01778 (with a relative 
error of 10%), the minimum sample size required was 
computed using PASS 15.0 software, resulting in 4,489 

https://www.wjx.cn/
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participants, factoring in a permissible non-response rate 
of up to 10%.

The final data were exported to Microsoft Excel and 
subsequently analyzed using the statistical software R 
4.2.3. Continuous variables were reported as means 
(standard deviation, SD), while categorical variables were 
presented as frequencies and percentages. The Night-
ingale rose diagram was utilized to illustrate the dis-
tribution of persistent symptoms following COVID-19 
infection. Researchers conducted both univariate and 
multivariate logistic regression analyses to identify fac-
tors associated with the development of long COVID 
symptoms among primary HCWs. In the univariate 
analyses, variables associated with infection (P < 0.2) 
were subsequently included in multivariate logistic step-
wise regression analyses. Odds ratio (OR) and 95%CI or 
adjusted odds ratio (aOR) and 95%CI, quantified the risk 
associated with long COVID symptoms. Multivariate 
outcomes will be graphically depicted using forest plots. 
A two-sided P-value of < 0.05 was considered as indica-
tive of statistical significance.

Results
Participants
In July 2023, we conducted an investigation into the long 
COVID situations among participants of the initial sur-
vey by randomly selecting five counties/districts from the 
locations where the 34,090 respondents of the first survey 
were situated. These selected areas comprised the Ganyu 
District in Lianyungang City, Funing County, and Yandu 
District in Yancheng City, Kunshan and Changshu, which 
are county-level cities in Suzhou. A total of 5,754 primary 
HCWs participated in the survey. After excluding dupli-
cate questionnaires, the data from the initial baseline 
survey were cross-referenced with the data from this fol-
low-up survey by matching citizen identification number. 
Subsequently, participants with inconsistent responses 
to at least one of the four questions (citizen identifica-
tion number, COVID-19 infection between 1 December 
2022 and 20 January 2023, education level, and history of 
COVID-19 vaccination between the two surveys) were 
excluded. This process led to the identification of 5,541 
participants, of whom 4,757 were infected.

Demographic characteristics of infected primary HCWs
In this study, all results are analyzed based on the partici-
pation of 4,757 infected primary HCWs. The mean age of 
the participants was 39.55 ± 10.61 years, and 31.20% were 
male. BMI calculations using self-reported height and 
weight revealed that 51.69% of the participants were clas-
sified as normal weight, while 12.47% were categorized as 
obesity. More than half of the participants (58.10%) held 
a bachelor’s degree and above. Among the participants, 
the most common profession was doctor, accounting for 

2,118 (44.52%), followed by nurses with 1,339 (28.15%). 
The majority were employees, with only 16.46% in leader 
and middle management. For a comprehensive overview 
of the demographic profile of the participants, please 
refer to Table 1.

Prevalence, major symptoms of long COVID and 
comparison of major symptoms between the two surveys
The symptoms number observed in long COVID patients 
are presented in Table 2. Out of the 4,757 infected indi-
viduals, 600 (12.61%, 95%CI: 11.67-13.55%) self-reported 
experiencing long COVID symptoms, while 264 (5.55%, 
95%CI: 4.90-6.20%) reported two or more symptoms, 
accounting for 44.00% of patients with long COVID.

The most common symptoms of long COVID were 
hypomnesia (233/4,757, 4.90%, 95%CI: 4.29-5.51%), sleep 
difficulties (130/4,757, 2.73%, 95%CI: 2.27-3.19%), fatigue 
(112/4,757, 2.35%, 95%CI: 1.92-2.78%), disturbances 
in the reproductive system (92/4,757, 1.93%, 95%CI: 
1.54-2.32%), hair loss (88/4,757, 1.85%, 95%CI: 1.47-
2.23%), and myalgia/arthralgia (72/4,757, 1.51%, 95%CI: 

Table 1  Demographic characteristics of infected primary HCWs 
in Jiangsu Province
Variable Total, N (%)
Age (years)

Mean (SD) 39.55 (10.61)
Gender

Male 1,484 (31.20)
Female 3,273 (68.80)

BMI
Under weight 260 (5.47)
Normal weight 2,459 (51.69)
Over weight 1,445 (30.38)
Obesity 593 (12.47)

Educational level
Below the bachelor’s degree 1,993 (41.90)
Bachelor’s degree and above 2,764 (58.10)

Profession
Doctor 2,118 (44.52)
Nurse 1,339 (28.15)
Pharmacist 327 (6.87)
Medical technician 559 (11.75)
Other position 414 (8.70)

Position
Employee 3,974 (83.54)
Middle management 627 (13.18)
Leader 156 (3.28)

Table 2  The symptoms number of long COVID among primary 
HCWs
Number of symptoms Frequency Proportion (%)
0 4,157 87.39
1 336 7.06
≥ 2 264 5.55
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1.16-1.86%). Comparing the ongoing symptoms collected 
in the initial baseline survey with the symptoms concur-
rently reported in the current follow-up survey of long 
COVID symptoms, a notable decrease in the instances 
of breathing difficulties (58.32% vs. 4.50%) and cough 
(58.32% vs. 10.67%) became apparent. However, there 
was a slight increase in the prevalence of myalgia/arthral-
gia (7.81% vs. 12.00%), cardiac issues (7.09% vs. 11.17%), 
disturbance of reproductive system (11.14% vs. 15.33%), 
and skin rash (2.89% vs. 5.50%). The detailed distribution 
of the two surveys is depicted in Fig. 1.

Logistic regression on factors influencing of long COVID
The comprehensive examination of factors contributing 
to long COVID among primary HCWs is elucidated in 
Table  3. Significant disparities (p < 0.05) were observed 
between individuals with and without long COVID 
across multiple parameters: age, education level, posi-
tion, medical history, work in a fever clinic, COVID-19 
vaccination doses, normal rest on weekend or holidays, 
and work stress. Prevalence rates for long COVID were 
13.50% among the 30–45 age group, 15.45% among the 
45–60 age group, and 6.67% for those under 30. Those 
holding a bachelor’s degree and above displayed a prev-
alence of 14.22%, while those with education below 
the bachelor’s degree showed a prevalence of 10.39%. 

Remarkably, middle management exhibited a signifi-
cantly higher prevalence of long COVID at 15.15% com-
pared to ordinary employees and unit leaders. Individuals 
with medical history (15.23%) and those working in fever 
clinics (14.09%) had higher long COVID prevalence com-
pared to their counterparts. Regarding COVID-19 vac-
cine doses, prevalence rates were 18.69% for 0–1 doses, 
14.07% for 2–3 doses, and 10.60% for 4 or more doses. 
Participants who normally rested during weekends or 
holidays had a notably lower prevalence of 7.61% com-
pared to occasional normal resters.

No statistically significant differences were observed 
between the long COVID group and the non-long 
COVID group in terms of gender, BMI, profession, 
smoking status, drinking status, dietary structure, weekly 
frequency of exercise, daily working hours, and weekly 
working days. The individual characteristics of the long 
COVID and non-long COVID groups can be found in 
Table 3.

Variables with a p-value of 0.2 or lower in the univari-
ate logistic regression analysis were included in the mul-
tivariate logistic regression. The findings, depicted in 
Fig.  2, revealed significant associations indicating that 
older age, female, and higher work stress were correlated 
with an increased risk of long COVID prevalence. Specif-
ically, individuals aged 30–45 years (aOR = 1.93, 95%CI: 

Fig. 1  Nightingale rose diagram: illustration of > 28 and ≥ 91 days symptoms in patients with long COVID. The area of each colored bar indicates the 
number of cases. (A) signifies the percentage of patients experiencing ongoing symptoms lasting > 28 days among the 691 patients surveyed at baseline; 
(B) signifies the percentage of patients with long COVID symptoms lasting ≥ 91 days among the 600 patients in the follow-up survey
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Table 3  Univariate logistic regression for factors associated with long COVID
Variable Non-long COVID 

(n = 4,157)
Long COVID 
(n = 600)

OR (95%CI) p-
value

Gender Male 1,311 (88.34%) 173 (11.66%)
Female 2,846 (86.95%) 427 (13.05%) 1.14 (0.94–1.37) 0.182

Age Under 30 years old 896 (93.33%) 64 (6.67%)
30 ~ 45 years old 1,800 (86.50%) 281 (13.50%) 2.19 (1.65–2.90) < 0.001
45 ~ 60 years old 1,345 (84.54%) 246 (15.46%) 2.56 (1.92–3.41) < 0.001
More than 60 years old 116 (92.80%) 9 (7.20%) 1.09 (0.53–2.24) 0.823

BMI Normal weight 2,147 (87.31%) 312 (12.69%)
Obesity 517 (87.18%) 76 (12.82%) 1.01 (0.77–1.32) 0.933
Over weight 1,266 (87.61%) 179 (12.39%) 0.97 (0.80–1.18) 0.784
Under weight 227 (87.31%) 33 (12.69%) 1.00 (0.68–1.47) 0.998

Education level Bachelor’s degree and above 2,371 (85.78%) 393 (14.22%)
Below the bachelor’s degree 1,786 (89.61%) 207 (10.39%) 0.70 (0.58–0.84) < 0.001

Profession Other position 360 (86.96%) 54 (13.04%)
Doctor 1,849 (87.30%) 269 (12.70%) 0.97 (0.71–1.33) 0.848
Nurse 1,186 (88.57%) 153 (11.43%) 0.86 (0.62–1.20) 0.373
Pharmacist 273 (83.49%) 54 (16.51%) 1.32 (0.88–1.98) 0.185
Medical technician 489 (87.48%) 70 (12.52%) 0.95 (0.65–1.40) 0.810

Position Employee 3,488 (87.77%) 486 (12.23%)
Middle management 532 (84.85%) 95 (15.15%) 1.28 (1.01–1.63) 0.041
Leader 137 (87.82%) 19 (12.18%) 1.00 (0.61–1.62) 0.985

Smoking status Never smoking 3,693 (87.45%) 530 (12.55%)
Used to smoke 111 (85.38%) 19 (14.62%) 1.19 (0.73–1.96) 0.485
Smoking 353 (87.38%) 51 (12.62%) 1.01 (0.74–1.37) 0.966

Drinking status Never drinking 3,265 (87.30%) 475 (12.70%)
Used to drink 245 (88.13%) 33 (11.87%) 0.93 (0.64–1.35) 0.688
Drinking 647 (87.55%) 92 (12.45%) 0.98 (0.77–1.24) 0.851

Dietary structure Balanced diet 3,027 (87.79%) 421 (12.21%)
Meat-based diet 555 (88.38%) 73 (11.62%) 0.95 (0.73–1.23) 0.679
Vegetable-based diet 575 (84.43%) 106 (15.57%) 1.33 (1.05–1.67) 0.017

Weekly frequency of exercise 0 times 1,146 (87.02%) 171 (12.98%)
1–3 times 2,224 (87.94%) 305 (12.06%) 0.92 (0.75–1.12) 0.409
4–6 times 515 (87.14%) 76 (12.86%) 0.99 (0.74–1.32) 0.940
7 and more times 272 (85.00%) 48 (15.00%) 1.18 (0.84–1.67) 0.342

Medical history No 3,300 (88.09%) 446 (11.91%)
Yes 857 (84.77%) 154 (15.23%) 1.33 (1.09–1.62) 0.005

Work in a fever clinic No 2,138 (88.82%) 269 (11.18%)
Yes 2,019 (85.91%) 331 (14.09%) 1.30 (1.10–1.55) 0.003

COVID-19 vaccine doses 0 ~ 1 doses 87 (81.31%) 20 (18.69%)
2 ~ 3 doses 2,155 (85.93%) 353 (14.07%) 0.71 (0.43–1.17) 0.183
4 and more doses 1,915 (89.40%) 227 (10.60%) 0.52 (0.31–0.85) 0.010

Normal rest on weekends or holidays Always 413 (92.39%) 34 (7.61%)
Often 1269 (89.62%) 147 (10.38%) 1.41 (0.95–2.08) 0.085
Occasionally 2,475 (85.52%) 419 (14.48%) 2.06 (1.43–2.96) < 0.001

Daily working hours > 8 h 1,477 (86.17%) 237 (13.83%)
≤ 8 h 2,680 (88.07%) 363 (11.93%) 0.84(0.71–1.01) 0.058

Weekly working days > 5 days 3,464 (87.06%) 515 (12.94%)
≤ 5 days 693 (89.07%) 85 (10.93%) 0.83(0.65–1.05) 0.122

Work stress Moderate 2,076 (89.95%) 232 (10.05%)
Low 222 (93.28%) 16 (6.72%) 0.64 (0.38–1.09) 0.102
High 1,376 (83.95%) 263 (16.05%) 1.71 (1.42–2.07) < 0.001
Extremely high 483 (84.44%) 89 (15.56%) 1.65 (1.27–2.15) < 0.001
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Fig. 2  Forest plot of factors associated with long COVID in multivariate logistic regression. The OR are the exponentiated coefficients of the logistic model
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1.44–2.58) and 45–60 years (aOR = 2.82, 95%CI: 2.07–
3.84) exhibited a higher likelihood of developing long 
COVID compared to those under 30 years old. Addition-
ally, females have a higher risk of developing long COVID 
compared to males (aOR = 1.26, 95%CI: 1.03–1.55). Fur-
thermore, individuals reporting high stress (aOR = 1.52, 
95%CI: 1.24–1.86) and extremely high stress (aOR = 1.37, 
95%CI: 1.03–1.82) were at a greater risk of experienc-
ing long COVID. Conversely, individuals with educa-
tion levels below a bachelor’s degree (aOR = 0.67, 95%CI: 
0.55–0.82) and those who had received four doses of the 
COVID-19 vaccine (aOR = 0.55, 95%CI: 0.33–0.92) were 
associated with a reduced risk of developing the disease.

Discussion
In our study, 600 individuals (12.61% of the total sample 
of 4,757) experienced long COVID symptoms within six 
months post-infection. Among those with long COVID, 
44.00% exhibited two or more symptoms. The most prev-
alent long COVID symptoms included hypomnesia, sleep 
difficulties, fatigue, disturbances in the reproductive sys-
tem, hair loss, and myalgia/arthralgia. In the multivariate 
logistic regression, risk factors associated with the devel-
opment of long COVID included older age, female and 
higher work stress, while protective factors included edu-
cational attainment below a bachelor’s degree and receiv-
ing four or more vaccine doses.

While it is currently observed that new variants of 
COVID-19 lead to milder cases [25], they may have seri-
ous health consequences for specific populations such as 
pregnant individuals [26, 27]. There is an urgent need for 
in-depth research on the impact of these new variants 
on the long-term development of COVID-19, aiming 
to mitigate the public health crisis and formulate more 
effective management strategies. The primary objective 
of this study, conducted after adjustment of the epidemic 
control policy in China, is to estimate the proportion of 
individuals infected with SARS-CoV-2 who self-report 
long-term symptoms after six months. Furthermore, we 
seek to comprehend the primary symptoms and their 
influencing factors, with the aim of assessing the impact 
of the Omicron pandemic on individuals’ health status.

Long COVID has emerged as a significant global public 
health concern [28]. Recent global analyses have reported 
a cumulative prevalence of long COVID ranging from 
9–63% [29]. A meta-analysis encompassing 51 cohort 
studies, involving 33,573 patients, revealed an overall 
long COVID prevalence of 65.8% (95%CI: 47.7-83.9%). 
Specifically, the Omicron variant exhibited a substantially 
lower long COVID at 28.4% (95%CI: 7.9-49.0%), while the 
wild-type and Alpha variants were 60.5% (95%CI: 40.4-
80.6%) and 66.1% (95%CI: 42.2-89.9%) respectively [30]. 
Overall, the Omicron variant demonstrated a lower prev-
alence of long COVID post-infection compared to other 

variants. During our study, the prevailing strain identi-
fied was Omicron [31]. Therefore, the reported preva-
lence of long COVID associated with this strain (12.61%) 
aligns with the historical study range. However, our long 
COVID prevalence was higher compared to a prospec-
tive cohort study in Shanghai, China, which reported 
8.89% [11]. This discrepancy may be attributed to their 
stringent definition, which required laboratory confirma-
tion or clinical diagnosis for COVID-19 patients, whereas 
our criteria included individuals with COVID-19 like 
symptoms but without formal testing, potentially lead-
ing to an overestimation of long COVID prevalence. This 
also stands as a limitation of our study.

According to prior literature, the most commonly 
reported symptoms of long COVID encompass fatigue, 
breathlessness, olfactory dysfunction, myalgia, cough, 
memory impairment, attention disorders, headache, 
hair loss, brain fog, anxiety, and depression [32–35]. In 
our study, we assessed 20 prevalent long COVID symp-
toms, with hypomnesia (4.89%) emerging as the most 
frequent. This contrasts slightly with other studies where 
fatigue was identified as the predominant long COVID 
symptom, potentially attributed to the heightened cog-
nitive demands experienced by healthcare professionals 
in comparison to the general populace [34, 36]. Addi-
tionally, our investigation highlighted disturbances in 
the reproductive system (1.94%) as one of the most fre-
quently occurring symptoms of long COVID. Previous 
studies suggest a reasonable hypothesis that SARS-CoV-2 
infection may impact the reproductive organs in both 
females and males, potentially influencing human fer-
tility as well as aspects of pregnancy processes and out-
comes to some degree [37]. Furthermore, a retrospective 
matched cohort study utilizing the UK primary care data-
base unveiled a noteworthy association between reduced 
libido (OR = 2.36, 95%CI: 1.61–3.47) and long COVID 
[38].

A study involving 4,182 COVID-19 cases from the UK, 
USA, and Sweden discovered that the likelihood of devel-
oping long COVID increased with age, corroborating our 
own findings [39]. Similarly, a systematic review compris-
ing 25 observational studies also pinpointed advanced 
age as a common risk factor for long COVID [40]. A 
single-center prospective cohort study conducted at San 
Paolo Hospital in Milan, Italy, unveiled a significant cor-
relation between older age and the risk of long COVID 
[41]. Individuals within the 30–60 age bracket exhibit a 
higher likelihood of developing long COVID compared 
to those under 30 years old. This tendency might be 
attributed to the higher prevalence of pre-existing condi-
tions like diabetes, high blood pressure, and cardiovas-
cular disease among older individuals, coupled with the 
relatively weaker immune system observed in this age 
group [42].
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At the outset, we initially noted no substantial varia-
tions between genders. However, subsequent multivari-
ate analyses revealed a significant association between 
female and the risk of long COVID. Consistently across 
most studies, women exhibited a higher risk compared to 
men [38, 41]. This discrepancy may stem from differences 
in hormone levels between genders and potentially due 
to women’s heightened attentiveness to bodily changes.

Our study reveals that higher levels of work stress are 
associated with an increased risk of developing long 
COVID. Previous research has already indicated that 
elevated stress levels during the acute phase of COVID-
19 infection are closely linked to symptom onset. A 
study conducted among healthcare professionals car-
ing for COVID-19 patients in five prominent hospitals 
in Singapore and India demonstrated a strong correla-
tion between physical symptoms like sore throat, nau-
sea, vomiting, insomnia, loss of appetite, and heightened 
levels of anxiety, stress, and depression [43]. Regarding 
the relationship between stress and long COVID, a cross-
sectional online survey conducted on social media plat-
forms (Twitter and Facebook) showed that stress is one 
of the common triggers for the recurrence or exacerba-
tion of long COVID symptoms [44].

Based on our research, individuals with education lev-
els below a bachelor’s degree may have a reduced likeli-
hood of developing long COVID compared to those with 
a bachelor’s degree and above. This could be attributed 
to healthcare professionals with lower educational attain-
ment being more inclined to work in general medical 
practices or primary healthcare settings, which typically 
have fewer encounters with severe or potentially high-
risk COVID-19 cases. Conversely, HCWs with higher 
educational levels are more likely to be stationed in spe-
cialized medical institutions or emergency centers, where 
they may have more frequent encounters with severe 
cases. Additionally, a population-based prospective 
cohort study has also shown that lower educational levels 
(adjusted hazard ratio (aHR) = 0.77, 95%CI: 0.64–0.93) act 
as a protective factor for the prolongation of persistent 
symptoms [45]. From this, it can be inferred that lower 
educational levels may correlate with shorter durations of 
persistent symptoms, thereby reducing the likelihood of 
experiencing long COVID symptoms.

Vaccination against COVID-19 offers protective ben-
efits against the development of long COVID symptoms. 
A multicenter population survey in China demonstrated 
that receiving two or more doses of the COVID-19 vac-
cine in the past was associated with protection [13]. This 
finding is consistent with our study. However, our results 
suggest that receiving four or more doses of the COVID-
19 vaccine in the past provides even greater protec-
tion. The subtle variation in outcomes between the two 
studies may be attributed to China’s active promotion 

of inhalable vaccines from December 2022 to January 
2023. In our research, receiving two to three doses of 
the COVID-19 vaccine did not emerge as a protective 
factor against long COVID. This leads us to infer that 
the protective effect of the vaccine against long COVID 
may be time-sensitive. Simultaneously, it emphasizes the 
significance of enhancing primary healthcare workers’ 
understanding of preventive measures and promoting 
self-protection awareness. Nevertheless, further research 
is warranted to furnish compelling evidence.

The study exhibited several strengths: the overwhelm-
ing majority of respondents possessed knowledge in pre-
ventive or clinical medicine, heightening the accuracy 
of their self-reported findings. Additionally, all respon-
dents were engaged in primary healthcare institutions, 
contributing to a high response rate. Moreover, on-site 
counseling, proofreading, and auditing further bolstered 
response accuracy, thus augmenting the reliability of the 
study’s results. However, our study has several acknowl-
edged limitations. Firstly, the absence of mandatory 
nucleic acid testing might have resulted in undetected 
asymptomatic COVID-19 cases, potentially introducing 
variability in the overall self-reported rate of long COVID 
among the study subjects. Furthermore, the lack of test-
ing could result in both underestimation and overestima-
tion of the infection prevalence, as this study classified 
individuals who showed symptoms related to COVID-19 
but were not tested as infected persons. Secondly, our 
study lacks a control or comparator group, potentially 
leading to an overestimation of the prevalence due to the 
broad and non-specific symptoms of long COVID. Addi-
tionally, recall bias may have resulted from the large gap 
between the period of infection (1 December 2022 to 
20 January 2023) and the time of the survey (July 2023). 
Lastly, our analyses were confined to primary HCWs in 
Jiangsu Province, which might restrict the applicability of 
our findings to China as a whole or other regions.

In response to these limitations, future studies should 
consider designing cohort studies in more diverse regions 
and populations, incorporating nucleic acid or antigen 
testing to ensure accurate case identification and to fur-
ther explore the incidence of long COVID and its influ-
encing factors.

Conclusion
In summary, this study revealed that the prevalence of 
long COVID among primary HCWs in five districts/
counties of Jiangsu Province, China, is approximately 
12.61% (95%CI: 11.67-13.55%). Hypomnesia, sleep diffi-
culties, fatigue, disturbances in the reproductive system, 
hair loss, and myalgia/arthralgia were the most common 
long COVID symptoms. The research found that older 
age, female and higher work stress are more likely to lead 
to long COVID, while having an educational level below a 
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bachelor’s degree and receiving four or more doses of the 
vaccine offer protective effects. Our study results hold 
the potential to assist in early identification of COVID-
19 patients at risk for long-term complications and in the 
development of tailored rehabilitation plans. To mitigate 
the prevalence of long COVID, healthcare providers and 
local authorities should implement effective measures, 
such as optimizing work-rest schedules and actively 
advocating for vaccination.
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