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A prospective cohort study 
assessing the relationship 
between long‑COVID symptom 
incidence in COVID‑19 patients 
and COVID‑19 vaccination
Bayan Abu Hamdh 1 & Zaher Nazzal 2*

Current studies about the long‑term effects of COVID‑19 show a wide range of symptoms. This 
prospective cohort study aimed to find the incidence of long‑COVID symptoms and the associated 
risk factors. We followed 669 confirmed COVID‑19 patients. Sociodemographic and clinical data were 
extracted from medical records and collected via semi‑structured telephone interviews on days 10, 
30, 60, and 90. The incidence of long‑COVID symptoms was 41.6% (95% CI 37.8–45.4%). Females 
[aOR = 1.5 (95% CI 1.1–2.3)], the elderly [aOR = 4.9 (95% CI 2.0–11.3)], and those who required 
hospitalization [aOR = 5.0 (95% CI 1.3–3.7)] were at a higher risk of developing long‑COVID. Patients 
with dyspnea at day 10 [aOR: 2.4 (95% CI 1.6–3.7] and fatigue at day 60 [aOR: 3.1 (95% CI 1.5–6.3] 
were also at risk. While non‑vaccinated patients were almost seven times more likely to report 
long‑COVID symptoms than vaccinated patients [aOR: 6.9 (95% CI 4.2–11.3)]. In conclusion, long‑
COVID was common among COVID‑19 patients, with higher rates among females, older age groups, 
hospitalized patients, and those with dyspnea and fatigue, while vaccination provided protection. 
Interventions should educate health professionals, raise general public awareness about the risks and 
consequences of Long COVID, and the value of vaccination.

COVID-19 first appeared in China in December 2019 and rapidly spread worldwide, becoming a public health 
emergency and a global  pandemic1. The disease was first reported in March 2020 in Palestine, and by October 
2022 there were approximately 700,000 confirmed COVID-19 cases with 5700  deaths2.

In addition to ongoing COVID-19 outbreaks, healthcare providers are confronting the persistence of COVID-
19 symptoms after the initial acute phase of  infection3. Patients with COVID-19 who continue to complain of 
new, returning, or ongoing health problems 12 weeks post-infection that are not explained by an alternative 
diagnosis are described as post-COVID-19 conditions, long-COVID symptoms, or long-COVID  syndrome4. 
The World Health Organization (WHO) definition includes the continuation or development of new symptoms 
3 months after the initial SARS-CoV-2 infection (suspected or confirmed), with these symptoms lasting for at 
least 2 months with no other  explanation5.

The frequency of long-COVID symptoms vary with some studies reporting that a quarter of COVID-19 
patients experience symptoms 4–5 weeks after the positive test, while others report one in ten patients experiences 
symptoms after 12  weeks4,6–9. Several studies have described over 200 symptoms identified post-acute infection, 
with multiorgan involvement. The most common symptoms are fatigue, dyspnea, dysautonomia, postural orthos-
tatic tachycardia syndrome, loss of taste and smell, insomnia, cough, headache, arthralgia, mental disorders, fever, 
hair loss, and gastrointestinal  symptoms3,10,11. Long-COVID impacts both physical and mental well-being12, as 
well as functional and occupational  status13, leading to prolonged disability with no return to the baseline health 
status for several months or  years14. Furthermore, only a few of persons with Long COVID make a full recovery; 
85% of Long COVID patients who had symptoms 2 months after infection still had symptoms 1 year  later8,15.

Many theories have been proposed to explain its etiology, such as persistent reservoirs of SARS-CoV-2 in 
tissues, immunological dysregulation, autoimmunity, clotting and endothelial abnormalities, and dysfunctional 
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signaling in the nervous  system8,16. The risk factors that increase the occurrence of long COVID include older 
age, female gender, type 2 diabetes, certain autoantibodies, hospitalization, and certain socioeconomic condi-
tions such as a lower  income17–19.

The variety of COVID-19 vaccines appear to be effective in preventing infection or reducing the severity of 
 symptoms20,21. However, their effect on the frequency of long COVID differs with some research reporting no 
effectiveness and others showing moderate  protection8,20–22. A systematic review concluded that vaccination 
before SARS-CoV-2 infection decreased the risk of subsequent long-COVID  infections23.

Studies on long COVID examine different populations in varied healthcare systems, where tests and exami-
nation equipment vary, as do the follow-up intervals. This study aims to measure the incidence of long-COVID 
symptoms among COVID-19 patients in Palestine seeking care in a government clinic and to assess the relation-
ship between COVID-19 vaccination and the occurrence of long-COVID symptomatology.

Methods
Study design and population. We conducted a prospective cohort study that followed COVID-19 
patients diagnosed between 16 September and 5 October 2021 in the Tulkarm Primary Health Care (PHC) 
Directorate of the West Bank with a positive COVID-19 test registered in the Health Information System. Phone 
interviews were conducted on days 10, 30, 60, and 90 to inquire about persisting symptoms. The study lasted 
until the end of January 2022 and included all adult patients over the age of 18 who had confirmed COVID-19 
infection. Exclusion criteria included patients unable to answer the questionnaire or lost to follow-up. The Real 
Time-Polymerase Chain Reaction (RT-PCR) was used to confirm all COVID-19 cases in Palestine.

A total of 705 patients were identified, 36 were excluded: 33 left Palestine or failed to answer the phone, one 
had Down’s Syndrome and could not answer the questions, and two died. Six hundred and sixty-nine participants 
were included in the final analysis.

The Institutional Review Board of An-Najah National University [Reference #: Mast. Nov. 2021/33] approved 
the study. All procedures followed the Declaration of Helsinki guidelines. The Primary Healthcare Department 
of the Palestinian Ministry of Health granted permission to obtain essential information from the Health Infor-
mation System. All patients were invited to participate, informed that their data would be used for research 
purposes, assured confidentiality, and gave verbal informed consent.

Measurement tools. Demographic information including the date of infection, age, gender, and contact 
information were extracted from the patients’ electronic health records by the first author (BA). Follow-up clini-
cal data were collected by phone using a semi-structured questionnaire derived from previous research on long-
COVID  symptoms11,14,24. Part one of the questionaire assessed patients’ smoking status, occupation, history of 
chronic illnesses, previous COVID-19 infection, and COVID-19 vaccination. The second part asked about the 
persistent or new emerging symptoms post-infection, like fever, cough, dyspnea, fatigue, loss of smell and taste, 
arthralgia, insomnia, brain fog, headache, and dyspnea. The first interview was conducted on day 10 to assess 
patients for persistent symptoms or new emerging symptoms. Follow up phone interviews were done on days 30, 
60 and 90 using data from the prior interviews and asking about persistent or new symptoms.

Dyspnea was evaluated using the modified medical research council (mMRC)  scale25. It is the most commonly 
validated scale for evaluating dyspnea in chronic respiratory  diseases26, with five items describing nearly the entire 
spectrum of dyspnea, from none (Grade 0) to near-total incapacity (Grade 4)25. The mMRC was recorded as No 
for a score of zero and Yes for grades one through four. Fatigue was assessed with the Fatigue Assessment Scale 
(FAS), a valid questionnaire for assessing fatigue in patients with interstitial lung and other chronic lung diseases, 
and used to monitor fatigue in many diseases and  conditions27. It has ten items; five examine physical fatigue 
and five mental fatigue on a scale that ranges from one to five. Higher scores indicate greater fatigue. FAS items 
1, 2, 4, 5, and 10 assess physical fatigue, while items 3, and 6 through 9 assess mental fatigue. Item 4 and item 10 
are scored in reverse. The total score is calculated by summing the scores for each question. It ranges between 10 
and 50, with a score of < 22 indicating no fatigue and a score of  ≥ 22 as positive for  fatigue14,27,28. The subscores 
for physical and mental fatigue have not been validated. The Arabic version of FAS is valid and  reliable29.

Statistical analysis. IBM SPSS Statistics software version 21 (IBM Corp., Armonk, NY, USA) was used 
for data analysis. Frequency distributions and proportions summarize the categorical variables with the chi-
square test used to examine the relationships between categorical variables. The Kolmogorov–Smirnov test was 
emplyed to determine if the continuous variables were normally distributed and then data were summarized 
using means and standards deviation (SD). Finally, multivariate logistic regression was performed to identify 
factors independently associated with the long-COVID symptoms. The multivariate model included significant 
variables in the bivariate analysis, and the results were displayed as adjusted odds ratios (aOR) and 95% confi-
dence intervals (95% CI). A P-value less than 0.05 was used to determine significance.

Results
Patients’ characteristic. Forty three percent of the cohort was male (288). The mean age was 35. 
9 ± 11.5  years, with 371 (55.5%) employed and 191 (28.6%) smokers. Hypertension was the most common 
comorbidity, reported in 128 (18.2%) patients. Forty-five (6.7%) were previously infected with COVID-19, and 
45 (6.7%) were hospitalized (Table 1).

COVID‑19 vaccination. Prior to infection, 274 (41.0%) participants were vaccinated against COVID-19 
with 64 (23.4%) receiving only one dose. Patients received vaccines manufactured by Pfizer, Sputnik Light, and 
Moderna, 119 (17.8%), 85 (12.7%), and 25 (3.7%), respectively (Table 2).
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Clinical characteristics. Table 3 presents the most common symptoms at days 10, 30, 60, and 90. Dyspnea 
(38.7%), cough (31.8%), insomnia (31.5%), and fatigue (29.3%) were the most common symptoms reported by 
patients on day 10. Dyspnea and fatigue were still the most common symptoms reported on day 90, 134 (20.0%) 
and 100 (14.9%), respectively.

Table 1.  Background and clinical characteristics of the participants (n = 669). *Hypo/hyperthyroidism, 
inflammatory bowel disease, breast cancer, hepatitis.

Characteristics Frequency Percentage Mean ± SD

Age 35.9 ± 11.5

 18–29 239 35.7%

 30–39 185 27.7%

 40–49 134 20.0%

  ≥ 50 111 16.6%

Gender

 Male 288 43.0%

 Female 381 57.0%

Marital status

 Married 500 74.7%

 Single 169 25.3%

Educational level

 Diploma or higher 365 54.6%

 Secondary or primary school 304 45.4%

Employment status

 Unemployed 298 44.5%

 Employed 371 55.5%

Smoking

 Yes 191 28.6%

 No 478 71.4%

Past medical history

 Hypertension 122 18.2%

 Diabetes mellitus 70 10.5%

 Ischemic heart disease 53 7.9%

 Respiratory diseases 49 7.3%

 Others* 58 8.7%

 Hospital admission 45 6.7%

Table 2.  Vaccination status and type of COVID-19 vaccine of the study participants (n = 669).

Frequency Percentage

Vaccination status

 Yes 274 41.0%

 No 395 59.0%

Type of vaccine

 Pfizer 119 17.8%

 Sputnik light 85 12.7%

 Moderna 25 3.7%

 Sputnik-V 16 2.4%

 Sinopharm 13 1.9%

 AstraZeneca 16 2.4%

Number of doses (n = 274)

 One dose 64 23.4%

 Two doses 210 76.6%

Previous COVID-19

 Yes 45 6.7%

 No 624 93.3%
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Long‑COVID symptoms. After 90 days, 278 patients [41.6%; (95% CI 37.8–45.4%)] were categorized as 
having long-COVID symptoms. In bivariate analysis, females, older age groups, having comorbidities, requir-
ing hospitalization, non-vaccinated, dyspnea symptoms at day 10, and reports of fatigue at day 30 and day 60 
were more likely to develop long-COVID (P < 0.001 for all). A multivariable analysis was conducted to identify 
factors independently associated with the outcome. Females were 1.6 times more likely to develop long-COVID 
symptoms than males [aP value: 0.019, aOR = 1.6 (95% CI 1.1–2.4)]. Older age groups were more likely, as well 
as patients over 50 who were nearly five times likelier than those aged 18–29 [aP value: < 0.001, aOR = 4.9 (95% 
CI 2.0–11.3)]. Patients hospitalized due to COVID-19 were at five times greater risk of suffering from long-
COVID symptoms [aP value: < 0.001, aOR: 5.0 (95% CI 1.3–18.9)]. Furthermore, dyspnea on day 10 and fatigue 
on day 60 predicted long-COVID. Patients with dyspnea on day 10 were 2.4 times more likely to develop the 
long-COVID [aP value: < 0.001, aOR: 2.4 (95% CI 1.6–3.7)]. Those with fatigue on day 60 were nearly three times 
more likely to develop the long-COVID symptoms [aP value: < 0.001, aOR: 2.9 (95% CI 1.6–5.1]. On the other 
hand, vaccination was protective; non-vaccinated patients were almost seven times more likely to develop long-
COVID symptoms than vaccinated patients [aP value: < 0.001, aOR: 6.9 (95% CI 4.2–11.3)] (Table 4).

Discussion
This cohort study followed patients diagnosed with COVID-19 to assess long-term symptoms that persisted 
90 days after the onset of the disease. Almost half of the affected sample was between 30 and 49 years old, and 
the majority were female. These findings are consistent with other studies indicating that COVID-19 is more 
prevalent in females and those ages 30 to 60  years14,30,31.

One-third of the patients complained of dyspnea, fatigue, loss of taste or smell, and cough on day 10. These 
symptoms are commonly reported as a clinical manifestation of acute COVID-1932–34. An online cross-sectional 
study in Saudi Arabia found that 73% of patients complained of fatigue and weakness 7 to 8.1 days after infec-
tion, and 66% had musculoskeletal pain, headache, loss of smell, cough, and loss of  appetite35. Our findings of 
persistant dyspea and fatigue in addition to headaches, loss of smell and taste, sleep disturbance, brain fog and 
cough align with other studies. Tabacof et al. found that within a year of infection, the most common ongoing 
symptoms were fatigue (82%), brain fog (67%), and headache (60%)24. Another Nigerian study found that 2 weeks 
after being released from isolation, more than one-third of patients had persistent fatigue (12.8%), headache 
(12.8%), and chest pain (9.8%)31.

Although most COVID-19-infected patients recover within a few weeks after the acute infection, 40.6% 
of our sample continued to have at least one symptom on day 90. The rates of long-COVID symptomatology 
varies in the literature. For example, a Mediterranean cohort study found that approximately 50% of patients 
had persistent symptoms 10–14 weeks after the first  episode36, while a Jordanian study showed that 71.8% of 
patients still have one physical or psychological symptom 3 months or more after the first  infection37. In two 
German studies, 14.2% of patients developed post-COVID-19  symptoms38, whereas 27.8% of non-hospitalized 
COVID-19 patients reported at least one symptom 4 months after the initial  symptom3. The differing results 
could be attributed to the various types of studies used, the length of follow-up, vaccination rates, and healthcare 
system differences. To date, no particular test is used to confirm Long-COVID symptoms, and the full impact of 
COVID-19 on patients is yet to be understood.

The literature is mixed on the risk factors for long-COVID. A prospective cohort study in revealed that females 
and patients with comorbidities were at higher risk of developing long-COVID  symptoms17, consistent with our 
findings although comorbidities were not significant at the multivariate level. A Jordan study found that female 
patients, older patients, and patients with comorbidities had a significantly increased risk of developing long-
COVID37. However, a Nigerian study did not find an association between age, sex, presence of hypertension, 

Table 3.  Frequency of COVID-19 signs and symptoms at day 10, day 30, day 6, and day 90 (n = 669).

Post COVID-19 symptoms Day 10 Day 30 Day 60 Day 90

Dyspnea 259 (38.7%) 204 (30.5%) 170(25.4%) 134 (20.0%)

Fatigue 196 (29.3%) 295 (44.1%) 193 (28.8%) 100 (14.9%)

 Physical fatigue

 Mental fatigue

Headache 123 (18.4%) 79 (11.8%) 73 (10.9%) 60 (9.0%)

Insomnia 211 (31.5%) 85 (12.7%) 66 (9.9%) 42 (6.3%)

Ageusia 171 (25.6%) 95 (14.2%) 80 (12.0%) 49 (7.3%)

Anosmia 43 (6.4%) 35 (5.2%) 34 (5.1%) 31 (4.6%)

Brain fog 38 (5.7%) 33 (4.9%) 24 (3.6%) 16 (2.4%)

Cough 213 (31.8%) 41 (6.1%) 13 (1.9%) 12 (1.8%)

Dizziness 165 (10.5%) 36 (5.4%) 9 (1.3%) 13 (1.9%)

GI symptoms 106 (15.8%) 5 (0.7%) 1 (0.1%) 1 (0.1%)

Anorexia 104 (15.5%) 6 (0.9%) 2 (0.3%) 3 (0.4%)

Arthralgia 99 (14.8%) 18 (2.7%) 8 (1.2%) 4 (0.6%)

Fever 72 (10.8%) 2 (0.3%) 0 (0.0%) 0 (0.0%)
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diabetes, or multiple comorbidities and experiencing persistent post-COVID-19  symptoms31. We found that 
older patients were five time more likely than younger patients to develop long-COVID.

Studies show hospitalization to be a significant risk factor for developing long-COVID, in agreement with our 
findings. Pérez-González et al. and Hedberg P et al. demonstrated that hospitalized patients were more likely to 
have persistent symptoms and post COVID conditions than  outpatients18,39. Asadi-Pooya et al. found that the 
number of days spent in the hospital was significantly correlated with long-COVID symptoms 3 months after 
 infection40.

As we found, fatigue is present with all ages, both sexes, and even in healthier  patients8, and as we found 
one of the most common persistent symptoms with post-COVID-19. Carvalho-Schneider et al. demonatrated 
a significant association between dyspnea in the early presentation of the infection and persistent  symptoms34 
which is in agreement with our findings. Another study showed that 70% of COVID-19 hospitalized patients 
complained of fatigue and/or dyspnea 7 months post  discharge41.

Table 4.  Bivariable and multivariable analysis of factors related to long-COVID symptoms (n = 669). aP-value 
adjusted P value, aOR adjusted odds ratio, CI confidence interval. † Reference group, *Chi-square test.

Long-COVID symptoms 
frequency (%)

P value*

Multivariable analysis

Yes No aOR (95% CI) aP value

Gender

  Male† 92 (31.9%) 196 (68.1%)
 < 0.001

1.6 (1.1–2.4) 0.019

 Female 186 (48.8%) 195 (51.2%) 1

Age group

 18–29† 55 (23.0%) 184 (77.0%)

 < 0.001

1

 30–39 76 (41.1%) 109 (58.9%) 2.2 (1.3–3.7) 0.003

 40–49 82 (61.2%) 52 (38.8%) 4.9 (2.4–10.1)  < 0.001

  ≥ 50 65 (58.6%) 46 (41.4%) 4.9 (2.0–11.3)  < 0.001

Educational level

 Primary 20 (7.2%) 21(5.4%)

0.247
 Secondary 110 (39.6%) 153 (39.1%)

 Diploma 20 (7.2%) 17 (4.3%)

 Bachelors and more 128 (46.0%) 200 (51.2%)

Employment status

 Unemployed 132 (44.3%) 166 (55.7%)
0.412

 Employed 146 (39.4%) 225 (61.6%)

Smoking

 Yes 79 (41.4%) 112 (58.6%)
0.949

 No 199 (41.6%) 279 (58.4%)

Comorbidities

 Yes 141 (58.7%) 99 (41.3%)
 < 0.001

1.3 (0.73–2.1) 0.408

  No† 137 (31.9%) 292 (68.1%) 1

Hospital admission

 Yes 42 (93.3%) 3 (6.7%)
 < 0.001

5.0 (1.3–18.9) .019

  No† 236 (37.8%) 388 (62.2%) 1

Dyspnea on day 10

 Yes 111 (39.9%) 299 (76.5%)
 < 0.001

2.4 (1.6–3.7)  < 0.001

  No† 167 (60.1%) 92 (23.5%) 1

Previous COVID-19

 Yes 19 (42.2%) 26 (57.8%)
0.925

 No 259 (41.5%) 365 (58.5%)

COVID-19 vaccination

  Yes† 57 (20.8%) 217 (79.2%)
 < 0.001

1

 No 221 (55.9%) 174 (44.1%) 6.9 (4.2–11.3)  < 0.001

Fatigue at day 30

 Yes 190 (68.3%) 105 (26.9%)
 < 0.001

1.5 (0.86–2.6) 0.188

  No† 88 (31.7%) 286 (73.1%) 1

Fatigue at day 60

 Yes 150 (54.0%) 43 (11.0%)
 < 0.001

3.1 (1.5–6.3) 0.002

  No† 128 (46.0%) 348 (89.0%) 1
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Unvaccinated patients were seven times more at risk of developing long-COVID than vaccinated patients in 
our study. However, vaccine effects on long-COVID vary in the literature. This may be related to different study 
methodology, time betweein immunization and infection, and long-COVID  definitions8. Taquet et al. observed 
no significant difference in the development of long COVID between vaccinated and unvaccinated  persons22. 
Other studies show that vaccines offer partial protection. For example, a large UK study with 1.2 million par-
ticipants found that long-COVID symptoms were halved in vaccinated  patients21. Another study revealed that 
patients vaccinated with two doses were 41% less likely to develop long-COVID  symptoms20. These findings 
support the vaccine’s effectiveness in preventing the disease, limiting its spread, and mitigating its severity. The 
importance of promoting vaccination at the population level is also important in Palestine given that vaccination 
uptake among the general population by October 2022 was 36.6%42.

One of the strenghts of our study was the prospective follow-up based on the WHO definition of long-COVID. 
Because patients could be reached by phone and completed the entire interview questionaire on days 10, 30, 60, 
and 90, we documented and assessed new and emerging symptoms. Study limitations included self-reported 
data from telephone interviews rather than physical examinations, raising the concern of information bias and 
the ability to evaluate all comorbidities, functional impairments, and complications. Second, although a small 
number of patients were not followed for 90 days due to travel outside Palestine or inability to reach them by 
phone, this may have contributed to selection bias. Third, we could not examine all relevant risk factors and 
comorbidities, and encourage future researchers to do this. Lastly, while we based our 90-day follow-up time 
on the WHO definition of long-COVID, following patients for more than 90 days would be beneficial. We were 
unable to do so due to limited resources.

Conclusion
Long-COVID symptoms incidence is high among COVID-19 patients, especially women, ages greater than 
30, and those hospitalized for the infection. The most common persistent symptoms were dyspnea, fatigue, 
headache, insomnia, and loss of smell or taste. Patients with dyspnea on day 10, and fatigue on day 60 were at 
risk for developing long-COVID symptoms. COVID-19 vaccination appears to be protective against developing 
long-COVID symptoms.

To ensure that patients with long-COVID symptoms and associated illnesses receive high quality care, health 
professionals must be educated on the disease. In addition, education campaigns to inform the public about the 
risks and consequences of Long COVID and to promote vaccination is imperative. Centers of excellence should 
be established to provide high-quality, culturally competent healthcare, to conduct research on this evolving 
disease, and to educate primary care professionals who work on the frontlines.

Data availability
All data generated or analyzed during this study are included in this published article.
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