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Symptoms and quality 
of life before, during, 
and after a SARS‑CoV‑2 PCR 
positive or negative test: data 
from Lifelines
Yvonne M. J. Goërtz 1,2,3*, Martijn A. Spruit 1,2,3, Maarten Van Herck 1,2,3,4, 
Nicole Dukers‑Muijrers 5,6,7, Lifelines Corona Research Initiative *, Carla J. H. van der Kallen 8,9, 
Chris Burtin 4 & Daisy J. A. Janssen 1,10

This study evaluates to what extent symptoms are present before, during, and after a positive SARS‑
CoV‑2 polymerase chain reaction (PCR) test, and to evaluate how the symptom burden and quality of 
Life (QoL) compares to those with a negative PCR test. Participants from the Dutch Lifelines COVID‑
19 Cohort Study filled‑out as of March 2020 weekly, later bi‑weekly and monthly, questions about 
demographics, COVID‑19 diagnosis and severity, QoL, and symptoms. The study population included 
those with one positive or negative PCR test who filled out two questionnaires before and after the 
test, resulting in 996 SARS‑CoV‑2 PCR positive and 3978 negative participants. Nearly all symptoms 
were more often reported after a positive test versus the period before the test (p < 0.05), except fever. 
A higher symptom prevalence after versus before a test was also found for nearly all symptoms in 
negatives (p < 0.05). Before the test, symptoms were already partly present and reporting of nearly 
all symptoms before did not differ between positives and negatives (p > 0.05). QoL decreased around 
the test for positives and negatives, with a larger deterioration for positives. Not all symptoms after 
a positive SARS‑CoV‑2 PCR test might be attributable to the infection and symptoms were also 
common in negatives.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus that causes coronavirus disease 2019 
(COVID-19), manifests during the acute infection as heterogeneous with a wide spectrum of respiratory and 
non-respiratory related  symptoms1,2. The severity of these symptoms can range from mild to severe or even 
 fatal3,4. Fortunately, most patients fully recover. Nevertheless, it is becoming increasingly evident that a substan-
tial proportion of people continues to experience symptoms for several weeks or months following the initial 
 infection5–8. This is often referred to as long-COVID or post-COVID-19 condition, amongst  others9,10. Com-
monly reported symptoms include fatigue, dyspnoea, cough, headache, brain fog, and this list is still  growing5–8. 
These long-lasting symptoms negatively impact everyday functioning and quality of life (QoL)7,11,12.
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The latest clinical case definition of the post COVID-19 condition proposed by the World Health Organiza-
tion (WHO, dated 6th of October 2021) touches upon the nature of these persisting symptoms by stating that 
“…symptoms may be new onset following initial recovery from an acute COVID-19 episode or persist from the initial 
illness. Symptoms may also fluctuate or relapse over time”10. Nevertheless, to date it remains to be determined 
whether symptoms were already present prior to a SARS-CoV-2 infection, as prospective data are  scarce13. In 
addition, few studies have investigated how the symptom burden differs between subjects with a positive and 
negative test before, during, and after a SARS-CoV-2 polymerase chain reaction (PCR)  test14,15. Some of the 
persisting symptoms, such as headache, are not disease-specific, are common in the general population and 
can be aggravated due to another viral infection or underlying chronic disease, ageing, and/or the effect of the 
pandemic itself (e.g. lockdowns)16. We aimed to study to what extent symptoms are present before, during, and 
after a positive SARS-CoV-2 polymerase chain reaction (PCR) test, and to evaluate how the symptom burden 
and QoL compares to those with a negative PCR test.

Results
167,729 people are enrolled in the Lifelines Cohort Study, of whom 139,375 were invited as of March 2020 for 
the first questionnaire of the Lifelines COVID-19 sub-study. Including only the eligible respondents for analyses, 
see Online Supplement Fig. 1, the study population comprised 996 SARS-CoV-2 PCR positive and 3978 negative 
participants. Participants with a SARS-CoV-2 PCR positive test were on average three years younger, slightly 
more often female, and had a higher BMI, compared to SARS-CoV-2 PCR negative participants. Education level 
was comparable between the SARS-CoV-2 positive and negative participants. Of the SARS-CoV-2 PCR positive 
tested participants 29 were hospitalized (3%). Of these, 23 participants used antibiotics, 25 participants used 
supplemental oxygen, and 11 participants were admitted to the ICU. Further details regarding demographical 
characteristics can be found in Table 1.

Symptom prevalence
In the weeks or months before the test, the symptom prevalence did not significantly differ between SARS-CoV-2 
PCR positive and negative participants (p > 0.05), except for fever and pain in the upper back (p < 0.05) (Fig. 1). 
During the test, prevalence rates were significantly higher for all symptoms in positive compared to negative 
tested participants (for all: p < 0.05). In the weeks or months after the test, symptoms with significantly higher 
prevalence in positives versus negatives were, loss of sense of smell or taste, shortness of breath, a feeling of 
heaviness in your arms or legs, part of your body feeling limp or heavy, headache, difficulty breathing, heart or 
chest pain, dizziness, a lump in your throat, and pain with breathing (all p < 0.05, Fig. 1, see Online Supplement 
Table 1 for the symptom severity before, during, and after a SARS-CoV-2 positive and negative test).

Change in symptom prevalence
Online Supplement Fig. 2 visually depicts the change in prevalence of symptoms over the time-periods by test-
result. Before the test, symptoms were already partly present. Nearly all symptoms were significantly more often 
reported after a positive test compared to the period before the test (p < 0.05), except for fever (p > 0.05). The 
increase in symptom prevalence after compared to before a positive test ranges from 1% for sore throat (3% before 
versus 4% after the test, p < 0.05) to 13% for loss of sense of smell or taste (1% before versus 14% after, p < 0.05) 
and muscle pain or aches (18% before versus 31% after, p < 0·05). A higher symptom prevalence after compared 
to before a test was also found for nearly all symptoms in negative tested participants (p < 0.05), besides loss 

Table 1.  Baseline characteristics stratified for a SARS-CoV-2 PCR positive (n = 996) or negative (n = 3978) test.

N SARS-CoV-2 PCR positive n (%) N SARS-CoV-2 PCR negative n (%)

Women, n (%) 996 660 (66·3) 3978 2619 (65·8)

Age (years), mean ± SD (min–max) 996 53·2 ± 11·4 (18–84) 3978 56·4 ± 11·6 (18–88)

BMI (kg/m2), mean ± SD 915 26·4 ± 4·5 3725 25·9 ± 4·1

Educational level, n (%)

959 3852
 Low 119 (12·4) 399 (10·4)

 Medium 519 (54·1) 2035 (52·8)

 High 321 (33·5) 1418 (36·8)

Health status at baseline, n (%)

784 3164

 Poor/mediocre 45 (5·7) 173 (5·5)

 Good 400 (51·0) 1693 (53·5)

 Very good 247 (31·5) 974 (30·8)

 Excellent 92 (11·7) 324 (10·2)

Number of questionnaires between test and previ-
ous questionnaire, median (min–max) 996 2 (2–15) 3978 2 (2–15)

Number of questionnaires between test and fol-
lowing questionnaire, median (min–max) 996 1 (1–9) 3978 1 (1–10)
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Figure 1.  Prevalence of reported symptoms before, during, and after a SARS-CoV-2 PCR positive (n = 996) and 
negative (n = 3978) test.
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of sense of smell or taste (1% before versus 1% after, p > 0.05) and fever (< 1% before versus < 1% after, p < 0.05) 
which remained equal before and after a negative SARS-CoV-2 PCR test.

Symptom burden
Participants with a positive SARS-CoV-2 PCR test reported a median number of 1[0–2] symptom before, 
12[7–16] symptoms during, and 2[0–5] symptoms after the test (p < 0·05). Participants with a negative SARS-
CoV-2 PCR test experienced 1[0–2] symptom before, 5[3–9] symptoms during, and 2[0–4] symptoms after the 
test (p < 0.05). In the weeks to months following the testing, the total number of symptoms remained equal or 
decreased in 44% of positive and 52% of negative tested participants compared to pre-test levels (Fig. 2).

Fatigue
The prevalence of severe fatigue was significantly increased after a positive test compared to the period before 
(4% versus 18% severe fatigue; p < 0.05). A higher prevalence of severe fatigue after compared to before the test 
was also found in negative tested participants, though to a lesser degree (5% versus 8%; p < 0.05) (Fig. 3).

Quality of life
On average the experienced QoL was 8[7-8] points before, 6[5–7] points during, and 7[7-8] points after a positive 
SARS-CoV-2-PCR test (p < 0.05). For negative tested persons the QoL was lower during the test (though higher 
than in positives, i.e. before: 8[7-8], during: 7[6–8], after: 7[7-8], p < 0.05) (Fig. 4).

Discussion
The study design of the Lifelines COVID-19 Cohort allows us to get a first detailed insight in the symptom bur-
den and QoL before, during, and after a positive and negative SARS-CoV-2 PCR test. In the weeks or months 
following a SARS-CoV-2 infection, nearly all symptoms were more frequently present compared to before. A 
higher symptom prevalence after compared to before a test was also found for nearly all symptoms in negative 
tested participants. Before the test, symptoms were already partly present and reporting of nearly all symptoms 
before did not differ between positives and negatives. QoL decreased around the SARS-CoV-2 PCR test for both 
positive and negative tested participants, with a larger deterioration for positives.

The current study re-confirms that SARS-CoV-2 presents itself as a heterogeneous  disease1,2. Fortunately, 
many positive tested participants fully recover. Nevertheless, a substantial proportion of participants continues to 
experience symptoms in the weeks or months after a positive SARS-CoV-2 PCR test. This is in accordance with 
previous studies performed in patients with mild to severe COVID-195–8. Thus far, it was unknown whether and 
to what extent positive tested participants were free of symptoms before the actual infection, as data about the 
pre COVID-19 status in longitudinal studies were scarce. The current study showed that symptoms were already 
partly present before the infection. This implies that these persisting symptoms may not solely be attributed to 
the SARS-CoV-2 infection. This is in accordance with Wu and colleagues, who found that 44% of a sample from 
the U.S. community experienced at least one symptom already before the  infection13. Then again, a part of the 

Figure 2.  Change in total number of symptoms after versus before a SARS-CoV-2 PCR positive (n = 996) and 
negative (n = 3978) test.
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ongoing symptoms could not be explained by the pre-infection status and are, therefore, most probably new-
onset or persisting symptoms following a SARS-CoV-2 infection.

Another difficulty when characterizing Long-COVID is the lack of data from participants with a negative 
SARS-CoV-2 test, as many symptoms are non-specific, common in the general population, and may be related to 
another infection, an underlying chronic disease, ageing, or changes in behaviour due to the  pandemic16. Indeed, 
an increase in symptom burden was also found for participants after a negative SARS-CoV-2 PCR test compared 
to before, though not for the symptoms loss of sense of smell or taste and fever which remained equally preva-
lent. This is in accordance with Søraas and colleagues, who studied the persistence of symptoms 3 to 8 months 
after a SARS-CoV-2 positive or negative test and found that especially the symptom loss of sense of smell or 
taste was significantly more frequently reported by positive tested persons compared to negative 132 days after 
 testing15. In addition, a French population-based cohort, comparing groups according to both European Center 
for Diseases Control (ECDC) criteria for COVID-19 (ECDC + or ECDC–) and serological SARS-CoV-2 tests 

Figure 3.  Prevalence and change of the symptom fatigue before, during, and after a SARS-CoV-2 PCR positive 
(A) and negative (B) test. The width of the lines is proportional to the flow rate. Severe fatigue is indicated by a 
SFQ score of ≥ 18 points.

Figure 4.  Quality of Life before, during, and after a SARS-CoV-2 PCR positive (n = 996) and negative (n = 3978) 
test. IQR  inter quartile range, SARS-CoV-2-PCR  severe acute respiratory syndrome coronavirus 2 polymerase 
chain reaction. Scale: 1 = terrible, 10 = excellent.
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results (sero + or sero–), found that individuals in all groups had a similar risk of having at least one symptom 
lasting more than 2  months17. Of note, these results should be interpreted with caution as some individuals do 
not show sero-conversion or because sero-reconversion occurs over time, leading to serological misclassifica-
tion. Nevertheless, all these findings together suggest that persistent symptoms are also common in the general 
population and may, therefore, not all be directly related to a SARS-CoV-2 infection.

With regards to QoL, it was expected that participants with a positive SARS-CoV-2 PCR test would experience 
lower levels of QoL after the infection, compared to negative tested participants. The current findings, however, 
indicated that the QoL levels for both positive and negative tested participants nearly returned to pre-test values 
on group level. This while Huang et al. showed that community-dwelling COVID-19 survivors still had lower 
health status one year after the infection than non-COVID-19  controls14. Nevertheless, the included participants 
in the study from Huang and colleagues were all previously hospitalized patients, whereas the proportion of 
hospitalized participants in the current study was small, which could explain the difference in experienced health 
status in the weeks or months following the infection.

Some limitations have to be considered when interpreting the current findings. First, SARS-CoV-2 diagno-
sis and severity is based on self-report without the use of medical records. In addition, the precise date of the 
COVID-19 diagnosis was unknown. Therefore, the precise duration of the symptoms post-COVID-19 was also 
unknown. Second, the results cannot be generalized to all people with COVID-19, as adolescents (< 18 years 
of age) were not included in the current analyses. Moreover, cases with severe SARS-CoV-2 were less likely to 
participate in the current study. Hence, the small proportion of hospitalized participants. Third, the participants 
with a negative SARS-CoV-2 PCR test should not be considered as healthy controls, since these participants 
were eligible for PCR testing. Nevertheless, the reason for testing (e.g. testing due to COVID-19 like symptoms, 
contact with persons with COVID-19 or travels) was unknown. In addition, SARS-CoV-2 serology tests for the 
retrospective diagnosis of COVID-19 were not performed in the current study and, therefore, an undetected 
infection during the first months of the COVID-19 pandemic cannot be completely ruled out. Fourth, only 
participants with one positive or negative SARS-CoV-2 PCR test were taken into account. Hence, results cannot 
be generalized to people with multiple periods with symptoms that could be attributed to infections. Fifth, data 
concerning pre-existing comorbidities are lacking and the effect of pre-existing comorbidities on the symptom 
burden could not be determined. Sixth, BMI was assessed during the first visit of the general Lifelines Cohort 
Study (e.g. recruitment period 2006–2013). Therefore, the effect of a change in BMI on symptom severity (i.e. 
back pain, shortness of breath) could not be evaluated. Seventh, no information was available on whether the 
participants received a vaccination during the course of the study. Then again, the protective effect of vaccina-
tions against Long-COVID is unknown  yet18,19. Eight, the onset of new COVID-19 variants was not considered. 
Nevertheless, the current data are from approximately September 2020 to July 2021, while Omicron presented 
itself in Europe in late 2021 and early 2022. At last, the list of symptoms might not be all-inclusive, as people 
with a SARS-CoV-2 infection may experience up to 203 different symptoms, including brain fog, concentration 
problems, and fluctuating symptoms like post-exertional  malaise7,20.

Conclusions
This study contributes to the rapidly developing knowledge on COVID-19 and its long-term consequences. The 
findings indicate that not all symptoms after a positive SARS-CoV-2 test might be attributable to the infection and 
symptoms were also common in participants with a negative SARS-CoV-2 PCR test. Nonetheless, a part of the 
ongoing symptoms could not be explained by the pre-infection status. These new-onset or persisting symptoms 
after a SARS-CoV-2 infection are a major public health concern and warrant attention.

Methods
Study design and participants
The current study used data from the Lifelines COVID-19 Cohort Study, an add-on study to the Lifelines Cohort 
 Study21,22. The Lifelines Cohort Study is an ongoing multi-disciplinary prospective population-based cohort study 
examining the health and health-related behaviours of 167,729 persons living in the North of The Netherlands 
in a unique three-generation design. It employs a broad range of investigative procedures in assessing the bio-
medical, socio-demographic, behavioural, physical and psychological factors which contribute to the health and 
disease of the general population, with a special focus on multi-morbidity and complex genetics. The participants 
of the Lifelines Cohort Study were recruited between 2006 and 2013, through general practitioners and self-
enrollment. Participants who were unable to understand the Dutch language, were not able to fill in question-
naires, not able to visit the general practitioner, had severe mental illness (i.e. not fully capable to make rational 
decisions), or who had limited life expectancy (< 5 years) due to severe illness were not considered  eligible21–23.

For the add-on Lifelines COVID-19 Cohort Study digital questionnaires were sent out to all adult participants 
with a known e-mail address of the Lifelines Cohort Study. At the beginning questionnaires were sent out on a 
weekly basis starting March 2020, later bi-weekly starting June 2020, and monthly starting August 2020. In the 
current study data from 24 questionnaires were used, collected over a period from approximately March 2020 
through July 2021. A description of the cohort and study specifications has been published  previously24.

Of note, the current analyses only take into account participants who reported one positive or negative 
SARS-CoV-2 PCR test as of COVID-19 Questionnaire 13 which was sent out starting September 2020 during 
the second wave of the pandemic when PCR tests were more readily available in The Netherlands. In addition, 
only participants who filled out at least two questionnaires before and after a positive or negative SARS-CoV-2 
PCR test were included in the population of analyses.

The Lifelines Cohort Study, including the Lifelines COVID-19 Cohort Study, was conducted according to 
the principles of the Declaration of Helsinki and approved by the Medical Ethics Committee of the University 
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Medical Center Groningen, the Netherlands (number 2007/152). No additional ethical approval is needed to 
request data collected within the regular protocol of Lifelines. All participants signed an informed consent.

Measures
Demographic characteristics
Sex, age, educational level (low, medium, and  high25), and self-reported health status (poor, mediocre, good, 
very good, and excellent) were assessed during the first COVID-19 questionnaire (COVID-19 Questionnaire 
1). Body Mass Index (BMI) was assessed during the first visit of the general Lifelines Cohort Study by a research 
assistant using a standardized protocol.

COVID-19 related characteristics
Participants were asked to self-report whether they were tested for COVID-19 and if the result was positive or 
negative, since the last time they filled out a questionnaire. As of November 2020, a question was added to evalu-
ate if the test was performed by the Municipal Public Health Service in The Netherlands. This was to ensure that 
only participants with a positive or negative SARS-CoV-2 PCR test, not self-administered test (antigen), were 
taken into account in the current analyses. Before November 2020 antigen tests were rarely available so most 
participants are likely to have had a PCR test. In case of a reported positive SARS-CoV-2 test, the severity of the 
infection was assessed (e.g. hospitalization, the use of antibiotics/supplemental oxygen during hospitalization, 
and intensive care unit (ICU) admission).

Self-reported symptoms
Self-report questions were used to evaluate the extent to which the participants experienced 28 symptoms 
(symptom severity) in the last 7 days using a five-point Likert-scale (1 = not at all; 2 = a little bit; 3 = somewhat; 
4 = quite a lot; 5 = very much) (See Online Supplement for the list of symptoms). When questionnaires were sent 
out bi-weekly and monthly instead of weekly, the reference period of the questions was adapted to the last 14 
and 28 days, respectively. A cut-off score of ≥ 2 points (‘a little bit’) was used to determine the prevalence of the 
symptom at the time of questionnaire administration.

Fatigue severity was measured using the Shortened Fatigue Questionnaire (SFQ). The SFQ consists of four 
items scored on a seven-point Likert scale (“I feel tired”, “I tire easily”, “I feel fit”, and “I feel physically exhausted”). 
The score ranges from 4 to 28 points, with higher scores indicating more severe fatigue. Severe fatigue is indicated 
by a SFQ score of ≥ 18  points26.

Quality of life
QoL was assessed with the following question “how would you rate your quality of life over the past 7, respectively 
14 and 28, days”, using a 10 point-Likert scale (1 = terrible, 10 = excellent).

Defining the symptom severity, ‑prevalence, ‑burden and QoL before, during, after a positive 
or negative test
To determine the symptom severity and QoL during a positive and negative SARS-CoV-2 PCR test, a so-called 
time-point zero was defined. This was the first administered questionnaire in which the respondent reported a 
positive or negative PCR test since the last time they filled in a questionnaire. To calculate the symptom sever-
ity and QoL in the weeks/months prior and after a positive or negative SARS-CoV-2 PCR test, the average was 
calculated of the available answers on the Likert-scales from COVID-19 Questionnaire 1 to 24. In these calcula-
tions, information on symptoms and QoL from the questionnaire that was filled out directly before the test was 
not taken into account to prevent that an emerging infection influenced the symptom burden and QoL in the 
pre-test period. Based on the symptom severity in the weeks/months before, during, and after a PCR test, the 
prevalence of each symptom was determined using the cut-off score of ≥ 2 points (‘a little bit’). The total number 
of symptoms present before, during, or after a PCR test is referred to as the symptom burden.

Statistical analyses
Statistical analyses and visualization were conducted using SPSS (V.25.0 for Windows, Chicago, IL, USA) and 
SankeyMATIC (http:// sanke ymatic. com/ build/). Descriptive statistics on group level were reported as mean and 
standard deviation, median and interquartile range, or frequency and percentage, as appropriate. Chi-square was 
conducted to compare symptoms and QoL by test-result (e.g. positive versus negative tested participants) for 
each time-period separately. One-way repeated measured ANOVA and McNemar test were used to determine 
if there were differences in symptoms and QoL between time-periods (before, during, and after a SARS-CoV-2 
test) for positives and negatives separately. In case of significant differences between time-periods, a post-hoc 
analysis with Bonferroni adjustment was carried out. The level of significance was set at < 0.05.

Data availability
We are not permitted to share individual data from the Dutch Lifelines study. Information on applying for access 
to the Dutch Lifelines data is available at https:// www. lifel ines. nl/ resea rcher/ how- to- apply.
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