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Abstract
The enduring impact of COVID-19 on patients has been examined in recent studies, leading to the description of Long-
COVID. We report the lasting symptom burden of COVID-19 patients from the first wave of the pandemic. All patients 
with COVID-19 pneumonia discharged from a large teaching hospital trust were offered follow-up. We assessed symptom 
burden at follow-up using a standardised data collection technique during virtual outpatient clinic appointments. Eighty-six 
percent of patients reported at least one residual symptom at follow-up. No patients had persistent radiographic abnormali-
ties. The presence of symptoms at follow-up was not associated with the severity of the acute COVID-19 illness. Females 
were significantly more likely to report residual symptoms including anxiety (p = 0.001), fatigue (p = 0.004), and myalgia 
(p = 0.022). The presence of long-lasting symptoms is common in COVID-19 patients. We suggest that the phenomenon 
of Long-COVID may not be directly attributable to the effect of SARS-CoV-2, and believe the biopsychosocial effects of 
COVID-19 may play a greater role in its aetiology.
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Introduction

The lasting symptom burden and impact of COVID-19 on 
patients has been examined in recent studies [1–4]. These 
findings have led to the description of post-COVID syn-
drome (also known as Long-COVID), a syndrome encom-
passing a protracted course of various physical and neu-
ropsychiatric symptoms that persist for more than 12 weeks 
without an alternative explanation [5, 6]. It is not currently 
known who is at greatest risk of developing Long-COVID 
but it is recognised that there is little relationship between 
the severity of the acute illness and the likelihood of devel-
oping Long-COVID [7, 8].

We report the lasting symptom burden of a patient cohort 
hospitalised with COVID-19 pneumonia during the first 
wave of the pandemic from a single NHS hospital trust in 
England. Our findings could have important implications for 
how healthcare systems should organise services to support 
these patients.

Methods

All patients discharged from Hull University Teaching Hos-
pitals NHS Trust after treatment for COVID-19 pneumonia 
were offered follow-up in accordance with a locally devel-
oped clinical pathway. The pathway was based on a pub-
lished model [3] and amended to reflect local service con-
figuration. Patients were not followed up if their admission 
was unrelated to COVID-19 or they had only mild symptoms 
and a normal chest x-ray (CXR). All patients included in our 
cohort had RT-PCR confirmed COVID-19 pneumonia. Our 
data do not include those followed up under the local frailty 
team (care home residents and those with a Clinical Frailty 
Score ≥ 6 [9]).
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All patients received a follow-up CXR and standardised 
clinical assessment by a specialist nurse and/or physiother-
apist. Those with persistent symptoms or abnormal con-
valescent chest x-ray were seen in a senior physician-led 
clinic and further investigations were performed based on 
clinical need. The clinical pathway is available in the online 
supplement.

A standard dataset was collected for each patient includ-
ing demographics, details of acute COVID-19 admission, 
treatment, and symptom burden at follow-up. Validated 
questionnaires were used to quantify dyspnoea (MRC dysp-
noea scale) and quality of life (5-level EuroQol-5 Dimen-
sion also known as EQ-5D-5L); all other symptoms were 
assessed using a standardised follow-up assessment pro-
forma, directly asking patients whether or not they were 
currently experiencing specific symptoms. Admission and 
follow-up CXRs were reviewed and categorised using the 
British Society of Thoracic Imaging (BSTI) coding for 
analysis [10]. Electronic patient records were reviewed for 
analysis of biochemical markers for correlation with follow-
up imaging and questionnaire results.

Statistical analysis comparing symptoms at follow-up 
were performed using Chi-Square and Mann–Whitney U 
testing. Analysis comparing biochemical markers was per-
formed using Wilcoxon signed-rank testing. A co-occur-
rence matrix [11] was created to identify symptom ‘clusters’ 
using logistic regression. From this, we analysed pairs of 
symptoms that had high correlation coefficients and identi-
fied groups of symptoms that were commonly reported con-
comitantly. All analysis was performed with the use of SPSS 
statistics 26. Reported values are subject to rounding errors.

All data included were recorded as part of routine follow-
up and its inclusion in this study was ratified by the Hull 
University Teaching Hospitals NHS Trust clinical govern-
ance committee.

Results

A total of 387 patients were identified as having been dis-
charged with a coded diagnosis of COVID-19. Of these, 298 
met the criteria for follow-up (admission related to COVID-
19 pneumonia). 108 were followed up by the local frailty 
team and their data were not included in this analysis. A 
further 56 patients were lost to follow-up.

A total of 134 patients (median age = 58 [range 25–89], 
65.7% male [n = 88]) attended their follow-up appoint-
ments. Patients were followed up at a median of 113 days 
(range = 46–167) post-discharge. Demographics, pre-
COVID-19 comorbidities, and admission details are dis-
played in Table 1. All patients had radiological evidence of 
COVID-19 pneumonia and 87% (n = 116) required oxygen 
and/or respiratory support. 80% (n = 107) were treated on 

hospital wards, and 20% were treated in the intensive care 
unit (ICU) during their admission.

Symptom Burden at Follow‑up

Breathlessness was the most commonly reported symptom 
with 60% of people experiencing increased breathless-
ness compared to their pre-COVID-19 state. Other com-
mon symptoms included myalgia (reported by 51.5% of 
patients), anxiety (47.8%), extreme fatigue (39.6%), low 
mood (37.3%), and sleep disturbance (35.1%). Females 
were significantly more likely than males to report anxi-
ety (p = 0.001), low mood (p = 0.031), myalgia (p = 0.022), 
fatigue (p = 0.004), sleep disturbance (p = 0.009), and mem-
ory impairment (p = 0.001). Higher BMI was associated with 
myalgia (p = 0.012) and fatigue (p = 0.046).

There were no significant differences in lasting symptom 
burden based on the level of care, maximum oxygen, or res-
piratory support received.

The proportion of patients reporting persistent symptoms 
diminished with a longer time to follow-up but this trend 
was not significant. Symptom data are displayed in Table 2 
and Fig. 1.

Inflammatory Markers

The median discharge C-reactive protein (CRP) level was 
significantly lower than that of admission (107 mg/L vs 
23 mg/L, p < 0.001, Wilcoxon signed-rank test). Of the 76 
patients who were tested at follow-up, CRP and white cell 
count were within the normal range in 84% (n = 64) and 92% 
(n = 70), respectively.

Radiographic Findings

130 patients had radiographic evidence of COVID-19 pneu-
monia at presentation and the remaining 4 patients devel-
oped this during the course of their admission. 125 patients 
had a follow-up CXR, of which 77% (n = 103) were normal 
(PCVCX0) and 8% (n = 10) showed a resolution of ≥ 50% of 
their abnormalities (PCVCX1). The remainder had persis-
tent non-COVID-related changes. No patients’ CXRs were 
unchanged or had worsening changes. There was no differ-
ence in symptom burden at follow-up between those who 
had follow-up CXRs coded as PCVCX0 and PCVCX1.

Symptom “Clusters”

Through the use of a co-occurrence matrix [11], we were 
able to identify 3 symptom “clusters”: Cluster A included 
myalgia and fatigue; Cluster B included low mood, anxiety, 
and sleep disturbance; and Cluster C comprised memory 
impairment, attention deficit, and cognitive impairment. 
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Table 1  Baseline demographics, admission data, and clinical follow-up information in all patients

*Unpaired t-test
a Mann–Whitney U test

All patients (n = 134) Ward-based (n = 107) ICU (n = 27) P-value

Age (SD) 59.6 (14.0) 60.9 (14.0) 54.7 (13.2) 0.038*
Male (%) 88 (65.7) 69 (64.5) 19 (70.4) 0.565
Length of Stay (range) 7 (1–45) 5 (1–45) 13 (5–42)  < 0.001a

BMI (range) 28.8 (17.3–49.8) 28.5 (17.3–48.6) 30.7 (23.4–49.8) 0.012a

Ethnicity (%)
 White – all 122 (91.0) 100 (93.5) 22 (81.5) –
 Black – all 2 (1.5) 2 (1.8) 0 (0) –
 Asian – all 8 (6.0) 4 (3.8) 4 (14.8) –
 Mixed/other 2 (1.5) 1 (0.9) 1 (3.7) –

Comorbidities (%)
 Type 1 diabetes 1 (0.7) 1 (0.9) 0 (0) 0.121
 Type 2 diabetes 30 (22.0) 22 (20.6) 8 (29.6) 0.074
 Ischaemic heart disease 22 (16.4) 19 (17.8) 3 (0.11) 0.102
 COPD 11 (8.2) 9 (8.4) 2 (7.4) 0.135
 Asthma 19 (14.2) 17 (15.9) 2 (7.4) 0.078
 Hypertension 55 (41.0) 41 (38.3) 14 (51.9) 0.049
 CKD 6 (4.5) 4 (3.7) 2 (7.4) 0.094
 History of VTE 3 (2.2) 3 (2.8) 0 (0) 0.522
 Cancer 7 (5.2) 6 (5.6) 2 (7.4) 0.113
 Home ventilation 3 (2.2) 5 (4.7) 2 (7.4) 0.113
 CVD 6 (4.5) 4 (3.7) 2 (7.4) 0.544
 Smoking history 59 (44.0) 51 (47.7) 8 (29.6) –
 Alcohol use 57 (42.5) 46 (43.0) 11 (40.7) –

  ≥ 3 comorbidities 19 (14.2) 15 (14.0) 4 (14.8) 0.916
Maximum oxygen/ respiratory support requirement (%)
 Air 18 (13.4) 18 (16.8) 0 (0) –
 Nasal cannula/face mask 80 (59.4) 80 (74.8) 0 (0) –
 CPAP/ BIPAP 8 (5.9) 6 (5.6) 2 (7.4) –
 High flow nasal cannula 18 (13.4) 3 (2.8) 15 (55.5) –
 Intubation 9 (6.7) 0 (0) 9 (33.3) –
 ECMO 1 (0.7) 0 (0) 1 (3.7) –

Median admission inflammatory markers
 White cell count (× 109/L) 6.55 (2.4–90.1) 6.25 (2.4–90.1) 7.0 (3.4–22.2) 0.040
 C-reactive protein (mg/L) 107 (0.4–380) 80 (0.4–269) 136 (5–380) 0.001

Median discharge inflammatory markers
 White cell count (× 109/L) 7.5 (2.3–43.9) 6.75 (2.3–43.9) 9.35 (3.4–14.4)  < 0.001
 C-reactive protein (mg/L) 23 (0.4–221) 22.5 (0.4–206) 25.5 (6.1–221) 0.817

Median follow-up inflammatory markers
 White cell count (× 109/L) 6.6 (2.3–21.0) 6.6 (2.3–21.0) 8.6 (3.6–13.7) 0.094
 C-reactive protein (mg/L) 2.9 (0.2–33) 3.2 (0.1–33) 1.8 (0.2–11) 0.289

BSTI COVID-19 admission CXR code
 CVCX0 (Normal) 4 (3.0) 4 (3.7) 0 (0) –
 CVCX1 (Classical COVID-19) 92 (68.7) 70 (65.4) 22 (81.5) –
 CVCX2 (Indeterminate COVID-19) 23 (17.2) 19 (17.8) 4 (14.8) –
 CVCX3 (Non-COVID-19; Abnormal) 8 (6.0) 8 (7.5) 0 (0) –

BSTI COVID-19 Follow-up CXR Code
 PCVCX0 (normal, resolved changes) 103 (76.9) 88 (82.3) 15 (55.6) –
 PCVCX1 (≥ 50% resolution) 11 (8.2) 7 (6.5) 3 (11.1) –
 PCVCX2 (≤ 50% resolution) 0 (0) 0 (0) 0 (0) –
 PCVCX3 (persistent or worsening changes) 0 (0) 0 (0) 0 (0) –
 PCVCX4 (non-COVID-related changes) 12 (9.0) 8 (7.5) 4 (14.8) –
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Females were significantly more likely to report symptoms 
in cluster A, when compared to males (p =  < 0.001). No 

significant differences between patients were observed for 
clusters B and C.

Table 2  Displaying symptom burden at follow-up, stratified by level of care, sex, and time to follow-up

*Symptom cluster A = Myalgia, fatigue
a Symptom cluster B = Low mood, anxiety, sleep disturbance
b Symptom cluster C = Memory impairment, attention deficit, cognitive impairment

All Patients 
(n = 134)

Ward-based 
(n = 107)

ICU (n = 27) Male 
(n = 88)

Female 
(n = 46)

Follow-up 
47–75 Days 
(n = 7)

Follow-up 
76–100 
Days 
(n = 26)

Follow-up 
101–125 
Days 
(n = 78)

Follow-up 
126–167 
Days (n = 23)

Symptoms at follow-up (%)
 Breathless-

ness
80 (59.7) 60 (56.1) 19 (70.4) 51 (58.0) 29 (63.0) 5 (71.4) 19 (73.1) 43 (55.1) 13 (56.5)

 Myalgia 69 (51.5) 53 (49.5) 16 (59.3) 39 (44.3) 30 (65.2) 6 (85.7) 18 (69.2) 33 (42.3) 12 (52.2)
 Anxiety 64 (47.8) 52 (48.6) 12 (44.4) 33 (37.5) 31 (67.4) 4 (57.1) 16 (61.5) 34 (43.6) 10 (43.5)
 Extreme 

fatigue
53 (39.6) 44 (41.1) 9 (33.3) 27 (30.7) 26 (56.5) 5 (71.4) 13 (50.0) 26 (33.3) 9 (39.1)

 Low mood 53 (39.6) 43 (40.2) 10 (37.0) 29 (33.0) 24 (52.2) 4 (57.1) 11 (42.3) 30 (38.5) 8 (34.8)
 Memory 

impair-
ment

50 (37.3) 43 (40.2) 7 (25.9) 24 (27.3) 26 (56.5) 3 (42.9) 12 (46.2) 24 (30.8) 11 (47.8)

 Sleep dis-
turbance

47 (35.1) 37 (34.6) 10 (37.0) 24 (27.3) 23 (50.0) 4 (57.1) 11 (42.3) 27 (34.6) 5 (21.7)

 Cough 47 (35.1) 42 (39.3) 5 (18.5) 27 (30.7) 20 (43.5) 2 (28.6) 11 (42.3) 29 (37.2) 5 (21.7)
 Attention 

deficit
34 (25.4) 29 (27.1) 5 (18.5) 18 (20.5) 16 (34.8) 3 (42.9) 9 (34.6) 16 (20.5) 6 (26.1)

 Pleuritic 
chest 
pain

24 (17.9) 23 (21.5) 1 (3.7) 14 (15.9) 10 (21.7) 1 (14.3) 3 (11.5) 17 (21.8) 3 (13.0)

 Sore throat 17 (12.7) 12 (11.2) 5 (18.5) 10 (11.4) 7 (15.2) 2 (28.6) 4 (15.4) 8 (10.2) 3 (13.0)
 Fever 14 (10.4) 14 (13.1) 0 (0) 6 (6.8) 8 (17.4) 1 (14.3) 1 (3.8) 11 (14.1) 1 (4.3)
 Anosmia 13 (9.7) 13 (12.1) 0 (0) 8 (9.1) 5 (10.9) 0 (0) 3 (11.5) 8 (10.2) 2 (8.7)
 Cognitive 

impair-
ment

13 (9.7) 11 (10.3) 2 (7.4) 5 (5.7) 8 (17.4) 1 (14.3) 5 (19.2) 4 (5.1) 3 (13.0)

 Taste defi-
ciency

12 (9.0) 11 (10.3) 1 (3.7) 8 (9.1) 4 (8.7) 0 (0) 4 (15.4) 6 (7.7) 2 (8.7)

 Rash 11 (8.2) 11 (10.3) 0 (0) 5 (5.7) 6 (13.0) 0 (0) 1 (3.8) 9 (11.5) 1 (4.3)
 Symptom 

cluster 
A*

41 (30.6) 34 (31.8) 7 (25.9) 19 (21.6) 22 (47.8) 4 (57.1) 13 (50.0) 18 (23.1) 6 (26.1)

 Symptom 
cluster 
 Ba

21 (15.7) 18 (16.8) 3 (11.1) 13 (14.8) 8 (17.4) 2 (28.6) 4 (15.4) 10 (12.8) 5 (21.7)

 Symptom 
cluster 
 Cb

19 (14.2) 17 (15.9) 2 (7.4) 12 (13.6) 7 (15.2) 2 (28.6) 3 (11.5) 11 (14.1) 3 (13.0)

 EQ-5D-5L 
index 
value

0.657 (0.30) 0.650 (0.30) 0.668 (0.29) 0.676 (0.31) 0.610 (0.28) 0.486 (0.26) 0.629 (0.35) 0.660 (0.29) 0.708 (0.28)

Median MRC Breathlessness Scale Score (range)
 Before 1 (1–5) 1 (1–5) 1 (1–4) 1 (1–5) 1 (1–5) 1 (1–5) 1 (1–4) 1 (1–5) 1 (1–4)
 After 2 (1–5) 2 (1–5) 2 (1–5) 2 (1–5) 3 (1–5) 3 (2–5) 2 (1–5) 2 (1–5) 2 (1–5)
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The co-occurrence matrix used to identify these clusters 
can be found in Fig. 2.

Discussion

Our results are consistent with previously published reports, 
with 86% of patients reporting at least 1 symptom at follow-
up. Our study reinforces the lack of correlation between 
COVID-19 severity during hospitalisation and symptom 

burden at follow-up. Early descriptions of Long-COVID por-
tray a miscellany of symptoms that are distinct from those 
of patients recovering from severe COVID-19 who required 
hospitalisation [12]. Could psychological/neuropsychiatric 
elements be predominant in Long-COVID, akin to post-
traumatic distress? Similar post-traumatic syndromes, such 
as Gulf War Illness and post-9/11 syndrome, describe the 
occurrence of both physical and psychological symptoms in 
a similar pattern to what is being observed in Long-COVID 
[13, 14]. We suggest the impact of a new, poorly understood, 

Fig. 1  a Cluster bar chart showing symptoms by sex. b A cluster bar chart showing symptom burden by time to follow-up. Asterisk denotes 
p-value on Chi-Square testing of < 0.05, double asterisk denotes p-value on Chi-Square testing of < 0.001
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and lethal virus and the associated societal disruption it has 
caused must not be understated. One must appreciate the 
importance of the biopsychosocial effects of COVID-19 and 
how they may precipitate the development of long-lasting 
symptoms affecting both physical and mental health.

With the paucity of evidence available, we question 
whether Long-COVID exists as a new disease with distinct 
pathophysiology. We suggest it is a new manifestation of 
a well-recognised phenomenon that can be observed after 
other traumatic events, as opposed to the persistent effect of 
COVID-19. The current evidence suggests that classic post-
viral respiratory symptoms, such as cough, are less frequent 
in Long-COVID patients [15]. Indeed, our study reinforces 
this, as we report a modest (35%) prevalence of cough. For 
these reasons, we believe that resource allocation should 
prioritise rehabilitation and psychological support with less 
emphasis on advanced diagnostics and specialist respiratory 
services.

Data from the COVID symptom study App identified 
self-reported fatigue as the commonest complaint in a large 
group of Long-COVID patients [8]. If these symptoms were 

persistent at 4 months, they would meet the National Insti-
tute for Health and Care Excellence (NICE) diagnostic cri-
teria for Chronic Fatigue Syndrome (CFS). A CFS diagnosis 
is considered when patients report post-exertional fatigue, 
cognitive difficulties, sleep disturbance, and chronic pain 
[16]. This is a remarkably similar symptom complex that 
we and others have observed in Long-COVID. There are 
also marked epidemiological similarities. Female preponder-
ance is well described in the CFS literature [17] and obe-
sity is also associated with greater symptom burden [18]. 
Both of these demographics were associated with greater 
symptom burden in our study, particularly those symptoms 
commonly described in CFS. Although the aetiology of CFS 
remains obscure, viral triggers have been hypothesised [19]. 
CFS services in the UK provide a tailored approach to the 
management of patients. A multifaceted service is provided, 
including symptom management, psychological treatments, 
employment support, and education about their condition 
[16]. It may be appropriate to incorporate these principles 
in Long-COVID service provision to ensure the effective 
management of our patients.

 BR CO PCP FE RA MY EF ANO TD ST ANX LM MI AD CI SD 

Breathlessness (BR)  35 20 10 8 51 43 11 11 10 43 38 41 27 11 38 

Cough (CO) 0.221  13 10 6 30 26 7 8 9 27 25 23 15 8 23 

Pleuri�c Chest Pain 
(PDP) 

0.225 0.187*  9 2 19 17 4 4 6 15 14 16 11 6 16 

Fever (FE) 0.082 0.260 0.413  2 11 12 2 2 3 9 8 8 8 5 10 

Rash (RA) 0.079 0.122 0.002 0.076  5 7 1 2 1 4 5 5 1 1 5 

Myalgia (MY) 0.299 0.181 0.259 0.185 -0.036  41 8 8 11 42 35 36 23 12 35 

Extreme Fa�gue 
(EF) 

0.353 0.237 0.299 0.322 0.147 0.419  8 8 11 33 34 34 23 10 35 

Anosmia (ANO) 0.166 0.129 0.110 0.053 -0.006 0.066 0.147  10 2 7 5 9 6 4 9 

Taste deficiency 
(TD) 

0.204 0.208 0.126 0.064 0.097 0.095 0.174 0.780  2 6 5 9 6 5 8 

Sore Throat (ST) -0.007 0.143 0.173 0.090 -0.032 0.101 0.196 0.027 0.038  9 9 9 6 5 10 

Anxiety (ANX) 0.146 0.143 0.138 0.113 -0.068 0.270 0.235 0.040 0.014 0.040  47 35 29 10 32 

Low Mood (LM) 0.198 0.205 0.179 0.123 0.036 0.235 0.407 -0.007 0.014 0.104 0.663  30 31 13 28 

Memory 
Impairment (MI) 

0.351 0.117 0.238 0.140 0.050 0.317 0.449 0.216 0.244 0.123 0.343 0.323  31 12 23 

A�en�on deficit 
(AD) 

0.234 0.110 0.220 0.249 -0.112 0.188 0.335 0.157 0.177 0.087 0.438 0.335 0.649  12 10 

Cogni�ve 
Impairment (CI) 

0.166 0.182 0.241 0.300 -0.006 0.268 0.251 0.233 0.339 0.254 0.191 0.251 0.425 0.504  10 

Sleep Disturbance 
(SD) 

0.317 0.213 0.309 0.260 0.065 0.338 0.525 0.235 0.208 0.190 0.299 0.333 0.338 0.398 0.287  

Fig. 2  Co-occurrence matrix, displaying both the frequency and the correlation coefficient of two co-occurring symptoms. Asterisk denotes cor-
relation coefficient as calculated using regression analysis
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Our study has limitations, including the inability to record 
any physiological data, such as peripheral oxygen saturation, 
at follow-up due to the virtual nature of the assessment. It 
has been observed that patients with no previous disability 
have demonstrated a deficit in physical performance. [20] 
Inclusion of these data may have helped us to ascertain 
whether there is a correlation between altered physiology, 
physical performance, and reported persistent symptoms. A 
further limitation of our study was the simple assessment of 
presence of persistent symptoms; we were only able to ascer-
tain whether patients were experiencing symptoms and were 
unable to record the severity of each individual symptom.

Conclusions

We report data consistent with current evidence on the 
prevalence of post-COVID-19 symptom burden. We dem-
onstrate an absence of association between symptom burden 
and radiographic or biochemical abnormality. We suggest 
that the phenomenon of Long-COVID may not be directly 
attributable to the effect of SARS-CoV-2, but rather the neu-
ropsychiatric insults may play a greater role in its aetiology. 
Our observations help to inform decisions on service design 
and priorities for the care of these patients.
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