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Abstract

Background: We assessed whether COVID-19 is associated with de novo pain and
de novo chronic pain (CP).

Methods: This controlled cross-sectional study was based on phone interviews of
patients discharged from hospital after COVID-19 compared to the control group
composed of individuals hospitalized during the same period due to non-COVID-19
causes. Patients were classified as having previous CP based on the ICD-11/IASP
criteria, de novo pain (i.e. any new type of pain, irrespective of the pain status before
hospital stay), and de novo CP (i.e. persistent or recurring de novo pain, lasting more
than 3 months) after COVID-19. We assessed pain prevalence and its characteristics,
including headache profile, pain location, intensity, interference, and its relationship
with fatigue, and persistent anosmia. Forty-six COVID-19 and 73 control patients
were included. Both groups had similar sociodemographic characteristics and past
medical history.

Results: Length of in-hospital-stay and ICU admission rates were significantly
higher amongst COVID-19 survivours, while mechanical ventilation requirement
was similar between groups. Pre-hospitalisation pain was lower in COVID-19 com-
pared to control group (10.9% vs. 42.5%; p = 0.001). However, the COVID-19 group
had a significantly higher prevalence of de novo pain (65.2% vs. 11.0%, p = 0.001),
as well as more de novo headache (39.1%) compared to controls (2.7%, p = 0.001).
New-onset CP was 19.6% in COVID-19 patients and 1.4% (p = 0.002) in controls.
These differences remained significant (p = 0.001) even after analysing exclusively
(COVID: n =40; controls: n = 34) patients who did not report previous pain before the
hospital stay. No statistically significant differences were found for mean new-onset

pain intensity and interference with daily activities between both groups. COVID-19
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1 | INTRODUCTION

The new coronavirus disease (COVID-19) pandemic, caused
by the severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), started in Wuhan (China) in the end of 2019
and rapidly expanded worldwide (Li et al., 2020; World Health
Organization, 2020a). Since the early reports of the disease,
some characteristics have become clear: (a) the largest propor-
tion of infected patients will likely survive the disease (World
Health Organization, 2020b); (b) the virus has neurotropic
propensity (World Health Organization, 2020b). Indeed, it
has been proposed that the virus has the capacity to invade
the central nervous system (Satarker & Nampoothiri, 2020;
World Health Organization, 2020b), leading, amongst other
symptoms, to anosmia (Tong et al., 2020) and dysautonomia
(Wu, Guo, et al., 2020), putatively due to gut myenteric nerve
plexus-vagus nerve-brainstem invasion (Ellul et al., 2020;
Garg, 2020). One of the hallmarks of the disease is the dis-
sociation between oxygen desaturation and lack of overt dys-
pnea, which is currently credited to brainstem dysfunction
(Rogers et al., 2020). The combination of the large number of
survivours and propensity for neuronal invasion leads to the
possibility that survivours may face not only chronic respira-
tory symptoms, shortness of breath and difficulty returning
to usual activity (ie, long-COVID) (Nabavi, 2020), but also,
long-term neurologic sequelae such as dysautonomia, neuro-
muscular weakness (Toscano et al., 2020; Valent et al., 2020)
fatigue, cognitive impairment and anxiety.

Chronic pain affects 18% of the general population and
is the most common symptomatic disease worldwide (Sa
etal., 2019), it is the first reason why patients seek healthcare
and is the most common cause of years lived with disabil-
ity worldwide (GBD, 2016 Disease and Injury Incidence and
Prevalence Collaborators, 2017). Chronic pain patients are at
risk of facing pain aggravation due to constrained spatial mo-
bility to seek treatment, shortage of medication supply, access
to rehabilitation facilities, which increases pandemic-related

pain was more frequently located in the head/neck and lower limbs (p < 0.05). New-
onset fatigue was more common in COVID-19 survivours necessitating inpatient
hospital care (66.8%) compared to controls (2.5%, p = 0.001). COVID-19 patients
who reported anosmia had more new-onset pain (83.3%) compared to those who did
not (48.0%, p = 0.024).

Conclusion: COVID-19 was associated with a significantly higher prevalence of de
novo CP, chronic daily headache, and new-onset pain in general, which was associ-
ated with persistent anosmia.

Significance: There exists de novo pain in a substantial number of COVID-19 survi-
vours, and some develop chronic pain. New-onset pain after the infection was more

common in patients who reported anosmia after hospital discharge.

stress and mood symptoms. But added to these problems,
there may be new-onset pain associated with the COVID-19
infection itself (Karos et al., 2020; Treede et al., 2015). In this
case, new-onset chronic pain patients would be added to the
health care system, with potential human, ethical, logistical
and financial challenges to society.

Since the beginnings of the pandemic, some have hypoth-
esized pain to be an important persistent symptom amongst
COVID-19 survivours (Clauw et al., 2020; Kemp et al., 2020;
Su et al., 2020; Vittori et al., 2020). Pain has been proposed to
be the result of indirect mechanisms, such as muscle wasting
and critical illness neuropathy due to prolonged immobili-
sation and mechanical ventilation, as well as corticosteroid
and neuromuscular blocking drugs use; painful sequelae
from neurological complications of the disease (e.g. Guillain-
Barre syndrome and stroke); and psychological aspects, spe-
cially intensive care-related post-traumatic stress disorder
(Kemp et al., 2020; Vittori et al., 2020). Nonetheless, direct
consequences of SARS-CoV-2 infection have also been im-
plied to play a significant role (Kemp et al., 2020; Vittori
et al., 2020). Garvin et al suggested that an imbalance be-
tween ACE2 and ACE enzymes in lung cells would lead to an
increase in bradykinin levels, a molecule widely associated
with pain sensitisation mechanisms (Garvin et al., 2020).
It was also put forward that the direct infection of ACE2-
receptor-expressing neurons and microglia in the spinal dor-
sal horn would facilitate pain transmission (Su et al., 2020).
Direct viral invasion to skeletal muscle, synovium and cor-
tical bone has also been proposed, and would contribute to
pain development (Disser et al., 2020).

There is an increasing body of evidence describing
long-lasting symptoms, in general, amongst COVID-19
survivours, especially attentional deficits, fatigue and re-
spiratory symptoms (Carfi et al., 2020; Carvalho-Schneider
et al., 2020; Tenforde, 2020; Wang et al., 2020). There are
also a number of studies that have discussed the indirect
burden of the sanitary measures to contain the pandemic
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on chronic pain patient's assessment and care (Cohen
et al., 2020; Eccleston et al., 2020; El-Tallawy et al., 2020;
Karos et al., 2020; Majumdar et al., 2020; Murphy and Latif
2021; Parodi et al., 2020; Shanthanna et al., 2020). However,
to date, there are only a few reports specifically addressing
the development of new-onset persistent pain or aggravation
of previous pain in COVID-19 survivours. These few stud-
ies focused exclusively on headache were not controlled and
had short follow-ups (Caronna et al., 2020; Rocha-Filho &
Magalhaes, 2020; Trigo et al., 2020).

The aim of this cross-sectional prospective controlled
study was to describe the presence of de novo pain and de
novo chronic pain in COVID-19 survivours, compared to a
control COVID-19-free group composed of patients hospi-
talized during the same time period. We have also collected
original data on pain location, interference with daily life, the
presence of fatigue and associated symptoms in order to pro-
pose a framework for COVID-19 pain classification.

2 | METHODS

This was a controlled cross-sectional study, part of the Pain
in the Pandemic Initiative of the Pain Center, Hospital das
Clinicas, Faculdade de Medicina da Universidade de Sao
Paulo. It was approved by the Institution's Ethics Review
Board (# 4.248.387). All patients were volunteers and were
informed about research by phone. All interviews were
performed by a line phone or by a video-call in some in-
stances. No financial compensation was provided for study
participation.

2.1 | Patients

Patients were evaluated by five neurologists after a series of
group training aimed at standardising the call procedures as
previously described (Ledo Ferreira et al., 2016). Interviewers
were working as part of the out-patient team and did not work
in any of the three hospital buildings assisting in-patients dur-
ing the 2020 pandemic. All participants were discharged from
our institution after hospitalisation during April and August
2020. During the 2020 COVID-19 pandemic the Hospital
das Clinicas Complex was divided into two sections, one
being the Central Institute, with 900 beds, exclusively dedi-
cated to COVID-19 care and two other Institutes (Cancer and
Heart Institutes, 1,034 beds) dedicated to patients admitted
due to non-respiratory causes. We have recruited patients
who had been hospitalized in the COVID-19 sector and
were discharged to their respective homes. Patients without
COVID-19 infection hospitalized during this same time pe-
riod in the COVID-free areas were also contacted and formed
the control group.

Inclusion criteria for the COVID-19 group were: (a),
confirmed the hospitalisation of the adult patient (older than
18 years old) due to COVID-19 from April to August 2020;
(b), hospital discharge to home after infection by COVID-19;
(c), COVID-19 infection confirmed by either: positive real-
time polymerase chain reaction positivity for COVID-19,
and/or a positive serologic test (IgM positivity); (d), will-
ingness to participate and having the capacity to understand
the questions posed by the researcher via telephone; (e), not
presenting subsequent hospitalisation or new health status
aggravation after hospital discharge.

The control group consisted of adult patients who were
already followed at the Clinicas Hospital Complex (national
public health care system) who had non-surgical health status
aggravations (usually due to heart or cancer causes) demand-
ing hospitalisation during the COVID-19 pandemic. Inclusion
criteria were: (a) hospitalisation and hospital discharge be-
tween April and August 2020; (b) negative COVID-19 tests
(RT-PCR and/or serologic tests) during hospitalisation; (c)
willingness to give consent to participate and capability to un-
derstand the questions posed by the researchers by telephone
or by a video-call; (d) denying a subsequent hospitalisation
due to health status deterioration after hospital discharge.
Exclusion criteria for both groups were: (a), inability to com-
municate, (b) inability to understand the questions, (c) read-
mission to the hospital after the initial discharge within the
study period; (d) detection of new COVID-19 infection (for
the COVID-19 group) or detection of first-time COVID-19
infection (for the control group) from the time of hospital dis-
charge and to the moment of the interview.

2.2 | Assessments

Participants were assessed during a phone (or video, when
available) interview using the REDCap software platform
(Tennessee, USA). Some measures were adopted to mini-
mize non-response bias including: training of interviewers,
standardisation of the interview (identification of the re-
search staff, introduction of the aim of the study) and rou-
tine callbacks in case of failed contact (Ortiz et al., 2016).
Each selected telephone number was contacted up to 6
times on different week-days and at different time-periods
of each day (from 8 a.m. to 21 p.m.) (Neville et al., 2008).
Calls were made during one week of each month from May
to August 2020. The week in each month when calls were
made was chosen randomly. Patients” phone number were
randomly selected from a list of patients who had been
discharged from the COVID-19 and the COVID-19-free
sectors of the hospital. At the end of each week, a list of pa-
tients’ hospital registration codes from the COVID-19 and
non-COVID-19 sectors were downloaded from the hospital
registration system and subjects were randomly chosen to
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be contacted on one specific day of the following week.
COVID-19 and non-COVID-19 patients had two separate
lists and were contacted in parallel. The subjects were con-
tacted once at random timepoints since hospital discharge.
If an eligible subject agreed to participate, verbal informed
consent was obtained. The refusal rate and the time spent in
each interview were recorded. Interviews were performed
with the patients themselves, and, in cases of hearing im-
pairment, a family member was invited to mediate the
interview. We collected sociodemographic data, medical
comorbidity status, and medication use, as well as infor-
mation related to the hospital stay from medical charts and
from the patients’ report. Additionally, medication classes
were also detailed, according to the medication quantifi-
cation scale (MQS) (Gallizzi et al., 2008). Concomitantly,
parts of classic pain questionnaires were used to assess
pain and fatigue, as detailed below:

2.2.1 | Scales, questionnaires, and
classifications

The following questionnaires were used to assess pain in
COVID-19 and controls.

1. Patients were firstly inquired about pre-existing chronic
pain (previous to hospitalisation) based on the current
IASP definition (Raja et al., 2020; Treede et al., 2015).
If present, data about its body site, as well as its evo-
lution (improvement/stability/aggravation) after hospital
discharge were obtained. Then, patients were assessed for
de novo pain, i.e. any new pain after discharge from the
hospital. Patients were free to report any type of new
pain they desired given it was not simply an aggravation
of previous existing pain. De novo pain could include
pain in an otherwise pain-free individual, or pain in a
different body location, or of different characteristics in
relation to a previously existing chronic pain. De novo
chronic pain was defined as any de novo pain recurring
or persisting after hospital discharge up to the date of
the interview, lasting longer than three months accord-
ing to the current TASP definition (Raja et al., 2020;
Treede et al., 2015). If data on the frequency of de
novo pain were missing, it was considered that criteria
for de novo CP could not be fulfilled. Clinical features
and evolution since hospital discharge for de novo pain
and de novo CP were also inquired. Prevalence of de
novo pain and de novo CP were calculated for the
whole sample of patients in each group (main outcome),
for the subset of subjects who were interviewed after
3 months of hospital discharge (secondary analyses),
and also for participants who did not present any CP
before hospital stay (secondary analyses).

2. Brief Pain Inventory (BPI): was adapted to measure aver-
age pain intensity (in the last 7 days, each ranging from
0- no pain to 10- maximal pain imaginable). Pain inter-
ference was assessed through a numerical rating score
(0-10, where higher scores mean higher inference of pain
in daily activities). Patients were asked to classify their
pain outcome after hospital discharge as ‘improved’, ‘un-
changed’ or ‘worsened’ (Cleeland & Ryan, 1994; Ferreira
etal., 2011).

3. Body spatial pain distribution as reported by patients
was marked on a predetermined manikin on a REDCap
template by the reviewers. Patients were asked to report
the sites where they experienced worse pain most of the
time.

4. Headache: Patients were classified as having de novo
headache if they reported a de novo pain located in the
head, as pointed on the manikin mentioned above. Chronic
daily headache was defined as based on current definitions
(Ahmed et al., 2012; Headache Classification Committee
of the International Headache Society, 2018) (ie, head-
aches occurring on 15 or more days in a month for at least
three months). De novo chronic daily headache was de-
fined as a de novo headache which fulfilled such criteria
for chronic daily headache. Characteristics of the head-
ache (pulsatile, neck irradiation, unilaterality, presence of
osmo-, photo-, phono-phobia, or presence of nausea and
vomiting) were enquired. Presence of precipitating factors
was recorded.

5. Fatigue: prevalence of previous fatigue before hospitalisa-
tion as well as of de novo fatigue after hospital discharge
were enquired. The patients ranked the evolution of their
fatigue after hospital leave as ‘worsening’, ‘unchanged’,
or ‘improved’.

6. Self -reported presence of anosmia, hypogeusia only
amongst COVID-19 patients at the time of assessment
was reported.

7. Use of analgesic medication for the treatment of de novo
pain and de novo CP was enquired during the interview.
The type of such medication, according to its respective
pharmacological class, was also questioned.

2.3 | Statistics

We have based our target sample size to be within similar
ranges as those previously reported for long-term (up to
3 months) complications of new viral diseases such as in de
Laval et al., 2018 (n = 49) (de Laval et al., 2018) and da Silva
et al., 2017 (n = 40) (da Silva et al., 2017) for Zika virus.
The COVID-19 and non-COVID-19 list of patients to be con-
tacted by phone were independent, and the non-COVID-19
list was relatively larger than the COVID-19 list. These con-
venience samples of participants ended up providing a larger
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number of non-COVID-19 than COVID-19 participants.
However, our target sample size (n = 40-45) was based on
the size of the COVID-19 group, and when the desired sam-
ple was reached, inclusion has terminated. Thus, the control
group was not matched to the COVID-19 group. Categorical
variables were represented by frequencies, percentages, and
absolute numbers. Continuous variables were presented as
means =+ standard deviation (minimal - maximal values) and
tested for normal distribution using Kolmogorov-Smirnoff
tests, Q-Q plots and histograms. The Mann-Whitney test
was applied for comparisons of non-parametric quantitative
variables between the two groups. The Chi-square was used
to compare the nominal and ordinal qualitative variables
between groups according to the sample size. When an ex-
pected table cell sample size was < 5, the Fisher's exact test
of independence was used. As this was an exploratory study
and the main results from multiple tests had to be combined
for one final conclusion, no correction for multiple testing
was deemed necessary (Bender & Lange, 2001). The level of
significance considered was 5%.

3 | RESULTS

A total of 69 COVID-19 patients and 96 controls were
screened for participation in the study (Figure S1, study
flowchart). Data from 46 COVID-19 patients and 73 controls
were available for analysis. Clinical characteristics of partici-
pants are displayed in Table 1 and Table S1. Both groups had
similar sociodemographic characteristics and similar past
medical history profile, except for previous heart disease,
which was more common in the control group. COVID-19
patients were in-hospital for a significantly longer period
of time (22 + 26.6 days) compared to controls (9.7 + 16.5;
p =0.001), and were more frequently admitted to the inten-
sive care unit (ICU) (45.7%) compared to controls (20.5%,
p =0.014). However, the number of COVID-19 patients re-
quiring invasive mechanical ventilation (28.3%) was similar
to those from the control group (16.4%, p = 0.304) (Table 1).
The average times since hospital discharge until the interview
were 112 + 43 days for COVID-19 subjects and 69.5 + 34.6
for controls (p = 0.001; Table 1).

Control TA.B LE 1 Dejmographical profile of the
COVID—19 (n = 46) =13 » subjects included in the study
Age (years)® 56.3 + 15.0 (27-81) 54.8 +16.2 0.794
(19-89)

Male sex, n (%) 21 (45.7) 28 (38.4) 0.554

Past medical history, n (%)
Diabetes 13 (28.3) 21 (28.8) 0.953
Hypertension 22 (47.8) 41 (56.2) 0.375
Stroke 2 (4.3) 8(11) 0.206
Peripheral artery disease 7(15.2) 8(11) 0.496
Chronic kidney disease 6(13.0) 4 (5.5) 0.148
Cancer 0(0) 34.1) 0.164
Heart disease 5(10.9) 40 (54.8) 0.001"
Liver disease 2(4.3) 1(1.4) 0.313
Lung disease 4(8.7) 16 (21.9) 0.060
Gastrointestinal disease 3(6.5) 4(5.5) 0.814
Autoimmune disease 4 (8.6) 7 (9.6) 0.870
Anxiety 3(6.5) 13 (17.8) 0.079
Depression 4(8.7) 9(12.3) 0.536
Other psychiatric diseases 0(0) 1(1.4) 0.425

In-hospital duration (days)* 22.7 +26.6 (5-159) 9.7+ 16.5 0.001"

(1-93)
Time since hospital discharge 112 + 43 (3-170) 69.5 + 34.6 0.001"
(days)* (4-162)
ICU admission, n (%) 21 (45.7) 15 (20.5) 0.014"
Use of invasive mechanical 13 (28.3) 12 (16.4) 0.304

ventilation, n (%)

*Values are presented in mean + SD (minimum and maximum).
*p < 0.05.
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Prevalence of previous chronic pain before hospitalisa-
tion was lower in the COVID-19 compared to the control
group (10.9% vs. 42.5%; p = 0.001, respectively) (Table S2).
However, COVID-19 patients had a significantly larger pro-
portion of patients with new-onset pain after the hospital stay
(65.2%) compared to patients from the control group (11.0%,
p = 0.001) (Table 2). When including exclusively patients
without CP previous to the hospital stay, similar results were
found for de novo pain in the COVID-19 (70.0%) and in the
control groups (20.6%); p = 0.001, as well as for de novo CP
(25% vs. 3%, respectively; p =0.025).

TABLE 2 Pain after hospital discharge in the COVID-19 and
Control groups

COVID-19 Control
(n = 46) (n=173) )4
Prevalence of de novo 30 (65.2) 8(11) 0.001"
pain, n (%)
Prevalence of de novo 9 (19.6) 1(1.4) 0.002"
chronic pain, n (%)
Location of de novo pain, n (%)
Head and neck 20 (66.7) 2 (25) 0.034"
Upper limbs 5(16.7) 0(0) 0.215
Thorax and/or 5(16.7) 4 (50) 0.049"
abdomen
Dorsal and/or low 14 (46.7) 3(37.5) 0.643
back
Lower limbs 11 (36.7) 0(0) 0.042"
Widespread pain 7(23.3) 0(0) 0.130
Frequency of de novo pain, n (%)
< 15 days per month 4(13.3) 2 (25) 0.672
> 15 days per month 15 (50) 4 (50)
Not informed 11(36.7) 2 (25)
De novo pain intensity® 6.7 + 1.6 6.5+2.6 0.794
(3-9) (2-9)
De novo pain 6.0 +2.6 6.5+3.8 0.328
interference in daily (0-9) (0-10)
activities®
Trend of de novo pain after hospital discharge, n (%)°
Improved 5(17.2) 1(12.5) 0.052
Unchanged 13 (44.8) 3(37.5)
Worsened 0(0) 2 (25)
Not informed 11 (37.9) 2 (25)

“According to the numeric rating scale (0 — none; 10 —highest imaginable). The
values are presented as mean + SD (minimum and maximum).

®For inferential analysis between groups, subjects who informed de novo pain to
have remained unchanged since hospital discharge and those who reported it to
have worsened were polled together and compared with those who described de
novo pain improvement.

*p < 0.05.

When questioned specifically about headache, patients
from the COVID-19 also had a lower prevalence of this
symptom before hospital admission (2.2%) compared to
those from the control group (12.3%; p =0.052). However,
new-onset headache after the hospital stay was significantly
more common in COVID-19 patients (39.1%) compared to
controls (2.7%, p = 0.001) (Table 3). Phone and video inter-
views occurred at random time points after in-hospital stay. It
means that some patients were interviewed a few weeks after
discharge, while others were interviewed several months
thereafter. Still, we found a significant proportion of patients
experiencing new-onset chronic pain in the COVID-19 group
(19.6%) compared to the control group (1.4%, p = 0.002).
Also, when only the subset of subjects interviewed after
3 months from hospital discharge was analysed (n = 25,
54.3% of COVID-19 patients and n = 19, 27.4% of controls),
COVID-19 group still had a significantly higher prevalence
of de novo CP (36% vs. 5.2%; p = 0.016). It should be no-
ticed that only 3 of the 54 (5.5%) controls and 6 of the 20
(30%) COVID-19 survivours who were assessed lesser than
3 months after hospital discharge reported recurring and per-
sistent new pain.

Analogously, new-onset chronic daily headache was
present in 13% of COVID-19 patients compared to none in
the control group (p = 0.007). The COVID-19 and control
groups used a similar amount and similar profile of analge-
sic after discharge from hospital for the treatment of de novo
pain (Table 4). Opioids were rarely used for pain analgesia in
our sample. Pain after COVID-19 had an average intensity of
6.7 + 1.6 and interference of 6.0 + 2.6, which did not differ
from the control groups. COVID-19 de novo pain was more
frequently of moderate intensity and was more commonly lo-
cated in the head/neck and in the lower limbs compared to
controls (Figure 1, Tables 2 and 3). As expected, higher pain
intensity scores were associated with more severe pain inter-
ference in activities of daily living (coefficient = + 0.718,
p=0.001).

New-onset headache amongst COVID-19 survivours
was unilateral in 50%, had a pulsating quality in 38.9%
and a moderate to severe intensity in all (Table 3). Nausea
and/or vomiting were reported by 44% of these patients,
whereas phonophobia and photophobia by 38.9% and 27,8%,
respectively.

For fatigue, although patients from the control group had
more complaints before hospital admission, new-onset fa-
tigue was significantly more common in COVID-19 survi-
vours (68.8%) compared to controls (2.5%, p = 0.001) (Table
S3). In the COVID-19 group, 39.1% of patients reported hav-
ing new-onset anosmia, while 50.3% reported experiencing
hypogeusia. Interestingly, patients with anosmia presented
more frequently new-onset pain (83.3%), when compared to
those without this symptom (48.0%, p = 0.024).
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TABLE 3 Headache after hospital

COVID-19 Control

(n = 46) =13 » discharge
Prevalence of previous chronic daily 1(2.2) 9(12.3) 0.052
headache, n (%)
Prevalence of de novo headache, n (%) 18 (39.1) 2(2.7) 0.001"
Prevalence of de novo chronic daily 6 (13) 0 (0) 0.007"
headache, n (%)
Clinical features, n (%)*
Unilateral 9 (50) 1 (50) -
Pulsating quality 7 (38.9) 2 (100) -
Neck irradiation 4(22.2) 0(0) -
Intensity, n (%)*
Mild 0(0) 1 (50) -
Moderate 7(38.9) 0 (0)
Severe 10 (55.6) 1 (50)
Not informed 1(5.6) 00
Associated symptoms, n (%)*
Photophobia 5(27.8) 1(50) -
Phonophobia 7 (38.9) 0(0) -
Osmophobia 2 (11.1) 0 (0) -
Nausea/vomit 8 (44.4) 1 (50) -
Aggravating factors, n (%)*
Routine physical activity 5(27.8) 2 (100) -
Valsalva manoeuvre 3(16.7) 0 (0) -
Orthostasis 2 (11.1) 0 (0) -

“Percentages from subjects with de novo headache. No inferential analysis between groups was possible as

only two control subjects developed de novo headache.
*p < 0.05.

4 | DISCUSSION

This is an original report of a controlled prospective assess-
ment of pain and headache epidemiology and clinical fea-
tures in COVID-19 infection survivours. We have found that
COVID-19 survivours had more frequent new-onset pain
after hospital discharge, affecting almost two-thirds of our
sample compared to patients without COVID-19 infection
with similar sociodemographic and health profile who were
also hospitalized during the 2020 pandemic. We reported
the original finding concerning the occurrence of de novo
chronic pain after COVID-19 infection, present in 19.6%
of survivours. These are outstanding figures, especially if
one considers that based on our study's cross-sectional de-
sign, chronic pain could not be detected in those potentially
en route to develop it, but who had the interview performed
within the first three months after hospital discharge (thus
precluding the diagnosis of chronic pain). This means that,
based on our results, there were at least 19.6% of new-onset
chronic pain patients after COVID-19 infection. Given the
usual high pain prevalence in the general population (S&

et al., 2019), these data speak for a net increase in chronic
pain patients during, and possibly after the 2020 pandemic.
Importantly, 66% of our COVID-19 patients presented
head or neck pain. Indeed, new-onset headaches after the
COVID-19 infection was reported in 39.1% of our sample.
Diagnostic criteria for de novo chronic-daily headache were
fulfilled in 13% of the participants. Headache and pain, in
general, have been reported during COVID-19 since the early
reports, along with rhabdomyolysis and muscle pain during
the acute infection (Chen et al., 2020). However, few stud-
ies have specifically addressed long-term COVID-19-related
pain. All these reports have focused exclusively on headache
and were not controlled. Also, their follow-ups were rela-
tively short, and therefore chronic pain could not have been
assessed (Table 5). Our data, if confirmed, will serve to help
the health care system be prepared to assist and treat a sub-
stantial number of new pain patients.

Besides the head, pain after COVID-19 was also more
commonly located in the lower limbs. Due to the restrictions
of time imposed by phone/video interviews and current lim-
itation to perform non-urgent consultations, we could not
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TABLE 4 Use of analgesic medication
for de novo pain and de novo chronic pain

Prevalence of

analgesic medication

use
Methimazole
Paracetamol

Non-steroidal
anti-inflammatory

Muscle Relaxant
Tramadol®

Codeine®

1349

De novo Pain® De novo Chronic Pain”

COVID-19 Control P COVID-19 Control
14 (46.7) 5(62.5) 0.727 6 (66.6) 1 (100)
12 (85.7) 4 (80) 0.764 5(55.5) 1 (100)
1(7.1) 1(20) 0.421 1(11.1) 0 (0)
2 (14.3) 1 (20) 0.764 0 (0) 1 (100)
3(21.4) 1(20) 0.946 2(22.2) 1(100)
0 (0) 2 (40) - 0 0
00 1(20) - 0 0

Note: Values are presented in n (%).

“Percentages from subjects with de novo pain who reported using analgesic medications.

hPercentages from subjects with de novo chronic pain who reported using analgesic medications. As only one

control subject fulfilled the criteria for de novo chronic pain, inferential statistical analysis was not possible.

“Inferential analysis between groups was not possible for weak opioid use in de novo pain due to the low

frequency of use of these medications in our sample.

COVID-19 de novo pain location

Percentage of
patients reporting
pain in each body

Covid-19 Control s
‘ 0% - 12.6%
12.5% - 26%

B 37.5% - 50%

[ 50% - 62.5%

) I 25% - 375%
\

\“T I 625% - 75%

. 75% - 87.5%

\
. E I 875% - 100%
L

2.

FIGURE 1 Pain distribution in the COVID-19 and control
groups. Colours indicate the percentage range of the prevalence of pain
in each body location in patients with de novo pain

examine these patients yet. Thus, lower limb pains could ac-
tually be due to joint pain, or perhaps neuropathic pain due to
peripheral length-dependent neuropathy, but these assump-
tions remain theoretical so far.

Despite the general similarity in baseline health anteced-
ents, controls had a significantly higher prevalence of previous

cardiac diseases and, consequently, had significantly more fa-
tigue and baseline chronic pain before hospitalisation. In fact,
our study included control patients those who were already
followed for health conditions in our tertiary and university
hospital complex. In contrast, COVID-19 patients came from
the general population have become ill during the pandemic.
Still, COVID-19 patients had a significantly higher propor-
tion of fatigue, new-onset pain and headache after hospital
stay. While it would be possible that the presence of pre-
hospitalisation chronic pain could have biased the assessment
of new-onset pain after hospital stay, both de novo pain and
de novo CP remained significantly more frequent amongst
COVID-19 survivours in an analysis excluding patients with
previous CP. COVID-19 patients stayed longer in-hospital
and had higher rates of ICU admission, but used mechanical
ventilator in the same proportion as controls. This is a very
important point, given the use of neuromuscular blocks and
high-dose sedatives necessary during orotracheal intubation
and mechanical ventilation, along with the systemic inflam-
matory response syndrome occurring during sepsis and shock
all lead to critical patient neuromuscular disease and pain,
which would be obvious bias in our study (Kemp et al., 2019;
Zhou et al., 2014). Unfortunately, details on other ICU stay
information and other in-hospital complications were limited
in our sample.

One interesting point is related to the development of an-
osmia and the presence of de novo pain. This is an intriguing
finding that links the development of pain to signs of central
nervous system dysfunction. It has been hypothesized that
SARS-CoV-2 could invade the CNS through the circulation,
cerebral spinal fluid or via cranial nerves/olfactory bulb, by
synapse-connection or by direct endocytic paths (similar



SOARES ET AL.

utod-owmn [eniut oy se 931eyosIp [e1dsoy paIapIsuod yomgm ‘Apnis 1no 10 1dooxs Jurod-own [enmul oY) S uoIssiupe (/[e1dsoy parapisuod sown paniodar oyl [[y ‘sAep ul pajussald are sonfep

(1000=4d%LT

SA 9% 1°6¢) swaned 6] —AIAOD IsSuowe juanbaiy

0w A[[BONSIIR)S OS[B SeM YOBPEAY JOSUO-MIN

(200°0 = d %1 "SA %9°61) Ured druoIyd 195U0

mau pue (100°0=d ‘%0° 11 'SA %Z:69) ured jJosuo

-Mau Jo douareadrd 1oysty Apueoyrugis payiodax
SINOAIAINS 6] —(IA QD ‘S[0NU0D 0} paredwod UAYA

(S¥"L1-99'T IO %S6 “6€°S YO) ueuwdofosdp

qyoepEaY YIIM PIJRIOOSSE sem eisnadodAy

/e1snagde 1o/pue erwsodAy erwusouy "61—qIAOD
0) pajefa1 ayoepeay payiodar (%4 '+9) UoAIS-K110,]

"oyoepeY

Su103-uo payodar (%8°L¢) siuaned asay Jo 8¢

‘dn-moroJ yeam-9 oy 3y ‘wordwAs 6] —AIAQD ©
se oyoepeay pajtodar syuaned (%9 4/) UIAS-KUIN

(88°0—L1°0 1D %S6 ‘6£°0 WO) Anerow

JO Y[SLI IOMO] (1M PIBIDOSSE SEM JUIBPEIH

'61—AIAOD I91Je ayoepeay Josuo-mau payiodar
syuoned (9 / ¢7) U0AIS-AIY) pUB paIpuny duQ

sgurpury urejA

"BLIO)LIO UOTJROIJISSL[O/o1SOuSeIp paysijqelsa-[om ‘g ‘pakojdwe o] < u ordwes az1s '] :pue 61-JIAOQD Iowe ured Jo ooudreadrd oy Sulssasse saIpm§ 210N

SOX

ON

ON

ON

ured druoayd
JO uoneneAy

91

0>

(44

19

61— dAIAOD duls

JUIT) WINWIIXBJA

SOx

ON

ON

ON
dnoa3
[0o1u0)

SMarTAIUI Quoyq  ured Auy
SMITAIUT
Q0BJ-01-908,]  QyoBpeoH
SMAIAIOIUL
quoyd pue
Q0BJ-03-908,]  QUOBpEoH
S1IBYD [BOIpow
JO MIIAQIX
aanoadsonoy  oyoepeoy
JUIUISSISSL ured
JopoypN  jJooadAy

(61—AIAOD
WM %) 611

€L

(31

9LS

az1s didweg

[OTUO0D-3SBI
[BUOT}09S-SSOID)

[BUOI}OAS-SSOID)

110409
aanodadsoid

110400
aanodadsonoy

Apms jJo adA,

120t
‘Apm§ 1uasaIg

020 ‘soeyese A

2 OU[II-eYo0y

020T “1B 12
BUUOIR))

0T0T “Te 10 051,

61-ATAOD 19ye ured passasse aAey ey salpms paystiand  § ATAV L



SOARES ET AL.

to ZIKA virus) (Baptista et al., 2020; Channappanavar &
Perlman, 2017). Indeed, COVID-19 is capable to invade as-
trocytes, neuroblasts, and neurons via the direct binding to
the ACE2 receptor (Baptista et al., 2020). This would lead
to the dysfunction of ACE2-mediated cascades with poten-
tial implications in neuroinflammation, neurodegeneration,
and neurotoxicity processes. From the clinical perspective,
patients with COVID-19 in Wuhan presented acute CNS
symptoms, such as dizziness, headache, impaired conscious-
ness, acute cerebrovascular disease, ataxia, and convulsions
(Morfopoulou et al., 2016; Turgay et al., 2015; Wu, Xu,
et al., 2020). SARS-CoV had been detected in the human
and experimental animal central and peripheral nervous
systems. It remains fully speculative whether anosmia rep-
resents long-term sequelae of a treated disease, or some kind
of marker of a potential latent inflammatory activity, asso-
ciated with new-onset pain after the disease. Importantly,
these assumptions must be taken cautiously since anosmia
was not looked for in the control group. Despite the general
acknowledgement that COVID-19 is specifically linked to
anosmia in a larger proportion than in other viral infections,
one cannot assume it was only present in post-COVID-19
cases. New prospective clinical and experimental studies
will need to be conducted to explore these new perspectives.
The literature on neuro-virology is full of examples of long-
term neurological sequelae of viral infections such as Zoster,
Zika, Dengue and Chikungunya (de Andrade et al., 2010),
to cite a few examples. Although our controls were assessed
after a significantly shorter period since hospital discharge
than COVID-19 survivours, very few controls actually de-
veloped new-onset persistent pain and CP after hospital
discharge.

Our study has several limitations. First, data collection
was conducted only by phone interviews, due to sanitary re-
strictions to presential assessments during the study period.
This limited the evaluation of some relevant clinical features,
such as allodynia, hyperpathia, pain triggers and worsening
factors. Also, data about previous chronic pain may have been
liable to recall bias. While we have described several charac-
teristics of new-onset chronic pain after COVID-19, several
important aspects of pain such as pain-related catastrophism,
mood symptoms and quality of life were not assessed. Also,
pain treatment is based on the mechanistic classification of
pain into nociceptive, neuropathic or nociplastic (Freynhagen
et al., 2018; Kosek et al., 2016), which was not performed
here due to time limitations. While we tried to obtain informa-
tion on new-onset headache characteristics and precipitating
factors, our data was very limited and a deeper temporal pro-
file and fine-grained spatial description of post-COVID-19
headache was not provided here. Another major limitation
is that we have not assessed potential prodromal pain or pain
during full-blown infection, and one cannot determine, based
on our data, whether acute pain during in-hospital stay is a

risk factor or is a necessary element to develop chronic post-
COVID-19 pain. This information would have potential value
for preventive approaches to post-COVID-19 pain.

Reports of COVID-19-related pain also reveal the need
to provide updated nomenclature approaches. Here we
have initially considered as de novo pain any new pain that
was reported by the patients, even if the patient already
presented previous chronic before hospital admission.
Although this particular instance was relatively rare in the
COVID-19 group, a supplementary analysis including ex-
clusively patients without any chronic pain before hospital-
isation provided similar results, suggesting that there was,
indeed, more ‘new pain’ present after COVID-19 infection
compared to controls. Hence, here we propose, as has been
performed in other instances (Mylius et al., 2020), the use
of three classification terms: i. COVID-19-unrelated pain,
for patients who had chronic pain before the infection,
but no change in their pain pattern has occurred after the
COVID-19; ii, COVID-19-directly related pain: for de novo
pain occurring after the infection in previously pain-free
patients; iii: COVID-19-aggravated pain, for patients with
preceding chronic pain who had pain aggravation after the
infection.

In view of our preliminary results, future controlled
studies are needed to corroborate our findings and better
characterize the predictors, clinical features, underlying
mechanisms, morbidities and burden of COVID-19 directly
related pain. Indeed, in-person assessments, when sanitary
conditions will allow, may provide a better clinical descrip-
tion as well as invaluable data from physical examination
(e.g. allodynia, myofascial syndrome, signs of peripheral
neuropathy). The use of validated clinical tools, such as the
Douleur Neuropathique 4 (Bouhassira et al., 2005; Santos
et al., 2010) and the Neuropathic Pain Symptom Inventory
(Bouhassira et al., 2004; de Andrade et al., 2011) could con-
tribute to the identification and description of an eventual
neuropathic component to COVID-19 directly related pain.
Furthermore, quantitative sensory testing and neurophys-
iological evaluations may help shed light on its underlying
mechanisms. The evaluation for persistent changes in cer-
tain serum biomarkers (such as bradykinin and interleukin-6
for general pain, and perhaps CGRP for headache) amongst
COVID-19 directly related pain patients may also provide an
insight to these mechanisms.

The description of pain after COVID-19 is in its in-
fancy. To date, one can ascertain that there exist pain and
chronic pain after the infection, and a large proportion of
COVID-19 survivours will develop it. Post-COVID-19 pain
is of at least moderate intensity and has a significant impact
on daily activities, being associated with new-onset anosmia.
Future studies will better define the deeper characteristics of
COVID-19-related pains and, hopefully, give insights into its
prevention and treatment.
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