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Abstract: Individuals who survived coronavirus disease, 2019 (COVID-19), often have symptoms of
sensitization, but the extent to which these symptoms relate to serological biomarkers remains unclear.
Therefore, this secondary analysis evaluated the association between serological biomarkers at
hospital admission with sensitization-associated post-COVID-19 symptoms in a sample of previously
hospitalized COVID-19 survivors. Sixty-seven individuals hospitalized due to SARS-CoV-2 infection
in one urban hospital of Madrid (Spain) during the first wave of the pandemic were assessed a
mean of 6.0 (SD 0.8) months after hospital discharge. The Central Sensitization Inventory (CSI) was
used as rough tool to estimate the presence of sensitization-associated post-COVID-19 symptoms
(>40/100 points). Levels of 16 serological biomarkers collected at hospital admission were obtained
from medical records. Twenty-four (35.8%) patients reported sensitization-associated post-COVID-19
symptoms (CSI > 40 points). Subjects reporting sensitization-associated symptoms had lower ferritin
and hemoglobin levels than those not reporting sensitization-associated post-COVID-19 symptoms;
however, these differences were small. We observed significant but small negative associations of
the CSI score with ferritin (r: —0.251, p = 0.04) and hemoglobin (r: —0.292, p = 0.017) levels. No
other significant difference was found. In conclusion, this secondary analysis did not find significant
associations between the investigated serological biomarkers at hospital admission and sensitization-
associated post-COVID-19 symptoms at 6 months after hospitalization in COVID-19 survivors.
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1. Introduction

Recent data suggest that pain is a common post-COVID-19 symptom experienced by
individuals who had survived severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1]. A cohort study proposed that post-COVID-19 pain primarily resembles mus-
culoskeletal features [2]. Additionally, others have reported the presence of multiple
and different pain symptoms [3], clinically mimicking the widespread pain features of
fibromyalgia syndrome in up to 30% of COVID-19 survivors [4]. Musculoskeletal pain
is usually associated with sensitization [5], which is an underlying characteristic of no-
ciplastic pain [6]. Nociplastic pain, in addition to exaggerated pain responses, is also
associated with central-nervous-system-derived symptoms, including fatigue, sleep prob-
lems, memory loss, and mood disturbances [7]. All these symptoms are also typically
experienced by long haulers. Studies investigating the presence of sensitization in people
with post-COVID-19 pain are scarce. Goudman et al. reported that 70% of post-COVID-19
patients showed sensitization-associated symptoms, based on a score of >40 points in the
central sensitization inventory (CSI) [8]. A recent study reported that the prevalence of
sensitization-associated symptoms (CSI score > 40 points) was 33.7% [9]. Identification
of those factors associated with the development of sensitization in COVID-19 survivors
could help in identifying individuals at a higher risk, and, therefore, aid in implementing
timely interventions. Given the close interplay between the immune system, pain, and
sensitization [10,11], immune responses associated with SARS-CoV-2 may well generate
immune factors (e.g., proinflammatory cytokines, elastase produced by activated leuko-
cytes, oxidative stress) that potentially contribute in developing or sustaining sensitization,
especially if they cross the blood—brain barrier. Hence, specific serological biomarkers at
the acute phase of SARS-CoV-2 infection could be a potential risk factor contributing to
the development of post-COVID-19 pain [12]. Here, we present a secondary analysis of a
previous cohort study investigating the prevalence of sensitization-associated symptoms in
previously hospitalized COVID-19 survivors exhibiting de novo post-COVID-19 pain [9].
The aim of this secondary analysis was to investigate the association between specific
serological biomarkers at hospital admission with sensitization-associated post-COVID-19
pain symptoms.

2. Methods

A secondary analysis of a previous observational cross-sectional cohort study was
conducted [9]. Briefly, patients hospitalized during the first wave of the pandemic at an
urban hospital in Spain due to SARS-CoV-2 infection, attending a specific post-COVID-19
unit from 1 June to 31 October 2021, were invited to participate. They were included if they
reported pain as their primary post-COVID-19 symptom and did not present a preexisting
history of pain symptoms or any medical comorbidity explaining the presence of pain,
as previously described [9]. The Institutional Ethics Committee of INDIVAL Cantabria
(code 2020.416) approved the study. All participants provided their informed consent. As
previously described in detail [9], participants completed the following self-reported ques-
tionnaires: the CSI for evaluating sensitization-associated symptoms [13,14]; the 11-item
Tampa Scale for Kinesiophobia for assessing the presence of fear of movement [15]; the Pain
Catastrophizing Scale [16]; the Hospital Anxiety and Depression Scale for assessing the pres-
ence of anxiety or depressive levels [17]; and the paper-based 5-level version of EuroQol-5D
(EQ-5D-5L) [18]. In this secondary analysis, we used a cutoff score of >40 points on the total
score of the CSA (range: 0-100) for determining the presence of sensitization-associated
symptoms [19]. We obtained the following serological biomarkers collected at hospital
admission from hospital medical records: glucose, creatinine, aspartate transaminase (AST),
alanine transaminase (ALT), lactate dehydrogenase (LDH), creatine kinase (CK), albumin,
ferritin, leucocyte count, lymphocyte count, eosinophil count, hemoglobin, platelet count,
erythrocyte sedimentation rate (ESR), fibrinogen, and L-dimer.

Data analysis was conducted with STATA 16.1 program (StataCorp. 2019. Stata Statis-
tical Software: Release 16. TX: StataCorp LP. USA). Differences in serological biomarker
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mean values between COVID-19 survivors with and without sensitization-associated symp-
tomatology were assessed with a one-way ANCOVA, adjusted by gender and age. The
level of significance was set at a priori 0.05. In addition, a correlation analysis with Pearson
(r) coefficients was used to determine the association between CSI score and serological
biomarkers. All statistically significant variables associated with CSI score were included
into a generalized logistic multivariate regression model to identify those biomarkers
contributing significantly to the variance of CSI score. The significance criterion of the F
value for entry into the regression equation was set at p < 0.05. Changes in adjusted R?
were reported after each step of the regression model to determine the association of the
additional variables.

3. Results

Details of the recruitment process and the demographics of the sample can be found
elsewhere [9]. From 77 individuals initially evaluated, serological biomarkers data were
obtained from 67 (87%), which were included in this analysis. No differences in clinical
data between the included patient in the original paper and those included here were
observed. Participants were assessed a mean of 6 (SD 0.8) months after hospitalization.
Twenty-four (35.8%) patients reported sensitization-associated post-COVID-19 symptoms
(CSI > 40/100 points). Subjects reporting sensitization-associated symptoms had lower
ferritin (p = 0.035) and hemoglobin (p = 0.015) levels than those not reporting sensitization-
associated post-COVID-19 symptoms; however, the differences were small (Table 1).

Table 1. Laboratory biomarkers of COVID-19 patients according to the presence or absence of
sensitization-associated symptoms.

CSI > 40 Points CSI < 40 Points

(n=124) (n=143) P
Glucose (mg/mL) 105.3 (21.9) 117.1 (45.0) 0.394
Creatinine (mg/dL) 0.9 (0.45) 0.9 (0.3) 0.855
Alanine transaminase (ALT, U/L) 24.5 (12.5) 25.6 (10.5) 0.599
Aspartate transaminase (AST, U/L) 22.6 (7.5) 22.7 (6.0) 0.967
Lactate dehydrogenase (LDH, U/L) 215.2 (41.8) 205.2 (42.1) 0.346
Creatine kinase (CK, mg/dL) 0.9 (0.35) 1.3 (1.75) 0.153
Albumin (g/dL) 4.5(0.3) 45(0.2) 0.626
Ferritin (ng/mL) * 83.9 (67.6) 158.25 (161.8) 0.024 *
Leucocytes (x10°/L) 7.05 (1.6) 7.25 (1.5) 0.491
Lymphocytes (x10°/L) 3.2(0.6) 3.2(0.8) 0.899
Eosinophils (x 10%/L) 3.25(3.4) 2.4 (1.95) 0.223
Hemoglobin (g/dL) * 13.55 (1.6) 14.4 (1.2) 0.047 *
Platelets (x10°/L) 252.5 (66.1) 244.7 (54.4) 0.588
(ESR, mm/h) 11.6 (10.7) 11.9 (13.1) 0.908
Fibrinogen (mg/dL) 418.1 (74.5) 408.2 (94.0) 0.608
L-dimer (ng/mL) 591.25 (470.9) 535.5 (621.5) 0.734

ESR—erythrocyte sedimentation rate; n—number; SD—standard deviation. * significant differences between
subjects with and without sensitization-associated symptoms (p < 0.05).

Significant but small negative associations of the CSI score with ferritin (r: —0.251,
p = 0.04) and hemoglobin (r: —0.292, p = 0.017) levels was observed. No other significant
association was found. The logistic multivariate regression model revealed that hemoglobin
levels were the only laboratory biomarker associated with sensitization-associated symp-
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toms by explaining the 13.7% of the variance of CSI score (r2 adj: 0.137, B = —0.394,
t=—2.935, p = 0.005).

4. Discussion

This secondary analysis found lower ferritin and hemoglobin levels at the acute
phase of infection in individuals with sensitization-associated post-COVID-19 symptoms at
6 months after hospital discharge. No other associations between the analyzed serological
biomarkers at admission and sensitization-associated post-COVID-19 symptoms were seen.
In general, higher levels of several of the analyzed serological biomarkers, e.g., D-dimer
concentration or [20] blood glucose [21], were associated with severe COVID-19. In ad-
dition, higher ferritin levels were also found in severe—critical COVID-19 patients [22].
Accordingly, our results would suggest that severity of the infection in the acute phase is
not associated with the development of sensitization-associated post-COVID-19 symptoms.
It is hypothesized that SARS-CoV-2-associated cytokine and interleukin storms may lead to
the sensitization of pain pathways [23,24], and trigger nociplastic pain responses by altering
the balance between the neuromodulation systems of nociception [25]. Other hypotheses
suggest that post-COVID-19 pain symptoms can be related to deficient immune regulatory
mechanisms [26]. The current analysis did not observe different immune responses during
the acute phase of the infection depending on the development of sensitization-associated
symptoms; however, studies evaluating the long-term immune response in long-COVID-
19 patients are needed. Indeed, it remains possible that a more pronounced and longer
immune response in the subacute or chronic phase contributes to central nervous system
changes and subsequent nociplastic changes. To date, few data are available on the associa-
tion between the level of different cytokines and post-COVID-19 pain symptoms, because
collection and preparation of blood samples for cytokine analysis is more rigorous than for
standard serological biomarkers.

Additionally, it should be considered that emotional and social factors surrounding
the COVID-19 outbreak could play a relevant role in the development of post-COVID-
19 pain. In fact, social alarm, somatization, post-traumatic stress disorder, and fear or
uncertainty about prognosis have been associated with a promotion and perpetuation of
musculoskeletal post-COVID-19 symptoms [27-29]. Nevertheless, the association between
laboratory biomarkers and emotional and cognitive aspects would be expected to be small.

Some limitations should be considered. Firstly, our data are only applicable to pre-
viously hospitalized COVID-19 survivors. Secondly, we did not include people with
preexisting pain symptoms. Thirdly, several inflammatory biomarkers, e.g., cytokines or
interleukins, were not analyzed, which may exhibit stronger associations with sensitization-
associated post-COVID-19 symptoms. Finally, the exclusive use of the CSI for inferring
sensitization is not recommended because it overlaps with emotional constructs, and
because a self-reported tool cannot capture the complexity of central nervous system im-
pairment [30]. In fact, our original study identified an association between anxiety levels
and CSI, supporting the overlap with emotional distress [9].

5. Conclusions

In conclusion, although ferritin and hemoglobin levels were lower in patients with
sensitization-associated post-COVID-19 symptoms, most investigated serological biomark-
ers at hospital admission were not associated with sensitization-associated post-COVID-19
symptoms in previously hospitalized COVID-19 survivors.
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