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Aim: To report on the impact of COVID-19 on a brain damage unit.
Methods: We reviewed the records of all patients admitted to our brain damage unit. The study included
all the significant clinical events from the first positive qualitative real-time reverse-transcriptase
epolymerase-chain-reaction assay (April 8th, 2020) for SARS-CoV-2 to the day all patients tested
negative (June 8th, 2020).
Results: Of the 20 patients (14 men) (age 57.7 ± 14.9; 2e71 months after brain damage; all with a
modified Rankin scale score > 4), 16 tested positive for SARS-CoV-2 and remained positive for a mean of
32.3 days (ranging from 26 to 61). One patient died from COVID-19, while 12 patients were asymp-
tomatic and three suffered mild pneumonia without acute respiratory distress syndrome. All patients
received prophylactic subcutaneous heparin. Intravenous methylprednisolone was prescribed for three
patients with bilateral pneumonia with excellent results.
Conclusions: Most positive cases (93.7%) were not severe. The good outcome was most likely due to the
use of prophylactic anticoagulation therapy, the early use of methylprednisolone for pneumonia and the
previously reported immunosuppression amid patients with brain damage. This study hopes to
encourage further study into brain damage immunity.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

The havoc caused by the novel severe acute respiratory syn-
drome coronavirus (SARS-CoV-2) has strained to the limit the
ability of scientists worldwide to find effective treatments, eluci-
date pathophysiological mechanisms and identify severity markers
[1e3].

The mortality from SARS-CoV-2 is largely due to bilateral
pneumonia, associated with an exaggerated immune response
leading to acute respiratory distress syndrome.

This is occasionally combined with hypercoagulability state and
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multisystemic failure (elevated levels of IL6, C reactive protein,
ferritin and D-dimer) [4,5]. Many old time-tested drugs for the
disease have empirically “re-purposed” for treatment [6e8]. One of
the most used, in the initial phase, was hydroxychloroquine [6,7],
although it has subsequently proved to be ineffective and have
severe and life-threatening adverse effects [9]. Currently, the only
treatment that seems to reduce mortality among those who receive
either invasive mechanical ventilation or oxygen alone is dexa-
methasone [10].

Several comorbidities have been identified as potential sus-
ceptibility factors for severe infection and fatal outcomes, such as
the preexistence of diabetesmellitus, arterial hypertension, obesity,
malnutrition, restrictive and obstructive airway diseases, and low
vitamin D levels among others [5,11e13]. Some of these factors are
commonly seen in patients admitted to brain damage units.

Patients with long-term hospital stay following stroke or trau-
matic brain injury patients are at increased risk of more severe
infection due to the preexistence of malnutrition, low vitamin D
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levels and reduced respiratory capacity [14e16]. However, there is
no reliable information on the impact of COVID-19 on patients with
brain damage [3]. We hereby report the impact of COVID-19 impact
on a brain damage unit with 20 hospitalized patients, of whom 16
were affected.

2. Methods

In this retrospective observational study, we reviewed the re-
cords of all patients admitted to our brain damage unit. The study
included all significant clinical events from the first positive qual-
itative real-time reverse-transcriptaseepolymerase-chain-reaction
(RT-PCR) assay (April 8th, 2020) for SARS-CoV-2 to the day all pa-
tients were tested negative (June 8th, 2020). Daily chest ausculta-
tion, monitoring of temperature, respiration rate, oxygen
saturation, and heart rate were recorded for all patients. Laboratory
values of blood cell count, renal, and liver functions were only
registered for positive patients. Ferritin, D-dimer, and C reactive
protein levels were determined in 15 out of the 16 positive patients.
Chest X-rays were only performed on patients with dyspnea or
oxygen saturation below 94%. Blood tests or chest X-rays were not
given to negative patients.

Basal laboratory data from the last six months (vitamin D, total
protein, albumin, vitamin B12, folic acid, thyroid stimulating hor-
mone, ferritin, liver enzymes, creatinine, triglycerides and total
cholesterol) and any invasive procedures, diagnosed infections, and
bacterial cultures in the last year were obtained from the clinical
history of every patient.

This study was performed retrospectively with anonymized
clinical data. The legal guardians of all participants provided their
informed consent to participate in this study.

3. Statistical analysis

The clinical and laboratory data of the participants was
compared using Student's t-tests and Mann-Whitney U tests or
Fisher's exact test, when appropriate, for quantitative and nominal
variables, respectively. A Kolmogorov-Smirnov test was used to
verify normality while the correlations between clinical and labo-
ratory data in positive patients were identified using Spearman's
correlation coefficients.

All analyses were performed using SPSS v 19.0 (IBM Corp.
Armonk, NY, USA). with a significance level of p < 0.05.

4. Results

On April 8th, 2020 (date of the diagnosis of the first case), the
mean age of the 20 patients [14, (70%) men] in the brain damage
unit was 57.7 years (range: 22e84 years). The mean time (months)
since the brain injury was 10.4 (range: 2 to 70) and all had a
modified Rankin scale score > 4. Additional demographic data is
provided in Table 1.

The first patient to be diagnosedwas case number 15. SARS-CoV-
2 infection was suspected because of fever (38 �C) and malaise for
48 h. The patient's nasopharyngeal swab test for SARS-CoV-2 by RT-
PCR assaywas positive on April 8th; the remaining 19 patients were
then tested for COVID-19 using the same method, resulting in 15
positives for SARS-CoV-2. The four negative patients were tested up
to three times over the following 10 days, all testing persistently
negative. However, these patients were isolated and quarantined in
a separate area of the hospital but remained in direct supervision of
the same medical team. All patients continued their physiotherapy,
logopedic and occupational therapy sessions as originally planned if
their clinical state permitted. Likewise, all patients remained iso-
lated in their rooms since the diagnosis of COVID-19.
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One patient (case 20) died on April 9th from respiratory insuf-
ficiency from bilateral pneumonia that led to a cardiac arrest. He
had a previous history of recurrent respiratory tract infections since
his arrival two months back and was treated with multiple anti-
biotics with good response, although the final infection was
aggravated by inadequate management of respiratory secretions
due to dyskinesias secondary to brain damage. The final respiratory
infection of this patient had a two-week course before death. The
patient tested positive for SARS-CoV-2 the day before he died.

Of the other 15 positive patients, 12 remained asymptomatic
and three had mild pneumonia without acute respiratory distress
syndrome. Among the comorbidities for severe SARS-CoV-2 infec-
tion in positive patients, eight had arterial hypertension, six had
diabetes mellitus, eight had dyslipidemia, four had previous heart
disease and four had severe chronic obstructive pulmonary disease.
No significant differences were observed in the frequency of these
diseases among positive and negative patients (Fisher's exact test,
all p > 0.05). According to the American Thoracic Society guidelines
[17], none of our patients had severe respiratory distress criteria.

Five patients with COVID-19 had fever during the first week
after diagnosis and four had oxygen saturation below 90%, but only
three of these also had dyspnea and bilateral pneumonia in chest-
X-rays. Malaise was reported or evidenced by a worse general
aspect (in patients who could not communicate) of 12 out of 16
positive patients and one negative patient who also had odyno-
phagia. Three positive patients had moderate diarrhea for less than
three days while only one positive case reported anosmia. No new
SARS-CoV-2 related symptoms or findings were reported after 10
days from the positive diagnosis of the 15 surviving patients.

Blood tests after diagnosis were only performed on positive
patients. Leukopenia was detected in two patients, both had
slightly elevated levels of ferritin (less than two times the higher
limit set by our laboratory) and moderately elevated C reactive
protein; D-dimer levels were otherwise normal. Among the three
patients who developed pneumonia, only one had slightly elevated
D-dimer levels, while all showed elevated C reactive protein levels
(lower than 6 mg/dL) (reference value < 0.5). Two out of three
patients had low vitamin D levels. All of them received antibiotic
treatment, according to the antibiogram, for six days and respira-
tory symptoms abated before treatment was ended.

Among the positive cases some basal (before the outbreak)
analytic alterations were found. Low vitamin D (11 patients), low
vitamin B12 levels (two patients), total protein levels (four pa-
tients), high thyroid stimulating hormone (three patients), alter-
ation in liver enzymes non-superior to three times the normal
values (three patients) and high cholesterol or triglyceride levels
(four patients). None of the negative cases had alterations in these
values except one patient who had high cholesterol levels and three
with low vitamin D levels. However, there were no differences
between basal laboratory values (vitamin D, total protein, albumin,
vitamin B12, folic acid, thyroid stimulating hormone, ferritin, liver
enzymes, creatinine, triglycerides and total cholesterol) among
positive and negative patients (Student's t or Mann-Whitney U
tests, when appropriate, all p > 0.05).

All patients were receiving low weight subcutaneous heparin
(0.5 mg/kg/day), while three positive patients were also given
acetylsalicylic acid 100mg/24 h.When the infectionwas diagnosed,
all positive patients were treated with hydroxychloroquine
(600 mg/day) and acetylcysteine (600 mg/day). Intravenous
methylprednisolone (40 mg/day) was prescribed for the three pa-
tients with bilateral pneumonia as well as for three additional pa-
tients with a history of pneumonia in the last month with
continuous respiratory secretions. These courses of medication
were maintained for five days for all subjects, while treatment with
heparin and acetylsalicylic acid continued.



Table 1
Demographic and clinical characteristics of brain damage unit patients (N ¼ 20).

Code Age Sex Months since
injury

Etiology of brain injury Comorbidities Modified
Rankin Scale

Barthel
scale

1 64 Man 8 Traumatic brain injury Arterial hypertension, diabetes mellitus, dyslipidemia and chronic
pulmonary obstructive disease

5 0

2 33 Woman 9 Traumatic brain injury e 5 10
3 22 Man 15 Traumatic brain injury and anoxic

encephalopathy
e 5 0

4 62 Man 5 Hemorrhagic Stroke Arterial hypertension and diabetes mellitus 5 10
5 37 Man 70 Traumatic brain injury e 5 20
6 60 Woman 2 Carbon monoxide encephalopathy Dyslipidemia 4 50
7 73 Woman 4 Ischemic Stroke Arterial hypertension, diabetes mellitus, dyslipidemia and heart

disease
5 0

8 63 Man 8 Traumatic brain injury Arterial hypertension and diabetes mellitus 4 40
9 63 Man 6 Brain tumor surgery complications Diabetes mellitus, 4 80
10 51 Man 11 Anoxic encephalopathy Arterial hypertension, diabetes mellitus and heart disease 5 0
11 71 Man 11 Traumatic brain injury e 5 20
12 66 Man 5 Infectious encephalopathy Diabetes mellitus and dyslipidemia 5 20
13 65 Man 4 Ischemic Stroke Arterial hypertension and chronic pulmonary obstructive disease 5 10
14 57 Woman 18 Traumatic brain injury e 5 0
15 57 Man 1 Hemorrhagic Stroke Arterial hypertension 4 30
16 48 Man 4 Traumatic brain injury e 5 0
17 47 Woman 3 Subarachnoid hemorrhage e 5 0
18 76 Woman 6 Ischemic Stroke Dyslipemia, heart disease and chronic pulmonary obstructive disease 5 35
19 55 Man 4 Hemorrhagic stroke Arterial hypertension and dyslipidemia 5 0
20 84 Man 15 Anoxic Encephalopathy Arterial hypertension, dyslipidemia, heart disease and chronic

pulmonary obstructive disease
5 0

J.P. Romero, A. Bravo-Martín, P. Oliva-Navarrete et al. Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 102163
Invasive procedures performed in the last year were docu-
mented in both groups. For the group of positive cases, these
included gastrostomy (eight patients), tracheostomy (nine pa-
tients), ventricular drainage (four patients), craniotomy (one pa-
tient), vesical catheter (12 patients) and nasogastric catheter (seven
patients); for the negative group these were gastrostomy (three
patients), tracheostomy (three patients), ventricular drainage (two
patients), craniotomy (two patients), vesical catheter (two patients)
and nasogastric catheter (two patients). No significant differences
were observed in the frequency of previous invasive procedures
among positive and negative patients (Fisher's exact test, all
p > 0.05). A number of infections were diagnosed in the year prior
to the COVID-19 pandemic; among the group of positive cases these
included skin infection (three patients), respiratory (14 patients),
urinary (three patients), central nervous system (three patients); in
the group of negative cases these were stage 3 pressure ulcers (two
patients), respiratory infection (four patients) and urinary (three
patients). No significant differences were observed in the frequency
of previous infections among positive and negative patients
(Fisher's exact test, all p > 0.05). All patients in both groups had at
least one bacterial infection in the last year. 13 (81.3%) of positive
cases and two (50%) of the negative ones were infected by gram-
negative bacteria. See Table 2.

Finally, days to negative RT-PCR assay ranged from 26 to 61 with
a mean of 32.3 ± 11.6 days. The time to resolve the infection (i.e.,
negative RT-PCR) was not correlated with any alteration in clinical
or laboratory data (Spearman's correlation coefficients, all
p > 0.05).
5. Discussion

The outcome of the SARS-CoV-2 outbreak in this cohort is un-
expected. Despite having premorbid severe disabilities (arterial
hypertension, diabetes mellitus, heart disease and chronically
disabled patients) which are well-established risk factors for fatal
outcome in SARS-CoV-2 infection [18,19], in majority of them, most
of the positive cases (93.7%) did not have a severe affection.

Given our prediction of a severe or fatal outcome, all infected
patients, regardless of symptoms, were empirically treated with
3

hydroxychloroquine and acetylcysteine, based on the best available
evidence and previous experience with such patients [20] The mild
respiratory infections and good outcome in the three most severely
symptomatic patients were surprising.

There are several hypotheses that we propose for the good
outcome of our patients. The first is the possible protective role that
prophylactic anticoagulation therapy could play, given that
thrombotic or thromboembolic events have been established as
part of the core physiopathology of COVID-19 [21,22]. On the other
hand, patients with brain damage reportedly have immunosup-
pression due to as yet unknown processes [23]. Moreover, a specific
monocyte deactivation, with decreased capacity for antigen pre-
sentation and depressed secretion of proinflammatory cytokines,
has been documented [24]. This is in line with the important role
that these cells may have in the dysregulated inflammation in
SARS-CoV-2 infection [25] and findings of a possible beneficial role
of disease-modifying therapies among multiple sclerosis patients
[26]. The history of invasive procedures and positive bacterial cul-
tures in our patients is in keeping with the previously reported
immune suppression related to brain damage [23]. Thus, we cannot
rule out an immune modulator role of the bacteria, mainly gram-
negatives [27]. Of further interest is the prolonged virus clearance
in RT-PCR assays (32.3 days) in our patients compared to general
population (10.5 days) [28]. Further research is required into the
role of brain-damage associated immune suppression in cases of
SARS-CoV-2. Finally, we should consider the possibility of varying
degrees of virulence in active variants of SARS-CoV-2 [29]. A less
virulent variant would explain why none of our patients had an
adverse outcome from the disease.

Our findings are in line with those of other studies of highly
disabled, spinal injury patients whose outcomes were better than
expected [30]. Immune suppression was also been reported [31] in
these patients.

We recognize that a principal limitation of this study is the
absence of chest X-rays for most positive patients. Chest X-rays
were only performed on those with symptoms of respiratory
impairment. This study also had several strengths. First, this is the
first study to our knowledge that has included hospitalized patients
in a single brain damage unit, thus avoiding selection bias. Second,



Table 2
Bacterial cultures in the last year before SARS-CoV-2 infection.

Code Urine Respiratory Skin Rectum Bood/cerebrospinal fluid

1 e e Klebsiella
pneumoniae

e e

2 e Staphilococcus aureus e e e

3 e Acinetobacter baumanii e Acinetobacter
baumanii

e

4 e Staphilococcus aureus e e e

5 e Staphilococcus aureus e e e

6 Escherichia coli e e e e

7 e Staphilococcus aureus, Escherichia coli e e e

8 Klebsiella pneumoniae Klebsiella pneumoniae e e e

9 Enterococus, Acinetobacter
baumanii

e e e Escherichia coli

10 Escherichia coli Acinetobacter baumanii e e e

11 Klebsiella pneumoniae e e e e

12 e e e Citrobacter freundii e

13 e e e e Staphylococcus
haemolyticus

14 e Pseudomona aeruginosa, Klebsiella pneumoniae e e e

15 e Acinetobacter baumanii e Klebsiella
pneumoniae

e

16 Citrobacter freundii e Staphilococcus
aureus

e e

17 e Staphilococcus aureus e e e

18 Pseudomonas aeruginosa Pseudomonas aeruginosa e e e

19 e Staphilococcus aureus, Pseudomona aeruginosa, Moraxella
catarrhalis

e e e

20 e Pseudomonas aeruginosa, Staphilococcus aureus e Escherichia coli e
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all patients completed the follow-up until infection resolution.
Finally, the homogeneity of the empirical medical therapy and
complementary physical therapies makes our observations worth
consideration.

In closing, despite severe disability and risk factors for a fatal
outcome, most positive cases (93.75%) were not severely affected.
This outcome may be related to prophylactic anticoagulation
therapy, early use of methylprednisolone in those with viral
pneumonia and the previously reported immunosuppression amid
patients with brain damage. In fact, this study may support the
currently available evidence for the importance of innate immune
response for the COVID-19 outcome. Our findings may encourage
further studies on brain damage immunity and may also offer a
different view for the timing of treatment for SARS-CoV-2 in-
fections in highly disabled or institutionalized patients.
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