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SARS-CoV-2 or COVID-19 caused the pandemic that was declared by the WHO on 11 March 2020. The current
coronavirus pandemic resulted in overwhelming numbers of patients presenting to the emergency department
and unprecedented care requirements. Health systems in several countries were on the verge of collapse, not to
mention the economic downturn. The mandatory quarantine and restrictions in daily living, implemented by
several countries, have been proven to reduce traumatic brain injury (TBI) cases significantly [1]. However, in
relation to the mechanism of injury, a relative increase in low-impact falls at home was seen [1].

Mild TBI is the most common form of TBI, accounting for 70–90% of all brain injuries. The estimated incidence
is about 600 cases per 100,000 of the population, being more common in males and young adults [2]. In patients
presenting with a Glasgow Coma Scale score of 15, about 5% of CT scans have pathological findings, whereas
in patients over 65 years of age, 11–21% may have findings consistent with intracranial trauma. Haydel et al.
reported that 17% of adults over 60 years of age with a normal Glasgow Coma Scale at admission had a positive
head CT [3]. Neurosurgical intervention is required in approximately 1% of mild TBI patients. The epidemiology
pattern of TBI has changed in recent years, with falls in the elderly increasing significantly, mainly in high-income
countries [4]. In children, 640,000 visits per year to the emergency department have been reported in the USA. Falls
and being struck by an object were the most common causes in the younger age group, whereas motor accidents
and falls were the most frequent in the older groups [5].

Indiscriminate use of CT is associated with high cost and risk of radiation exposure, especially in children. A
study that evaluated cancer risk in 680,000 children and adolescents that were exposed to a diagnostic CT found
a 24% higher cancer incidence in exposed people [6]. MRI in the acute setting has also been investigated and is
currently used in some institutes [7]. Roguski et al. evaluated 35 children with TBI that underwent both CT and
MRI examinations within a 5-day period, and found that MRI can be a useful alternative to CT. Nevertheless,
MRI missed skull fractures in five out of 13 cases [8]. Thus, physicians must decide which patient are in need of
neuroimaging, which should be observed, and which can be discharged home. Several prediction rules to identify
patients requiring a CT scan have been developed, however usage in clinical practice is variable or requires external
validation.

During a pandemic, the identification of patients with mild TBI in need of CT and possible hospitalization
is of paramount importance. First, the detection of patients in need of hospitalization would help minimize long
waiting hours in the emergency department, in which there is a risk of virus transmission [9]. This would facilitate
the transfer of the patient to a hospital capable of providing CT scans or neurosurgical intervention. Furthermore,
some may choose to avoid emergency care, which may in turn delay treatment for new and concerning symptoms.

The mechanism by which these biomarkers are transported outside the brain is still under investigation. Several
biomarkers in blood, corticospinal fluid, saliva or urine have been investigated in this regard [10]. TBI is known to
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cause blood–brain barrier disruption, however, this might not be the sole mechanism. In a murine TBI model it
was reported that the glymphatic pathway transports biomarkers to the blood via the cervical lymphatics [11]. S100
astroglial calcium-binding protein B (S100B) is the most well-studied biomarker and has been evaluated within
6 h postinjury. A cut-off value of 0.10 μg/l has been used in the majority of studies with a sensitivity ranging from
72 to 100%. The specificity is low, in the range of 30% in most studies [12]. Ubiquitin C-terminal hydrolase-L1
(UCH-L1) is found in neurons and glial fibrillary acidic protein (GFAP) is an astroglial biomarker. Both have
been evaluated for TBI detection. For UCH-L1, a cut-off value of 0.18 ng/ml yielded a 100% sensitivity, 47%
specificity and a negative predictive value of 100%; whereas for GFAP, a cut-off value of 0.067 ng/ml showed
100% sensitivity and 55% specificity [13,14]. GFAP was superior to S100B in detecting intracranial lesions. In
contrast to GFAP, S100B levels were affected by the presence of extracranial fractures [14]. A recent prospective,
multicentre observational study evaluated the combination of UCH-L1 and GFAP in mild and moderate TBI
patients within 12 h of injury. The sensitivity was found to be 97.6% and the negative predictive value 99.6%,
and the first US FDA-approved tool was established [15]. Hyperglycemia after TBI is a known event. A study on
pediatric TBI reported that serum glucose levels greater than or equal to 300 mg/dl at admission was consistently
associated with death [16]. In a study that included 159 patients with mild TBI, a cut-off value of 120 mg/dl
discriminated patients with positive CT findings with a sensitivity of 74.4% and a specificity of 90.7%. All patients
with serum glucose levels greater than 128 mg/dl had an abnormal CT [17]. Elevated serum glucose levels were also
found in patients that developed coagulopathy, which is associated with increased morbidity and mortality [18].
Neutrophil-to-lymphocytes ratio (NLR) has also been evaluated as an inexpensive biomarker for predicting the
need for CT in mild TBI. In a study of 130 patients with mild TBI that underwent CT, 74 patients had abnormal
CT findings. Patients with positive CT findings had 6.4 ± 5.3 NLR levels and patients with a negative CT had
3.6 ± 2.4 NLR levels, a statistically significant difference. A cut-off value of 2.5 was found to have 78.1% sensitivity
and 63% specificity for detecting patients with abnormal CT findings [19].

One important issue in COVID-19 patients is the increased levels of GFAP, neurofilament light polypeptide
(NfL) and tau in both cerebrospinal fluid and blood [20,21]. In a study of 47 patients with mild, moderate or
severe COVID-19, GFAP and NfL were measured in plasma at two time points. The results showed that patients
with severe disease had significantly higher serum concentrations of GFAP and NfL than the control group, and
GFAP was also elevated in patients with moderate disease [20]. Thus, in the case of brain injury in COVID-19
patients, there is a need for careful interpretation of these biomarkers. Additionally, transfer of COVID-19 patients
to neuroimaging is not always straightforward, has several difficulties and might need extra preparation; thus,
biomarkers to detect patients in need of CT are important. Of note, GFAP has also been found to be elevated in
cases of Alzheimer’s disease or tuberculous meningitis [21].

Conclusion
The identification and use of biomarkers to predict the need for CT in mild TBI patients is of paramount
importance. These biomarkers should be widely available and of low cost, especially during a pandemic, when
available resources might be limited. In the COVID-19 pandemic, TBI biomarkers would result in more efficient
management of non-COVID TBI patients. In patients infected with SARS-CoV-2 presenting with TBI, the
careful interpretation of certain biomarkers is important. More studies are needed to investigate the value and
cost–effectiveness of a single or combination of biomarkers for both COVID and non-COVID TBI patients.
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