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Objective To estimate the level of myelin basic protein (MBP) and look for its validity 
in outcome prediction among mild-to-moderate head injury patients.
Materials and Methods It was a prospective study done at the Department of 
Neurosurgery, Institute of Medical Sciences, Banaras Hindu University from Jan 
2018 to July 2019. All patients who presented to us within 48 hours of injury with 
mild-to-moderate head injury with apparently normal CT brain were include in the 
study. The serum sample were collected on the day of admission and 48 hours later, and 
patients were treated with standard protocols and observed 6 months postdischarge.
Results Of the 32 patients enrolled, we observed mean MBP level was higher for sever-
ity of brain damage, but not associated with age, mode of injury, and radiological diag-
nosis. Mean MBP levels were not statistically associated with Glasgow coma scale (GCS) 
score at admission but was correlated to outcome with p < 0.05, with sensitivity of 50% 
and specificity 72%, that is, patients with good outcome have lower mean MBP levels.
Conclusion MBP as per our analysis can be used as a prognostic marker in patients 
with head injury. It is not the absolute value rather a trend showing rise in serum MBP 
levels, which carries a significant value in outcome prediction.
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Introduction
Traumatic brain injury (TBI), a major public health problem, 
results in deaths, injuries and disabilities in all age groups. 
The major cause being economic, industrial advancements 
and increased motorization combined with the pleasure of 
thrill and adventure among youngsters.1 It is observed more 
in young and productive persons and more so in males. India 
has a huge population, with quarter of the world's trauma 
deaths occurring here.2,3 Although national-level data is not 
available for TBI, but it is believed that in India over a mil-
lion deaths are due to trauma and roughly 50% are because of 
TBI. Road traffic accidents (RTA) is a major cause of TBI (60%),  
followed by falls 25% and assaults 10%.1

TBI currently can be classified using the Glasgow coma 
scale (GCS) score into mild, moderate, or severe. Mild head 
injury constitutes roughly 60 to 70 percent of all cases of TBI, 
and majority amongst them will go on to have some form 
of behavioral and cognitive symptoms, which are referred 
to as postconcussive syndrome (PCS).4 Since diffuse axonal 
and small vessel injury in the brain contribute presump-
tively to PCS, that injury per se is not typically detected by 
CT. Several studies have recently assessed and shown the 
relation between brain-related proteins found in the serum 
and the acute and delayed mild TBI outcomes in victims of 
closed head injury. There is a leakage of protein into extra-
cellular matrix poststructural damage to the neuronal and 
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supporting cells. So if the blood–brain barrier is damaged, 
these proteins may then enter the peripheral circulation, 
where they can be sampled.5 Myelin basic protein (MBP) is 
one such marker component of oligodendrocytes, the second 
most abundant protein in the central nervous system (CNS). 
It gets released into circulation following axonal injury. The 
levels are raised in 24 to 48 hours after TBI and persist for 
2 weeks or so, making it a desirable marker for prognostica-
tion and also screening among children with mild TBI.6-8

Majority of patient’s management and prognosis is based 
on GCS score and imaging studies are also of little help in 
prognosticating, so there is a need for a potential biomarker 
that provides us with the maximum information regarding 
the short-term and long-term outcomes. The study was done 
to see if MBP can serve as a potential biomarker.

Materials and Methods
The prospective study was conducted in the Department of 
Neurosurgery, Institute of Medical Sciences, Banaras Hindu 
University, Varanasi from January 2018 to July 2019.

Inclusion criteria:

 • All age groups.
 • Mild and moderate head injury.
 • Closed head injury with apparent CT brain normal.
 • No hematological disorder at time of admission.
 • Family or next-of-kin available to provide written 

informed consent.

Exclusion criteria:

 • Patients with neurologic disabilities (head injury, cerebral 
infarction, and hemorrhage) prior to the injury.

 • Patients presenting at the emergency more than 48 hours 
after injury.

 • Prolonged cardiac arrest at the scene of the accident, 
or high cervical spinal cord injury, and those who had 
died from uncontrollable hemorrhage or multiple 
life-threatening associated injuries.

 • Pregnancy and lactating mother.
 • Patients with known coagulopathy or clotting disorder or 

patient on antiplatelets.

Study Protocol
Patients were selected randomly with the help of the enve-
lope method. Those meeting the required criteria were 
included and observed. Patient’s demographic information 
was recorded at the time of enrollment.

Neurological examination was reformed on regular inter-
vals and finding of GCS score and pupillary status were noted 
at admission and subsequently at 48 hours.

Mode of injury, associated injuries, time of patient arrival 
at the hospital emergency, cranial CT scan findings, days of 
hospital stay, and outcome on basis of GCS score were judged 
and recorded.

Serum sample collection was done on the day of admis-
sion and 48 hours later. The method of obtaining serum was 
as follows:

Nonpyrogenic was used to avoid any cell stimulation, and 
blood sample was collected and centrifuged at 3000 rpm for 
10 minutes. Carefully, serum was separated from red blood 
cells as quickly as possible. If precipitation appeared, the 
sample was centrifuged again.

After collection, the sample was stored at 2 to 8 degrees to 
be used later at test date.

For estimating the quantity of serum MBP, we used the 
human MBP autoantibody (MBP-Ab) enzyme-linked immu-
nosorbent assay (ELISA) kit provided by QAYEE BIO for life 
science. The kit uses a double antibody sandwich one-
step assay process (ELISA) to assay the level of MBP-Ab in 
samples.

Assay method: The kit uses a double antibody sandwich 
one-step assay process (ELISA), which is contrary to tradi-
tional ELISA methods, as only a single incubation and wash 
step is required.

1. The plate has 8 × 12 strips equaling 96 wells. Every sample 
was made according to our requirement.

2. Set blank wells, standard wells, and test sample wells. 
respectively:
(1)  Blank well: we did not add samples and horseradish 

peroxidase (HRP); other operations were the same.
(2)  Standard wells: added standard 50 µL to standard 

wells.
(3)  Test sample wells: Added 40 µL of special diluent and 

then added 10 µL of sample. (The final sample dilution is five 
times and the final result calculation should be multiplied by 
five times).

(4)  Added 50 µL of HRP into each well, except the blank 
well. Thereafter, we sealed the plate, gently shook, and incu-
bated for 60 minutes at 37°C.
3. Discarded liquid excess, filled each well with diluted 

washing liquid, mixed and shook for 30 seconds, discarded 
the washing liquid. and tapped the plate into absorbent 
papers to dry. Repeated five times and then patted dry.

4. Added 50 µL of chromogen solution A to each well, and 
then added 50 µL of chromogen solution B to each well. 
Gently shook and incubated for 10 minutes at 37°C away 
from light.

5. Stop: added stop solution 50 µL into each well to stop the 
reaction (the blue changes into yellow immediately).

6. Final measurement: Set blank well zero and measured 
the optical density (OD) at 450 nm wavelength, which 
was performed within 15 minutes after adding the stop 
solution.

According to standards’ concentration and the corre-
sponding OD values, calculated the standard curve linear 
regression equation, and then applied the OD values of the 
sample onto the regression equation to calculate the corre-
sponding sample’s concentration.

The entire patient’s data was filled in the predefined pro 
forma and relevant statistical analysis was performed using 
SPSS software and nonparametric and parametric tests.

Patients were managed as per institutional guidelines 
and followed-up for 6 months for neurological outcome, PCS. 
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Patients were called for follow-up at 6 months for assessment 
and those who did not report were contacted telephonically

Results
Of the total 32 patients who were enrolled in the study, the 
majority were male 21(65.6%) and rest female 11(34.4%) 
and maximum representation was from those who were in 
their third decade of life with mean age being 28.48 years 
(median 25.50 years, range 8–80 years.).

RTA was the main causative factor responsible for 
injury 84.37% and assault was responsible for 15.64% of cases.

All patients presented within 48 hours of injury, with 
mean 19.75 hours (median 17 hours, range 3–44 hours).

Loss of consciousness (LOC) was the main presenting  
complaint amongst patients, mean duration of LOC was  
25.03 minutes (median 15 minutes, range of 2–120 minutes). 
Vomiting was present in 68.8% (mean five episodes, median 
three episodes and range of 2–12 episodes) and seizure was 
present in 18.8% of patients.

GCS score at admission was noted, with mean being 12.09 
(range 9–15, median 11) which at 48 hours postadmission 
changed to 13.65 (median 15, range 9–15). Of the total 
patients, 14 (43.8%) patients had a GCS score of 13 to 15 at 
admission and 18 (56.3%) had 9 to 12 at admission (►Fig. 1).

The mean MBP values at admission deciphered by our 
tests were 107.27 ng/mL with SD of 73.51 ng/mL, and the 
mean MBP value observes at 48 hours postadmission was 
65.82 ng/mL with SD 34.45 ng/mL.

On analysis, it was seen that the mean MBP increased 
with age of the patient, but it was not statistically signifi-
cant. The values of mean MBP were more elevated for female 
gender 153.91 ng/ mL with SD of 73.69 ng/ mL as compared 
with 82.84 ng/ mL with SD of 61.96 ng/ mL for males but no 
significance could be deciphered out of it.

Mean MBP bore no relation to mode of injury or symptoms 
at presentation like LOC, vomiting and seizure, pupillary sta-
tus at admission, age, gender, mode of injury. Symptoms at 
presentation do not have any association with outcome of 
patient.

It was seen that mean MBP levels were higher for 
patient with GCS scores in the range of 9 to12 (112.40 ng/
mL +/–65.81) versus 13 to 15(103.28 ng/ mL +/–80.65) at 

admission, that is, with severity of injury, mean MBP levels 
rise (►Fig. 2).

At 48 hours postadmission, it was seen that the patients 
who still had their GCS score in the range of 9 to 12 had more 
mean MBP (85.31 ng/ mL) levels compared with the 13 to 15 
group (56.95 ng/ mL) and this was of statistical significance 
p = 0.011 (►Fig. 2).

Since the GCS at admission is considered the gold stan-
dard for the assessment of injury severity and prediction 
outcome, we compared the sensitivity and specificity of the 
GCS score to that of the biomarker trajectory for predicting 
poor outcome. To maximize specificity (e.g., possibility that 
a subject predicted to have a poor outcome would have a 
poor outcome), we assumed that a GCS score of 9 to 12would 
predict poor outcome, while GCS scores of 13 to 15 would 
predict good outcome. Using this assumption, the sensitivity 
and specificity of the GCS score for predicting poor outcome 
was 90% and 59.09%, respectively.

Based on the at admission and 48 hours MBP values, we 
divided the patients into risers and decliners and assessed 
the sensitivity and specificity of MBP in predicting outcome: 
sensitivity 50% and specificity 72% respectively (►Table 1).

When mean MBP levels were compared with outcome 
of patient, it was seen that patients with good outcome had 
lower mean MBP levels at 48 hours, which was found to be 
statistically significant p = 0.011.

Patients were followed-up for 6 months to look for any 
symptoms of PCS and it was seen to affect 32.3% of our 
patients. When this data was analyzed with MBP levels 

Fig. 1 Glasgow coma scale (GCS) score at admission and 48 hours.

Fig. 2 Myelin basic protein (MBP) at admission and 48 hours.

Table 1  GCS predicting outcome

GCS Poor outcome Good outcome

13–15 9 9

9–12 1 13

Sensitivity 9 / 10 = 90%, specificity 3 / 22 = 59%

MBP predicting outcome

MBP trajectory Poor outcome Good outcome

Risers 5 6

Decliners 5 16

Sensitivity 5 / 10 = 50%, specificity 6 / 22 =7 2%

Abbreviations: GCS, Glasgow coma scale; MBP, myelin basic protein.
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during admission postinjury, it was seen that values of mean 
MBP were higher in the patients who developed PCS but no 
statistical significance could be drawn.

Discussion
TBI poses the substantial burden of disability and death 
occurring in low- and middle-income countries. In studies by 
Gururaj et al9 and Nath et al,10 the majority of TBI patients 
were in their 3rd decade with a male preponderance; like-
wise in our study, we had a male:female ratio of 1.9:1 and 
maximum patients in their 3rd decade.

RTA constitutes the main cause of TBI, possibly because 
of urbanization and industrialization; moreover, youngsters 
take pride in living a high adrenaline rush life, driving rash 
and fast. The data was consistent with studies done in the 
past by Saxena et al11 and Nath et al10 TBI is more difficult to 
assess. The clinical examination is of restricted value during 
the first hours and days after a head injury. Today, most of the 
diagnostic process is based on modern neuroimaging tech-
niques, such as CT scanning, MRI, and single-photon emis-
sion CT scanning. CT scanning has a relatively low sensitivity 
for diffuse brain damage, and the availability of MRI is lim-
ited; hands get tied in cases with apparently normal CT scan 
findings, thereby drawing interest toward serum biomarkers 
as a tool in prognostication.

Majority of TBI in our study came from RTA which holds 
like the previous studies in TBI, due to rise of urbanization, 
increased transportation and industrialization.1

After head injury, as the severity of TBI increases, blood–
brain barrier is breached, allowing MBP to enter circulation, 
Thus, increased MBP concentration was found in moderate 
head injury as compared with mild head injury with values 
remaining high for days, indicating continuing release of 
MBP.7,8,12

In study by Thomas et al, it was observed that patients 
with increasing severity of injury and poorer outcome had 
a higher mean MBP level, that is, patients who died had 
higher levels of MBP than severely disabled, moderately 
injured and controls, proving the role of MBP in prognosti-
cation.7 Similarly, Noseworthy et al, who studied cerebro-
spinal fluid (CSF) MBP, stated that MBP level correlated with 
GCS score at day 7, 3 months, 6 months (p < 0.05) postin-
jury, concluding it to be a prognostic marker in assessing  
outcome.8

Yamazaki et al13 also analyzed that mean MBP level 
was 1.4+/–1.5 ng/mL in survivors and 11.3 +/–9.5 ng/mL in 
dead cases, indicating a poorer outcome with higher levels.9

A study by Su et al showed that mean MBP level showed 
a sustained rise post TBI compared with controls till day 
5 without any overlap; sustained release may be due to 
myelin breakdown because of secondary injury or Wallerian 
degeneration.6 Also, levels were maximum between day 2 to 
day 6 in patients with poorer outcome.6-8

In our study, mean MBP levels at 48 hours postadmission 
correlated to outcome of patient, that is, more the MBP, more 
severe the injury and poorer the outcome, roughly making 

the sampling between 2 to 6 days of injury being the best 
time to sample a patient when MBP was used as a prognostic 
index marker, which was consistent with the previous study 
by Su et al and Thomas et al.6-9

The trajectory analysis is a type of analysis which can 
capture variance in biomarker concentrations over time and 
has been used with success in the social sciences. In study by 
Berger et al in 2011,14,15 trajectory analysis of serum biomarker 
concentrations facilitates outcome prediction after pediatric 
traumatic and hypoxemic brain injury. They used trajectory 
analysis to evaluate the ability of the serum concentrations 
of 3 brain-specific biomarkers—S100B, neuron-specific eno-
lase (NSE) and myelin basic protein (MBP)—to predict poor 
outcome (Glasgow outcome scale [GOS] scores 3–5) after 
pediatric TBI.For MBP, the 3-group model predicted poor out-
come with a sensitivity of 73% and specificity of 61%. Thus, 
when the models predicted a poor outcome, there was a very 
high probability of a poor outcome.15 In our study, the tra-
jectory analysis for MBP (sensitivity 50% and specificity 72%) 
provided much more specificity for the prediction of poor 
outcome than the current gold standard, the GCS score 
(sensitivity 90% and specificity 59.09%).

Conclusion
Currently, there are no single reliable biochemical markers 
which indicate degree of brain damage and prognosis after 
head injury in patients. MBP is a potential biomarker which 
can be used as a prognostic marker in cases of mild and mod-
erate head injury patients with apparently normal CT brain. 
Measurement of serum MBP. may be a useful biochemical 
complement to clinical assessment. It can grade severity of 
injury and also predict outcome of the patient. Second, it is 
the rise of level MBP rather than a single value which is of 
more value, indicating possibility of ongoing damage due to 
secondary brain injury or Wallerian degeneration, thus pre-
dicting outcome of the patient.

Its use as a screening tool and diagnosis is mentioned 
in literature in pediatric patients. The same cannot be said 
based on our study, because of paucity of pediatric cases. 
Further studies with larger sample size and inclusion of 
severe TBI patients may be required to forego its shortcoming 
as a prognostic marker and validate our results. Further work 
is required to evaluate, in individual patients, relationships 
between serum MBP profiles, clinical assessment in the acute 
phase after head injury, and long-term follow-up.
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