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Objectives Neurosurgeons working in the vicinity of tribal areas face traumatic brain 
injury (TBI) cases due to bear maul which is on the rise in Chhattisgarh. Most of the 
literature is focused on the management of maxillofacial injuries. This study intends to 
describe the challenges in management and outcomes of TBI due to bear maul.
Materials and Methods A retrospective review was conducted from May 2018 to 
April 2020. The patients without TBI were excluded. The variables studied were age, 
gender, timing and mode of conflict, Glasgow coma scale (GCS) at arrival, injury spec-
trum, hospital stay, the modified Rankin score (MRS), mini mental status examination 
(MMSE), and surgical site infections (SSI).
Results Twenty-eight patients were eligible for analysis. The mean age of presen-
tation was 40.67 ± 13.99 years. There were 23 males (82.15%). Most common time 
of attack was during dawn (n = 11, 39.28%) followed by dusk (n = 9, 32.14%) and day 
(n = 8, 28.57%) time. Provoked conflicts were seen in 64.28%. The mean preoperative 
GCS was 11.07 ± 3.54 and hospital stay was 18.71 ± 9.51 days. Skull fractures were 
found in 24/28 (85.71%). The mean MRS was 1.67 ± 1.38 at a mean follow-up of 14.53 
± 6.59 months. Favorable outcome (MRS ≤ 2) was seen in 64.28% of patients. The 
mean MMSE score was 22.28 ± 5.36. Eight patients developed SSI (28.57%).
Conclusion Outcomes of TBI due to bear maul depend on preoperative GCS. There 
are higher incidences of skull fractures and SSI. Humans need to avoid infiltration in 
wildlife territory to reduce the number of conflicts.
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Introduction
With the increasing population, humans are encroaching 
forests for habitat. While most neurosurgeons are prac-
ticing in urban areas, few are in the vicinity of tribal areas 
and forests. They commonly face devastating cranial and 

maxillofacial injuries arising due to conflicts of man versus 
wild. Unfortunately, these conflicts occur in the remote areas 
which barely have any neurosurgical and maxillofacial facil-
ities, and survival primarily depends on the severity of the 
injuries and timely reach to the tertiary care center at Raipur.
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The Chhattisgarh state is blessed with a forest area of 
approximately 59,772 km2, covering 44.21% of the state’s 
geographical area, and ranks third in the country in terms 
of forest covers. The state is god gifted with multiple mineral 
resources, tropical dry deciduous forests, and wildlife sanc-
tuaries. The livelihood of nearly 7 million tribal populations 
depends on these forests that contribute to nearly 2,000 crores 
of annual revenue to the state. Approximately 50% of the vil-
lages lie within a 5-km radius of the forest.1 Humans have not 
left any demarcation line between wild animals and them in 
a quest for livelihood. At times, animals also encroach for 
food that leads to a conflict between man versus wild, result-
ing in undesirable situations compromising the life of both.

The available literature is mainly focused only on bears, 
attacks pattern, and methods of prevention. Maximum stud-
ies from India are reported from Kashmir valley, the home 
of the Asiatic black bear (Ursus thibetanus), and primarily 
focus on maxillofacial injury management, but data about 
the management of the neurological injury is scarce.2-5 This 
study intends to highlight and describe the management 
challenges and outcomes of traumatic brain injury (TBI).

Materials and Methods
We conducted a retrospective analysis of all the TBI cases due 
to bear mauling from May 2018 to April 2020 (24 months). 
Clinical data were collected from the medical records, and 
the data about circumstances leading to such conflicts were 
recorded at the last follow-up. The patients who were only 
having maxillofacial or other injuries without any clinical or 
radiological evidence of TBI (TBI) were excluded from the study. 
The last clinical follow-up was recorded till November 2020, 
and consent was taken for inclusion in the study. Clinical pho-
tographs were collected from the departmental library. The 
variables studied were age, gender, timing of conflict, mode of 
conflict, Glasgow coma scale (GCS) at arrival, computed tomog-
raphy (CT) findings and injury spectrum, hospital stay, surgical 
site infections (SSI), status of wound healing, and duration of 
follow-up. Neurological outcomes were assessed with the mod-
ified Rankin scale (MRS), ranging from 0 to 6. While a 0 score 
represents no symptoms at all, a score of 6 represents dead. 
MRS is a commonly used scale to measure the degree of disabil-
ity or dependence. The cognitive functions were evaluated with 
the mini mental status examination (MMSE) which is a simple 
cognitive assessment test and scores range from 0 to 30. A score 
of ≥24 suggests normal cognitive function, 19 to 23 suggests 
mild dysfunction, 10 to 18 suggests moderate dysfunction, 
and a score of ≤9 indicates severe dysfunction. The literature 
review was conducted with keywords like “bear maul,” “bear 
bite,” and “bear injury” across the database of PubMed, Scopus, 
Medline/Medscape, and Cross Reference.

Statistical analysis was performed using statistical pack-
ages for SPSS 25.0 for Windows (SPSS Inc., Chicago, Illinois, 
United States). Univariate descriptive analysis was done 
for all variables. Continuous and categorical variables were 
expressed as mean ± SD. The t-test and analysis of variance 
(ANOVA) test with post hoc analysis were used to compare 

means. Two-tailed p-values were considered statistically sig-
nificant at p < 0.05.

Results
There were a total of 79 patients admitted with such incidence 
during the study period. Fifty-one patients were excluded due 
to the absence of any clinical or radiological evidence of TBI. A 
total of 28 patients were included in the final analysis (►Fig. 1). 
The mean age of presentation was 40.67 ± 13.99 years (range: 
10–75 years). There were 23 males (82.15%) and 5 females 
(17.85%). Most common time of attack was during dawn (n = 11, 
39.28%) followed by dusk (n = 9, 32.14%) and day (n = 8, 28.57%) 
times. Nearly two-thirds of attacks (18/28, 64.28%) were due to 
animal provokes (►Table 1).

The mean preoperative GCS at presentation was 11.07 ± 3.54 
(range: 5–15). Based on the GCS score, patients were grouped 
in mild head injury (n = 10/28, 35.71%), moderate head injury 
(n = 11/28, 39.28%), and severe head injury (n = 7/28, 25%) cate-
gories. Mean age was not significantly different among groups. 
Skull fractures were found in 24/28 (85.71%), out of which 16 
(66.6%) were of the depressed type, five (20.83%) were of lin-
ear type, two had anterior skull base fracture with CSF rhi-
norrhea, and one patient had coronal suture diastasis. Frontal 
bone was most commonly fractured (15/28, 53.57%), followed 
by parietal bone in eight and temporal bone in three patients. 
No fracture was seen in the occipital bone (►Table 1). A total 
of 22/28 patients required surgical intervention for TBI, while 
six patients required only scalp repair without any cranial 
intervention. Clinical and radiological photographs of selected 
patients are shown in ►Figs.  2 and 3, respectively. A total of 
16 out of 28 (57.14%) patients required plastic and maxillofacial 
procedures in addition to the cranial procedures. A total of five 
patients (17.85%) required tracheostomy.

The mean MRS was 1.67 ± 1.38 (range: 0–4) at the mean 
follow-up of 14.53 ± 6.59 months (range: 6–30 months). The 
mean MRS was dependent on GCS at the time of presenta-
tion, and patients with mild head injury had significantly 
better mean MRS score than moderate and severe head inju-
ries (p < 0.05). Likewise, the moderate head injury group had 
a significantly better mean MRS score than the severe head 
injury group. Altogether favorable outcome (MRS ≤ 2) was 
seen in 18 (64.28%) patients (►Tables 2 and 3). There was no 
death in the cohort. A total of six patients (21.42%) had per-
manent neurological deficits.

The mean MMSE score was 22.28 ± 5.36 (range: 10–29). 
While the mean MMSE among mild and moderate head injury 
groups was not statistically different (p = 0.43), the mean MMSE 
score was significantly lower in the severe head injury group 
(p < 0.05). A total of 16 patients (57.14%) had normal cogni-
tive function (MMSE score ≥ 24), while there were 6 patients 
(21.42%) each in mild (MMSE score 19–23) and moderate (MMSE 
score 10–18) cognitive dysfunction groups (►Tables 2 and 3).

A total of eight patients developed SSIs (8/28, 28.57%; 
►Fig. 4). The primary organism isolated were Staphylococcus 
aureus in five, Escherichia coli in two, Pseudomonas in one, and 
multiple isolates in three patients. Scalp wound was healed by 
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primary intention in 20/28 (71.42%), while in eight (28.57%), 
healed by secondary intention. One patient developed a cere-
bral abscess managed conservatively by intravenous (IV) 
antibiotics.

The mean hospital stay was 18.71 ± 9.51 days (range: 
8–39 days). The mean hospital stay was significantly higher 
in the severe head injury group (p < 0.05); however, it 
was not different among mild and moderate head injury 
groups (p = 0.58). The readmission rate was 50% (14/28). 
Ten patients underwent cranioplasty at an average interval 
of 3.8 months (range: 1–8 months). Three patients were 
readmitted for SSIs; of them, two required removal of the 
bone flap. One patient was readmitted for ventriculoperi-
toneal (VP) shunt.

Discussion
Problem Statement
Of nearly 10,000 sloth bears (Melursus ursinus) in India, 
nearly 3,000 lives in dens of Chhattisgarh, the largest in 
India.6 This species is included in Schedule I of the Indian 
Wildlife (Protection) Act 1972 and International Union of 
Conservation of Nature (IUCN 2010). This forest land is in 
patches, interspersed with agricultural land with human 
habitat. The sloth bears live in a den during cold weather 
and come out during summer and early springs during 
dusk and dawn (crepuscular) for food collection. Sloth bears 
mostly feed on ants, termites, honey, and fruits. Secondarily 
bears are known to raid crops in agricultural farms. In 
Chhattisgarh, when the temperature rises above 40°C during 
summers, fields are mostly devoid of crops, and most tribal 
occupants invade forests for fruits and their livelihood on 

Table 1   Patient’s demographic details and spectrum of traumatic brain 

injury

Variables n (%)

M/F 23:5 (82.14:17.85)

Provoked/unprovoked attacks 18:10 (64.28:35.71)

Time of attack

Dusk 09 (32.14)

Dawn 11 (39.28)

Day 08 (28.75)

Head injury severity

Mild 10 (35.71)

Moderate 11 (39.28)

Severe 07 (25)

Cranial injury

Skull fractures 24 (85.71)

Depressed type 16 (66.67)

Linear type 05 (20.83)

Skull base 02 (8.33)

Suture diastasis 01 (4.16)

Cerebral contusions 19 (67.85)

Acute SDH 05 (20.83)

EDH 04 (14.28)

CSF rhinorrhea 02 (8.33)

Eye ball injury 04 (14.83)

SAH 07 (25)

DAI 01 (3.57)

IVH 02 (8.33)

Abbreviations: CSF, cerebrospinal fluid; DAI, diffuse axonal injury; EDH, 
extra-dural hemorrhage; F, female; IVH, intraventricular hemorrhage; M, 
male; SAH, sub-arachnoid hemorrhage; SDH, sub-dural hemorrhage.

Fig. 1 Pictorial representation of brake-up of all bear maul injuries, management, and neurological outcomes. Other injuries includes limb and torso 
injuries. MRS, the modified Rankin scale.
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rubber plants and tendu leaves. Additionally, tribal popula-
tions routinely encroaches forests during dusk and dawn due 
to a lack of proper sanitation facilities explaining the reasons 
for most of the conflicts during these hours of the day. This 
encroach creates competition and conflicts with sloth bears. 

The incidence of bear mauling is on the rise in Chhattisgarh. 
There were 157 such incidents during 2018 to 2019 with 
a 35% rise to 202 incidents in the year 2019 to 2020.1 In a 
study published by Bargali et al in 2005, there were 137 such 
incidents with the loss of 11 humans, and two beer lives in 

Fig. 3 Radiological evaluation with noncontrast CT and 3D CT demonstrating the extent of traumatic brain injury. 3D, three-dimensional; CT, 
computed tomography.

Fig. 2 Clinical photographs of patients showing the extent of tissue damage.
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32 months in only one forest division.7 As per media reports, 
215 human had lost their lives due to animal mauling from 
2005 to 2014.6

The Conflict: Man versus Wild
According to Rajpurohit and Krausman the sloth bear is one of the 
most dangerous wild animals.8 They are even known for unpro-
voked attacks.9 In the present series, 25% of the attacks were 
unprovoked. Their attacks on humans are responsible for 67% of 
all animal attacks, with death to injury ratio of 1:14.3.8 Average 
sloth bears can grow up to 6 feet, gain 140 kg weight, run up to 
48 km/h, and have strong jaws and teeth along with long and 
sharp nails.5 The human body’s limits cannot overpower them 
by any means. The brutal force by bears can shatter any skull, 
and the pattern of craniofacial injuries is unmatchable and dev-
astating. The conflicts usually occur when neither of both aware 
of proximity and sudden appearance leads to a panic situation. 
The bears do so in an attempt to protect their cub, food, or ter-
ritory. Humans are only left with options like a fight, run, or 
climb the tree; unfortunately, all are in bears’ domains. The only 

chances of survival are left on mercy by the bear, severity of the 
injury, and timely reach to the proper medical facility.

Like the present series, mostly males had been found 
victims in all series. The middle age group (30–50 years) is 
most commonly affected due to increased outdoor activ-
ities. Bargali et al stated most encounters during dusk and 
dawn but some have reported during the daytime.7 In the 
present series, a total of 75% of encounters was during dawn 
and dusk due to human encroachment in forests for sanita-
tion. Rasool et al and Shah et al found most attacks sudden 
and unprovoked, unlike the present series.2,5 We believe that 
most animals have possessive behavior and only offend when 
compromised for the safety of themselves and cubs, food, or 
territory. To restrict bears to the forest territory by providing 
food and water opportunities, the Chhattisgarh government 
has started the “Jamvant” Project. The state government also 
bears the burden to provide compensation aid to the victims.6

Spectrum and Mechanism of Injuries
The first reported surgical management of such injuries dates 
back to 1891 by Moir.10 The data of structures injured varies 
among reports, but many had found face as a primary tar-
get. In a quest to incapacitate their victims and overcome 
counter attack, bear targets on craniofacial structures which 
comprise 19% of injury in one study, while the other pub-
lished study from Chhattisgarh reported collectively 70% 
injury to face and scalp with only two head injury cases.11 The 
injury to the eyeballs makes the victim blind to retaliate.12 The 
brutal force applied by the bear led to multiple shattering of 
facial bones involving the maxilla, zygoma, mandible, nasal 
bones, orbit, frontal, and parietal calvarias along with exten-
sive soft tissue injury.5 It is common to observe tissue loss 
to a certain extent. The actual incidence of neurological 
injury is unknown. Out of a total of 79 patients admitted at 
our institute, 28 (35.44%) had a TBI. The actual incidence fig-
ures may vary as many victims with minor injuries had not 
been referred to our center or some would have succumbed 
either at the scene or in transport. As the frontal region is 
in direct view of the bear, frontal scalp lacerations, bone 
fractures, and parenchymal contusions are more common. 
Temporal, occipital, and skull base were less commonly seen 
fractured.3,5,13 Overall, the spectrum of TBIs matches as of due 
to road traffic accidents except for higher incidences of skull 
fractures (especially depressed type) and lower incidences 
of diffuse axonal injury. Other structures commonly seen 

Table 2  Neurological outcomes of traumatic brain injury due 
to bear maul

Outcome variables n (%)

MRS Mean: 1.67 ± 1.38 
(range: 0–4)

0 07 (25)

1 08 (28.57)

2 03 (10.71)

3 07 (25%)

4 03 (10.71)

Cognitive dysfunction—MMSE score Mean: 22.28 ± 5.36 
(range: 10–29)

Normal (MMSE ≥ 24) 16 (57.14

Mild cognitive dysfunction 
(MMSE: 19–23)

06 (21.42)

Moderate cognitive dysfunc-
tion (MMSE: 10–18)

06 (21.42)

Severe cognitive dysfunction 
(MMSE ≤ 9)

Nil

Abbreviations: MRS, modified Rankin score; MMSE, mini mental status 
examination.
Note: Favorable MRS (0–2), 18/28, 64.28%, favorable MMSE (normal and 
mild cognitive dysfunction): 78.57%.

Table 3  Statistical analysis of variables

Head injury 
severity

Hospital stay
Mean ± SD (d)

Mean MRS Mean MMSE score

Mild 13.90 ± 8.72 0.3 ± 0.48 25.70 ± 1.56

Moderate 17.45 ± 7.86 1.81 ± 0.87 24.27 ± 3.19

Severe 27.57 ± 7.56 3.42 ± 0.53 14.28 ± 2.69

Inference p (S) among categories p (S) among categories p (NS) between mild and moderate category
p (S) between mild/moderate and severe category

Abbreviations: MRS, modified Rankin score; MMSE, mini mental status examination; NS, not significant; S, significant; SD, standard deviation.
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injured are limbs (55%) in futile defense attempts. Vascular 
injuries are also reported in 15 of 212 cases by Wani et al.14

Management
These conflicts occur in remote areas where neurosurgical 
facilities are still a dream. The majority of these victims were 
initially taken to the primary health center where the only 
possible surgical means are first aid. Many of our patients 
received were wrapped in piles of bandage without primary 
suturing due to extensive soft tissue damage puzzling the 
means of repair. All these patients need vitals stabilization, 
hemostasis, and robust tissue approximation before radio-
logical evaluation.

Another critical issue is airway protection in the setting of 
severe damage to facial structures leading to inadequate seal 
and support for mask during bag and mask ventilation. We 
use cotton mops to provide a seal for slight leak and saline 
filled surgical gloves to bridge larger gaps. These patients 
have a high risk of aspiration due to the pooling of blood and 
saliva in the oropharynx, along with soft tissue damage and 
edema.15 Even the suction and intubation are challenging 
and may require emergent tracheostomy. Video laryngo-
scope is a useful aid for assisted intubation. Adequate pain 
relief is of paramount importance and requires opioid anal-
gesics. Often these patients lose a large pool of blood at the 
scene and require transfusions. After proper resuscitation, 
the optimal imaging modality is two-dimensional (2D) and 
three-dimensional (3D) craniofacial noncontrast CT scan for 
assessment, planning, and to decide urgency for intervention.

These devastating injuries require a multidisciplinary 
team approach consisting of neurosurgeons, plastic and 
maxillofacial surgeons, anesthetists, and intensivists. In an 
attempt to restore optimal neurological and aesthetic sense, 

long operative hours fiddling up with leftover devascularized 
tissue fragments is a necessity. Raising scalp flap for cranial 
intervention in a customized manner is often not possible, 
and scalp incisions need to be tailored based on patterns of 
scalp lacerations and the size of craniotomy required. The 
main trunk and branches of the superficial temporal artery 
must be preserved as carefully as possible. These patients 
require elevation and excision of shattered bone fragments, 
removal or hematomas, and contusions, and watertight but 
lax dura repairs from a neurosurgical perspective. We prefer 
to use either pericranial fascia if possible or fascia lata graft 
for dura repair instead of artificial substitutes due to infection 
concerns. We also tend to avoid placing Gelfoam over dura as 
much as possible. We do not use titanium mesh during the 
first surgery to cover bony defects due to similar reasons. The 
scalp is essentially sutured in an interrupted manner rather 
than continuous. We use prophylactic antiepileptic drugs as 
a protocol in all cases of parenchymal lacerations.

Aesthetic surgeons have a tough time to find means of tis-
sue approximation after maxillofacial fractures are stabilized 
with implants. Regions of excess tissue loss segment require 
rotation or pedicle flap for coverage. In a delayed presentation 
with infection and devitalized tissue, the only debridement 
should be considered and primary closure is withheld till the 
resolution of infection. Some patients require multiple-stage 
operations due to the complexity of defects. Due to injury to the 
associated facial nerve, even with good tissue approximation, 
functional results are suboptimal,16 and such disfigured faces 
retract themselves from social appearances and experience 
posttraumatic stress disorders, the importance of psychiatric 
management cannot be undermined.17 Mild and moderate cog-
nitive dysfunctions on MMSE were seen in six cases (21.42%) in 
each group in the present study. To the best of our knowledge, 

Fig. 4 Clinical photographs of patients who developed surgical site infections.
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this is the only study which has assessed cognitive dysfunction 
using MMSE score till date in bear maul injuries.

These wounds are often full of contamination with 
gram-positive (Streptococcus and mostly Staphylococcus) 
and gram-negative (E. coli and Enterobacter) 
organisms.18 The other organisms isolated from cul-
tures were Serratia, Enterococcus, Bacillus, Aeromonas, 
Neisseria, Prevotella, and Propionibacterium.19 They need 
broad-spectrum antibiotics coverage initially and subse-
quently based on cultures.20 Wounds need to be debrided, 
irrigated copiously with normal saline, hydrogen peroxide, 
and povidone–iodine to reduce contamination. We prac-
tice the local use of chloromycetin irrigation before closure 
in addition to systemic antibiotics. The SSI rate due to bear 
maul in the present study is higher than our other TBI cases 
due to road traffic accidents (28.57% vs. 11.13%). Most of the 
articles had advocated using penicillin and cephalosporins 
for broad-spectrum coverage, and Pukar et al found garenox-
acin and oral des-fluoroquinolone helpful.21 We believe 
broad-spectrum coverage should include gram-negative and 
anaerobes as well. Our policy is to start piperacillin or tazo-
bactum and aminoglycosides and metronidazoles at first go 
and modify once aware of culture and sensitivity.

The use of postexposure tetanus and antirabies prophylaxis 
is a common practice and is recommended.22 Some surgeon 
even locally infiltrates human rabies immunoglobulin before 
closure.23 In our series, we avoid local infiltrations. We admin-
istered both human rabies immunoglobulin (HRIG) and antira-
bies vaccine on day 0 and repeated administration of antirabies 
vaccine on day 3, 7, and 14. Anesthetic drugs, especially ket-
amine, lessen the effect of the antirabies vaccine.24,25 In an ideal 
case scenario, one should wait for surgery and anesthesia up 
to 1 week after inactive vaccination and up to 3 weeks after 
live vaccination.26 Due to the emergency nature and concerns 
about infections, one cannot help instead, operate at the earli-
est opportunity. None of our patients developed rabies or tet-
anus in the postoperative period.

The neurological outcome of these patients is generally 
satisfactory and primarily depends on the severity of the 
head injury. The favorable outcome (MRS: 0–2) in the pres-
ent series was seen in nearly two-thirds (64.28%) of patients, 
and nearly three-fourths (78.57%) did fare (normal or mild 
cognitive dysfunction) on MMSE. From an esthetic perspec-
tive, the final impression looks rewarding, and they live with 
deformity and morbidity. Causes of death at the scene are 
primarily due to hypotension, aspiration, and cranial and 
cervical injuries.27 In patients who manage to reach the hos-
pital live and stable, the primary cause of death is cranial 
injuries.3,4,11 In the literature review, we only found a single 
death secondary to septicemia.28 There was no life lost in our 
cohort.

Cranioplasty after decompressive craniectomy in these 
patients also needs special consideration. We prefer to defer 
cranioplasty until wound healing is satisfactory without signs 
of infection, and optimal neurological status is achieved. A 
total of 10 cranioplasties was performed at an average inter-
val of 3.8 months in the present study. As mentioned pre-
viously, scalp flaps of these patients are often tailor made; 

incising scalp over previous scars and raising flap for cranio-
plasty need meticulous dissection avoiding injury to under-
lying brain parenchyma. We prefer to use titanium mesh for 
cranioplasty.

Conclusion
The bear maul–induced injuries are on the rise in 
Chhattisgarh. Being higher in evolution, humans need to 
respect wild territories and avoid infiltration. Mankind bears 
the responsibility to protect themselves and wild animals. 
Humans being slender in body structure can no way retaliate 
or win the man versus wild battle. In case of such incidents, 
victims should be transported early after stabilization to a 
proper facility where a multidisciplinary team is available. 
There are higher incidences of skull fractures and SSIs in TBI 
due to bear maul. The outcomes of such injuries primarily 
depend on the severity of traumatic brain injuries.
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