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27  SHORT ABSTRACT:
28 Here, we demonstrate magnetic resonance (MR)-guided convection enhanced delivery (CED) of
29  viral vectors into the cortex as an efficient and simplified approach for achieving optogenetic
30 expression across large cortical areas in the macaque brain.
31
32 LONG ABSTRACT:
33  Innon-human primate (NHP) optogenetics, infecting large cortical areas with viral vectors is often
34  adifficult and time-consuming task. Here, we demonstrate the use of magnetic resonance (MR)-
35 guided convection enhanced delivery (CED) of optogenetic viral vectors into primary
36 somatosensory (S1) and motor (M1) cortices of macaques to obtain efficient, widespread cortical
37  expression of light-sensitive ion channels. Adeno-associated viral (AAV) vectors encoding the red-
38 shifted opsin C1V1 fused to yellow fluorescent protein (EYFP) were injected into the cortex of
39 rhesus macaques under MR-guided CED. Three months post-infusion, epifluorescent imaging
40 confirmed large regions of optogenetic expression (>130 mm?) in M1 and S1 in two macaques.
41  Furthermore, we were able to record reliable light-evoked electrophysiology responses from the
42  expressing areas using micro-electrocorticographic arrays. Later histological analysis and
43  immunostaining against the reporter revealed widespread and dense optogenetic expression in
44 M1 and S1 corresponding to the distribution indicated by epifluorescent imaging. This technique
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enables us to obtain expression across large areas of the cortex within a shorter period of time
with minimal damage compared to the traditional techniques and can be an optimal approach
for optogenetic viral delivery in large animals such as NHPs. This approach demonstrates great
potential for network-level manipulation of neural circuits with cell-type specificity in animal
models evolutionarily close to humans.

INTRODUCTION:

Optogenetics is a powerful tool that allows for the manipulation of neural activity and the study
of network connections in the brain. Implementing this technique in non-human primates (NHPs)
has the potential to enhance our understanding of large-scale neural computation, cognition,
and behavior in the primate brain. Although optogenetics has been successfully implemented in
NHPs in recent years'”, a challenge that researchers face is achieving high levels of expression
across large brain areas in these animals. Here, we are providing an efficient and simplified
approach to achieve high levels of optogenetic expression across large areas of the cortex in
macaques. This technique has great potential to improve current optogenetic studies in these
animals in combination with state-of-the-art recording®® and optical stimulation'® technologies.

Convection enhanced delivery (CED) is an established method of delivery of pharmacological
agents and other large molecules, including viral vectors, to the central nervous system'13,
Whereas conventional delivery methods involve multiple low volume infusions distributed across
small regions of the brain, CED can achieve broader and more even agent distribution with fewer
infusions. Pressure-driven bulk fluid flow (convection) during infusion allows for more widely and
uniformly distributed transduction of the target tissue when delivering viral vectors with CED. In
recent studies, we demonstrated the transduction and subsequent optogenetic expression of
large areas of primary motor (M1) and somatosensory (S1) cortices® and thalamus'* using
magnetic resonance (MR)-guided CED.

Here, we outline the use of CED to achieve optogenetic expression across large cortical areas
with only a few cortical injections.

PROTOCOL:

All procedures have been approved by the University of California, San Francisco
Institutional Animal Care and Use Committee (IACUC) and are compliant with the Guide for the
Care and Use of Laboratory Animals. The following procedure was performed using two adult
male rhesus macaques of 8 and 7 years of age, weighing 17.5 kg and 16.5 kg (monkey G and
monkey J), respectively.

NOTE: Use standard aseptic techniques for all surgical procedures.

1. Baseline imaging

1.1. Sedate and intubate the animal and maintain general anesthesia under isoflurane
(concentration changed between 0 to 5% as needed, depending on vital signs such as respiratory
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rate and heart rate). Monitor the animal’s temperature, heart rate, oxygen saturation,
electrocardiographic responses, and end-tidal partial pressure of CO; throughout the procedure.

1.2. Place the animal in an MR-compatible stereotaxic frame (see the Table of Materials) in which
it will remain throughout the procedure. Connect the animal to a portable MR-compatible
isoflurane machine and transport it to the MRI scanner (3 T).

1.3. Acquire standard T1 (flip angle = 9°, repetition time/echo time = 668.6, matrix size = 192 x
192 x 80, slice thickness = 1 mm) and T2 (flip angle = 130°, repetition time/echo time = 52.5,
matrix size = 256 x 256 x 45, slice thickness = 1 mm) anatomical MR images as baseline reference
and for surgical planning.

1.4. Recover the animal from anesthesia and transport it to the animal housing area.

1.5. Use the acquired T1 and T2 images to determine the placement of the craniotomy. The
location of the craniotomy can be precisely determined by matching the cortical area of interest
from MR with the macaque brain atlas (Paxinos, Huang, Petride, Toga 2™ Edition). In addition,
these baseline images can provide an estimate for the locations of viral infusion. The cortical
regions of interest demonstrated here are M1 and S1.

2. MR-Compatible chamber implantation

2.1. Sedate and intubate the animal and maintain general anesthesia with standard anesthetic
monitoring as in 1.1.

2.2. Place the animal in the MR-compatible stereotaxic frame in which it will remain throughout
chamber implantation and viral vector delivery. Connect the animal to a portable MR-compatible
isoflurane machine.

2.3. Create a sagittal incision approximately 2 cm from the midline with a length of about 5 cm
with a scalpel.

2.4. Remove the underlying soft tissue from the skull using elevators (see Table of Materials).

2.5. Create a circular craniotomy (2.5 cm diameter) to cover the pre-planned trajectories for
injections using a trephine (see Table of Materials).

2.5.1. Lower the centering point of the trephine past the edge of the trephine. Create an
indentation at the center of the planned craniotomy sufficiently deep in the skull to anchor the
trephine using the adjustable centering point of the trephine. Exercise caution to avoid
completely penetrating through the depth of the skull as this could cause damage to the
underlying neural tissue.

2.5.2. Periodically flush the area with saline as needed to maintain tissue moisture throughout
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the craniotomy.

2.5.3. Once the center has been made, lower the trephine onto the skull and rotate the trephine
clockwise and counterclockwise while applying downward pressure until the bone cap can be
removed with forceps. Exercise caution to avoid damaging the underlying tissue with the
trephine.

2.6. Thread a fine suture (size 6) to the dura in the center of the craniotomy and lift the dura by
gentling pulling the thread from the surface of the brain creating a tent in the center of the
craniotomy.

2.7. Next, puncture the dura close to the center of the tent using fine ophthalmic scissors to avoid
damaging the brain. Then cut the dura from the center to the edge of the craniotomy and
continue along the edge with fine opthalmic scissors.

2.8. Mount the cylindrical custom-made CED MR-compatible chamber (Figure 1; see section 4
for production instructions) to the skull on top of the craniotomy to provide cannula support
during CED infusion such that the curvature of the chamber flange aligns well with the curvature
of the skull.

2.9. Secure the implants to the skull using either plastic screws and dental acrylic or a few
titanium screws.

3. Viral vector delivery

3.1. Soon after implanting the MR-compatible chamber and inserting the cannula injection grid
(Figure 1A-B, Supplementary Figure 1) into the chamber, fill the grid with saline (0.9% NaCl) for
visualizing the injection locations via MR anatomical images and fill the chamber cavities with
wet sterile absorbable gelatin to maintain moisture of the brain (Figure 1F).

3.2. Cover the skin and the cylinder with a sterile antimicrobial incise drape to maintain the
sterility of the cylinders during transport and MR infusions. Place a vitamin E capsule to mark the
top of the injection grid for positive identification.

3.3. While the animal remains intubated, detach the endotracheal tube from the anesthesia
circuit and reattach it to a portable MR-compatible isoflurane machine and transport the animal
to the MRl scanner.

3.4. Acquire T1 images (flip angle = 9°, repetition time/echo time = 668.6, matrix size = 192 x 192,
slice thickness= 1 mm, 80 slices) to calculate the distance from the top of the injection grid and
the cortical surface. The vitamin E capsule is clearly visible in T1 images and should be used as a
marker for the top of the injection grid (Figure 2A). The MR imaging software, provides a ruler
which enables measuring distance in metrics from different planes.
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3.5. Acquire T2 images (flip angle = 130°, repetition time/echo time = 52.5, matrix size = 256 x
256, slice thickness =1 mm, 45 slices) to determine the optimal cannula guides for each site based
on the targeted site of infusion (Figure 2B-C). As mentioned earlier, the cannula grid is filled with
saline which is best visible in T2 images. Using the MR imaging software, scroll through the
coronal and sagittal planes to find the target location of infusion.

3.6. After thawing the viral vector for a few hours at room temperature, mix the viral vector with
the MR contrast agent gadoteridol (Ratio of 250:1; 2mM Gd-DTPA, see table of materials) by
pipette or vortex mixing.

NOTE: The presented technique was tested for AAV vectors with a CamKlla promoter driving
expression of C1V1l fused to EYFP (AAV2.5-CamKII-C1V1-EYFP, titer: 2.5 x 10? virus
molecules/mL; see Table of Materials).

3.7. Load the mixed virus into a 0.2 mL high pressure IV tubing (see Table of Materials).
3.8. Establish a sterile field outside the MR scanner for preparing the viral infusion line.

3.9. Using high pressure IV tubing, connect a long extension line (approximately 3-5 meters,
depending on the location of the infusion pump with respect to the MR bore) to an MR-
compatible 3 mL syringe and prime with saline.

3.10. Connect the syringe to 0.2 mL IV tubing loaded with the virus and attach the reflux-resistant
cannula with a 1 mm stepped tip (Figure 2D; see section 5 for cannula production instructions)
to the distal end of this assembly with a clamp style catheter connector (see Table of Materials)
(Figure 2E).

3.11. Lastly, set the syringe in an MR-compatible pump (see Table of Materials). Place the pump
controller in the scanner control room as it is not MR-compatible.

3.12. Using the baseline anatomical MR images obtained before, select the cannula injection grid
location and insertion depth needed to reach the target infusion site. Mark the insertion depth
on the cannula using sterile tape.

3.13. Begin the infusion at a rate of 1 uL/min and visually validate the flow of the fluid in the
infusion line by observing the ejection of fluid from the cannula tip.

3.14. Insert the cannula manually through the injection grid to the target depth while maintaining
flow in the infusion line, as this will prevent the penetrated tissue from clogging the cannula
during insertion.

3.15. Acquire fast (2 minute) flash T1 weighted images (flip angle = 30°, repetition time/echo
time = 3.05, matrix size = 128 x 128, slice thickness = 1 mm, 64 slices) for online monitoring of
the viral vector infusion.
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3.16. After infusing ~10 pL of the vector such that enough virus is infused to detect in the MR
scanner, obtain MR images to verify correct cannula placement as evident by the observed
spread of the virus. If the depth of the inserted cannula is incorrect, adjust the depth accordingly
or slowly remove the cannula and re-attempt the insertion as in 3.12.

3.17. Monitor the infusion via guidance of online MR images (flash T1 weighted) and increase the
infusion rate to 5 uL/min by 1 uL/min steps every few minutes (Figure 3A).

3.18. After infusing approximately 40 pL of the viral vector, begin reducing the infusion rate by
1 uL/min steps and stop the infusion after ~50 L is injected and leave the cannula in place for
10 minutes.

3.19. Slowly remove the cannula from the brain and move to the next location. Repeat steps 3.9
to 3.17 for each location.

3.20. Cover the cylinder with a sterile drape at the end of injections, before animal transport.
Then transport the animal back to the operating room.

3.21. Either explant the MR-compatible chamber and close the surgical incision by replacing the
bone flap and overlying muscle and suturing the skin using standard aseptic techniques or replace
the chamber with a titanium cylinder and artificial dura (see Yazdan-Shahmorad et al. 2016°) for
neural recording and stimulation.

4. MR-Compatible chamber production

4.1. Fabricate the nylon cannula injection grid (Figure 1A-B) by machining according to the
specified dimensions (Supplementary Figure 1).

4.2. 3D print the MR-compatible cylinder out of acrylonitrile butadiene styrene (ABSO plastic
(Figure 1C-E) (see Supplementary File 1-3; see Table of Materials for 3D printer and materials).

NOTE: One design maintains a fixed cannula injection grid within the MR-compatible cylinder
(Figure 1C), while another allows for rotation of the grid, extending the injection region (Figure
1D-E).

4.3. Thread the cannula injection grid and tap the corresponding cavity of the MR-compatible
chamber such that both pieces exhibit the same threading.

NOTE: Any type of threading can be used provided that both components have the same
threading.

4.4, Insert the nylon cannula injection grid by screwing into the tapped hole of the MR-
compatible cylinder.
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5. Reflux-resistant cannula production

5.1. Cut a 30 cm silica tubing with 0.32 mm ID and 0.43 mm OD for the inner silica tubing (see
Table of Materials) using a razor blade.

5.2. Cuta 7.5 cm and a 5 cm silica tubing with 0.45 mm ID and 0.76 mm OD for the outer silica
tubing (see Table of Materials).

5.3. Adhere the 7.5 cm outer tubing to the 30 cm inner tubing with cyanoacrylate such that the
inner tube extends 1 mm beyond the outer tube, making the reflux-resistant step (Figure 2D). To
ensure that the cyanoacrylate does not enter the inside of the inner tubing, place the
cyanoacrylate on the outside of the inner tubing far from the cannula tip.

5.4. Paste the 5 cm silica tubing to the other end of the inner tubing for attachment to the clamp
style catheter connector (see step 3.6).

REPRESENTATIVE RESULTS:

Convection Enhanced Delivery (CED) under MRI Guidance

The spread of the viral vector was monitored during CED infusion under the guidance of online
MR images (Figure 3A). In this study, S1 and M1 of two monkeys were targeted (Figure 3B). The
three-dimensional distribution volumes were estimated in a post-hoc analysis of the MR images
(Figure 3C) as described by Yazdan-Shahmorad et al. 2016°, confirming coverage of large areas
of cortex. The M1 infusions for monkey G were done without MR guidance due to time
constraints.

Validation of Viral Expression

Large cortical optogenetic expression was confirmed by epifluorescent imaging,
electrophysiological recordings, and histological analysis as described by Yazdan-Shahmorad et
al. 2016°. We monitored optogenetic expression by surface epifluorescence imaging of the
fluorescent reporter?® and estimated more than 130 mm? of expression along the cortical surface
in M1 and S1 of two macaques from only three cortical injections®®°. Light stimulation (488 nm,
20 mW power at the tip; see Table of Materials) yielded reliable electrophysiological responses
in the expressing areas as measured by semi-transparent micro-electrocorticographic arrays®°1
(Figure 4).

Analysis of the MR images yielded an estimated 233 mm?3 and 433 mm?3 of vector spread in M1
and S1 of monkey J, respectively, and 317 mm?3 in S1 of monkey G°. We performed histological
analyses on serial coronal sections and observed large-scale optogenetic expression around the
infusion sites in M1 and S1 (Figure 5A-B), with an estimated 70-80% of cells expressing the opsin.
The expression observed from histology aligned with the estimated expression distribution from
epifluorescent imaging (Figure 5A-D). One of the two infusions performed outside of the MR
scanner in monkey G was unsuccessful, yielding no expression in the corresponding region
(Figure 5D). The spread estimated from MR imaging was completely within the bounds of both
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the epifluorescent and the histological measures of viral spread (Figure 5E-G). The expansion of
the epifluorescent imaging beyond the MR estimate can be attributed to the diffusion of viral
particles beyond the advection region. Moreover, the histological estimate extended beyond the
epifluorescence estimate due to a lack of optical access beyond the craniotomy. The details of
these techniques are included in our previous paper®.

FIGURE AND TABLE LEGENDS:

Figure 1. MR-compatible cylinder and cannula injection grid. A,B) custom-designed nylon
injection grid. C) MR-compatible fixed cylinder. D,E) Rotating MR-compatible cylinder. F) MR-
compatible infusion cylinder with fixed grid position. The arrows point to the cavities that are
designed to be filled with wet gelfoam keeping the surface of the brain moist for the duration of
injection. G) Cannula inserted in the grid. This figure has been modified from Yazdan-Shahmorad
et al. 2016°.

Figure 2. Baseline MR imaging and reflux resistant cannula. A) T1-weighted image of vitamin E
that was attached to the top of the injection grid that enables us to measure the distance (white
arrow) to the surface of the brain. B) T2-weighted image of the brain helps to plan the location
of injection from the cannula grid filled with saline. C) MR image of the infusion chamber and the
saline-filled cannula grid. The orthogonal lines represent the sagittal (yellow) and coronal (purple)
planes. D) Photo of the reflux resistant injection cannula tip with the reflux resistant step (black
arrow). E) Infusion lines. This figure has been modified from Yazdan-Shahmorad et al. 2016°.

Figure 3. MR imaging during infusion and estimated distribution. A) Spread of 50 pL of the viral
vector in coronal sections of Monkey G for one injection site in S1 (shown with an arrow in B). B)
MRI surface rendering of the cortical surface below the cylinder for Monkeys G and J,
respectively. The S1 infusion locations are shown in blue, M1 locations in red. C) MR Volume
reconstruction of the spread of viral vector during CED infusion. Brain is shown in light gray; S1
and M1 infusion volumes are shown in blue and red, respectively. No MR volume reconstruction
is available for the M1 infusions for monkey G since they were not done in the MR scanner. This
figure has been modified from Yazdan-Shahmorad et al. 2016°.

Figure 4. Electrophysiological recordings of light-evoked activity. Micro-Electrocorticography
(LECOoG) recordings occurred during pulsed optical stimulation. Recording traces were from the
closest electrode to the site of stimulation for examples of M1 (red) and S1 (green) stimulation
locations. Shaded areas around the traces represent standard error across 25 trials. The blue
squares on the traces show the timing of stimulation (1 ms). The full set of stimulus-triggered
waveforms for both sample pairs of stimulation and recording sites are superimposed on the
mean waveform as shown on the left side of the panel. This figure has been modified from
Yazdan-Shahmorad et al. 2016°.

Figure 5. Histological analysis. A) Baseline coronal MR image in monkey G. B) Spread of contrast
agent after the infusion for the same MR coronal slice as in A. C) A coronal tissue section from
approximately the same site as in A and B; peroxidase staining reflects expression of the EYFP-
reporter. D) Good alignment is observed between the area of EYFP expression measured with
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surface epiflourescence (dark green areas) and with histological staining (light green lines). These
include the region of vector spread estimated from MR images (white line); white dots indicate
injection sites, and the entire black region represents the area exposed by the craniotomy. The
two left most injection sites are located in M1, and the two right most sites are located in S1. E)
Low magnification image of the coronal section stained with anti-GFP antibody showing the
medio-lateral aspect of YFP expression in the somatosensory cortex of monkey J (areas 1, 2, 3).
The black arrowhead indicates the location of the cannula track; the adjacent tissue (black frame)
is shown in F, at greater magnification to show laminar distribution of the YFP-positive cells. F)
Densely populated regions of YFP-positive cells are located predominantly in layers IlI-1ll and V-
VI, and also show typical pyramidal morphology (cells in white frames are further enlarged in
panels G-1). White arrowheads on bottom panels G-I point to typical pyramidal cells in layers II-
Il (G); layer V (H); and layer VI (l). Scale bars: A, 2 mm; B, 200 um; C-E, 100 um. This figure has
been modified from Yazdan-Shahmorad et al. 2016° and Yazdan-Shahmorad et al. 2018%.

Supplementary Figure 1. The cannula injection grid prior to threading. The length and diameter
of the injection grid are 15.00 mm and 12.00 mm, respectively. The injection grid pattern consists
of 0.8 mm diameter holes forming three concentric circles (diameter: 1.6, 3.2 and 4.8 mm)
around the center of the grid.

DISCUSSION:

Here, we outline a feasible and efficient technique for achieving large-scale optogenetic
expression in NHP primary somatosensory and motor cortex by MR-guided CED. The use of MR-
guided CED presents significant advantages over traditional methods of viral infusion in the NHP
brain. One such advantage is the ability to attain expression over large areas with fewer required
infusions. For instance, with conventional methods, multiple injections of 1-2 ulL of the vector
yield expression in a 2-3 mm diameter region'%>'7. While previous attempts at achieving large-
scale vector spread have yielded expression volumes of approximately 10 mm?3 with multiple
injections®, here we present a method to achieve expression over 200 mm?3 with only a few
infusions. A single infusion of 50 puL by CED can achieve vector spread up to 10 mm from the
injection site for cortical CED® and full coverage of frontal cortical areas with thalamic CED*4,

Furthermore, it has been shown that using CED can achieve more homogeneous distribution of
the injected agent!?1°22, |eading to uniform expression levels around the site of viral vector
infusion, compared to traditional microinjections. In our experiments employing CED, we
observed uniformly high expression levels with approximately 70-80% of neurons expressing the
opsin®? (Figure 4). In contrast, conventional diffusion-based injections exhibit regions of high
expression concentrated near injection sites enveloped by weakening expression levels*>1’. The
reduced need for multiple injections renders CED infusion a time-efficient method of obtaining
large-scale, uniform optogenetic expression. Due to the smaller number of injections and faster
infusion rates, we were able to plan and infuse the viral vector under the guidance of MRI. The
use of online MR images enables precise targeting of infusions and the monitoring of the spread
of the viral vector during infusion. However, if the initial depth of the inserted cannula is
incorrect, this may yield expression in undesired locations as a result of the initial infused ~10 pL
needed to visually detect the infusion via MR. Alternatively, commercial neurosurgical navigation
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systems utilizing fiducial markers can also be employed in place of MR guidance. Additionally, the
costs of online imaging may be circumvented by marking the desired depth of insertion on the
cannula prior to insertion and visual confirmation of complete infusion, although the accuracy of
the cannula placement would be reduced. However, as seen by the unsuccessful injection in M1
of monkey G (Figure 5D), MR guidance can be critical for ensuring successful infusion.

Previous studies have demonstrated the safety of CED infusions of both non-viral and viral
particles with no observed tissue damage outside the cannula tract and no behavioral deficits¥'-
1520 Here and in our previous publications®!* we report similar results following CED infusion of
optogenetic viral vectors. In addition to no observed behavioral deficits following infusion, NeuN
and Nissl>**1> staining revealed neuronal cell death and gliosis was limited only to the cannula
tract, as has been reported with diffusion-based methods®. To minimize the damage from the
cannula track, we can potentially reduce the diameter of the cannula. However, further
investigation is needed to assess the effect of cannula size reduction on achieving large areas of
expression. Moreover, because high infusion rates can also lead to tissue damage?®3, it is
recommended to maintain an infusion rate at or below 5 puL/min. For more detailed information
about the CED technique please see our previous publication®.

The use of MR-guided CED for attaining broad regions of targeted optogenetic expression in the
primate cortex can lead to further investigations of large-scale circuit dynamics, neural plasticity,
and network connectivity.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Convection Enhanced Delivery (CED) of Optogenetic Adeno-associated viral (AVV) vector to the Cortex of Rhesus Macaques under

Title of Article:

guidance of online MRI images

Karam Khateeb, Philip N. Sabes, Azadeh Yazdan-Shamorad

Author(s):

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: | x| Standard Access

Item 2 (check one box):

*

Open Access

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Rebuttal Letter

We thank the editorial board for their help in improving our manuscript. Here we respond to their

Click here to access/download;Rebuttal Letter;JoVE Rebuttal

Letter_01312019.docx

comments regarding the previously submitted manuscript.

10.

Step 1.1: How is the depth of anesthesia determined?

The depth of anesthesia is determined based on multiple factors, including therespiratory rate,

heart rate, and other vital signs. This has been specified in the revised manuscript.

Step 1.2: Mention any specification such as magnet strength.

We have specified the magnetic field strength.

Step 1.3: Mention settings and specifications for the scan.

We have now included specific settings for MR scans.

Step 1.5: What is the area you chose?

We have clarified that we targeted M1 and S1 cortical regions.

Step 1.5: Cite a reference for where this is available.

We have included a reference for the macaque brain atlas.

Step 2.3: Mention surgical tool used.

We have specified that a scalpel is used in this step.

Step 2.4: Mention surgical tool used.

We have specified that elevators are used in this step and have listed them in the table of
materials.

Step 2.6: Add [fine suture] to the table of materials.

We have included fine sutures to the table of materials.

Step 3.1: This [Figure S1] has not been provided in the current revision.

We have uploaded Supplementary Figure 1.

Step 3.1: [saline] 0.1% NacCl?

We have clarified that the saline used is 0.9% NaCl.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

Step 3.1: This [gelfoam] is a tradename, please use a generic name, e.g. sterile absorbable
gelatin compressed sponge and add it to the table of materials.

We have removed “gelfoam” from the manuscript, replaced it with a generic name, and
included it in the table of materials.

Step 3.2: This [loban] is a tradename, please use a generic name or simply delete the name
loban and add it to the table of materials.

We have replaced “loban” with a generic name as in the table of materials.
Step 3.4: Mention any setting and specifications.

We have specified the scan settings used.

Step 3.5: Mention any settings and specifications.

We have now included the scan settings.

Step 3.5: What do you look for exactly?

We have clarified that the coronal and sagittal planes used are based on the desired site of
infusion.

Step 3.10: This [perifix] is a tradename, please use a generic name or simply delete the name
and add it to the table of materials.

We have removed “perifix” from the text.
Step 3.15: Mention imaging parameters.
We have included the imaging parameters.
Step 3.16: What do you check for?

We have clarified that we use the vector spread from the MR images to determine whether the
cannula is inserted correctly.

Step 4.1: [Figure S1] Not present in your revision. | suggest calling this Supplementary Figure 1
throughout.

We have replaced “Figure S1” with “Supplementary Figure 1”.



20.

21.

22.

23.

24.

25.

26.

Step 5.4: Remove/replace the tradename [perifix].

This has been removed.

Validation of Viral Expression: Define. Unclear what M1 and S1 are.
M1 and S1 were defined in both the abstract and the introduction.
Figure 1c: Add a space after 10 in “10mm”.

Thank you for pointing this out. We have added a space.

Figure 2: Add a title.

We have added a title.

Figure 2E: Remove the tradename “perifix”.

This has been removed.

Figure 3: Missing from revision. Please upload. Add a title.

We have uploaded the figure and added a title.

Supplementary Figure 1: Submit.

We have uploaded the figure.
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Creative Commons Corporation (“Creative Commons”) is not a law firm and does not provide legal services or legal advice. Distribution of
Creative Commons public licenses does not create a lawyer-client or other relationship. Creative Commons makes its licenses and related
information available on an “as-is” basis. Creative Commons gives no warranties regarding its licenses, any material licensed under their
terms and conditions, or any related information. Creative Commons disclaims all liability for damages resulting from their use to the fullest
extent possible.

Using Creative Commons Public Licenses

Creative Commons public licenses provide a standard set of terms and conditions that creators and other rights holders may use to share
original works of authorship and other material subject to copyright and certain other rights specified in the public license below. The
following considerations are for informational purposes only, are not exhaustive, and do not form part of our licenses.

Considerations for licensors: Our public licenses are intended for use by those authorized to give the public permission to use material in
ways otherwise restricted by copyright and certain other rights. Our licenses are irrevocable. Licensors should read and understand the
terms and conditions of the license they choose before applying it. Licensors should also secure all rights necessary before applying our
licenses so that the public can reuse the material as expected. Licensors should clearly mark any material not subject to the license. This
includes other CC-licensed material, or material used under an exception or limitation to copyright. More considerations for licensors.

Considerations for the public: By using one of our public licenses, a licensor grants the public permission to use the licensed material
under specified terms and conditions. If the licensor’s permission is not necessary for any reason—for example, because of any applicable
exception or limitation to copyright—-then that use is not regulated by the license. Our licenses grant only permissions under copyright and
certain other rights that a licensor has authority to grant. Use of the licensed material may still be restricted for other reasons, including
because others have copyright or other rights in the material. A licensor may make special requests, such as asking that all changes be
marked or described. Although not required by our licenses, you are encouraged to respect those requests where reasonable. More
considerations for the public.wv

Creative Commons Attribution 4.0 International Public License

By exercising the Licensed Rights (defined below), You accept and agree to be bound by the terms and conditions of this Creative
Commons Attribution 4.0 International Public License ("Public License"). To the extent this Public License may be interpreted as a contract,
You are granted the Licensed Rights in consideration of Your acceptance of these terms and conditions, and the Licensor grants You such
rights in consideration of benefits the Licensor receives from making the Licensed Material available under these terms and conditions.

Section 1 — Definitions.

1. Adapted Material means material subject to Copyright and Similar Rights that is derived from or based upon the Licensed Material and
in which the Licensed Material is translated, altered, arranged, transformed, or otherwise modified in a manner requiring permission
under the Copyright and Similar Rights held by the Licensor. For purposes of this Public License, where the Licensed Material is a
musical work, performance, or sound recording, Adapted Material is always produced where the Licensed Material is synched in timed
relation with a moving image.

2. Adapter's License means the license You apply to Your Copyright and Similar Rights in Your contributions to Adapted Material in
accordance with the terms and conditions of this Public License.

3. Copyright and Similar Rights means copyright and/or similar rights closely related to copyright including, without limitation,
performance, broadcast, sound recording, and Sui Generis Database Rights, without regard to how the rights are labeled or
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categorized. For purposes of this Public License, the rights specified in Section 2(b)(1)-(2) are not Copyright and Similar Rights.

. Effective Technological Measures means those measures that, in the absence of proper authority, may not be circumvented under

laws fulfilling obligations under Article 11 of the WIPO Copyright Treaty adopted on December 20, 1996, and/or similar international
agreements.

. Exceptions and Limitations means fair use, fair dealing, and/or any other exception or limitation to Copyright and Similar Rights that

applies to Your use of the Licensed Material.

6. Licensed Material means the artistic or literary work, database, or other material to which the Licensor applied this Public License.

7. Licensed Rights means the rights granted to You subject to the terms and conditions of this Public License, which are limited to all

Copyright and Similar Rights that apply to Your use of the Licensed Material and that the Licensor has authority to license.

8. Licensor means the individual(s) or entity(ies) granting rights under this Public License.

9. Share means to provide material to the public by any means or process that requires permission under the Licensed Rights, such as

10.

1.

reproduction, public display, public performance, distribution, dissemination, communication, or importation, and to make material
available to the public including in ways that members of the public may access the material from a place and at a time individually
chosen by them.

Sui Generis Database Rights means rights other than copyright resulting from Directive 96/9/EC of the European Parliament and of
the Council of 11 March 1996 on the legal protection of databases, as amended and/or succeeded, as well as other essentially
equivalent rights anywhere in the world.

You means the individual or entity exercising the Licensed Rights under this Public License. Your has a corresponding meaning.

Section 2 — Scope.

1.

License grant.
1. Subject to the terms and conditions of this Public License, the Licensor hereby grants You a worldwide, royalty-free, non-
sublicensable, non-exclusive, irrevocable license to exercise the Licensed Rights in the Licensed Material to:
1. reproduce and Share the Licensed Material, in whole or in part; and

2. produce, reproduce, and Share Adapted Material.

2. Exceptions and Limitations. For the avoidance of doubt, where Exceptions and Limitations apply to Your use, this Public License
does not apply, and You do not need to comply with its terms and conditions.

3. Term. The term of this Public License is specified in Section 6(a).

4. Media and formats; technical modifications allowed. The Licensor authorizes You to exercise the Licensed Rights in all media and
formats whether now known or hereafter created, and to make technical modifications necessary to do so. The Licensor waives
and/or agrees not to assert any right or authority to forbid You from making technical modifications necessary to exercise the
Licensed Rights, including technical modifications necessary to circumvent Effective Technological Measures. For purposes of this
Public License, simply making modifications authorized by this Section 2(a)(4) never produces Adapted Material.

5. Downstream recipients.
1. Offer from the Licensor — Licensed Material. Every recipient of the Licensed Material automatically receives an offer from the
Licensor to exercise the Licensed Rights under the terms and conditions of this Public License.

2. No downstream restrictions. You may not offer or impose any additional or different terms or conditions on, or apply any Effective
Technological Measures to, the Licensed Material if doing so restricts exercise of the Licensed Rights by any recipient of the
Licensed Material.

6. No endorsement. Nothing in this Public License constitutes or may be construed as permission to assert or imply that You are, or
that Your use of the Licensed Material is, connected with, or sponsored, endorsed, or granted official status by, the Licensor or
others designated to receive attribution as provided in Section 3(a)(1)(A)(i).

2. Other rights.

1. Moral rights, such as the right of integrity, are not licensed under this Public License, nor are publicity, privacy, and/or other similar
personality rights; however, to the extent possible, the Licensor waives and/or agrees not to assert any such rights held by the
Licensor to the limited extent necessary to allow You to exercise the Licensed Rights, but not otherwise.

2. Patent and trademark rights are not licensed under this Public License.

3. To the extent possible, the Licensor waives any right to collect royalties from You for the exercise of the Licensed Rights, whether
directly or through a collecting society under any voluntary or waivable statutory or compulsory licensing scheme. In all other cases
the Licensor expressly reserves any right to collect such royalties.

Section 3 — License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the following conditions.



1. Attribution.

1. If You Share the Licensed Material (including in modified form), You must:

1. retain the following if it is supplied by the Licensor with the Licensed Material:
1. identification of the creator(s) of the Licensed Material and any others designated to receive attribution, in any reasonable
manner requested by the Licensor (including by pseudonym if designated);

2. a copyright notice;
3. a notice that refers to this Public License;
4. a notice that refers to the disclaimer of warranties;
5. a URI or hyperlink to the Licensed Material to the extent reasonably practicable;
2. indicate if You modified the Licensed Material and retain an indication of any previous modifications; and

3. indicate the Licensed Material is licensed under this Public License, and include the text of, or the URI or hyperlink to, this Public
License.

2. You may satisfy the conditions in Section 3(a)(1) in any reasonable manner based on the medium, means, and context in which You
Share the Licensed Material. For example, it may be reasonable to satisfy the conditions by providing a URI or hyperlink to a
resource that includes the required information.

3. If requested by the Licensor, You must remove any of the information required by Section 3(a)(1)(A) to the extent reasonably
practicable.

4. If You Share Adapted Material You produce, the Adapter's License You apply must not prevent recipients of the Adapted Material
from complying with this Public License.

Section 4 — Sui Generis Database Rights.

Where the Licensed Rights include Sui Generis Database Rights that apply to Your use of the Licensed Material:

1. for the avoidance of doubt, Section 2(a)(1) grants You the right to extract, reuse, reproduce, and Share all or a substantial portion of the
contents of the database;

2. if You include all or a substantial portion of the database contents in a database in which You have Sui Generis Database Rights, then
the database in which You have Sui Generis Database Rights (but not its individual contents) is Adapted Material; and

3. You must comply with the conditions in Section 3(a) if You Share all or a substantial portion of the contents of the database.

For the avoidance of doubt, this Section 4 supplements and does not replace Your obligations under this Public License where the
Licensed Rights include other Copyright and Similar Rights.
Section 5 — Disclaimer of Warranties and Limitation of Liability.

1. Unless otherwise separately undertaken by the Licensor, to the extent possible, the Licensor offers the Licensed Material as-is
and as-available, and makes no representations or warranties of any kind concerning the Licensed Material, whether express,
implied, statutory, or other. This includes, without limitation, warranties of title, merchantability, fitness for a particular
purpose, non-infringement, absence of latent or other defects, accuracy, or the presence or absence of errors, whether or not
known or discoverable. Where disclaimers of warranties are not allowed in full or in part, this disclaimer may not apply to You.

2. To the extent possible, in no event will the Licensor be liable to You on any legal theory (including, without limitation,
negligence) or otherwise for any direct, special, indirect, incidental, consequential, punitive, exemplary, or other losses, costs,
expenses, or damages arising out of this Public License or use of the Licensed Material, even if the Licensor has been
advised of the possibility of such losses, costs, expenses, or damages. Where a limitation of liability is not allowed in full or in
part, this limitation may not apply to You.

3. The disclaimer of warranties and limitation of liability provided above shall be interpreted in a manner that, to the extent possible, most
closely approximates an absolute disclaimer and waiver of all liability.

Section 6 — Term and Termination.
1. This Public License applies for the term of the Copyright and Similar Rights licensed here. However, if You fail to comply with this Public
License, then Your rights under this Public License terminate automatically.

2. Where Your right to use the Licensed Material has terminated under Section 6(a), it reinstates:

1. automatically as of the date the violation is cured, provided it is cured within 30 days of Your discovery of the violation; or



2. upon express reinstatement by the Licensor.

For the avoidance of doubt, this Section 6(b) does not affect any right the Licensor may have to seek remedies for Your violations of this
Public License.

3. For the avoidance of doubt, the Licensor may also offer the Licensed Material under separate terms or conditions or stop distributing the
Licensed Material at any time; however, doing so will not terminate this Public License.

4. Sections 1, 5, 6, 7, and 8 survive termination of this Public License.
Section 7 — Other Terms and Conditions.

1. The Licensor shall not be bound by any additional or different terms or conditions communicated by You unless expressly agreed.

2. Any arrangements, understandings, or agreements regarding the Licensed Material not stated herein are separate from and
independent of the terms and conditions of this Public License.

Section 8 - Interpretation.

1. For the avoidance of doubt, this Public License does not, and shall not be interpreted to, reduce, limit, restrict, or impose conditions on
any use of the Licensed Material that could lawfully be made without permission under this Public License.

2. To the extent possible, if any provision of this Public License is deemed unenforceable, it shall be automatically reformed to the
minimum extent necessary to make it enforceable. If the provision cannot be reformed, it shall be severed from this Public License
without affecting the enforceability of the remaining terms and conditions.

3. No term or condition of this Public License will be waived and no failure to comply consented to unless expressly agreed to by the
Licensor.

4. Nothing in this Public License constitutes or may be interpreted as a limitation upon, or waiver of, any privileges and immunities that
apply to the Licensor or You, including from the legal processes of any jurisdiction or authority.

Creative Commons is not a party to its public licenses. Notwithstanding, Creative Commons may elect to apply one of its public licenses to
material it publishes and in those instances will be considered the “Licensor.” The text of the Creative Commons public licenses is
dedicated to the public domain under the CCO Public Domain Dedication. Except for the limited purpose of indicating that material is shared
under a Creative Commons public license or as otherwise permitted by the Creative Commons policies published at
creativecommons.org/policies, Creative Commons does not authorize the use of the trademark “Creative Commons” or any other
trademark or logo of Creative Commons without its prior written consent including, without limitation, in connection with any unauthorized
modifications to any of its public licenses or any other arrangements, understandings, or agreements concerning use of licensed material.
For the avoidance of doubt, this paragraph does not form part of the public licenses.

Creative Commons may be contacted at creativecommons.org.
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Terms and Conditions

INTRODUCTION
1. The publisher for this copyrighted material is Elsevier. By clicking "accept" in
connection with completing this licensing transaction, you agree that the following terms
and conditions apply to this transaction (along with the Billing and Payment terms and
conditions established by Copyright Clearance Center, Inc. ("CCC"), at the time that you
opened your Rightslink account and that are available at any time at
http://myaccount.copyright.com).

GENERAL TERMS
2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to
the terms and conditions indicated.
3. Acknowledgement: If any part of the material to be used (for example, figures) has
appeared in our publication with credit or acknowledgement to another source, permission
must also be sought from that source. If such permission is not obtained then that material
may not be included in your publication/copies. Suitable acknowledgement to the source
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follows:
"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of
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5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be
altered/adapted minimally to serve your work. Any other abbreviations, additions, deletions
and/or any other alterations shall be made only with prior written authorization of Elsevier
Ltd. (Please contact Elsevier at permissions@elsevier.com). No modifications can be made
to any Lancet figures/tables and they must be reproduced in full.
6. If the permission fee for the requested use of our material is waived in this instance,
please be advised that your future requests for Elsevier materials may attract a fee.
7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment
terms and conditions.
8. License Contingent Upon Payment: While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
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use, no license is finally effective unless and until full payment is received from you (either
by publisher or by CCC) as provided in CCC's Billing and Payment terms and conditions. If
full payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted. Further, in the event
that you breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if never
granted. Use of materials as described in a revoked license, as well as any use of the
materials beyond the scope of an unrevoked license, may constitute copyright infringement
and publisher reserves the right to take any and all action to protect its copyright in the
materials.
9. Warranties: Publisher makes no representations or warranties with respect to the licensed
material.
10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors, employees and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.
11. No Transfer of License: This license is personal to you and may not be sublicensed,
assigned, or transferred by you to any other person without publisher's written permission.
12. No Amendment Except in Writing: This license may not be amended except in a writing
signed by both parties (or, in the case of publisher, by CCC on publisher's behalf).
13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions. These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction. In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.
14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you. Notice of such denial will be made using the contact information provided by you.
Failure to receive such notice will not alter or invalidate the denial. In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.

LIMITED LICENSE
The following terms and conditions apply only to specific license types:
15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
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16. Posting licensed content on any Website: The following terms and conditions apply as
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maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
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Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the
copyright information line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above the following
clauses are applicable: The web site must be password-protected and made available only to
bona fide students registered on a relevant course. This permission is granted for 1 year only.
You may obtain a new license for future website posting.

17. For journal authors: the following clauses are applicable in addition to the above:
Preprints:

A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,
copyright, technical enhancement etc.).

Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of
articles however authors can update their preprints on arXiv or RePEc with their Accepted
Author Manuscript (see below).

If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different
preprint policies. Information on these policies is available on the journal homepage.
Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an
article that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and editor-author
communications.

Authors can share their accepted author manuscript:

e immediately
o via their non-commercial person homepage or blog
o by updating a preprint in arXiv or RePEc with the accepted manuscript
o via their research institute or institutional repository for internal institutional
uses or as part of an invitation-only research collaboration work-group
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