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Abstract

The burden of snakebite remains a neglected public health crisis in sub-Saharan Africa. There
are over 300,000 envenomations treated every year in health centers, but the actual incidence
of envenomation is likely much higher due to the remote areas where most bites occur and a
heavy reliance on traditional medicine by local communities (Chippaux, 2011). While the
total incidence of bites by neurotoxic Elapid species in Africa is lower than that of the vipers,
the lethality associated with Elapid envenomation is dramatically higher. It is likely that many
of these patients will die before ever reaching a clinic, and the true burden of neurotoxic snake
envenomations in Africa is therefore largely unknown. The clinical management of these
patients is further complicated by the rapid onset of life-threatening effects and a lack of
essential equipment and medications with which to manage them. Concerningly, a recent
study in Guinea documented a high case fatality rate (CFR) for neurotoxic envenomations
despite antivenom treatment, which has also been reported in similar studies throughout Asia
and Africa (Baldé, Chippaux, Boiro, Stock, & Massougbodji, 2013b).

This issue warrants immediate and systematic investigation, and the recent study in Guinea
presents an opportune framework to build upon. We propose the first prospective study of
neurotoxic Elapid envenomations in Guinea to investigate the high CFR and apparent lack of
significant clinical benefit from antivenom therapy that has been observed in these patients.
This will be accomplished through a comprehensive, interdisciplinary exploration of factors
associated with the venom, the antivenom, the envenomation, and finally the relationship
between each of them relative to the overall clinical picture and the efficacy of antivenom
therapy in a given patient. Study investigators will travel to Guinea to collect extensive
clinical data on the treatment of neurotoxic snakebites and to collect venom samples and
herpetological data from snakes in areas where the bites occurred. Venom samples collected
in Guinea will be analyzed along with the antivenom and samples of venom from the snakes
used to produce it; serial blood samples from the patients will be tested to determine the
serum levels of antivenom and venom antigens before, during, and after antivenom has been
given.



1) Introduction

Despite substantial advances in antivenom development and other clinical treatments,
neurotoxic snakebites continue to present significant clinical challenges and remain the most
poorly understood syndrome of snake envenomation. Death due to direct effects of the venom
has been reported as early as 15-20 minutes after the bite, though it is more commonly seen
in the first 2-24 hours (Warrell, 2016). The mortality rate of untreated Australian Elapid
envenomations in the pre-antivenom era was reportedly 50% for death adders (Acanthophis),
45% for tiger snakes (Notechis), and 19% for brown snakes (Pseudonaja) (Tidswell & Health,
1906). After the advent of antivenom, the mortality rate in Australia dramatically declined and
a 2008 study estimated only 2-3 deaths per 10002000 snake envenomations annually
(Kasturiratne et al., 2008). Antivenoms have proven extremely effective for the treatment of
viper envenomations. One article on Echis envenomations in Nigeria reported a decrease in
mortality rate from as high as 20% to below 3% following antivenom therapy, and a second
study found that the risk of death doubled during periods when effective antivenom was not
available (Habib & Warrell, 2013; Warrell et al., 1977). Concerningly, a recent study of 77
neurotoxic Elapid envenomations in Guinea showed a case fatality rate (CFR) of 15-27%
regardless of treatment and, while the antivenom did reduce the CFR, it did not appear to
produce significant improvements of basic clinical parameters and indicated the possibility of
a low treatment efficacy for the antivenom (Baldé¢, Chippaux, Boiro, Stock, & Massougbodji,
2013b). Similar results in Africa and Asia have been documented as well (MD & MBBS,
2004; Warrell, 2016). The Guinean study and many with similarly poor outcomes were
complicated by lengthy delays to treatment, variable antivenom quality, and a lack of
supportive care measures including advanced airway devices, mechanical ventilators, and
specific medications like anticholinesterase inhibitors (AchEI) or atropine that can prove
useful for managing some of the life-threatening symptoms of the neurotoxic syndrome.

Most, if not all, of these challenges were not present in the studies with higher survival rates.

The apparent lack of significant clinical benefits from antivenom therapy for neurotoxic
envenomations is an issue that warrants immediate and systematic investigation, and the
recent study in Guinea presents an opportune framework to build from. We propose the first
prospective study of neurotoxic Elapid envenomations in Guinea to investigate the high CFR
and apparent lack of significant clinical benefit from antivenom therapy that has been

observed in these patients (Bald¢, Chippaux, Boiro, Stock, & Massougbodji, 2013a).



2) Goals

The first objective is to conduct the first prospective study of neurotoxic snake envenomations
in sub-Saharan Africa and to identify some of the factors responsible for the high case fatality
rate and poor clinical response to antivenom that has been observed in these patients (Baldé,
Chippaux, Boiro, Stock, & Massougbodji, 2013b). This will be accomplished through a
comprehensive, interdisciplinary investigation into factors associated with the venom, the
antivenom, the envenomation and, finally, the relationship between each of them relative to

the overall clinical picture and the efficacy of antivenom therapy in a given patient.

The second objective is to explore how the interactions between individuals, social groups,
and health care providers/facilities shape individual and community responses to the threat of
snake bite and consequently how these interactions influence the positive or negative outcome
of a bite. The researchers will use three distinct, but related data collection strategies to allow

for a nuanced understanding of snakebite within the communities being studied.

Finally, an ancillary goal that could be easily accomplished alongside the primary objectives
is the production of a series of resources to guide clinicians through the process of assessing,
diagnosing, treating, and managing neurotoxic (and non-neurotoxic) snake envenomations in
remote environments throughout the course of care. This could involve photographic and
video documentation of specific signs and symptoms as well as materials detailing important
techniques such as how to pretreat for anaphylaxis, administer the antivenom, detect and treat
antivenom reactions or recurrent envenomations, perform both a comprehensive and a rapid
snakebite assessment encompassing all major snakebite-specific findings, and other valuable

tools for care providers.

3) Principle Field Investigators and capabilities

Jordan Benjamin (JB) is a herpetologist, paramedic, snakebite medicine researcher, and
wilderness medicine professional. He has over 10 years of experience working in Africa on a
range of herpetological and clinical research projects since 2007 and has extensive experience
treating critically ill snakebite patients under austere conditions in sub-Saharan Africa as the
primary clinician. He is currently working as the snakebite medicine and envenomations

expert for Remote Medical International in Seattle and recently founded a non-profit called
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the Asclepius Snakebite Foundation that is dedicated to reversing the tragic cycle of death and
disability caused by snakebite in the developing world. His primary academic interests are
centered around the clinical aspects of assessment, diagnosis, treatment, and prolonged field

care of snakebite patients in rural sub-Saharan Africa.

Eric Gren (EG) earned his doctorate at the Loma Linda University School of Medicine
investigating the influence of environmental and genetic factors on intraspecific variation of
venom composition in rattlesnakes, then completed a postdoctoral fellowship at Instituto
Butantan in Sdo Paulo, Brazil studying interspecific venom variation in South American pit
vipers. Research skills most pertinent to the proposed study are orthogonal chromatography
and mass spectrometric analysis of venom components, compositional analysis of
intraspecific venom variation, statistical analysis of correlations between venom components

and clinical symptomologies, and experience in proper handling of venomous snakes.

Dr. Ben Abo (BA) is an emergency medicine & EMS physician, paramedic, and clinical
assistant professor of emergency medicine at the University of Florida. He is the medical
director for the elite Venom One & Venom Two response teams of Miami-Dade Fire Rescue
and Lake County Fire Rescue, and has extensive experience treating and consulting on
snakebites around the country as well as internationally. In addition to being a renowned
public speaker, Ben has authored numerous book chapters and recently published the first
Wilderness EMS textbook. He is a Fellow in the Academy of Wilderness Medicine and took
time off between medical school and residency to start a non-profit in Africa aimed at

decreasing maternal and neonatal mortality and trauma.

Dr. Nicklaus Brandehoff (NB) is an emergency medicine physician, medical toxicologist, and
wilderness medicine enthusiast. He is an assistant clinical professor of the department of
emergency medicine and division of toxicology at the University of California San Francisco-
Fresno program. He completed medical school at UCSF and an Emergency Medicine
residency at UCSF-Fresno. He then completed a Toxicology Fellowship at the Rocky
Mountain Poison and Drug Center where he was fortunate enough to learn from some of the
world’s experts in snakebite management and venom research. He has authored several
chapters and academic papers on envenomations. In his spare time, he loves traveling,

training his Dutch Shepherd, and is excited to become a father in January 2019.



Jack Dooley (JD) is an experienced paramedic with a master’s degree in international
relations and extensive experience in working on global health issues. Jack has worked to
design impactful initiatives in Sri Lanka, Thailand, Laos and Haiti. Jack's experience as an
emergency medical provider and academic researcher helps to guide the foundations

methodology and ensure that initiatives are thoughtfully designed and executed.

Jena Nicols Curtis (JC) is a professor of health at the State University of New York College
at Cortland. She received her doctorate in Health Education from Teachers College, Columbia
University and conducts research on international public health disparities. Jena's research
will explore how the interactions between individuals, social groups, and health care

providers/facilities shape individual and community responses to the threat of snake bite.

Other investigators and collaborators are being recruited and will be added to this proposal as

their roles and responsibilities are defined.

4) Primary objective: investigation of the high CFR and low treatment efficacy

The primary objective of this prospective study is to conduct the first systematic investigation
of neurotoxic snake envenomations in sub-Saharan Africa and to identify some of the factors
responsible for the high case fatality rate and poor clinical response to antivenom that has
been observed in these patients (Baldé et al., 2013). This will be accomplished through a
comprehensive, interdisciplinary investigation into factors associated with the envenomation,
the venom, the antivenom, and, finally, the relationship between each of them relative to the

overall clinical picture and the efficacy of antivenom therapy in a given patient.

4.1 Factors related to the envenomation
The first component of the proposed study will focus on factors related to the patient and the
clinical aspects of their envenomation in order to identify some of the issues contributing to
the high CFR in Guinean Elapid envenomations. This will be accomplished by performing a
prospective, pragmatic clinical study on the treatment of patients suffering from neurotoxic
snake envenomations in Guinea. We will collect additional data on the unique characteristics
of the individual patient such as their general state of health, the circumstances of the
envenomation, clinical presentation, response to antivenom and other treatments, ongoing

management, and the eventual outcome of their case. This portion of the study would be



carried out by JB and would constitute the most comprehensive analysis of the diagnosis,

treatment, and therapeutic monitoring of African Elapid envenomations undertaken to date.

Whenever possible, the assessment, diagnosis, treatment, and clinical management of each
snakebite patient will be performed or documented by the same study investigators (JB, NB,
BA) to ensure homogeneity. The ability to field a clinician dedicated exclusively to snakebite
patients is one of the key advantages of this study design and will allow us to collect an
unprecedented amount of information on the clinical presentation and treatment of neurotoxic
envenomations. The number of patients presenting to a typical hospital in rural sub-Saharan
Africa vastly exceeds the number of available medical providers and it is virtually impossible
to expect hospital staff to perform continuous monitoring and serial collection of multiple
time-sensitive clinical markers under these conditions. This was documented in a series of
recent studies on the whole blood clotting test (WBCT) for Russell’s viper envenomations,
which found a 40% sensitivity when testing was carried by clinical staff without training or
supervision from study investigators compared to an 82% sensitivity and 98% specificity
when the test was standardized and performed exclusively by healthcare workers trained to do
so correctly (Isbister et al., 2013; Ratnayake et al., 2017). This has clear implications on study
results and illustrates the importance of using trained investigators dedicated solely to patients

involved in the study.

4.1a Clinical examination
At a minimum, the initial assessment and serial reassessments of a snakebite patient should
include the four components listed below. This approach is ideal for applications in limited-
resource environments as it requires only a syringe, a glass test tube, and a clinician with a
knowledge of the various envenomation syndromes. The entire assessment should be
performed upon initial presentation at Ho (hour 0) and during serial reexaminations at Hs, He,
Hi2, H24 and a minimum of every 24 hours thereafter until permanent restoration of blood
clotting (no hemorrhage or coagulopathy for more than 48 hours) and complete resolution of
the envenomation syndrome has been achieved. Unless the snake can be definitively
identified as a harmless species, asymptomatic patients should be admitted for observation for

24 hours and repeatedly reassessed (including WBCT) during that time.

1) Focused medical history to ensure no significant changes in symptoms have occurred

since the previous examination



2)

3)

4)

Complete set of basic vital signs and updated permanent marker outlines to chart the
extent and progression of edema and tissue destruction on the bitten limb. Basic vital
signs include the heart rate, respiratory rate, blood pressure, skin signs (SCTM),
temperature (°F or °C), mental status (AVPU), level of consciousness (GCS), pulse
oximetry (SpO2), blood glucose level, pupillary response, and the status of circulation,

sensation, and motor strength in all 4 extremities.

Detailed physical examination with particular vigilance for local and systemic signs of
the major syndromes of African snake envenomation. The bite wound and the border
of any edema should be circled with permanent marker; the distance between the fang
marks should be recorded when they are present. A focused assessment of the cranial
nerves affecting eye movements (II1, IV, and VI) and facial expression (VII) should be
performed to identify the early signs of a neuromuscular impairment as these precede
any of the classic symptoms associated with the neurotoxic syndrome of
envenomation (weakness, dyspnea, epigastric pain, hypersecretion, etc). The affected
limb should be carefully examined for local signs and symptoms of viper
envenomation such as pain, edema, discoloration, lymphadenopathy, etc. Finally, the
patient should be examined for the presence or recent history of abnormal atraumatic
bleeding either externally (from the bite site, gingival sulci, old cuts and wounds,
mucosa, and elsewhere) or internally (hematemesis, melena, hematuria, hemorrhagic
shock, severe anemia, late-stage bleeding into the brain, meninges, peritoneum, and
other body cavities) as is often seen following viper envenomations in West Africa.
The bleeding syndrome can occur following bites from several Colubrid species,
though bites from these snakes are rare and relatively easy to distinguish from viper

envenomations.

WBCT evaluation for coagulopathy should be performed prior to antivenom
administration and repeated during serial reexaminations at Hz, He, Hi2, H24 and every
24 hours thereafter until permanent restoration of blood clotting (no hemorrhage or
coagulopathy for more than 48 hours) and complete resolution of the envenomation
had been achieved. The WBCT was always evaluated twice in all patients: first in the
20th minute after collection (WBCT20) and again at the 30th minute (WBCT30). The
following grading scale was used for WBCT interpretation: Grade 0 = Normal

coagulation (solid, stable clot); Grade 1 = Abnormal coagulation (unstable or friable



clot that disintegrates rapidly upon inversion of the test tube); Grade 2 = No

coagulation.

Whenever possible, additional clinical labs will be collected including complete blood counts,
urinalysis, hematocrit, blood glucose, fibrinogen, prothrombin time, serum lactate and others.
If peripheral blood smears are performed the slides will be catalogued with other samples
from the patient and examined for microangiopathic hemolysis or other abnormalities. Urine
output will be monitored in catheterized patients as a measure of kidney function. Ultrasound

examination or chest radiographs can be obtained when it is possible and appropriate to do so.
4.1b Diagnosis of envenomation syndrome and severity scores

The diagnosis of a specific envenomation syndrome is determined by the findings of the
clinical examination detailed in § 4.1a. A simplified system for diagnosis and clinical staging
of the three major African snake envenomation syndromes (painful progressive edema,
coagulopathy +/- bleeding, neurotoxicity) based on the symptomatology of the patient is
presented below (Table 1). The stages correspond to the progression of the envenomation
syndrome, the progression reflects the severity, and the initial antivenom dose is determined
by the severity. Severity scores can be assigned according to the stage of the envenomation
during each assessment point. Some patients will present with nonspecific clinical findings

that are consistent with a severe envenomation but not limited to a specific syndrome (Table

2).



Table 1. Simplified staging system for charting the clinical progression of the major snake

envenomation syndromes in sub-Saharan Africa.

Pain and Edema

Coagulopathy +/- Bleeding

Neurotoxic Syndrome

Edema present but does

Persistent atraumatic bleeding from

Local paresthesia (numbness,

Stage 1 not pass wrist/ankle the bite wound > 1 hour tingling, neuropathic pain)
Stage 2 Does not pass major Bleeding from old cuts and wounds Hypersecretions (SLUDGEM)
joint (elbow/knee) elsewhere on patient
Stage3  Extends past major joint Spontane.ous ‘tflee.ding from healthy Impaired vision, .hearing, or
mucosa (i.e. gingiva) speech; dysphagia
Stage 4 Reaches but does not Externalization of internal bleeding  Bilateral ptosis (ophthalmoplegia);
exceed shoulder/hip (hematemesis, melena, etc) some early dyspnea
Extensive edema Cerebral, meningeal, intra- Severe dyspnea, inability to speak,
Stage S  beyond the base of the abdominal or retroperitoneal respiratory muscle paralysis,
limb (shoulder/hip) bleeding, hemorrhagic shock respiratory arrest.

Table 2. Other clinical findings indicating that a severe systemic envenomation has occurred.

Neurological  Altered level of consciousness (AVPU or GCS), seizures, syncope, autonomic effects
Cardiac arrhythmias, abnormal EKG, acute coronary syndrome, hypotension or hypertension
Cardiovascular v . ary sy yp yp
with hemodynamic instability, shock (hypoperfusion)
) Severe anemia or thrombocytopenia, neutrophil leukocytosis, elevated creatine kinase and
Hematological ) .. .
aminotransferases, hemoconcentration, intravascular hemolysis
Renal Indications of acute kidney injury such as urine volume < 30 mL/hour or 400 mL/day,
ena . .. . .
increased serum creatinine, uremia, severe electrolyte imbalances
Generalized rhabdomyolysis, metabolic or respiratory acidosis, incontinence, vomiting
Other without ingestion of an emetic agent, hyperpyrexia, rigors, pulmonary edema, significant

visual or sensory abnormalities

The specific clinical findings, diagnosis, and progression of the neurotoxic syndrome are

presented in a more detailed table as well (Table 3). Due to the wide variety of signs and

symptoms that are possible, specific criteria for diagnosing a neurotoxic snake envenomation

are presented in addition to the various stages of progression.
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Table 3. Diagnostic criteria and detailed progression of typical local and systemic signs of

the neurotoxic syndrome caused by African Elapid envenomation.

Clinical presentation and progression of the neurotoxic syndrome

Stage 1 (local)

Neuropathic pain, paresthesias, limited edema/discoloration (erythematous or
blanched tissue) immediately around the bite site, muscle cramps or spasms

Stage 2 (early systemic)

Restlessness; diaphoresis, emesis, mydriasis, hypersecretions (\SLUDGEM);
perioral paresthesias; epigastric pain; piloerection, sensory abnormalities

Stage 3 (pre-paralytic)

Drowsiness, generalized weakness, contraction of the frontalis muscle
(“puckered forehead” 2CN VII), extraocular muscle weakness, blurred vision

Stage 4 (early paralytic)

Bilateral ptosis (ophthalmoplegia; CN III, IV, VI) is the first sign of the

symmetrical, descending flaccid paralysis and is considered pathognomonic.?

Stage S (paralytic)

Drooling; trismus; muscular weakness of face, mouth, tongue, throat, and
shoulders; altered level of consciousness or responsiveness; early dyspnea.

Stage 6 (late-stage)

Respiratory muscle weakness = paralysis causing severe dyspnea, reduced
ventilatory capacity, abdominal breathing, cyanosis, respiratory arrest.

Diagnostic Criteria:
Systemic Neurotoxic
Syndrome

Signs of symmetrical descending neuromuscular paralysis (frontalis
contraction, ptosis, trismus, bulbar palsy, dyspnea, weakness) and/or
hypersecretion syndrome involving at least two of the following signs:
SLUDGEM, bronchial congestion, severe epigastric pain, fasciculations)

'SLUDGEM = Salivation, Urination, Defecation, Gastrointestinal Pain, Emesis, Mydriasis (typical) or Miosis (less
common). Refers to specific signs and symptoms of a cholinergic crisis resulting from massive discharge of the

parasympathetic nervous system. Most common findings are listed in stage 2.

2CN = Cranial Nerve

*Descending paralysis is immediately preceded by a puckering contraction of the frontalis muscle (CN VII), diagnosed
by the presence of ophthalmoplegia with a bilateral ptosis, and then moves systematically downwards along the VI, VII,
X, X1, and XII cranial nerves until respiratory arrest occurs.

4.1c Advanced diagnostic, monitoring, and treatment capabilities

Our clinical team is composed of snakebite specialists who are also trained as advanced

medical providers (emergency physicians and wilderness paramedics) and bring additional

capabilities into the field that will dramatically expand the scope of monitoring and treatment

options beyond what has historically been available for snakebite patients in rural Africa.

These include, but are not limited to, the following: 3-lead and 12-lead EKGs; cardiac rhythm

monitoring; defibrillation; cardiac pacing; synchronized cardioversion; end-tidal CO2

monitoring; and point-of-care blood analyzers such as the i-STAT for monitoring CBC, HCT,

lactate, or arterial blood gas levels. Airway management is one of the fundamental

components to successful treatment of a neurotoxic envenomation, and paramedics have a

11



wide scope of practice in this area including techniques to secure a definitive airway such as
endotracheal intubation with direct laryngoscopy, anesthesia, rapid sequence induction
intubation, surgical airways such as cricothyroidotomy, and the use of portable ventilators and
positive-pressure CPAP or BiPAP devices. We will also be able to evaluate the effects of
medications like anticholinesterase inhibitors and atropine on the African Elapid

envenomations.

JB can request use of an advanced life support medical kit from Remote Medical International
(RMI), enabling us to carry $20,000-$30,000 USD of modern diagnostic, monitoring, and
treatment equipment into the field at little to no cost additional cost. This would allow us to
collect an unparalleled amount of data and also save a significant amount of money for
conducting the actual research instead of purchasing the equipment to conduct it. The RMI
advanced life support kits are portable, modular, durable, and specifically designed for
prolonged field care of very sick patients in limited-resource environments and would
effectively bring the capabilities of a fully-equipped modern emergency department to the

bedside of a snakebite patient in Guinea.
4.1d Herpetological expertise

In addition to recording all factors currently being routinely collected in cases of
envenomation (such as patient demographics, treatment delay, location of the bite, first aid or
traditional treatment before arrival, signs and symptoms, vital signs, WBCT results, and many
others), we will be able to apply our backgrounds as herpetologists to increase the value of
any information that can be collected by correlating it to the intricacies seen with the behavior
and envenomations of different African Elapids. Snake identifications will be made whenever
possible based on (a) examination of the snake or (b) description of the snake by the patient or
family in conjunction with the clinical syndrome of envenomation. Venom and tissue samples
will be collected for further analysis from any snakes that are brought in with the patients, and
if viable venom samples can be isolated then they can be evaluated in the context of the clinic
presentation of the patient, response to antivenom therapy, venomic analysis, etc. The
distance between fang marks (shown to be a reliable proxy for snake size and potential venom
expenditure) and geographic location of the snake encounter (to facilitate venom sampling of
nearby snakes) will also be recorded when possible. We can also conduct brief field surveys
to collect specimens from areas where large numbers of snakes have been encountered or

where multiple neurotoxic snakebites have occurred.
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4.2 Factors related to the snakes
The second portion of the proposed study will investigate what characteristics of the snakes
themselves may explain the high CFR of Elapid envenomations in the region. Venom
composition directly influences envenomation pathophysiology and intraspecific variation of
venom has been shown to explain much of the variation in success snakebite treatments in
other snake taxa. We propose an investigation into the extent of geographic variation in the
venoms of Naja nigricollis, N. katiensis, N. melanoleuca, Dendroaspis viridis, and D.
polylepsis to assess whether it may explain any of the observed variation in envenomation
outcomes. Venoms samples from snake populations corresponding to the sites where
envenomations occurred will be collected and subjected to proteomic characterization via
chromatographic separation and mass spectrometric identification of components.

4.2a Venom sample analysis

JB, EG and NB will collect venom from snakes by voluntary expulsion through a Parafilm
membrane into a beaker. Venom will be kept frozen in a cryo shipper in the field, then
lyophilized in lab and transferred to a -80 C freezer until analysis. To characterize venom
variation EG, NB and colleagues will reconstitute dried venom at a concentration of 3 mg/mL
and subject it to RP-HPLC fractionation (utilizing two SOURCE 5RPC ST 4.6/150
polystyrene/divinylbenzene columns run in series) on an AKTAmicro high-pressure liquid
chromatography (HPLC) system (GE Healthcare Life Sciences, Piscataway, NJ, USA). EG
will select fractions corresponding to major chromatogram peaks to be trypsin digested,
desalted, and subjected to spectrometric analysis via LC-MS/MS (ThermoFinnigan LCQ Deca
XP with PicoView500 nanospray ionization source) and MALDI TOF/TOF MS/MS
(Shimadzu Axima-TOF2 and Applied Biosystems/MDS SCIEX ABI 4800). The resulting
mass spectrometry data files will be searched against Chordata entries in the UniProt database
using Mascot to identify peptide sequences. To facilitate statistical comparison of venom
composition among the geographic populations, protein identifications of representative
samples will be used to establish RP-HPLC elution regions based on the major regions of
protein content. After visual alignment of chromatogram traces, peak areas will be integrated
to determine the percent of total protein for each elution region (i.e., sum of the area of all
peaks in each region relative to total area). Discriminant function analysis (DFA) of total
protein content in each sample’s elution regions will be used to test for differences in venom

components among snake populations.
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4.2b Integrating venom analysis with clinical data

The severity scores (detailed in § 4.1b) and other clinical data recorded by JB for each
envenomation patient will be subjected to discriminant function analysis (DFA) to assess
potential patterns of symptom presentation among bites from snakes in different geographic
regions. Any observed patterns in the signs and symptoms will be compared to venom
composition data to identify venom components that may be responsible for eliciting specific
symptoms. This analysis will include only cases with positive identification of the offending

snake species and a reliable measure of the snake’s body size.

Mild hemostatic abnormalities have occurred in at least one case of envenomation by an
African Elapid (a captive Dendroaspis angusticeps). More significantly, persistent local
bleeding was reported in 10 patients who died after neurotoxic envenomations from D.
polylepis (n = 1), Naja melanoleuca (n = 1), or an unidentified elapid (n = 8) in the Guinean
study (Baldé, Chippaux, Boiro, Stock, & Massougbodji, 2013b). WBCT testing does not
appear to be routinely performed for patients with obvious signs of neurotoxic envenomation,
and the collection of venom, blood samples, and WBCT results may shed light on this

phenomenon. This would be an extremely interesting area to evaluate.

4.3 Factors related to the antivenom
The third portion of the study will assess how the antivenom, and the venoms used to produce
it, can then be analyzed against the human and snake factors to investigate various hypotheses
for the observed low efficacy of antivenom therapy against Elapid envenomations in Guinea.
The main hypotheses are detailed below:

a) There may be a mismatch in the distribution kinetics or pharmacodynamics of both the
antivenom and the venom between the intravascular space, superficial tissue
compartments, and deep tissue compartments

b) There may be a limited window of therapeutic efficacy when the antivenom can
effectively bind to circulating neurotoxins before they have bound to their target
receptors

c) There may be differences in the efficacy of the IgG, F(ab), and F(ab) antibodies’ to
remove venom molecules after they have bound to their target receptors or draw the

low molecular weight toxins into the vascular compartment
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d) There may be substantial geographic variation in the venom composition of the snake
responsible for the envenomation and the venom composition of the snakes used to

produce the antivenom

The venoms of local snakes as well as those used to produce the specific batch of antivenom
used to treat the patients can be compared to both the neutralization potency of the antivenom
in-vitro and its efficacy in-vivo. Further analysis of the circulating levels of venom and
antivenom in light of the clinical response of the patient could be investigated by analyzing
serial blood samples collected before, during, and after antivenom treatment. A rigorous
analysis of these factors should provide valuable information regarding the efficacy of the

antivenom under various clinical conditions.

5) Secondary objectives

5.1a Evaluating non-clinical aspects that influence snakebite outcomes
Dr. Jena Curtis and her team will study how the interactions between individuals, social
groups, and health care providers/facilities shape individual and community responses to the
threat of snake bite. They will use three distinct, but related data collection strategies to allow

for a nuanced understanding of snakebite within the communities being studied:

1. Survey of village households- researchers will use cluster sampling within select
villages in Kindia to survey household members about their own knowledge, attitudes
and experiences with snakebite and subsequent health-seeking behavior.

2. Focus groups and key informant interviews- the researchers will hold public focus
groups with community members to discuss the common wisdom, social norms and
behaviors around snakebite and treatment. They will also conduct key informant
interview with community leaders including traditional healers, medical providers,
faith leaders, motorcycle taxi drivers, and large farm owners/workers will be
interviewed about their perceptions of and experiences with snakebite and treatment.

3. Community mapping- will incorporate GIS technology to document areas in which
snakebite is most common, where both traditional and Western medical resources are

found, and geographic and other structural barriers to care.

15



5.1b Evaluating non-clinical aspects that influence snakebite outcomes
Additional objectives that can be easily accomplished alongside the primary objectives is the
production of a series of resources to guide clinicians through the process of assessing,
diagnosing, treating, and managing neurotoxic (and non-neurotoxic) snake envenomations in
remote environments throughout the course of care. This could involve photographic and
video documentation of specific signs and symptoms as well as materials detailing important
techniques such as how to pretreat for anaphylaxis, administer the antivenom, detect and treat
antivenom reactions or recurrent envenomations, perform both a comprehensive and a rapid
snakebite assessment encompassing all major snakebite-specific findings, and other valuable

tools for care providers.

5.1c Assessment of clinical outcomes
The clinical outcome of antivenom therapy will be evaluated at all of the aforementioned
assessment points, but the status at He following initial antivenom administration should be
particularly useful for comparison of different patients. This will include the status of the
patient upon discharge (full recovery without disability, recovery with disability, or death) as
well as the efficacy, safety, and tolerability of antivenom therapy. The specific criteria

measuring and defining these parameters will be detailed elsewhere in the study protocols.

5.1d Examining the influence of specific characteristics

The data collected during this study will allow for extensive analysis of a range of different
parameters. Previous studies (such as Corbit, 2015) indicate that the primary factors
influencing snake bite clinical symptomology are venom composition and the concentration
of venom in the patient. These, in turn, are influenced by snake species, population, and the
size of the snake and patient. Clinical treatment success, including antivenom efficacy is
invariably influenced by factors such as these and it will be imperative to include them in our
assessment. Some topics that can be investigated using the data collected during this study are
detailed below; however, note that this list is not exhaustive as the final analysis will include
the additional information collected from the simultaneous investigations of the snakes,
venoms, and the envenomations.

e The incidence of early and late adverse events attributable to antivenom therapy, and

the severity of the reactions

e The average dose of antivenom used for all patients
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e The average dose of antivenom required by the patient as a function of the severity of
envenomation, treatment delay, age of the patient, size of the snake, shock, and other
factors

e The median time to cessation of bleeding and restoration of hemostasis in patients
treated for bleeding disorder

e The median time to resolution of WBCT20 and WBCT30

e The median time to resolution of the neurotoxic syndrome in patients treated for elapid
envenomation

e The average dose of antivenom used for the treatment of patients with each syndrome

e The fatalities by envenomation

e The effect of other supportive care measures (such as those listed in § 5.1d) on the
outcome of antivenom therapy, required dose, etc

e The percentage of patients requiring additional doses of antivenom at Ho, H3, He, Hi2,

Ha4, or beyond due to a resumption or apparition of envenomation symptoms

5.1e Ancillary treatments to augment antivenom therapy
Atropine, acetylcholinesterase inhibitors, and various basic and advanced airway management
techniques have proven successful in some cases as supportive measures in patients suffering
from elapid envenomations but have not been rigorously studied for these patients in sub-
Saharan Africa. Neostigmine and atropine are both on the 2017 WHO list of essential
medications, and should be easily obtained and affordable in most countries. All of these

interventions are cheap and realistic solutions that could be implemented in African clinics.

I.  Airway management interventions that could be employed include the use of
various supraglottic airway devices, which do not require extensive training or special
equipment to insert but provide far better control of the airway that an oropharyngeal
or nasopharyngeal airway. The King-LT and iGel airways would be ideal for this
purpose. Endotracheal intubation with mechanical ventilation is considered the gold
standard in airway management and should be performed whenever feasible. The use
of a resistance valve on a typical bag-valve mask can manually provide positive-end
expiratory pressure to improve oxygenation and prevent pulmonary edema. Other
interventions to employ include rapid sequence intubation for early airway

management, oxygen therapy, and others.
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II.

I1I.

IV.

Pharmacologic treatment interventions may be identified using advanced
monitoring devices brought by investigators into the field. Neurotoxic venoms can
produce a wide range of autonomic nervous system effects by interacting with a wide
range of targets in different tissues such as the ion channels, a- and B- adrenergic
receptors, and muscarinic acetylcholine receptors that are located in the cardiac
muscle, smooth muscle, and skeletal muscle. There are a number of affordable, widely
available medications that act on these targets such as the antiarrhythmics (particularly
Class I, III, IV) as well as various a1, B1, and B2 adrenergic agonists/antagonists that
can be used to increase or decrease systemic vascular resistance, dilate the bronchial
tubes, modulate the cardiac output (typically through chronotropic, inotropic, or
dromotropic effects), and so on. Most of these medications have yet to be evaluated
for use in Elapid envenomations, and some may prove helpful as supportive care

measures to keep a patient alive long enough for the antivenom to take effect.

Atropine sulfate alone may prove useful for managing the muscarinic hypersecretion
syndrome caused by mamba envenomations, which can prove fatal due to aspiration of
vomit or other fluids causing laryngospasm and respiratory arrest. Atropine can be
used to dry up these secretions which may be sufficient to maintain an airway using
basic positioning in the left-lateral recumbent position; if successful, this could keep

the patient breathing for additional hours and give the antivenom time to take effect.

Acetylcholinesterase inhibitors (AchEIs) such as neostigmine may be effective for
temporarily reversing the life-threatening paralysis caused by post-synaptic
neurotoxins and therefore may prove of some benefit in the case of envenomations by
the neurotoxic African cobra species. There are several parenteral routes of
administration for neostigmine, including a nasal spray that is particularly well suited
for use in austere environments. Intranasal neostigmine has proven effective at
reducing mortality from cobra envenomations in a murine model and the intravenous
administration of neostigmine is (Lewin et al., 2014) recommended by the WHO as a
treatment for neurotoxic snake envenomations. The typical procedure involves the IV
or IM administration of 0.6 mg atropine (0.6 mg adults or 50 mcg/kg pediatric)
followed by 1.2 mg neostigmine (average adult dose, 0.02 mg/kg adult or 0.04 mg/kg

for pediatric). The atropine should always be administered first to prevent a

18



cholinergic crisis, although in some cases the necessity of this pretreatment has been
questioned (Lewin et al., 2014).
* Marked improvement in ptosis, upward eye gaze, muscle strength, and respiratory
weakness (easy to assess by improvising a peak flow meter) should be seen within
30 to 60 minutes if the treatment is effective.
* [f effective, maintain therapy as follows:
* Repeat neostigmine administration every 2 — 4 hours as needed to maintain
muscle strength and prevent resumption of neurotoxicity.
+  Atropine may be repeated prior to every 4" dose of neostigmine (regardless
of the duration between neostigmine doses)
Although it has never been tried in neurotoxic snakebite patients, the “ice test” is used
in patient with bilateral ptosis due to myasthenia gravis and may be of use in
neurotoxic envenomations. An ice-filled glove is applied over one eye for 2 minutes.
The cold therapy is believed to inhibit acetylcholinesterase, and a positive result
(improvement in ptosis on the side that was iced) indicates that anticholinesterase
inhibitors are likely to be beneficial. This presents an alternative to the Tensilon test

which can be performed without requiring additional medications.
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