
DETERMINATION OF THE EFFICACY OF THE
ENZYME LINKED IMMUNOSORBENT ASSAY

(ELISA) IN CHARACTERIZING CROTALUS
SNAKE VENOM AT THE SPECIES LEVEL

Item Type text; Thesis-Reproduction (electronic)

Authors Hitt, John Michael, 1952-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:22:17

Link to Item http://hdl.handle.net/10150/276352

http://hdl.handle.net/10150/276352


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand corner of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

University 
Microfilms 

International 
300 N. Zeeb Road 
Ann Arbor, Ml 4B106 





1329789 

Hitt, John Michael 

DETERMINATION OF THE EFFICACY OF THE ENZYME LINKED 
IMMUNOSORBENT ASSAY (ELISA) IN CHARACTERIZING CROTALUS SNAKE 
VENOM AT THE SPECIES LEVEL 

T h e  U n i v e r s i t y  o f  A r i z o n a  M.S. 1986 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, Ml 48106 





DETERMINATION OF THE EFFICACY OF THE ENZYME LINKED 

IMMUNOSORBENT ASSAY (ELISA) IN CHARACTERIZING 

CROTALUS SNAKE VENOM AT THE SPECIES LEVEL 

by 

JOHN MICHAEL HITT 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF PHARMACOLOGY AND TOXICOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN TOXICOLOGY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9  8  6  



STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and 
is deposited in the University Library to be made available to 
borrowers under rules of the Library, 

Brief quotations from this thesis are allowable without 
special permission, provided that accurate acknowledgment of source 
is made. Requests for permission for extended quotation from or 
reproduction of this manuscript in whole or in part may be granted by 
the head of the major department or the Dean of the Graduate College 
when in his or her judgment the proposed use of the material is in 
the interests of scholarship. In all other instances, however, 
permission must be obtained from the author. 

SIGNED: 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

~ j £  

yFindlay E/ Russ4ll» m7d. , Ph.D. / Date'' 
/ Professor of Pharmacology 

I 



ACKNOWLEDGMENTS 

The author wishes to acknowledge the generous 

assistance of the following persons: 

Findlay E. Russell, M.D., Ph.D. 

John Sullivan, M.D. 

David 0. Lucas, Ph.D. 

Michael Owens, Ph.D. 

The author is indebted to Jerry R. Brewer for his 

technical assistance. 

iii 



TABLE OF CONTENTS 

I§ge 

LIST OF TABLES v 

ABSTRACT vi 

1. STATEMENT OF PURPOSE 1 

Introduction 2 
Snake Venom Assays . 3 

Immunofluorescence .. 3 
Immunoelectrophoresis 3 
Immunodiffusion .... A 
Hemagglutination 4 
Radioimmunoassay (RIA) . . 5 
The Enzyme Linked Immunosorbent Assay (ELISA) . 5 

2. MATERIALS AND METHODS 11 

Sources of Venom 11 
Production of Antibodies 12 
Preparation of ELISA Reagents 15 

ABTS Substrate Preparation 16 
PBS Tween Preparation 16 
Carbonate Buffer Preparation ... 17 
Glycine Buffer Preparation 17 
Urea Substrate Preparation 17 
Antibody Preparation 18 
Preparation of Conjugates 20 

Assay of Conjugates 22 
Method of Performing ELISA 23 

Antibody Assay 23 
Venom Assay 25 

3. RESULTS AND DISCUSSION 28 

Production of Antibodies 28 
Isolation and Purification of Antibodies 29 
The Enzyme Linked Immunosorbent Assay (ELISA) .... 29 
Clinical Cases 57 

4. CONCLUSIONS 62 

REFERENCES 63 

iv 



LIST OF TABLES 

Table Page 

I KEY TO VENOMS 13 

II ANTIBODY ASSAY, 14 DAYS POSTIMMUNIZATION 30 

III ANTIBODY ASSAY, 14 DAYS POST INITIAL INJECTION ... 31 

IV ANTIBODY ASSAY, 24 DAYS POST INITIAL INJECTION ... 33 

V ANTIBODY ASSAY, 42 DAYS POST INITIAL INJECTION ... 36 

VI ASSAY FOR UNKNOWN VENOMS USING ANTIBODY ASSAY .... 39 

VII ASSAY FOR VENOM USING THE INHIBITION TECHNIQUE I . . 42 

VIII ASSAY FOR VENOM USING THE INHIBITION TECHNIQUE II . . 44 

IX A ASSAY FOR ANTIBODY IN BATCH/UREASE CONJUGATE .... 47 

IX B ASSAY FOR ANTIBODY IN PURIFIED, LYOPHILIZED 
ANTIBODIES 48 

X A ASSAY FOR THREE VENOMS USING THE UREASE METHOD ... 50 

X B ASSAY FOR TWO VENOMS USING THE UREASE METHOD .... 51 

X C RE-ASSAY FOR THREE VENOMS USING THE UREASE METHOD . . 52 

X D ASSAY FOR ANTIBODY IN ANTI-
CROTALUS SCUTULATUS SCUTULATUS 53 

X E ASSAY FOR VENOM USING THE UREASE METHOD TO ASSESS 
ANTI-CROTALUS VIRIDIS HELLERI CONJUGATE ACTIVITY . . 54 

XI ASSAY FOR ANTIBODY IN HUMAN SNAKEBITE VICTIM SERUM . 55 

XII A ASSAY FOR VENOM IN HUMAN SNAKEBITE VICTIM TISSUES 
USING THE INHIBITION TECHNIQUE 60 

XII B ASSAY FOR VENOM IN HUMAN SNAKEBITE VICTIM SERUM 
AND URINE USING THE INHIBITION TECHNIQUE 61 

v 



ABSTRACT 

The enzyme linked immunosorbent assay was used to detect and 

characterize rattlesnake venom at the species level in samples of 

rabbit and human sera. 

Both venom and antibodies from seven different snake species 

are differentiated in spiked serum, envenomated rabbits, and snake

bite victims. Clinical applications are suggested. 
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CHAPTER 1 

STATEMENT OF PURPOSE 

The enzyme linked immunosorbent assay (EL1SA) is a promising 

new immunoassay that has applications in many areas of immunology, 

toxicology, and medicine. It provides a rapid, economical, sensitive 

and inexpensive system for both qualitative and quantitative immuno

logic assays. It has been utilized in field, clinical, and research 

settings. Recently, its successful use as a snake venom and snake 

venom antibody assay in Africa, Australia and Asia has been reported. 

Cross reactivity has not been a serious problem In some of these 

studies. The clinical efficacy of the ELISA with North American 

venoms-antivenins, which are extremely closely related taxonomically, 

has not been assessed. If ELISA can be used to differentiate the 

species and subspecies of North American crotalids, then renewed 

interest in monovalent antivenins is indicated. This would provide 

victims of snakebite with more optimal treatment and fewer side 

effects. 

Further, if studies show that the antigenic portion of the 

venom detected by ELISA is the toxic portion, then this test could 

have considerable application in determining the severity of an 

envenomation. The purpose of this project is to establish whether 

ELISA can be used to differentiate snake venoms and snake venom 

antibodies at the species level in North American pit viper venom 

1 



and, if so, to define strategies for the development of a clinically 

useful ELISA for snake venom poisoning in the United States. 

Introduction 

It is estimated that nearly two million persons a year are 

bitten by snakes (RUSSELL, 1984). Twenty-three thousand people in 

the West African Savanna alone die each year from snakebite 

(THEAKSTON, 1983), and 78% of the members of one Ecuadorian Indian 

tribe have suffered snakebite (THEAKSTON et al., 1981). Eight thou

sand Americans are bitten annually by venomous snakes, of which 10 to 

15 die (RUSSELL, 1983). 

Few diagnostic tests have been developed for snakebite. In 

Africa, South America, Southeast Asia, and India, where numerous 

genera of venomous snakes are found requiring monospecific anti-

venins, diagnostic procedures would be of particular value. In the 

United States, where there are only five genera of poisonous snakes, 

and where the range of each snake overlaps but to a minor extent, the 

physician is usually able to determine, on probability alone, which 

genus is involved. Knowing this, the selection of the appropriate 

antivenin is relatively simple. One problem in the Americas, how

ever, is that the majority of bites are by the Crotalidae, and for 

these, in most cases, only a polyvalent antivenin is available. 

Polyvalent antlvenins are not nearly as effective, and may produce 

greater reactivity than monovalent antivenins. 

An assay is needed that would allow for the determination of 

the type and quantity of snake venom In body fluids following 
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envenomation. Such an assay, ideally, should possess a high degree 

of sensitivity, selectivity, provide rapid results, and be reproduc

ible. In addition, an effective assay should lend itself to monitor

ing venom and antibody levels in various body fluids during the 

course of poisoning. In research applications, it might be appli

cable to establishing the LD 50 of venoms, as well as the ED 50 of 

antivenins. Finally, it would, of course, be of value in determining 

treatment in those areas where the species of offending snake may not 

be known. 

Snake Venom Assays 

Immunofluorescence 

The first attempts to label antibodies were made with ordi

nary dyes (POLAK and VAN NOORDEN, 1983). These soon were replaced by 

fluorescein compounds that yielded bright green fluorescence at 

520 nm. TIRU-CHELVAM (1972) utilized immunofluorescence to establish 

sites of venom deposition in rats. The technique required antigen-

antibody deposition in tissues, precluding its use for body fluids, 

and thus limiting its usefulness as a snake venom assay. 

Immunoelectrophoresis 

Several authors (TU and SALAFRANCA, 1974; GAWADE and 

GAITONDE, 1980) have demonstrated that as taxonomlc similarity 

increases, the immunoelectrophoretic pattern of snake venom becomes 

more similar. It has been suggested (THEAKSTON, 1983) that this 
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limits the use of this technique, because increasing numbers of com

mon precipitating bands make positive identification more difficult. 

A similar technique (MERR1L et al., 1980), using silver-stained 

electrophoretic gels, and a gold-labeled antigen detection method 

(LARSSON, 1979), have yet to find use in studies on venoms. 

Immunodiffusion 

RUSSELL (1967) and TRETHEWIE and RAWLINSON (1967) both 

experimented with a simple gel-diffusion method that proved to be 

insensitive and somewhat time consuming. GREENWOOD et al. (1974) 

used this technique to detect venom from four Nigerian snakes in a 

large series of snakebite victims. They found venom in urine, 

blister fluid and wound aspirates, but were unable to detect it in 

serum. The technique has been used by others (MOHAMED et al., 1977), 

who have demonstrated that monovalent antivenins neutralize homol

ogous venoms better than polyvalent antivenins, and that polyvalent 

antivenins neutralize heterologous venoms better than monovalent 

antivenins. 

Hemagglutination 

BOCHE and RUSSELL (1968) reported the use of passive 

hemagglutination of sheep red blood cells for detection of antibody 

to Crotalus venom. This method permits the detection of venom in 

body fluids at dilutions greater than 1:200,000. It is a very accu

rate assay but is difficult to perform and is time consuming 

(RUSSELL, 1983). THEAKSTON (1983) had difficulty with the method 
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because of controlling conditions of coupling agents and reagents, 

and was unable to obtain precise end-points. 

Radioimmunoassay (RIA) 

SUTHERLAND et al. (1975), utilizing a method based on that of 

COULTER et al. (1974), determined the presence of several species of 

snake venoms in the blood of a small series of patients. Monovalent 

antivenin was bound to a solid phase substrate, and the blood of 

snakebite victims was added. Along with the blood, 125-1 labeled 

venom was added to compete with the venom. A standard curve was then 

prepared. COULTER et al. (1978) criticized this technique because 

the extent of iodlnation of the individual venom polypeptides varied 

significantly, and the potential for antigenic site alteration secon

dary to iodination was substantial. Instead, they devised a sandwich 

radioimmunoassay that covalently bound antivenin to solid phase, 

incubated venom with this, and used 125-1 labeled antivenin to bind 

and detect the venom antigens. Using this system they were able to 

detect tiger snake venom at levels of 0.1 - 0.4 ng/ml. The authors 

did not feel, however, that this system would be clinically useful. 

THEAKSTON (1983) echoed this concern, citing the high expense, need 

for substantial technical expertise and the elaborate equipment, as 

well as the length of assay time, and short shelf life of 125-1. 

The Enzyme Linked Immunosorbent Assay (ELISA) 

The radioimmunoassay demonstrated that labeled antigen-

antibody reactions had significant potential for sensitive 
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qualitative and quantitative determinations of venom in a given 

sample. The search for a visually detectable substitute for 125-1 

led to enzymes. NAKANE and PIERCE (1966), and later MASSAYEFF and 

MAIOLINI (1975), described assay systems using enzymes. Subse

quently, THEAKSTON et al. (1977) introduced the ELISA to snake venom 

research. These workers were able to detect seven venoms in human 

and rat sera at a sensitivity of 1-5 ng/ml. This was accomplished 

with essentially no cross reactions, and thus had high specificity. 

The method took approximately three hours to complete. The system 

had been used previously to quantitate antibodies in parasitic and 

infectious diseases. 

REID and THEAKSTON (1978) found ELISA to be of value in 

assaying for the presence of venom in body fluids, including blood, 

urine, cerebrospinal fluid, and blister aspirate from snakebite vic

tims of Ghana and Nigeria. They were also able to identify the genus 

of the offending snake, and they found antibody to snake venom 

present in the blood of the victim, up to ten years following 

envenomation. Additionally, they were able to use ELISA to demon

strate that local swelling at the site of a viper bite constituted a 

venom depot, and that, antivenin had poor access to it. They demon

strated that even though serum venom levels might be undetectable, 

excretion in urine still occurred. 

Using the ELISA, THEAKSTON et al. (1978) attempted to deter

mine which of two common means of performing ED 50*s was best. Anti

body and venom levels in mice were measured when antivenin and venom 
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were injected together and separately. Surprisingly, high venom lev

els were found when venom and antibody were injected separately. 

PEARN et al. (1981) used ELISA in conjunction with a whole mouse 

assay as a quantitative system. They measured the average subcutane

ous dose of common brown snake venom. GOPALAKRISHNAKONE et al. 

(1981) showed that ELISA could be used to study the antigenic 

components of various venoms. 

THEAKSTON and REID (1979) found that ELISA provided an easy 

means to assess antivenin potency, and that with experience one's eye 

could read with ±.050 optical density, further establishing the 

versatility of the test. They found that using ELISA for this pur

pose saved venom, and money, and the results correlated with mouse in 

vivo tests. 

COULTER et al. (1980) found that they could keep precoated 

ELISA plates 16 weeks with only a two-fold decrease in sensitivity. 

These authors described, for the first time, the horseradish 

peroxidase (HRP) system and were able to obtain a sensitivity of 

5-20 ng/ml, depending on the venom, with only a 30-minute test con

sisting of three, five-minute incubations. When incubations were 

reduced to one minute, a sensitivity only 2.5 times less than the 

30-minute test was obtained. 

Using cobrotoxin, TZENG and SHIEH (1981) compared two enzyme 

detection systems to radioimmunoassay. They found that the enzyme 

systems were as sensitive as the RIA, yet did not expose workers to 

radiation, and the systems were less expensive to perform. In their 
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enzyme immunoassay system, IgG anticobrotoxin was coated on solid 

phase, cobrotoxin was added and incubated, the system was washed, and 

horseradish peroxidase conjugated IgG against cobra venom was added. 

The system proved to have a sensitivity of 10 ng/ml. The authors 

felt that this sensitivity was less for cobrotoxin than it might be 

for other venoms, due to the fact that cobrotoxin has only three 

antigenic determinants, one of which is bound with the solid phase, 

and thus there are too few remaining determinants to adequately bind 

the enzyme conjugate. 

LWIN and MYINT (1982) found that ELISA was a useful tool for 

assessing the amount of antivenin to be given by assaying the amount 

of complexed venom remaining in the blood. This was accomplished by 

optical density. Thus, an easy method of following venom levels was 

established. They also found that the pre-coated plates could be 

kept at least two weeks without loss of sensitivity. 

CHANDLER and HURRELL (1982) cited the need for a rapid field 

test for medical and veterinary use, as well as for rural, farm, and 

developing country needs. They noted that the use of the HRP system 

in field situations is limited by its instability and predilection to 

inactivation by preservatives. They suggest a urease based system, 

as reported by CHANDLER et al. (1982), which uses urea as the sub

strate, liberates ammonia in the presence of a pH indicator, and pro

vides a bright color change easily read. The system is reportedly 

stable using the preservative sodium azide. These workers devised a 

field kit capable of testing the venoms of five Australian snakes, 
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using pre-coated capillary tubes and a syringe to draw the reagents 

through the tubes. The system detected venom with a sensitivity of 

15 ng/ml in 40 minutes. These results compared favorably to their 

RIA control sensitivity of 10 ng/ml. The kits were successfully 

field tested, showing 100% identification of the offending snake in 

30 minutes' test time. 

REID et al. (1982) showed that ELISA was useful for 

allergen-specific IgG testing in honey bee venom assays. GAUR et al. 

(1981) demonstrated how ELISA might eliminate the need for an LD 50 

animal assay system. Using sea nettle venom, it was shown that ELISA 

was sensitive in the picogram range. GAUR et al. (1982) used ELISA 

to monitor production of antivenin to the venom of Physalia physalia. 

These authors also defined ELISA titer: "the reciprocal of the 

smallest titer of an antibody specimen which will yield a positive 

ELISA test." This term has been used as a reference standard. 

THEAKSTON (1983) described the two major variations of the 

ELISA system. The double-sandwich or direct method system is accom

plished by coating a 96-well polystyrene plate with antivenin, wash

ing, adding venom, washing, and adding a specific antibody to the 

antivenin. This antivenin is conjugated with an enzyme (horseradish 

peroxidase or alkaline phosphatase), then the substrate is added and 

the hydrolysis observed by means of a color change. The second vari

ation involves the indirect method, where plates are coated with 

venom, antivenin is added (as the sample to be tested), and 
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species-specific conjugated antibody is used to label the antigen-

antibody complexes. In both techniques a visible color change can be 

noted. The direct method has a greater potential for clinical use 

than the indirect. 

Several important epidemiologic studies on snake venom 

poisoning using ELISA have been done, including studies in Nigeria 

(PUGH and THEAKSTON, 1980; PUGH et al., 1980), and South American 

(THEAKSTON et al., 1981). 

It can be seen that the ELISA has successfully been used in 

many areas of snake venom research. This thesis will describe our 

method of performing the ELISA, as it pertains to characterizing 

Crotalus snake venoms at the species level. 



CHAPTER 2 

MATERIALS AND METHODS 

Eighteen rabbits, 3 - 4 kg each, were used In the production 

of antibodies. Venom from six clinically important North American 

crotalids and one foreign elapid were milked in the laboratory and 

used to stimulate antibody production. The venom samples also served 

as reagents for the EL1SA testing. Each crotalid was chosen because 

of either its genetic similarity or dissimilarity to the other 

species in the study. The elapid was chosen as a control. 

Sources of Venom 

The venoms of Crotalus viridls helleri and Crotalus scutulaus 

scutulatus were extracted and lyophilized from snakes at the Los 

Angeles County - University of Southern California Medical Center on 

September 22, 1976 and November 22, 1977, respectively. The Crotalus 

atrox venom was extracted from an 87 cm specimen captured in October 

1983 near Tucson, Arizona, and was lyophilized in the laboratory on 

January 24, 1984. The venom of Slstrurus miliarius millarius was 

purchased from the Miami Serpentarium (Lot number 305A1L). The venom 

of Crotalus adamanteus was purchased from Biologicals Unlimited, 

Incorporated (Lot number CCad Bu 79). The venom of Aqkistrodon 

piscivorus piscivorus was purchased from Sigma Chemical Company (Lot 

11 
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number V-A500). The venom of Naja naja was purchased from Ross 

Allen's Reptile Institute, Silver Springs, Florida. 

Production of Antibodies 

Twenty New Zealand white rabbits of both sexes and approxi

mately equal weights were used. These animals were chosen because of 

their ease for immunization, relatively low cost and upkeep, and the 

availability of LD 50 data. Each rabbit was observed for seven days 

prior to the first injection, weighed, and placed in a separate cage. 

The back of each animal was shaved for injections. 

The amount of each venom to be injected was determined by 

rabbit weights, using doses known to be sublethal from previous 

experiences. The initial dose was gradually Increased over the 

42-day injection period, so that the final dose was at least double 

the LD 50. A total of five doses were administered to each rabbit. 

Venom was prepared for injection as follows: 

1. Lyophilized venom was rehydrated by the addition of 

1.0 ml of 0.9% saline solution to 1 mg of venom. 

2. The solution was gently shaken for one minute. 

3. One ml of Freund's incompleted adjuvant (DIFCO control 

no. 592109) was added to the reconstituted sample. 

4. The solution was shaken for one minute. 

Each rabbit had been assigned to a blinded venom group A - F 

(Table I). They were then injected in the following manner: 
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TABLE I 

KEY TO VENOMS 

VENOM A S3 Crotalus viridis helleri (C. v. helleri) 

VENOM B S3 Crotalus adamanteus (C. adamanteus) 

VENOM C = Crotalus atrox (C. atrox) 

VENOM D — Crotalus scutulatus scutulatus (C. s. scutulatus) 

VENOM E Sistrurus miliarius miliarius (S. m. miliarius) 

VENOM F Aqkistrodon piscivorus (A. piscivorus) 

VENOM G = Naja naja (N. naja) 

VENOM V = Crotalus adamanteus (C. adamanteus) 

VENOM W = Aqkistrodon piscivorus (A. piscivorus) 

VENOM X = Crotalus atrox (C. atrox) 

VENOM Y = Sistrurus miliarius barbouri (S. m. barbouri) 

VENOM Z = Crotalus viridis helleri (C. v. helleri) 

1. The venom-adjuvant mixture was shaken gently for one 

minute and then 0.66 ml of the mixture was drawn into a 

tuberculin syringe. 

2. Using a 27-gauge neelde, four injections of equal volume 

were made intradermally on both sides of the midline. 

Injection sites were spaced equally from the neck to the 

pelvis, and approximately 3 cm from the midline. 

3. The rabbit was then observed for a period of thirty 

minutes, and rechecked hourly for a 24-hour period. 
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In addition, two rabbits were injected with N. naja venom in 

the same manner. 

At seven-day intervals each rabbit was injected with an 

increased dose of the same sample, for a total of five injections. 

Animals displaying a severe reaction were more closely observed but 

no evidence of infection occurred, and only one animal had to be 

removed from the study. 

Some of the rabbits experienced varying degrees of reactions 

to the injections, including decreased activity, diminished food con

sumption, and reclusiveness. These reactions were independent of the 

kind of venom injected. The most severe specific reaction was seen 

in the rabbit receiving the initial 0.8. rag of cobra venom. This 

rabbit became hyopactive within two hours, and by 12 hours, the rab

bit was on its side, unable to ambulate but alert. It died within 24 

hours. No fasiculations, bleeding, or other signs were noted in this 

or any other rabbit. 

Delayed reactions, however, were observed in all rabbits. 

These reactions usually consisted of 1.5 to 4.0 cm areas of indura

tion at the injection sites, with varying degrees of discoloration 

and local tissue changes. Ulcers were rare, and there were no 

infections. No bullae, sloughing, or edema occurred. The most 

severe reactions, which consisted of 2 cm areas of induration, with 

some central necrosis, were seen in the £. atrox and adamanteus 

groups. Even the N. naja venom injected rabbit showed considerable 

induration. In most cases, induration did not appear until the 
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fourth day after the first injection, and the second day after each 

subsequent injection. Induration often remained for several weeks. 

Reactions became less severe with time, so that the final doses 

elicited very little local, and no systemic changes. 

Antibody production was monitored at 14 and 28 days by 

studying blood in the following manner: 

Blood was allowed to flow into a test tube following 

insertion of a 20-gauge needle into a marginal vein of the 

rabbit's ear. Rabbits yielded 26 - 73 ml of blood in less 

than 5 minutes, and tolerated the procedure without diffi

culties. Serum was then separated by centrifugation at 

3,000 rpm for five minutes and then assayed for antibody by 

the ELISA as described on pages 23, 24 and 25. On day 42, 

each rabbit was anesthetized and bled by heart puncture. 

Blood yield ranged from 50 to 150 ml per rabbit. Samples 

were placed at 5°C for three hours. The resulting clot was 

cut many times, allowed to retract for three hours, cut 

again, and then allowed to retract for 12 hours at 5°C. Clot 

retraction yielded maximal amounts of serum, but with a 

slight pink tint. The serum was then pipeted, placed in 

50 ml tubes, frozen at -90°C, lyophilized over a three-day 

period and stored at 5°C in the dark. 

Preparation of ELISA Reagents 

Stock reagents were prepared in advance and stored at 5°C. 
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ABTS Substrate Preparation 

The reagent, 2,2 azino-di-(3-Ethylbenzthiazoloine Sulfonic 

acid) (ABTS) 0.001 M citrate buffer solution was prepared in the 

following manner: 

To 54.8 mg ABTS (Sigma lot no. 82F-0061), 2.10 g citric 

acid, FW = 210 g/mole (Sigma lot no. 101F-0382), was added 

and was brought to 90 ml with triple distilled water, and the 

pH adjusted to 4.2 with 5 N NaOH (Baker lot no. 34420). The 

sample was brought to 100 ml with triple-distilled water and 

stored at 4°C for three days, or -20°C for four months. 

A£TS working solution was prepared by adding 0.100 ml of 30% 

H202 (Ashland lot no. 036853) per 100 ml of ABTS citrate buffer 

solution. The working solution was discarded immediately after use. 

Five percent sodium dodecyl sulfate (SDS) was prepared by 

taking 5.0 g SDS (Sigma lot no. 63S-0019) and bringing the volume to 

100 ml with triple distilled water. 

PBS Tween Preparation 

Phosphate butter solution (PBS), pH 8.2 was prepared by 

sequentially adding the following: 

8.0 g NaCl (Fisher lot no. 732244) 

0.2 g KH2P04 (Merck lot no. 52365) 

2.9 g Na2HP04 12 H20 (Mallinckrodt lot PSA) 

0.2 g KC1 (MCB lot no. PX1405/6B607) 

The volume was brought to one liter with triple distilled 

water, and the pH was adjusted to 8.2 with NaOH (Baker lot 
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no. 34420). PBS Tween solution was made by adding 0.5 ml Tween 20 

(Sigma lot no. 14F-0348) and readjusting the pH to 8.2. 

Carbonate Buffer Preparation 

0.05 M Carbonate buffer, pH 9.6, was prepared by sequentially 

adding the following: 

1.59 g Na2C03 (Baker lot no. 826-8149) 

2.93 g NaHC03 (Fisher lot no. 720392) 

0.2 g NaN̂  (Mallinckrodt lot ATD) 

The volume was brought to one liter with triple distilled 

water. Carbonate buffer was not stored for more than two weeks at 

4°C. 

Glycine Buffer Preparation 

Glycine buffer was prepared by sequentially adding the 

following: 

12.0 g of Tris HC1 (Sigma lot no. 748-503) 

57.6 g of glycine (Sigma lot no. 72F-0417) 

2.0 g of SDS (Sigma no. 14509) 

The reagents were dissolved in two liters of triple distilled 

water, and the pH was adjusted to 2.5 - 3.0 with concentrated HC1. 

Urea Substrate Preparation 

Urea substrate was prepared by sequentially adding the 

following: 

500 mg urea (Sigma lot no. 83F-0483) 

120 mg bromocresol purple (Sigma lot no. 13F-0507) 
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7.4 ml 0.1 M NaOH (Baker lot no. 34420) 

The volume was immediately brought to 500 ml with 0.2 mmol 

EDTA (B and A, no lot no. given) in triple distilled water. 

Antibody Preparation 

Antibodies were prepared in the following manner (SULLIVAN 

and RUSSELL, 1982): 

1. Acrylamide gel was prepared by dissolving 16 g of 

acrylamide (Bio-Rad control no. 24937), and 4.0 g of BIS 

(Bio-Rad control no. 24318) in 100 ml of triple-

distilled water. 

2. Three hundred milligrams of venom was dissolved in 10 ml 

of the above acrylamide solution. 

3. Four hundred milligrams of ammonium persulfate was dis

solved in 25 ml of triple distilled water to prepare 

ammonium persulfate solution (Bio-Rad control 

no. 24828). 

4. Fifty microliters of TEMED (Bio-Rad 24397) and 500 pi of 

ammonium persulfate solution were added to the venom/ 

acrylamide mixture. Gelling occurred within 20 minutes. 

5. The acrylamide gel was forced through a 0.5 mm mesh 

screen and washed into a colloidal solution with PBS. 

6. The acrylamide colloid solution was then washed in PBS 

and allowed to sit in solution in the refrigerator at 

4°C for 12 hours. 
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7. The washing process was repeated twice. 

8. Each batch of acrylamide was then poured, into an 

individual 50 cm x 2 cm glass column. 

9. The column was flushed with PBS and glycine cyclically 

until zero absorption at 405 nm. 

10. Lyophilized antisera were reconstituted by adding a 

sufficient amount of PBS to completely dissolve the 

antisera. 

11. Rehydrated antisera were slowly pumped through their 

respective columns, followed by flushing with PBS until 

zero absorbance at 405 nm was seen. This fraction was 

called peak 1. 

12. Peak 1 was set aside and stored at 4°C. 

13. Glycine buffer was then pumped through each column, and 

the elutent was collected. This elutant was called 

peak 2. 

14. Steps 13 through 15 (substituting peak 1 for antisera) 

were repeated twice. 

15. The three collections of peak 2 for each antisera were 

dialysed separately against distilled water over 

24 hours with three water changes, and the samples were 

then combined and lyophilized. 

16. Resultant purified antibodies were stored at 4°C. 

In the initial experiments there were air leaks causing 

difficulties in pumping the washing buffers through the columns. In 
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addition, gravity feed was slow, yielding only one drop every 

10 seconds. The air leakage was overcome by using slower pump 

speeds. 

There was no difficulty in washing the gels, so that there 

was zero absorbance at 405 nm, except in the case of the v. 

helleri column, which was one year old, and unrefrlgerated during 

much of that time. This column required nearly 24 hours of washing 

to produce 0 absorbance. This compares with only two to three hours 

for the newly-made gels. 

Distinct peaks were obtained on addition of serum to the 

column. A doubling or tripling of the original serum volume occurred 

by the time sufficient PBS had been passed to bring the optical 

density to 0. A second peak began to form as soon as the pH dropped 

to 3.0. The elutant collected during this peak was clear and 

represented the purified antibody fraction. 

The peak 2 elutant was allowed to remain at pH 2.6 until all 

three runs had been completed. Then, it waB dialyzed. The dialyzed 

elutant was frozen at -80°C and lyophilized, yielding approximately 

20 mg of antibody per 50 ml of serum. The lyophilized antibody was 

white and flocculant. 

Preparation of Conjugates 

Horseradish peroxidase conjugates were obtained from American 

Qualex. Urease conjugates of (3. v. helleri, (J. atrox and C. j3. 

scutulatus were prepared on two occasions. The first batch was 

prepared in small amounts as follows: 
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1. Rehydration of the lyophilized antibody was accomplished 

with carbonate buffer. Approximately 5 mg of antibody 

was used per milliliter of carbonate buffer for a total 

of 2 ml antibody solution. 

2. To the rehydrated antibody, 20 yl of N-E-

maleimidocaproyloxy succinide (EMBS) per 5 minutes was 

added over 45 minutes. EMBS solution was prepared by 

adding 20 pi at a time of NjN-Dimethyl formamide (Sigma 

lot no. 103-F-0375) to dry EMBS (0.25 mg EMBS/mg 

antibody), until solution was obtained. The mixture was 

slowly stirred between additions. 

3. Separation of free EMBS from antibody was accomplished 

on a G-25 column made from a 10 ml pipet. Columns were 

washed with PBS until there was zero absorbance at 

405 nm. Antibody-EMBS solution was then passed through, 

and the elutant collected when the first peak at 405 nm 

appeared. PBS was used as a wash. 

4. Urease (Sigma lot no. 92F-7080) was immediately added to 

the antibody solution at a 4:1 antibody to enzyme molar 

ratio. The mixture was gently stirred and allowed to 

incubate overnight. 

5. The conjugate was dialyzed against PBS over 24 hours 

with two changes of dialysis solution. 

6. Bovine serum albumin (Sigma lot no. 39B-1760) was added 

to the conjugate at 5 mg/ml. 
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7. Di Sodium Azide (B and A) was added as a preservative. 

8. Conjugates were stored at 4°C. 

Preparation of a second batch of conjugates was performed as 

follows: Antibody was rehydrated with normal saline rather than car

bonate buffer. The antibody solution was dlalyzed against distilled 

water for 12 hours to affect separation. 

Assay of Conjugates 

The urease conjugates were assayed for activity. This was 

done by precoating an ELISA plate with two rows each of Ĉ . v. 

helleri, £. atrox, C. js. scutulatus, and normal saline. Each of the 

three conjugates were serially diluted to 1:1,000, 1:5,000, 1:20,000, 

and 1:80,000. Coating, antibody dilutions, and assay were performed 

according to the method noted under ELISA. 

A second method of determining the presence of antibody was 

performed. Ninety-six well ELISA plates were coated with anti-rabbit 

horseradish peroxidase conjugate. Anti Ĉ . atrox, (3. ŝ . scutulatus 

and v. helleri urease conjugates were applied vertically. The 

test was run according to that noted under ELISA, as an antibody 

assay. 

Presence of active urease in the conjugates was demonstrated 

by separately adding 5 Ml of each conjugate to three different test 

tubes, each containing 2 ml of urea substrate. The rise in pH was 

noted over a 10-minute period. 

No antibody was detected in the first batch of conjugates by 

either assay method. This was confirmed by a second study. The 
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presence of urease* however, was demonstrated. £. v. helleri conju

gate, when added to substrate, caused a pH Increase from 4.4 to 8.5, 

scutulatus from 4.4- to 8.3, and (J. atrox from 4.2 to 8.6. A 

saline control of 5 Ul added to 2 ml of urea substrate showed a rise 

in pH from 4.4 to 4.6. On the basis of these tests, and the observa

tion that the conjugates appeared cloudy, either no antibody was pres

ent in the conjugates or the antibody activity had been lost. Urease 

activity appeared present. 

It was then decided to prepare a fresh batch of conjugates. 

The results of these tests are presented in Tables IX and X in the 

Results section. 

Method of Performing ELISA 

Antibody Assay 

Horseradish peroxidase method. ELISA was used as an antibody 

assay applying the method of FLEENOR (1982), and modified for snake 

venom as follows: 

1. Snake venoms were diluted to 5 Pg/ml or other dilutions 

with 0.5 M carbonate buffer, pH 9.6. 

2. Frecoating was accomplished by pipeting 100 yl of 

diluted venom into an appropriate number of wells of a 

96 well polystyrene enzyme immunoassay (EIA) plate 

(Costar Serocluster half-area). 

3. The plates were incubated for 12 hours at 4°C. 
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The contents of the plates were shaken out and washed 

three times in PBS-Tween, with a one-minute soak between 

washes. 

One hundred microliters of sample (antisera, whole 

blood, purified antibody, etc.) was pipeted into each 

precoated EIA well, after the desired dilution in PBS-

Tween. A sample blank, i.e., PBS-Tween, was substituted 

for the above for each assay. All samples, including 

sample blanks, were assayed in triplicate. 

The plates were covered with plastic wrap and incubated 

one to two hours at 20°C. 

Shaking and washing were performed as described in 

step 4. 

Conjugate (anti-rabbit or anti-human horseradish 

peroxidase conjugate - American Qualex A1024) was 

diluted 1:2,000 in PBS-Tween, and 100 pi was pipeted 

into each EIA well. 

The plates were incubated for 1 hour at 25°C. 

Shaking and washing were again performed as in step 4. 

Substrate was applied by pipeting 100 pi of fresh ABTS 

working solution into each well. Reagent blanks were 

prepared by pipeting 100 yl of ABTS working solution 

into an appropriate number of precoated EIA wells. 

The plates were incubated for 10 minutes at 20°C. 
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13. Fifty ul of 5% SDS was added to each EIA well to halt 

the reaction. 

14. Color change was either read visually, or when equipment 

became available, absorbance was read at 405 nm. Visual 

readings were recorded as a color intensity on a scale 

of 0 to 4+. When readings from several tests were added 

to obtain a mean value, numbers followed by a plus were 

raised to the next integer higher, and numbers.followed 

by a minus were lowered to the preceding interger. This 

maneuver was performed before addition for the mean was 

determined. In most cases, each plate was read a second 

time by at least one other technician and these values 

were utilized in calculating the mean. After determin

ing mean values, a decimal below 0.5 was reported as a 

minus and a decimal of 0.5 or higher was reported as a 

plus. 

Venom Assay 

Horseradish Peroxidase Method. The ELISA was modified to 

assay for venom as follows: 

Plates were precoated as in the antibody assay; 50 yl of 

antibody was pipeted into each well and overlayed with 50 pi 

of 5 jig/ml or more of venom; the plate was then rocked for 

one minute and allowed to react at 25°C for one hour. Fifty 

microliters of carbonate buffer was substituted for venom in 

the controls. Alternately, the venom content of biologic 
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materials (such as tissue from snakebite victims) was assayed 

by overlaying the antibody with an emulsion of the biologic 

materials. To accomplish this, non-diluted urine, blood or 

other body fluid or tissue emulsion was used. Emulsions were 

prepared by macerating organ tissues (1 ml normal saline/1 g 

wet tissue), centrifuging, and using the supernatant in the 

same manner that serum or urine would be used. Equivalent 

fluid or tissue extracts from non-envenomated individuals 

were used as controls. Twenty microliters of biologic 

material was added over 50 Vl antibody, rocked and incubated 

for one hour. Simultaneous controls were run, except that 

type A controls had no antibody coated and type B controls 

had no sample applied. Conjugate and substrate were applied 

in the same manner as detailed in the antibody assay pro

cedure. Inhibition by venom of antibody binding to solid 

phase was indicated by a less intense color change than 

controls. 

Urease method. A modified version of the system described by 

CHANDLER and HURRELL (1982) was used: 

EIA plates were coated in the same manner as in the 

antibody assay. Each horizontal row of wells A - C and E - G 

were coated with one of the following specific monovalent 

antibodies: C. v. helleri, js. scutulatus, or C. atrox 

Antibodies were rehydrated with normal saline to a 
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concentration of 1 mg/ml, and then diluted to 5 yg/ml or 

10 yg/ml for coating purposes. 

Shaking and washing were done as in the antibody assay, 

except that normal saline was substituted for PBS-Tween. The 

sample was applied to each vertical column of wells. Samples 

were venom of 100 yg/ml and 20 yg/ml concentration of tissue 

sample, either in a nondlluted or 1:1 diluted form. The 

samples were allowed to incubate for 10 minutes at 25°C and 

then washed. The conjugate, at concentrations of 5 -

50 yg/ml, was then applied down vertical rows, in volumes of 

100 yl per well. These were either individual conjugates or 

mixtures of several conjugates. Incubation was for 

10 minutes at 25°C, and then the wells were washed. One 

hundred microliters per well of urea substrate was then 

applied to all wells and observed for color change. The 

plate was read at 10 minutes. A shift from yellow to purple 

indicated the presence of venom in the sample. The procedure 

for controls was identical to that of the horseradish per

oxidase system except that type A controls contained no 

antibody and type B controls were a homologous fluid from a 

nonenvenomated individual. 



CHAPTER 3 

RESULTS AND DISCUSSION 

Production of Antibodies 

The methods employed in immunizing the rabbits, as described 

under "Materials and Methods," proved very successful. Only one 

rabbit was lost because of venom toxicity, and in all other rabbits 

systemic effects were rare. Local effects were somewhat severe in 

some animals but these did not appear to jeopardize the experiment. 

The local necrosis seemed similar to that noted by RUSSELL (1983). 

There were no infections in the colony. This was particularly 

gratifying, since no prophylactic measures had to be taken. 

At first it was difficult to assure Intradermal rather than 

subcutaneous injections. Some of the injections probably were given 

subcutaneously. This did not, however, appear to influence any 

aspect of the study. 

Ear bleedings were extremely successful. The blood volume 

obtained approached that from cardiac puncture. This method is 

particularly adaptable for obtaining many samples of blood over 

extended periods of time. Apparently, high titers of antibody were 

present at 14 days. 

28 
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Isolation and Purification of Antibodies 

Most ELISA's were accurately performed with the crude rabbit 

antisera. The urease system, however, required pure antibody for 

coating and conjugating. Thus, an attempt was made to isolate the 

species-specific venom antibodies from the antisera by affinity 

separation. This was not completely successful. This was probably 

due to a partial denaturation of the antibodies resulting from being 

in the glycine buffer too long. They were not denatured sufficiently 

to become water insoluble but they were denatured enough so that 

further chemical manipulations, such as the conjugating processes, 

yielded a fairly insoluble product. It is suggested that in future 

purifications an increased pump speed be used, elution be done into 

Tris buffer, and the product be dialyzed immediately. 

Three passes through the column appeared to be sufficient to 

extract most of the antibodies. A larger column would probably 

require fewer passes, but require more venom. 

The Enzyme Linked Immunosorbent Assay (ELISA) 

Study number 1 (Table II) represents the first attempt at 

using the horseradish peroxidase system to detect a snake venom anti

body in rabbit antisera. atrox venom was chosen. This study 

demonstrated that antibody can be detected, and that the reaction is 

equally strong at antibody dilutions of 1:100, 1:500 and 1:1,000, as 

well as venom dilutions of 5, 10 and 30 yg/ml. Uncoated wells 

treated with antibody followed by conjugate gave no reaction. Coated 

wells treated with conjugate but no antibody also gave no reaction. 
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TABLE II 

ANTIBODY ASSAY, 14 DAYS POSTIMMUNIZATION 

(Intensity Expressed on a Visual Scale of 0 - 4+) 

ANTISERUM 

VENOM PRECOAT 

ANTISERUM 
C. atrox @ 
30 Ug/ml 

C. atrox @ 
10 Vg/ml 

C. atrox @ 
5 Mg/ml 

No 
Venom 

C. atrox @ 1:100 4+ 4+ 4+ 0 

C. atrox @ 1:500 4+ 4+ 4+ 0 

C. atrox @ 1:1,000 4+ 4+ 4+ 0 

No antiserum 0 0 0 0 

These results do not exclude the possiblity that another large mole

cule or another antibody might not react just as well. Additionally, 

the question arose as to the maximal dilution necessary for no 

activity. 

Study number 2 (Table III) attempted to answer these 

questions. Three different venoms with their corresponding anti

bodies were selected at random. Venom dilutions of 5 and 10 Pg/ml 

were chosen, and antisera drawn 14 days after the initial injection 

were used at dilutions of 1:2,000, 1:6,000, 1:18,000 and 1:54,000. 

Additionally, each antiserum was crossed against each venom at all 

dilutions. In the controls no antisera were used. This study demon

strated that the reaction can be titrated to a dilution that produces 



TABLE III 

ANTIBODY ASSAY, 14 DAYS POST INITIAL INJECTION 

(Intensity expressed on a visual scale of 0 - 4+) 

VENOM PRECOAT 
Ct C. C» s• C* s* S. m. S. m. 

adamanteus adamanteus scutulatus scutulatus miliarius miliarius No 
ANTISERUM @ 5 Vg/ml @ 10 yg/ml @ 5 yg/ml @ 10 Ug/ml @ 5 yg/ml @ 10 yg/ml Venom 

_C. adamanteus @ 1:2,000 
(J. adamanteus @ 1:6,000 

adamanteus @ 1:18,000 
C. adamanteus 0 1:54,000 

(J. js. scutulatus @ 1:2,000 
C. s_. scutulatus @ 1:6,000 
C, _s. scutulatus @ 1:18,000 
C. _s. scutulatus @ 1:54,000 

S. m. miliarius @ 1:2,000 
j>. m. miliarius @ 1:6,000 
jj. m. miliarius @ 1:18,000 
S. m. miliarius @ 1:54,000 

4+ 4+ 4+ 4+ 4+ 4+ 0 
3+ 3+ 3+ 3+ 3+ 3+ 0 
2+ 2+ 2+ 2+ 2+ 2+ 0 
1+ 1+ 1+ 1+ 1+ 1+ 0 

4+ 4+ 4+ 4+ 4+ 4+ 0 
3+ 3+ 3+ 3+ 3+ 3+ 0 
2+ 2+ 2+ 2+ 2+ 2+ 0 
1+ 1+ 1+ 1+ 1+ 1+ 0 

4+ 4+ 4+ 4+ 4+ 4+ 0 
3+ 3+ 3+ 3+ 3+ 3+ 0 
2+ 2+ 2+ 2+ 2+ 2+ 0 
1+ 1+ 1+ 1+ 1+ 1+ 0 
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a minimal reaction. No specificity of antibodies for venoms was 

demonstrated. Venom dilutions of 5 and, 10 ng/ml yielded similar 

results. 

These tests raised several questions: (1) whether specificity 

could be demonstrated against other venom specific antisera, (2) whe

ther antisera from later periods in the immunization cycle would be 

more specific. (3) whether further dilutions might yield specificity 

problems, and (4) whether non-immunized rabbit serum would react. To 

answer these questions, study number 3 (Table IV) was run with only 

one venom concentration, 5 yg/ml, for six different venoms. These 

venoms were crossed against the six corresponding antisera, as in 

study number 2, but four new dilutions of 1:18,000, 1:54,000, 

1:108,000 and 1:216,000 were used. Two controls, the first with serum 

from a non-immunized rabbit and the second with normal saline were run 

as the antisera. 

It is Interesting to note the specificity demonstrated in 

study number 3, even at low dilutions. It would appear that the num

ber of days after immunization that the serum was drawn was an impor

tant factor, with respect to specificity. The antisera used here were 

drawn 24-days after the initial Injection. All reagents were fresh 

for all studys, except for the venoms which were prepared only once. 

It seems reasonable from the chemistry of snake venoms that different 

venom components Immunize at different rates (RUSSELL, 1980). Since 

it is difficult to know which venom components the ELISA is detecting, 



TABLE IV 

ANTIBODY ASSAY, 24 DAYS POST INITIAL INJECTION 

(Intensity expressed on a visual scale of 0 - 4+) 

VENOM PRECOAT 
v_. C. C. Ĉ . Bj_ S_. m. A. 

helleri adamanteus atrox scutulatus miliarius piscivorus 
ANTISERUM @ 5 Ug/ml @ 5 Wg/ml @ 5 Pg/ml @ 5 yg/ml @ 5 yg/ml @ 5 Ug/ml 

c. v. helleri @ 1:18,00 2+ 2+ 1+ 1+ 1+ 1+ 
c. v. helleri @ 1:54,000 1+ 1+ 1+ 1+ 1+ 1+ 
c. v. helleri @ 1:108,000 0 0 0 0 0 0 
c. v. helleri @ 1:216,000 0 0 0 0 0 0 

c. adamanteus @ 1:18,000 3+ 4+ 1+ 1+ 2+ 2+ 
c. adamanteus @ 1:54,000 1+ 3+ 1- 1- 1- 1-
c. adamanteus @ 1:108,000 1+ 2+ 0 0 0 0 
c. adamanteus @ 1:216,000 1- 2+ 0 0 0 0 

c. atrox @ 1:18,000 3+ 3+ 3+ 3+ 3+ 3+ 
c. atrox @ 1:54,000 2+ 1+ 1+ 1+ 1+ 1+ 
c. atrox @ 1:108,000 1+ 1+ 1+ 1+ 1+ 1+ 
c. atrox @ 1:216,000 1+ 1+ 1+ 1+ 1+ 1+ 

c. s. scutulatus @ 1:18,000 3+ 3+ 3+ 4+ 3+ 3+ 
c. s. scutulatus @ 1:54,000 2+ 2+ 2+ 3+ 2+ 2+ 
c. s. scutulatus @ 1:108,000 2+ 2+ 2+ 3+ 2+ 2+ 
c. s. scutulatus @ 1:216,000 2+ 1+ 1+ 2+ 1+ 1+ 



TABLE IV, Continued 

VENOM PRECOAT 
v. JC. C. (̂ . ŝ _ S. m. A. 

helleri adamanteus atrox scutulatus mlliarius plsclvorus 
ANTISERUM @ 5 yg/ml @ 5 jig/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml 

S. m. mlllarlus @ 1:18,000 3+ 3+ 3+ 3+ 4+ 3+ 
S. m. mlllarlus @ 1:54,000 0 1+ 1+ 1+ 1+ 1+ 
S. m. mlliarius @ 1:108,000 0 1+ 0 0 0 1+ 
S. m. mlliarius @ 1:216,000 0 0 0 0 0 0 

A. pisclvorus @ 1:18,000 2+ 2+ 2+ 2+ 3+ 4+ 
A. pisclvorus @ 1:54,000 1+ 1+ 1+ 1+ 1+ 2+ 
A. pisclvorus @ 1:108,000 1- 1+ 1- 1- 1+ 2+ 
A. pisclvorus @ 1:216,000 1- 1+ 1- 1- 1- 1+ 

non Immune @ 1:18,000 0 0 0 0 0 0 
non Immune @ 1:54,000 0 0 0 0 0 0 
non immune @ 1:108,000 0 0 0 0 0 0 
non immune @ 1:216,000 0 0 0 0 0 0 

U) 
•o-
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it is possible that the assay represents a different component with 

each successive serum sample. 

Study number 3 (Table IV) demonstrated that the EL1SA did not 

yield a positive test result for normal rabbit serum. The possibility 

always exists that an animal serum may in some manner become bound to 

snake venom and thus yield a positive, non-specific result. Study 

number 3 (Table IV) suggests that this is not the case, at least with 

the technique employed. 

Specificity of the antisera for their corresponding venom was 

shown for £. adamanteus, js, scutulatus and A. piscivorus Lesser 

specificity was demonstrated for J3. v. helleri, atrox and j3. m. 

mlllarlus There appears to be no phylogenetlc reason for this group

ing. However, since each antiserum was drawn from an individual rab

bit there may be individual variations that might not be seen in a 

larger number of animals. 

The best dilution for those antisera with specificity was 

1:108,000. Specificity was also demonstrated at lower dilutions. The 

dilution 1:216,000 was non-specific. 

Study number 4 (Table V) antisera was drawn at 42 days from 

rabbits chosen at random. The antisera dilutions were 1:10,000, 

1:20,000, 1:40,000, 1:80,000 and 1:160,000. All procedures were 

performed as in study number 3. 

Specificity was again demonstrated. This time antisera C. v. 

helleri, atrox, C. adamanteus, ŝ . scutulatus, j>. m. miliarius 

and A. piscivorus were clearly specific at dilutions of 1:40,000 



TABLE V 

ANTIBODY ASSAY, 42 DAYS POST INITIAL INJECTION 

(Intensity expressed on a visual scale of 0 - 4+) 

VENOM PRECOAT 
C. v. C. C. C. ŝ _ S. m. A. 
helleri adamanteus atrox scutulatus iniliarius piscivorus 

ANTISERUM @ 5 pg/ml @ 5 ug/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml 

c. v. helleri @ 1:10,00 2+ 3- 2+ 2+ 2+ 2+ 
c. v. helleri @ 1:20>000 1+ 0 0 0 0 0 
c. v. helleri @ 1:40*000 1+ 0 0 0 0 0 
c. v. helleri @ 1:80,000 1- 0 0 0 0 0 
c. v. helleri @ 1:160,000 0 0 0 0 0 0 

c. adamanteus @ 1:10,000 3+ 4+ 3+ 2+ 3+ 2+ 
c. adamanteus @ 1:20,000 2+ 4+ 2+ 2+ 2+ 2+ 
c. adamanteus @ 1:40,000 1+ 3+ 1+ 1+ 1+ 1+ 
c. adamanteus @ 1:80,000 0 2+ 0 0 0 0 
c. adamanteus @ 1:160,000 0 1+ 0 0 0 0 

c. atrox @ 1:10,000 3+ 3+ 4+ 3+ 3+ 2+ 
c. atrox @ 1:20,000 2+ 3+ 4+ 3+ 3+ 2+ 
c. atrox @ 1:40,000 2- 2- 2- 2- 2- 2-
c. atrox @ 1:80,000 1+ 2- 1+ 1+ 1+ 1+ 
c. atrox @ 1:160,000 0 0 1+ 0 0 0 

to 



TABLE V, Continued 

VENOM PRECOAT 
(2. v. C. Ĉ . (J. ŝ _ S. m. A. 
helleri adamanteus atrox scutulatus miliarlus piscivorus 

ANTISERUM @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml 

C. s. scutulatus @ 1:10,000 3+ 3+ 3+ 4+ 3+ 3+ 
C. s. scutulatus @ 1:20,000 2+ 2+ 2+ 3+ 2+ 2+ 
C. s. scutulatus @ 1:40,000 1+ 1+ 1+ 3+ 1+ 1+ 
C. s. scutulatus @ 1:80,000 0 0 0 2+ 0 0 
C. s. scutulatus @ 1:160,000 0 0 0 1+ 0 0 

S. m. miliarlus @ 1:10,000 3+ 3+ 3+ 2+ 4+ 2+ 
S. m. miliarlus @ 1:20,000 2+ 2+ 2+ 1+ 3+ 1+ 
S. m. miliarlus @ 1:40,000 1+ 1+ 1+ 1+ 2+ 1+ 
S. m. mlllarlus@ 1:80,000 0 0 0 0 1+ 0 
S. m. miliarlus @ 1:160,000 0 0 0 0 1+ 0 

A. piscivorus @ 1:10,000 1+ 2+ 1+ 3+ 3+ 4+ 
A. piscivorus @ 1:20,000 1+ 1+ 0 1+ 1+ 2+ 
A. piscivorus @ 1:40,000 1+ 1+ 0 1+ 1+ 2+ 
A. piscivorus @ 1:80,000 0 0 0 0 1+ 2+ 
A. piscivorus @ 1:160,000 0 0 0 0 0 1+ 

non immune @ 1:10,000 0 0 0 0 0 0 
non immune @ 1:20,000 0 0 0 0 0 0 
non immune @ 1:40,000 0 0 0 0 0 0 
non immune @ 1:80,000 0 0 0 0 0 1+ 
non immune @ 1:160,000 0 0 0 0 0 0 
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through 1:160,000. It appears that this increased specificity may be 

antigenic in nature, since an additional 18 days of immunization had 

passed. However, on the basis of the results, one cannot say that 

this is not an individual or dilutional effect. Optimum dilution 

appeared to be 1:80,000 with some species and 1:160,000 with others. 

Controls again were nonreactive, except for A. piscivorus at 

1:160»000, which was due to a contaminant. 

The question arose as to whether or not an individual specific 

identification occurred in studies number 3 and 4 (Tables IV and V). 

Since the venoms used to coat the plates were the same ones used to 

immunize the rabbits, there remained the possibility that the identi

fication was specific for the individual but not necessarily the 

species. To explore this problem, study number 5 (Table VI) was 

carried out. 

Study number 5 (Table VI), although technically reflecting an 

antibody assay, was a venom assay. Sera drawn at day 42 from rabbits 

immunized with a known venom were crossed against a precoating of 

unknown venom (Table VI)-. Two known venoms were also used as con

trols. The unknown venoms were obtained from snakes of different 

geographic locations than those used to immunize the rabbits. The 

antiBera of atrox reacted strongly with all venoms. The two known 

venoms as well as three of the unkown venoms C.. atrox, <2. adamanteus 

and JC. jb. scutulatus) were identified without difficulty. Identifi

cation of venomB A. piscivorus, S. M. barbouri, and C. v. helleri was 



TABLE VI 

ASSAY FOR UNKNOWN VENOMS USING ANTIBODY ASSAY 

(Intensity expressed in both visual (v), 0 - 4+, and spectrophotometric (s), units) 

UNKNOWN VENOM PRECOAT 
KNOWN VENOM 
PRECOAT 

C. A. C. S. m. C. v. «. C * s * C. C. 
adamanteus piscivorus atrox miliarius helleri scutulatus adamanteus atrox 

@ 5 @ 5 @ 5 @ 5 @ 5 e s @ 5 @ 5 
ANTISERUM Vg/ml Vg/ml yg/ml Vg/ml Mg/ml Vg/ml Vg/ml Vg/ml 

C. v. helleri 0 l:40,000(v) 2+ 1- 1+ 1+ 2+ 1+ 2+ 1+ 
C. v. helleri @ l:40>000(s) 0.639 0.403 0.510 0.532 0.656 0.444 0.510 0.448 
C. v. helleri @ l:80,000(v) 1+ 0 1- 1- 1- 1- 1+ 1-
C. v. helleri @ l:80,000(s) 0.523 0.367 0.437 0.626 0.480 0.416 0.462 0.407 

c. adamanteus @ l:40>000(v) 4+ 1 + 1+ 1+ 1+ 1+ 4+ 1+ 
c. adamanteus @ l:40,000(s) 0.800 0.505 0.553 0.467 0.646 0.524 0.994 0.573 
c. adamanteus @ l:80,000(v) 2+ 1- 1- 1- 1- 1- 3+ 1+ 
c. adamanteus @ l:80,000(s) 0.737 0.433 0.910 0.216 0.638 0.403 0.733 0.409 

c. atrox @ l:40,000(v) 2+ 2+ 3+ 2+ 2+ 2+ 3+ 3+ 
c. atrox @ l:40,000(s) 0.46 0.825 0.919 0.811 0.748 0.557 0.734 0.720 
c. atrox @ l:80,0Q0(v) 1+ 1+ 4+ 1 + 1 + 1+ 2- 3+ 
c. atrox @ l:80,000(s) 0.448 0.501 0.99 0.736 0.632 0.525 0.540 0.813 

LO 
V£> 



TABLE VI, Continued 

KNOWN VENOM 
UNKNOWN VENOM PRECOAT PRECOAT 

C. A. C. S • 1Q* C. v. C. s. C. C. 
adamanteus piscivorus atrox miliarius helleri scutulatus adamanteus atrox 

@ 5 @ 5 @ 5 @ 5 @ 5 e 5 @ 5 @ 5 
ANTISERUM ug/ml Ug/ml pg/ml pg/ml pg/ml Ug/ml yg/ml yg/ml 

C. s. scutulatus @ l:40»000(v) 1+ 1+ 1+ 1+ 1- 3+ 1+ 1-
C. s. scutulatus @ l:40,000(s) 0.451 0.584 0.680 0.733 0.621 0.949 0.719 0.450 
c. s. scutulatus @ l:80»000(v) 1- 1- 1- 1- 1- 2+ 1- 1-
c. scutulatus @ l:80,000(s) 0.425 0.421 0.512 0.604 0.428 0.598 0.519 0.369 

s. m. miliarius @ l:40,000(v) 1+ 1+ 1 + 2+ 1+ 1+ 1+ 1-
s. m. miliarius @ l:40j000(s) 0.685 0.668 0.656 0.732 0.665 0.646 0.522 0.434 
s. m. miliarius @ l:80,000(v) 1- 1- 1- 1+ 1- 1- 1- 1-
s. m. miliarius @ l:80j000(s) 0.476 0.451 0.678 0.701 0.467 0.451 0.461 0.396 

A. piscivorus @ l:40,000(v) 0 1- 0 0 0 0 0 0 
A. plscivorus @ l:40,000(s) 0.357 0.480 0.370 0.416 0.379 0.405 0.360 0.316 
A. piscivorus @ l:80,000(v) 0 0 0 0 0 0 0 0 
A. piscivorus @ l:80,000(s) 0.370 0.407 0.384 0.407 0.370 0.396 0.334 0.322 

4> 
O 
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also straightforward} if it was remembered that antisera £. atrox 

reacted strongly with all venoms. 

The spectrophotometric data from study number 5 (Table VI) 

confirm the visual results. Spectrophotometric data were not obtained 

for other studies because of inavailability of equipment. It seems 

apparent that there is a reasonable correlation between visual and 

spectrophotometric data. Based on the visual results, it appears that 

intro-species individual antigenicity does not present a diagnostic 

problem. ELISA seems to provide a very useful diagnostic tool to 

demonstrate species-specific antibodies, as well as different venoms. 

Study number 6 (Table VII) was designed to find whether or 

not, if venom added to the coated venom-antibody reaction, whether it 

would compete for antibody with the coated venom. The test did not 

demonstrate inhibition at any of the venom concentrations used (0.05, 

0.005, 0.0005 jig/ml). 

Study number 7 (Table VIII) was done to determine if the venom 

concentration had been too low. Inhibition concentrations of 5 pg/ml, 

and antibody concentrations of 1:20,000 and 1:40,000 were used. These 

concentrations did allow for the demonstration of inhibition. The 

concentration of 1:40,000 proved to be the most useful concentration. 

Specificity was clearly demonstrated for venoms _C. adamanteus, £. 

atrox, J3. £. scutulatus, and £>. m. miliarius, £. v» helleri, A. 

plsclvorus showed no specificity. Results at 1:20,000 showed clear 

specificity only for a. scutulatus and S. m. miliarius. It is 



TABLE VII 

ASSAY FOR VENOM USING THE INHIBITION TECHNIQUE I 

(Intensity expressed on a visual scale of 0 - 4+) 

VENOM PRECOAT 
(J. v. C. Ĉ . _s. _S. m. A. 
helleri adamanteus atrox scutulatus miliarius piscivorus 

CONC. @5 @5 @5 @5 @5 & 5 
ANTISERUM VENOM (yg/ml) yg/ml yg/ml yg/ml yg/ml yg/ml Ug/ml 

C. v_. ti. 
C. v. h. 
C. v_.  h. 
C. v. h. 

None 
C. v. h. 
C. v. _h. 
C. v. h. 

0.05 
0.005 
0.0005 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

C. ad. 
C. ad. 
C. ad. 
C. ad. 

None 
C. ad. 
C. ad. 
C. ad • 

0.05 
0.005 
0.0005 

0 
0 
0 
0 

2+ 
2+ 
2+ 
2+ 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

C). atrox 
£. atrox 
C. atrox 
C. atrox 

None 
C. atrox 

atrox 
C. atrox 

0.05 
0.005 
0.0005 

0 
0 
0 
0 

0 
0 
0 
0 

1+ 
1+ 
1+ 
1+ 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

C. v. h. = C. v. helleri 
C. ad. = C. adamanteus 



TABLE VII, Continued 

VENOM PRECOAT 
C. v» C. C« C. s. S. Dia A* 
helleri adamanteus atrox scutulatus miliarius piscivorus 

CONC. @5 @5 @5 @5 @5 @5 
ANTISERUM VENOM (ug/ml) yg/ml yg/ml yg/ml yg/ml yg/ml yg/ml 

C. s.  s. 
C. s. s. 
C. s. s. 
C. s. s. 

None 
£. js. ŝ . 
C • s« s« 
C. s. s. 

0.05 
0.005 
0.0005 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

2+ 
2+ 
2+ 
2+ 

0 
0 
0 
0 

0 
0 
0 
0 

S. m. m. 
_S. m. m. 
S. in. m. 
S. m. m. 

None 
S• m. m. 
S. in. m. 
S > m. si* 

0.05 
0.005 
0.0005 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

1+ 
1+ 
1+ 
1+ 

0 
0 
0 
0 

A. 
A. £. 
A. £. 
A. 

None 
A. £• 
A- P.* 
A* 

0.05 
0.005 
0.0005 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

1+ 
1+ 
1+ 
1+ 

C. s. s. = C. s. scutulatus 
S. m. io. = J3. m. miliarius 
A. = A. piscivorus 



TABLE VIII 

ASSAY FOR VENOM USING THE INHIBITION TECHNIQUE II 

(Intensity expressed on a visual scale of 0 - 4+) 

VENOM PRECOAT 
C. v. C. C. S. m. A. 
helleri adamanteus atrox scutulatus miliarius piscivorus 

V E N O M  @ 5  @ 5  @ 5  @ 5  @ 5  @ 5  
ANTISERUM CONC. CONC. (ug/ml) yg/ml yg/ml tig/ml pg/ml yg/ml yg/ial 

c. V. h. @ 1:20,000 None 0 1+ 0 0 0 0 
c. v. ih. @ 1:40,000 None 0 0 0 0 0 0 
c. V. tl. @ 1:20,000 C. v. h . ,  5 0 0 0 0 0 0 
c. v. h. @ 1:40,000 C. v. li., 5 0 0 0 0 0 0 

c. ad. @ 1:20,000 None 1+ 3+ 0 0 1+ 0 
c. ad. @ 1:40,000 None 0 3+ 0 0 0 0 
c. ad. @ 1:20,000 C. ad., 5 0 2+ 0 0 0 0 
c.  ad. @ 1:40,000 Ĉ . ad., 5 0 1+ 0 0 0 0 

c. atrox @ 1:20,000 None 0 1+ 2+ 0 1+ 0 
c. atrox <a 1:40,000 None 0 1+ 2+ 0 0 0 
c. atrox @ 1:20,000 C. atrox, 5 0 0 1+ 0 0 0 
c. atrox @ 1:40,000 C. atrox, 5 0 0 0 0 0 0 

Ĉ . v. h. = v_. helleri 
C. ad. - C. adamanteus 



TABLE VIII, Continued 

VENOM PRECOAT 
C. v. Ĉ . jC. C. s_. _S. m. A. 
helleri adamanteus atrox scutulatus mlliarius piscivorus 

VENOM @5 @5 @ 5 @5 <3 5 @5 
ANTISERUM CONC. CONC. (ug/ml) jig/ml jjg/ml yg/ml yg/ml pg/ml yg/ml 

c. s_. s. <3 1:20,000 None 0 0 0 3+ 0 0 
c. s. @ 1:40,000 None 0 0 0 1+ 0 0 
c. JL* s. <a 1:20,000 C. s. s«, 5 0 0 0 2+ 0 0 
c. _s. s. (3 1:40,000 C. s • s •, 5 0 0 0 0 0 0 

s. m. m. @ 1:20,000 None 0 0 0 0 2+ 0 
s. m. m. @ 1:40,000 None 0 0 0 0 1+ 0 
s. m. m. @ 1:20,000 S. m. m., 5 0 0 0 0 1+ 0 
s. m. m. @ 1:40,000 _S. m. m., 5 0 0 0 0 0 0 

A. £• @ 1:20,000 None 0 0 0 0 0 0 
A. £• <3 1:40,000 None 1+ 1+ 1+ 2+ 2+ 4+ 
A. £• <3 1:20,000 A* , 3 0 0 0 0 0 0 
A. £• @ 1:40,000 A. 5 0 0 0 1+ 1+ 3+ 

C. s. £. = C. s. scutulatus 
m. m. = ji. m. miliarius 

A. jk = A. piscivorus 
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possible and likely that further manipulations with dilutions would 

yield specificity for all venoms. 

For this assay, 50 yl of 1:40*000 rabbit antiserum was added 

to either 10 yl or 20 yl of the sample, or to 10 ul or 20 ul of car

bonate buffer. Each venom precoat was crossed with the antiserum that 

corresponded to that venom, i.e., venom jC. v.* helleri precoat was 

crossed with antiserum £. v. helleri, not antiserum £. adamanteus, (3. 

atrox, etc. The assay was performed as previously described. The 

controls were normal serum and normal urine added to antiserum. 

Normal serum caused a visual color intensity fall of 1. Normal urine 

caused no visual color intensity fall, and therefore, no detectable 

inhibition (Table IX B). 

Study number 8 (Tables IX A and IX B) failed to demonstrate 

the presence of antibody in batch number one conjugates. Since these 

conjugates were prepared from purified, lyophllized antibodies, it was 

decided to check the antibody activity by the horseradish peroxidase 

antibody assay method. The results indicated that antibody was pres

ent but was perhaps less active than had been expected. The urease 

was still active, free or conjugated, but the antibody was not. 

It is suspected that the antibody became partially denatured 

in the purification process, possibly due to the slow pump rate, or 

the extended standing period. In either case, too much time was spent 

in the glycine buffer. It seems likely, that during the conjugation 

process the additional chemical manipulations deactivated what was 

left of the antibody. Another possibility is that the antibody was 
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TABLE IX A 

ASSAY FOR ANTIBODY IN BATCH/UREASE CONJUGATE 

(Intensity expressed on a visual scale of 0 - 4+) 

ANTISERUM ANTIRABBIT CONJUGATE 

C. atrox conjugate @1:10 0 

(3. atrox conjugate @ 1:100 0 

C. atrox conjugate @ 1:1,000 0 

C. _s. scutulatus conjugate @1:10 0 

Ĉ . ŝ . scutulatus conjugate @ 1:100 0 

(J. s_. scutulatus conjugate @ 1:1,000 0 



TABLE IX B 

ASSAY FOR ANTIBODY IN PURIFIED, LYOPHILIZED ANTIBODIES 

(Intensity expressed on a visual scale of 0 - 4+) 

VENOM PRECOAT 
_C. v« C.. .£• C. js. m. A. 
helleri adamanteus atrox scutulatus mlliarius piscivorus No 

ANTIBODY @ 5 Vg/ml @ 5 Vg/ml @ 5 Vg/ml @ 5 Vg/ml @ 5 Vg/ml 5 Vg/ml Venom 

.£• v. helleri 0 10 Vg/ml 2+ 2+ 1+ 1+ 1+ 1+ 0 

\r. helleri @ 10 Vg/ml 3+ 2+ 2+ 2+ 1+ 1+ 0 

scutulatus @ 10 Vg/ml 1+ 2+ 1+ 2+ 1+ 1+ 0 

scutulatus @ 20 Vg/ml 2+ 3+ 1+ 3+ 2+ 2+ 0 

C. atrox @ 10 Vg/ml 1+ 2+ 2+ 1- 1+ 1+ 0 

C. atrox @ 20 Pg/ml 2+ 3+ 3+ 2+ 2+ 2+ 0 

No antibody 0 0 0 0 0 0 0 

I 4> 
00 
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lost during the purification process. The most likely place this 

could occur would be in the columns. The wrong fraction may have been 

removed, or the antibody may have bound itself to the column 

permanently. 

Study number 9 (Tables X A - X E) was undertaken without 

assaying for antibody or the presence of urease. Results showed 

activity for only the anti- v. helleri conjugate at concentrations 

of 2.5 and 5.0 yg/ml (Table XI). This activity was non specific. 

Anti- £. atrox conjugate and anti- £. b_. scutulatus conjugate at con

centrations of 0.25, 2.5, 5.0, 10, and 25 yg/ral showed no activity 

(Table XI). Horseradish peroxidase assays for the presence of anti

body in the anti- js. scutulatus and anti- £. atrox conjugates 

showed weak antibody activity (Table XI). Again, it would appear that 

denaturation had occurred. 

Using the direct urease assay (venom coat, conjugate, sub

strate), four further dilutions (0.25, 0.10, 0.025, 0.01, 0.0025, 

0.005 yg/ml) of anti- C. v. helleri conjugate were studied, with no 

detection of venom (Table XI). It appeared that 2.5 yg/ml was prob

ably a reasonably minimum concentration for anti- £. v. helleri 

conjugate. 

Other concentrations of all conjugates were also studied to 

see if anti- £. v. helleri conjugate might exhibit specificity at some 

lesser concentration, and if anti- atrox and anti- (3. _s. scutulatus 

conjugates might exhibit activity at some greater concentration. The 

results (Table XI) show that anti- _C. v. helleri conjugate exhibits a 



TABLE X A 

ASSAY FOR THREE VENOMS USING THE UREASE METHOD 

(Intensity expressed on a visual scale of 0 - 4+) 

ANTIBODY PRECOAT 
C. v- C. v.* C. C. s_. C. s. 
helleri helleri atrox atrox scutulatus scutulatus No 

VENOM @ 5 yg/ral @ 10 yg/ml @ 5 yg/ml @ 10 yg/ml @ 5 yg/ml @ 10 yg/ml Antibody 

C. v. helleri @ 20 ug/ml 4+ 3+ 4+ 3- 3+ 4+ 0 
C. v. helleri @ 40 yg/ml 4+ 4+ 4+ 4+ 4+ 4+ 0 

C. s. scutulatus @ 20 ug/ml 0 0 0 0 0 0 0 
C. s. scutulatus @ 40 ug/ml 0 0 0 0 0 0 0 

C. atrox @ 20 yg/ml 0 0 0 0 0 0 0 
C. atrox @ 40 yg/ml 0 0 0 0 0 0 0 

No venom 0 0 0 0 0 0 0 

NOTE; 
Sample: Venom of Crotalus viridis helleri, Crotalus scutulatus scutulatus and Crotalus 

atrox 

Conjugate: Urease conjugates of anti-Crotalus viridis helleri at 2.5 yg/ml, or anti-Crotalus 
scutulatus scutulatus at 10 pg/ml, or anti-Crotalus atrox at 10 jig/ml 

Precoating: Antibody 
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TABLE X B 

ASSAY FOR TWO VENOMS USING THE UREASE METHOD 

(Intensity expressed on a visual scale of 0 - 4+) 

ANTIBODY PRECOAT 
C. 8. 

scutulatus C. atrox No 
VENOM @ lOpg/ml @ 10 ug/ml Antibody 

s_. scutulatus @ 20 yg/ml 0 0 0 

.£• atrox @ 20 Vg/inl 0 0 0 

No venom 0 0 0 

NOTE: 

Sample: Venom of Crotalus scutulatus scutulatus and 
Crotalus atrox 

Conjugate: Urease conjugates of anti-Crotalus scutulatus scutulatus 
at 0.25 Vg/ml and 2.5 pg/ml, or anti-Crotalus atrox at 
2.5 yg/ml and 2.5 Jig/ml 

Precoating: Antibody 
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TABLE X C 

RE-ASSAY FOR THREE VENOMS USING THE UREASE METHOD 

(Intensity expressed on a visual scale of 0 - 4+) 

ANTIBODY FRECOAT 

JL* 
helleri £. atrox scutulatus No 

VENOM @ 10 yg/ml @ 10 yg/ml @ 10 yg/ml Antibody 

c. v. helleri @ 20 yg/ml 4+ 4+ 4+ 0 

c. s. scutulatus @ 20 yg/ml 0 0 0 0 

c. atrox @ 20 yg/ml 0 0 0 0 

No venom 0 0 0 0 

NOTE; 

Sample: Venom of CrotaluB viridis helleri, Crotalus scutulatus 
scutulatus, and Crotalus atrox 

Conjugate: Urease conjugates of anti-Crotalus viridis helleri at 
5.0 yg/ml, or anti-Crotalus scutulatus scutulatus at 
5.0 Mg/ml, and/or anti-Crotalus atrox at 5.0 yg/ml 

Precoating: Antibody 
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TABLE X D 

ASSAY FOR ANTIBODY IN ANTI-
CROTALUS SCUTULATUS SCUTULATUS 

(Intensity expressed on a visual scale of 0 - 4+) 

ANTIBODY PRECOAT 
C, s. 

scutulatus atrox No 
SAMPLE @ 10 yg/ml @ 10 fig/ml Antibody 

Anti-Ĉ . scutulatus 0 1:100 2- 2- 0 

Anti-Ĉ  scutulatus @ 1:5,000 1- 1- 0 

Antî C. atrox @ 1:100 2- 2- 0 

Anti-C. atrox @ 1:5,000 1- 1- 0 

No venom 0 0 0 

NOTE; 

Sample: Urease conjugates of antl-Crotalus scutulatus scutulatus 
and anti-Crotalus atrox 

Conjugate: Horseradish peroxidase 

Precoating: Snake venom 
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TABLE X E 

ASSAY FOR VENOM USING THE UREASE METHOD TO ASSESS 
ANTI-CROTALUS VIRIDIS HELLERI CONJUGATE ACTIVITY 

(Intensity expressed on a visual scale of 0 - 4+) 

ANTIBODY PRECOAT 
C« C t C i 

v. h. atrox s. s. 
@10 @10 @10 No 

VENOM yg/ml yg/ml yg/ml Antibody 

C. v. h. with con 
"C. \r. IT. with con; 
"C. ;v. H. with con] 
IT. v.* "FT. with con] 
"C. v. If. with con* 
TT. v. IT. with con: 

ugate @ 0.25 yg/ml 
ugate @ 0.10 yg/ml 
ugate @ 0.025 yg/ml 
ugate @ 0.01 yg/n 
ugate @ 
ugate @ 

C. s. s. with 
TJ. s. s. with 
"C. b. b_. with 
IT. s. s. with 
"C. s. s_. with 
31* J.* 
C. atrox with 
TT. atrox with 
tr. atrox with 
IT. atrox with 
"C. atrox with 
TT. atrox with 
No venom 

con; 
con; 
con] 
con] 
con] 
con, 
con; 
con* 
con'l 

ugate 
ugate 
ugate 
ugate 
ugate 
ugate 
ugate 
ugate 
ugate 

conjugate 
con] ugate 
conjugate 

0.01 yg/ml 
0.0025 yg/ml 
0.001 yg/ml 

@ 0.25 yg/ml 
@ 0.10 yg/ml 
@ 0.025 yg/ml 
@ 0.01 yg/ml 
@ 0.0025 yg/ml 
@ 0.001 yg/ml 

@ 0.25 yg/ml 
@ 0.10 yg/ml 
@ 0.025 yg/ml 
@0.01 yg/ml 
@ 0.0025 yg/ml 
@ 0.001 yg/ml 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.£• X* 2i* ° X* helleri 
£. _s. _s. •= C. b_. scutulatus 

NOTE; 

Sample: Venom of CrotaluB virldis helleri, Crotalus scutulatus 
scutulatuB, and Crotalus atrox 

Conjugate: Urease conjugates of anti-Crotalus viridls helleri at 
0.25, 0.10, 0.025, 0.01, 0.0025 and 0.001 yg/ml 

Frecoating: Antibody 



TABLE XI 

ASSAY FOR ANTIBODY IN HUMAN SNAKEBITE VICTIM SERUM 

(Intensity expressed on a visual scale of 0 - 4+) 

VENOM PRECOAT 

.£• x* .£• .£.• .£• a* a. 
helleri adamanteus atrox scutulatus miliarius piscivorus No 

ANTISERUM @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml Precoat 

Victim's serum e 1:10,000 3+ 4+ 3+ 2+ 3+ 2+ 0 

Victim's serum @ 1:40,000 2+ 3+ 2+ 1+ 1+ 1+ 0 

Victim's serum e 1:80,000 1+ 2+ 1+ 0 0 0 0 

Blank 0 0 0 0 0 0 0 

U1 
Ln 



56 

mild specificity at 0.25 and 1.0 yg/ml, being less specific at 1.0 

yg/ml. Antl- s_. scutulatus conjugate and antl- £. atrox conjugates 

were both active at concentrations of 50 and 100 pg/ml, but neither 

demonstrated specificity. Since all conjugates were mixed together in 

common solutions for each diultion group, the question arose as to 

whether the apparent activity of anti- C. atrox and anti- £. jb. 

scutulatus conjugates were not merely cross reactions from the anti-

it • v.* helleri conjugate, with the anti- Ĉ . atrox and anti- s. 

scutulatus conjugates not reacting at all. Thus, the same concentra

tions of anti- (3. atrox and anti- s_. scutulatus conjugates were run 

separately. The results were essentially equivalent (Table XI). 

Although a number of problems were encountered, study num

ber 10 (Table XI) demonstrated the feasibility of the urease assay for 

crotalid venoms. A more versatile antibody purification procedure is 

needed to avoid denaturation. Also, a better conjugation method might 

be useful. We chose N-E-Maleimidocaproyloxy succinide (EMBS) because 

it is specific for the sulfyhydryl groups of the urease. Its efficacy 

can be questioned when non-denatured antibody is used. There is no 

doubt that EMBS did cause additional denaturation of antibodies. 

Another kind of EMBS, Meta-maleimidobenzoyl N-hydroxysuccinimide (MBS) 

might be tried and might also be easier to work with. MBS is colored, 

so that visual elutlons rather than spectrophotometric measurements 

could be used. Glutaraldehyde, although less specific, might well be 

used in ELISA work, as CHANDLER and HURRELL (1982) have demonstrated. 
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The urease reagents were found to be relatively stable, and 

they did not appear to deteriorate with storage. This makes their 

potential as a field or even non-field assay greater than horseradish 

peroxidase, for which the substrate 2,2 azino-di-(3-

Ethylbenzthiazoloine Sulfonic acid) (ABTS) has a limited half life. 

The vivid color change in the urease system was easy to visualize, 

although intermediate colors made spectrophotometry analysis 

difficult. 

The urease substrate appeared extremely sensitive to pH 

changes. In fact, only normal saline or distilled water could be used 

in the washes, for phosphate buffer solution or carbonate buffer left 

sufficient high pH fluid to create a false positive test. An indi

cator with a better range would be preferred. 

Clinical Cases 

To further assess the diagnostic potential of the ELISA, 

study number 5 (Table VI) was extended to include serum from a human 

who is under study by Dr. Russell, known to have been given multiple 

injections of two snake venoms (Table XI). The patient's serum was 

obtained, rehydrated according to our protocol and prepared in three 

dilutions, 1:10,000, 1:40,000 and 1:80,000. These samples were run 

against the venoms of all snakes in our study, including C3. v. 

helleri, _C. adamanteus, JC. atrox, £. b̂ . scutulatus, S. m. miliarius, 

A. piscivorus, and ii. naja Again, the 1:80,000 dilution proved the 

most descriptive, demonstrating strong reactions with the venoms of 

C. adamanteus, atrox, and A. piscivorus. Since the patient had 
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injected himself with atrox and A. piscivorus venoms the positive 

findings with these two venoms could be expected. The strong posi

tive result with (2. adamanteus was not expected, for in no previous 

runs had there been cross-reactivity between adamanteus and £. 

atrox of the order seen with this patient's serum. Since the patient 

is not a qualified herpetologist and there is some question as to the 

source of his adamanteus and (2. atrox venom, the possibility 

exists that the venom of CI. adamanteus 'may have been during his 

immunizing program. Further, there was some cross-reactivity with 

all the crotalid venoms tested, although this was of a low order, but 

there was no reactivity with the _N. naja venom. 

During the course of the present study, a case of snake venom 

poisoning was admitted to University Medical Center. A 3-year-old 

boy had been bitten a few days earlier by an unidentified snake and 

was admitted in shock. The child's history revealed that he was 

playing at a roadside park in southeastern Arizona and was thought to 

have been stung by a bee. He collapsed immediately, but was not 

taken to a medical facility for almost one hour. There he remained 

in shock in spite of attempts to revive him. He was transferred to 

University Medical Center in Tucson some hours later where careful 

examination revealed a small puncture wound over the superficial 

saphenous vein of the left leg, without any significant local tissue 

changes. A tentative diagnosis of rattlesnake venom poisoning was 
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made and antivenin was given. The child responded but an electro

encephalogram revealed flat brain tracings. Prior to the adminis

tration of the antivenin an attempt was made to use the inhibition 

venom assay, in order to identify the venom of the offending snake 

(Study number 10, Table XII A and XII B). Blood and urine samples 

were assayed, and pleural, and pericardial fluids, and tissues from 

the bite site were assayed. 

Urine from the patient was available for studying only two 

venoms, and as the clinical course and geographic location were con

sistent with £. atrox or (J. _s. scutulatus these venoms were chosen. 

In the limited numbers of wells studied, C. scutulatus venom 

appeared to be the venom present in the samples. _C. atrox showed no 

inhibition. 

The pleural and pericardial fluids run against all the 

venoms showed no consistent inhibition. Bite site tissue showed a 

slight specificity for the venoms of C.. v. helleri and £. 

scutulatus (Table XII A). The results from the serum samples were 

inconclusive (Table XII B). On the basis of these few investiga

tions, it was difficult to decide whether or not, in this specific 

case, in vivo inhibition was a valid venom assay. All that can be 

said is that (J. jj. scutulatus appeared to be the most likely culprit, 

which was consistent with the clinical and post mortem findings, and 

the geographic location in which the envenomatlon occurred seemed to 

confirm the assay findings. 



TABLE XII A 

ASSAY FOR VENOM IN HUMAN SNAKEBITE VICTIM TISSUES 
USING THE INHIBITION TECHNIQUE 

(Intensity expressed on a visual scale of 0 - 4+) 

VENOM PRECOAT 
C. v. _C. C. J3. s_. S_. m. A. 
helleri adamanteus atrox scutulatus miliarius piscivorus 

ANTISERUM: @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml @ 5 yg/ml 

with 10 yl normal saline 1+ 2+ 2+ 2+ 2+ 2+ 
with 10 pi pleural fluid 0 1+ 0 0 0 0 
with 20 yl normal saline 1+ 2+ 2+ 2+ 2+ 2+ 
with 20 yl pleural fluid 0 1+ 1+ 1+ 1+ 1+ 
with 10 yl normal saline 1+ 4+ 2+ 2+ 2+ 2+ 
with 10 yl pericardial fl. 0 1+ 1+ 1+ 1+ 1+ 
with 20 yl normal saline 1+ 2+ 2+ 2+ 2+ 2+ 
with 20 yl pericardial fl. 0 1+ 1+ 1+ 1+ 1+ 
with 10 yl normal saline 1+ 2+ 2+ 2+ 2+ 2+ 
with 10 yl bite site tiss. 0 2+ 2+ 1+ 2+ 2+ 
with 20 yl normal saline 1+ 2+ 2+ 2+ 2+ 2+ 
with 20 yl bite site tiss. 0 2+ 2+ 1+ 2+ 2+ 

NOTE; The sample is human snakebite victim body fluids (non-diluted) + known rabbit antisera 
(1:40,000). The antiserum crossed with each venom is the antiserum that corresponds to 
the venom. 



TABLE XII B 

ASSAY FOR VENOM IN HUMAN SNAKEBITE VICTIM SERUM 
AND URINE USING THE INHIBITION TECHNIQUE 

(Intensity expressed on a visual scale of 0 - 4+) 

VENOM PRECOAT 
Ĉ . v. C. _s. jj. m. A. 

helleri adaroanteus atrox scutulatus miliarius piscivorus 

ANTISERUM: @ 5 Vg/ml @ 5 Vg/ml @ 5 Pg/ml @ 5 Vg/ml @ 5 yg/ml @ 5 Pg/ml 

with 10 VI normal saline 3+ 2+ 3+ 2+ 2+ 2+ 
with 10 VI normal serum 2+ 1+ 2+ 1 + 1+ 1+ 
with 10 VI patient serum 2+ 1+ 1+ 0 1+ 2+ 

with 20 U1 normal saline 1+ 1+ 1+ 3+ 2+ 2+ 
with 20 VI normal serum 0 0 0 2+ 1+ 1+ 
with 20 yl patient serum 0 0 0 1+ 0 0 

with 10 )il normal saline — _ 3+ 3+ — — 

with 10 Ml normal urine - - 3+ 3+ - -

with 10 Ml patient urine - - 3+ 1+ - -

NOTE; The sample is human snakebite victim body fluids (non-diluted) + known rabbit antisera 
(1:40,000). The antiserum crossed with each venom is the antiserum that corresponds to 
the venom. Human Fluids from normal humans and normal saline were used as controls. 

CTi 



CHAPTER 4 

CONCLUSIONS 

The suitability of the ELISA for detection of crotalid venom 

antibodies has been demonstrated. The present study indicates a high 

degree of species correlation, and an analysis of the ELISA for 

differentiating phylogenetically similar snake venom antibodies. 

A clinical application of this test in crotalid envenomation 

has been suggested. Specificity was demonstrated, using the 

horseradish peroxidase system on material from a human snakebite 

victim. It seems apparent that further use of this test in 

establishing the species of snake, or to document possible 

envenomation should be explored. 

The horseradish peroxidase system appears the most practical 

of the several techniques. The urease system may be just as practi

cal, but in the present study it was unsatisfactory. When problems 

inherent to the urease system have been remedied, it may be the 

method of choice as a simple, rapid, and reproduceable tool in 

diagnosing crotalid envenomations. 
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