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IMMUNOASSAY FOR VENOM DETECTION INCLUDING

NONINVASIVE SAMPLE COLLECTION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application Serial No.

60/727,300 filed October 17, 2005, which is incorporated by reference herein.

BACKGROUND

[0002] Envenomations by the brown recluse spider, Loxosceles reclusa, are a

significant source of morbidity in endemic regions of the United States, and

misdiagnoses are common. A survey of physicians in the endemic area has shown the

economic viability of an accurate diagnostic test for these spider bites. An optimal

Loxosceles venom assay entails significant challenges. Unlike the routine construction

of enzyme-linked immunosorbent assays (ELISAs) dedicated to the detection of a single

protein, this ELISA detects a unique physiologically active protein-sphingomyelinase D

(SMD)-abundantly present in a venom containing a myriad of proteins in varying

amounts with varying physiological properties. Some of these proteins closely resemble

those of other arthropods, making cross-reactivity of proteins a challenge. However,

SMD, the major component of venom felt to be responsible for dermal necrosis, has

never been reported in any organism other than Loxosceles spiders.

[0003] Loxosceles ("slant-legged") reclusa ("shy and retiring") (Figure 1) and other

species belonging to the genus Loxosceles are an occasional cause of morbidity and

probably a rare cause of mortality in endemic areas (Figure 2) [SamsOI, Cacy99J.

Recluse populations become sporadic on either side of the range borders. (From R.

Vetter: spiders.ucr.edu with new data in 2002.)

[0004] Accurate data on the number of brown recluse envenomations annually is not

available. Data collected from poison control centers nationwide show 2,364 brown

recluse spider bites (BRSB) reported in 2000, of which 582 had a moderately significant

outcome and 2 1 had a major outcome. [LitovitzOI] These data are incomplete and

represent a fraction of the total number of probable brown recluse envenomations,



which may be estimated by two other methods. Data from our survey of 2 1 emergency

room (ER) physicians and 12 non-ER physicians (Figure 3) within the central infested

area (Missouri, Kansas, Kentucky, Tennessee, Oklahoma, and Arkansas) show an

average of 9.62 probable BRSB per year per ER physician. For this emergency room

physician population of 3700, a BRSB annual estimate of 35,594 is obtained. For these

highly infested areas, emergency room physicians estimate BRSBs comprise 0.4% of

the 7.5 million ER visits, or approximately 30,000 probable BRSBs, a similar total. This

total includes none of the non-ER visits, which are harder to estimate, and none of the

bites out of the central infested area. The total number of possible BRSBs reported by

ER physicians is higher, reflected in the total number of test kits needed per year of

17.7 per ER physician or 65,490 tests in the central infested area, an annual market of

$ 1 .7 million in central-infested-area ERs alone.

[0005] In a review of nineteen documented cases [SamsOia], the most common

presenting symptom was pain at the bite site (10 of 19 patients; 53%), which is similar

to the frequency of pain in a series including undocumented cases [Cacy99,Gross89].

More common on bites on the extremities, pain begins after two to eight hours and may

be severe enough to require narcotics for relief. Pain may be related to

sphingomyelinase D degradation of nerve sheath myelin [Clowβrs96] and may be

followed by anesthesia, hypoesthesia, or hyperesthesia [SamsOI ,Clowers96]. Malaise,

fatigue and lightheadedness have been reported in multiple cases, with systemic effects

more common in children. Anxiety commonly pervades the first days of Loxosceles

envenomation, with dread of severe necrosis or death and worry about a slowly-healing

wound (Figures 4 and 5). This is a difficult time for patients and their families, and

uncertainty in the diagnosis is an additional burden. The most common of the severe

systemic effects is hemolytic anemia, both Coombs-positive and Coombs-negative,

which can rarely cause lysis of 70% of the red blood cell mass in hours [ouhsc96].

Rarely, disseminated intravascular coagulation may occur [Shenefelt97,Taylor66]. Eight

deaths have been recorded in the medical literature as of early 2001, all lacking an

accompanying spider for documentation, with most cases in children, generally

following severe hemolysis, renal failure and multisystem failure [SamsOI].



[0006] Many medical conditions cause necrotic wounds and have been misdiagnosed

as necrotic arachnidism, leading to a delay in proper treatment. [Vetter δ , Stoecker96,

Rosenstein87, VetterO3, Oaven99]. These conditions include: anticoagulant necrosis;

arthropod bite, e.g., Biting flies, and assassin bugs, kissing bugs, scorpions

[SamsQI ,Vetter98]; atypical mycobacterial infection [Stoecker96]; Bacterial cellulitis;

chemical burns; cutaneous vasculitis [SamsOI]; ecthyma gangrenosum [SamsOI];

factitia; Foreign body [SamsOI]; Herpes simplex with immunosuppression; Loxoscelism

from other species, such as L deserta, and L arizonica, L rυfescens [Shenefelt97J;

lyme disease [Rosenstein87]; lymphomatoid papulosis [VetterO3]; Necrotic arachnidism:

other genera such as egenaria agrestis (Hobo spider), Rabidosa (Lycosa) antelucana,

punctulata (wolf spider), Do/omedes scriptus (fishing spider), peucetia viridans (green

lynx spider), Cheiracanthium mildei (sac spider) [SamsOI}; necrotizing fasciitis

[Maisel94]; pyoderma gangrenosum as seen in Figure 6 (pyoderma gangrenosum can

be distinguished from necrotic arachnidism in cases with multiple inflammatory pustules

or dusky, volcano-like hemorrhagic nodules, but a single ulcer can be suggestive of a

spider bite and Loxosceles envenomations can be followed by pyoderma gangrenosum

[SamsOI ,Hoover90]; syphilitic chancre [Cacy99]; Sweet's syndrome SamsOI];

sporotrichosis [Oaven99]; tularemia [Stoecker96]; and ulcers, both diabetic and stasis

[Shenefelt97].

[0007] Streptococci may be taken as the prototype for a number of bacteria that can

cause necrosis. These include Clostridium difficile, Vibrio vulnificus, and Pseudomonas

aeruginosa, (as well as other Gram-negative rods that cause ecthyma gangrenosum).

Extensive bacterial cellulitis, especially when the lesion is progressing in size and

swollen diffusely, needs specific antibiotic and surgical management. In the news in

2002, there was a case of anthrax in a child in New York City, initially misdiagnosed as

a spider bite. Cases of tularemia, atypical mycobacterial infections, and even multiple

cases of lymphomatoid papulosis [VetterO3] have been initially misdiagnosed as spider

bites. Mistaking these lesions for spider bites can have adverse consequences for the

patient.

[0008] As yet, without clinical tests for loxoscelism, for cases in which the spider has

not been recovered, the wound is diagnosed based upon the presence of typical



morphology, a compatible history (such as a bite following putting on clothing after long

storage), and whether the bite occurred within the expected territorial range. [SamsOI]

As an example, the wound in Figure 7, appearing in an email from a physician to one of

the inventors, coming from an area of the country with no documented cases of

loxoscelism, may well have been due to trauma or abuse rather than to Loxosceles

envenomation, but we could not be certain. Unfortunately, in this case as in other such

cases, the potential for litigation is present, and if this occurs, litigation outcome may

depend upon an uncertain diagnosis.

[0009] A sensitive and specific clinical test has been sought for envenomations with

Loxosceles reclusa. A passive hemagglutination inhibition (PHAI) test was reported to

be successful in identifying Loxosceles reclusa experimental envenomations in guinea

pigs, with 90% sensitivity up to three days after venom injection, and 100% specificity

as far as false identification of other spider species, but the test is difficult to perform

[SamsOI ,Barrett93]. A lymphocyte transformation test has also been developed, but is

rarely used because of expense and delayed appearance of a positive test result

[Berger73]. Proteins contained in Loxosceles venom are immunogenic with significant

titers of anti-Loxosce/es IgG antibody formation when venom is inoculated multiple

times in the rabbit model [Gomez99]. However, antibody response in humans, across

Loxosceles species, appears to be weak. Only four of 20 patients bitten with L. gaucho

and treated with serum therapy had antibodies to L. gaucho venom [Barbaro92]. In

another study, there were no antibodies to Loxosceles venom in measurements taken

out to 30 days [GuilhermeOI]. Thus several experimental methods have been

developed to detect the presence of Loxosceles venom, but none are simple enough to

be commercially available for confirmation of envenomation in patients with suspected

Loxosce/es-induced lesions.

[0010] Immunoassay methods and devices comprising swabs used for analyzing

samples are known to the art. U.S. Patent Publication No. 2005/0136553 discloses a

device in which a swab is contacted by a fluid contained in a fluid chamber via a flow

channel, and also containing an assay in fluid communication with the swab, the fluid

chamber and the flow channel. U.S. Patent No. 6,248,294 describes a substantially self-

contained diagnostic test for collecting and analyzing a biological specimen having a



tubular housing defining a specimen chamber for receiving a biological specimen

collected from a swab. U.S. Patent No. 4,582,699 discloses a kit for detection of

gonorrhea in which an inert strip with antibody to the antibody to be detected

immobilized thereon is inserted into the sample and subsequently exposed to a reagent

for detecting binding. U.S. Patent No. 4,916,057 describes an immunoassay procedure

for detection of Chlamydia trachomatis antigen in a sample collected on a swab

comprising extracting the sample from the swab with a basic solution that is

subsequently neutralized before conducting the immunoassay. U.S. Patent Nos.

5,753,262 and 4,943,522 disclose lateral flow immunoassays used as pregnancy tests.

U.S. Patent No. 5,163,441 describes a swab for collecting microbiological cultures

comprising a swabbing tip made with a non-toxic polyurethane foam having open cells

at its exposed surface. U.S. Patent No. 5,084,245 discloses a device and method

involving expressing liquid from the swab for analysis.

[0011] All patents and publications referred to herein are incorporated by reference to

the extent not inconsistent herewith for the purpose of providing written description and

enablement of art-known aspects of this invention.

SUMMARY

[0012] An optimal Loxosce/es venom assay entails significant challenges. Unlike the

routine construction of ELISAs dedicated to the detection of a single protein, this ELISA

detects a unique physiologically active protein-sphingomyelinase D (SMD) abundantly

present in a venom containing a myriad of proteins in varying amounts with varying

physiological properties. Some of these proteins closely resemble those of other

arthropods, making cross-reactivity of proteins a challenge. However, SMD, the major

component of venom felt to be responsible for dermal necrosis, has never been

reported in any organisms other than in Loxosce/es spiders. The limits of sensitivity

were previously unknown, and our research has allowed an estimate of both the

smallest amount of venom detectable as well as the clinical time limits of the assay and

preliminary determination of sensitivity and specificity with biological controls. We have

also compared polyclonal antibodies raised in sheep and rabbits, both via crude venom

inoculations and sphingomyelinase D, highly purified from crude venom via affinity



chromatography. We have determined that polyclonal antibodies raised in rabbits allow

more sensitivity in the polyclonal ELISA assay than those raised in sheep. Clinical

application of an optimized assay saves the morbidity and expense due to inappropriate

diagnosis and treatment of various skin conditions with presentations similar to

Loxosceles envenomations. In addition, techniques used in the successful detection of

this spider venom can be broadly applied and enable the production of assays for the

detection of other clinical relevant protein markers for other envenomations and other

foreign proteins.

[0013] This invention provides a method of diagnosing a bite or sting of a venomous

organism in a patient having symptoms consistent with such a bite or sting. The patient

can be a human or animal such as a mammal. The method comprises collecting a

sample comprising venom from said venomous organism from the area of the

suspected bite or sting using a swab; contacting the sample with an antibody which

specifically binds to an antigenic site on venom present in the sample; and detecting a

complex formed by binding of the antibody and the antigenic site. Venom is a poisonous

secretion of a venomous organism, such as a snake, spider, scorpion, wasp, bee, or

jellyfish, usually transmitted by a bite or sting. The term "diagnosing" as used herein

means identification of the venomous organism that produced the injury. To "collect a

sample comprising venom" means to obtain a sufficient amount of material from the site

of the bite or sting to be able to diagnose the bite or sting. The material containing the

venom can be blister fluid or tissue and/or liquid from a lesion or surrounding skin. The

"area of the bite" means an area about one cm of a visible wound (over a diameter of 2

cm, with this diameter ranging from about 1-5 cm.

[0014] A swab is a piece of absorbent or adsorbent material, which means material

capable of taking up material containing venom from the site of a bite or sting. The

material can be any such material known to the art, e.g., cloth comprised of natural or

synthetic materials, e.g., cotton, bibulous paper, Dacron rayon, or nylon, or fibers made

of such materials, e.g., cotton balls, medical gauze, paper, sponge, polymeric foam

such as polyurethane foam, brushes with absorbent or adsorbent bristles that allow the

collection of cells such as the Cytette nylon brushes of Birchwood Laboratories, Inc.,

Eden Prairie, MN that are useful for rotation within a narrow aperture, or the Panasonic



electric shaver cleaning brush available through totalvac.com; and Q-tip™-type devices

such as the cotton swabs made by Unilever Company, and the rayon Scopette™ swabs

of Birchwood Laboratories, Inc., typically modified to have a larger head. Bristles that

are not absorbent or adsorbent taken singly, can be combined into "brushes" that are

absorbent or adsorbent and capable of picking up sample material. The absorbent or

adsorbent material can be attached to a stick or other handle or can be manipulated by

hand without a handle. The swab may be dry, in which case fluid such as saline can be

added to carry the antigens on the swab into contact with antibodies in the

immunoassay, or the swab may be premoistened with a fluid such as saline as supplied

as part of an immunoassay kit, or may be premoistened by the user at the time of taking

the sample.

[0015] The method of collecting the sample is non-invasive, and does not require

cutting or injecting needles into patients who are typically anxious and in pain, and who

may be children or elderly people who do not tolerate pain well.

[0016] The detecting can be performed by any method known to the art, as more fully

described hereinafter, including sandwich immunoassays and electrochemical

immunoassays. In addition, other means for determining the presence or absence of a

selected venom protein, e.g., performing western blots, tests, protein function tests, and

other assays known to the art can be used.

[0017] In one embodiment, the detecting is done using an immunoassay device "in the

field," i.e., outside a laboratory. Such devices include, for example, cartridge test

devices and dipstick test devices. The device comprises at least one first monoclonal

and/or polyclonal antibody specific to a venom protein, a support for the first monoclonal

or polyclonal antibody, means for contacting the first monoclonal or polyclonal antibody

with the sample, and an indicator capable of detecting binding of the first monoclonal or

polyclonal antibody with the venom protein. In some embodiments, one or more

monoclonal antivenom antibodies are used in addition to polyclonal antibodies. The

swab can have the anti-venom antibody or antibodies immobilized thereon, and can

thus be an integral part of the immunoassay device. For example it can be a paper strip

that is subsequently contacted with a tracer to detect the presence of binding between



venom antigens and the antibodies. The swab can comprise a liquid to aid in picking up

venom-containing material from the site. In some embodiments, after collecting the

venom from the site of the suspected bite or sting, the swab can be wiped over a

substrate having immobilized antibody thereon, or exposed to a liquid that carries the

venom antigens from the swab to a site where they can be contacted with anti-venom

antibodies. Or venom-containing liquid can be squeezed from or otherwise extracted

from the swab for contact with anti-venom antibodies. In some embodiments, the swab

is disposable.

[0018] Typically, the sample is collected by gently wiping or soaking the skin with the

swab for about one to about 360 seconds, for example, for about thirty seconds. The

swab can be flash-frozen to extend the period between taking the sample and testing

longer than the seven days to three weeks possible without freezing.

[0019] When cells are included in the sample to be tested, the method and/or device

can include a cell-lysing step or means using detergent, puncture or other physical or

chemical process known to the art.

[0020] In the devices of this invention, any indicator means known to the art to detect

antibody/protein binding can be used. The indicator means can include second, labeled,

monoclonal or polyclonal antibodies which bind to the selected protein, which preferably

bind to a substantially different epitope on the selected protein from that to which the

first monoclonal or polyclonal antibodies bind, such that binding of the first monoclonal

or polyclonal antibody will not block binding of the second antibody, or vice versa. The

indicator means can also include a test window through which labeled antibodies can be

viewed. Any label (also referred to herein as marker) known to the art can be used for

labeling the second antibody. The second antibody can be monoclonal or polyclonal.

[0021] When the sample to be assayed is a liquid or is carried by a liquid, and the

immunoassay test device is a lateral flow device comprising inlet means for flowing a

liquid sample into contact with the antibodies, the test device can also include a flow

control means for assuring that the test is properly operating. Such flow control means

can include control antigens bound to a support which capture detection antibodies as a

means of confirming proper flow of sample fluid through the test device. Alternatively,



the flow control means can include capture antibodies in the control region which

capture the detection antibodies, again indicating that proper flow is taking place within

the device. In a lateral flow device, in which the sample is placed on an absorbent

support comprising the detection antibody, the sample window and absorbent support

provide means for contacting the antibodies with the sample.

[0022] The assay method can also comprising collecting a control sample from a

separate site on the patient's body that has not been exposed to the venom, i.e., shows

no sign of having been the site of a venomous sting or bite, and the control can be

tested using the same immunoassay methods and devices as the sample from the site

of the sting or bite.

[0023] Many venomous organisms are known to the art, including spiders such as the

brown recluse, black widow, funnel web, funnel red, white tail, red back, mouse spider,

house spider, wolf spider, trap-door spider, and tarantulas, as well as scorpions, and

venomous snakes, such as the eastern diamondback rattlesnake {Crotalus

adamanteus), the timber rattlesnake (Crotalus horridus), the dusky pigmy rattlesnake

(Sistrurus miliarius barbouri), the Mojave rattlesnake (Crotalus scutulatus), the common

adder (Vipera berus), the fer-de-lance (Bothrops atrox), the Florida cottonmouth

(Agkistrodon piscivorus conanti), the eastern coral snake (Micrurius fulvius fulvius), and

other venomous snakes known to the art. Venomous organisms also include jellyfish

such as the box jellyfish (Chironex flecked), and the irukandji jellyfish (Carukia barnesi);

wasps and bees. Venomous spiders of genus Latrodectus, Tegeneria (including

Tegeneria agrestis), Loxosceles, Atrax (including Atrax robustus), Phoneutri, and

hadronyche (including the species Hadronyche formidabilis, H. infensa, H. valida, H.

versuta, H. modesta, H. meridiana, H. adelaidiensis, H. eyrei, H. flindersi, H. venenata,

H. pulvinator and H. cerberea) are included within the venomous organism whose stings

or bites can be diagnosed by the methods and devices of this invention. The invention is

illustrated with respect to the diagnosis of bites of the brown recluse spider, Loxosceles

Reclusa. Other spiders within this genus for which the method is applicable include

Loxosceles intermedia, Loxosceles laeta, Loxosceles gaucho, and Loxosceles

rufescens.



[0024] This invention provides an improved method for detecting venom by means of

an ELISA modified to reduce blocking antibodies using nonfat milk solids and alkaline

phosphatase markers. A variety of markers may be used including immunogold,

alkaline phosphatase, beta-galactosidase, glucose oxidase, peroxidase markers, and

any enzyme that produces a colored or fluorescent product, as is known to the art for

monitoring immune reactions. This ELISA is extremely sensitive and can under 24

picograms, e.g., around 20 picograms, of venom in a sample, even after the sample has

been exposed to ambient summertime temperatures, e.g., up to 100 0F or more for up

to about three weeks prior to the detecting step. The method can distinguish the

organism that caused the bite or sting from other species of venomous organism

utilizing antibodies specific to particular venoms, which can be produced by methods

known to the art, following the teachings herein, using combinations of venom

immunoassays with previously-known clinical identification of symptoms. Methods of

raising polyclonal antibodies can be optimized over host species. A comparison of

species can allow optimization when the optimal species is unknown, as per the sheep

and rabbit results above. A suitable species can be determined for any given venom

by comparing known methods, for example the production of polyclonal antibodies to

scorpion venom in horses, to another species, for example sheep.

[0025] This invention also provides an immunoassay kit comprising an antibody

capable of binding to an antigen present in a venom; a swab for collecting a sample

comprising venom from the area of a venomous bite or sting on a patient's body; and a

tracer for detecting binding between the antibody and the antigen. In some

embodiments the antibody is immobilized on a solid substrate, and the solid substrate

can be a swab as described above.

BRIEF DESCRIPTION OF THE FIGURES

[0026] Figure 1 depicts a Loxosceles reclusa spider , feeding on a grasshopper.

[0027] Figure 2 is a map of the United States showing endemic distributions of the

brown recluse (larger area) and five related Loxosceles species in the United States,

based on Gertsch and Ennik.



[0028] Figure 3 is a graph showing the results of a telephone and email survey of 33

physicians within the L. reclusa area shown in Figure 2.

[0029] Figure 4 shows a severe bite of Loxosceles reclusa, with a Sams-King certainty

of probable on the eighth day.

[0030] Figure 5 shows a severe bite of Loxosceles reclusa, with a Sams-King certainty

of probable, on the 28th day, illustrating the typical slow healing course for large,

ulcerated lesions.

[0031] Figure 6 shows a Pyoderma gangrenosum ulcer. Note the typical wet, clean-

based ulcer and violaceous overhanging border.

[0032] Figure 7 shows a necrotic wound with uncertain diagnosis coming from an area

in which Loxosceles recluse is known to be present.

[0033] Figure 8 shows venom fractionation using Sephadex G100 column

chromatography. The first peak (arrow) fraction was found to contain dermonecrotic

activity. Peaks 6 and 7 may contain the 5 kDa protein shown in Figure 9.

[0034] Figure 9 shows an SDS PAGE (electrophoresis) gel of fractions of crude

Loxosceles venom (VEN) and analysis of crude venom (see lane marked "VEN"). The

multiple protein bands noted in this SDS PAGE demonstrate the multiple proteins

contained in venom.

[0035] Figure 10 shows Western blots of L. deserta (LoxD) and L. reclusa (LoxR) using

αLoxRD as the primary antibody. Both venoms revealed prominent signaling in the

30KDa molecular weight range.

[0036] Figure 11 shows polyclonal-based ELISA of homogenized dermis from a punch

biopsy from an Arizona L. deserta victim (see left arrow - positive result is shown in

triplicate and underscored. Compare with the control dermal punch biopsy from a car

trauma victim (right arrow).

[0037] Figure 12 shows results of standard ELISA at dilutions of 1:100 on sera from

patients with probable Loxosceles envenomations, against fractions 1-8 of venom and

two lots of crude venom and sphingomyelinase, comprising the majority of fraction 1.



Preliminary results showed a response by patient 3 at 2 1 weeks to total venom and

other fractions. Note minimal early response and minimal response to

sphingomyelinase. Patient 1, week 1=front row; Patient 1, week 5=second row; Patient

2, week 1=third row; Patient 3, week 21=back row.

[0038] Figure 13 shows arthropod venoms that cross-reacted to the Loxosceles

species ELISA at 16,000ng and 2,000ng. Only L. reclusa control venom reacted with

the ELISA at 40ng. For graphic purposes, the y-axis values are reported as log (data).

*Values reported as off the scale by the assay. From [Gomez02].

[0039] Figure 14 compares venom standard curves for polyclonal assays using

alkaline phosphatase (AP) and horseradish peroxidase (HRP). Detection threshold is 24

pg/well for AP and 49 pg/well for HRP.

[0040] Figure 15 graphs results of polyclonal assays of injected L. reclusa venom, 3-

week using whole venom ng, recovered from cotton swabs at the infection site.

[0041] Figure 16 graphs results (averaged over all rabbits) of polyclonal assays of

injected L reclusa venom, 3-week using whole venom ng, recovered from Dacron

swabs at the infection site.

[0042] Figure 17 graphs results of polyclonal assays of injected sphingomyelinase

component of L. reclusa venom ng, 3-week, recovered from Dacron swabs.

[0043] Figure 18 graphs 3-week ng venom recovered from saline-injected animals,

cotton swabs. Each line represents a single rabbit, with a diamond, for example,

representing a single rabbit, and a square representing a different rabbit.

[0044] Figure 19 graphs 3-week ng venom recovered from saline-injected animals,

cotton swabs. As in Figure 18, each line represents a single rabbit, with a diamond, for

example, representing a single rabbit, and a square representing a different rabbit.

[0045] Figure 20 shows results of assays on six specimens with vertical axis showing

pg/well of venom recovered, with raw absorbances corrected for control absorbances.

Patients A, B, and C were all judged clinically consistent with Loxosceles

envenomations, however negative ELISAs provided strong evidence against

Loxosceles envenomation. Venom concentrations on all three were less than 0.32 pg,



shown in the graph as 0.16 pg. Patient D was clinically assessed as a staphylococcal

envenomation and culture confirmed MRSA, however the markedly positive ELISA

established concomitant loxoscelism. Patient T from Turkey, and patient S from St.

Louis were assayed via gauze and blister fluid, respectively, received via express mail.

Of the six cases, a brown recluse spider was found only for patient S.

[0046] Figure 2 1 depicts the skin appearance of Case B (Figure 20), showing a bloody

blister in a young female, which was rated as a probable Loxosceles envenomation but

the level of venom antigen via cotton swab was less than 0.32 pg.

[0047] Figure 22 depicts a painful swollen tender lesion on the foot in a young male

(Case D, Figure 20) with a documented staphylococcal infection at the site with a 5-day

history. This was considered to be a staphylococcal infection alone and not a recluse

bite until ELISA showed significant venom antigen via cotton swab: 1.2 picogram.

[0048] Figure 23 depicts a tender eyelid lesion in a Turkish patient (Case T, Figure 20)

under the care of an ophthalmologist, presenting with considerable swelling and painful

draining eyelid lesion with hemorrhage and massive bilateral eyelid and facial edema.

Gauzes were used to wipe the affected and contralateral sites, with shipping to Missouri

taking one week. ELISA showed significant venom antigen when compared to control

via the gauze method of collection: 0.5 picogram.

[0049] Figure 24 depicts a hemorrhagic bullae on the arm of a child (Case S, Figure

20) who was playing in his mother's sewing room, when a toy got stuck behind a stack

of boxes, and he stuck his arm behind the stack to retrieve it. His mother recovered the

spider, identified as L reclusa by physicians. Significant hematuria and hemolysis

marked his hospital course and morphine was needed for pain control. Blister fluid

showed significant venom antigen by ELlSA: 0.6 picogram.

[0050] Figure 25 shows a small painful lesion in 10-year-old Missouri girl caused by a

Loxosceles reclusa spider bite.

[0051] Figure 26 shows an alkaline phosphatase detection sensitivity curve for venom

detection, with venom standards shown as squares and amount detected for the patient

depicted in Figure 25 as a diamond.



[0052] Figure 27 shows Patient T Case 1 of Example 8 (see also Figures 20 and 23)

after healing. No scarring or functional impairments were seen at seven months.

[0053] Figure 28 shows Patient Case 2 of Example 8 presenting with a painful eyelid

lesion with early necrosis and severe bilateral eyelid and facial edema.

[0054] Figure 29 shows the Patient of Figure 28 with scarring and hyperpigmentation

observed four months after the spider bite.

[0055] Figure 30 shows alkaline phosphatase detection standard curves, for Case 1,

Figure 27, showing venom standards as black squares and recovered ELISA venom

amount (4.50 pg) at circle.

[0056] Figure 3 1 shows alkaline phosphatase detection standard curve for Case 2,

Figure 28, showing venom standards as black squares and recovered ELISA venom

amount (8.2 pg) at circle.

DETAILED DESCRIPTION

[0057] Loxosceles reclusa and related arachnid species are indigenous American

spiders that possess a venom capable of causing painful, disfiguring necrotic ulcers with

surrounding dermal inflammation and uncommonly, severe systemic effects [Atkins58,

Wasserman83, SamsOI, Anderson971. The diagnosis of a brown recluse spider bite is a

clinical one made on the basis of the morphologic appearance of the cutaneous lesion

[Atkins58, Wasserman83, SamsOI, Anderson97]. Definitive diagnosis is problematic

because patients generally do not bring the offending spider to the clinician for

identification. The appearance of significant envenomation with cutaneous necrosis is

the usual basis for diagnosis but is not specific for Loxosceles species envenomation

[SamsOI, Anderson97, Vetter98], with mimics including a variety of treatable illnesses

[Rosenstein87, Rees87, Moaven99]. When significant necrosis is absent, the

characteristic features of envenomation are lacking, and the diagnosis is more difficult.

[0058] Physicians who practice within the Loxosceles reclusa habitat in the central and

southern areas of the Midwestern US routinely see patients with suspected spider bites.

Unfortunately, we have observed that fewer than 10% of patients bring in the suspect

spider for identification. The spider may be found after a significant delay, leading to



some uncertainty that the arachnid presented is the offending agent. Therefore, the

diagnosis of most spider bites is generally dependent upon analysis of the bite

morphology. Severe bites may exhibit the 'red, white and blue' sign described by Sams

et al [SamsOI] or may show the sunken, bluish patch described by Anderson

[Anderson97]. Small bites as described herein lack these features and are not well-

characterized. They are likely more frequent in occurrence than the literature suggests.

Small bites cannot be diagnosed definitively without the spider or a test that can

unequivocally demonstrate the presence of spider venom.

[0059] Utilizing the diagnostic tests of this invention, venomous bites can be correctly

diagnosed. A sample comprising venom is collected from the area around the bite using

a swab, and the material on the swab is immunologically analyzed for the presence of

venom.

[0060] Various formats may be used to test for the presence or absence of an analyte

using the assay. For instance, in certain embodiments, a "sandwich" format is utilized.

Examples of such sandwich-type assays are described by U.S. Patent No. 4,168,146 to

Grubb, et al. and U.S. Patent No. 4,366,241 to Tom, et al., which are incorporated

herein in their entirety by reference thereto for all purposes. In addition, other formats,

such as "competitive" formats, may also be utilized. In a competitive assay, the labeled

probe is generally conjugated with a molecule that is identical to, or an analogue of, the

analyte. Thus, the labeled probe competes with the analyte of interest for the available

receptive material. Competitive assays are typically used for detection of analytes such

as haptens, each hapten being monovalent and capable of binding only one antibody

molecule. Examples of competitive immunoassay devices are described in U.S. Patent

No. 4,235,601 to Deutsch, et al., U.S. Patent No. 4,442,204 to Liotta, and U.S. Patent

No. 5,208,535 to Buechler, et al., which are incorporated herein in their entirety by

reference thereto for all purposes. Various other device configurations and/or assay

formats are also described in U.S. Patent No. 5,395,754 to Lambofte, et al.; U.S. Patent

No. 5,670,381 to Jou, et al.; and U.S. Patent No. 6,194,220 to Malick, et al., which are

incorporated herein in their entirety by reference thereto for all purposes.



[0061] Any known detection technique may be utilized in the present invention. For

example, as is well known in the art, the assay may also be an electrochemical affinity

assay, which detects an electrochemical reaction between an analyte (or complex

thereof) and a capture ligand on an electrode strip. For example, various

electrochemical assays are described in U.S. Patent No. 5,508,171 to Wallinq, et al.;

U.S. Patent No. 5,534,132 to Vreeke, et al.; U.S. Patent No. 6,241 ,863 to

Monbouquette; U.S. Patent No. 6,270,637 to Crismore, et al.; U.S. Patent No.

6,281 ,006 to Heller, et al.; and U.S. Patent No. 6,461 ,496 to Feldman, et al., which are

incorporated herein in their entirety by reference thereto for all purposes.

[0062] A concern in performing diagnostic assays is to separate immunoreactants that

do not bind antigen, and thus do not form part of the immune complex, from bound

reactants that form the complex. The presence of unbound reactants can increase the

background of the assay. While washing the immune complex can, and, indeed, does

remove most of the background signal due to unbound reactants, most assays employ

what is termed a blocking step to further reduce the background. The blocking step

involves coating the solid support with proteinaceous substances after it has been

coated with antibody. The blocking material binds to sites on the solid matrix material

which are not covered with antibody, and thus prevents subsequent nonspecific binding

of immune reactants that are not part of the immune complex. Generally, the blocking

step is performed either before the assay is conducted, hence, necessitating an

additional time consuming step, or else, as described in U.S. Patent No. 3,888,629, the

solid matrix material is impregnated with the blocking agent, and then freeze dried and

maintained in this state prior to use.

[0063] Immunoassay devices suitable for detecting the presence of venom can be in

the form of flow-through assay devices, typically contained within a housing, and

suitable for collecting samples outside a laboratory. For example, a flow-through

immunoassay comprises a porous membrane having a binding reagent immobilized on

the membrane. An absorbent material is placed on one side of the membrane. When a

sample containing an analyte is applied to the membrane, the sample flows through the

membrane by capillary movement. The analyte is then bound to the binding reagent.

The assay device may include an absorbent (bibulous) support upon which antivenom



antibody is present, and into which sample venom components are absorbed directly

upon contact with the swab or by means of a carrier liquid that carries the venom

components from the sample on the swab into the absorbent support. The device may

also comprise a receiving well for receiving the sample or sample components,

preferably having a bibulous material therein to facilitate transfer of the antigens into the

well. The receiving well may incorporate the antivenom antibodies.

[0064] In one embodiment, the immunoassay test is a colorimetric test that comprises

a plastic housing with a well disposed in one end thereof comprising a bibulous

material; and a strip of paper in fluid communication with the well extending toward the

other end of the housing and having two stripes about 1.5 mm in width running the

entire width of the strip, one for control prepainted with venom antigens and antivenom

antibodies, as well as markers to indicate binding of the antigens and antibodies , and

the other for performing the test prepainted only with antivenom antibodies and markers

to indicate binding. When the sample is added to the well by rubbing the swab along

with a carrier liquid such as normal saline, the carrier fluid allows binding contact

between the prepainted antigens and antibodies on the control stripe and carries venom

antigens from the sample into binding contact with the antivenom antibodies on the test

stripe. The housing comprises a window or windows positioned above the stripes and is

marked to indicate control and test (e.g., C and T). The control stripe always shows the

color reaction, but the test does not unless the sample contains venom antigens with

which the prepainted antivenom antibodies bind.

[0065] A flow-through immunoassay further comprises applying a tracer that is another

binding reagent of the analyte with a label for detecting the bound analyte. The binding

reagents of the membrane and tracer are selected from a group consisting of

antibodies, antigens, receptor proteins, etc. The label can be selected from a group of

detectable substances, including enzymes, radioactive isotopes, and particular color

particles. The immunoassay can also comprise detector means known to the art for

detecting the presence of the label or changes in the label that indicate that binding of a

tracer antibody to the detection antibody has occurred. Suitable membranes include

glass fiber, polyvinylidene difluoride, polycarbonate, nitrocellulose, nylon, paper, etc., for

example as described in U.S. Patent No. 5,155,022.



[0066] As is known in the art, antibodies useful for detecting venom may be polyclonal

or monoclonal antibodies, and polyclonal, monoclonal antibodies or both may be used

as tracers. Antibodies which bind to venom polypeptides can be prepared using an

intact polypeptide or fragments containing small peptides of interest as the immunizing

antigen. The polypeptide or a peptide used to immunize an animal can be derived from

translated cDNA or chemical synthesis which can be conjugated to a carrier protein, if

desired. Such commonly used carriers which are chemically coupled to the peptide

include keyhole limpet hemocyanin (KLH), thyroglobulin, bovine serum albumin (BSA),

and tetanus toxoid. The coupled peptide is then used to immunize the animal (e.g., a

mouse, a rat, or a rabbit).

[0067] If desired, polyclonal or monoclonal antibodies can be further purified, e.g., by

binding to and elution from a matrix to which the polypeptide or a peptide to which the

antibodies were raised is bound. Those of skill in the art will know of various techniques

common in the immunology arts for purification and/or concentration of polyclonal

antibodies, as well as monoclonal antibodies. See, e.g., Coligan, et at. (current ed.)

Current Protocols in Immunology, Wiley Interscience.

[0068] It is also possible to use anti-idiotype technology to produce monoclonal

antibodies which mimic an epitope. For example, an anti-idiotypic monoclonal antibody

made to a first monoclonal antibody will have a binding domain in the hypervariable

region which is the "image" of the epitope bound by the first monoclonal antibody.

[0069] The preparation of polyclonal antibodies is well-known to those skilled in the art.

See, e.g., Green, et at. "Production of Polyclonal Antisera" pages 1-5 in Manson (ed.)

Immunochemical Protocols Humana Press; Harlow and Lane; and Coligan, et at.

Current Protocols in Immunology.

[0070] The preparation of monoclonal antibodies likewise is conventional. See, e.g.,

Kohler and Milstein (1975) Nature 256:495 497; Coligan, et al., sections 2.5.1 2.6.7; and

Harlow and Lane Antibodies: A Laboratory Manual, Cold Spring Harbor Press. Briefly,

monoclonal antibodies can be obtained by injecting mice with a composition comprising

an antigen, verifying the presence of antibody production by removing a serum sample,

removing the spleen to obtain B lymphocytes, fusing the B lymphocytes with myeloma



cells to produce hybridomas, cloning the hybridomas, selecting positive clones that

produce antibodies to the antigen, and isolating the antibodies from the hybridoma

cultures. Monoclonal antibodies can be isolated and purified from hybridoma cultures by

a variety of well-established techniques. Such isolation techniques include affinity

chromatography with Protein-A Sepharose, size-exclusion chromatography, and ion-

exchange chromatography. See, e.g., Coligan, et al.; Barnes, et al. "Purification of

Immunoglobulin G (IgG)" in Methods in Molecular Biology, vol. 10, pages 79 104

(Humana Press, current ed.). Methods of in vitro and in vivo multiplication of monoclonal

antibodies are well-known to those skilled in the art. Multiplication in vitro may be

carried out in suitable culture media such as Dulbecco's Modified Eagle Medium or

RPM1 1640 medium, optionally replenished, e.g., by a mammalian serum such as fetal

calf serum or trace elements and growth-sustaining supplements such as normal mouse

peritoneal exudate cells, spleen cells, bone marrow macrophages. Production in vitro

provides relatively pure antibody preparations and allows scale-up to yield large

amounts of the desired antibodies. Large scale hybridoma cultivation can be carried out

by homogenous suspension culture in an airlift reactor, in a continuous stirrer reactor, or

in immobilized or entrapped cell culture. Multiplication in vivo may be carried out by

injecting cell clones into mammals histocompatible with the parent cells, e.g., syngeneic

mice, to cause growth of antibody-producing tumors. Optionally, the animals are primed

with a hydrocarbon, especially oils such as pristane (tetramethylpentadecane) prior to

injection. After one to three weeks, the desired monoclonal antibody is recovered from

the body fluid of the animal.

Example 1. Venom fractionation

[0071] Commercially available Loxosceles sp. spider venoms (SpiderPharm, Yarnell

AZ) are crude uncharacter ϊzed preparations containing multiple polypeptides ranging in

size from 10-200 KDa. The purification and biochemical characterization of the active

components in these mixtures is fundamental to understanding the potent inflammatory

and necrotic effects that these venoms have on skin. We have completed preliminary

fractionation of Loxosceles sp. venom using anion exchange chromatography. Crude

venom was loaded on a HiTrap Q column and eluted with a salt gradient increasing

from 2OmM to 1M NaCI in 25 mM TEA buffer pH 7.4. While two earlier studies found



three venom fractions in Loxosceles sp. using Sephadex G50 and Sephadex G100

column chromatography, the higher resolution of the more sensitive methods used in

our studies found two more venom component fractions. Thus, five fractions (to the left

of fractions 6-7, Figure 8) were separated and assayed using the rabbit model of

arachnid envenomation. We found using the rabbit dermal model for Loxosceles

envenomation that the dermonecrotic activity was found in the first (flow-through)

fraction, the leftmost peak.

[0072] Figure 9 shows the results of SDS PAGE analysis of crude venom (see lane

marked "VEN"). The multiple protein bands noted in this SDS PAGE demonstrates the

multiple proteins contained in venom.

Example 2. Characterization of Venom Proteins via Western Blot

[0073] L deserta, L reclusa venoms and Rainbow™ molecular weight marker

(Amersham International, Buckinghamshire, England, RPN 800) were subjected to

electrophoresis on 10% sodium dodecyl sulfate (SDS)-polyacrylamide gels and

transferred to nitrocellulose [Osborn89]. Blots were analyzed for protein components

using αLoxRD (rabbit polyclonal) as the primary antibody at 2 ug/ml. The antibody

predominantly recognized a protein(s) migrating close to 28,000M r. See Figure 10.

Example 3. Serum Loxosceles Ag or Ab detection vs polyclonal swab ELISA

[0074] Tests were performed to determine whether detection of antibodies in human

sera to one or more components of Loxosceles venom is an alternate avenue for

development of a reliable clinical test, and whether the venom protein can be detected

in serum.

[0075] ELISA titration of human sera from three patients with suspected Loxosceles

envenomations, with both acute and convalescent sera from patient 3, was performed

with whole venom (SpiderPharm, Yarnell AZ) and fractionated venom, using the eight

protein fractions shown in Figure 8. All three patients had probable Loxosceles

envenomations by the criteria of Sams [SamsOI]. Wells were coated with 100 ng of

buffered crude venom and venom fractions 1-8, and optical densities taken at 30



minutes. Antibodies from patient 1 were obtained 7 days post spider bite, from patient 2-

9 and 24 days post spider bite, and from patient 3-150 days post spider bite.

[0076] Readings of the four patient sera were compared with control human sera. A

standard ELISA with biotinylated goat antihuman secondary IgG at dilutions of 1:100

was then performed. There was a response by patient 3 at 2 1 weeks to total venom,

with a significant response to fraction 6 and other fractions, as shown in Figure 11. No

significant antibody titers were detected early.

[0077] ELISA assays of serum for venom have also been attempted. Four serum

samples taken at 6 hours from rabbits and five more from humans at various times,

including one documented envenomation, have all shown no venom detected above

background levels. Accordingly, acute and convalescent antibody titers and serum

venom assays aimed at confirming Loxosceles envenomation do not appear to be a

viable clinical option, because of an apparently weak antibody response and because of

the need for immediate diagnosis. We have accordingly developed antigen-based

assays.

Example 4. Polyclonal assays

[0078] The first polyclonal assay had a threshold of detection of approximately 100 pg

per well. This was used to detect Loxosceles venom in a 4 mm punch biopsy from an

Arizona Loxosceles spider bite victim [BoyerOO]. See Figure 11. A specimen of L.

arizonica was discovered in the child's bed. The positive polyclonal assay together and

the finding of the spider allowed a definitive diagnosis in a child with significant

hemodynamic changes resembling sepsis.

[0079] Thereafter, a second polyclonal assay was developed. This was a Loxosceles

venom competitive polyclonal enzyme immunoassay that was successfully applied to

detect Loxosceles venom in hair shafts and skin samples obtained from a patient with a

probable Loxosceles envenomation [MillerOO]. Briefly, this patient was bitten by a spider

after removing materials purchased from a gun show in a southern region of the U.S.

After the patient presented with clinical evidence of a spider bite, we plucked hair from

the affected dermal lesion and from a control site in his opposite extremity. Using

competitive sandwich polyclonal techniques described in [MillerOO], we compared the



less invasive hair plucking technique with dermal biopsies obtained from the affected

site. Using the competitive enzyme immunoassay technique, the presence of

Loxosceles venom was detected in the lesional punch skin biopsy tissue (8.2 ± 1 .5 ng/ml

versus 1.5 ± 0.7 ng/ml in contralateral negative control tissue) and in hairs plucked from

the lesion (12.7 ± 3.1 ng/ml versus 1.4 ± 1.6 ng/ml in hairs from the contralateral leg)

[MillerOO].This report showed that venom was detected by a relatively noninvasive

means (i.e., hair plucking).

[0080] Our first polyclonal assay could detect Loxosceles venom with a threshold of

detection of about 100 pg. Seventeen competing venoms (14 arachnids, 2 scorpions,

and 1 honeybee venom) required over 2000 ng in the same assay to be detected

(Figure 13). Only L. reclusa control venom reacted with the ELISA at 40ng.

[0081] Several modifications of the first polyclonal assay have allowed a new threshold

of detection, 24 pg vs 100 pg previously. The changes include adding nonfat milk solids

to the blocking buffer, increasing the concentration of other blocking proteins, allowing

the solution to incubate overnight and changing the developing agent to alkaline

phosphatase. Venom standard curves are shown for the alkaline phosphatase (AP)

assay and horseradish peroxidase (HRP) assay in Figure 14.

[0082] A 24 pg venom well consistently produces an AP signal that is greater than

background plus 3 standard deviations. Three necrotic and inflammatory lesions (with

no history or examination supporting necrotic arachnidism) had signals at background

levels with the second assay.

Example 5. Time study of venom detection in rabbits using cotton and Dacron

swabs

[0083] This study was done under amendment #6 to US Military Protocol

FWH20020003, "Effects of Venom From the Brown Recluse Spider {Loxoceles reclusa)

on the Coagulation Mechanism in Rabbits (Oryctolagus cunniculus)."

[0084] In this amended protocol, FWH20020003A, the 10.0 µg/ml dose of the brown

recluse spider venom was found to be a better concentration than a 20.0µg/ml dose

used in previous studies. A dose of 5 µg produces tissue damage that appears to



approximate the typical "bite" observed in a brown recluse spider bite. It is probable that

the actual bite yields a dose of venom that is quite variable.

[0085] This protocol was approved by the Animal Use and Care Administrative

Advisory Committee (AUCAC) for the use of eighteen rabbits for the full study. The goal

was to find the least amount of venom detected from a swab and the longest period

after the bite that it can be detected, i.e., the longest amount of time that the venom is

viable in the individual lesions. The number of test subjects was determined for

statistical significance. Three animals were saline control subjects. Rabbits were

injected in the deep dermis in the middorsal back. The first phase of the study was to

obtain data to determine the time course of swab and biopsy venom detection. The

biopsied lesions were examined histopathologically to assess the extent and nature of

the tissue damage using standard techniques from previous studies.

[0086] Biopsy tissues were obtained for "snap freezing" in liquid nitrogen at 24 and 72

hours for venom antigen examination at the University of Missouri. After envenomation

and swab and biopsy collections, all animals were euthanized following humane

procedures approved by the AUCAC. In the second phase of the study animals are

given decreasing amounts of venom (N=2 animals per treatment): 2.5µg, 1.25 µg, 0.625

µg, 0.31 25ug, 0.1563 µg vs control with saline with daily swabs and biopsies as noted

above.

[0087] Six adult New Zealand White rabbits were inoculated in the deep dermis with 5

µg of Loxosceles venom (SpiderPharm, Yarnell, AZ). Four died shortly thereafter with

multiple organ failure including pulmonary edema and liver necrosis. Three more were

inoculated with 4 µg of Loxosceles venom and survived. Saline-injected rabbits were

used as controls. Swabs were obtained using the standard 30-second swab method

with cotton and Dacron swabs daily for 2 1 days and biopsy material was obtained in a

circular area near the infection site at one, three, seven, and fourteen days.

[0088] A similar study was performed in New Zealand White rabbits using the purified

sphingomyelinase component of Loxosceles venom. Saline injection controls, cotton

and Dacron swabs, and the swab technique were the same as in the whole venom



experiment above. Results are as shown in figures 15-19, with venom detected as long

as three weeks from the 4 and 5 ug doses.

[0089] Results show generally that cotton swabs work better than Dacron; venom can

be detected out to three weeks and probably more; there is considerable animal to

animal variation; the venom fraction that is essentially sphingomyelinase allows

detection at least as well as whole venom, although the actual venom protein may be

better represented by SpiderPharm (whole) venom; there are oscillations in venom

detection day-to-day; there are significant plate-to-plate variations. Standard curves are

run for each assay and the venom amounts found on different runs are not strictly

comparable, although for all assays run for venom in the rabbit model for cotton, venom

amounts are above background for most of the time course studied.

Example 6. Use of venom detection method for suspected Loxosceles

eπvenomations

[0090] Figure 20 shows the results of assays on six specimens from suspected

Loxosceles envenomations. The vertical axis shows pg/well of venom recovered, with

raw absorbances corrected for control absorbances. Patients A, B, and C were all

judged clinically consistent with Loxosceles envenomations, however negative ELISAs

provided strong evidence against Loxosceles envenomation. Venom concentrations on

all three were less than 0.32 pg, shown in the graph as 0.16 pg. Patient D was clinically

assessed as a Staphylococcal envenomation and culture confirmed Methicillin Resistant

Staphylococcus Aureus (MRSA), however the markedly positive ELISA established

concomitant loxoscelism. Patient T from Turkey, and patient S from St. Louis were

assayed via gauze and blister fluid, respectively, received via express mail. Of the six

cases, a brown recluse spider was found only for patient S.

Example 7. Diagnosis Of Loxoscelism In a Child Confirmed With An Enzyme-

Linked Immunosorbent Assay (ELISA) and Non-Invasive Tissue Sampling

[0091] A 10-year-old South-Central-Missouri female presented with a two-day history

of a painful lesion in the left axilla. The child reported that she noticed the dermal

discomfort two days earlier on awakening. During this initial period, the child's mother



found a dead spider (later identified) in the girl's bed. On the day prior to presentation,

the child developed a headache, severe nausea, and a morbilliform exanthema.

[0092] When significant necrosis is absent, as in the case presented here, the

characteristic features of envenomation are lacking, and the diagnosis is more difficult.

For this case, we utilized a sensitive and ELISA designed to detect Loxosceles venom

[Gomez02] using a specimen obtained by swabbing the lesion.

[0093] Examination showed a quiet and mildly apprehensive girl with pulse of 96,

blood pressure of 98/60 and a temperature of 37.1C (98.7 F). A vesicle on the left axilla

was surrounded by a tender, erythematous area with streaks. (Figure 25). A fine

morbilliform exanthem was present on the abdomen and back. The dead spider had

been saved by the girl's mother and was later identified by an arachnologist as a

member of the species Loxosceles reclusa (Figure 1).

[0094] A lesion lacking the usual necrosis or specific signs was confirmed by

identification of the Loxosceles venom and further confirmed by identification of a spider

found in the victim's bed, showing that the sensitive and specific ELISA of this invention,

designed to detect Loxosceles venom using a specimen obtained by swabbing the

lesion, can aid in diagnosis of loxoscelism.

[0095] Upon examination the day after original examination, vital signs were

unchanged except for the temperature of 36.2 0C (97.2 0F). The exanthem was present

as on the previous day. Serum was obtained and a surface swab specimen was

obtained non-invasively from the inflamed area in the axilla, using a swab moistened

with normal saline, gently rubbing the area for 30 seconds.

[0096] The specimens were flash frozen using liquid nitrogen and maintained overnight

in a frost-free freezer before moving to a -20C freezer. The specimens were transported

under ice to the University of Missouri-Columbia. The swab was thawed, the absorbent

end was removed from the swab stick mixed with 0.05% v/v Tween 20 and was placed

in a 1.5 mL microcentrifuge tube and centrifuged at 10,000g for 10 minutes to remove

the saline from the absorbent material. The presence of venom proteins in the solution

was detected with an ELISA technique for detecting Loxosceles venom originally

described by Gomez et al [Gomez02], with modifications noted herein.



[0097] Polyclonal capture and detection antibodies were raised in New Zealand white

rabbits with unfractionated L reclusa venom. Antibodies were purified from serum by

means of protein A column liquid chromatography [Harlowδ ] . The concentration of

blocking agents as noted in [GomezOI] was increased and nonfat milk solids were

added to the blocking buffer. The detection agent was changed from horseradish

peroxidase (HRP) to alkaline phosphatase (AP) after standard curves showed greater

sensitivity with the AP in the previous assay design. Product generation was monitored

at 405 nm on a model ELxδOδ , BIO-TEK, Inc. microplate reader. With the modified

methodology, a 24-pg venom standard consistently produced an absorbance that was

greater than background plus three standard deviations, with the standard curve as

noted in Figure 26. Necrotic and inflammatory lesions that were tested with the ELISA

had absorbances at the background level with this assay. The serum sample collected

by phlebotomy also had an absorbance at the background level with this assay. The

swab material from this case tested at 34.4 ± 4.3 pg Loxosceles venom protein/well

(Figure 26).

[0098] There exists a significant plate-to-plate variation in the ELISA determinations.

With some assays, a 0.5 pg venom standard could be distinguished above the

background levels.

[0099] Features of the case presented here, including nausea, vomiting, headache and

an exanthem are seen in a minority of bites. Clinical experience suggests that

significant systemic findings are more common in children and can often be associated

with small lesions [Wasserman83, Anderson97]. A painful lesion, even when very small,

when coupled with these systemic symptoms, can bring the possibility of loxoscelism to

the fore in endemic areas when no spider is available for examination. However, for

definitive diagnosis in cases where no spider is available, the test by this invention is

needed.

[00100] The polyclonal swab assay presented here allowed identification of the

Loxosceles venom upon the skin three days after the bite. Venom may be detected in

patients for an even greater period post spider bite, e.g., up to at least about seven

days. Krywko and Gomez reported detection of Loxosceles venom in dermal tissue



seven days following envenomation using the rabbit model [Krywko02]. The ELISA

assay coupled with a non-invasive means of specimen collection allows confirmation of

small, early or atypical presentations of Loxosceles envenomation such as described in

this case.

Example 8. Diagnosis of loxoscelism in two Turkish patients confirmed with an

ELISA and non-invasive tissue sampling

[00101] Confirmed envenomations due to Loxosceles reclusa have not been

previously documented in Turkey, to our knowledge. This example describes two

Turkish patients with suspected envenomation by Loxosceles spider bites on the

eyelids. Material obtained by swabbing the lesions with gauze was tested using a

venom-specific ELISA. Both patients tested positive for the presence of Loxosceles

venom.

[00102] Loxosceles reclusa and related arachnid species, indigenous to Europe as

well as North America possess a venom capable of causing painful, disfiguring necrotic

ulcers and, uncommonly, severe systemic effects [Atkins δ ; Wasserman83; SamsOI ;

Anderson98I. The diagnosis of a brown recluse spider bite is a clinical one made on the

basis of the morphologic appearance of the cutaneous lesion [Atkinsδδ; Wasserman83;

SamsOI ; Anderson98]. Definitive diagnosis is usually not possible because patients

generally do not bring the offending spider to the clinician for identification. The

moφ hology of a lesion is the usual basis for diagnosis but is not specific for Loxosceles

species envenomation [SamsOI ; Anderson98; Vetter98], as there are many mimics of

spider bites [Rosenstein87; Rees87; Moaven99]. For diagnostic confirmation of the two

cases presented here, we utilized a sensitive and specific enzyme-linked

immunosorbent assay (ELISA) designed to detect Loxosceles venom [Gomez02], using

specimens obtained noninvasively by swabbing the lesions with cotton gauze.

[00103] Case 1: A 34-year-old Turkish woman (Case T , Example 6 above) who had

gone on a sheep-dealing trip in the rural area of Siirt, Turkey awoke in her tent with

swollen, painful pruritic eyelids. She reported that she had seen spiders in her tent but

the species was unknown. Within three days, massive facial edema developed, and a

2x3 cm hemorrhagic eyelid lesion with superficial necrosis was present, consistent with



loxoscelism (Figure 23). Upon hospital admission, she had a temperature of 38 0C1with

a pulse of 80 and blood pressure of 110/70 mm Hg. The results of the laboratory tests,

including complete blood count, liver and renal function chemistries, urinalysis and

coagulation functions, were all within normal limits. The lesion was managed with saline

compresses and ocular lubrication. The lesion healed with resulting normal vision,

normal eyelid function and no scarring (Figure 27).

[00104] Case 2: A 7-year-old girl from the rural area of Siirt, Turkey, awoke with pain,

pruritus, and mild swelling of the eyelids. Within three days, severe bilateral eyelid

edema was present. No spider was identified. On the third day, she was admitted to a

hospital. A presumptive diagnosis of brown recluse spider envenomation was made

based on the appearance of the lesion. A painful, tender, hemorrhagic lesion showing

early necrosis surrounded by severe facial edema was seen (Figure 28). Upon hospital

admission, she was normotensive with a temperature of 38 0C, and a pulse of 100. She

had a white blood cell count of 17,200 / µL with a significant left shift. Hemoglobin and

hematocrit levels, urinalysis and other blood indices were within normal limits. The

eyelid lesion was managed supportively with saline compresses and ocular lubricants.

The lesion healed with scarring and visible hyperpigmentation (Figure 29). Vision was

normal and the eyelid could be opened fully. However, mild epiphora and punctuate

epitheliopathy of the affected eyelid were observed. The child's parents observed that

the right eyelid was incompletely closed when she slept.

[001 05J Methods: All specimens for ELISA determination were obtained at the

University of Dicle in Turkey. Gauze sponges soaked in normal saline were used to

obtain a specimen from the affected lesions and contralateral control sites for both

cases. The specimens were collected by gently swabbing the lesion and the control

sites for 30 seconds. The swabs were taken on the 7th day after the onset of the lesion

in Case 1 and on the 4th day after the onset of the lesion in case 2. Despite shipping by

an express carrier, the shipments took 7 and 10 days and were stored in transit in

ambient summertime temperatures for unknown durations. After shipment, the cotton

samples were moistened with 300 µl of Tris buffered saline containing Tween-20 (2OmM

Tris pHδ .O; 145 mM NaCI; 0.02% (v/v) Tween-20) and placed in a 0.5 cm diameter

plastic centrifuge tube and centrifuged at 10,000g for 10 minutes to remove the saline



from the absorbent material. Venom proteins in the solution were detected using an

ELISA technique for detecting Loxosceles reclusa venom, originally described by

Gomez et al. [Gomez02], with modifications noted herein.

[00106] Polyclonal capture and detection antibodies were raised in New Zealand

white rabbits with unfractionated L. reclusa venom. Antibodies were purified from serum

by means of protein A column liquid chromatography [Harlowδ ] . The concentration of

blocking agents as noted in [GomezQ2] was increased, nonfat milk solids were added to

the blocking buffer, overnight incubation was used, and alkaline phosphatase was used

as a detection agent. The generation of paranitrophenol product was monitored at 405

nm on a model ELx808, BIO-TEK, Inc. microplate reader. Separate standard curves

were produced for each patient.

[00107] Results and Discussion: The contralateral control specimens all had

absorbances at background level. The swab material from both cases showed venom

immunoreactivity over three standard deviations greater than background signal, as

shown in Figures 30 and 31. These results are consistent with the presence of venom

from a spider within the Loxosceles genus within the samples obtained with gauze from

the lesions.

[00108] Eyelid brown recluse bites are quite uncommon [JarvisOO; Wesley85;

Edwards97]. Severe edema is generally observed. Acute complications include

elevated intraocular pressure [12] and airway compromise due to laryngeal swelling

[Edwards97]. Long-term complications include necrosis and scarring of the eyelid,

which can lead to corneal irritation |Wesley85]. Therapeutic interventions for eyelid

brown recluse bites have included dapsone, systemic corticosteroids, hyperbaric

oxygen [JarvisOO; Wesley δ ] , and debridement of necrotic tissue with flap

reconstruction [Edwards97J. Cantharotomy and cantholysis have been used to restore

normal pressure in a case with elevated intraocular pressure [JarvisOO]. Supportive

therapy can include topical and systemic antibiotics, saline dressings, and ocular

lubricants. A bandage lens has been employed to minimize corneal irritation

!Wesley85].



[00109] Controlled human trials supporting specific interventions for eyelid brown

recluse bites are not available. One study showed benefit from a combination of

dapsone and antivenom in experimental eyelid lesions in rabbits [Cole95]. However,

another rabbit study reported no benefit from dapsone therapy for clinical outcome in

skin lesions induced in rabbits. [ElstonOδ] . Edwards et al. noted that "caution must be

emphasized to avoid the overzealous debridement of eyelid tissue. Because of the

excellent blood supply, the eyelids [have] a remarkable propensity for self-repair in the

setting of gangrenous lid involvement" [Edwards97].

[00110] Although lesions attributed to Loxosce/es rufescens have been reported from

Turkey [AtillaO4] and nearby areas around the Mediterranean [Borkan95], none of these

reported spider bites were confirmed by identification of the spider known to have

caused the bite. Loxosceles rufescens (Dufour, 1820) is established in Turkey [Lgantep

website] and is known to cause necrotic lesions [YoungOI].

[00111] The massive eyelid edema and early necrosis observed in the two cases

presented here are consistent with loxoscelism but not diagnostic, as other conditions,

particularly envenomations from other arthropods, can have such a presentation. The

venom ELISA provided supporting evidence for the diagnosis. Conservative

management in the two cases reported here allowed both patients to heal without vision

impairment, although one patient had residual functional impairment.

[001 12] The degree of sensitivity and specificity of the ELISA for Loxosceles venom

reported here has not been established in clinical cases. In vitro, the ELISA was found

to be specific for Loxosceles species at relevant antigen levels, reacting to none of 17

other arthropod venoms at 40 ng [Gomez02]. In vivo, necrotic and inflammatory lesions

that were tested with the ELISA had absorbances at the background level with this

assay. This ELISA is not able to discriminate among Loxosceles species, which

possess several common protein bands on western blot and display marked antigenic

cross-reactivity. [GomezOI]

[00113] In summary, the polyclonal swab ELISA assay performed on material

obtained by cotton gauze allowed identification of Loxosceles venom upon the skin 4-7

days after the onset of symptoms in the two bites reported here, supporting the



diagnosis of Loxosceles envenomation by a spider of the Loxosceles genus in two

Turkish patients.

[001 14J A sensitive and specific Loxosceles species venom assay has been provided.

In addition to the utility of rapid clinical confirmation of loxoscelism in endemic areas, a

venom-based ELISA is useful in exclusion of loxoscelism in the setting of unrelated and

treatable illness in nonendemic areas, in defining questionable lesions, and in guiding

development of appropriate clinical treatment.

[00115] While the invention has been described in detail with respect to the specific

embodiments thereof, it will be appreciated that those skilled in the art, upon attaining

an understanding of the foregoing, may readily conceive of alterations to, variations of,

and equivalents to these embodiments. Accordingly, the scope of the present invention

should be assessed as that of the appended claims and any equivalents thereto.
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CLAIMS

1. A method of diagnosing a bite or sting of a venomous organism in a patient, said

method comprising:

(a) collecting a sample comprising venom from said venomous organism from

the area of the bite or sting using a swab;

(b) contacting the sample with an antibody which specifically binds to an

antigenic site on venom present in the sample; and

(c) detecting a complex formed by binding of said antibody and said antigenic

site.

2. The method of claim 1 wherein said swab comprises an absorbent or adsorbent

material selected from the group consisting of cotton, Dacron, rayon, polyurethane

foam, brushes, paper and sponge.

3. The method of claim 1 wherein said detecting is performed by a method selected

from the group consisting of: sandwich immunoassays and electrochemical

immunoassays.

4. The method of claim 1 wherein said detecting is performed using an immunoassay

device outside a laboratory.

5. The method of claim 1 wherein said swab also comprises said antibody.

6. The method of claim 1 wherein said swab is disposable.

7. The method of claim 1 wherein said sample is collected by gently wiping or soaking

the skin with said swab for about one to about 360 seconds.

8. The method of claim 1 also comprising collecting a control sample from a separate

site on the patient's body that has not been exposed to said venom.



9. The method of claim 1 wherein said sample comprises blister fluid.

10. The method of claim 1 wherein said venomous organism is selected from the group

consisting of venomous spiders, venomous scorpions, venomous snakes, venomous

wasps, venomous bees, and venomous jellyfish.

11. The method of claim 1 wherein said venomous organism is a spider selected from

the genuses Latrodectus, Loxosceles, Atrax, Hadronyche, Tegenaήa and Phoneυtria

or the family Theraphosidae.

12. The method of claim 11 wherein said venomous organism is a Loxosceles Reclυsa.

13. The method of claim 1 wherein said venomous organism is a jellyfish.

14. The method of claim 1 wherein said venomous organism is a scorpion.

15. The method of claim 1 wherein said venomous organism is a snake.

16. The method of claim 1 wherein said detecting is performed using an ELISA modified

to reduce blocking antibodies using nonfat milk solids and alkaline phosphatase

markers.

17. The method of claim 16 wherein said ELISA is capable of identifying under 24

picograms of venom in a sample.

18. The method of claim 1 wherein said sample is exposed to ambient summertime

temperatures for up to about three weeks prior to said detecting.

19. The method of claim 1 wherein said detecting distinguishes said organism from

other species of venomous organism.



20. An immunoassay kit comprising:

(a) at least one antivenom antibody capable of binding to an antigen present in a

venom;

(b) a swab for collecting a sample comprising venom from the area of a

venomous bite or sting on a patient's body;

(c) a tracer for detecting binding between said antibody and said antigen.

2 1. The immunoassay kit of claim 20 wherein said antibody is immobilized on a solid

substrate.

22. The immunoassay kit of claim 2 1 wherein said solid substrate is said swab.

23. The immunoassay kit of claim 20 wherein said swab comprises an absorbent or

adsorbent material selected the group consisting of cloth, gauze, sponge, polymeric

foam, cotton, rayon, Dacron, or nylon fibers, polyurethane foam, paper, and

absorbent or adsorbent brushes.

24. The immunoassay kit of claim 20 wherein said swab is attached to a handle.

25. The immunoassay kit of claim 20 wherein said swab comprises natural or synthetic

fibers.

26. The immunoassay kit of claim 20 wherein said swab comprises bristles.

27. The immunoassay kit of claim 20 wherein at least one antivenom antibody is a

polyclonal antibody.

28. The immunoassay kit of claim 27 wherein said polyclonal antibody has been raised

in a rabbit.



29. The immunoassay kit of claim 20 wherein said tracer comprises a monoclonal

antibody capable of binding to said antivenom antibody.

30. The immunoassay kit of claim 20 wherein said immunoassay is a portable

colorimetric assay.

3 1. The immunoassay kit of claim 20 wherein said antivenom antibody is immobilized on

an absorbent support.

32. The immunoassay kit of claim 20 also comprising a label attached to said tracer that

indicates binding of said antivenom antibody to said venom protein wherein said

label is selected from the group consisting of including enzymes, radioactive

isotopes, and color particles.

33. The immunoassay kit of claim 32 also comprising detector means for detecting the

presence of said label or changes in said label that indicate the tracer has bound to

the antivenom antibody.

34 The immunoassay kit of claim 20 also comprising means for lysing cells present in

said sample.

35. The immunoassay kit of claim 20 wherein said antivenom antibody is an antibody

against a protein component of Loxosceles reclusa venom.

36. The immunoassay kit of claim 20 wherein said antivenom antibody is an antibody

against sphingomyelinase.

37. The immunoassay kit of claim 20 also comprising instructions for use thereof.
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