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ABSTRACT 

The objectives of this two-part study were: (1) to determine whether strains of 

Arcobacter butzleri independently cause enteritis, and (2) to investigate the 

enteropathogenicity of Arcobacter butzleri. For Part I, six well characterized A. 

butzleri isolates were tested using the gut loop assay in rabbits and pigs. Fluid 

secreted in loops was measured and cultured for A. butzleri. In addition, 

intestinal segments, liver and splenic tissues were collected, cultured, and 

examined for histopathology. Of the 60 experimental rabbit loops tested, 13% 

(8/60) produced fluid. Of those fluid-containing loops, 88% (7/8) had been 

injected with strain 4056. In young pigs, all experimental strains produced fluid 

amounts significantly different from the positive enteropathogenic E. coli control 

(P<0.05). Only strain 4056 caused fluid accumulation significantly different from 

the negative PBS control (P<0.03). There was no significant difference in mean 

fluid accumulation when experimental strains were compared (P>0.05). The 

major histological change, seen in rabbit and pig loops with fluid secretions, was 

an infiltration of leukocytes in the gut wall. 

In Part II, strain 4056, the most responsive strain from the first part of the 

study, was tested in the pig ileal loop assay. No fluid accumulation or pathologic 

changes were observed in intestinal tissues. Restriction enzyme analysis showed 

two different band patterns for A. butzleri present in tissues. 

It was concluded that A. butzleri, depending on the strain virulence and 

host susceptibility, can cause mild enteritis with watery diarrhea.
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I. Intr ion 

In the 1970’s, Ellis and colleagues isolated organisms from bovine 

and porcine fetuses1!5,16 that were originally classified as “aerotolerant 

campylobacters” because of their morphologically similar characteristics. 

Further reports by other investigators associated these aerotolerant 

campylobacters with abortion, diarrhea, and mastitis in livestock as well as 

enteritis in humans and nonhuman primates.23,24,32,40,41,53,56,66,67,74 After 

extensive biochemical and DNA analysis in 1992, these aerotolerant 

campylobacters were reclassified to the separate and distinct genus of 

Arcobacter70 with four species being described and designated -- A. 

cryaerophilus (which has been subdivided into hybridization groups 1A and 

1B), A. butzleri, A. skirrowii, and A. nitrofigilis. Of the four species 

identified, A. cryaerophilus, A. butzleri, and A. skirrowii have been linked 

to clinical illness in humans and animals.78 Arcobacter nitrofigilis has only 

been isolated from the roots of a Spartina alterniflora plant. 

Measures have been taken to develop diagnostic tools for the 

identification of Arcobacter,22,82 but pathogenicity and virulence studies 

have been very limited. Investigations have shown that Arcobacter 

infections can induce mastitis.40 Several studies have been and are 

presently being conducted to determine the pathogenicity of Arcobacter 
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spp. in caesarean derived - colostrum deprived (CDCD) piglets.79 

However, little testing has been conducted to determine the role of 

Arcobacter spp. in human and animal enteritis. 

II. Review of the Literature 

A. Historical Background 

Campylobacter species have long been associated with infectious 

disease in animals, but only recognized as disease-causing entities in human 

beings within the past 20 years.65 Described as “resembling a vibrion”, 

these microorganisms were first discovered in 1909 by the veterinarians 

McFadyean and Stockman during a survey of epizootic abortion in ewes.44 

In 1913, they also implicated Campylobacter as the causative agent of sheep 

abortion.45 Later, in 1918, Smith and Taylor reported similar spirillum- 

like microorganisms in association with bovine abortion, and assigned the 

name “Vibrio fetus” to this abortifacient.63 In 1927, Smith and Orcutt 

described the isolation of microaerophilic vibrios from the livers and 

spleens of calves with diarrhea.62 They noted that these calf diarrhea 

strains differed serologically from Vibrio fetus and speculated that these 

organisms might be linked to bovine enteritis. Investigations conducted in 

1931 by Jones, Orcutt, and Little later revealed evidence linking these 

organisms to winter dysentery in cattle.28 They noted that the calf enteritis 
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strains, though differing slightly in morphology, resembled Vibrio fetus 

enough to be regarded as a closely related group, and proposed the name 

“Vibrio jejuni” for these organisms. Similar microorganisms, later named 

“Vibrio coli’, were isolated and described as the causative agent of swine 

dysentery by Doyle in 1944.13 

Thirty years after their first description as animal pathogens, these 

microaerophilic vibrios were linked to human infections. In 1946, Levy 

isolated these microorganisms during an institutional outbreak of 

gastroenteritis in which approximately 350 people were affected.39 It was 

suggested that these organisms were identical to V. jejuni described earlier 

by Jones and colleagues. The following year, Vinzent reported the isolation 

of a microaerophilic vibrio that was consistent with V. fetus from the blood 

cultures of three pregnant women, two of whom aborted, with febrile 

illness of unknown origin.76 In 1957, King coined the term “related 

vibrios” which was applied to V. jejuni and V. coli, as they were shown to 

be antigenically different from V. fetus.35 The samples that King studied 

had been obtained from blood cultures of infants and young children with 

diarrhea. Only 12 clinical cases of “related vibrio” infection had been 

identified, but that was to change when appropriate human fecal culturing 

techniques were developed in 1972 by Dekeyser.9 By 1973, these 

organisms were designated Campylobacter species following DNA studies 
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performed by Veron and Chatelain.75 

Arcobacter species have a similar background to Campylobacter 

species with reference to initial isolation and recognition, original 

classification, and association with infection. Arcobacter were also initially 

recognized in animal cases. In the late 1970’s, Ellis and colleagues referred 

to these microorganisms as “spirillum and vibrio-like” when first isolated 

in semisolid Leptospira Ellinghausen McCullough-Johnson-Harris (EMJH) 

isolation media from the internal organs of bovine fetuses and aborted 

porcine fetuses.15,16 Initial characterization of these aerotolerant 

organisms by Neill and coworkers in 1979 based on morphological 

similarities, DNA base composition, and lack of fermentation capabilities, 

led to their inclusion in the genus Campylobacter.52: However, because 

these microorganisms could grow under aerobic, microaerophilic, and 

anaerobic conditions (24 hours at 30°C), they were considered as 

“‘aerotolerant campylobacters”. In the early 1980’s, these bacteria were 

recognized in a bovine mastitis case,40 and isolated from bovine preputial 

washings.20 

Arcobacter were not recognized in human illnesses until 1988, in 

part because the microorganisms required a two-stage isolation protocol, 

and do not grow on routine Campylobacter selective media. The bacteria 

were first isolated from an Australian patient, who presented with 
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intermittent diarrhea at an AIDS clinic.67 Later, these aerotolerant 

Campylobacter-like organisms were reported in other cases of intermittent 

diarrhea, gastroenteritis, bacteremia, and peritonitis associated with 

appendicitis 32,33 

Like Campylobacter fetus, these “aerotolerant campylobacters” had 

been associated with abortion and infertility 15,16,23,24,41,56, and diarrheal 

illnesses, as with Campylobacter jejuni.32,53,66,67 In 1991, the genus 

Arcobacter was proposed for these microorganisms70 and by 1992, three 

species were linked to clinical illness - A. cryaerophilus, A. skirrowii and 

A. butzleri.78 A fourth species, A. nitrofigilis, has not been implicated in 

disease (Table 1). Although these changes in identification and 

classification have taken place, few studies have been conducted on 

Arcobacter. It is anticipated that what has been comprehended about the 

pathogenicity, epidemiology, and virulence mechanisms of Campylobacter 

spp. will clarify the veterinary and medical significance of Arcobacter spp. 

The following review will highlight Campylobacter enteritis, and focus on 

what is currently known about Arcobacter, particularly its association with 

enteric disease. 

B. Campylobacter Enteritis 

Since the early 1900’s, Campylobacter organisms have been 
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identified as a cause of diarrhea in livestock, but they were not recognized 

as an important cause of human diarrheal illness until the 1970’s, when 

filtration of fecal samples and selective culture media were introduced.58 

During the past decade, campylobacteriosis has been confirmed as a 

significant and economically important foodborne zoonosis by prevalence 

studies conducted in both industrialized and developing nations.65 

Three members of the genus, C. jejuni, C. coli, and C. lari, occur in 

human, mammalian, and avian hosts as both pathogens and commensals.29 

C. jejuni has been identified as the principal enteric pathogen. Since 

campylobacters live as commensals in the intestinal tracts of poultry and 

livestock, C. jejuni infection in man has been shown to be associated with 

the consumption of meat, meat products, and unpasteurized milk.58 

Transmission of C. jejuni to susceptible flocks and livestock herds has 

been shown through exposure to insect vectors, rats, wild birds, and 

fomites including farming equipment and bedding.58 Transmission of C. 

jejuni to humans has been demonstrated by direct and indirect contact with 

infected pets and through fecal-oral transmission.59,60 In addition, 

untreated drinking water has been implicated as the source of C. jejuni 

infection for both humans and animals.65 

The most common clinical presentation of C. jejuni infection is 

enterocolitis characterized by mucoid to bloody diarrhea with 
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dehydration.4 The severity of enterocolitis following infection is dependent 

on pathogenicity of the strain and the immune status of the host. Gross 

intestinal lesions include catarrhal to severe hemorrhagic enteritis. 

Microscopically, lesions consist of edema of the mucosa in mild cases, 

progressing to mononuclear infiltration of the submucosa and villous 

atrophy in the most severe cases. 

Diagnosis of enteric campylobacteriosis is based on isolation and 

identification of the organism.21 Several selective growth media have been 

developed for Campylobacter, particularly media formulations by Butzler, 

Skirrow, and Blaser. Direct microscopic examination of fresh feces can be 

used to visualize the organisms. Dark-field or phase contrast microscopy is 

preferred to facilitate observation of the characteristic darting, tumbling 

motility of the organism. Highly sensitive and specific latex agglutination 

tests have been developed for confirmation of C. jejuni. In addition, DNA 

probes for C. jejuni have been developed as a diagnostic tool, but have been 

used minimally in clinical laboratories. 

The mechanisms by which C. jejuni causes disease are not well 

understood.55 Three mechanisms have been postulated on the basis of 

clinical symptoms: (1) adherence to the epithelium and production of 

enterotoxins, inducing secretory diarrhea; (2) invasion and proliferation 

within the epithelium, inducing cell destruction and inflammatory response 
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clinically manifested as dysentery and inflammatory diarrhea with fecal 

leukocytes; and (3) translocation, in which the organism penetrates the 

intestinal mucosa and proliferates in the lamina propria and mesenteric 

lymph nodes, with further extraintestinal infections. Frank dysentery and 

profuse watery-diarrhea may represent two ends of the clinical spectrum or 

the variation in symptoms may be the result of different mechanisms 

predominating for different strains, such as those seen for the various types 

of Escherichia coli enteritis. Since individual virulence factors have not 

been fully determined for C. jejuni, pathogenesis remains obscure. 

C. Enteric Disease Associated with Arcobacter 

Enteritis associated with Arcobacter has not been well documented in 

animals, although Arcobacter spp., originally designated Campylobacter 

cryaerophila, have been isolated from normal and diarrhetic stools of 

livestock.32,74 Investigations in nonhuman primates with diarrhea have 

implicated Arcobacter butzleri in the development of colitis. Richardson 

and colleagues reported the isolation of 12 aerotolerant Campylobacter 

isolates from macaques.54 Histological evaluations revealed a mild to 

moderate active colitis. A follow-up study extended Richardson’s 

investigation by examining 532 clinical diarrheal specimens from 222 

nonhuman primates along with 76 colonic specimens obtained from routine 
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necropsies.! During the eight month study, A. butzleri was identified in 14 

of the 222 animals. Co-infection with C. coli or C. jejuni was noted in 

seven of these 14 macaques. Despite the fact that feces from 76 macaques 

were cultured at necropsy, A. butzleri was not isolated from normal feces. 

Arcobacter butzleri was isolated in two necropsy cases in which chronic 

active colitis was evident upon histologic examination. In a third case, co- 

infection with C. jejuni was observed. 

Arcobacter in humans was first isolated in 1988 from a 35-year old 

male with a history of intermittent diarrhea.67 Other enteric organisms 

were recovered from stool samples, but on one occasion, a Campylobacter 

cryaerophila strain, later identified as A. butzleri, was isolated in the 

absence of other enteric pathogens, and in association with abdominal pain. 

Lerner reported two individual cases of prolonged, persistent diarrhea, 12 

days and three weeks, respectively, accompanied by abdominal cramps.38 

In both cases, patients had previously diagnosed chronic conditions 

(diabetes and alcoholism), and A. butzleri was the only enteric pathogen 

isolated. After antibiotic therapy, acute symptoms quickly subsided. After 

termination of antibiotic treatments, A. butzleri was no longer cultured 

from stool samples. 

In 1991, Kiehlbauch and coworkers examined several aerotolerant 

Campylobacter strains from human feces, blood and peritoneal fluids, and 
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from nonhuman primate feces.32 Three human blood isolates were from 

patients who had aspirated fecal contaminated fluid and one human fecal 

isolate came from a patient with acute gastroenteritis. These isolates were 

all identified as Arcobacter (Campylobacter) cryaerophilia. Half of the 

human fecal isolates used in this study were from a study conducted by 

Taylor66 in which atypical Campylobacter strains were isolated from the 

feces of Thai children with diarrhea. Fifteen isolates from 17 children 

were identified as A. butzleri. 

In a retrospective study conducted by Kiehlbauch, Tauxe, and 

Wachsmuth,34 of 29 human patients from whom Arcobacter 

(Campylobacter) butzleri was isolated, 22 had reported frequently severe 

or prolonged diarrhea, four others had bacteremia, and from three patients 

A. butzleri was cultured from peritoneal fluid following acute appendicitis. 

Epidemiological surveys linked exposure to drinking contaminated water 

during travel. Arcobacter butzleri has been isolated from two 

contaminated water sources --a drinking water reservoir in eastern 

Germany25 and in canal waters of metropolitan Bangkok, Thailand.10 

Arcobacter butzleri has also been associated with an outbreak of 

recurrent abdominal cramps in an Italian nursery school.73 The ten 

children that were affected had no diarrhea or fever, but A. butzleri was 

cultured from the feces of all the children. All isolates were the same 
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serotype and no other enteric pathogens were isolated. Case timing 

suggested person-to-person transmission. 

Meat and meat product consumption may be a potential means of 

human infection with Arcobacter. A recent survey of meat processing 

plants in lowa was conducted in which samples of ground pork products 

and turkey skins were obtained.6.7 Arcobacter spp. were isolated from 

approximately 90% of the samples. 

Although Arcobacter spp., particularly A. butzleri, appear to be 

linked to diarrheal illness, very few published studies have investigated 

their enteric effects. One study has indicated that Arcobacter spp. can 

colonize the gut mucosa of caesarean-derived colostrum deprived neonatal 

piglets.79 Arcobacter butzleri and A. cryaerophilus 1B have been shown to 

colonize the gut more than A. skirrowii and A. cryaerophilus 1A, based on 

fecal shedding and isolation of organisms from tissues. 

Potential pathogenic mechanisms of A. cryaerophilus have been 

investigated by Fernandez and colleagues.18 Two strains of A. 

cryaerophilus (7625 and 62C) were shown to invade HEp-?2 cells and cell- 

free supernatants of both strains were found to cause fluid accumulation 

and increase electrolyte concentrations in the rat ileal loop assay. 

Since Arcobacter butzleri has been incriminated in cases of both 

animal and human diarrheal illness, this species was chosen as the focus for 
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this study. The objectives of this study were: (1) to determine whether 

strains of A. butzleri independently cause enteritis, and (2) to investigate 

the enteropathogenicity of A.butzleri. Six A. butzleri isolates were tested 

using the gut loop assay in rabbits and pigs. The research was performed at 

the AAALAC-accredited animal facility of the USDA-ARS-National 

Animal Disease Center in Ames, IA, and was conducted in two parts. Part 

I, which was completed during the summer of 1994, focused on the 

enteropathogenicity of six different A. butzleri strains. In Part II, which 

was completed during the summer of 1995, efforts were concentrated on 

evaluating the effects of the most responsive strain from Part I. 

Ill. Materials and Methods 

A. Animals 

Conventionally reared animals were used for this study. Thirteen 

New Zealand White rabbits, (nine males/four females, 10 weeks old, 

average weight 2.1 kg) used in Part I of the study, were obtained from 

Small Stock Industries, Inc., Pea Ridge, AK. Mixed breed pigs used in 

parts I and II of the study were provided by H&K Enterprise, Nevada, IA. 

Pigs were grouped in two sets according to age. Three 7-8 week old males 

(average weight - 13.6 kg) and six (four males and two females) 3-4 week 
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old pigs (average weight - 4.8 kg) were used in Part I. In Part II, two 7-8 

week old male pigs (average weight - 15.2 kg) and two 3-4 week old male 

pigs (average weight - 7.65 kg) were used. All animals were tested for 

presence of Arcobacter prior to experimentation as follows. Each animal 

was rectally swabbed with sterile cotton-tipped applicators, which was 

placed in a plastic screw-capped test tube containing 20 ml of semisolid 

Leptospira selective medium, Ellinghausen-McCullough-Johnson-Harris 

Polysorbate-80 (EMJH P-80) with 5-fluorouracil (100 g/ml).14 This 

medium, which does not support the growth of Campylobacter under the 

incubation conditions employed, was originally used to isolate and enrich 

for Arcobacter.15,16 After incubation (30°C for 48 hours), samples were 

examined via dark-field microscopy for the morphology (comma or 

corkscrew shape) and rapid darting motility characteristic of Arcobacter by 

placing a drop of the media on a slide and scanning 15 to 20 fields at 40X 

magnification. All animals tested negative for the presence of Arcobacter 

in rectal swab cultures. 

B. Strains 

The origin of the six well-characterized Arcobacter butzleri strains 

used in the study is shown in Table 2. Strains 3554, 3556, 3569 and 3571 

were kindly provided by Charlotte Patton of the Centers for Disease 
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Control, Atlanta, Georgia. The human strains, 3554 and 3556, were 

recovered from two individuals with diarrhea in Colorado and Kansas.32 

Strains 3569 and 3571 were isolated from diarrhetic primates housed at the 

Yerkes Primate Research Center, Atlanta, Georgia.32 The porcine strains, 

4056 and 4057, were recovered from an Iowa hog farm with reproductive 

problems.79 

Bacteria from frozen stock cultures were grown on brain heart 

infusion agar (BHIA) with 10% defibrinated bovine blood (blood agar), 

and incubated microaerobically (5% O2, 10% CO2, 85% N2) at room 

temperature for two days. Positive control cultures, Vibrio cholerae 395 

(used for rabbits) and enteropathogenic Escherichia coli 263, serotype 

O08:K87,K88a,b:H19 (used for pigs), were also grown on BHIA with 10% 

defibrinated bovine blood and incubated aerobically at room temperature 

for two days. Both positive control strains are known to cause diarrhea by 

enterotoxin production and have been experimentally shown to cause fluid 

accumulation in ileal loops. Two different positive controls were used 

because E. coli 263, which was initially available at the beginning of the 

study, produces variable fluid accumulation responses in rabbits.48 
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C. Inoculum Preparation 

Arcobacter butzleri cultures previously plated on blood agar plates 

were used to develop biphasic cultures of the strains. Due to the slow 

growth of Arcobacter spp., biphasic cultures were necessary to produce 

large numbers of the bacteria within a 24-hour time period.11 Colonies 

were picked from blood agar plates and inoculated in 10 ml of brain heart 

infusion broth (BHIB). The inoculated broth was pipetted into a 250 ml 

tissue culture flask containing 10% defibrinated bovine blood agar. An 

additional 10 ml of BHI broth was also pipetted into the blood agar based 

tissue flask. The inoculated biphasic cultures were placed on an Orbital 

shaker (Bellco Glass, Inc. Vineland, NJ) and incubated at 37°C for 24 

hours. Prior to inoculation, a gaseous mixture of 5% O2, 10% CQOz2, and 

85% N2 was added to the flasks to optimize growth conditions. Vibrio 

cholerae, the positive control for rabbits, was amplified as follows. A 

loopful of the culture from blood agar plates was inoculated into two 10 ml 

glass test tubes containing 7.5 ml of Mueller-Hinton broth. Inoculated tubes 

were incubated at 37°C for 24 hours. A loopful of F. coli, the positive 

control for pigs, was also inoculated into two glass test tubes containing 

Mueller-Hinton broth and incubated (37°C, 30 minutes). After incubation, 

test tube cultures and the liquid portion of the biphasic cultures were 
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pipetted into sterile 50 ml Oak Ridge-style centrifuge tubes and pelleted 

(Sorvall Superspeed Automatic Refrigerated Centrifuge - Newtown, CT) at 

9,000 rpm for 30 minutes. The supernatant was decanted and bacterial 

pellets were resuspended in 20 ml of 0.1 M phosphate-buffered saline 

(PBS), pH 7.4, and recentrifuged (9,000 rpm for 30-45 minutes). 

Additional centrifugation was performed if bacterial pellets were not 

completely formed. After centrifugation, the supernatant was decanted and 

bacterial pellets were resuspended in 15 ml of 0.1 M PBS, pH 7.4. The 

suspension was drawn into sterile 3 cc syringes with 20 gauge 1-1/2 inch 

needles. An aliquot (1 ml) sample was taken for enumerating bacteria 

present in the inoculum. 

D. Inoculum Bacterial Count 

Bacterial concentrations for all strains (A. butzleri, V. cholerae, and 

E. coli) were determined as follows. Mueller-Hinton broth (4.5 ml) was 

pipetted into 2 dram glass vials. Fourteen vials were used for each sample. 

One half milliliter of the inoculum was pipetted into the first vial. The vial 

was vortexed, 0.5 ml was taken from the vial, and placed into the second 

vial. Ten-fold serial dilutions were repeated in subsequent vials for up to 

seven dilutions. One hundred microliters was plated on blood agar for the 

last three dilutions (105,106,107) and streaked for colony isolation. Plates 
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�R�a�b�b�i�t�s� �w�e�r�e� �f�a�s�t�e�d� �2�4� �h�o�u�r�s� �p�r�i�o�r� �t�o� �s�u�r�g�e�r�y� �a�n�d� �g�i�v�e�n� �w�a�t�e�r� �a�d� 

�l�i�b�i�t�u�m�.� �T�h�e� �r�a�b�b�i�t�s� �w�e�r�e� �p�r�e�a�n�e�s�t�h�e�t�i�z�e�d� �w�i�t�h� �1�0�0� �m�g� �K�e�t�a�s�e�t� �(�K�e�t�a�m�i�n�e� 

�H�y�d�r�o�c�h�l�o�r�i�d�e� �-� �A�v�e�c�o� �C�o�,� �I�n�c�.�,� �F�o�r�t� �D�o�d�g�e�,� �I�A�)� �a�n�d� �1�5� �m�g� �R�o�m�p�u�n� 

�(�X�y�l�a�z�i�n�e� �-� �M�i�l�e�s� �I�n�c�.�,� �S�h�a�w�n�e�e� �M�i�s�s�i�o�n�,� �K�S�)�.� �T�h�e� �r�i�g�h�t� �f�l�a�n�k� �a�r�e�a� �w�a�s� 

�s�h�a�v�e�d� �f�r�o�m� �t�h�e� �s�p�i�n�e� �t�o� �t�h�e� �a�b�d�o�m�i�n�a�l� �m�i�d�l�i�n�e� �a�n�d� �t�h�e� �p�a�r�a�l�u�m�b�a�r� �f�o�s�s�a� �t�o� 

�t�h�e� �l�a�s�t� �r�i�b�.� �T�h�e� �s�u�r�g�i�c�a�l� �a�r�e�a� �w�a�s� �c�l�e�a�n�e�d� �a�n�d� �s�w�a�b�b�e�d� �w�i�t�h� �B�e�t�a�d�i�n�e� �a�n�d� 

�N�o�l�v�a�s�a�n�.� �H�a�l�o�t�h�a�n�e� �(�H�a�l�o�c�a�r�b�o�n� �L�a�b�o�r�a�t�o�r�i�e�s�,� �R�i�v�e�r� �E�d�g�e�,� �N�J�)� �w�a�s� 

�a�d�m�i�n�i�s�t�e�r�e�d� �v�i�a� �n�o�s�e� �c�o�n�e� �t�o� �i�n�d�u�c�e� �s�u�r�g�i�c�a�l� �p�l�a�n�e� �o�f� �a�n�e�s�t�h�e�s�i�a�.� �R�a�b�b�i�t�s� 

�w�e�r�e� �p�l�a�c�e�d� �o�n� �a� �h�e�a�t�i�n�g� �p�a�d� �t�o� �p�r�e�v�e�n�t� �h�y�p�o�t�h�e�r�m�i�a� �a�n�d� �s�t�e�r�i�l�e� �p�l�a�s�t�i�c� 

�d�r�a�p�e�s� �w�e�r�e� �u�s�e�d� �t�o� �c�o�v�e�r� �t�h�e� �p�r�e�p�p�e�d� �a�r�e�a�.� �A� �v�e�r�t�i�c�a�l� �s�k�i�n� �i�n�c�i�s�i�o�n� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �8� �c�m� �l�o�n�g�,� �w�a�s� �m�a�d�e� �i�n� �t�h�e� �p�a�r�a�l�u�m�b�a�r� �r�e�g�i�o�n�.� �T�h�e� �m�u�s�c�l�e� 

�l�a�y�e�r�s� �w�e�r�e� �c�u�t� �t�o� �a�l�l�o�w� �e�n�t�r�y� �i�n�t�o� �t�h�e� �a�b�d�o�m�i�n�a�l� �c�a�v�i�t�y�.� �T�h�e� �a�p�p�e�n�d�i�x� �w�a�s� 

�l�o�c�a�t�e�d� �a�n�d� �e�x�t�e�r�n�a�l�i�z�e�d� �a�l�o�n�g� �w�i�t�h� �t�h�e� �i�l�e�a�l� �p�o�r�t�i�o�n� �o�f� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e�.� 

�T�h�e� �f�i�r�s�t� �l�i�g�a�t�u�r�e� �o�f� �s�t�e�r�i�l�e� �n�y�l�o�n� �w�a�s� �p�l�a�c�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0� �c�m� �f�r�o�m� �t�h�e� 
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�t�i�p� �o�f� �t�h�e� �a�p�p�e�n�d�i�x�.� �E�x�t�e�n�d�i�n�g� �c�r�a�n�i�a�l�l�y�,� �t�h�e� �i�l�e�u�m� �w�a�s� �t�i�e�d� �o�f�f� �i�n� �e�i�g�h�t� 

�l�o�n�g� �s�e�g�m�e�n�t�s� �(�e�x�p�e�r�i�m�e�n�t�a�l� �l�o�o�p�s�)� �a�p�p�r�o�x�i�m�a�t�e�l�y� �6� �t�o� �8� �c�m� �l�o�n�g�,� 

�s�e�p�a�r�a�t�e�d� �b�y� �s�e�v�e�n� �s�h�o�r�t� �s�e�g�m�e�n�t�s� �(�i�n�t�e�r�l�o�o�p�s�)�,� �w�h�i�c�h� �w�e�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�2� �t�o� �4�c�m� �l�o�n�g�.� �A� �1� �m�l� �s�a�m�p�l�e� �w�a�s� �i�n�j�e�c�t�e�d� �s�l�o�w�l�y� �i�n�t�o� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� 

�l�o�o�p� �l�u�m�e�n�s� �w�i�t�h� �a� �2�6�-�g�a�u�g�e� �n�e�e�d�l�e�.� �A�f�t�e�r� �a�l�l� �l�o�o�p�s� �w�e�r�e� �i�n�o�c�u�l�a�t�e�d�,� �t�h�e� 

�g�u�t� �w�a�s� �r�i�n�s�e�d� �w�i�t�h� �h�e�p�a�r�i�z�i�n�e�d� �s�a�l�i�n�e� �a�n�d� �r�e�t�u�r�n�e�d� �t�o� �t�h�e� �a�b�d�o�m�i�n�a�l� �c�a�v�i�t�y�.� 

�M�u�s�c�l�e� �l�a�y�e�r�s� �w�e�r�e� �c�l�o�s�e�d� �w�i�t�h� �2�-�0� �c�h�r�o�m�i�c� �g�u�t� �i�n� �a� �s�i�m�p�l�e� �c�o�n�t�i�n�u�o�u�s� 

�s�u�t�u�r�e� �p�a�t�t�e�r�n� �a�n�d� �t�h�e� �s�k�i�n� �w�a�s� �c�l�o�s�e�d� �w�i�t�h� �4�-�0� �V�e�t�a�f�i�l� �i�n� �a� �F�o�r�d�-� 

�i�n�t�e�r�l�o�c�k�i�n�g� �p�a�t�t�e�r�n�.� �R�a�b�b�i�t�s� �w�e�r�e� �r�e�t�u�r�n�e�d� �t�o� �c�a�g�e�s�,� �g�i�v�e�n� �w�a�t�e�r� �a�d� 

�l�i�b�i�t�u�m�,� �a�n�d� �m�o�n�i�t�o�r�e�d� �e�v�e�r�y� �4� �h�o�u�r�s� �p�o�s�t�-�o�p�e�r�a�t�i�v�e�l�y�.� �T�o�r�b�u�g�e�s�i�c� 

�(�B�u�t�o�r�p�h�a�n�o�l� �t�a�r�t�r�a�t�e� �-� �A�v�e�c�o� �C�o�,� �I�n�c�.�,� �F�o�r�t� �D�o�d�g�e�,� �I�A�)�,� �0�.�3� �m�g�,� �w�a�s� 

�a�d�m�i�n�i�s�t�e�r�e�d� �i�n�t�r�a�m�u�s�c�u�l�a�r�l�y� �f�o�r� �a�n�a�l�g�e�s�i�a� �e�v�e�r�y� �4� �h�o�u�r�s�.� �A�f�t�e�r� �1�8� �h�o�u�r�s�,� 

�r�a�b�b�i�t�s� �w�e�r�e� �e�u�t�h�a�n�i�z�e�d� �b�y� �i�n�t�r�a�c�a�r�d�i�a�c� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �S�l�e�e�p�a�w�a�y� 

�(�S�o�d�i�u�m� �P�e�n�t�o�b�a�r�b�i�t�a�l� �-� �F�o�r�t� �D�o�d�g�e� �L�a�b�o�r�a�t�o�r�i�e�s�,� �F�o�r�t� �D�o�d�g�e�,� �I�A�)�.� �T�h�e� 

�a�b�d�o�m�i�n�a�l� �c�a�v�i�t�i�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �f�o�r� �a�n�y� �g�r�o�s�s� �c�h�a�n�g�e�s�,� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e�s� 

�w�e�r�e� �r�e�m�o�v�e�d� �a�n�d� �i�n�t�e�r�l�o�o�p�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �f�o�r� �l�e�a�k�a�g�e�.� 

�F�.� �P�i�g� �L�i�g�a�t�e�d� �I�l�e�a�l� �L�o�o�p� �M�o�d�e�l� 

�T�h�e� �p�r�o�c�e�d�u�r�e� �f�o�r� �p�i�g� �i�l�e�a�l� �l�o�o�p� �a�s�s�a�y� �w�a�s� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �d�e�s�c�r�i�b�e�d� 

�f�o�r� �t�h�e� �r�a�b�b�i�t� �l�i�g�a�t�e�d� �i�l�e�a�l� �l�o�o�p� �m�o�d�e�l�.� �H�a�l�o�t�h�a�n�e� �(�H�a�l�o�c�a�r�b�o�n� 

�L�a�b�o�r�a�t�o�r�i�e�s�,� �R�i�v�e�r� �E�d�g�e�,� �N�J�)� �w�a�s� �a�d�m�i�n�i�s�t�e�r�e�d� �v�i�a� �n�o�s�e� �c�o�n�e� �t�o� �i�n�d�u�c�e� 

�1�8



�s�u�r�g�i�c�a�l� �p�l�a�n�e� �o�f� �a�n�e�s�t�h�e�s�i�a�.� �T�h�e� �l�e�f�t� �f�l�a�n�k� �w�a�s� �c�l�e�a�n�e�d� �a�n�d� �s�w�a�b�b�e�d� �w�i�t�h� 

�B�e�t�a�d�i�n�e� �a�n�d� �N�o�l�v�a�s�a�n�.� �A� �v�e�r�t�i�c�a�l� �i�n�c�i�s�i�o�n�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0� �c�m�,� �w�a�s� 

�m�a�d�e� �i�n� �t�h�e� �p�a�r�a�l�u�m�b�a�r� �r�e�g�i�o�n� �t�h�r�o�u�g�h� �t�h�e� �s�k�i�n� �a�n�d� �m�u�s�c�u�l�a�t�u�r�e�.� �T�h�e� 

�s�m�a�l�l� �i�n�t�e�s�t�i�n�e� �w�a�s� �e�x�t�e�r�n�a�l�i�z�e�d�.� �L�i�g�a�t�u�r�e�s� �w�e�r�e� �p�l�a�c�e�d� �e�v�e�r�y� �6� �t�o� �1�1� �c�m� �i�n� 

�l�e�n�g�t�h� �b�e�g�i�n�n�i�n�g� �a�t� �a� �s�i�t�e� �1�0�0� �c�m� �d�i�s�t�a�l� �t�o� �t�h�e� �l�i�g�a�m�e�n�t� �o�f� �T�r�i�e�s�t�e� �(�a�n�t�e�r�i�o�r�-� 

�d�o�r�s�a�l� �a�t�t�a�c�h�m�e�n�t�.� �I�n� �7�-�8� �w�e�e�k� �o�l�d� �p�i�g�s�,� �2�4� �l�o�o�p�s� �w�e�r�e� �t�i�e�d� �i�n� �P�a�r�t� �I� �a�n�d� 

�1�0� �l�o�o�p�s� �w�e�r�e� �t�i�e�d� �i�n� �P�a�r�t� �I�I�;� �w�h�e�r�e�a�s�,� �1�2� �a�n�d� �1�0� �l�o�o�p�s� �w�e�r�e� �t�i�e�d� 

�r�e�s�p�e�c�t�i�v�e�l�y� �f�o�r� �P�a�r�t�s� �I� �a�n�d� �I�I� �i�n� �t�h�e� �3�-�4� �w�e�e�k� �o�l�d� �a�n�i�m�a�l�s�.� 

�A�f�t�e�r� �a�l�l� �l�o�o�p�s� �w�e�r�e� �i�n�o�c�u�l�a�t�e�d�,� �t�h�e� �g�u�t� �w�a�s� �r�i�n�s�e�d� �w�i�t�h� �h�e�p�a�r�i�z�i�n�e�d� 

�s�a�l�i�n�e� �a�n�d� �r�e�t�u�r�n�e�d� �t�o� �t�h�e� �a�b�d�o�m�i�n�a�l� �c�a�v�i�t�y�.� �T�h�e� �m�u�s�c�l�e� �a�n�d� �s�k�i�n� �l�a�y�e�r�s� 

�w�e�r�e� �s�u�t�u�r�e�d�,� �p�i�g�s� �w�e�r�e� �r�e�t�u�r�n�e�d� �t�o� �c�a�g�e�s�,� �g�i�v�e�n� �w�a�t�e�r� �a�d� �l�i�b�i�t�u�m�,� �a�n�d� 

�m�o�n�i�t�o�r�e�d� �e�v�e�r�y� �4� �h�o�u�r�s� �p�o�s�t�-�o�p�e�r�a�t�i�v�e�l�y�.� �T�o�r�b�u�g�e�s�i�c� �(�B�u�t�o�r�p�h�a�n�o�l� 

�t�a�r�t�r�a�t�e� �-� �A�v�e�c�o� �C�o�,� �I�n�c�.�,� �F�o�r�t� �D�o�d�g�e�,� �I�A�)�,� �0�.�3� �m�g�,� �w�a�s� �a�d�m�i�n�i�s�t�e�r�e�d� 

�i�n�t�r�a�m�u�s�c�u�l�a�r�l�y� �f�o�r� �a�n�a�l�g�e�s�i�a� �e�v�e�r�y� �4� �h�o�u�r�s�.� �A�f�t�e�r� �1�8� �h�o�u�r�s�,� �p�i�g�s� �w�e�r�e� 

�e�u�t�h�a�n�i�z�e�d� �b�y� �i�n�t�r�a�c�a�r�d�i�a�c� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �S�l�e�e�p�a�w�a�y� �(�S�o�d�i�u�m� 

�P�e�n�t�o�b�a�r�b�i�t�a�l� �-� �F�o�r�t� �D�o�d�g�e� �L�a�b�o�r�a�t�o�r�i�e�s�,� �F�o�r�t� �D�o�d�g�e�,� �I�A�)�.� �T�h�e� �a�b�d�o�m�i�n�a�l� 

�c�a�v�i�t�i�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �f�o�r� �a�n�y� �g�r�o�s�s� �c�h�a�n�g�e�s�,� �t�h�e� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e�s� �w�e�r�e� 

�r�e�m�o�v�e�d�,� �a�n�d� �i�n�t�e�r�l�o�o�p�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �f�o�r� �l�e�a�k�a�g�e�.� 

�G�.� �F�l�u�i�d� �A�c�c�u�m�u�l�a�t�i�o�n� �R�a�t�i�o� �D�e�t�e�r�m�i�n�a�t�i�o�n� 

�A�c�c�u�m�u�l�a�t�e�d� �f�l�u�i�d� �i�n� �l�o�o�p�s� �w�a�s� �r�e�m�o�v�e�d� �u�s�i�n�g� �a�n� �1�8�-�g�a�u�g�e� �n�e�e�d�l�e� 
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�a�n�d� �a� �s�t�e�r�i�l�e� �s�y�r�i�n�g�e�,� �a�n�d� �p�l�a�c�e�d� �i�n� �s�t�e�r�i�l�e� �p�l�a�s�t�i�c� �t�e�s�t� �t�u�b�e�s�.� �T�h�e� �a�m�o�u�n�t� �o�f� 

�f�l�u�i�d� �a�c�c�u�m�u�l�a�t�e�d� �a�n�d� �t�h�e� �l�e�n�g�t�h�s� �o�f� �t�h�e� �l�o�o�p�s� �w�e�r�e� �m�e�a�s�u�r�e�d�,� �a�n�d� �t�h�e� �r�a�t�i�o� 

�o�f� �t�h�e� �f�l�u�i�d� �(�m�i�l�l�i�l�i�t�e�r�s�)� �t�o� �l�e�n�g�t�h� �(�c�e�n�t�i�m�e�t�e�r�s�)� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �(�m�l�/�c�m�)�.� 

�H�.� �I�s�o�l�a�t�i�o�n� �a�n�d� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �B�a�c�t�e�r�i�a� 

�F�l�u�i�d� �s�a�m�p�l�e�s�,� �l�i�v�e�r� �a�n�d� �s�p�l�e�n�i�c� �t�i�s�s�u�e� �s�a�m�p�l�e�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �f�r�o�m� 

�b�o�t�h� �r�a�b�b�i�t�s� �a�n�d� �p�i�g�s� �t�o� �c�u�l�t�u�r�e� �a�n�d� �i�s�o�l�a�t�e� �A�r�c�o�b�a�c�t�e�r�.� �S�a�m�p�l�e�s� �w�e�r�e� 

�p�l�a�c�e�d� �i�n� �i�n�d�i�v�i�d�u�a�l� �v�i�a�l�s� �c�o�n�t�a�i�n�i�n�g� �2�0� �m�l� �o�f� �s�e�m�i�s�o�l�i�d� �L�e�p�t�o�s�p�i�r�a� �s�e�l�e�c�t�i�v�e� 

�m�e�d�i�u�m� �E�M�J�H� �P�-�8�0� �a�n�d� �i�n�c�u�b�a�t�e�d� �a�t� �3�0�°�C� �f�o�r� �4�8� �h�o�u�r�s�.� �C�u�l�t�u�r�e�s� �w�e�r�e� 

�t�h�e�n� �v�i�e�w�e�d� �v�i�a� �d�a�r�k�-�f�i�e�l�d� �m�i�c�r�o�s�c�o�p�y� �f�o�r� �t�y�p�i�c�a�l� �A�r�c�o�b�a�c�t�e�r� �m�o�r�p�h�o�l�o�g�y� 

�a�n�d� �m�o�t�i�l�i�t�y�.� �I�n� �a�d�d�i�t�i�o�n�,� �p�o�l�y�m�e�r�a�s�e� �c�h�a�i�n� �r�e�a�c�t�i�o�n� �(�P�C�R�)� �a�n�d� �r�e�s�t�r�i�c�t�i�o�n� 

�e�n�z�y�m�e� �a�n�a�l�y�s�i�s� �(�R�E�A�)�8�2� �w�e�r�e� �u�s�e�d� �t�o� �d�e�t�e�c�t� �a�n�d� �c�o�n�f�i�r�m� �A�r�c�o�b�a�c�t�e�r� �s�p�.� 

�a�n�d� �A�r�c�o�b�a�c�t�e�r� �b�u�t�z�l�e�r�i� �r�e�s�p�e�c�t�i�v�e�l�y�,� �i�n� �P�a�r�t� �H�.� �P�r�o�c�e�d�u�r�e�s� �f�o�r� �P�C�R� 

�w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �H�a�r�m�o�n�.�2�2� �O�n�e� �h�u�n�d�r�e�d� �a�n�d� �f�i�f�t�y� 

�m�i�c�r�o�l�i�t�e�r�s� �o�f� �t�h�e� �P�-�8�0� �m�e�d�i�u�m� �s�a�m�p�l�e�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �P�C�R� �r�e�a�c�t�i�o�n� �t�u�b�e�s� 

�a�n�d� �h�e�a�t�e�d� �f�o�r� �1�5� �m�i�n�u�t�e�s� �a�t� �1�1�0�°�C� �(�L�a�b�-�L�i�n�e� �M�u�l�t�i�-�B�l�o�k� �H�e�a�t�e�r�,� �M�e�l�r�o�s�e� 

�P�a�r�k�,� �I�L�)�.� �T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �t�h�e�n� �c�e�n�t�r�i�f�u�g�e�d� �f�o�r� �o�n�e� �m�i�n�u�t�e� �a�t� �1�2�,�4�0�0� 

�r�p�m� �(�F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �M�i�c�r�o�-�C�e�n�t�r�i�f�u�g�e� �M�o�d�e�l� �2�3�5�C�)�.� �S�e�r�v�i�n�g� �a�s� �t�h�e� 

�D�N�A� �t�e�m�p�l�a�t�e�,� �f�i�v�e� �u�l� �o�f� �e�a�c�h� �s�a�m�p�l�e� �w�e�r�e� �a�m�p�l�i�f�i�e�d�.� �A�m�p�l�i�f�i�c�a�t�i�o�n� �w�a�s� 

�p�e�r�f�o�r�m�e�d� �i�n� �a� �5�0� �u�l� �v�o�l�u�m�e� �c�o�n�t�a�i�n�i�n�g� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�.�0� �n�g� �t�e�m�p�l�a�t�e� 

�D�N�A�,� �5�0� �p�m�o�l�e� �e�a�c�h� �o�f� �p�r�i�m�e�r�s� �A�r�c�o� �I� �a�n�d� �A�r�c�o� �I�I�,� �1�.�2�5� �U� �o�f� �T�a�g� �D�N�A� 

�2�0



�p�o�l�y�m�e�r�a�s�e� �(�B�o�e�h�r�i�n�g�e�r� �M�a�n�n�h�e�i�m� �B�i�o�c�h�e�m�i�c�a�l�s�,� �I�n�d�i�a�n�a�p�o�l�i�s�,� �I�N�)�,� �2�0�0� 

�u�m�o�l�-�!� �o�f� �d�A�T�P�,� �d�C�T�P�,� �d�T�T�P�,� �a�n�d� �d�G�T�P�,� �1�0� �m�m�o�l�-�!� �T�r�i�s�-�H�C�l�,� �5�0� �m�m�o�l�-�1�!� 

�K�C�I�,� �a�n�d� �1�.�5� �m�m�o�l�-�!� �M�g�C�l�y�.� �T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �w�a�s� �o�v�e�r�l�a�i�d� �w�i�t�h� 

�s�t�e�r�i�l�e� �m�i�n�e�r�a�l� �o�i�l� �(�S�i�g�m�a�,� �S�t�.� �L�o�u�i�s�,� �M�O�)�,� �a�n�d� �a�m�p�l�i�f�i�e�d� �i�n� �a� �D�N�A� �t�h�e�r�m�a�l� 

�c�y�c�l�e�r� �(�P�e�r�k�i�n�-�E�l�m�e�r� �C�e�t�u�s�,� �N�o�r�w�a�l�k�,� �C�T�)�.� �T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� 

�a�n� �i�n�i�t�i�a�l� �d�e�n�a�t�u�r�a�t�i�o�n� �s�t�e�p� �(�9�4�°�C� �f�o�r� �f�o�u�r� �m�i�n�u�t�e�s�)�,� �f�o�l�l�o�w�e�d� �b�y� �2�5� 

�a�m�p�l�i�f�i�c�a�t�i�o�n� �c�y�c�l�e�s�.� �E�a�c�h� �c�y�c�l�e� �c�o�n�s�i�s�t�e�d� �o�f� �o�n�e� �m�i�n�u�t�e� �a�t� �9�4�°�C� 

�(�d�e�n�a�t�u�r�a�t�i�o�n�)�,� �o�n�e� �m�i�n�u�t�e� �a�t� �5�8�°�C� �f�o�r� �p�r�i�m�e�r�s� �A�r�c�o� �I� �a�n�d� �A�r�c�o� �I�I� �(�p�r�i�m�e�r� 

�a�n�n�e�a�l�i�n�g�)�,� �a�n�d� �o�n�e� �m�i�n�u�t�e� �a�t� �7�2�°�C� �(�p�r�i�m�e�r� �e�x�t�e�n�s�i�o�n�)�.� �A� �p�r�i�m�e�r� �e�x�t�e�n�s�i�o�n� 

�s�t�e�p� �(�7�2�°�C� �f�o�r� �s�e�v�e�n� �m�i�n�u�t�e�s�)� �f�o�l�l�o�w�e�d� �t�h�e� �f�i�n�a�l� �a�m�p�l�i�f�i�c�a�t�i�o�n� �c�y�c�l�e�.� �P�C�R� 

�r�e�a�c�t�i�o�n� �p�r�o�d�u�c�t�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �b�y� �e�l�e�c�t�r�o�p�h�o�r�e�t�i�c� �s�e�p�a�r�a�t�i�o�n� �(�6�0� �V�,� �1�.�5� 

�h�o�u�r�s�)� �o�n� �a� �1�.�5�%� �a�g�a�r�o�s�e� �g�e�l� �(�S�e�a�k�e�m� �M�E� �a�g�a�r�o�s�e�,� �F�M�C� �B�i�o�p�r�o�d�u�c�t�s�,� 

�R�o�c�k�l�a�n�d�,� �M�E�)� �i�n� �a� �h�o�r�i�z�o�n�t�a�l� �g�e�l� �b�e�d� �w�i�t�h� �T�B�E� �(�9�0� �m�m�o�l�-�!� �T�r�i�s�,� �2� �m�m�o�l�-� 

�1� �E�D�T�A�,� �9�0� �m�m�o�l�-�!� �b�o�r�i�c� �a�c�i�d�,� �p�H� �8�.�5�)� �a�s� �t�h�e� �r�u�n�n�i�n�g� �b�u�f�f�e�r�.� �D�N�A� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �m�a�r�k�e�r� �I�X� �(�@�X�1�7�4�/�H�a�e� �I�I�I�,� �B�o�e�h�r�i�n�g�e�r� �M�a�n�n�h�e�i�m� 

�B�i�o�c�h�e�m�i�c�a�l�s�)� �w�a�s� �i�n�c�l�u�d�e�d� �f�o�r� �b�a�s�e� �p�a�i�r� �s�i�z�e� �c�o�m�p�a�r�i�s�o�n�.� �T�h�e� �g�e�l� �w�a�s� 

�t�h�e�n� �s�t�a�i�n�e�d� �w�i�t�h� �e�t�h�i�d�i�u�m� �b�r�o�m�i�d�e�,� �v�i�s�u�a�l�i�z�e�d� �w�i�t�h� �s�h�o�r�t�w�a�v�e� �U�V� �l�i�g�h�t�,� 

�a�n�d� �p�h�o�t�o�g�r�a�p�h�e�d�.� 

�B�a�c�t�e�r�i�a�l� �D�N�A� �f�o�r� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e� �a�n�a�l�y�s�i�s� �(�R�E�A�)� �w�a�s� �e�x�t�r�a�c�t�e�d� 

�a�s� �f�o�l�l�o�w�s�.� �P�-�8�0� �t�i�s�s�u�e� �s�a�m�p�l�e�s� �f�o�u�n�d� �p�o�s�i�t�i�v�e� �f�o�r� �A�r�c�o�b�a�c�t�e�r� �b�a�s�e�d� �o�n� 

�2�1



�P�C�R� �w�e�r�e� �f�i�l�t�e�r�e�d� �o�n�t�o� �b�l�o�o�d� �a�g�a�r� �p�l�a�t�e�s�,� �s�t�r�e�a�k�e�d� �f�o�r� �c�o�l�o�n�y� �i�s�o�l�a�t�i�o�n�,� �a�n�d� 

�i�n�c�u�b�a�t�e�d� �m�i�c�r�o�a�e�r�o�b�i�c�a�l�l�y� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �t�w�o� �d�a�y�s�.� �A�r�c�o�b�a�c�t�e�r�-� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �c�o�l�o�n�i�e�s�,� �w�h�i�t�e� �a�n�d� �p�i�n�p�o�i�n�t�,� �w�e�r�e� �p�i�c�k�e�d� �a�n�d� �s�t�r�e�a�k�e�d� �o�n� 

�b�l�o�o�d� �a�g�a�r� �p�l�a�t�e�s� �f�o�r� �a�m�p�l�i�f�i�c�a�t�i�o�n� �(�f�i�v�e� �p�l�a�t�e�s� �p�e�r� �s�a�m�p�l�e�)�.� �T�h�e� �p�l�a�t�e�s� 

�w�e�r�e� �i�n�c�u�b�a�t�e�d� �(�2�4�°�C�,� �t�w�o� �d�a�y�s�)� �a�n�d� �b�a�c�t�e�r�i�a�l� �c�e�l�l�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d�.� 

�H�a�r�v�e�s�t�i�n�g� �w�a�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �p�i�p�e�t�t�i�n�g� �5� �m�l� �o�f� �s�t�e�r�i�l�e� �P�B�S�,� �p�H� �7�.�4�,� �o�n�t�o� 

�e�a�c�h� �p�l�a�t�e� �a�n�d� �g�e�n�t�l�y� �r�a�k�i�n�g� �c�o�l�o�n�i�e�s� �f�r�o�m� �t�h�e� �a�g�a�r�.� �T�h�e� �b�a�c�t�e�r�i�a�l� 

�s�u�s�p�e�n�s�i�o�n� �w�a�s� �p�i�p�e�t�t�e�d� �f�r�o�m� �p�l�a�t�e�s� �(�2�5� �m�l� �f�o�r� �e�a�c�h� �s�a�m�p�l�e�)�,� �p�l�a�c�e�d� �i�n� 

�s�t�e�r�i�l�e� �O�a�k�-�R�i�d�g�e� �s�t�y�l�e� �c�e�n�t�r�i�f�u�g�e� �t�u�b�e�s�,� �a�n�d� �p�e�l�l�e�t�e�d� �a�t� �9�,�0�0�0� �r�p�m� �(�3�0� 

�m�i�n�u�t�e�s�,� �4�°�C�)�.� �T�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �d�e�c�a�n�t�e�d� �a�n�d� �b�a�c�t�e�r�i�a�l� �p�e�l�l�e�t�s� �w�e�r�e� 

�r�e�s�u�s�p�e�n�d�e�d� �w�i�t�h� �6�0�0� �u�l� �o�f� �T�E� �S�u�c�r�o�s�e� �(�2�5�%�)� �i�n� �B�e�c�k�m�a�n� �u�l�t�r�a�c�e�n�t�r�i�f�u�g�e� 

�t�u�b�e�s�.� �S�a�m�p�l�e�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �a� �-�2�0�°�C� �f�r�e�e�z�e�r� �o�v�e�r�n�i�g�h�t�.� �S�a�m�p�l�e�s� �w�e�r�e� 

�t�h�a�w�e�d� �a�n�d� �t�r�a�n�s�f�e�r�r�e�d� �i�n�t�o� �p�o�l�y�a�l�l�o�m�a�r� �u�l�t�r�a�c�e�n�t�r�i�f�u�g�e� �t�u�b�e�s�.� �L�y�s�o�z�y�m�e� 

�(�S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�.�,� �S�t�.� �L�o�u�i�s�,� �M�O�)� �w�a�s� �p�r�e�p�a�r�e�d�,� �6�0� �m�g� �t�o� �3� �m�l� �o�f� �T�E� 

�S�u�c�r�o�s�e�,� �a�n�d� �a�d�d�e�d� �(�1�3�0� �i�l�)� �t�o� �e�a�c�h� �b�a�c�t�e�r�i�a�l� �c�e�l�l� �s�u�s�p�e�n�s�i�o�n�.� �S�a�m�p�l�e�s� �w�e�r�e� 

�p�l�a�c�e�d� �i�n� �i�c�e� �f�o�r� �1�5� �m�i�n�u�t�e�s� �f�o�r� �c�e�l�l� �w�a�l�l� �l�y�s�i�s�.� �O�n�e� �h�u�n�d�r�e�d� �a�n�d� �t�h�i�r�t�y� 

�m�i�c�r�o�l�i�t�e�r�s� �o�f� �E�D�T�A�,� �p�H�.� �8�.�0�,� �w�a�s� �a�d�d�e�d� �t�o� �e�a�c�h� �s�a�m�p�l�e�,� �f�o�l�l�o�w�e�d� �b�y� �7�0� �u�l� 

�o�f� �1�0�%� �s�a�r�c�o�s�i�n�e�,� �a�n�d� �1�0� �u�l� �o�f� �p�r�o�t�e�i�n�a�s�e� �K�.� �T�h�e� �t�u�b�e�s� �w�e�r�e� �c�o�v�e�r�e�d� �w�i�t�h� 

�a�l�u�m�i�n�u�m� �f�o�i�l� �a�n�d� �i�n�c�u�b�a�t�e�d� �o�v�e�r�n�i�g�h�t� �a�t� �6�5�°�C�.� �A�f�t�e�r� �i�n�c�u�b�a�t�i�o�n�,� �e�a�c�h� 

�u�l�t�r�a�c�e�n�t�r�i�f�u�g�e� �t�u�b�e� �w�a�s� �f�i�l�l�e�d� �w�i�t�h� �c�e�s�i�u�m� �c�h�l�o�r�i�d�e�,� �a�i�r� �b�u�b�b�l�e�s� �w�e�r�e� 

�r�e�m�o�v�e�d�,� �a�n�d� �t�u�b�e�s� �s�e�a�l�e�d�.� �S�a�m�p�l�e�s� �w�e�r�e� �t�h�e�n� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �6�5�,�0�0�0� �r�p�m� 
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�f�o�r� �3�-�4� �h�o�u�r�s�.� �G�r�a�d�i�e�n�t�s� �w�e�r�e� �t�a�p�p�e�d� �i�n�t�o� �5� �m�l� �s�n�a�p� �c�a�p� �p�o�l�y�s�t�y�r�e�n�e� �t�u�b�e�s�.� 

�S�a�m�p�l�e�s� �w�e�r�e� �d�i�a�l�y�z�e�d� �e�x�t�e�n�s�i�v�e�l�y� �a�g�a�i�n�s�t� �T�E� �b�u�f�f�e�r� �w�i�t�h� �t�h�r�e�e� �c�h�a�n�g�e�s� 

�o�v�e�r� �t�w�o� �d�a�y�s�.� 

�R�E�A� �w�a�s� �c�o�n�d�u�c�t�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �W�e�s�l�e�y� �e�t� �a�l�.�8�2� �D�N�A� �(�2� �u�g�)� �f�o�r� 

�e�a�c�h� �s�a�m�p�l�e� �w�a�s� �d�i�g�e�s�t�e�d� �(�3�-�4� �h�o�u�r�s�,� �3�7�°�C�)� �w�i�t�h� �P�v�u�l�l� �i�n� �a� �b�u�f�f�e�r�e�d� �2�0�-�1� 

�r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�.� �A�f�t�e�r� �d�i�g�e�s�t�i�o�n�,� �5� �u�l� �o�f� �t�r�a�c�k�i�n�g� �d�y�e� �(�0�.�1�%� �b�r�o�m�o�p�h�e�n�o�l� 

�b�l�u�e�,� �2�0�%� �F�i�c�o�l�l� �t�y�p�e� �4�0�0�)� �w�a�s� �a�d�d�e�d� �t�o� �e�a�c�h� �s�a�m�p�l�e�,� �a�n�d� �D�N�A� �f�r�a�g�m�e�n�t�s� 

�w�e�r�e� �s�e�p�a�r�a�t�e�d� �o�n� �1�.�0�%� �a�g�a�r�o�s�e� �(�1�6� �h�o�u�r�s�,� �6�0� �V�)� �i�n� �a� �h�o�r�i�z�o�n�t�a�l� �g�e�l�.� �A�t� 

�t�h�e� �c�o�m�p�l�e�t�i�o�n� �o�f� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s�,� �t�h�e� �g�e�l� �w�a�s� �s�t�a�i�n�e�d� �w�i�t�h� �e�t�h�i�d�i�u�m� 

�b�r�o�m�i�d�e� �a�n�d� �p�h�o�t�o�g�r�a�p�h�e�d�.� 

�I�.� �H�i�s�t�o�p�a�t�h�o�l�o�g�y� 

�E�x�p�e�r�i�m�e�n�t�a�l� �i�l�e�a�l� �l�o�o�p�s� �w�e�r�e� �h�a�r�v�e�s�t�e�d� �f�r�o�m� �b�o�t�h� �r�a�b�b�i�t�s� �a�n�d� �p�i�g�s� 

�f�o�r� �h�i�s�t�o�l�o�g�i�c�a�l� �e�x�a�m�i�n�a�t�i�o�n�.� �I�n� �a�d�d�i�t�i�o�n�,� �l�i�v�e�r� �a�n�d� �s�p�l�e�n�i�c� �t�i�s�s�u�e�s� �w�e�r�e� 

�t�a�k�e�n� �t�o� �e�v�a�l�u�a�t�e� �p�o�s�s�i�b�l�e� �p�a�t�h�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �A�r�c�o�b�a�c�t�e�r�.� 

�T�i�s�s�u�e�s� �w�e�r�e� �f�i�x�e�d� �i�n� �1�0�%� �b�u�f�f�e�r�e�d� �f�o�r�m�a�l�i�n�,� �e�m�b�e�d�d�e�d� �i�n� �p�a�r�a�f�f�i�n�,� 

�s�e�c�t�i�o�n�e�d�,� �a�n�d� �m�o�u�n�t�e�d� �o�n� �m�i�c�r�o�s�c�o�p�i�c� �s�l�i�d�e�s�.� �T�i�s�s�u�e� �s�e�c�t�i�o�n�s� �w�e�r�e� �s�t�a�i�n�e�d� 

�w�i�t�h� �b�o�t�h� �h�e�m�a�t�o�x�y�l�i�n�/�e�o�s�i�n� �(�H�&�E�)� �a�n�d� �W�a�r�t�h�i�n�-�S�t�a�r�r�y� �(�s�i�l�v�e�r�)� �s�t�a�i�n�s�.� 

�H�&�E� �s�t�a�i�n� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �p�r�i�m�a�r�y� �s�t�a�i�n� �t�o� �o�b�s�e�r�v�e� �p�a�t�h�o�l�o�g�y�.� �S�i�l�v�e�r� �s�t�a�i�n� 

�w�a�s� �u�s�e�d� �t�o� �v�i�s�u�a�l�i�z�e� �o�r�g�a�n�i�s�m�s� �i�n� �t�h�e� �t�i�s�s�u�e�s�.� 
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�J�.� �S�p�l�e�n�i�c� �T�i�s�s�u�e� �B�a�c�t�e�r�i�a�l� �E�n�u�m�e�r�a�t�i�o�n� 

�T�h�i�s� �p�r�o�c�e�d�u�r�e� �w�a�s� �p�e�r�f�o�r�m�e�d� �i�n� �P�a�r�t� �I�I� �o�f� �t�h�e� �r�e�s�e�a�r�c�h�.� �S�p�l�e�n�i�c� 

�t�i�s�s�u�e�s� �(�2�.�4� �g� �t�o� �4�.�2� �g�)� �w�e�r�e� �m�i�n�c�e�d� �a�n�d� �p�l�a�c�e�d� �i�n� �p�r�e�w�e�i�g�h�e�d�,� �5�0� �m�L� 

�s�t�e�r�i�l�e� �c�o�n�i�c�a�l� �c�e�n�t�r�i�f�u�g�e� �t�u�b�e�s� �(�B�l�u�e� �M�a�x�,� �B�e�c�t�o�n� �D�i�c�k�s�o�n�,� �L�i�n�c�o�l�n� �P�a�r�k�,� 

�N�J�)�.� �T�h�e� �t�u�b�e�s� �w�e�r�e� �r�e�w�e�i�g�h�e�d� �a�n�d� �P�B�S� �w�a�s� �a�d�d�e�d� �t�o� �d�i�l�u�t�e� �t�e�n� �t�i�m�e�s� �t�h�e� 

�w�e�i�g�h�t� �o�f� �t�h�e� �s�p�l�e�n�i�c� �t�i�s�s�u�e� �(�i�.�e�.�,� �i�f� �s�p�l�e�n�i�c� �t�i�s�s�u�e� �w�e�i�g�h�e�d� �2�.�4� �g�,� �t�h�e�n� �2�4� �m�L� 

�o�f� �P�B�S� �w�a�s� �a�d�d�e�d�)�.� �T�h�e� �s�p�l�e�n�i�c� �s�u�s�p�e�n�s�i�o�n� �w�a�s� �h�o�m�o�g�e�n�i�z�e�d� �u�s�i�n�g� �a� 

�t�i�s�s�u�m�i�z�e�r� �(�T�e�k�m�a�r� �C�o�.�,� �C�i�n�c�i�n�n�a�t�i�,� �O�H�)�.� �I�n� �s�e�p�a�r�a�t�e� �5� �m�L� �p�l�a�s�t�i�c� �t�e�s�t� 

�t�u�b�e�s�,� �1�.�8� �m�L� �o�f� �P�B�S� �w�a�s� �p�l�a�c�e�d�.� �A� �t�o�t�a�l� �o�f� �8� �s�m�a�l�l� �P�B�S� �t�u�b�e�s� �w�e�r�e� �s�e�t� �u�p� 

�f�o�r� �t�e�n�-�f�o�l�d� �s�e�r�i�a�l� �d�i�l�u�t�i�o�n�s� �f�o�r� �e�a�c�h� �s�p�l�e�n�i�c� �s�u�s�p�e�n�s�i�o�n�.� �T�h�e� �s�p�l�e�n�i�c� 

�s�u�s�p�e�n�s�i�o�n� �(�2�0�0� �L�L�)� �w�a�s� �p�i�p�e�t�t�e�d� �i�n�t�o� �t�h�e� �f�i�r�s�t� �t�u�b�e�.� �T�h�e� �t�u�b�e� �w�a�s� 

�v�o�r�t�e�x�e�d�,� �a�n�d� �2�0�0� �u�L� �w�a�s� �t�a�k�e�n� �f�r�o�m� �t�h�e� �t�u�b�e� �a�n�d� �a�l�i�q�u�o�t�e�d� �i�n�t�o� �t�h�e� �s�e�c�o�n�d� 

�v�i�a�l�.� �T�h�i�s� �w�a�s� �r�e�p�e�a�t�e�d� �i�n� �s�u�b�s�e�q�u�e�n�t� �v�i�a�l�s� �f�o�r� �f�o�u�r� �d�i�l�u�t�i�o�n�s� 

�(�1�0�1�,�1�0�2�,�1�0�3�,�1�0�4�)�.� �O�n�e� �h�u�n�d�r�e�d� �m�i�c�r�o�l�i�t�e�r�s� �w�a�s� �p�l�a�t�e�d� �o�n� �m�o�d�i�f�i�e�d� �C�I�N� 

�(�c�e�l�f�u�l�o�d�i�n�-�i�r�g�a�s�a�n�-�n�o�v�o�b�i�o�c�i�n�)� �a�n�d� �C�a�m�p�y� �C�V�A� �(�c�e�f�o�p�e�r�a�z�o�n�e�-� 

�v�a�n�c�o�m�y�c�i�n�-�a�m�p�h�o�t�e�r�i�c�i�n� �B�)� �s�e�l�e�c�t�i�v�e� �A�r�c�o�b�a�c�t�e�r� �m�e�d�i�a�.�7� �P�l�a�t�e�s� �w�e�r�e� 

�i�n�c�u�b�a�t�e�d� �(�r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�,� �4�8� �h�o�u�r�s�)� �a�n�d� �c�o�l�o�n�i�e�s� �e�n�u�m�e�r�a�t�e�d�.� 

�K�.� �S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� 

�F�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n� �r�a�t�i�o�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �a�n�d� �a�v�e�r�a�g�e�d� �f�o�r� �e�a�c�h� 

�A�r�c�o�b�a�c�t�e�r� �s�t�r�a�i�n�,� �a�s� �w�e�l�l� �a�s� �f�o�r� �t�h�e� �p�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e� �c�o�n�t�r�o�l�s�.� �R�e�s�u�l�t�s� 
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�a�r�e� �p�r�e�s�e�n�t�e�d� �a�s� �m�e�a�n� �v�a�l�u�e�s�.� �M�e�a�n� �v�a�l�u�e�s� �f�o�r� �e�x�p�e�r�i�m�e�n�t�a�l� �s�t�r�a�i�n�s� �a�r�e� 

�c�o�m�p�a�r�e�d� �t�o� �m�e�a�n� �v�a�l�u�e�s� �f�o�r� �p�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e� �c�o�n�t�r�o�l�s�.� �A� �t�w�o�-�w�a�y� 

�A�n�a�l�y�s�i�s� �o�f� �V�a�r�i�a�n�c�e� �f�o�r� �a�n� �i�n�c�o�m�p�l�e�t�e� �b�l�o�c�k� �d�e�s�i�g�n� �w�a�s� �u�s�e�d� �t�o� �e�x�a�m�i�n�e� 

�s�t�r�a�i�n� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �f�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n� �f�o�r� �t�h�e� �g�u�t� �l�o�o�p� �a�s�s�a�y�s�.� �L�e�a�s�t�-� 

�S�q�u�a�r�e�s� �m�e�a�n�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �e�a�c�h� �s�t�r�a�i�n� �a�n�d� �c�o�m�p�a�r�e�d� �u�s�i�n�g� �t�h�e� �L�e�a�s�t� 

�S�i�g�n�i�f�i�c�a�n�t� �D�i�f�f�e�r�e�n�c�e� �m�e�t�h�o�d� �(�L�S�D�)�.� �R�e�s�u�l�t�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �s�t�a�t�i�s�t�i�c�a�l�l�y� 

�s�i�g�n�i�f�i�c�a�n�t� �a�t� �P�<�0�.�0�5�.� 

�I�V�.� �R�e�s�u�l�t�s� 

�A�.� �F�l�u�i�d� �A�c�c�u�m�u�l�a�t�i�o�n� �-� �P�a�r�t� �I� 

�I�n� �r�a�b�b�i�t�s�,� �t�h�e� �i�l�e�a�l�-�l�o�o�p� �a�s�s�a�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �i�n� �t�w�o� �s�e�t�s� �o�f� �s�i�x� 

�r�a�b�b�i�t�s� �e�a�c�h�.� �A� �t�o�t�a�l� �o�f� �e�i�g�h�t� �l�o�o�p�s� �w�a�s� �t�i�e�d� �i�n� �e�a�c�h� �r�a�b�b�i�t�.� �S�i�x� �l�o�o�p�s� �w�e�r�e� 

�i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �e�x�p�e�r�i�m�e�n�t�a�l� �s�t�r�a�i�n�s�,� �o�n�e� �w�i�t�h� �1� �m�l� �o�f� �s�t�e�r�i�l�e� �P�B�S� �(�n�e�g�a�t�i�v�e� 

�c�o�n�t�r�o�l�)� �a�n�d� �o�n�e� �w�i�t�h� �a� �1� �m�l� �s�u�s�p�e�n�s�i�o�n� �o�f� �V�.� �c�h�o�l�e�r�a�e� �c�e�l�l�s� �(�p�o�s�i�t�i�v�e� 

�c�o�n�t�r�o�l�)�.� 

�O�n�e� �r�a�b�b�i�t� �w�a�s� �e�l�i�m�i�n�a�t�e�d� �(�o�n�e� �f�o�u�n�d� �d�e�a�d�,� �o�n�e� �e�u�t�h�a�n�i�z�e�d� �d�u�e� �t�o� 

�m�o�r�i�b�u�n�d� �c�o�n�d�i�t�i�o�n�)� �f�r�o�m� �e�a�c�h� �s�e�t�.� �F�l�u�i�d�,� �r�e�d� �t�i�n�g�e�d� �a�n�d� �t�h�i�c�k�,� �w�a�s� �n�o�t�e�d� 

�i�n� �o�n�l�y� �t�h�e� �V�.� �c�h�o�l�e�r�a�e� �p�o�s�i�t�i�v�e� �c�o�n�t�r�o�l� �l�o�o�p�s� �f�o�r� �a�l�l� �t�h�e� �r�a�b�b�i�t�s� �i�n�c�l�u�d�i�n�g� 

�t�h�e� �t�w�o� �t�h�a�t� �w�e�r�e� �e�l�i�m�i�n�a�t�e�d� �f�r�o�m� �t�h�e� �s�t�u�d�y�.� �O�f� �t�h�e� �r�e�m�a�i�n�i�n�g� �t�e�n� �r�a�b�b�i�t�s�,� 

�o�n�l�y� �f�o�u�r� �h�a�d� �A�.� �b�u�t�z�l�e�r�i� �e�x�p�e�r�i�m�e�n�t�a�l� �l�o�o�p�s� �w�i�t�h� �f�l�u�i�d� �(�c�l�e�a�r� �t�o� �y�e�l�l�o�w�i�s�h�,� 

�s�l�i�g�h�t�l�y� �v�i�s�c�o�u�s�)�.� �A� �t�o�t�a�l� �o�f� �e�i�g�h�t� �(�1�3�%�)� �e�x�p�e�r�i�m�e�n�t�a�l� �l�o�o�p�s� �o�u�t� �o�f� �t�h�e� �6�0� 
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�l�o�o�p�s� �t�i�e�d� �w�e�r�e� �f�o�u�n�d� �c�o�n�t�a�i�n�i�n�g� �f�l�u�i�d� �(�T�a�b�l�e� �3�)�.� �O�f� �t�h�e� �e�i�g�h�t� �f�l�u�i�d�-� 

�c�o�n�t�a�i�n�i�n�g� �l�o�o�p�s�,� �s�e�v�e�n� �(�8�8�%�)� �c�o�n�t�a�i�n�e�d� �s�t�r�a�i�n� �4�0�5�6�.� �T�h�e� �a�v�e�r�a�g�e� �f�l�u�i�d� 

�a�c�c�u�m�u�l�a�t�i�o�n� �f�o�r� �s�t�r�a�i�n� �4�0�5�6� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �w�h�e�n� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�a�t� �o�f� �t�h�e� �V�.� �c�h�o�l�e�r�a�e� �p�o�s�i�t�i�v�e� �c�o�n�t�r�o�l� �a�n�d� �t�h�e� �P�B�S� �n�e�g�a�t�i�v�e� 

�c�o�n�t�r�o�l� �(�P�<�0�.�0�1�)�.� �T�h�i�s� �s�t�r�a�i�n� �w�a�s� �t�h�e�n� �i�n�o�c�u�l�a�t�e�d� �(�s�i�x� �e�x�p�e�r�i�m�e�n�t�a�l� �l�o�o�p�s�)� 

�i�n�t�o� �r�a�b�b�i�t� �#�2�9�6� �u�s�i�n�g� �t�h�e� �s�a�m�e� �e�x�p�e�r�i�m�e�n�t�a�l� �t�e�c�h�n�i�q�u�e� �a�n�d� �n�o� �f�l�u�i�d� 

�a�c�c�u�m�u�l�a�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �(�T�a�b�l�e� �3�)�.� 

�T�w�e�n�t�y�-�f�o�u�r� �l�o�o�p�s� �w�e�r�e� �t�i�e�d� �i�n� �t�h�e� �7�-�8� �w�e�e�k� �o�l�d� �p�i�g�s�.� �F�o�r� �e�a�c�h� 

�a�n�i�m�a�l�,� �t�w�o� �l�o�o�p�s� �w�e�r�e� �i�n�j�e�c�t�e�d� �w�i�t�h� �1� �m�l� �o�f� �s�t�e�r�i�l�e� �P�B�S�,� �p�H�.� �7�.�0� �(�n�e�g�a�t�i�v�e� 

�c�o�n�t�r�o�l�)� �a�n�d� �t�w�o� �l�o�o�p�s� �w�e�r�e� �i�n�j�e�c�t�e�d� �w�i�t�h� �a� �1� �m�l� �s�u�s�p�e�n�s�i�o�n� �o�f� �E�.� �c�o�l�i� �c�e�l�l�s� 

�(�p�o�s�i�t�i�v�e� �c�o�n�t�r�o�l�)�.� �T�w�o� �s�t�r�a�i�n�s� �w�e�r�e� �u�s�e�d� �i�n� �e�a�c�h� �a�n�i�m�a�l� �(�t�e�n� �l�o�o�p�s� �p�e�r� 

�s�t�r�a�i�n�)�.� �T�h�e�r�e� �w�a�s� �n�o� �m�e�a�s�u�r�a�b�l�e� �f�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n� �f�o�r� �a�n�y� �o�f� �t�h�e� �A�.� 

�b�u�i�z�l�e�r�i� �s�t�r�a�i�n�s� �(�T�a�b�l�e� �4�)�.� �O�n�l�y� �t�h�e� �£�.� �c�o�l�i� �p�o�s�i�t�i�v�e� �c�o�n�t�r�o�l� �l�o�o�p�s� �p�r�o�d�u�c�e�d� 

�f�l�u�i�d�.� 

�F�o�r� �t�h�e� �3�-�4� �w�e�e�k� �o�l�d� �p�i�g�s�,� �1�2� �l�o�o�p�s� �w�e�r�e� �t�i�e�d� �i�n� �e�a�c�h� �p�i�g�.� �T�w�o� �l�o�o�p�s� 

�w�e�r�e� �u�s�e�d� �a�s� �p�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e� �c�o�n�t�r�o�l�s�,� �a�n�d� �t�w�o� �s�t�r�a�i�n�s� �w�e�r�e� �u�s�e�d� �t�o� 

�i�n�o�c�u�l�a�t�e� �t�h�e� �r�e�m�a�i�n�i�n�g� �t�e�n� �l�o�o�p�s� �(�f�i�v�e� �l�o�o�p�s� �p�e�r� �s�t�r�a�i�n�)�.� �C�l�e�a�r� �t�o� 

�y�e�l�l�o�w�i�s�h�,� �s�l�i�g�h�t�l�y� �v�i�s�c�o�u�s� �f�l�u�i�d� �w�a�s� �n�o�t�e�d� �i�n� �A�.� �b�u�t�z�l�e�r�i� �e�x�p�e�r�i�m�e�n�t�a�l� �l�o�o�p�s� 

�f�o�r� �f�o�u�r� �o�f� �t�h�e� �s�i�x� �p�i�g�s� �(�T�a�b�l�e� �5�)�.� �A�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �6�,� �a�l�l� �e�x�p�e�r�i�m�e�n�t�a�l� 

�s�t�r�a�i�n�s� �p�r�o�d�u�c�e�d� �f�l�u�i�d� �a�m�o�u�n�t�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �E�.� �c�o�l�i� 

�p�o�s�i�t�i�v�e� �c�o�n�t�r�o�l� �(�P�<�0�.�0�1� �a�n�d� �0�.�0�4�)�.� �O�n�l�y� �s�t�r�a�i�n� �4�0�5�6� �p�r�o�d�u�c�e�d� �f�l�u�i�d� �t�h�a�t� 
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�w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �n�e�g�a�t�i�v�e� �P�B�S� �c�o�n�t�r�o�l� �(�P�<�0�.�0�3�)�.� �T�h�e�r�e� 

�w�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �m�e�a�n� �f�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n� �w�h�e�n� �e�x�p�e�r�i�m�e�n�t�a�l� 

�s�t�r�a�i�n�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �(�P�>�0�.�0�5�)�.� �B�a�s�e�d� �o�n� �t�h�e� �a�v�e�r�a�g�e� �f�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n�,� 

�s�t�r�a�i�n� �4�0�5�6� �p�r�o�d�u�c�e�d� �t�h�e� �m�o�s�t� �s�i�g�n�i�f�i�c�a�n�t� �a�m�o�u�n�t� �o�f� �f�l�u�i�d� �i�n� �l�o�o�p�s� �o�f� �a�l�l� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �s�t�r�a�i�n�s�.� 

�B�.� �B�a�c�t�e�r�i�a�l� �I�s�o�l�a�t�i�o�n� �a�n�d� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �-� �P�a�r�t� �I� 

�N�i�n�e� �o�f� �1�3� �(�6�9�%�)� �r�a�b�b�i�t�s �� �s�p�l�e�e�n�s� �a�n�d� �a�l�l� �f�l�u�i�d� �a�n�d� �i�n�t�e�s�t�i�n�a�l� �s�a�m�p�l�e�s� 

�w�e�r�e� �p�o�s�i�t�i�v�e� �f�o�r� �A�r�c�o�b�a�c�t�e�r� �b�a�s�e�d� �o�n� �d�a�r�k�-�f�i�e�l�d� �m�i�c�r�o�s�c�o�p�y� �(�T�a�b�l�e� �3�)�.� 

�R�a�b�b�i�t� �l�i�v�e�r� �s�a�m�p�l�e�s� �w�e�r�e� �c�u�l�t�u�r�e�-�n�e�g�a�t�i�v�e� �f�o�r� �A�r�c�o�b�a�c�t�e�r�.� �A�l�l� �t�h�r�e�e� 

�(�1�0�0�%�)� �s�p�l�e�n�i�c� �s�a�m�p�l�e�s� �f�r�o�m� �7�-�8� �w�e�e�k� �o�l�d� �p�i�g�s� �w�e�r�e� �p�o�s�i�t�i�v�e� �f�o�r� 

�A�r�c�o�b�a�c�t�e�r� �(�T�a�b�l�e� �4�)�.� �O�f� �t�h�e� �s�i�x� �3�-�4� �w�e�e�k� �o�l�d� �p�i�g�s�,� �o�n�l�y� �o�n�e� �(�1�7�%�)� �o�f� �t�h�e� 

�s�i�x� �s�p�l�e�e�n�s� �a�n�d� �a�l�l� �f�l�u�i�d� �s�a�m�p�l�e�s� �w�e�r�e� �p�o�s�i�t�i�v�e� �(�T�a�b�l�e� �5�)�.� �A�r�c�o�b�a�c�t�e�r� �w�a�s� 

�n�o�t� �c�u�l�t�u�r�e�d� �f�r�o�m� �a�n�y� �p�i�g� �l�i�v�e�r� �s�a�m�p�l�e�s�.� 

�C�.� �H�i�s�t�o�p�a�t�h�o�l�o�g�y� �-� �P�a�r�t� �I� 

�T�i�s�s�u�e� �s�e�c�t�i�o�n�s� �o�f� �e�x�p�e�r�i�m�e�n�t�a�l� �r�a�b�b�i�t� �i�l�e�a�l� �l�o�o�p�s� �t�h�a�t� �c�o�n�t�a�i�n�e�d� �f�l�u�i�d� 

�s�h�o�w�e�d� �s�o�m�e� �p�a�t�h�o�l�o�g�i�c� �c�h�a�n�g�e�s� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �n�e�g�a�t�i�v�e� �c�o�n�t�r�o�l� �l�o�o�p� 

�s�a�m�p�l�e�s�.� �N�u�m�e�r�o�u�s� �h�e�t�e�r�o�p�h�i�l�s� �w�e�r�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �l�a�m�i�n�a� �p�r�o�p�r�i�a� �a�n�d� 

�s�u�b�m�u�c�o�s�a� �o�f� �t�h�e� �i�l�e�u�m�.� �V�i�l�l�o�u�s� �b�l�u�n�t�i�n�g�,� �m�u�c�o�s�a�l� �e�d�e�m�a� �a�n�d� �a�n� �i�n�c�r�e�a�s�e� 

�i�n� �i�n�t�r�a�e�p�i�t�h�e�l�i�a�l� �l�y�m�p�h�o�c�y�t�e�s� �w�i�t�h�i�n� �t�h�e� �v�i�l�l�i� �w�e�r�e� �a�l�s�o� �n�o�t�e�d�.� 

�2�7



�C�a�m�p�y�l�o�b�a�c�t�e�r�-�l�i�k�e� �o�r�g�a�n�i�s�m�s� �c�o�u�l�d� �n�o�t� �b�e� �v�i�s�u�a�l�i�z�e�d� �i�n� �i�n�t�e�s�t�i�n�a�l� �t�i�s�s�u�e�s� 

�p�r�e�p�a�r�e�d� �w�i�t�h� �b�o�t�h� �h�e�m�a�t�o�x�y�l�i�n�/�e�o�s�i�n� �a�n�d� �s�i�l�v�e�r� �s�t�a�i�n�i�n�g�.� �L�i�v�e�r� �a�n�d� �s�p�l�e�e�n� 

�s�a�m�p�l�e�s� �r�e�v�e�a�l�e�d� �n�o� �p�a�t�h�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �a�n�d� �o�r�g�a�n�i�s�m�s� �w�e�r�e� �n�o�t� �v�i�s�u�a�l�i�z�e�d� 

�i�n� �A�r�c�o�b�a�c�t�e�r�-�p�o�s�i�t�i�v�e� �s�p�l�e�n�i�c� �t�i�s�s�u�e�s�.� �T�i�s�s�u�e�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �7�-�8� �w�e�e�k� �o�l�d� 

�p�i�g�s�,� �i�n�c�l�u�d�i�n�g� �e�x�p�e�r�i�m�e�n�t�a�l� �l�o�o�p� �s�p�e�c�i�m�e�n�s�,� �r�e�v�e�a�l�e�d� �n�o� �p�a�t�h�o�l�o�g�y� 

�m�i�c�r�o�s�c�o�p�i�c�a�l�l�y� �.� �I�n� �t�h�e� �3�-�4� �w�e�e�k� �o�l�d� �p�i�g� �g�r�o�u�p�,� �m�i�l�d� �t�o� �m�o�d�e�r�a�t�e� �v�i�l�l�o�u�s� 

�b�l�u�n�t�i�n�g� �i�n� �e�x�p�e�r�i�m�e�n�t�a�l� �l�o�o�p�s� �w�a�s� �o�b�s�e�r�v�e�d� �(�F�i�g�u�r�e�s� �3�-�5�)� �w�h�e�n� �c�o�m�p�a�r�e�d� 

�t�o� �t�h�e� �n�e�g�a�t�i�v�e� �P�B�S� �c�o�n�t�r�o�l� �(�F�i�g�u�r�e� �1�)� �a�n�d� �t�h�e� �p�o�s�i�t�i�v�e� �E�.� �c�o�l�i� �c�o�n�t�r�o�l� 

�(�F�i�g�u�r�e� �2�)�.� �T�h�e� �m�a�j�o�r� �h�i�s�t�o�l�o�g�i�c� �c�h�a�n�g�e� �n�o�t�e�d� �i�n� �e�x�p�e�r�i�m�e�n�t�a�l� �i�l�e�a�l� �l�o�o�p�s�,� 

�w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �c�o�n�t�r�o�l� �l�o�o�p�s� �(�F�i�g�u�r�e�s� �6� �&� �7�)�,� �w�a�s� �a�n� �i�n�c�r�e�a�s�e�d� 

�i�n�f�i�l�t�r�a�t�i�o�n� �o�f� �l�e�u�k�o�c�y�t�e�s� �(�l�y�m�p�h�o�c�y�t�e�s�,� �n�e�u�t�r�o�p�h�i�l�s�,� �a�n�d� �p�l�a�s�m�a� �c�e�l�l�s�)� �i�n� �t�h�e� 

�l�a�m�i�n�a� �p�r�o�p�r�i�a�,� �s�u�b�m�u�c�o�s�a�,� �s�e�r�o�s�a�,� �a�n�d� �t�h�e� �c�r�y�p�t�s� �o�f� �t�h�e� �i�l�e�u�m� �(�F�i�g�u�r�e�s� �8�-� 

�1�0�)�.� 

�D�.� �F�l�u�i�d� �A�c�c�u�m�u�l�a�t�i�o�n� �-� �P�a�r�t� �I�l� 

�N�o� �f�l�u�i�d� �w�a�s� �p�r�o�d�u�c�e�d� �b�y� �s�t�r�a�i�n� �4�0�5�6� �i�n� �a�n�y� �i�l�e�a�l� �l�o�o�p�s� �f�o�r� �7�-�8� �w�e�e�k� 

�o�l�d� �p�i�g�s� �a�n�d� �3�-�4� �w�e�e�k� �o�l�d� �p�i�g�s�.� �F�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �o�n�l�y� 

�E�.� �c�o�l�i� �p�o�s�i�t�i�v�e� �c�o�n�t�r�o�l� �l�o�o�p�s� �f�o�r� �b�o�t�h� �g�r�o�u�p�s� �o�f� �p�i�g�s� �(�T�a�b�l�e� �7�)�.� 

�E�.� �B�a�c�t�e�r�i�a�l� �I�s�o�l�a�t�i�o�n�/�I�d�e�n�t�i�f�i�c�a�t�i�o�n� �-� �P�a�r�t� �I�I� 

�A�r�c�o�b�a�c�t�e�r� �w�a�s� �c�o�n�f�i�r�m�e�d� �i�n� �i�n�t�e�s�t�i�n�a�l� �s�e�g�m�e�n�t�s� �a�n�d� �s�p�l�e�n�i�c� �t�i�s�s�u�e�s� 
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�f�o�r� �t�h�e� �t�w�o� �3�-�4� �w�e�e�k� �o�l�d� �p�i�g�s� �b�y� �d�a�r�k�-�f�i�e�l�d� �m�i�c�r�o�s�c�o�p�y� �a�n�d� �P�C�R� �(�F�i�g�u�r�e� 

�1�1�)�.� �R�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �t�w�o� �d�i�f�f�e�r�e�n�t� �b�a�n�d� �p�a�t�t�e�r�n�s� �f�o�r� �A�.� 

�b�u�t�z�l�e�r�i� �i�n� �t�i�s�s�u�e�s� �o�f� �3�-�4� �w�e�e�k� �o�l�d� �p�i�g�s� �(�F�i�g�u�r�e� �1�2�)�.� �T�h�e� �D�N�A� �p�a�t�t�e�r�n� �o�f� 

�t�h�e� �i�n�o�c�u�l�u�m� �(�l�a�n�e� �4�0�5�6�)� �w�a�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �D�N�A� �p�r�o�f�i�l�e�s� �o�f� 

�A�r�c�o�b�a�c�t�e�r� �b�u�t�z�l�e�r�i� �r�e�c�o�v�e�r�e�d� �f�r�o�m� �t�h�e� �i�l�e�a�l� �l�o�o�p�s� �a�n�d� �s�p�l�e�n�i�c� �t�i�s�s�u�e�s�.� �I�l�e�a�l� 

�l�o�o�p�s� �f�r�o�m� �t�h�e� �t�w�o� �7�-�8� �w�e�e�k� �o�l�d� �p�i�g�s� �w�e�r�e� �c�u�l�t�u�r�e�d� �a�n�d� �f�o�u�n�d� �t�o� �b�e� 

�p�o�s�i�t�i�v�e� �f�o�r� �A�r�c�o�b�a�c�t�e�r� �b�y� �d�a�r�k�-�f�i�e�l�d� �m�i�c�r�o�s�c�o�p�y� �a�n�d� �P�C�R�.� �S�p�l�e�n�i�c� �t�i�s�s�u�e�s� 

�f�o�r� �t�h�e�s�e� �p�i�g�s� �w�e�r�e� �c�u�l�t�u�r�e�d�,� �b�u�t� �A�r�c�o�b�a�c�t�e�r� �w�a�s� �n�o�t� �i�s�o�l�a�t�e�d�.� �A�r�c�o�b�a�c�t�e�r� 

�w�a�s� �a�l�s�o� �n�o�t� �i�s�o�l�a�t�e�d� �f�r�o�m� �a�n�y� �o�f� �t�h�e� �p�i�g�s �� �l�i�v�e�r� �s�a�m�p�l�e�s�.� 

�F�.� �H�i�s�t�o�p�a�t�h�o�l�o�g�y� �-� �P�a�r�t� �I�I� 

�N�o� �h�i�s�t�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �w�e�r�e� �n�o�t�e�d� �i�n� �a�n�y� �t�i�s�s�u�e�s� �(�i�n�t�e�s�t�i�n�e�,� �l�i�v�e�r�,� 

�s�p�l�e�e�n�)� �f�o�r� �t�h�e� �f�o�u�r� �p�i�g�s� �i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �s�t�r�a�i�n� �4�0�5�6�.� 

�G�.� �B�a�c�t�e�r�i�a�l� �E�n�u�m�e�r�a�t�i�o�n� �o�f� �S�p�l�e�n�i�c� �T�i�s�s�u�e� 

�T�e�n�-�f�o�l�d� �s�e�r�i�a�l� �d�i�l�u�t�i�o�n�s� �o�f� �c�u�l�t�u�r�e� �-� �p�o�s�i�t�i�v�e� �s�p�l�e�n�i�c� �t�i�s�s�u�e� 

�s�u�s�p�e�n�s�i�o�n�s� �w�e�r�e� �p�r�e�p�a�r�e�d�,� �b�u�t� �b�a�c�t�e�r�i�a�l� �c�o�l�o�n�y� �n�u�m�b�e�r�s� �w�e�r�e� �n�o�t� 

�s�u�f�f�i�c�i�e�n�t� �t�o� �b�e� �e�n�u�m�e�r�a�t�e�d�.� 
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�V�.� �D�i�s�c�u�s�s�i�o�n� 

�T�h�e� �m�a�j�o�r� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �t�w�o�-�p�a�r�t� �s�t�u�d�y� �w�a�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� 

�A�r�c�o�b�a�c�t�e�r� �b�u�t�z�l�e�r�i�,� �w�h�e�n� �e�x�p�e�r�i�m�e�n�t�a�l�l�y� �i�n�t�r�o�d�u�c�e�d� �i�n�t�o� �t�h�e� �g�u�t�,� �c�o�u�l�d� 

�c�a�u�s�e� �e�n�t�e�r�i�t�i�s�.� �F�a�c�t�o�r�s� �u�s�e�d� �t�o� �a�s�s�e�s�s� �e�n�t�e�r�i�t�i�s� �i�n� �t�h�e� �t�w�o� �a�n�i�m�a�l� �s�p�e�c�i�e�s� 

�w�e�r�e� �f�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n� �a�n�d� �h�i�s�t�o�p�a�t�h�o�l�o�g�y�.� 

�I�n� �t�h�e� �f�i�r�s�t� �p�a�r�t� �o�f� �t�h�e� �s�t�u�d�y�,� �f�o�u�r� �(�3�1�%�)� �o�u�t� �o�f� �t�h�i�r�t�e�e�n� �r�a�b�b�i�t�s� 

�r�e�s�p�o�n�d�e�d� �w�i�t�h� �f�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n�.� �N�o� �f�l�u�i�d� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �a�n�y� �l�o�o�p�s� �o�f� 

�t�h�e� �7�-�8� �w�e�e�k� �o�l�d� �p�i�g�s�,� �b�u�t� �a�l�l� �(�1�0�0�%�)� �s�i�x� �3�-�4� �w�e�e�k� �o�l�d� �p�i�g�s� �p�r�o�d�u�c�e�d� 

�m�e�a�s�u�r�a�b�l�e� �f�l�u�i�d� �r�e�s�p�o�n�s�e�s�.� �F�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n� �w�a�s� �n�o�t� �e�v�i�d�e�n�t� �f�o�r� �a�n�y� 

�p�i�g�s� �u�s�e�d� �i�n� �t�h�e� �s�e�c�o�n�d� �p�a�r�t� �o�f� �t�h�e� �s�t�u�d�y�.� �A�l�t�h�o�u�g�h� �e�x�p�e�r�i�m�e�n�t�a�l� 

�c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �t�h�e� �s�a�m�e� �i�n� �a�l�l� �c�a�s�e�s� �(�h�u�s�b�a�n�d�r�y�,� �s�u�r�g�i�c�a�l� �p�r�o�t�o�c�o�l�,� 

�n�e�c�r�o�p�s�y� �t�i�m�e�,� �e�t�c�.�)�,� �r�e�s�p�o�n�s�e�s� �w�e�r�e� �n�o�t� �u�n�i�f�o�r�m� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �i�n�h�e�r�e�n�t� 

�i�n�d�i�v�i�d�u�a�l� �d�i�f�f�e�r�e�n�c�e�s� �w�i�t�h�i�n� �a�n�i�m�a�l� �g�r�o�u�p�s�.� �T�h�e�s�e� �i�n�d�i�v�i�d�u�a�l� �d�i�f�f�e�r�e�n�c�e�s�,� 

�s�u�c�h� �a�s� �g�e�n�e�t�i�c� �v�a�r�i�a�t�i�o�n� �o�r� �g�u�t� �m�i�c�r�o�f�l�o�r�a� �i�n�t�e�r�a�c�t�i�o�n�,� �c�a�n� �d�i�r�e�c�t�l�y� �a�f�f�e�c�t� 

�s�u�s�c�e�p�t�i�b�i�l�i�t�y�.� 

�T�h�e� �r�a�b�b�i�t� �i�l�e�a�l� �l�o�o�p� �a�s�s�a�y�,� �a� �s�t�a�n�d�a�r�d� �t�e�s�t� �s�y�s�t�e�m� �f�o�r� �e�v�a�l�u�a�t�i�n�g� 

�e�n�t�e�r�i�c� �p�a�t�h�o�g�e�n�s�,� �h�a�s� �s�h�o�w�n� �v�a�r�i�a�b�l�e� �f�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n� �r�e�s�p�o�n�s�e�s� �w�h�e�n� 

�u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �C�.� �j�e�j�u�n�i�.�2� �O�r�a�l� �c�h�a�l�l�e�n�g�e� �s�t�u�d�i�e�s� �h�a�v�e� 

�s�h�o�w�n� �t�h�a�t� �r�a�b�b�i�t�s� �d�e�v�e�l�o�p� �a�n� �i�m�m�u�n�e� �r�e�s�p�o�n�s�e� �a�n�d� �n�a�t�u�r�a�l�l�y� �c�l�e�a�r� �C�.� 

�j�e�j�u�n�i� �7�7�;� �t�h�e�r�e�f�o�r�e�,� �c�o�l�o�n�i�z�a�t�i�o�n� �r�e�s�i�s�t�a�n�c�e� �t�o� �A�.� �b�u�t�z�l�e�r�i� �m�a�y� �a�l�s�o� �b�e� 

�a�p�p�a�r�e�n�t�.� �G�u�t� �m�i�c�r�o�f�l�o�r�a� �i�n�t�e�r�a�c�t�i�o�n� �h�a�s� �a�l�s�o� �b�e�e�n� �i�m�p�l�i�c�a�t�e�d� �i�n� �a�f�f�e�c�t�i�n�g� 
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�s�u�s�c�e�p�t�i�b�i�l�i�t�y�.�4�6� �I�t� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�h�a�t� �o�l�d�e�r� �a�n�i�m�a�l�s� �h�a�v�e� �a� �m�o�r�e� �s�t�a�b�l�e� 

�g�u�t� �m�i�c�r�o�f�l�o�r�a� �t�h�a�t� �m�a�y� �i�n�h�i�b�i�t� �e�n�t�e�r�i�c� �p�a�t�h�o�g�e�n�s�,� �a�n�d� �w�h�e�n� �e�x�p�o�s�e�d� �t�o� �t�h�e� 

�l�a�t�t�e�r�,� �a�r�e� �l�e�s�s� �l�i�k�e�l�y� �t�o� �s�h�o�w� �c�l�i�n�i�c�a�l� �d�i�s�e�a�s�e� �t�h�a�n� �y�o�u�n�g�e�r� �a�n�i�m�a�l�s�.� 

�P�a�t�h�o�g�e�n�i�c� �s�t�u�d�i�e�s� �o�f� �C�.� �j�e�j�u�n�i� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �a�n�i�m�a�l�s� �b�e�c�o�m�e� �l�e�s�s� 

�s�u�s�c�e�p�t�i�b�l�e� �t�o� �s�u�b�s�e�q�u�e�n�t� �C�.� �j�e�j�u�n�i� �i�n�f�e�c�t�i�o�n�s�.�7�7� �I�n� �a�d�d�i�t�i�o�n�,� �a�d�u�l�t� �a�n�i�m�a�l�s� 

�h�a�v�e� �m�o�r�e� �l�e�u�k�o�c�y�t�e�s� �p�r�e�s�e�n�t� �w�i�t�h�i�n� �t�h�e� �g�u�t� �t�h�a�t� �r�e�a�d�i�l�y� �p�h�a�g�o�c�y�t�i�z�e� 

�p�o�t�e�n�t�i�a�l� �p�a�t�h�o�g�e�n�s�.� �F�o�r� �t�h�e�s�e� �r�e�a�s�o�n�s�,� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �a�n�d� �c�o�l�o�n�i�z�a�t�i�o�n� 

�b�y� �A�.� �b�u�t�z�l�e�r�i� �w�o�u�l�d� �e�x�p�l�a�i�n� �t�h�e� �f�l�u�i�d� �r�e�s�p�o�n�s�e�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �3�-�4� �w�e�e�k� 

�o�l�d� �p�i�g� �g�r�o�u�p� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �7�-�8� �w�e�e�k� �o�l�d� �p�i�g� �g�r�o�u�p�.� 

�S�t�r�a�i�n� �v�i�r�u�l�e�n�c�e� �d�i�f�f�e�r�e�n�c�e�s� �h�a�v�e� �p�r�o�d�u�c�e�d� �v�a�r�i�a�b�l�e� �f�l�u�i�d� �r�e�s�p�o�n�s�e�s� 

�i�n� �i�l�e�a�l� �l�o�o�p� �a�s�s�a�y�s� �f�o�r� �a� �n�u�m�b�e�r� �o�f� �e�n�t�e�r�i�c� �p�a�t�h�o�g�e�n�s�.� �T�h�e� �d�i�f�f�e�r�e�n�t� �m�e�a�n� 

�f�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n� �r�a�t�i�o�s� �i�n� �t�h�i�s� �s�t�u�d�y� �s�e�e�m� �t�o� �i�m�p�l�y� �v�i�r�u�l�e�n�c�e� �v�a�r�i�a�t�i�o�n�s� �i�n� 

�A�.� �b�u�t�z�l�e�r�i� �s�t�r�a�i�n�s� �a�s� �w�e�l�l�.� �I�n� �t�h�e� �f�i�r�s�t� �p�a�r�t� �o�f� �t�h�e� �s�t�u�d�y�,� �l�o�o�p�s� �i�n� �t�h�e� �1�0� 

�w�e�e�k� �o�l�d� �r�a�b�b�i�t�s� �w�e�r�e� �n�o�t� �a�s� �r�e�s�p�o�n�s�i�v�e� �a�s� �l�o�o�p�s� �i�n� �t�h�e� �3�-�4� �w�e�e�k� �o�l�d� �p�i�g�s�.� 

�F�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n�,� �w�h�e�n� �o�b�s�e�r�v�e�d�,� �w�a�s� �m�a�i�n�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�t�r�a�i�n� 

�4�0�5�6�.� �I�n� �t�h�e� �3�-�4� �w�e�e�k� �o�l�d� �p�i�g�s�,� �a�l�l� �s�i�x� �A�.� �b�u�t�z�l�e�r�i� �s�t�r�a�i�n�s� �i�n�d�u�c�e�d� �f�l�u�i�d� 

�s�e�c�r�e�t�i�o�n� �i�n�t�o� �t�h�e� �l�o�o�p� �w�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �P�B�S� �n�e�g�a�t�i�v�e� �c�o�n�t�r�o�l�,� �b�u�t� 

�t�o� �a� �l�e�s�s�e�r� �e�x�t�e�n�t� �t�h�a�n� �t�h�a�t� �i�n�d�u�c�e�d� �b�y� �E�.� �c�o�l�i� �i�n� �t�h�e� �p�o�s�i�t�i�v�e� �c�o�n�t�r�o�l� �l�o�o�p�s�.� 

�T�h�e�r�e� �w�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �f�l�u�i�d� �a�c�c�u�m�u�l�a�t�i�o�n� �w�h�e�n� �A�.� �b�u�t�z�l�e�r�i� 

�s�t�r�a�i�n�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �(�P�>�0�.�0�5�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �h�i�g�h�e�s�t� �m�e�a�n� �f�l�u�i�d� 

�a�c�c�u�m�u�l�a�t�i�o�n� �r�a�t�i�o� �a�n�d� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �r�e�s�p�o�n�s�i�v�e� �l�o�o�p�s� �w�e�r�e� �a�g�a�i�n� 
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�o�b�s�e�r�v�e�d� �t�o� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�t�r�a�i�n� �4�0�5�6�.� �L�a�c�k� �o�f� �f�l�u�i�d� �s�e�c�r�e�t�i�o�n� �i�n� �t�h�e� 

�s�e�c�o�n�d� �p�a�r�t� �o�f� �t�h�e� �s�t�u�d�y� �m�a�y� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �s�e�v�e�r�a�l� �v�a�r�i�a�b�l�e�s�,� �i�n�c�l�u�d�i�n�g� 

�r�e�d�u�c�e�d� �v�i�r�u�l�e�n�c�e� �o�f� �t�h�e� �s�t�r�a�i�n�.� �W�h�e�n� �t�h�e� �s�e�c�o�n�d� �p�a�r�t� �o�f� �t�h�e� �s�t�u�d�y� �w�a�s� 

�p�e�r�f�o�r�m�e�d�,� �d�i�f�f�i�c�u�l�t�y� �i�n� �g�r�o�w�i�n�g� �a�d�e�q�u�a�t�e� �b�a�c�t�e�r�i�a�l� �c�e�l�l� �n�u�m�b�e�r�s� �w�a�s� 

�e�x�p�e�r�i�e�n�c�e�d�.� �M�u�l�t�i�p�l�e� �b�i�p�h�a�s�i�c� �c�u�l�t�u�r�e�s� �o�f� �s�t�r�a�i�n� �4�0�5�6� �w�e�r�e� �s�e�t� �u�p� �a�n�d� 

�b�r�o�t�h�s� �o�f� �t�h�o�s�e� �c�u�l�t�u�r�e�s� �w�e�r�e� �c�o�m�b�i�n�e�d� �t�o� �a�c�h�i�e�v�e� �c�e�l�l� �n�u�m�b�e�r�s� �o�f� �1�0�8�.� 

�T�h�e�r�e�f�o�r�e�,� �t�h�e� �a�g�e� �o�f� �t�h�e� �s�t�o�c�k� �c�u�l�t�u�r�e� �m�a�y� �h�a�v�e� �a�f�f�e�c�t�e�d� �t�h�e� �v�i�a�b�i�l�i�t�y�,� 

�v�i�r�u�l�e�n�c�e�,� �a�n�d� �p�a�t�h�o�g�e�n�i�c�i�t�y� �o�f� �t�h�e� �s�t�r�a�i�n�.� 

�R�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e� �a�n�a�l�y�s�i�s� �o�f� �A�r�c�o�b�a�c�t�e�r� �b�u�t�z�l�e�r�i� �c�u�l�t�u�r�e�d� �f�r�o�m� 

�t�i�s�s�u�e�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �3�-�4� �w�e�e�k� �o�l�d� �p�i�g�s� �i�n� �p�a�r�t� �I�I� �r�e�v�e�a�l�e�d� �t�w�o� 

�d�i�f�f�e�r�e�n�t� �D�N�A� �p�a�t�t�e�r�n�s�.� �T�h�e� �d�i�f�f�e�r�e�n�t� �p�a�t�t�e�r�n�s� �m�a�y� �i�n�d�i�c�a�t�e� �p�r�e�v�i�o�u�s� 

�e�x�p�o�s�u�r�e� �t�o� �a�n�o�t�h�e�r� �A�.� �b�u�t�z�l�e�r�i� �s�t�r�a�i�n� �w�h�i�c�h� �c�o�u�l�d� �r�e�d�u�c�e� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �b�y� 

�c�o�m�p�e�t�i�t�i�v�e� �e�x�c�l�u�s�i�o�n�.� �A�n�o�t�h�e�r� �e�x�p�l�a�n�a�t�i�o�n� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�t� �D�N�A� �p�a�t�t�e�r�n�s� 

�m�a�y� �b�e� �t�h�a�t� �u�p�o�n� �e�n�r�i�c�h�i�n�g� �f�o�r� �b�a�c�t�e�r�i�a�l� �i�s�o�l�a�t�i�o�n� �a�n�d� �c�u�l�t�i�v�a�t�i�n�g� �c�o�l�o�n�i�e�s� 

�f�o�r� �D�N�A� �a�n�a�l�y�s�i�s�,� �t�h�e� �g�e�n�e�t�i�c� �m�a�k�e�u�p� �o�f� �t�h�e� �b�a�c�t�e�r�i�a� �m�a�y� �h�a�v�e� �b�e�e�n� 

�a�l�t�e�r�e�d� �l�e�a�d�i�n�g� �t�o� �a� �l�o�s�s� �o�f� �v�i�r�u�l�e�n�c�e� �p�r�o�p�e�r�t�i�e�s�.� 

�H�i�s�t�o�p�a�t�h�o�l�o�g�i�c� �c�h�a�n�g�e�s� �w�e�r�e� �o�n�l�y� �o�b�s�e�r�v�e�d� �i�n� �l�o�o�p�s� �c�o�n�t�a�i�n�i�n�g� �f�l�u�i�d� 

�f�o�r� �b�o�t�h� �r�a�b�b�i�t�s� �a�n�d� �3�-�4� �w�e�e�k� �o�l�d� �p�i�g�s�.� �W�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �n�e�g�a�t�i�v�e� �P�B�S� 

�c�o�n�t�r�o�l� �l�o�o�p�s�,� �t�h�e� �A�.� �b�u�t�z�l�e�r�i� �s�t�r�a�i�n�s� �c�a�u�s�e�d� �i�n�c�r�e�a�s�e�d� �l�e�u�k�o�c�y�t�i�c� 

�i�n�f�i�l�t�r�a�t�i�o�n� �a�n�d� �m�i�l�d� �v�i�l�l�u�s� �b�l�u�n�t�i�n�g�,� �b�u�t� �t�o� �a� �l�e�s�s�e�r� �e�x�t�e�n�t� �w�h�e�n� �c�o�m�p�a�r�e�d� 

�t�o� �V�.� �c�h�o�l�e�r�a�e� �o�r� �E�.� �c�o�l�i� �p�o�s�i�t�i�v�e� �c�o�n�t�r�o�l� �l�o�o�p�s�.� �M�u�c�o�s�a�l� �h�e�m�o�r�r�h�a�g�e� �w�a�s� 
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�n�o�t� �a�p�p�a�r�e�n�t� �w�i�t�h� �A�.� �b�u�t�z�l�e�r�i� �s�t�r�a�i�n�s� �a�s� �w�i�t�h� �V�.� �c�h�o�l�e�r�a�e�.� �T�h�e�s�e� 

�p�a�t�h�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �w�i�t�h� �t�h�e� �f�l�u�i�d� �s�e�c�r�e�t�i�o�n�,� �i�n�d�i�c�a�t�i�v�e� �o�f� �w�a�t�e�r�y� �d�i�a�r�r�h�e�a�,� 

�s�u�g�g�e�s�t� �t�h�a�t� �A�.� �b�u�t�z�l�e�r�i� �c�a�n� �c�a�u�s�e� �m�i�l�d� �i�n�f�l�a�m�m�a�t�o�r�y� �e�n�t�e�r�i�t�i�s�.� 

�I�s�o�l�a�t�i�o�n� �o�f� �A�.� �b�u�t�z�l�e�r�i� �i�n� �s�p�l�e�n�i�c� �t�i�s�s�u�e�s� �f�r�o�m� �b�o�t�h� �r�a�b�b�i�t�s� �a�n�d� �p�i�g�s� 

�s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�i�s� �o�r�g�a�n�i�s�m� �h�a�s� �i�n�v�a�s�i�v�e� �p�r�o�p�e�r�t�i�e�s�.� �D�i�s�s�e�m�i�n�a�t�i�o�n� �t�o� �t�h�e� 

�s�p�l�e�e�n� �i�n�v�o�l�v�e�s� �p�e�n�e�t�r�a�t�i�o�n� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �m�u�c�o�s�a� �a�n�d� �b�a�c�t�e�r�e�m�i�a�.� �I�t� �h�a�s� 

�b�e�e�n� �s�h�o�w�n� �t�h�a�t� �t�h�e�r�e� �a�r�e� �e�l�e�m�e�n�t�s� �o�f� �a�c�t�i�v�e� �i�n�t�e�s�t�i�n�a�l� �f�l�u�i�d� �s�e�c�r�e�t�i�o�n� �i�n� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �d�i�a�r�r�h�e�a� �t�h�a�t� �r�e�s�u�l�t� �f�r�o�m� �a�c�u�t�e� �i�n�t�e�s�t�i�n�a�l� �i�n�f�l�a�m�m�a�t�i�o�n� 

�f�o�l�l�o�w�i�n�g� �t�i�s�s�u�e� �i�n�v�a�s�i�o�n�.�5�5�,�8�3� �T�h�i�s� �m�a�y� �b�e� �s�i�m�i�l�a�r� �f�o�r� �A�.� �b�u�t�z�l�e�r�i�,� �b�u�t� 

�f�u�r�t�h�e�r� �s�t�u�d�i�e�s� �a�r�e� �w�a�r�r�a�n�t�e�d�.� �A�n� �i�n� �v�i�t�r�o� �t�r�i�a�l� �s�t�u�d�y� �h�a�s� �s�h�o�w�n� �t�h�a�t� �o�n�e� 

�f�i�e�l�d� �i�s�o�l�a�t�e� �(�4�0�5�6�)� �o�f� �A�.� �b�u�t�z�l�e�r�i� �t�o� �b�e� �i�n�v�a�s�i�v�e� �i�n� �I�N�T�4�0�7� �c�e�l�l�s� �w�h�i�c�h� �i�s� 

�r�e�l�a�t�i�v�e�l�y� �s�i�g�n�i�f�i�c�a�n�t� �g�i�v�e�n� �t�h�e� �l�e�s�s�e�r� �i�n�v�a�s�i�v�e� �r�e�s�u�l�t�s� �o�f� �p�r�e�s�e�n�t� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �i�s�o�l�a�t�e�s� �t�e�s�t�e�d� �i�n� �t�h�i�s� �s�y�s�t�e�m�.�3� 

�I�n� �c�o�n�c�l�u�s�i�o�n�,� �A�.� �b�u�t�z�l�e�r�i�,� �a�s� �t�h�e� �s�o�l�e� �p�a�t�h�o�g�e�n�,� �c�a�n� �c�a�u�s�e� �m�i�l�d� 

�e�n�t�e�r�i�t�i�s� �w�i�t�h� �w�a�t�e�r�y� �d�i�a�r�r�h�e�a� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �s�t�r�a�i�n� �v�i�r�u�l�e�n�c�e� �a�n�d� 

�p�e�r�h�a�p�s� �a�g�e�-�d�e�p�e�n�d�e�n�t� �h�o�s�t� �s�u�s�c�e�p�t�i�b�i�l�i�t�y�.� �F�u�r�t�h�e�r� �s�t�u�d�y� �i�s� �n�e�e�d�e�d� �t�o� 

�e�x�a�m�i�n�e� �t�h�e� �p�a�t�h�o�p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�c�h�a�n�i�s�m�s� �o�f� �A�.� �b�u�t�z�l�e�r�i�.� �R�e�s�e�a�r�c�h� 

�s�h�o�u�l�d� �b�e� �d�i�r�e�c�t�e�d� �t�o�w�a�r�d�:� �(�1�)� �i�s�o�l�a�t�i�o�n�/�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �m�o�s�t� 

�p�a�t�h�o�g�e�n�i�c� �s�t�r�a�i�n�(�s�)�,� �(�2�)� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �m�i�n�i�m�u�m� �e�f�f�e�c�t�i�v�e� �d�o�s�e� �o�f� 

�b�a�c�t�e�r�i�a� �n�e�e�d�e�d� �t�o� �i�n�d�u�c�e� �e�n�t�e�r�i�t�i�s�,� �(�3�)� �s�t�u�d�i�e�s� �o�f� �c�e�l�l� �i�n�v�a�s�i�v�e�n�e�s�s�,� �a�n�d� �(�4�)� 

�e�l�u�c�i�d�a�t�i�o�n� �o�f� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �A�r�c�o�b�a�c�t�e�r� �w�i�t�h� �r�e�s�i�d�e�n�t� �g�u�t� �m�i�c�r�o�f�l�o�r�a�.� 
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�T�a�b�l�e� �1�.� �B�a�c�t�e�r�i�a�l� �s�p�e�c�i�e�s� �o�f� �t�h�e� �g�e�n�u�s� �A�r�c�o�b�a�c�t�e�r� �a�n�d� �t�h�e�i�r� �a�s�s�o�c�i�a�t�i�o�n�s�*� 

�S�p�e�c�i�e�s� �M�a�i�n� �h�o�s�t�s� 

�~
� 

�A�.� �n�i�t�r�o�f�i�g�i�l�i�s� 

�A�.� �c�r�y�a�e�r�o�p�h�i�l�u�s� �c�a�t�t�l�e�,� �p�i�g�,� �s�h�e�e�p� 

�A�.� �b�u�t�z�l�e�r�i� �c�a�t�t�l�e�,� �p�i�g� 

�A�.� �s�k�i�r�r�o�w�i�i� �c�a�t�t�l�e�,� �s�h�e�e�p�,� �p�i�g� 

�*� �a�d�a�p�t�e�d� �f�r�o�m� �S�k�i�r�r�o�w� �(�5�9�)�.� 

�A�s�s�o�c�i�a�t�i�o�n� 

�R�o�o�t�s� �o�f� �s�a�l�t� �m�a�r�s�h� �p�l�a�n�t�s�;� �n�o� 
�k�n�o�w�n� �a�n�i�m�a�l� �h�o�s�t� 

�A�b�o�r�t�e�d� �b�o�v�i�n�e�,� �p�o�r�c�i�n�e�,� �o�v�i�n�e�,� �a�n�d� �e�q�u�i�n�e� 
�f�e�t�u�s�e�s�;� �b�o�v�i�n�e� �m�a�s�t�i�t�i�s�;� �c�h�i�l�d�r�e�n� �w�i�t�h� 
�d�i�a�r�r�h�e�a� �i�n� �d�e�v�e�l�o�p�i�n�g� �c�o�u�n�t�r�i�e�s� 

�a�b�o�r�t�e�d� �p�o�r�c�i�n�e� �f�e�t�u�s�e�s�;� �d�o�m�e�s�t�i�c� �a�n�i�m�a�l�s� 
�w�i�t�h� �d�i�a�r�r�h�e�a�;� �c�h�i�l�d�r�e�n� �w�i�t�h� �d�i�a�r�r�h�e�a� �&� 
�a�b�d�o�m�i�n�a�l� �p�a�i�n� �s�y�n�d�r�o�m�e� 

�P�r�e�p�u�t�i�a�l� �f�l�u�i�d�s� �o�f� �b�u�l�l�s�;� �a�b�o�r�t�e�d� �b�o�v�i�n�e�,� 
�p�o�r�c�i�n�e�,� �o�v�i�n�e� �f�e�t�u�s�e�s�;� �d�o�m�e�s�t�i�c� �a�n�i�m�a�l�s� 
�w�i�t�h� �d�i�a�r�r�h�e�a� 

�3�4



�T�a�b�l�e� �2�.� �S�t�r�a�i�n�s� �o�f� �A�r�c�o�b�a�c�t�e�r� �b�u�t�z�l�e�r�i�.� 

�N�A�D�C� �#�2� 

�3�5�5�4� 

�3�5�5�6� 

�3�5�6�9� 

�3�5�7�1� 

�4�0�5�6� 

�4�0�5�7� 

�D�e�s�i�g�n�a�t�i�o�n� �O�r�i�g�i�n�e� 

�D�2�7�0�9�C� 

�D�2�8�7�3� 

�D�2�9�1�7� 

�D�2�9�1�9� 

�1�7�3�6� 

�1�7�2�2�f� 

�H�u�m�a�n� �(�S�)� 

�H�u�m�a�n� �(�S�)� 

�P�r�i�m�a�t�e� �(�R�S�)� 

�P�r�i�m�a�t�e� �(�R�S�)� 

�P�o�r�c�i�n�e� �(�R�S�)� 

�P�o�r�c�i�n�e� �(�R�S�)� 

�L�o�c�a�t�i�o�n�4� 

�C�o�l�o�r�a�d�o� 

�K�a�n�s�a�s� 

�G�e�o�r�g�i�a� 

�G�e�o�r�g�i�a� 

�I�o�w�a� 

�I�o�w�a� 

�a� �-� �R�e�f�e�r�e�n�c�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �a�s� �l�i�s�t�e�d� �w�i�t�h� �N�A�D�C� 

�b� �-� �O�r�g�i�n�a�l� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �s�t�r�a�i�n� 

�c� �-� �S�t�o�o�l� �s�a�m�p�l�e�s� �(�S�)�;� �r�e�c�t�a�l� �s�w�a�b�s� �(�R�S�)� 

�d� �-� �A�r�e�a� �w�h�e�r�e� �s�t�r�a�i�n� �w�a�s� �o�r�i�g�i�n�a�l�l�y� �i�s�o�l�a�t�e�d� 

�e� �-� �C�D�C� �s�t�r�a�i�n�s� �f�r�o�m� �K�i�e�h�l�b�a�u�c�h� �e�t� �a�l�.� �(�3�2�)�;� �N�A�D�C� �s�t�r�a�i�n�s� �f�r�o�m� �W�e�s�l�e�y� �e�t� �a�l�.� �(�7�9�)� 

�3�5� 

�C�D�C� 

�C�D�C� 

�C�D�C� 

�C�D�C� 

�N�A�D�C� 

�N�A�D�C
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