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ABSTRACT

Middle ear infections (11EI) are a significant cause of morbidity among

children, particularly for those who are Native cu:� living in northern

geographic regions of Canada The widespread use of antimicrobial agents and

the dramatic rise in the number of antibiotic-resistant pathogens encountered

within Saskatchewan, create concern as to whether Significant differences exist

between Native and Non-Native children in regards to the percentage of

middle ear pathogens resistant to antimicrobial agents. The recognition that

various communitiesmay serve as reservoirs of antibiotic-resistant bacteria, has

raised interest in studying the transmission of these bacteria. In order to clearly
assess the prevalence of antibiotic resistance in terms of ethnicity and location,

285 middle ear aspirates were collected from Native and Non-Native children:

98 bacterial pathogens were recovered from 54 culture-positive individuals (68
% Non-Native, 32 % Native). Pulsed field gel electrophoresis (PFGE) and

demographic data acquisition were methods used for studying the

epidemiology of resistance. Resistance to ampicillin was found in 20 % and 100

% of Haemophilus influenzae and Moraxella caiarrhalis isolates, respectively.
Penicillin-resistant Streptococcus pneumoniae was found in 13 % of the isolates.

Overall, Non-Native children seemed to harbor antimicrobial resistant

pathogens more frequently, (l7 %; p=O.OOl), specifically in regards to the

number of ampicillin-resistant H. influenzae isolates (38 %; p< 0.005).

Geographical trends in resistance were seen among children of race, however,

limited demographic features could be ascribed to the risk of clonal spread of

resistant pathogens. Recovery of antimicrobial resistant pathogens from

children suffering from :MEl continues to be prevalent. Differences in resistance

rates were seen among children of different ethnic backgrounds and who were
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living in various geographical communities in Saskatchewan. Further study is

necessary to conclusively establish whether the differences are a true

representation of antimicrobial susceptibility for ME: or due to limited sample
collection.
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LO LITERATURE REVIEW

1.1 General Overview

After the common cold, middle ear infections (otitis media) are the most

common infectious illnesses among infants and children (Bluestone, 1998;

Khurana, 1995). By two years of age, approximately two-thirds of children

have had at least one episode and approximately one-third have three or more

episodes of acute otitis media (AOM) infections per year. If infection persist,

chronic inflammation and tissue destruction may lead to learning and

developing disorders, as well as, permanent hearing loss (Khurana, 1995;

McCarty, 1995; McLinn, 1995).

Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis

are the most frequently isolated pathogens in the middle ear fluid (Barnett and

Klein, 1995; McCarty, 1995; Block, 1997; Brook, 1998a). The increasing

emergence of penicillin- resistant S. pneumoniae (PRSP), and increasing

frequency of beta-lactamase producing strains ofM. caiarrhalis and H. inJluenzae

are challenging the empiric therapy for AOM (Block, 1997; Brook, 1998a)�

During 1994 to 1995 Blondeau et al (1996) conducted a pediatric middle ear

study and found 25% PRSP and 39% ampicillin-resistantH. infiuenzae. Because
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antibiotic resistance patterns may vary regionally, a second study was

performed to determine whether significant differences among PRSP isolates

existed for various Saskatchewan regions. Overall northern regions

demonstrated higher intermediate penicillin resistance (36.8%) compared to

Saskatoon (14.3%), Regina (125%), and Southwestern �eas (14.5%) (Blondeau

et al, 1997).

A high incidence of AOM has been associated with selected racial groups

including Native Americans, Alaskan Eskimos, and various Native Canadian

subpopulations (Julien et al, 1987; McCullough, 1990; Salloum and Crysdale,

1990; Thomson, 1994; Harris et al, 1998). The majority of the Canadian

subpopulations occur in northern or remote areas of Canada. The widespread

use of antimicrobial agents and the dramatic rise in �e number of antibiotic

resistant pathogens encountered within Saskatchewan creates concern as to

whether significant differences exist between Native and Non-Native children

in regards to the percentage of AOM pathogens resistant to antimicrobial

agents. Anecdotal evidence suggests that high illness rates among Native

children may indicate greater overall drug therapy, thereby increasing the risk

of developing or acquiring drug-resistant bacteria.

1.2 Otitis Media

1.2.1 Etiology

The pattern of acute otitis media infection may evolve through several

phases. The early stage is often a viral infection that suppresses humoral and

2
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cellular-immunity. This may cause greater bacterial adherence to the mucous

membranes and result in swelling and edema. Complete recovery of a viral

infection is encountered in most children. For people with poorly developed

immune systems such as young children or the elderly, as well as those with

eustachian tube dysfunction, the initial viral inflammation may lead to a

secondary bacterial infection (Brook, 1998a).

The eustachian tube has at least three important physiological functions

in preventing infection and accumulation of effusion in the middle ear. It

provides protection against nasopharyngeal sound pressure and secretions. It

also allows for adequate drainage and clearance of middle ear secretions into

the nasopharynx, and permits ventilation of the middle ear to equilibrate gas

pressure with atmospheric pressure (Klein, 1994). �c:nts are predisposed to

otitis media because their eustachian tubes are shorter, wider, and lie more

horizontally than those of older children. Often, the development of the valve

that is responsible for opening and closing the tube is incomplete (Klein, 1994).

Consequently, the secretions of the middle ear mucosa accumulate and if

pathogenic bacteria that colonize the nasopharynx are present in the middle ear

secretions prior to obstruction, they multiply, resulting in acute infection. If the

infection does not resolve at the acute stage, a chronic infection may develop

(Klein, 1994).

3
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l..2.2 Subtypes

There are three broad types of otitis media to be considered: (1) ADM,

(2) otitis media with effusion (OME) and (3) chronic otitis media with or

withoutperforation.

ADM is often a self limited infection involving �e deep surface of the

tympanic membrane that lines the respiratory mucosa in the middle ear cavity.

The diagnosis of ADM rests on the identification of middle ear effusion in the

presence of one of the clinical signs and symptoms of acute infection.

Individuals suffering from ADM may experience pain, fever, decreased

hearing, vomiting, diarrhea, redness, with an altered anatomic appearance

upon physical examination (McLinn, 1995; Karver, 1998). Infants between 6 and

18 months of age are the most prone to develop this condition (Khurana, 1995;
.

-�

Karver, 1998).

OME, also known as serous otitis media, is best defined as the presence

of fluid in the middle ear without clinical signs and symptoms of an active

infection (Karver, 1998). When the middle ear ventilation becomes inadequate

due to eustachian tube obstruction or malfunction, pressure in the middle ear

becomes relatively negative causing a serous effusion. Over several weeks

mucus-secreting cells, located primarily in the eustachian tube or its orfice,

migrate into the middle ear and secrete a thick, mucoid material. Classification

of this condition is then termed secretory otitis media, or glue ear (Koufman,

4
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1990). Between 10% to 20% of children will have persistent fluid that may be

present for up to 3 months (Karver,1998).

Chronic otitis media with perforation is a chronic suppurative condition

where there is a perforation in the tympanic membrane characterized by a low

grade chronic infection. Following an incompletely treated AOM episode,

pressure within the tympanic membrane develops from the infection.

Consequently the membrane ruptures and persistence of the active infection

prevents healing of the original disorder (Karver, 1998). Decreased hearing and

other complications such as scarring and cholesteotoma formation could occur

if improperly treated. Chronic otitis media without perforation, on the other

hand, is a harder condition to define, but many consider it a manifestation on

the continuum between AOM and OJ;.AE (Karver, 1998)�_..

1.2.3 Prevalence of Illness

:MEl are the most common conditions for which pediatric patients seek

medical attention. In the United States, half of all childrenwill have an episode

before age one year and more than 80% of children have one or more episodes

of otitis media by age 6 years. High incidence of otitis media occurs between

the ages of 6 and 24 months (Khurana, 1995; McCarty, 1995; Mclinn, 1995).

According to the National Centers for Disease Control and Prevention, the

estimated 24.5 million office visits in the United States for otitis media in 1990,

represented a 150% increase over the number of visitsmade in 1975. Moreover,

5
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the younger the child at the first episode, the higher the risk for recurrent

disease (Schappert.. 1992).

1.3 Aboriginal Health

1.3.1 Classification of Ancestral Groups

Currently.. the Indian, Inuit and Metis peopl�s are recognized as

Aboriginal Peoples under Section 3S of the Canadian Constitution (Report of

the Royal Commission on Aboriginal Peoples, 1996).

The term First Nations is used in Canada and refers to
�I

registered" or

"status Indians". "Status" or "registered" Indians are those individuals legally

recognized by the Federal Government of Canada. The Canadian government

is responsible for the health, education and welfare of registered Indian People

(Report of the Royal Commission on Aboriginal Peop�:_, 1996). The registered

Indian population in Saskatchewan ismade up mainly of Cree and Chipewyan

origins as well as small numbers of Saulteaux, Assiniboine and Dakota origins

(Senthilselvan et alr 1995). Some registered Indians live in reservations located

in northern and southern parts ofSaskatchewan, while others live off reserve in

urban centers (Federation ofSaskatchewan Indian Nations, 1997).

Unlike the Indian population that represents approximately 60% to 70%

of the total SaskatchewanNative population.. Inuit people make up 1% (Report

of the Royal Commission on Aboriginal Peoples, 1996). The Inuit are separate

from registered Indiansr and there is no legislation comparable to the Indian

Act. Nevertheless, the Federal Government provides services to these people as

6



if they were defined as registered Indians. Most Inuit people live in northern

areas of Saskatchewan (Federation of Saskatchewan IndianNations, 1997).

The term Metis refers to a distinct Aboriginal people who are

descendants of mixed marriages between Indian and White populations. Their

roots are found in association with �e fur trade of the seventeenth, eighteenth

and nineteenth centuries (Federation of Saskatchewan Nations, 1997). The

Metis and non-status Indians have the same legal status as the rest of the

Saskatchewan population. Only the province of Alberta has provided land

(1990) indicates that life expectancy for Natives is ten years less than the

exclusively forMetis people (WaIdram ei al, 1995). Non-registered Indians live

mainly in northern parts of Saskatchewan, whereas most caucasian and Metis

people live primarily in the southern part of the province where the major

urban centers are located (Federation ofSaskatchewan�dianNations, 1997).

1.3.2 Magnitude of the Problem

In Canada, the Native population experiences more ill health than the

rest of the Canadian population. A report by Health and Welfare Canada

national average and the infant mortality rate is more than double the rate for

the total Canadian population. The report goes on to state that Natives in

comparison to Non-Native Canadians are at an increased risk of death from

injuries and violence, suicide, diabetes, cirrhosis, and respiratory diseases. In

addition, death from diseases of the respiratory system for all ages of Canadian

7



Aboriginals (excluding the 25 to 44 year age group) rank in the top four leading

causes of death.

Acute respiratory infections (ARI) not only cause a significant number of

deaths among Native people, but there is also excess morbidity associated with

ARI (Young, 1983; Mao et al, 1986, Morrison et al, 1986):. The relative risk ratio

from various studies have indicated ARI associated morbidity in Canadian

Natives is higher than Non-Native people from diseases such as pneumonia,

bronchitis and influenza (Frazer-lee and Hessel, 1994; MacMillian et al, 1996).

ARI related illness in infants and young children have been a focus of several

studies (Evers and Rand, 1982; Evers and Rand, 1983; Harris et al, 1998). Evers

et al, 1985, studied status Indian children in a mostly urban area of Southern

�tario. The incidence of lower respiratory disease (br?�chitis, pneumonia and

croup) in status Indian children was almost three times the rate of non-Indian

children. There was also a tendency for multiple episodes of pneumonia and

bronchitis among Indian children.

High incidence of otitis media among Native children has been reported

throughout the second half of this century. Studies demonstrating this have

been reported from British Columbia, Northwest Territories, Ontario, and

Quebec (Evers et al, 1985; Julien et al, 1987; McCullough, 1990; Salloum and

Crysdale, 1990; Thomson, 1994; Harris et al, 1998). High otitis media illness

rates among selected racial groups including Native Americans, Alaskan

Eskimos and Australian Aboriginal have also been described (Westwater and

8
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Rebgetz, 1990; Nu, 1999). Despite the association of a high incidence of otitis

media in Native children, relatively little is known about the consequences and

epidemiological risk factors involved in the pathogenesis of this disease.

Insufficient data exists for determining if the differences are biologically based

or represent problems in access to medical care.

1.3.3 Population Projections

The Aboriginal population in Saskatchewan represents approximately

134,000 people of a total population of onemillion (Federation of Saskatchewan

Indian Nations, 1997). Regina and Saskatoon have the highest number of

Aboriginal people per capita in Canada (Heath andWelfare Canada, 1990). The

1996 census figures indicate Aboriginal people account for 7.5% of Saskatoons

population and 7% of Regina's population. By applying the current fertility,

birth and death rates for the total Saskatchewan Native population, the

expected population breakdown over a 5O-year forecast period can be

calculated. By the year 2045, the expected Aboriginal population will make up

325% of the total population, compared to 13.5% in 1995 (Federation of

Saskatchewan Indian Nations, 1997).

The projected growth of the Native population in Saskatchewan is

significant, particularly when placed alongside the Non-Native population,

which hasmuch lower fertility and birth rates. The implications of the different

rates are to be found in the contrasting age profiles of the population they

create. It is predicted by the year 2015, 31% of the Indian population will be

9
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classified as young (age 0-17); 62% will fall into the labor force age group; and

6% will be considered elderly (age 65+). By contrast the Non-Native population

proportions for the three categories will be 20%, 63% and 17% respectively

(Federation of Saskatchewan Indian Nations, 1997). Considering the Native

population may be younger overall, the prevalence.;of otitis media may

continue to be an increasing problem for this group.

1.4Microbiology

1.4.1 Causative Pathogens

Streptococcus pneumoniae, HaemophiZus infiuenzae, and Moraxella caiarrhalis

are the principle pathogens in AOM (Klein, 1994; McCarty, 1995; McLinn, 1995;

Bluestone, 1998). S. pneumoniae can be recovered from approximately 30% to

40% of patients, and the frequency of recovery of this organism tends to

increase with the patient's age (Brook, 1998a). H. influenzae is isolated from

approximately 20% to 30% of patients, and the frequency of isolation decreases

with age (Block, 1997; Brook, 1998a). Organisms less frequently isolated in

AOM include Streptococcus pyogenes, Staphylococcus aureus, and various gram

negative bacilli such as Pseudomonas aeruginosa and Escherichia coli (Brook,

1998a). Anaerobic bacteria such as Preooiella spp., Porphyromonas spp. and

Fusobacteria spp. have also been implicated as causative middle ear pathogens

(Brook, 1998a).

10



1..5 Management of OtitisMedia

Traditionally, physicians have taken an aggressive approach to treat

various types of otitis media because of the long-term consequences associated

with persistent middle ear fluid, i.e. permanent hearing loss and other

developmental impairments. However, the associati�� between early otitis

media and later developmental impairments has yet to be proven. For this

reason, controversy exists as to the overall effectiveness in treating children

with antibiotics or surgical remedies'r especially in an era where the dramatic

emergence of multiple drug resistant bacterial pathogens is on the rise, as are

health care costs.

1.5.1 Antimicrobial Treatment

Treatment of AOM with antimicrobials is mainly empiric because

eardrums of infants and young children are difficult to visualize and subtle

middle ear conditions are often difficult to diagnose (Froom et al, 1990; Blumer,

1998). In many circumstances, middle ear aspirations (l\1EAs) to identify the

causative pathogen(s) cannot be performed due to several reasons: (1) many

clinicians lack experience with the invasive procedure of tympanocentesis; (2)

limited number of clinics and laboratory services exist for properly performing

l\1EAs and analyzing the patient specimen and (3) long lapse time can occur for

obtaining laboratory results (McCarty, 1995; Bluestoner 1998; Jacobs et al, 1998).

Amoxicillin remains the antimicrobial drug of first choice for treatment

of uncomplicated AOM. Although amoxicillin has been shown to be highly

11



effective against S. pneumoniae, it is ineffective against beta-lactamase producing

strains such as H. influenzae andM. catarrhalis (Klein, 1998; Leibovitz et al, 1998).

However, AOM associated with the latter two pathogens is more likely to

resolve spontaneously (Dowell et al, 1999). Recent recommendations by the

Centers for Disease Control and the American Academypf Pediatrics state that

the use of antibiotics should be withheld in children even after a course of

antibiotic therapy for AOM, because of the belief that most effusions will

resolve themselves. For example, middle ear fluid generally spontaneously

resolves within three months in about 60% of cases and within six months in

85% of cases (Blumer, 1998). This strategy is somewhat flawed because the

pathogen of greatest concern, S. pneumoniae, is the least likely to resolve

spontaneously and it is the most common pathogen ca�ing AOM (Klein, 1994;

Barnett and Klein, 1995; Blumer, 1998; Dowell et al, 1999). Some evidence

suggests that increasing the dose of amoxicillin to 80 to 100 mgjkgjday in two

doses may be more effective in eliminating intermediate and highly resistant

PRSP than the standard dose of 40 mgjkgjday (Lister et al, 1997; Bluestone,

1998; Dowell et al, 1998). Agents other than the widely used amoxicillin

include: macrolides (erythromycin, azithromycin, clarithromycin); combination

drugs with sulfa components such as trimethoprimjsulfamethoxazole; second

generation (cefaclor, cefprozil and cefuroxime) and third generation (cefixime,

cefti.buten and ceftriaxone) cephalosporins (Barnett and Klein, 1995; Aronoff,

1996; Block, 1997; Blumer, 1998; Kaplan and Mason, 1998; Dowell et al, 1999).

12
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Limited evidence as to the clinical efficacy of antibiotics over long-term

use has been previously reported. Myrind et el. (1981) found decreased pain in

the penicillin group compared with the placebo group on day two but no

difference for duration of fever, otorrhea, or effusion in patients followed for up

to three months. In the trial of Burke et al (1991), by day tJrree, pain disappeared

in 75% of the patients in the placebo group compared to 82% of those receiving

antimicrobial agents. At one week, 14.7% of patients receiving placebo were

treatment failures compared with 1.7% receiving an antimicrobial agent, but

thereafter, no significant outcomes were found in patients followed for one

year. Thus, it appears that the use of antimicrobial agents demonstrates a

modest shortening of the duration and pain from an acute infection but no

long-term benefits are reported.

1.5.2MyringotomyWith orWithoutTube Insertion

A more aggressive treatment approach may be warranted in children

with chronic middle ear fluid. The Centers for Disease Control and the

American Academy of Pediatrics suggest either antimicrobial treatment or

myringotomy and tympanostomy tube placement for these children (Bluestone,

1998). Myringotomy, also known as tympanocentesis, is a procedure

performed to relieve pressure and allow for drainage of purulent fluid from the

middle ear. Insertion of a tympanostomy tube through the myringotomy

incision of the eardrum allows for adequate drainage in an otherwise blocked

ear. A key issue in research into the natural history of 011E is the association

13



between early life otitis media and later developmental impairments such as

speech, learning and language development (Khurana, 1995; McCarty, 1995;

Paradise, 1998). At present, long-term effects of surgery on the above have not

been identified. In addition, little is known about the short term benefits of

surgery other than relief from middle ear effusion (<;asselbrant et al, 1991;

Kleinman, 1994; Klein et al, 1994; Bluestone, 1998).

1.6 Antibiotic Resistance

1.6.1 Mechanisms of Resistance

The primary mechanism of bacterial resistance to f3-lactam antibiotics for

H. influenzae and M. caiarrhalis isolates is the production of f3-lactamases. A f3-

lactamase is an enzyme that binds to a �-lactam antibiotic noncovalently and

hydrolyses the cyclic amide bond of the lactam rin� ..

and then releases the

altered antibiotic (Stratton, 1996). This renders the agent inactive and the

micro-organism resistant. The most important j3-lactamase in H. injluenzae is

Tmv1-1, which is found in 80% of f3-lactamase positive isolates (Amyes and

Gemmell, 1997). A second type of f3-lactamase, designated ROB-I, has also

been detected in H. influenzas, but is less common, accounting for 8% of all

resistant organisms. M. caiarrhalis isolates produce plasmid mediated f3-

lactamase enzymes designated BRO-l and BR0-2 BR0-2 is associated with

90% ormore resistant strains (Amyes and Gemmell, 1997).

PRSP has not been shown to produce f3-lactamase enzymes that are

associated with antibiotic resistance. Instead penicillin resistance in S.
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pneumoniae seems to be due to alteration in penicillin binding proteins (PBP)

(Wood, 1996). S. pneumoniae produces 5 high molecular weight PBP (lA, 1B,

2A, 2B, and 2X) and 1 low molecularweight PBP (PBP3) (Amyes and Gemmell,

1997). Alterations in the high molecular weight proteins are associated with

decreased susceptibility to penicillin, whereas changes � PBP3 appear to have

no role in the development of resistance (Amyes and Gemmell, 1997). The

alterations found in resistant strains appear not to have risen by a process of

mutation and selection, but through homologous recombination. Analysis of

the sequences of genes encoding PBP in sensitive strains demonstrates that they

are uniform. In contrast, the genes found in resistant isolates contain sequences

of divergentDNA (Spratt,1994). Consequently, exchange ofDNA may be from

another pneumococcus strain or from other streptococ� �pecies.
1.6.2 Overall Canadian Impact

The most notable trends in the bacteriology of respiratory illnesses

during the past decade have been a rise in the proportion of patients infected

with j3-lactamase producing H. influenzae and M. catarrhalis isolates and an

overall increase in drug resistant S. pneumoniae (Trembley et aI, 1990; Scriver et

al, 1994; Hoban et al, 1995; Blondeau et al, 1997; Blondeau et al, 1999). This is

evident from results from four large surveillance studies (conducted during

1985 to 1995) indicating the percentage of ampicillin resistant H. influenzae

isolates rose from 19% to 32% (Trembley et al, 1990; Scriver et al, 1994; Hoban et

al, 1995; Blondeau et al, 1999). The prevalence of j3-1actamase producing M.
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catarrhalis isolates range from 80 to 85% (Hoban et al, 1995; Blondeau et al, 1999;

Davidson et al, 1999). A similar increasing trend was observed among PRSP

isolates. In the past, PRSP has been infrequently identified in Canada with

three previous Canadian surveys reporting resistance rates of 1.5 to 2.4%

(Dixon et al, 1977; Jette and Lamothe, 1989;Mazzulli et az_, 1990). Recent studies

now indicate that 12 to 22% of pneumococcal isolates show decreased penicillin

susceptibility (Blondeau et al, 1996; Simor et al, 1996; Davidson et al, 1998;

Blondeau et al, 1999). According to Davidson et al (1998), Saskatchewan has the

highest incidence of PRSP (21%) in all ofCanada.

Antimicrobial susceptibility studies for otitis media have been a focus of

several North American studies. As of this date, none have been published

�thin Canada Results from American studies have found thatup to 40% of all

ofnontypeableH. infiuenzae isolates and more than 90% ofM. caiarrhalis isolates

from middle ear fluid are f3-lactamase producers (Harold, 1995; Rodriguez et al,

1995; Mclinn andWilliams, 1996; Block, 1997). The incidence of PRSP remains

variable among studies as resistant rates were found between 20% to 40%

(Block et al, 1995; Rodriguez et al, 1995; Jacobs et al, 1998).

1.6.3 Saskatchewan Studies

Limited antimicrobial susceptibility studies have been published within

Saskatchewan in regards to respiratory illnesses including otitis media. During

1995, Blondeau et al (1996) undertook a pilot study to generate current data on

otitis media and antimicrobial resistance. Among 115 patients positive for
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microorganisms, H. influenzae, s. pneumoniae, and M. caiarrhalis were frequently

isolated. Susceptibility testing indicated that 39% (12/31) of H. influenzae

isolates were f>-lactamase positive and ampicillin resistant and among

pneumococcal isolates 24% (4/17) showed decreased penicillin susceptibility.

Of the 16 M. caiarrhalis isolates recovered and tested, �,OO% were f>-lactamase

positive.

The high number of patients infected with PRSP poses a growing

challenge to the management of otitis media because pneuococci are well

known for cross resistance to alternative agents, thereby limiting patient drug

therapy (Blondeau et al, 1995; Simor et al, 1996; Davidson et al, 1999). The

situation is further complicated as the percentage of PRSP obtained from

patient specimens can vary from one geographical are��_to another (Block et al,

1995; Rodriguiz et al; 1995; Jacobs et al, 1998). Blondeau et aI (1997) tested 310 S.

pneumoniae isolates obtained from 17 Saskatchewan medical centers located

throughout Saskatchewan. Overall, northwest (16.8%) and northeast regions

(20%) demonstrated higher intermediate resistance compared to southern

locations (12.5% to 14.5%). Knowing that differential susceptibility profiles

exist for given Saskatchewan regions may alter drug therapy for children

suffering from otitismedia.
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l,..7 Descriptive and Analytic Epidemiology

To clearly assess the emergence and spread of antimicrobial resistant

pathogens, the application of a molecular strain typing method is considered

alongwith the available clinical and epidemiological information.

L7.1 Consent/Questionnaire Form

Construction of a consent/questionnaire form has allowed collection of

additional information such as race, history of otitis media, antibiotic

utilization, number of residents in one home, and places traveled. This data is

normally not found on a specimen requisition sheet (see appendix D). Such

demographic factors could facilitate transmission and emergence of resistant

organisms (Shaw and Wendal, 1981; Embil et al, 1994; Block et al, 1995;

Bluestone, 1998; Leibovitz et al, 1998).

L7.2 Pulsed Field Gel Electrophoresis

L7.2.1 Theory

One of themajor limitations ofDNA analysis by restriction endonuclease

digestion followed. by conventional agarose electrophoresis is the use of

enzymes that have relatively frequent recognition sites. This creates difficulty in

analyzing the resulting patterns due to the large numbers of overlapping,

poorly resolved restriction fragments (<25 kb) (Arbeit, 1995). Fewer but much

larger restriction fragments (10 kb to 800 kb) could be acquired by the use of an

enzyme that has relatively few restriction sites. The problem of separating

large restriction fragments of >25 kb cannot be readily overcome with
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conventional electrophoresis. Recently, a method known as PFGE, was

developed by Schwartz and Cantor (1984) to escape this size limitation. Large

DNA fragments were capable of being separated by a specially designed

chamber that utilizes multiple sets of electrodes that periodically alters the

direction of the applied electric field. Several different methods of altering the

electrophoretic conditions have been described (Schwartz and Cantor, 1986;

Southern et al, 1987; Vollrath and Davis, 1987; Bancroft andWolk, 1988). Some

of these methods include field inversion gel electrophoresis, orthogonal field

alteration gel electrophoresis, transverse field alteration gel electrophoresis and

contour clamped homogenous electric field (�(Carle et al, 1986; Chu et al,

1986; Bancroft and Wolk, 1988; Smith et al, 1991). Among the methods

previously listed, further discussion will focus on the� system.

In conventional electrophoresis, application of an electric current is only

applied to a gel in a single direction. The CHEF system utilizes four sets of

electrodes positioned in a hexagon, creating various electric fields. The current

is applied first from one set of electrodes, then shifts to the second set of

electrodes for a brief period of time, and subsequently repeats the process for

the third and fourth set. Each time the electrode current is applied, the DNA

will attempt to reorient itself as the electrical field shifts. Longermolecules will

reorient more slowly then shorter DNA sequences. Eventually, the back and

forthmovement results in highDNA fragment resolution.
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There are a number of advantages to using PFGE as a molecular tool for

studying bacterial lineages. First, the method has excellent reproducibility that

can be demonstrated for a wide array of bacteria (Maslow et al, 1993).

Reproducibility is defined as the ability to repeatedly obtain the same typing

profile result with the same bacterial strain. Second, PFGE has proven to be

highly discriminatory compared to other available methods for several

common respiratory pathogens such as staphylococcus, S. pneumoniae, H.

injluenzae, and M. caiarrhalis (Herman et all 1995; Aparicia et all 1996; Hoang et

aI, 1999). Discriminatory power refers to the ability to differentiate among

unrelated strains which is determined by testing epidemiologically unrelated

isolates that have proved to be indistinguishable by other techniques. Finally,

the relative simplicity of the restriction profiles greatlyfacilitates the analysis

and comparison ofmultiple isolates.

1.7.22 Application

Investigations of outbreaks of bacterial infections in hospitals and within

the community often require strain-typing data to distinguish epidemic from

endemic or sporadic isolates. The basic premise inherent in any molecular

typing system is that epidemiologically related isolates are derived from the

clonal expansion of a single precursor and share characteristics that differ from

those of unrelated isolates (Maslow et al, 1993; Arbeit, 1995; Tenover et all 1997).

In .other words, related isolates which are the recent progeny of a single or

common precursor will have similar genotypes or banding profiles, whereas
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epidemiologically unrelated isolates will have different genotypes. Determining

whether isolates are the same or different is influenced by a number of inherent

limitations possessed within a molecular method. Thus, variable reproducibility

and discriminatory ability have been encountered among methods such as

restriction endonuclease analysis (REA) and arbitrary primed polymerase chain

reaction (AP-PCR) and will be further discussed.

REA uses an enzyme called an endonuclease that cleaves DNA at a

particular sequence of nucleotides that may be repeated numerous times

around the chromosome. The number and size of the restriction fragments

generated by digesting a given piece of DNA, reflects the frequency and

distribution of the restriction sites. Upon electrophoresis, hundreds of

fragments can be separated, ranging from approximatelyO.5-SO kilobase (kb) in

length. Reproducibility has been shown to occur, however, interpretation of

complex fragment profiles make this a tedious and time-consuming method

(Maslow et al, 1993; Tenover et air 1997). Furthermore REA patterns may be

confounded by the presence of plasmids. Therefore, isolates that differ only in

their plasmid contentmay be considered unrelated (Maslow et al; 1993).

In order to increase the ease in interpretation of hundreds of banding

fragments generated by REA, additional steps can be undertaken that can be

found in the method known as Southern blot. Following agarose gel

electrophoresis, the separated restriction fragments are transferred onto a

nitrocellulose or nylon membrane. A labeled piece ofDNA or RNA (a probe) is
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used to select for restriction fragments containing sequences homologous to the

probe thereby limiting the number of fragments seen. Variations in the number

and size of the fragments are referred to as restriction fragment length

polymorphisms (Maslow et al, 1993; Arbeit, 1995).

One common typing method known as ribotyping involves the use of

chromosomal DNA preparations and a ribosomal RNA probe. A RNA probe is

used to combine with selective sequences homologous to ribosomal operon(s).

Ribosomal operons are conserved clusters of genes that share related functions

and are often coordinately regulated. All bacteria carry ribosomal operons and

hence all bacteria are typeable (Arbeit, 1995). However, only moderate

discriminatory power exists with this method due to the limited set of operons

detected among bacterial species. Unlike bacteria such as E. coli, Klebsiella

species, Haemophilus species, and Staphylococcus species that havemultiple (5 to

7) ribosomal operons, other bacteria such as M. catarrhaiis, S. pneumoniae and

Mycobacteria isolates possess less numbers (Herman et al, 1995; Wilson et al,

1998; Nguyen et al, 1999). Bacteria possessing limited numbers of operons will

often generate small numbers of band profiles that make for undesirable

comparisons among isolates (Maslow et al, 1993). This could be overcome, in

some cases, by changing the type of probe used. Currently DNA insertion

element IS6110 is used to type isolates ofMycobacterium tuberculosis (Wilson et

al, 1998). An insertion element is a piece of DNA that is able to move

independently and can insert in multiple locations in plasmid or chromosomal
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locations. This approach has proven reliable and discriminatory in

differentiating outbreak strains of multi-resistant M. tuberculosis from other

sporadic strains. For isolates with only a few copies of the insertion element,

the method has relatively poor discriminatory power and must be

supplemented by studies using other probes (Wilson et a� 1998).

Another factor affecting the interpretation of DNA fragment patterns is

the choice of enzymes for preparing the chromosomal DNA digest. Ideally,

restriction endonucleases should cut outside the ribosomal operons or insertion

element, so that the entire sequence is present as a single fragment. However,

restriction enzymes such as EcoRI has been shown to cut at several variable sites

within the ribosomal operons thus generating short restriction fragments

(Arbeit,1995). Consequently, short sequences homo!�gous to the probe are

detected with only a weak signal compared to the signals of fragments that

have more extensive homogenous sequences. This may account for such

differences among epidemiologically unrelated isolates demonstrating the same

pattern.

Randomly amplified polymorphic DNA assay, also referred to as AP

PCR is another alternative molecular strain typing method. This method is a

variation of the PCR technique which employs a single short (10 base pair)

primer that will hybridize at multiple random chromosomal locations.

Amplification of the target fragment will occur if two hybridization sites are

located within a few kilobases of each other, on opposite DNA strands, and in
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the proper orientation. The number and location of these random sites vary

among different strains. This approach is attractive because it is conceptionally

simpler rapid (20 to 30 isolates can be typed per day) and suitable for use on a

number of different species of bacteria (Adam et al, 1998; Rafferty et alr 1998;

Dogan et al, 1999).

The potential speed and ease of AP-PCR must be tempered by the need

to J:>repare samples with great care to obtain reproducibility and avoid cross

contamination. For example, the reaction conditions such as variations in pH..

ionic strength of the buffer used and/or the temperature or source of DNA

polymerase dictates the efficiency in which primers initiate DNA synthesis

(Vaneechoutte and Eldere, 1997). In addition, preparation of DNA extracts are

easily contaminated by this method. Therefore, on ind.�pendent amplifications

of the same isolate, the number of copies generated from a particular locus can

be appreciably different (Struelens et all 1998). Obtaining reproducible and

accurate results may be difficult with AP-PCR and as a result, the

discriminatory power of this approach remains uncertain.

1.8 Summary

l\ffiI are a significant cause of morbidity for children, especially those

who are of Native descent and live in Northern regions of Canada. Most, if not

all, children are often treated empirically with antibiotics because of a number

of factors: (1) the eardrums of infants and young children are often difficult to

visualize; (2) the eardrum findings associated with O:ME are often subtle and
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the condition is therefore often difficult to diagnose; and (3) tympanocentesis,

for determining the causative pathogen, may not be possible. Consequently

over-utilization and improper utilization of antibiotics are contributing factors

involved in the high prevalence of antibiotic resistant pathogens detected

throughout the 1990's (Bluestone, 1998; Klein, 1998). .:
The dramatic rise in

antibiotic resistance amongst respiratory tract pathogens within Saskatchewan

creates concerns as to whether there is a Significant difference between

antibiotic resistance in Native and Non-Native children given that respiratory

tract infections occur more commonly in Native versus Non-Native people.

Because antibiotic resistance patterns may vary regionally, surveillance data

needs to be gathered locally. Recognition of changing patterns of antibiotic

resistance in middle ear infections could affect patient .:management. Greater

research is also needed to characterize factors contributing to the spread of

antibiotic resistant pathogens in a community setting and facilitate the

implementation of infection control practices.

1.9 Objectives

Given the overall problem of otitis media, a study was needed to clearly

assess the etiology of this illness in terms of ethnicity, as well as the prevalence

of antibiotic resistance regionally. Also the epidemiology of otitis media needs

to be more fully characterrized in order to best understand the emergence and

spread of resistant pathogens.
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In order to carry out the concerns previously stated, 3 objectives were

required: (i) to determine the prevalence of antibiotic resistance among middle

ear pathogens isolated from children of Native and Non-Native ancestry, and

who are living in various geographical regions within Saskatchewan; (ii) to

establish the genetic relatedness of antibiotic resistant �acteria by PFGE; and

(iii) to uncover possible reasons for donal spread of resistant bacteria by

collecting demographic data from children.

It is hypothesized that higher prevalence of antibiotic resistance will be

detected in Northern Saskatchewan Native children when compared to Native

and Non-Native children living elsewhere. Clonal spread of resistant pathogens

may be linked to demographic features present in children.
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20 MATERIALS ANDMETHODS

21 Patient Population

Patients aged 1 month to 15 years that were undergoing

tympanocentesis,with orwithout tube insertion were enrolled in the study. All

patients were seen at St. Paul's Hospital, Saskatoon, Saskatchewan, Canada,

fromNovember 1998 through February 1999.

21.1 Informed Consent/Questionnaire Form

Informed consent from parents and from older children was obtained

before tympanocentesis or culture of drainage was performed. In obtaining

informed consent, participants also agreed to answer questions regarding

demographics as shown in Appendix D. The following data was obtained: age,

sex, race, number of residents in one home, places traveled within the last year,

past or recent history of otitis media and antibiotic utilization history. In

regards to place of residence, patients were further categorized into specific

geographic regions including Northern and Southern Saskatchewan, as well as

the city of Saskatoon. Northern Saskatchewan areas were defined as being

greater than 53 degree latitude north whereas Southern regions were classified

as less than 53 degree latitude north. The consentjquestionnaire form was
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generated in collaboration with Father Mark Miller (ethicist at St. Paul's

Hospital) and subsequently approved by the Biomedical Review Committee of

St. Paul's Hospital in Saskatoon. All informed consent and questionnaires were

administered by Mamie Andersen.

21.2 Tympanocentesis .:

Tympanocentesis was performed at enrollment by an otolaryngologist.

Physicians were aware that the study results would not be immediately

available to impact on patient care. These specialists included Doctors: Wright.

Will, Alvi, Spafford, and Gore-Hickman, all practicing in Saskatoon. The

procedure first involves cleaning the external ear canal of debris, then a 18 or 20

gauge spindle needle attached to a sterilized syringe was used to puncture the

anteroinferior portion of the intact tympanic membrane, Fluid was aspirated

into the syringe and then expelled into a sterilized centrifuge tube.

2.2 Standard LaboratoryMethods

Suppliers of materials, reagents, and equipment are supplemented in

8.1.3 of Appendix C.

2.2.1 Specimen Processing

After collection of middle ear aspirates (MEA), all tubes were packaged

and transported to the Antimicrobial Research Unit located at Royal University

Hospital in Saskatoon within two to three hours of collection. In the

microbiology laboratory, the aspirates were cultured on Tryptic soy agar media

containing 5 % sheep blood and chocolate agar plates (see 8.1.1 of Appendix q.
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Plates were incubated for 24 to 48 hours at 370<: with 5 % CO2. The media,

temperature and atmospheric conditions are optimal for recovery of fastidious

and nonfastidous respiratory pathogens.

2.22 Identification of Organisms

Following inoculations, all plates were examined !.or growth of bacteria.

Gram staining and colony morphology was used as the initial screen to identify

organisms requiring further work-up. All tests selected were done according to

NCCLS (National Committee for Clinical Laboratory Standards) guidelines,

summarized in Table 21. Identification procedures are supplemented in 7.2 of

appendixB.

2.2.2.1 Storage of Bacterial Isolates

All identified bacteria were stocked in 0.5 ml of skim milk in Simport

cryovials. Prior to storage, the isolates were grown on Tryptic soy agarwith 5%

sheep blood for 18 hours in ambient air at 370C with 5 % C�. One or two

isolated colonies were transferred from the plate using a sterile wooden

applicator stick to a cryoviaI containing the sterile skim milk. These vials were

transferred to a -700c freezer and stored.

2.2.3 Susceptibility Testing

There are several conventional or novel methods for performance of

routine antimicrobial susceptibility testing. Common methods used within the

clinical microbiology laboratory include disk diffusion test, agar dilution, Etest,

and broth microdilution. For purposes of this study, only broth microdilution
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Table 2.1: Selected identification tests as defined byNeCLS guidelines.

Organism Test

S. pneumoniae gram stain

colony morphology
catalase

bile salt

optochin

1L influenzae gram stain

colony morphology
porphyrin

M. catarrhalis gram stain

colonymorphology
carbohydrate

fermentation - glucose
-maltose
-sucrose

-lactose
DNase
oxidase

S. aureus gram stain

colonymorphology
catalase

Staphaurex

S.pyogenes gram stain

colony morphology
catalase
Path Ox Group A

Results

gram-positive diplococci
a-hemolytic gray glistening colonies
positive
soluble

positive

gram-negative bacilli
flat gray opague colonies

negative

gram-negative coccobacilli
dull yellowJgray colonies

negative
negative
negative
negative
positive
positive

gram-positive cocci
�hemolytic/yellowJwhite opague colonies

positive
positive

gram-positive cocci
�hemolytic, tiny grayJwhite colonies
negative
positive
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was performed. This method is a well-standardized, accepted and reliable

reference method that is useful for research and clinical purposes.

2.2.3.1 BrothMicrodilution

Minimal inhibitory concentrations (JY.1IC) were determined as described

by the NCClS by the broth microdilution procedure. A yolume of 50 pl of a 0.5

McFarland standard suspension of the test organism was diluted in the

appropriate broth: Haemophilus test medium. for H. influenzae; Todd Hewitt

broth for S. pneumoniae and S. pyogenes and Mueller Hinton broth for both M.

caiarrhalis and S. aureus strains (200-pl total volume per well; final inoculum

concentration 5 x lOS CFU/ml). Trays were incubated at 350<: (increased 5%

CO2 only for S. pneumoniae and S. pyogenes strains) for 16 to 20 hours prior to

determining results. Before :MIC for the clinical �lates were read and

recorded, the growth control wells were examined for organism viability and

inoculum purity. The following American Type Culture Collection (ATCC)

strains were used (S. aureus 29213, S. aureus 25933, S. pneumoniae 49619, H.

influenzae 49247, H. influenzae 49766, E. coli 25922, P. aeruginosa 27853) to confirm

the acurracy of :Mle each time susceptibility testing was performed. The!vflC

was interpreted as less than or equal to the lowest concentration of the

antibiotic at which no growth was observed. Antibiotics tested in this study

were as follows: ampicillin, penicillin, amoxicillin, cefac1or, cefuroxime,

erythromycin, trimethoprim/sulfamethoxazole, Ievofloxacin, and gatifloxacin.
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22.4 Pulsed Field Gel Electrophoresis

The process of PFGE ('''DNA fingerprinting") involves embedding

organisms in agarose, lysing the organism and digesting the chromosomal

DNA with restriction endonucleases that cleave infrequently. Slices of agarose

containing the chromosomal DNA fragments are inserted into the wells of an

agarose gel, and the restriction fragments are resolved into a pattern of discrete

DNA bands in the gel by a CHEF ill apparatus that switches the direction of

current according to predetermined conditions. The gel is stained with

ethidium bromide and the DNA restriction patterns of the isolates are then

compared using the BioRad Gel Doc 1000 System in order to determine their

relatedness. Isolates are considered to be clonal or closely related if their

macrorestriction profiles differ by one genetic event, i:�� 3 bands or less. The

summary of PFGE protocols for all resistant pathogens are shown in Table 2.2

Complete details for bacterial specific PFGE protocols are described in 7.1 of

Appendix B. Suppliers of all materials required for PFGE are identified in

AppendixC.

2.2.4.1 Culture andDNA Preparation

Bacterial isolates were thawed and plated out on either chocolate agar or

Tryptic Soy Agar (containing 5% sheep red blood cells) plates as previously

described in section 222.1. From the growth plates, a bacterial suspensionwas

made in Tris-EDTA Buffer (see Appendix A)that had an optical density equal to

a 5.0 Mcfarland standard (approximately 15 x 108 CFU/mL). For Sipneumoniae
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Table2.2:Sunmlary of PFGB protocols.

M. catnrY/mlis S. pnemnonioe II. ill/luellzae S. oureus s. pyogelles""""'"
--

CULTURn
-Iltcdill/incllbation SA platcs/37"C, BA Plntes/37"C, 16·20 CA Plntes/37"C, BA I'lntes/37"C, BA Plalcs/37"C, 16-20tImes 16-20hrs lus,S% CO2 16·20 hrs 16·20hrs hra,5%C02
-additionalculttlring -- Transfer coloutes (n� --

- Trnna£llr colonies into
THB &: grow � OO56Onm rnu &: grow to ODSOOI\m

DNAPREPARA'nON
-«11wash - PIVBu(fer -

-- PIVBuffer
•%LMPA 1.00% 1.60% 1.00% 1.30% 1.20%
-concentratiol\of Tn O:lM Tria pH 8.0 &: O.lM Trls pH 8.0 &: O.IM Trls pH 8.0 &: 1 M Trig·HCI pH 8.0 &: 0.1M Tria pH 8.0 &:Buffer 0.5 M EOTA pH 8.0 0.5 M ROTA pH 8.0 0.5 M ROTA pH 8.0 0,25 M ROTA pH 8.0 0.5 M BOTA pH 8.0
I.J.)
w

-lyslngsolution AI 0.5M ROTA, 10% 10mM Trls-HCI, loomM 0.5 M DDTA, 10% 5 M NnCJ, 0.25 M ROTA, 10mM Trls-HCI, 1 M NnCl,incubation Snroosyl,40 "'g/ml RDTA,O.5 % Brig, 0.2% Sarcosyl, 40 lllU/llll PK/ 1M'I'rls·HCI, 10% Urig, 100 mM nOTA, 0.2%PK/24 hrll@50°C DOC, 0.5% SnK.osyl/ 24 Ins e 50"C 10% DOC, 10% SnfCosyJ, DOC, 0.5% SArcosyl,2·3 Ius e 37"C 20 us/ml Rnase, 500 1 rug/1ll1 Lysozyme,
U/ml Lysostaphin, 20 uS/ml Rnase/6 hrs @

100 mg/mllysozyme/ 37"C
48 Ius e 50"C

-Iyslngeolutlon B/ Replace with fresh SAme as Solution A Replace with fresh 0.5 M BOTA,tO% 0.25 BDTA, 1 % SnfCosyl,incubation Solution A/24 hrs @ except add 100 mg PKI Solution A/24 Ius@50°C Sarcosyl, 40 ms/ml PK/ t mg/ml PK/24 Ius @5O"C 24 hrs@50°C 24 Ius @ 50°C 50°C

DIGI!S'nON
•enzyme,time SpeI @ 37"C, 20 Jus Sma] @ 27"C, 24 hrs SmllI @ 27"C, 20 hrs Smal e 27"C, 24 hrs Smal @ 27"C, 24 Ius
-nUlconditions 1-20 sec, 24 hrs in IX 5 -,'i0 sec, 20 hrs in IX 5-30 soc, 20 yr8 inlX 545 sec, 20 Ius in O.SX 1-30 sec, 22 hrs In 0.5XmB Du((er 'fURUnC(er 'mE Buffer nmOuUer mBBuE(er



and S. pyogenes isolates, colonies were first transferred to 10 ml of Todd Hewitt

Broth and grown to an optical density at 560nm of 0.3 to 0.5 and 660nm of 0.5 to

0.6, respectively. Optical density of 1 ml of the inoculated broth was measured

using a spectrophotometer. Cells were subsequently centrifuged to obtain a

pellet of cells. The supernatant was removed and the cells were washed in PIV

Buffer (see Appendix A) and then resuspended in 5 ml of TE Buffer. Aliquots

of all bacterial-TE Buffer suspensions were mixed with an equal volume of low

melting temperature agarose solution (see 7.1 of Appendix B or Table 22). The

mixture was vortexed briefly then aspirated into either a 3 cc monoject Luer

Lock syringe (for M. caiarrhalis and H. infiuenzae isolates) or 250 f.lL was placed

into a BioRad casting mold (for S. pneumoniae, S. pyogenes, and S. aureus

isolates). The syringes and casting molds were then l� at 40<: for 30 minutes.

The solid agarose material obtained from the syringe was placed into a sterile

petri dish and cut into 10 to 15 (approximately 3 mm in thickness) agarose

plugs. Both the plugs and casting molds were added to sterile test tubes

containing 5 ml of appropriate Lysis A Buffer (see Table 22) and incubated

accordingly. At the end of the incubation period, the Lysis A Buffer was

removed and replaced with 5 ml of Lysis B Buffer (see Table 22) and

reincubated for 24 hours at 500<: in a shaking waterbath (see 7.1 of Appendix B

or Table 22). To stop the Proteinase K action added to Lysis A and/or Lysis B

solutions, a total of fOUI rinse steps in 10 ml of TE Buffer were included in the

procedure. Each rinse was for 30 minutes at room temperaturewith agitation

34
"""jl



.2.2.4.2 Storage of Plugs

The 1E Buffer rinse solution was removed from the plugs and replaced

with 3 ml of fresh TE Buffer in Falcon multiple well tissue culture plates and

stored at 4OC. The level of the TE Buffer was monitored weekly and refilled to

prevent the plugs from drying .

.2.2.4.3 Restriction Endonuclease Digestion

There were two procedures involved in the restriction endonuclease

digestion step depending on whether the DNA was solidified in a plug or

casting mold form. DNA prepared from a gel casting mold was removed from

the well of the Falcon plates using a flame sterilized spatula and placed in a

sterile petri plate. The mold was cut into quarters, with one quarter being

transferred to a sterile 1.5 ml microcentrifuge tu�:. DNA prepared into

cylindrical plugs were further cut in one-half using a sterilized blade and

placed into a 1.5mlmicrocentrifuge tube. Depending on the bacterial species a

volume of the mixture (see 7.1 of Appendix B) of the manufacturers restriction

endonuclease buffer and enzyme was added to each tube. Excluding H.

influenzae isolates, incubation times for bacteria digested with SmaI was 24

hours held at a constant temperature of 27OC. Sma! digestion for H. influenzae

was for 20 hours at 270C. M caiarrhalis isolates digested with SpeI required an

incubation time of 20 hours at 370C.
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2.2.4.4 Preparation and Staining ofGels

A 1% pulsed field agarose gel (see Appendix A) was prepared in a 250

ml Erlenmeyer flask Once dissolved in Tris-Boric Acid-EDTA Buffer (TBE

Buffer) with heat, the molten agarose was cooled to 50-55OC and poured into a

BioRad Laboratories pulsed field gel casting apparatus .

.:
After 30 minutes, the

DNA digested plug molds were melted and added to the wells of the gel The

first,middle and last wellswere reserved for a molecularweightmarker known

as BioRad lambda marker. The gel was submerged in TBE running buffer (see

Appendix A) in the electrophoresis cell of a BioRad CHEF DR m System. The

gel was subjected to pulsed orthogonal fields with various running conditions

and times (see 7.1 of Appendix B or Table 2.2). After completion of

electrophoresis, the gel was removed and placed into, an ethidium bromide

stain solution (see Appendix A) for 30 minutes in the dark. The gel was

destained for 30 minutes in distilled water with agitation. The DNA patterns

were recorded by a video camera called the BioRad Gel Doc 1000 linked to a

computer system which incorporates molecular analyst software. The BioRad

molecular analyst software is programmed to analyze DNA profiles in a

stepwise process. This process involves (i) documentation of gels, which

involves delineating and naming patterns; (ill normalization of patterns; (iii)

generation of databases and (iv) grouping or identification of patterns by

quantification of their resemblance.
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224..5 Analysis of Banding Profiles

The calculation of band matching coefficients was determined by the

percent similarity method, also known as Dice coefficient (Herman et al, 1995).

The method involves counting the number of shared DNA fragments,

multiplying by two, dividing by the total number ofDN� fragments in both the

isolates banding profile and multiplying by 100. The resulting number gives a

percentage value of the similarity between two isolates. Isolates were

considered clonally related when the percent similarity was greater than 80%.

Bands present outside the A ladder molecular weightmarker were not included

in the analysis.

%S = 2nAB

nAB is the number of bands common for A and B, IlA refers to the total number

of bands in A, ns is the total number of bands in B, %S is the percent banding

similarity between two isolates.

23 Data and Statistical Analysis

Univariate statistical analyses were performed comparing Native and

Non-Native children, as well as children with or without specimens collected,

by the chi square test, Fisher's exact test and analysis of variance depending on

the data type. Analysis of variance was used for the analysis ofmeans, and the

chi square test or Fisher's exact test was used for the analysis of proportions. P

< 0.05 was considered Significant.
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3.0 RESULTS:

3.1 Population Summary

During the specimen and demographic data collection period from

November 1998 to February 1999, I obtained 100% consent and data collection

on a total of285 children. Two hundred and four JvfEA were collected from 285

children, representing a specimen collection rate of 72%. :MEA not collected

from 28% of patients were due to several reasons: (i) missed by doctor, (ii)

absence of middle ear fluid, (iii) poor saline installation and or aspiration and

(iv) insufficient specimen.

The following demographic datawas collected on'consent/questionnaire

sheets: age; sex; race; number of residents in one home; places traveled within

the last year; past or recent history of otitis media and antibiotic utilization

history. Tabulation of this data is included in Tables 3.1, 3.2, and 3.3. Except for

Table 3.2 (see later) and Table 3.3 (see later) no other comparisons were

statistically different.

To reflect the demographic correlation in childrenwith orwithout :MEA,

a comparison was made so as to affiliate the two data sets (see Table 3.1).

Clearly the proportions of children were nearly identical among the differential

data. Subdividing children by race and specimen type (children with or
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Table 3.1: pemographic data comparison fordUIdrenwithand without specimenscolleaed.

No specimen
11=81

'

Conected SpecimerlS
11=204

Mean age (months) 46.8:tS4.S 5O.1±329
Gender ' ,

Male 50(62) ',129(63)
Female 31{SS) , 75(37)

Residence

Saskatoon 39(48)'" 101 (SO)
South Saskatchewan 25(31) 63(31)
North Saskatchewan 17(21) 40(20)

Mean number ofresidenf:s/home 4.1±1.4 4.4:t1.6
Duration ofresidency

Permanent residents 64(79) 141 (69)
Moved < 1 year 9(11) 18(9)

, Moved> 1 year 4(5) 28 (14)
Donotremember 4(5) 17(8)

Regular guests
Yes 35(44) 91(45)
No 43{SS) 113 (55)
Do not remember S(4) 0

Traveledwif:hlnlastyear
OatsideSaskatdtewan 16(20) 41 (20)
WithinSaskafx:hewan 4(5) 16(8)
Had not traveled 61(75) 147(72)

Chronic illness
Astfu:na 19(23) 34(17)
Allergies 4(5) 10(5)
None 58(72)

,_

160(78)
Histoty ofear infections

In£ec:tion< 2 weeks 26(32) 44(22)
Infection 1 month ago 16(20) 32(16)
Infection 2monthsago 12(15) S7(18)
Infection< 6 months 12(15) 46(22)
Infection < 1 year 5(6) 15(7)
In£ed:ion > 1 year 8(10) 15{'7}
Do not remember lastmfedion 2(2) 7(3)
Do llOtsu£fer from ear infections 0 8(4)

Antibiotic utilization for lastear infection
Used antibiotics 76(94) 189(93)
Had not used ani:i'biotks 3(4) 10(5)
Do not remember 2(2) 5(2)

Completion of antibiotic prescription
Yes 65(80) 164(80)
No 8(10) 20 (10)
Continuing prescription 8(10) 17(8)
Donot remember e 3(1)

( ) = Percentage
NS=Not signi£i<:ant

NS
1'5

"N$ ,

NS
NS

NS

NS

NS

NS

NS
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Table 3.2: J>emographic: summary fur Native childrenwith and withoutmiddle ear aspirates collected..

Factors MEA WjOMEA p-value
n=4l n=9

Age (months)
Median 24 48 NS
Mean 36.5± 29.1 51.91:sis

No. ofmales Sl(76) S(3S) p=O.ot4 --

No. of females 10(24) 6(67)
Residents per home
Mean 5.0±2.5 5.1±2.4 NS

Place of residence NS
No. living in Saskatoon 17(41) 4(44)
No. living in South Saskatchewan 2(5) 0

No. living in NorfhSaskatchewan 22 (54) 5(56)
Duration of :residency in presenthousehold NS
No. living in a permanent :residence 27(66) 7(78)
No. who havemoved < 1 year 5(12) 1 (11)
No. who havemoved > 1 year 5(12) 1 (11)
No. who donot remember 4(10) 0

Regular guests NS
No. withweekly guests 11(27) 2(22)
No.withdaily guests 9(22) 0
No. who don't have regularguests 20(49) 6(67)
No. who were unsurewhen guests arrives per 1(2) 1(11)

dayorweek
-

Traveledwithin lastyear NS

No. traveled outsideSaskah::hewan 8(20) 0

No. traveled withinSaskatchewan 8(20) 1 (11)
No.who hadnot traveled 25(60) 8�:?_

anODic :iIInesswhich.conf:ribute to a respiratory :iIIness NS

No. who had asthma 9(22) 1 (11)
No. who had allergies 2(5) 0

No. who do not have a chronic: illness $0(73) 8(89)
lDstory ofear Infec:tions NS

No. who had infec:tion < 2 wee'ks 12(29) 3{3S)
No.who had infec:tion 1 month ago 3(7) 0

No. who had infec:tion 2 months ago 8(20) 3(33)
No. who had infec:tion < 6months U(27) 2(22)
No.who had infec:tion < 1 year 2(5) 0

No.who had infec:tion > 1 year 2(5) 1(11)
No.who donotsuffer £rom ear infections 2(5) 0

No.who do not re:mexn'ber last infedion 1(2) 0

Antibiotic utilization for last ear infedion NS
No. who had used antibiotics 38(93) 9(100)
No. who had not used antibiotics 3(7) 0

No. who had not re:mexnbered 0 0

Co:mp1etion ofantibiotic: presc:ripf:ion NS
No. who stated yes 33(81) 8(89)
No. who stated no 2(5) 0

No. who were continuing their prescription 5(12) 1 (11)
No. who c:ould not rementber 1(2) 0

N5 =Not significant
MEA =Middle ear aspirates
w/o =Without
No. = Nu:mber

( ) = Pen:entages
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Table 3.3: .OveraD demographic data summary forNative andNon-Native children.

Factozs Native

n=5O(18)
Non-Native

n=23S(82)
Combined

n--285

Age (months)
Median

Mean
No.ofmales
No. of females
Residents perhome

Mean
Place of residence
No. Jiving inSaskatoon
No. Jiving inSouth Saskatchewa:n.·
No. living inNorth Saskatchewan ..

Duration of residency in presenthousehold
.

No. Jiving in a permanent residence
No. who have moved < 1 year
No.who havemoved> 1 year
No. who do not remember

Regular guests
No. withweekly guests
No.with daily guests
No.who donothave regular guests .

No.whowere unsurewhen guests arrives per
dayorweek

Traveled withinIastyear
No. traveled outsideSaskatchewan
No. traveled within Saskatchewan
No.who had nottraveled

Chronic illnesswhich contribute to a respiratory illness
No.who had asthma
No.who had allergies
No. who donot have a chronic illness

Historyof ear infections
No.who had infection < 2 weeks
No.who had infection 1 month ago
No.who had infection 2months ago
No.who had infection < 6months
No.who had infection < 1 year
No.who had infection > 1 year
No. who do not remember last infedion
No. who do not suffer from ear irlfections

Antibiotic: utilizaf:ion for lastear infedlon
No.who had used antibiotics
No.who had not used a.ntibiotics
No. whodo not remember

Completion ofantibiotic prescription ,

No. who stated yes
No. who stated no
No.whowere continuing their prescription
No.who couldnot remember

28

39.3:t29.7
34(68)
16(32)

*5.0±.2.5

21 (42)
.�(4)
*Zl(54}

34(68)
6(12)
6(12)
4(8)

13(26)
9(18)
26(52)
2(4)

8(16)
'*9(18)
33(66)

10(20)
2(4)
38(76)

15(30)
'*3 (6)
11(22)
13(26)
2(4)
3{6)
2(4)
1 (2)

47(94)
3(6)
o

41 (82)
2(4)
6(12)
1(2)

48

51.31:33.6
145(62)
'�(38)
'll'4.2:!;.1.2

119(51)
*86(36)
"30 (13)

171(73)
21(9)
26(11)
17(7)

74(31)
30(13)
125(53)
6(3)

49(21)
-·*11 (5)
175(74)

43(18)
12(5)
180(77)

55(23)
*46(19)
38(16)
45(19)
18(8)
20(9)
7(3)
7(3)

,218(93)
10(4)
7(3)

188(80)
26(11)
19(8)
2(1)

48

49.2:!;.33.2
179(63)
106(37) .

140(49)
88(31)
57(20)

205(72)
27(10)
32(11)
21(7)

87(30)
39(14)
151 (53)
8(3)

57(20)
20(7)
208(73)

53(19)
14(5).

218(76)···

70(25)
48(17)
49(17}
58(20)
20(7)
23(8)
9(3)
8(3)

265(93)
13(5)
7(2)

229(80)
28(10)
25(9)
3(1)

.,

-p<O.05
( ) = percentage
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without l\1EA) revealed one discrepancy found among gender in the Native

sample population (see Table 3.2). Males represented 76% of children (ie.

31/41) with :rMEA, whereas 67% (i.e, 6/9) of those without :MEA were female.

Consequently, the values may inherently distort the true representation of the

Native sample population if both data sets are combine? as well as inaccurate
.

comparisons with the Non-Native populationmay also be contrived. Removal

of the Native group (without :rMEA) from the study had not significantly

affected gender differences in either group. For this reason combined data was

generated on children regardless of specimen type (see Table 3.3).

Non-Native children represented the greatest distribution (82%) of the

sample population. Ages ranged from < 1 to > 6 years of age (mean age 49.2 ::!:

33:2 months) and approximately two-thirds were m��.. Saskatoon was the

main residence for nearly half of the children, however the distribution of

Native and Non-Native children located in southern and northern communities

of Saskatchewan varied. Native children resided mainly in northern

communities, 54%, as opposed to 13 % ofNon-Native children, whereas 36% of

Non-Native and 4% Native children lived in southern areas of Saskatchewan

(p<O.OOI). Seventy-two percent of children lived in a permanent residence

where the mean number of residents per home was higher among Native

children (p< 0.05). The majority of children in the study who had traveled

within Saskatchewan during the last year were Native (p<O.05). No Significant

differences were seen among those traveling outside Saskatchewan. Seventy-

rl"� "I

ij'

r
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six percent of children had not suffered. from a chronic illness, such as asthma

or allergies, either of which could contribute to a respiratory tract infection.

Out of 285 patients, 17 (6%) reported no prior history of ear infections; 3% could

not recall any while 3% had other middle ear problems, ie. hearing deficiency.

Ear infections were most frequently reported wi� 2 weeks prior to

tympanocentesis (25%). Non-Native children accounted for a greater number

of cases in onemonth (p<O.05). Ninety-three percentwere prescribed antibiotics

to treat their infection but only 80% were compliant in completing their

prescription.

3.2MicroorganismDistribution

A total of 98 pathogenic bacteria were recovered. from 54 :MEA. The

distribution of pathogenic bacteria retrieved from �?n-Native and Native

children were 68% and 32%, respectively. H influenzae was recovered in 40%

(n=39),M caiarrhalis from 31% (n=30), S. pneumoniae from 15% (n=l5), S. aureus

from 10% (n=10) and the remaining 4% (n=4) were S. pyogenes isolates.

3.3 Susceptibility testing

Antimicrobial susceptibility of 98 middle ear pathogens tested against 9

antimicrobial agents is presented in Table 3.4. The overall prevalence of

antibiotic resistant bacteria recovered from 54 culture positive individuals was

87%.
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Table3.4:Antimicrobial susceptibility of 98 middle ear patho�ens tested against 9 antimicrobial agents.

1.0. # Organism Amox Amp Cef Cf Ery Gat! Levo Pen SXT

-.

1 25R S. pneuma 0.06 <0.016 2 <0.25 <0.016 0.25 0.5 0.031 1/19

-,2 25L S. pneuma 0.06 0.031 - 2 <0.25 0.031 0.25 0.5 0.031 1/19
3 65R S. pneunto <0.031 <0.016 1 - <0.25 0.031 0.125 0.5 <0.016 2/38
>;4 65L S. pneumo <0.031 <0.016 1 <0.25 0.031 0.125 0.5 <0.016 2/38
_�

-

..�i�

5 86R S. pneumo <0.031 <0.016 1 <0.25 0.031 0.125
_

0.5 <0.016 32/608
6 90R S. pneuma

- 0.06 0.125_ 1 <0.25
-

0.031 0.125 0.5 0.06 32/608
7 150L S, pneuma 1 1- 64 4- >16 0.125 0.25 2 32/608
8 150R S. pneuma 1 1 64 2 >16 0.125 0.25 2 32/608
9 184L S. pneuma <0;031 <0.016- 0.5 <0.25 <0.016 0.125 -- 0.25 <0.016 2/38

t
10 210L S. pneuma <0.031 <0.016 1 <0.25 2 0.125 0.25 <0.016 8/152
11 218L S. pneuma <0.031 <0.016_- 0.5 <0.25 <0.016 0.125 0.5 <0.016 1/19
12 221L S. pneuma <0.031 <0.016 1 <0.25 <0.016 0.125 0.25 <0.016 1/19
13 278L S. pneumo <0.031 <0.016 1 <0.25 <0.016 0.25 0.5 <0.016 1/19.
14 282R S. pneumo <0.031 <0.016 1 <0.25 <0.016 0.125 0.25 <0.016 2/38
15 282L S. pneuma <0.031 <0.016 1 <0.25 <0.016 0.125 0.25 <0.016 1/19
16 24L fl. illflU 0.5 0.125 2 f 0.5 1 0.008 0.008 0.25 '

0.125/2.375
17 24R u. lnflu 0.5 0.125 2 \ 0.5 1 0.008 0.016 '--0.25 0.125/2.375
18 25R H. influ D.S 0.125 1 0.25 2 0.016 0.016 0.25 8/152
19 2SL H. itiflU 0.5 0.125 1 0.25 1 0.016 0.016 0.25 8/152
20 35R H. ittflU >64 >64 4 0.5 1 0.008 0.008 >64 8/152
21 35L H. influ >64 >64 4 0.5 1 0.004 0.008 >64 8/152
22 47R H. ittflU 1 0.25 16 1 4 0.004 0.008 1 8/152

...



�
�1
•

L
I

Table3.4:Continued

SXT1.0. # Organism Amox Amp Cef Cf Ery Gati Levo Pen

h�t

23

24
25

26
27

28

29

30

31
32

33
34

35

36

37

38

39

40
41
42

43

44

�

47L

49L

50R

55L
57L

65R
74R

74L
834

83L
89L

lOOL

140L
159L
159R
197L
197R
201L

21OR

210L
212L
212R

H. iuJlu
H. illflU
H. inJlu
H. iuJl"
I-I. illflu
H. ittflU
H. illflU
H. influ
H. influ
H.ll1ftu
H. (njlu
H, iliflu
H.lnftu
H. infls«
H. itiflU
H,' influ
H. iliflll
H. illjlu
H. influ
H. injlu
H. itiflu
I-I. influ

1
1
1

1
O.S

64
1

1
64

64
1

>64

0.5
0.5

0.5
0.5

0.5
1

1

1
1

1

0.25
0.125
0.125

0.25
0.125
32.

·0.25

0.25
·8

8

0.25

64

0.125 •

0.25
0.25

.

0.125
0.125
0.25

0.125
.

0.125
0.125
0.125

16
2

4

4
2

8
4

4
1
2

4

2

2

2

2

4

8
32

2

2

8

8

1

0.5
0.5
0.5
0.5

0.5.

0.5

0.5
0.25
0.25

0.5
0.5
0.5
O.S
0.5

0.5
O'S

1

0.5

0.5
0.5

0.5

4

2
2

1

1

1
1
1

1
1

0.5
2
1

2

2

2
2

1

1

1

1

1

0.004

0.008
0.004

0.008

0.004
',0.004·
0.004

. 0.004
'0.004 '

0.004

'0.008
0.004

0.008
0.004

0.004

0.004

0.004

0.004
0.008

0.008

0.008
0.008

0.008
0.016

0.016
0.016
0.016

0.008
'0.008

0.008
0.008
0.008

0.008
0.008
0.016
0.008
0.008
0.008

0.008
0.008

0.016

0.016
0.016
0.016

1

0.25
0.25
0.5

0.25
>64

1

1

>64
>64

0.5
>64

0.25

0.25
.0.25
0.5

I 0.25
0.5
'0.25

0.25
0.25
0.25

0""'.
.

I) .

8/152
>8/152
0.5/9.5
>8/152
>8/152
0.5/9.5
8/152 _

8/152
0.06/1.19
0.06/1:19
>8/152
0.5/9.5
>8/152
0.5/9.5
0.5/9.5
8/152
8/152
>8/152
>8/152
>8/152
0.25/4.75
0.25/4.75



Table 3.4: Continued

1.0.# Organism Amox Amp Cef Cf Ery Gati Levo Pen SXT

45 224R H. i"flu 1 0.125 2 0.5 2 0.004 0.008 0.25 4/76
46 224L H. influ 1 0.125 2 0.5 1 0.004 0.008 0.25 4/76
47 227L H. influ 0.5 0.125 4 0.5 2 0.008 0.008 1 8/152
48 250R H. iufltt 1 0.25' 4 0.5 2 0.008 0.008 0.5 0.125/2.37
49 258R H. influ 1 0.125 1 0.25 1 0.008 0.016 0.25 0.06/1.19
50 258L H. i"flu 1 0.25- 1- 0.25 1 0.008 0.016 0.25 0.125/2.37
51 270L H. influ 1 0.25- 4 1 0.5 0.008 0.008 0.5 0.125/2.37
52 272R H. itif/lt >64 >64 64 0.5 1 0.008 0.008 >64 >8/152
53 272L H. influ >64 >64 64 0.5 0.5 0.008 - 0.016 >64 >8/152

�
54 275L H. ittjlu 0.5 0.125 8 0.5 2 0.008 0.008

-

0.25 >8/152
55 9L M,eat ,32 8 4 0.5 0.25 0.016 0.031 >8 1/19
56 41R M.eat 4 2 2 0.5 0.125 0.016 0.031 >8 1/19
57 87R M,eat 8 2 2 0.5 0.125 0.016 0.031 8 1/19
58 87L M. C(lt 8 4 1 0.5 0.125 0.016 0.031 8 0.5/9.5
59 86L M. cai 32 8 0.5 1 0.125 0.06 0.125 >8 0.25/4.75
60 93L M. cat 32 8 2 i 2 0.125 0.031 0.031 >8 0.25/4.75
61 93R M. etlt 32 8 1 \

1 0.125 0.016 0.031 h >8 0.5/9.5"

62 109BL M. cat 4 4 1 <0.25 0.125 0.031 0.03'1 >8 0.5/9.5
63 153R M.eat 8 4 0.5 0.5 0.125 0.016 0.031 >8 0.5/9.5
64 153L M.eat 1 4 <0.25 <0.25 0.125 0.008 0.016 8 0.5/9.5
65 177R M.cat 64 >8 4 2 0.125 0.031 0.031 >8 0.5/9.5
66 185R M.eal 8 4 0.5 0.5 <0.06 <0.016 0.031 >8 0.25/4.75



Table 3.4: Continued

!l
--_--------

I -, I.D. # Organism Amox Amp Cef Cf Ely Gati Levo Pen SXT

__ ,.cj 67 2181.. M.ent 16 1 8 2 <0.06 0.016 0.031 8 0.25/4.75
68 223R M.eat 32 8 16 2 0.25 0.031 0.031 >8 0.25/4.75
69 223L M.ent 32 8 16 4 0.25 0.031 0.031 >8 0.25/4.75
70 242L M.ent 16 >8 1 0.5 0.125 0.016 0.031 >8 0.5/9.5
71 242R Micnt 16 8 2 I' 0.125

'

0.016
"

,0.031 >8 1/19
72 241L M.ent 16 8

_

' 0.5 ,1, ' 0.125 ,0.031 ' 0.031 >8 1/19
73 241R M.ent 32 8 2

'

0.5. 0.125 0.031 ' 0.031 >8 1/19
74 256R M.eat 64 8 <0.25 0.5 0.125

'

0.031 0.016 >8 0.5/9.5
75 256L M.ent 64 8 <0.25

'

0.5 0.125 ' 0.031
'

:0.016 , >8 0.25/4.75
� 76 258L M. cat 16 4 1 2 0.125 Oi031 0.031 >8 2/38 ,

"

258R M.ent 32 8 1 ·2 0.125 0.031 0.031 >8 2/3877

78 259R M.ent 32 4 ' <0.25 <0.25 0.125 0.031 0.016 >8 0.5/9.5
79 2591 Micat 32 ',2 <0.25 0.5 0.125 0.016 0.016

'

,>8 ,1/19,
274R 8 1 0.125 0.016 0.031

' ,

>8 0.25/4.7580 M,cat 8 0.5

81 274L M.eat 8 2 <0.25 0.5 0.125 0.016 0.031 8 0.25/4.75
82 278L M. cat 32 8 0.5 I 0.5 0.125 0.031 0.031 >8 0.5/9.5
83 289R M. cat 8 4 0.5 '� 1 0.125 0.016 0.031 " >8 0.25/4.75
84 289L M.eat 8 4 0.5 0.5 0.125 0.031 0.031 >8 0.25/4.75
85 7R Baureus 0.5 0.06 1 1 >64 0.06 0.25 0.06 0.5/4.5
86 7L S.aureus 0.5 0.06 1 1 >64 0.06 0.2� 0.06 0.25/4.75
87 11213L S.aureu8 4 1 2 1 0.5 0.06 0.125 1 <0.125/2.375
88 112BR S.aureus 4 '1 2 1 0.5 0.31 0.125 , 1 <0.125/2.375
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Table3.4:Continued
Ii

1
--�-------

1.0. * Organism Amox Amp Cef Cf Bry Gati Levo Pen SXT

8990R S.IlUreIiS 16 8 4 1 0.5 0.06 0.125 8 <0.125/2.375
90209R Baureue 32 0.5 1 1 0.25 0.125 0.06 >8 <0.125/2.375
91209L S.llureus 64 >8 4 1 0.5 0.06 0.06 >8 <0.125/2.375
92241R S.nurells 0.25 >8 4 1 0.5 0.125 0.125 0.016 <0:125/2.375
93269R S.llllretiS 64 >8 8 1 0.5 0.06 0.125 >8 <0.125/2.375
94269L S.aureus 64 >8 4 1 0.5 0.06 0.125 >8 <0.125/2.375
9597R S. pyogelles <0.25 <0.031 . <0.25 <0.25 <0.06 0.125 <0.15 0.031 <0.125/2.375
9697L S. pyogenes <0.25 <0.031 <0.25 <0.25 0.125 0.125 0.25 <0.016 <0.125/2.375
97112BR S.pyogenes <0.25 <0.031 <0.25 <0.25 1 0.125 0.25 <0.016 <0.125/2.375
�98112BL S. pyogelles <0.25 <0.031 <0.25 <0.25 1 0.125 0.25 <0.106 <0.125/2.375
00

Amox==Amoxlclllln

Amp=Ampicillin
Cef==Cefaclor
Cf==Cefuroxime

Ery==Eryuthromycln s

GaU==Gatifloxacin
Levo==Levofloxacin
.Pen==Penicillin
SXT==Trlmethoprlm/sulfamethoxazole
R==Rightear
L==Leftear



3.3.1 Streptococcus pneumoniae

The in vitro activities for penicillin-sensitive and resistant S. pneumoniae

isolates tested against 7 antimicrobial agents are summarized in Table 3.5. All

penicillin-susceptible pneumococcal isolates were sensitive to other f3-:lactam

drugs including amoxidllin, cefaclor, and cefuroxime,
.:
Decreased activity for

the penicillin-susceptible S. pneumoniae isolates tested against erythromycin and

mmethoprim-sulfamethoxazole was observed among 8% and 100%,

respectively. Two out of 15 isolates had high-level penicillin resistance (>2

ug/ml) and were also resistant to amoxicillin, erythromycin, trimethoprim-

sulfamethoxazole and cefaclor. All penicillin susceptible and resistant

pneumococcal isolates were uniformly susceptible to cefuroxime, levofloxacin

an� gatifloxacin, The majority of the resistant isola!�� ..

recovered, including

multi-resistant S. pneumoniae, were isolated from Non-Native children but no

significant differences were found when compared to Native children (see'

Table 3.6).

3.3.2Haemophilus influenzae

The overall summary of the antimicrobial susceptibility data for H.

inftuenzae is shown in Table 3.7. Of the 39 isolates tested against ampicillin, 15%

(i.e. 6/39) produced 13-1actamase and 20% (i,e, 8/39) were resistant to

ampicillin. Six out of 8 strains were I3-lactamase positive ampicillin resistant,

while the remaining strains were 13-lactamase negative ampicillin resistant.

Decreased activitywas also detected among strains against cefaclor (13%) and

49

r
I



Table �.5: The in vitro activities for penicillin-sensitive and resistant
Streptococcus pne:umoniae isolates tested ag�nst 7 antimicrobi2J. agents.

Amox Ery cs ce: .. : SXT .: Leva Gati
.

,Total

PSSP
N

·%R
o

o

1

7.7"

0 0 13 .. 0
0 '0 100 0

o

o

13., .

PRSP

N

%R

2 .2 2 0

100 ·100 100 0

2

100

o

o

o

o

2

.:
.

,.

Amox = Amoxicillin

Ery= Erythromycin
Cf= Cefuroxime
Cef :::: Cefaclor .

SXT :::: 'rrimethol'rimjsulfametb.oxazole
Levo == Levofloxadn

.

.

Gati ::::Gatifloxadn
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Number Ampicillin Penicillin AmoxicilJin Brythromyeln Cefaclor Trlmethoprlm
sulfamethoxazole

I!
Table3.6:The percentage of antimicrobial resistant bacteria i801ate� from Native and Non-Native children.

Percentage

.IcJi. Nil NNb N NN N NN N NN N NN N NN N NN

S.pneumonlae 2 13 _.- ...... 0 15 0 15 0 23 0 15 100 100

If.influenza» 18 21 0* 38* ...- .. ""'. •.. _.w --- ..�- 6 19 39** 81**

M.catarrhalt» 6 24 100 100 ..... - aU.M ..- ._. 0 0 0 8 0 0

VIS.aureus 4 6 w__ ...... 50 83 --- --- 50 0 0 0 0 0....

S.pyoge"es 2 2 _.a _ .. 0 0 0 0 0 100 O· 0 0 0

IINative
bNon-Native
....-NoNeCLS breakpoint \ L

*<0.005
**<0.05



Table 3.7: Antimicrobial susceptibility profiles forHaemophilus influenzae .

isolates.

Amp Amp 13+ a Cef .SXT Levo Gan

N 8 6 o 5 24 o o

%R 20.5 15.4 o 12.8 61.5 o o·
.:

Amp = Ampicillin
Amp 13+ = Beta-lactamase positive ampicillin resistant
Cf � Cefuroxime
Cef= Cefaclor
SXT = Tmnethoprim!sulfamethoxazole
Levo = Levofloxacin
Gao. = Gatifloxadn
%R = Percent resistant
Total number ofH. influenzae isolates tested was 39.
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trimetheprim-suHamethoxazole (62%). H. influenzae isolates were uniformly

susceptible to levofloxacin and gatifloxacin.

All ampicillin resistant H. infiuenzae isolates were found in Non-Native

childrenwith an overall resistance rate of 38% (i.e. 8/21) (see Table 3.6). Higher

resistance rates to cefador (19%) and trimethoprim-sulfamethoxazole (81%)

were also detected among Non-Native children compared to Native children

with resistance rates of 6% and 39%, respectively. Chi square analysis revealed

a significant difference among ampicillin-resistant and trimethoprim-

suIfamethoxazole resistant H. tnfluenzae isolates in children separated by race

(p<0.05). In spite of the fact that no H. infiuenzae breakpoints exist for

amoxicillin, the Me 90 level appears high in the Non-Native group (> 64

ug!ml) compared to the Me 90 for isolates from Natjve children (1 J.1.g/ml)

(datanot shown).

3.3.3Moraxella catarrhalis

With the exception of ampicillin, the antimicrobials were highly active

againstM. caiarrhalis. Beta-lactamase activitywas detected from 100% of theM

caiarrhalis isolates and correlated with 100% reduced ampicillin susceptibility.

For the other antimicrobials, resistance was rare, with only 8% intermediate

resistance to cefador found in isolates from Non-Native children (p> 0.05) (see

Table 3.6). All isolates were susceptible to erythromycin, cefuroxime,

trimethoprim-suIfamethoxazole, levofloxacin and gatifloxacin.

,
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3.3.4 OtherMiddle Ear Pathogens

The remaining resistance data was generated on S. aureus and S. pyogenes

isolates. Seven out of 10 S. aureus isolates were resistant to penicillin and 2

isolates were resistant to erythromycin, Penicillin resistant S. aureus isolates

were detected in 71% of the Non-Native children as compared to 29% of the

Native children.. Only erythromycin resistant isolates were encountered in

Native children. Among the S. pyogenes isolates, 2 out of 4 were resistant to

erythromycin and they were detected in the Non-Native group. No Significant

differences were found among the resistant S. aureus and S. pyogenes isolates

when both groups were compared. Cefuroxime, cefaclor, trimethoprim-

sulfamethoxazole, levofloxacin and gatifIoxacin proved consistently active

against both S. aureus and S. pyogenes isolates.

3.4 Pulsed FieldGel Electrophoresis Banding Profiles

Themacrorestriction profiles obtainedwith enzymes SmaI and SpeI were

analyzed using the percent similarity method. A percent similarity of greater

than 80 % between isolates was considered significant. All isolates with

decreased susceptibility to at least one antimicrobial agent were further

investigated for genetic lineage. Only clonal relationships were detected

amongM. caiarrhalis and H. injluenzae isolates. Isolates demonstrating identical

banding profiles (ie. 100% banding similarity) were recovered from the same

patient, but different ears (left and right ear). The remaining organisms with
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3.4.1 Related Isolates

unrelated DNA banding patterns included S. pneumoniae, S. aureus and S.

pyogenes.

Our survey of M. catarrhaIis isolates was based on the analysis of 30

strains. Between 9 to 14 fragments in the molecular size range of 50 to 250 kb

were generated by SpeI digestion (see Figure 3.1). The relationship between

antibiotic-resistantM. caiarrhalis isolates was variable with a total of 22 distinct

DNA profiles detected (see Figure 3.2). Among 19 isolates a total of 4 common

banding patterns was found. One of the related banding patterns was shared in

a cluster of isolates including 185, 259, and 256. A second cluster included

isolates 87, 93, 241 and 242. The third common banding pattern-contained

isolates 41, 86, 109B and 153, while the fourth banding pattern was shared
_

_.w"'."

among isolates 9 and 278.

Large chromosomal restriction fragments of 25 H. injl:uenzae isolates were

separated by PFGE. The molecular sizes of the Sma! fragments ranged from 50

to 450 kb. PFGE distinguished 17 unique patterns, with an average of 8 bands

(ranged 6-9) (see Figure 3.3). Only two isolates, 201 and 275, demonstrated 80%

banding similarity. The remaining DNA profiles differed by more than three

bands.

3.4.2Non-related Isolates

Well-resolved patterns of 7 toll Sma! fragments of approximately 50 to

300 kb in size, differentiated 11 distinct fragment types for the 15 S. pneumoniae
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Figure 3.l: A representative pulsed field gel ofMaraxella catarrhalis isolates

after digestionwith Spe L All isolates have an ampicillin :MIC > 0.5 p.g/ml

which is high resistance. The isolates in lanes in 5 and 6 show intermediate

resistance against cefaclor. Lanes 5 and 6,8 and 9, 10 and 11, illustrate identical

isolates obtained from both the left and right ears of the same child. Isolates in

lanes 3 and 12 represent >80% banding similarity. Isolates in lanes 8 through 11

had 90% banding similarity (values obtained from Figure 3.2). Children

represented by lanes 8 through 11 were siblings, whereas no demographic

characteristics connect children characterized in lanes 3 and 12 Lanes 1, 7, and

13 represent the BioRad Amolecularweightmarkers.
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Figure �.2: Dendrogram profiles of 30 MoraxeIla caiarrhalis isolates. Analysis of

fingerprints as determined by the Dice coefficientmethod. The scalemeasures

similarity values, and the codes on the right give the isolate identification

number. The numbers above theDNA banding patterns indicate the sizes of

DNA fragments in kilobase pairs.
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Figure �.3: Dendrogram profiles of 25 Haemophilus influenzae isolates. Analysis

of fingerprints as determined by the Dice coefficient method. The scale

measures similarity values, and the codes on the right give the isolate

identification number. The numbers above theDNA banding patterns indicate

the sizes ofDNA fragments in kilobase pairs.
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isolates- tested (data not shown). Digestion of S. aureus DNA with SmaI

produced 8 to 11 fragments representing 7 distinct pattern types. Lastly, 7 to 8

fragments of approximately 50 - 300 kb were detected from two distinct

fingerprints observed from 4 S. pyogenes isolates (data not shown).

3.5 Molecular and Demographic Epidemiology
_

Demographic data characteristics obtained from children harboring

resistant pathogens revealed a number of significant findings (see Table 3.8).

First, Non-Native children showed the greatest distribution of antimicrobial

resistant pathogens (77%; p=O.001). Second, demographic differences among

children of race occurred when place of residence was compared. Native

residents of northern Saskatchewan were Significantly more likely to be carriers

of_ resistant pathogens compared to Non-Native chiI�r:n (p<O.OO1), whereas,

greater numbers of Non-Native children living in southern areas of

Saskatchewan harbored resistant pathogens (p=O.036). Third, Native children

had a larger mean number of residents present in their household compared to

Non-Native children (p=O.019).

High resistance rates obtained per subpopulation could not be readily

linked to the spread of a predominate bacterial clone and geographical

clustering among related isolates was largely absent (see Table 3.9)- An

exception to this was the shared banding profiles among H. injluenzae isolates

201L and 275L. Isolate 201Lwas recovered from a Native child whereas isolate
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Table 3.8:Demographic data summary for Native and Non-Native childrenharboring resistant
otitismedia pathogens.

Factors Native Non-Native

Number of isolates resistant n=l1(23) . n=36(77)
Age (months)
Median 20 42
Mean 21.7 .:t 13.5 44.2±27.3

No. ofmales 8(73) �4(67)
No. of females 3(27) 12(33)
Place of residence
No. living in Saskatoon 5(45) 22(61)
No. living in SouthSaskatchewan 0 11 (30)
No. living inNorth Saskatchewan 6(55) 3(8)

Residents per home
Mean 5.4:t21 4.3:t 1.0

Duration of residency in presexithousehold
No. living in a permanenttesidence 8(73) 24(67)
No. who badmoved < 1 year 1 (9) 4(11)
No.who hadmoved> 1 year 0 6(17)
No. who do not remember 2(18) 2(6)

Regular guests
No. withweekly guests 4(36) 15(42)
No. with daily guests 2(18) 7(19)
No. who do nothave regular guests 5(45) 14(39)

Traveledwitbin last year
No. traveled outsic1eSasI<atchewan :i (18) 3(8)
�o. traveled withinSaskatcltewan 2(18) �.2(6)
No. who had not tra'velIec1 ',','. 7(64) S1 (86)

Chronic illnesswhichmay contribute
toa respiratory illness

'

No. who had asthma 2(18) 3(8)
No. who had allergies 2(18) 4(11)
No. who donothave a chronic illness '7(64) 29(81)

HistoIy of ear infections
No. who had infection -e 2 weeks 2(18) 10(28)
No. who had infection 1 :cnonthago ,1 (9) 6(17)
No. whohad infection 2months ago 4(36) 6(17)
No.whohad infection < 6 months 3(27) 6(17)
No. who had infection < 1 year 0 2(6)
No. who had infection> 1 year 1(9) 2(6)
No. who donot remember last infection 0 2(6)
No. who do not suffer front ear infections 0 2(6)

Antibiotic utilization for last ear infection
No. whohad used antibiotics 10(91) 31(86)
No. who had not used anb."biotics 1(9} 3(8)
No. whodo notxexnember 0 2(6)

Completionofantibiotic prescription
No. whostated yes 8(73) 28(78)
No. who stated no 1 (9) 5(14)
No. whowere continuing prescription 2(18) 3(8)

o = Percentage
NS=Not signific:ant
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p-value

0.001

NS

NS

NS

0.036
<0.001

0.019
NS

NS
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Table3.9:Demographic properties for children harborlng related isolates '.

GroupPatient Age Sex Race Home H!Home 1# Guests Travel Chronic Last Ear Antibiotic Completed
Last year Illness Infection UliJizatlOl\ Antibiotics

MCl185R 48 M C S'bl 5 5/wk No No 1 year Yes Yes

MCl256* 17 M C S.Sk 6 2/wk No No 2wk Yes Yes

MCl259* 48 M C S'h' 4 6/d Yes No 2wk Yes No

MC287* 36 F C S.Sk 4· 5/wk No No <1 year Yes Yes

MC293L 13 M N 5'tn 3 4/wk Yes No 3mo. Yes Yes

MC2241* 36 M C S'tn 4. 5/wk No Yes 2wk Yes Yes

MC2242* 24 F C S'h, 4 5/wk No No 1 mo. Yes Yes

MC341R 13 M C S'tn 2 , No No 3 mo. Yes Yes

MC386L 14 M C· S.Sk 3 No Yes No missing Yes Yes

0\
MC3109I3L 24 M C 5'(1\ 4. No No No Smo. Yes Yes
0-&MC3153* 30 M C S'hi 4 No No No 2mo. Yes Yes

MC49L 24. M C S.Sk 4. No No No 3 mo. Yes Yes

MC4.278L 24 F C S'tn 8 No No No ? ? ?

HI20lL 24 M N Sit" 9 No No Yes <2wks Yes No

HI27SL 60 M C 5'(1,\ 4. No No No 2 mo. Yes Yes

R=Rightear Ni"Native
\

L=Leftear S'tn .. Saskatoon

wk=Weck SSK == South Saskatchewan

d=Day I=Unknown
..=Iaolateafound fn left and rightCal' ? =Infection history unknown
M-Male Me = M. catarrlmlis

F=Female HI ... H. itiflfie II'ZIl(�

C..Caucasian

Isolateswithrelated In,ndirtg proliles were identified in}ourdttstol'S of M� catarr/ralis isolates

andoneclustei'pf}1. ·1"fi"�I,zae, Agewas deflned by ll\onth( .;

,
.
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275L was obtained from a Non-Native child. Both children were residents of

Saskatoon. An undisputed connection between demographic properties could

not be provided among the two Saskatoon children nor those children sharing

similar banding profiles living inwidely separated areas.
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The medical literature contains many reports of an increasing incidence

4.0 DISCUSSION

of middle ear infections in children, particularly amongNative children living

in northern subpopuIations of Canada. Management of middle ear infections

often is a challenging endeavor and selecting the most appropriate

antimicrobial(s) for treatment remains empiric as :MEA are usually not obtained

for culture. Furthermore treatment with antimicrobials has become more

difficult in recent years as all of the predominant pathogens have become or are

gradually developing resistance to commonly prescribed antibiotics. The

recognition that various communities may serve as reservoirs of antibiotic

resistant bacteria has raised interest in studying the transmission of

antimicrobial-resistant bacteria. By determining that risk factors may exist in

the spread of resistant pathogenswill provide valuable insight into developing

strategies for preventing the transmission of bacteria with resistant traits.

Specimen collection occurred during a four-month period between

November 1998 to February 1999. During this period, 204:MEA were collected
\

from 285 children. :MEA were obtained mainly from Non-Native children

(68%) who resided, for the most part, in two geographically distinct but

continuous communities including Saskatoon and southern communities of
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Saskatchewan. The remaining aspirates were recovered from Native children

living predominantly within northern Saskatchewan regions (54%) and the city

of Saskatoon (42%).

In total, 98 bacterial pathogens were recovered from 54 culture positive

individuals. Common bacterial pathogens were r:covered although an

unexpected finding in the distribution of etiologic pathogens was encountered.

S. pneumoniae was the third most common pathogen recovered from :tvmA,

while H. infiuenzae followed by M. caiarrhalis predominated. The marked

reduction of S. pneumoniae isolates has been observed over the past 20 years. In

the 1970's AOM was primarily a pneumococcal disease with occasional

infectionwith H. influenzae and group A streptococcus (Barnett and Klein, 1995;

BI�, 1997). However, by 1997, approximately 40��.of middle ear isolates

recovered from infants and young children with AOM were S. pneumoniae;

almost 30% were H. influenzae and 20% were M caiarrhalis isolates (Blumer,

1998). Although the incidence of S. pneumoniae appears to be decreasing, a

marked reduction in the numbers detected from our study may have been

influenced by our methodology. For example, MEA were collected in sterile

centrifuged tubes. The fastidious nature of S. pneumoniae may require

supplemented growth media in order to increase organism recovery. By

placing middle ear fluid directly into a transport media may resolve the

uncertainty.
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In contrast, the methodology carried out in a Saskatchewan middle ear

study performed during 1994 to 1995 found that H. influenzas was also the

leading causative agent isolated from :MEA. Both the 1994 to 1995 and 1998 to

1999 studies enrolled patients who were suffering from severe symptomatic

AOM or chronic otitis media. Patients such as this �y not represent the

etiology of commonly isolated pathogens recovered from children with AOM.

National antimicrobial surveillance studies reveal that the incidence of

antimicrobial-resistant pathogens including PRSP, and ampicillin resistant beta-

lactamase producing strains such as H. influenme and M.. caiarrhalis isolates are

on the rise (Block et al, 1995; Harold, 1995; Mclinn, 1995; Block, 1997; Brook,

1998b). A report from Saskatchewan had revealed 40% of H. influenzae and

virtually 85% of M. catarrhalis strains had developed_.r_esistance to ampicillin

(Blondeau et al, 1996). PRSP was identified in 24% of cases (Blondeau et al,

1997). Our study detected ampicillin resistance among H. inJluenzae and M.

caiarrhaiis isolates, aswell as PRSP, in rates of 20%,100%, and 13%, respectively.

Decreased resistance detected among S. pneumoniae and H. influenzae isolates

could be due to the modest numbers of pathogens recovered from N.lEA and

may underscore the results. Alternatively, the decline in antibiotic resistance

may be attributed to a change in antimicrobial prescribing habits, as well as,

greater compliance in antibiotic use. These factors were not investigated. in this

study. Explanations provided above do not account for high ampicillin

65

r-- ��
,-'_' -"



resistance rates amongM. caiarrhalis isolates, therefore, other factors should be

taken into consideration.

The low incidence in the numbers of ampicillin-resistant H. infiuenzae

isolates detected in our study remains unexplained. In contrast, lowered PRSP

rates compared to the study conducted in 1995 could be attributed to sample

population differences. The differences may be found in the distribution of

children located in Saskatchewan. Geographical variation among PRSP rates

has been known to occur among various North American studies. Resistance to

penicillin and non-beta-lactam antibiotics of S. pneumoniae isolates obtained

from children with invasive disease increased in two geographically distinct

locations. A children's hospital in St. Louis, MO detected 26% resistance,

whereas 41% was found in Atlanta, GA (Welby et al, 1�9j1:; Hofmann et al, 1995).

In Northern Virginia, Rodriguez et al reported that PRSP was cultured from

21% of childrenwhowere diagnosedwith AOM. Similarly, respiratory isolates,

including isolates from :tv1EA, collected from five regions of Saskatchewan

showed considerable variation in resistance rates (Blondeau et al, 1997).

Regional variations in high level resistance varied from 0 to 10% (p <0.012

between two regions) and for intermediate resistance from 10 to 22%.

Therefore, sample subsets of a participating population could be distinctly

different between studies thus accounting for the variation in susceptibility

profiles.
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The pattern of increased resistance of otitis media pathogens has

extended to many antimicrobial agents other than the penicillins. These include

trimethoprim-sulfamethoxazole, cephalosporins and macrolides found in

varying percentages in all species of bacteria tested. Resistance against cefaclor

was found among H. influenzae and M caiarrhalis isolates at rates of 13% and

8%, respectively. Almost two-thirds of the H. infiuenzae isolates were

trimethoprim-sulfamethoxazole resistant In addition, 2 out of 10 S. aureus

organisms and 2 out of 4 S. pyogenes isolates were resistant to erythromycin.

Multi-drug resistance defined as bacteria that are resistant to 3 or more

antimicrobials, was only found among S. pneumoniae isolates. This is a

consistent finding in the emergence and spread of penicillin resistance in

pneumococd.. In general, pneumococci that are susceptible to penicillin remain

highly susceptible to other antimicrobials. Pneumococcal isolates with

intermediate or high levels of resistance to penicillin also demonstrate a

concurrent decrease in susceptibilities to other (3-lactam agents including

cephalosporins (cefaclor, cefuroxime, cefixime), as well as trimethoprim-

sulfamethoxazole and the macrolides (Block et al, 1995; Simor et al, 1996;

Blondeau, 1997; Davidson et al, 1999).

To date, no studies have determined whether differences exist among

antibiogram profiles in Native and Non-Native children with:MEl. Previous

studies have demonstrated that Native children are at higher risk than Non-

Native children of acquiring otitis media and other upper respiratory tract
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infections (Evers et al, 1985; Julien et al, 1987;McCullough, 1990; Thomson, 1994;

Harris et al, 1998). The widespread use of antimicrobial agents and the dramatic

rise in antibiotic resistance within Saskatchewan creates concern as to whether

there is a significant difference between resistance rates in Native and Non-

Native children. Originally, we predicted that antimicrobial resistance rates for

middle ear pathogens (and to commonly used antimicrobial agents) would be

higher in Native versus Non-Native children, This prediction was based on

anecdotal evidence and limited collection in Saskatoon (Dr. J.M. Blondeau,

personal communications; Blondeau et al, 1995). High illness rates of otitis

media sufferers among the Native population would suggest greater overall

drug therapy, thereby increasing the risk of developing or acquiring

antimicrobial-resistant bacteria. Unexpectedly, our _r�sults indicated Non-

Native children were significantly more likely to harbor antimicrobial resistant

pathogens (77%; p=0.001). Out of all the resistant pathogens recovered from

Non-Native children, only H. influenzae isolates resistant to ampicillin and

trimethoprim-sulfamethoxazole (p< 0.005 and p<0.05 respectively) were found

to be statistically significant when compared to the isolates obtained from

Native children.

One of the main driving forces behind the progression of drug resistant

bacteria is the selection pressure exerted by extensive antimicrobial use

(Bacquero,1999). When agents act upon pathogenic bacteria they also affect

other bacteria. They eliminate drug susceptible bacteria that couId otherwise

68
•

. -
......-

"



limit the expansion of pathogens and they simultaneously encourage the

growth of resistant bystanders. Propagation of these resistant pathogenic and

nonpathogenic bacteria increases the reservoir of resistance determinants in the

bacterial population and greatly facilitates the likelihood that such factors will

spread to other pathogens. To date, there is no de£initiye proof that suggests

Native children are greater users of antimicrobial agents because of their high

illness rates nor do they inappropriately utilize their prescription when

compared to Non-Native children. This is also substantiated as no significant

differences existed in the number of children who were prescribed

antimicrobials nor those compliant in completing their antibiotic prescription

(see Table 3.8). Higher antimicrobial resistance in the Non-Native population

could not be readily explained by other potential risk ��ors listed in Table 3.8.

Alternatively there was no intentional bias that would result in differential

selection of participants to be either Native versus Non-Native in ancestry.

A possible explanation for higher antimicrobial resistance rates in the

Non-Native population could be attributed to a high number of Non-Native

children attending daycare. Children in daycare facilities are more likely to

experience childhood infections than are children cared for at home (Wald et al,

1988; Khurana, 1995). There is also a greater risk of developing or acquiring

antimicrobial resistant bacteria as new pathogens are brought in by other

children (Khurana, 1995). Unfortunately, the initial study design failed to look
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at daycare as a possible risk factor for determining differential antimicrobial

resistant rates among Native and Non-Native children.

The full scope of antimicrobial resistance may not be adequately

appreciated, in part, because studies that enroll selected medical centers may

not completely justify the drug resistant problem for the�tire population. One

of the key issues in resolving selection bias is to conduct large multi-center

studies which focus on obtaining greater population representation. Such

centers tend to be located in highly populated areas which is characteristic of

southern regions of Canada. Northern communities are smaller and distributed

over large geographic areas. The area of northern Saskatchewan includes

approximately one-half of the landmass of Saskatchewan (Salloum and

Crysdale, 1990). Much of the area is part of the Cana<!�?Il Shield, characterized

by exposed bedrock, dense forest and innumerable lakes. The geography often

creates communication and transportation problems that is inherent among

various communities. Such communities may have nursing stations but lack

services where specimens are collected and laboratory testing can be

performed. Even medical centers such as LaRonge, for example, provides

services for approxtmately 20,000 people and is considered one of the largest

medical centers of the north (Saskatchewan Health, 1998). Limited services still

exist for this center and this is especially true for microbiology testing. Most

respiratory specimens are not collected, but if required, are often referred to

other facilities where testing is routinely performed. However, the fastidious
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nature of certain bacteria, such as S. pneumoniae, may not survive the transport

S. pneu� is one of the leading causative agents involved in otitismedia and

therefore it is important to properly assess the etiology of this illness. Problems

such as above are barriers faced by researchers and as such larger medical

centers located in southern locations are often used. �t is unlikely that such

centers represent the prevalence of antimicrobial susceptibility for the north.

Blondeau et al, 1997, further defined the problem of antimicrobial

susceptibility in northern Saskatchewan including other geographical regions

during a study involving collection of S. pneumoniae strains in 1995. Overall,

Northwest and Northeast districts demonstrated higher intermediate penicillin

resistance compared to Saskatoon, Regina, and Southwestern areas. Resistance

ra�were 16.8%,20.0%, 143%, 12.5%, and 14.5%, res�vely. Only high level

PRSP (<3.7%) was found :in Saskatoon and Regina. Critical assessment of the

study revealed that respiratory specimens were obtained from both :in and out

patients. Inpatient specimens may confound the true representation of

antimicrobial susceptibility for the general population. A selection pressure for

antimicrobial resistance develops due to the extensive antimicrobial use in

hospitalized settings. Bacteria can readily acquire or lose resistance

determinants in a relatively short time frame (ArOOt, 1995). Including

inpatient samples within a study could therefore increase or decrease the

amount of antibiotic resistance detected depending upon when the specimens

were collected. Furthermore larger northern health districts including

71



Keewatin Yathe, MamawetanChurchill River, and Athabasca Health Authority

were not enrolled for the reasons previously stated.

To better define the antimicrobial resistance problem among

Saskatchewan children living in different geographical areas, all participants

regardless of residence were brought to a single site f�r specimen collection.

The potential design was to further decrease the selection bias by obtaining

participants from all over Saskatchewan, and not from particular centers.

Furthermore all children were classified as outpatients. Results revealed that

Native children living in northern locations were more likely to harbor

antimicrobial resistant pathogens compared to Non-Native children residing in

the same comparable area. One possible explanation accounting for the

difference could be due to large family size, which is c��idered a possible risk

factor involved in the emergence and spread of resistant pathogens (Shaw and

Wendal, 1981). In general, Native children belonged to larger families

compared to Non-Native children (p=O.019). The reverse, however, does not

occur for Non-Native children residing in southern areas of Saskatchewan that

harbored a greater number of resistant pathogens (p=O.027). A more plausible

explanation accounting for such differences could be due to the limited and

unequal sample representation obtained per subpopulation. Better

representation would have occurred if equal numbers of Native and Non

Native children from all regions, were included. The design bias of this study
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could not have been readily overcome by the types of patients enrolled, but also

due to the availability ofENT (ear, nose, and throat) specialists in the province..

Our patient selection was inherently skewed toward patients with more

severe, symptomatic AOM or chronic otitis media, i.e. those with draining

AOM and those projected to benefit from tympanocent�with orwithout tube

insertion. ENT specialists collectMEA, and their involvementwas essential for

proper specimen collection. ENT services are only available in Regina and

Saskatoon, with the Saskatoon group being responsible for services to the

largest percentage of the province (approximately 2/3 to 3/4). Conducting the

study from Saskatoonwas therefore necessary due to concerns associated with

specimen transportwhile maintaining the viability of fastidious pathogens. To

involve collections in Regina would not have been fe�!>le due to the fact that

the investigators needed to be present for collection of demographic data as

well as ensuring that specimens would be immediately transported to the

laboratory for processing. Due to the nature of this project the same individual

(Mamie Andersen) needed to collect information and process specimens in

order to ensure consistency with the study protocol. This becomes exceedingly

evident as complete data collection dictates the direction of a molecular based

epidemiological study.

The variable nature of antibiograms makes assessment of genetic lineage

often difficult because antimicrobial susceptibility profiles rely on phenotypic

differences. Phenotypic methods are those that characterize the products of
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gene expression in order to differentiate strains (Arbeit, 1995). Properties such

as bacteriophage types, biochemical profiles, antigens present on the cell's

surface, and antimicrobial susceptibility profiles all are examples of phenotypic

properties that can be determined in the laboratory (Maslow et al, 1993; Arbeit,

1995; Tenover et al, 1997). Because phenotypic characteristics involve gene

expression, these properties all have a tendency to vary depending on changes

in growth conditions, growth phase, and spontaneous mutation (Maslow et al,

1993; Tenover et al, 1997). Because of the problems with typeability,

reproducibility and discriminatory power that have been associated with many

phenotypic techniques, numerous genotypic techniques have been developed

formolecular epidemiological studies (Maslow et al, 1993; Tenover et al, 1997).

An important aspect to any study interested._� DNA analysis of an

organism is the reproducibility and discriminatory power of a method. PFGE

was chosen because of the excellent reproducibility and discriminatory ability

obtained from various studies (Herman et ol, 1995; Aparicia et al, 1996; Hoang et

al, 1999). Similar findings occurred from our results. Reproducibility was

encountered when developing H. infiuenzae, M. caiarrhalis, and S. pneumoniae

protocols within our laboratory. Each time isolates were tested the

macrorestriction profiles remained consistent (data not shown). In regards to

discriminatory power, the majority of isolates recovered from both the left and

right ears of the same patient, revealed 100% banding similarity by the percent

similarity method. Occasionally isolates were typed as >80% while only one
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patient...harbored two nonrelated M. caiarrhalis isolates. Mixed infections have

been known to occur (Arbeit, 1995;Wang et al, 1998) but the genetic variability

of an organism, as well as, the inherent limitations of a method could be

responsible for the variation detected among related isolates and thereby

lowering the discriminatory power of thismethod.

Genetic variation among related isolates can occur unpredictably in a

time span of 1 to 3 months (Maslow et al, 1993; Tenover et al, 1995; Tenover et al,

1997). Bacteria are capable of evolving very rapidly because of the speed of

their replication. Minor'modifications to enhance their survival within the

environment niche can accumulate over time to produce a new pattern. For

example, a single genetic event such as change in band size could be due to an

insertion of DNA, or the appearance of two smaller bands where a single larger

band had been seen could be the result of a random mutation in a restriction

endonuclease site (Arbeit, 1995). VVhen differences of two genetic events have

occurred, results may indicate that the isolates are related, especially if they

were collected over a long period of time (3 to 6 months). However, there also

is a possibility that the strains are unrelated and the similarity was a result of

chance (Arbeit,1995). Often the use of a second strain typing method may

clarify the relationship among the isolates examined. Due to the financial

constraints of this study, a second typing method was not performed.

Technical factors may also contribute to differences seen among banding

patterns. Variations in banding mobilities across a gel are due to the result of
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varied .agarose and buffer concentrations, gel thickness, and temperature

(Swaminathar and Ghassen, 1993). Also" there is an inherent subjectivity to the

decision of where bands belong in relation to one another when manually

analyzing banding profiles of isolates from different gels. Our analysis utilized

the BioRad molecular analyst fingerprinting software t9 limit subtle banding

Variability between gels. The program is a powerful tool for the alignment of

patterns, but much of the success depends on the quality of the gels and the

care and strategy of the user. For example, a global standard is selected to best

represent all reference lanes that had incorporated a lambda ladder. Slight

differences in migration patterns in the lambda ladder reference lanes

compared to the global standard may disrupt the alignment and association of

banding profiles of the adjacent lanes. Explanation �ch as the above, may

account for variations seen in banding profiles involving H. infiuenzae isolates

201 and 275 (see Figure 3.3). It appears that there is a >3 band difference

between the isolates. Manual analysis of the gel that contains both DNA

profiles reveals a two band difference (data not shown). Moreover the system

does not detect other problems that may be encountered with the PFGE

protocol such as inadequateDNA or protein digestion.

By taking into consideration that design flaws are inherently found in

PFGE, our analyses of results suggested no one predominate isolate or closely

related isolate accounted for the decreased susceptibility to various antibiotics

tested. Our findings indicated that although clusters of related PFGE patterns
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were seen among 19 M catarrhalis isolates and 2 H. influenzae isolates, the

introduction and endemic spread of resistant pathogenic bacteria were due to a

number of distinct isolates. Spread of isolates with similar banding profiles

could not be linked to demographic features found among children in a

consistent manner. For example, the relation between _the use and misuse of

antimicrobial agents and development of infection is considered to be a

predisposing factor for the emergence of resistant bacteria (Brook, 1998;

Leibovitz et aI, 1998). Children varied among when the last ear infection

occurred (<2 weeks to 1 year) and their compliance in completing their last

antibiotic prescription (see Table 3.9)- Alternatively, spread of resistant

bacteria could be attributed to place of residence, exposure to family or guest

contacts, and places traveled (Shaw et al, 1981; Baxter,�1990; MacMillan et al,

1996). Epidemiological evidence suggested no common connection among

such factors.

4.1 Summary and Future Considerations

To date, this pediatric middle ear study remains the first epidemiological

study in Canada for assessing the degree of antimicrobial resistance among

Native and Non-Native children, with the potential design for understanding

the emergence and spread of resistant pathogens. Results indicated that

significant differences existed among children of race, especially when specific

geographic locations were viewed separately. Although large family size in the

Native sample population may explain higher resistance rates in the north, the
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same risk factor could not be applied to Non-Native children living in southern

Saskatchewan locations where high rateswere found among these children.

Due to the inherent limitations of collecting 1vfEA our patient selection

consisted of children with more severe, symptomatic AOM or chronic otitis

media Further studies need to be conducted on children suffering from less

severe middle ear complications of which the greater problem exists. In order

to carryout such a study the following criteria should be taken into

consideration: (1) obtain an adequate sample size that represents a large

sociodemographically diverse population; (2) standardized diagnostic criteria

for AOM; (3) immediate tympanocentesis on children diagnosed with AOM

and (4) proper specimen transport to allow for greater survival of fastidious

organisms. Due to limited ENT specialists in the pr.?�e, tympanocentesis

procedures may not be easily performed especially in Northern areas where

limited medical services already exist. Nevertheless, such a study would

further expand our understanding of the etiology of AOM in regards to

antimicrobial resistance.

Knowing that resistance rates can vary among race and location provides

valuable insight towards treatment practices. Bacteria such as H. influenzae,

isolated from Non-Native children, were significantly more likely to be

resistant to ampicillin and trimethoprim-sulfamethoxazole when compared to

isolates from Native children. Although amoxicillin remains the ideal drug

therapy, in situations where resistance occurs, antimicrobial agents including
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ampicillin and trimethoprim-suIfamethoxazole may not be favorable alternative

drug therapy for Non-Native children.

Macrorestriction analysis of resistant pathogens revealed that there were

often clusters of similar isolates but most were independent due to lack of

shared demographic characteristics. Future studies re:Iuire a larger sample

population with subsequent revisions to the data collection sheet in order to

properly assess the emergence and spread of resistant pathogens. Initially the

consent/demographic data form approved by the Biomedical Review

Committee was constructed for the intent of obtaining information on

individuals suffering from upper and lower respiratory infections. The study

narrowed its focus for otitis media surveillance due to the limitations of

specimen and data collection, as previously stated in �e�on 4.0. Factors such

as the incidence of AOM as single or recurrent episodes, number of office visits

or surgical procedures, familial aggregation, breast feeding practices, group day

care, and exposure to tabacco smoke have been implicated with the risk of otitis

media and therefore should be further studied (Baxter, 1990; McCullough, 1990;

Thomson, 1994; Block et al, 1995;MacMillian et al, 1996; Bluestone, 1998).

Antimicrobial resistance remains to be problematic and continued

surveillance is necessary as susceptibility patterns change periodically. It is

important for all communities to take part in such studies so that equal

representation of the entire population can be adequately assessed. Studies
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such as this may promote the necessity for additional funding for health

services, especially for Saskatchewan's northern regions.
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6.0 APPENDIX A

6.1 Solutions and Buffers

lOX TE Buffer
Dissolve 121g of Tris Base and 3.72 g ofEDTA in 750 m1 of
distilled. water. Bring to pH 8.0 usingHCL. Adjust volume to 1
litre and autoclave.

10XTBE
Dissolve 90.8 g ofTris base, 15.4 g Boric add, and 0.37 g disodium.
EDTA in 1000 m1 of distilled. water and autoclave.

0.5M EDTA (8.0)
Combine 93.05 g ofEDTA (disodium. salt) in 400 ml distilled
water. Add NaOH pellets a few at a time until EDTA is
dissolved. Finish bringing the pH to 8.0 using 5MNaOH. Adjust
volume to 500m! and autoclave.

10 % SarcosvI
Dissolve 10 g of sodium sarcosinate in 70 ml distilled. water .

.

Heating the solution while stirringwill help dissolve the sarcosyL
Adjustvolume to 100 ml and autoclave.

10 % Brig
Dissolve 10 g in 100m! distilled water and autoclave.

10%OOC
Dissolve 10 g in 100m! distilled water and autoclave.

ProteinaseK (40 mg/roD
Dissolve 400mg Proteinase K in 10 ml sterile distilled. water.
Store at 200c

1% Pulse Field Agarose
Add 1.0 grams pulse field agarose to 100 mllX TBE. Boil until

agarose is dissolved and cool to 500C before pouring the gel
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PFGE Running Buffer
Dilute 300 ml of lOX TBE, in 2700 ml of distilled water, for a final
concentration of 1X TBE.

Ethidium Bromide
Combine 40 ul stock ethidium bromide with 400 ml of distilled
water.

PIV Buffer (10 m:M: Tris Hcl pH 8.0, 1MNaC)
Add 20 ml of 5MNaC and 1 ml ofTrisHcl- into distilled water for
a 100 ml volume.

Skim Milk
Dissolve 200g into l000ml of distilled water and autoclave.

LowMelting Temperature Agarose
Dissolve 1.0 g into 100ml of TE Buffer" pH 8.0. Heat to boiling for
1-1.5 minutes and cool to 50-65OC inwater bath.

Proteinase K Lvsis Buffer
Add 20 ul of 40mg/ml of proteinase K to 5 ml of lysis Buffer.

Rnase (20 Jlg/mI)
Add 0.1ml of 10mg/ml of Rnase into 50 Iril dH20. Boil

TEBuffer
Add 5ml of 1M Tris-HC pH 8.0, and 8 ml of 0.25M EDTA pH 8.0
into 494ml of distilled water.

92



7.0 APPENDIX B

7.1 PFGE Protocols

PFGE protocol for H. influenzae and M catarr1ialis: Organisms were

grown overnight at 370<: on chocholate agar (H. injluenzae) or Tryptic soy agar
with 5 % sheep blood agar (M. catarrhalis). A 0.5 Mcfarland suspension of the
organisms were suspended in 1X TE Buffer, then added to a 1.0 % low melt

agarose. The suspension was aspirated into a 5ml syringe and cooled at 40C for
30 minutes. After solidification, agarose plugs were cut into 1/8" sections and
exposed to a Proteinase K Lysis Buffer (0.5M EDTA, 10% Sarcosyl, 10 mg/ml
Proteinase K,

.

sterile distilled water), for 48 hours at 500C in a shaking water

bath. Lysis Buffer was replaced after first 24 hours with fresh Lysis solution
and reincubated for another 24 hours at 50oC. Plugs were washed four times in
1)( TE Buffer, 30 minutes each time. A single gel plug was cut into half's and

digested with either 35 units of Sma! at 270<: for H. influenzae or SpeI at 370C for
M. caiarrhalis, along with 250 pl enzyme buffer and 2,250 pl sterile distilled
water. Digestion times for both organisms were 20 hours. DNA from each

sample was added to 1 % Pulse Field Agarose and separated using an electric
field apparatus (CHEF DR m system) set at specific run conditions: 1.0 - 26.0
second pulse for 24 hours (H. injluenzae); 5.0 - 30.0 second pulse for 20 hours
(M. catarrhalis). Gel was stained in ethdium bromide for 30 minutes at room

temperature and destained in distilled water.

PFGE Protocol for S. pneumoniae: Eighteen to 24 hour colonies grown on

Tryptic soy agar with 5 % sheep blood agar were inoculated in Todd Hewitt
broth and incubated at 350C with 5 % ccn until an optical density of 560nm was

reached. Tubes were centrifuged to obtain a pellet of cells. Cells were

resuspended in PIV Buffer (SM NaO, 1M T�HCL pH 7.6, sterile distilled

water) to wash the cells. A volume of ,00 ul of the bacterial - PN buffer

suspension was added to a 1.6 % low-melting agarose and poured into

plexigIass gel casting molds. After solidification, bacteria embedded in the

agaroseblocks were lyzed in 100mM EDTA pH 8.0, 10mM T�HO, 0.5 % Brij,
0.2 % DOC, and 0.5 % Sarkosyl, at 370<: in a shakingwater bath for 2 to 3 hours.

Lysis solution was removed and replaced with fresh lysis buffer with the
addition of 100 mg/ml Proteinase K. Tubes were incubated at 500C in a

shaking water bath for 24 hours. Agarose molds were washed with TE buffer
four times at room temperature for 30 minutes each time. One-fifth of the
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agarose mold was cut from the block and digested with 35 units of SmaI, 20 J.I].
Sma! Buffer, and 200 J.I]. distilled water. The digested DNA plugs were placed in
wells of a 1.0 % agarose gel. The digested DNA plugs were electrophoresed in
a contour-c1amped homogeneous electric field apparatus with initial to final
time ranging from 1 to 15 seconds at 200 volts for 20 hours in O.5X TBE Buffer.

PFGE Protocol for S. pyogenes. Same as S. pneumoniae protocol except
with the following modifications. First, colonies suspended in Todd Hewitt
Brothwere grown to and optical density of 66Onm.. Second, additional reagents
were added into the first lysis buffer solution which included 1M NaQ, 1

mg/ml lysozyme... and 20 ug/znl Rnase. Third, the incubation period for the
first lysis solution was 6 hours. Fourth, the second lysis solution included only
the following chemicals: 0.25M EDTA, 1% Sarcosyl, and 1 mg/ml of Proteinase
K Fifth, the running conditions for the contour-cIamped homogeneous electric
field apparatus was 1.0 to 30.0 seconds for 22 hours.

PFGE Protocol for S. aureus. Organismswere grown overnight at 370C on

Tryptic soy agar with 5 % sheep blood agar. A 0.5 Mcfarland suspension of the
organisms was suspended in lX 'IE Buffer. A volume of 750 J.I]. of the bacterial
buffer suspension was added to a 1.6 % low-melting agarose and poured into

plexigIass gel casting molds. After solidification, bacteria embedded in the

agarose blocks were lyzed in the following solution: 0.25 M EDTAv 1M Tris

HO, 10% Brig, 10% DOC, 10% Sarcosyl, 20 p.g/ml Rnase, SOOU/mllysostaphin,
l00mg/mllysozyme at 500C in a shaking water bath for 24 hours. A second

lysis solution (0.5 EDTA, 10 % sarcosyl, 40 mg/ml proteinase K) was added to

the agarose molds at 500C for 24 hours. Agarose molds were washed with 'IE
buffer four times at room temperature for 30 minutes each time. One-fifth of
the agarosemold was cut from the block and digested with 35 units of SmaI, 25
p.l SmaI Buffer, and 200 p.l distilled water. The digested DNA plugs were placed
in wells of a 1.0 % agarose geL The digested DNA plugs were electrophoresed
in a contour-c1amped homogeneous electric field apparatus with initial to final
time ranging from 5 to 45 seconds at 200 volts for 20 hours in 0.5X TBE Buffer.

7.2 Bacterial Identification Testing

Bile Solubilitv Test
The bile solubility test detects the ability of bacterial cells to lyse in the

presence of bile salts within a specific time and temperature. Sodium

desoxycholate is the salt of purified bile acid used in the test To test for bile

solubility, one drop of the reagent is added directly onto a well isolated 18 to 24
hour colony. Incubate the plate aerobically at 350C for 30 minutes, agar side
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down. .Examine the colony for disintegration and/or appearance of a partially
hemolyzed area in the medium at the site where the colonywas located.

Carbohydrate Utilization
Organisms utilizing carbohydrates will produce an acid environment

which which exceeds the buffering capacity of the. substrates, resulting in a

color change in the indicator. A semisolid agar with 1 % of each of the

carbohydrates: glucose, lactose, sucrose, and maltose, as well as, bromcresol
purple are inoculated with a pure culture of the test organism. Incubate at 370<:
for 24 to 48 hours and examine the tubes for the presence':of acid.

Catalase Test
This test detects the presence of the enzyme catalase. The catalase test is

performed by adding a colony on a wooden applicator stick to a suspension of
3 % ffi02 in a tube. The appearance of bubbles indicates that the enzyme
catalase has hydrolyzed H2� into oxygen plus H20. No bubbles appear in a

negative test result.

Cefinase Disks for B-Lactamase Production
Beta lactamase enzymes produced by bacteria break down penicillins

and render the producing strains resistant to penicillins. The cefinase disk is

impregnated with nitrocefin, a chromogenic cephalosporin. Colonies of the

micro-organisms are rubbed onto a moistened disk. If the amide bond in the

nitrocefin beta !actam ring is hydolyzed by a beta Iactamase enzyme from the

micro-organism, the color of the diskwill rapidly change from yellow to red.

Dnase Agar
Production of the enzyme Dnase, which hydrolyzes DNA may be used

to differeniate nonfermenting gram negative bacteria. The Dnase test medium
contains toluidine blue complexed with DNA. Hydrolysis of DNA by the

inoculated micro-organisms, after 24 to 48 hour incubation at 370<:, causes
changes of structure of the dye to yield a colorless area where the inoculated

organism had been applied.

GramStain
The gram stain is commonly used to differentiate bacteria into structural

and taxonomic groups on the basis of their cell wall structure. A heat fixed
smear of the organism is flooded with crystal violet for one minute then
destained with tap water. A second stain, Gram's iodine, is applied to the slide
for 1 minute then rinsed with water. Acetone is added briefly to the slide to

decolorize the smear and immediately washed with water. A counterstain is

applied to the smear with safranin for one minute. Wash in tap water and blot
dry.
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Optochin Susceptibilitv Test
Colonies of S. pneumoniae are inhibited by optochin (ethylhydrocupreine

hydrochloride) contained in the paper disk applied to the surface of an 5 %

sheep blood agar plate. A zone of greater than or equal to 14 mm in diameter
after a 24 hour incubation at 370C with increased CD2 is presumptive
identification for S. pneumoniae.

PathoDx Group A
This is a rapid slide agglutination procedure for differentiating

streptococci, which possess different Lancefield cell antigen groupings. In the
PathoDx procedure" specific antibodies on latex particles react with, and

agglutinate" streptococcal group antigen extracted from the bacterial cell wall

using nitrous acid. The procedure is performed at room temperature with one

or two 18 to 24 hour colonies. Agglutination within 60 seconds indicates a

positive result.

Porphyrin production test
Porphyrin production test differentiates H. parainfluenzae from

H.injluenzae. H. parainfLuenzae possesses an enzyme, porphobilinogen synthase
that converts delta aminolevulinic acid into porphyrine and porphobilinogen.
Kovacs reagent (p-dimethylaminobenzaldehyde) detects porphobilinogen
appearing red.

Oxidase Spot Test
Oxidase is an enzyme possessed by some organisms which catalyzed the

transport of electrons from donor compound (NADH) to electron receptors
(D2). In this test, the substrate paraphenylienediamine dihydrochIoride serves

as an artificial electron acceptor for the enzyme oxidase. The dye is oxidized
and forms the colored compound indophenol blue. For this test, filter paper is
saturated with the substrate. Colonies of the micro-organisms to be tested are

rubbed onto the filter paper with a sterile wooden applicator stick. An

immediate color change to a deep blue indicates a positive test.

Staphaurex
Staphaurex is a rapid slide agglutination procedure for differentiating

staphylococci which possess coagulase and/or protein A, particularly
Staphylococcus aureus, from staphylococci which possess neither of these factors.
The Staphaurex reagent consists of polystyrene latex particles, which have been
coated with fibrinogen and IgG. When mixed on a slidewith a suspension of S.
aureus organisms, reaction of clumping factor with the fibrinogen, and/or of
protein A with the IgG causes rapid" strong agglutination of latex particles
within 30 seconds.
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8.0 APPENDIX C

8.1 Suppliers

8.1.1Media
Chocolate Agar
Haemophilus TestMedium
MuellerHinton Broth
MB.Todd HewittBroth

MB.Tryptic Soy Agarwith
5% Sheep Blood

8.1.2 Antibiotics
Amoxidllin

Ampicillin
Cefaclor
Cefuroxime

Erythromycin
Gatifloxadn
Levofloxadn
Penicillin

Trimethoprim-
Sulfamethoxazole

.:

PML Microbiologicals Winnipeg, MB.
PMLMicrobiologicals,Winnipeg,MB.
PMI .. Microbiologicals,Winnipeg,
PMLMicrobiologicaIs, Winnipeg,
PMLMicrobiologicaIs, Winnipeg, MB.

Sigma-Aldrich Co., Oakville, ON.
Bristol Laboratories,Montreal, Canada.

Sigma-Aldrich Co., Oakville, ON.
Lilly Canada Inc., Toronto, ON.
Novapharm Ltd., Toronto, ON.
BristolMyers;MontreaI, QB.
Janssen-Ortho Inc., New York,ON.
Novapharm Ltd., Toronto, ON.

Sigma-Aldrich Co., Oakville,ON.

8..1.3 Reagents, Chemicals, and Enzymes
Bile Salt Fisher Scientific Ltd., Nepean, ON.
(Sodium Desoxycholate)

Boric Add

Brig-58
Carbohydrate sugars
Cefinase
Dnase

Deoxycholic Add
EDTA
Ethidium Bromide
Kovacs

Hydogen peroxide

BHD Inc., Toronto, ON.

Sigma-AldrichCo.,Oakville, ON.
Fisher Scientific Ltd., Nepean,ON.
VWR Scientific, Edmonton, AB.
Fisher Scientific Ltd., Nepean,ON.
Sigma-Aldrich Co., Oakville, ON.
Sigma-Aldrich Co., Oakville, ON.
BioRad Laboratories, Hercules, CA.
PM!..Microbiologicals,Winnipeg,MB.
No Name, Saskatoon, SK.
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InoculumWater with Pluronic

:A. ladder

LowMelting Temperature
Agarose

Lysostaphin
Lysozyme
N-laurylsarcosine
Optochin
Oxidase
PathoDxGroup A
Porphrin
Proteinase K
Pulsed Field Certified Agarose
SkimMilk
Sma!

SpeI

Tris-HQ

Dade Diagnostic,
WestSacramento,CA

New England BioLabs,
Mississauga, ON.

BioRad laboratories, Hercules, CA.

Sigma-Aldrich Co., Oakville,ON.
Sigma-Aldrich Co.,Oakville,ON.
Sigma Chemical Co., St.Louis, MO.
VWR Scientific, Edmonton, AB.
Fisher Scientific Ltd., Nepean, ON.
Murex Biotech Limited, Dartford, UK.
P!vIT..Microbiologicals,Winnipeg, MB.
Sigma-Aldrich Co., Oakville, ON.
BioRad laboratories, Hercules, CA.
Fisher Scientific Ltd., Edmonton, AB.
New England Biolabs,

Mississauga, ON.
New England Biolabs,

Mississauga, ON.
Gibco BRL Technologies,

Grand Island, NY

8.1.4 Disposable Plasticware
13 x 100 & 12 x 75 mm VWR Canlab, Edmonton, AB.
Culture Tubes

FalconMultipleWell VWRCanlab, Edmonton, AB.
Tissue Culture Plates

Microcentrifuge Tube
Microtitre Plates
3 ccMonojeet Leur
LockSyringe

1-200 pI Pipette Tips
Sterile Plastic Petri Dish
Sterile Scape! Blade

SimportCryovials

VWR Canlab, Edmonton, AB.
Sarstedt, St Leonard, PQ.
Sherwood Medical, St. Louis,MO.

vlNR CanIab, Edmonton, AB.
Fisher Scientific Ltd., Edmonton, AB.
Feather Safety Razor Co.,

Medical Division, Japan.
VWRCanlab, Edmonton, AB.
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8.1.5 Equipment

CHEF DRmSystem
-700c Freezer
GelCastingMold
GelDoc 1000
illuminator

Microwave Oven
Pulse Field Gel

Casting Apparatus
ShakingWater Bath

BioRad Laboratories, Mississauga, ON.
Fisher Scientific Ltd., Nepean, ON.
BioRad Laboratories,Mississauga, ON.
BioRad Laboratories,Mississauga, ON.

Samsung, Suwon, Korea.
BioRad Laboratories,Mississauga, ON.

Mandel Scientific Co., Guelph, ON.
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9.0 APPENDIXD

9.1 Consent/Questionnaire Form

ID#
_

ClinicalMicrobiology Department
Saskatoon District Health andSt. PaulHospital

Antibiotics are used to treat people with bacterial infections, but this is becoming more

difficult due to the occurrence ofantibiotic resistant bacteria.

The purpose of this study is to identify antibiotic resistant bacteria in those individuals
"With either a ear, nose, or lung infection. With your participation by answering the

questions posed within this consent form, you will be increasing our understanding
about the amount of antibiotic resistant bacteria present "Within Saskatchewan, as well
as, a basic idea ofhow these bacteria are spread.

Those involved in this studywhich include your doctor, Dr. J. M Blondeau (Supervisor
of this study and Head of the Clinical Microbiology Department at Royal University
Hospital) and Mamie Andersen (Master's student), will be only the people to see this

consent form. It is strongly emphasized that confidentiality will be
maintained at all times! By sharing important information about you, your health
care providerswill be better able to serve your medical needs.

Would you be willing to answer questions related to where you live, your medical
history, and your ancestral background?

DYes or o No
For those who marked the yes box, please continue to answer questions 1 - 11 as best as

you can.

1. What is your age? _

2. What is your sex? (check applicable box)
oMale or 0 Female
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3. WhaJ is your ancestral background? (please check off the group that best
describes you).

o First NationlIndian oMetis 0 Inuit
o NonTreaty
o Treaty(Treaty # optional) _

o Caucasian
o Other (specify) _

4.What is the usual number of residents living at your home? _

Are there regular guests? 0 Yes 0 No
If yes, how many? _

5. Where do you live? (Check and please name the place of residency in addition to
stating how long you have lived there.)

DCicy __

o Town
----------------------------------------------

o Reserve/Band
-----------------------------------------

o Village/Hamlet _

DFann
�--------------------------------------------

6. Do you have any chronic illnesses which contribute to respiratory infection?

(Check the appropriate box)
OYes or DNo

If yes, please specify.

o asthma 0 allergies 0 cystic fibrosis 0 emphysema 0 diabetes
o other
-----------------------

7. Have you suffered from any past infections, for example, infections of the ear,

nose, throat, or chest? (Check the appropriate box)
DYes or ONo

If yes, please specifywhat type of infection.

o ear infection 0 pneumonia 0 sinusitis (nose infection) 0 bronchitis
o other (state) _

Approximatelywhen did the infection occur?
_
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8. Have you ever used antibiotics, for example penicillin, to treat an infection? If
the answer is yes, how long ago did you last take your antibiotic? (Check the

appropriate box)

o Yes 0 No

030 days
o 6 months

01 year

0< 5 years
0>5 years

.:

9. Do you take all of your medication, e.g. antibiotic, as prescribed and until it is

completed? (Check the appropriate box)

DYes or DNo

10. Have you stopped taking medication (antibiotic) because of side effects? (Check
the appropriate box)

DYes or DNo

11. Have you done any significant traveling recently or in the past year? (Check
the appropriate box)

- ...

DYes or ONo

If yes, check and state where you stayed.

DWithin Saskatchewan
�----------------------------------

OWithin Canada
-----------------------------------------

OOutside Canada
----------------------------------------
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CONSENT:

Participation in this study would be appreciated. All personal information will be kept
confidential, and at no time will your identity be known to any publications such as

magazines, newspapers, books, journals, internet, and other media sources such as t.v or

radio. Your signature below indicates that you allow the .release of demographic and
medical information about you to Dr. JoM Blondeau, as well as, Mamie Andersen.
Your signature indicates that you have read and understood the information above. If

you are unable to read this document, your signature indicates that this consent form has
been read and explained to you.

Participants signature

Witness signature

Date
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