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Abstract 

 

 

Background: In the United States, an estimated 9.4 million foodborne related illnesses 

from known pathogens and 38.4 million foodborne related illnesses from unknown 

causes occur annually. It is critically important to improve our ability to identify enteric 

pathogens and to characterize risk factors associated with potentially distinct diarrheal 

illnesses.  

Objectives: Risk factors for hospital admission among patients with diarrhea are not well 

characterized. In this study, we analyzed risk factors for hospitalization among 

outpatients with complaints of diarrhea, focusing on patients with multiple enteric 

pathogens. Additionally, we investigated the most commonly recognized infectious cause 

of diarrhea among hospitalized individuals, Clostridium difficile, in order to better 

understand its increasing frequency in community-onset diarrhea.  

Methods: Through the use of core epidemiologic methodology in combination with 

state-of-the-art laboratory techniques, known and putative pathogens were identified in 

patients with diarrhea presenting to selected emergency departments and ambulatory care 

clinics in Baltimore, Maryland, and New Haven, Connecticut from 2002-2007. 



Results: Of 1197 outpatients with diarrhea, 405 (35.0%) had definitive enteric pathogens, 

527 (45.8%) had definitive or possible pathogens, 62 (5.4%) had multiple definitive 

pathogens, and 142 (12.3%) had multiple definitive or possible pathogens. At 

presentation, 233 patients (19.5%) were admitted to the hospital and 919 (76.8%) were 

not. When forced into a multivariable logistic regression model, multiple enteric 

pathogens (odds ratio (OR)=0.86, 95% confidence interval (CI)=0.61-1.21) lacked 

significance; however, age >65 (OR=7.2, 95% CI=4.16–12.46), history of prior 

gastrointestinal (OR=3.65, 95% CI=2.12–6.29) or immunocompromising co-morbid 

conditions (OR=2.67, 95% CI=1.69–4.21), hospitalization in the previous month 

(OR=3.24, 95% CI=2.07–5.07), and presentation at an emergency department (OR=2.53, 

95% CI=1.72–3.73) were significantly associated with hospitalization. Of 1,091 

outpatients tested for C. difficile toxin, 43 (3.9%) had positive results. Seven had no 

recognized risk factors, and three of these had neither risk factors nor co-infection with 

another enteric pathogen.  

Conclusions: A significant portion of outpatients with diarrhea were hospitalized. 

Identification of enteric pathogens or multiple pathogens was not associated with 

increased likelihood for hospitalization after adjustment for age and past medical 

conditions. Additionally, most outpatients with C. difficile infection had either recognized 

risk factors or co-infection.   
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CHAPTER 1:  INTRODUCTION & SPECIFIC AIMS 

Diarrheal diseases are one of the leading causes of preventable death, especially in 

children younger than 5 years of age in developing countries.54 It is estimated that, 

worldwide, between 1.6 and 2.1 million deaths are caused each year by diarrheal 

illnesses.54 Morbidity caused by diarrheal diseases, again among children in developing 

countries, is similarly stunning. For example, Shigella species alone are estimated to 

cause 113 million illnesses in children under five each year.56 While the burden from 

enteric pathogens in lower- and middle-income countries is staggering, diarrheal diseases 

also remain a substantial health problem in developed countries.47, 49, 82, 83 In the United 

States, there are an estimated 375 million episodes of acute diarrhea annually.45 Previous 

estimates indicated that there were approximately 76 million illnesses annually from 

foodborne pathogens, a subset of all diarrheal diseases, with approximately 0.4% leading 

to hospitalization or death.68 More recent estimates indicate approximately 9.4 million 

foodborne related illnesses from known pathogens and 38.4 million foodborne related 

illnesses from unknown causes occur each year in the United States.82, 83  

 

For my dissertation project, I studied infectious organisms causing outpatient diarrhea 

and the risk factors associated with having enteric pathogens. My first aim explored 

factors that increased or decreased the severity of illness among individuals with 

infectious gastroenteritis. Specifically, I tested the hypothesis that identification of 

multiple enteric pathogens in stool specimens increases the likelihood of hospitalization 

among outpatients with diarrhea.  My second aim explored risk factors related to the most 

commonly recognized infectious cause of diarrhea among hospitalized individuals, 
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Clostridium difficile, in order to better understand its increasing frequency in community-

onset diarrhea. This research was conducted among a group of individuals from selected 

EDs and clinics in Baltimore, Maryland, and New Haven, Connecticut. 

 

Specific Aim I: Determine whether individuals with multiple enteric pathogens are 

likely to be sicker than individuals with only a single enteric pathogen. 

Hypothesis I: Among individuals with complaints of diarrhea presenting to selected 

emergency departments and outpatient clinics in Baltimore, Maryland, and, New Haven, 

Connecticut, the identification of multiple enteric pathogens in stool specimens increases 

the likelihood of hospitalization. 

Aim I Rationale: Risk factors associated with hospitalization for diarrhea are not well 

characterized. No algorithm or clinical prediction rule currently exists to help clinicians 

decide which patients might benefit from hospitalization. Results of this study better 

define the risk factors associated with hospitalization, in particular, whether infection by 

multiple enteric pathogens increases disease severity or the need for hospitalization.  

 

Specific Aim II: Determine the risk factors associated with the most commonly 

recognized infectious cause of diarrhea among hospitalized individuals, C. difficile, to 

better understand its increasing frequency in community-onset diarrhea. 

Hypothesis II: Among outpatients seeking treatment in selected EDs and clinics in 

Baltimore, Maryland, and New Haven, Connecticut, those who were hospitalized or used 

antibiotics within the previous month will be more likely to have C. difficile infection.  
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Aim II Rationale: C. difficile infection (CDI) is the most commonly recognized 

infectious cause of diarrhea among hospitalized individuals and is increasingly found in 

community-onset diarrhea. CDI cases appear to be occurring among individuals without 

recent hospitalization or antibiotic use. More knowledge is needed about the frequency of 

CDI in outpatients without known risk factors. 
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CHAPTER 2:  BACKGROUND AND SIGNIFICANCE 

2.A:  Significance 

It is difficult to identify the causative organism in most cases of diarrhea.28,41 In general, 

afflicted individuals do not seek medical care because their illness is time limited.64,93,100 

Even in a majority of individuals who seek medical attention and from whom a stool 

sample is obtained, the cause of the diarrhea is not determined by standard bacterial stool 

cultures and parasite screening.1,86 A number of studies have indicated that the proportion 

of stool samples submitted for analysis to clinical microbiology laboratories in which a 

pathogen is detected is low, generally in the range of 5% to 10%.86 In one study, of 

13,798 stool samples from 13 laboratories across the United States, the proportion in 

which an enteric pathogen was found was <10%.1 Even in patients with more severe 

illness, who presented with bloody diarrhea, pathogens were detected in only 30%.89  

 

From a clinical perspective, it is important to know the infectious cause of an individual’s 

diarrhea. Improved identification of diarrheagenic organisms in symptomatic individuals 

would help direct clinical treatment. Additionally, earlier identification of enteric 

pathogens through increased state-of-the-art testing would detect outbreaks more rapidly, 

which would improve the public health response and potentially limit the number of 

affected individuals. Considering that, each year, approximately 38.4 million diarrheal 

illnesses in the United States have no cause formally assigned, there is a critical need to 

improve our ability to identify pathogens and then to characterize risk factors associated 

with potentially distinct diarrheal illnesses in order to decrease morbidity and mortality. 

Thus, it is imperative that we gain a better understanding of the burden, causes, and risk 
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factors of infectious diarrheal diseases in pediatric and adult populations in order to 

prevent infection as well as ameliorate its effects. Greater use of advanced microbiologic 

techniques, such as polymerase chain reaction (PCR) for enteropathic viruses and 

Escherichia coli virulence factors, has been suggested as a way to improve the 

identification of stool pathogens.20  

 

Most studies of diarrhea have focused on a specific organism or relied on routine testing 

of patients, ordered by physicians as part of clinical care and therefore not based on a 

standardized case definition. Stool is tested for a limited number of enteric pathogens. In 

this study, we prospectively enrolled subjects who presented for clinical care with a 

primary or secondary complaint of diarrhea as well as individuals without complaints of 

diarrhea and systematically conducted epidemiologic and laboratory evaluations, using 

standard and advanced molecular testing techniques, for diarrhea pathogens and possible 

epidemiologic risk factors. Results of this study will better define the causes of infectious 

diarrheal diseases in patients presenting to hospital EDs and clinics.  

 

This exploration of risk factors related to severity of diarrheal illness could identify 

segments of society that have greater vulnerability to enteric pathogens. No algorithm or 

clinical prediction rule currently exists to help clinicians decide which patients might 

benefit from hospitalization. The knowledge from this research can help focus 

educational activities and other interventions to decrease the burden of disease in 

populations at greater risk. Elucidating the risk factors and co-infections related to 



 

6 
 

community-acquired CDI could focus research efforts directed at understanding the 

reasons for the significant increase in CDI that has been noted in the past 10 years.  
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2.B:  Epidemiology and Etiology of Diarrheal Diseases 

Infectious diarrhea has been a curse of humans since preliterate times.61 Diarrheal 

illnesses were mentioned by Hippocrates and noted in texts from the Middle Ages.44 The 

World Health Organization (WHO) estimates that approximately 2 billion cases of 

diarrheal disease occur throughout the world each year and estimates that it is the third 

leading cause of death overall in low-income countries and the second leading cause of 

death in children younger than five.103 As noted above, this scourge also affects 

individuals in developed countries. The United States has an estimated 375 million 

episodes of acute diarrhea annually.45 Previous estimates indicated that there were 

approximately 76 million illnesses annually from foodborne pathogens, a subset of all 

diarrheal diseases, with approximately 0.4% leading to hospitalization or death.68 More 

recent estimates indicate that in the United States there are approximately 9.4 million 

foodborne related illnesses from known pathogens and 38.4 million foodborne related 

illnesses from unknown causes each year.82,83 Despite many advances in prevention 

through vaccines and treatment through antibiotics and rehydration therapy, diarrheal 

diseases remain a major cause of morbidity and mortality. 

 

Diarrhea can be differentiated into osmotic causes, such as from the ingestion of salts and 

polysaccharides, and secretory causes.5 Osmotic diarrhea ceases when the patient no 

longer ingests the offending substance. Secretory diarrhea can be caused by many factors, 

both endogenous and exogenous, including infectious agents. Secretory diarrhea persists 

even if the patient fasts. Secretory diarrhea from enteric pathogenic organisms is by far 

the main cause of the global burden of morbidity and mortality from diarrheal illnesses. 
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The causes of infectious diarrhea can be further divided into types of organisms: bacteria, 

viruses, and parasites. Most infectious diarrhea is caused by fecal-oral transmission of 

infectious organisms, i.e., eating contaminated food or drinking contaminated water, or 

through person-to-person spread. One significant exception is C. difficile, which can be 

found as a normal bowel flora. Symptomatic illness from C. difficile is nearly always a 

consequence of the disruption of the normal bowel flora.  

 

Known bacterial causes of diarrhea include Shigella spp, Salmonella spp (including 

typhoid and nontyphoid species), Campylobacter coli, C. jejuni, Yersina spp, Bacillus 

cereus, Aeromanas spp, Plesiomonas shigelloides, Hafnia alvei, Vibrio cholerae, certain 

noncholeraic vibrios, Clostridium perfringens, toxin-producing Staphylococcus aureus, 

and certain  E. coli, including E .coli O157:H7 and diarrheagenic E. coli (such as 

enterotoxigenic, enteropathogenic, enteroaggregative, and possibly diffusely adherent E. 

coli).5,31,75,92 An additional bacterial cause is C. difficile. Viruses known to cause diarrhea 

include rotaviruses, adenoviruses, astroviruses, sapoviruses, and noroviruses.5,23,92 

Parasites known to cause infectious diarrhea include Cryptosporidium parvum, 

Cyclospora cayetanensis, Isospora belli, Giardia lamblia, Entamoeba histolytica, and 

Blastocystis hominis.5,92 Many other organisms can cause diarrhea as part of the signs and 

symptoms of infection,46 but those listed above are currently considered the most 

important ones globally.  

 

The frequency of these infections is difficult to assess because many patients do not seek 

medical care for mild gastroenteritis. When assessing those who do present, clinicians do 
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not have the opportunity to test for specific pathogens. If they do test, they will often not 

report positive tests if they are obtained to public health authorities. In the United States, 

the most commonly reported bacterial causes of diarrhea are Salmonella spp, 

Campylobacter spp, and Shigella spp. C. jejuni is one of the leading causes of bacterial 

diarrhea in the United States, with an estimated 2.1 to 2.4 million cases annually.3,15 

Nontyphoidal Salmonella, the second most reported bacterial enteric pathogens, cause an 

estimated 1.4 million infections each year in the United States.15 Norovirus is considered 

the major cause of epidemic nonbacterial gastroenteritis worldwide, estimated to cause 23 

million infections in the United States annually.4,68 Additionally, rotavirus is a major 

cause of diarrhea in children under 5 years of age, leading to a significant burden on the 

American health system.65 

 

Risk Factors for Infectious Diarrhea 

While most major enteric pathogens are acquired via fecal-oral transmission through 

ingestion of contaminated food or water, precise risk factors vary for specific organisms 

or groups of organisms. Many organisms are acquired during travel overseas.39, 87 The 

one organism with a significantly different risk profile is C. difficile, as it is viewed as the 

primary nosocomial cause of infectious diarrhea (this organism is further discussed in a 

separate section below). Delineated in the tables below are the common epidemiologic 

settings and known risk factors for the most common enteric pathogens. Of note, 

waterborne transmission can occur either from drinking or swimming in contaminated 

water. 
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Although enteric pathogens are acquired through specific known mechanisms, certain 

generic risk factors for infectious diarrhea have been delineated. For example, in one 

pediatric case-control study from Denmark, involving 422 cases and 866 controls, an 

increased risk of diarrhea was associated with recent foreign travel, contact with 

symptomatic people or dogs, hospitalization, consumption of products containing 

formula milk, parents who were unemployed, parents with low educational status, and 

prior diagnosis of certain atopic diseases. Being breastfed and having contact with cows 

were protective.32 These data were initially explored with descriptive analyses, and then 

the reduced dataset of significant variables was analyzed with logistic regression. On the 

other hand, another study from Denmark, looking specifically at bacterial gastroenteritis, 

found that increased socioeconomic status increased the risk of infection.85 In this 

instance, incidence rate ratios (IRR) were estimated by Poisson regression models, and 

the IRR were adjusted for potential confounding by all other explanatory variables as 

well as for age and sex. However, other than these studies, there is little recent published 

research in developed countries exploring the relationship between gastroenteritis and 

socioeconomic status in general, though there is some additional research looking at this 

relationship as it relates to bacterial pathogens.19,29,53,104  
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Table 1: Frank and Probable Bacterial Pathogens―Common Epidemiologic Settings and 
Known Risk Factors 

 
 

Pathogen 

Common 
Epidemiologic 
Transmission 

 
 

Known Risk Factors 

 
 

Comments 

 
 

References 
Salmonella spp 
(nontyphoid) 

Foodborne 
transmission 
Contact with 
pet reptiles 

Found in multiple food 
substances, including 
poultry and eggs 
Increased incidence in 
extremes of age and in 
people with 
immunosuppressive 
conditions 

Most commonly 
identified cause of 
foodborne illness in 
the U.S.  
Increased carriage 
may occur by 
prescribing 
antibiotics to treat 
mild/moderate 
illness 
Sporadic outbreaks 

Crum-
Cianflone NF 

Salmonella typhi 
and paratyphi 

Usually 
acquired during 
international 
travel. 

In endemic countries, 
related to poor 
sanitation, lack of safe 
drinking water, and low 
socioeconomic 
conditions 

Rare in the U.S. Kanungo S et 
al; Connor BA 
& Schwartz E 

Campylobacter 
spp 

Foodborne 
transmission. 
Contact with 
pets and farm 
animals 

Under cooked poultry 
Bimodal distribution 
(children <5 years, 
young adults 15–44 
years) 

Animals, 
particularly birds, 
are considered the 
reservoir.  
Sporadic infection 

Galanis E; 
Butzler JP; 
Friedman et al; 
Cheng AC et 
al 

Shigella spp Foodborne 
transmission, 
person-to-
person 

Incidence is highest 
among children 
Seen in day-care centers 
and custodial 
institutions, and among 
homosexual males 
Flies can serve as a 
vector 

High risk of person-
to-person spread 
because of low 
inoculums required 
for infection  
No non-human hosts 

Niyogi SK 

Yersinia spp Foodborne 
transmission 

Associated with 
undercooked meat, 
seafood 

 Cheng AC et 
al 

Bacillus cereus Foodborne 
transmission 

Often associated with 
rice dishes 

Heat-stable toxin  

Aeromonas spp Foodborne 
transmission 

Associated with 
undercooked meat, 
seafood 

Sporadic cases  

Plesiomonas 
shigelloides 

Foodborne 
transmission 

Associated with seafood   

Hafnia alvei Foodborne 
transmission 

Found in the 
gastrointestinal tract of 
animals 

Somewhat 
controversial in 
terms of human 
disease 

Janda JM & 
Abbott SL 

Vibrio spp Waterborne 
transmission 

Ingestion of seafood for 
non-cholera Vibrio 

  

Clostridium 
perfringens 

Foodborne 
transmission 

Associated with 
improperly prepared 
foods 

 Bos J et al 
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Table 1: Frank and Probable Bacterial Pathogens―Common Epidemiologic Settings and 
Known Risk Factors (cont.) 

 
 

Pathogen 

Common 
Epidemiologic 
Transmission

 
 

Known Risk Factors

 
 

Comments

 
 

References
Staphylococcus 
aureus (toxin 
producing) 

Foodborne 
transmission 

Associated with 
contaminated food left 
out (allowing S. aureus 
to grow) 

Heat-stable toxin  

Clostridium 
difficile 

Nosocomial 
infection 

Prior antibiotic use See below.  

 

Table 2: Frank and Probable Viral Pathogens―Common Epidemiologic Settings and 
Known Risk Factors 

 
 

Pathogen 

Common 
Epidemiologic 
Transmission 

 
 

Known Risk Factors 

 
 

Comments 

 
 

References 
Rotavirus Person-to-

person 
Primarily seen in 
children  
Contact with someone 
who has gastroenteritis 
and poor food-handling 
hygiene in the household 
are risk factors 
Tends to occur more in 
winter months 

Causes 600,000–
875,000 deaths per 
year, mostly among 
young children in 
developing countries  
A vaccine is now 
available. 

Waters V et al; 
Clark B & 
McKendrick 
M; de Wit MA 
et al; CDC 

Norovirus Person-to-
person 
Waterborne 
transmission 

Most common cause of 
outbreaks of nonbacterial 
gastroenteritis  
Common cause of 
outbreaks on cruise ships 
Contact with someone 
who has gastroenteritis 
and poor food-handling 
hygiene in the household 
are risk factors.  
Having a child in 
daycare or primary 
school is a risk factor. 
Also associated with 
contaminated seafood 
and may be more likely 
in winter months 

Norovirus is a 
problem when it 
infects a hospital 
ward or nursing 
home. 

Clark B & 
McKendrick 
M; Cramer EH  
et al; Wilson 
ME; de Wit 
MA et al; 
Cheng AC et 
al 

Astroviruses Person-to-
person 

More commonly seen in 
young children 

 Wilson ME; 
CDC 

Sapoviruses Person-to-
person 

Contact with someone 
who has gastroenteritis is 
a risk factor. 

 de Wit MA et 
al; CDC 

Adenoviruses Person-to-
person 

More commonly seen in 
young children 

Most commonly 
causes respiratory 
illnesses 

CDC 
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A number of enteric parasites also cause diarrhea and other serious illnesses in humans. 

Most of them are seen infrequently in the United States. These organisms are found 

primarily in international travelers, during rare outbreaks from contaminated water 

systems, and in immunocompromised hosts. In fact, there is some controversy over the 

utility of the routine examination of stool samples for ova and parasites in low-risk 

populations (e.g., most individuals in the United States).12,36,78  

 

Table 3: Frank and Probable Parasite Pathogens―Common Epidemiologic Settings and 
Known Risk Factors 

 
 

Pathogen 

Common 
Epidemiologic 
Transmission 

 
 

Known Risk Factors 

 
 

Comments 

 
 

References 
Cryptosporidium 
parvum 

Waterborne 
transmission 

Has been associated with 
large outbreaks caused 
by contaminated water 
systems 
Disease is usually worse 
in immunocompromised 
hosts. 

Relatively resistant 
to chlorine 
Can cause persistent 
diarrhea 

Cheng AC et 
al 

Cyclospora 
cayetanensis 

Waterborne and 
foodborne 
transmission 

   

Isospora belli Waterborne 
transmission 

   

Giardia lamblia Waterborne 
transmission 

Hiker drinking untreated 
water 

Can cause persistent 
diarrhea 

Cheng AC et 
al 

Entamoeba 
histolytica 

Waterborne 
transmission 

Travel-associated 
infection  

Can cause death  

Blastocystis 
hominis 

Waterborne 
transmission 

   

 

In addition to the enteric pathogens noted above, various clones of the bacteria E. coli 

have been found to cause important human disease.70 While E. coli is the predominant 

facultative anaerobe in the human colon, a number of strains have been identified as 

having significant public health importance, including shiga-toxin–producing E. coli 

(including E. coli O157), enterotoxigenic E. coli, enteropathogenic E. coli, enteroinvasive 
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E. coli, enteroaggregative E. coli, and diffusely adherent E. coli. Research into these 

organisms and their impact on humans is currently underway. Of note, we have published 

a paper based upon this research showing that enteroaggregative E. coli is found more 

frequently in individuals with complaints of diarrhea than in individuals without 

complaints of diarrhea, as documented in Appendix 1.71  

 

Table 4: Frank and Probable Escherichia coli Pathogens―Common Epidemiologic 
Settings and Known Risk Factors 

 
 

Pathogen 

Common 
Epidemiologic 
Transmission 

 
 

Known Risk Factors 

 
 

Comments 

 
 

References 
Enteropathogen
ic 

Foodborne 
transmission 

Primarily found in 
children <2 years old 

Major cause of 
infant diarrhea in 
developing countries 

Nataro JP & 
Kaper JB 

Enterotoxigenic Foodborne 
transmission 
Associated with 
international 
travel 

Found in infants in 
developing countries 

Predominant agent 
causing traveler’s 
diarrhea 

Nataro JP & 
Kaper JB 

Enteroinvasive Foodborne 
transmission 

Found in developing 
countries 

 Nataro JP & 
Kaper JB 

Shiga-toxin–
producing 
(including E. 
coli O157) 

Foodborne 
transmission 
but also 
waterborne and 
person-to-
person 

Associated with poorly 
cooked ground beef 
Has been associated with 
many different foods 
Seen more in the 
northern US states and 
western Canada 

Hemolytic-uremic 
syndrome is a severe 
consequence that 
can be seen in 
children.  
Outbreaks occur, but 
most cases are 
sporadic.  
Farm animals are a 
known reservoir. 
Low inoculums are 
required for 
infection. 

Nataro JP & 
Kaper JB ; 
Cheng AC et 
al 

Enteroaggregati
ve 

Foodborne 
transmission 

Found in developed and 
developing countries 

 Nataro JP & 
Kaper JB; 
Nataro JP et al 

Diffusely 
adherent 

Foodborne 
transmission 

  Nataro JP & 
Kaper JB 
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Risk Factors for Clostridium difficile 

C. difficile infection (CDI) causes diarrhea as a result of colitis. It is often accompanied 

by leukocytosis, fever, and abdominal pain and may progress to severe and life-

threatening complications such as toxic megacolon and sepsis. C. difficile can be found as 

a normal part of human enteric flora.77 CDI is nearly always a consequence of disruption 

of the normal bowel flora, caused by the administration of antibiotics, which allows 

overgrowth of C. difficile.6,7 Other risk factors for CDI that differ from those for non-CDI 

diarrhea include prior bowel or ulcer surgery, a previous medical or surgical condition, 

recent hospitalization, and antibiotic use. The occurrence of CDI in the community has 

been recognized for more than a dozen years and is acknowledged as a growing 

problem.10,51,52CDI, whether community acquired or of hospital origin, in people who 

have not recently used antibiotics had not been well described until recently.16 Several 

recent reports highlighted the potential importance of C. difficile as a community 

pathogen and the possible emergence of disease without known exposure to antibiotics or 

other previously identified risk factors.17,57,60 Most of these studies relied on tests ordered 

by physicians as part of clinical care and therefore were not based on a standardized case 

definition. These studies primarily used enzyme immunoassays (EIAs) toxin testing for 

identification of C. difficile without confirmatory culture and did not report assessment 

for other potential pathogens. EIAs for detection of C. difficile toxin A and B 

(Clostridium difficile TOX A/B II ELISA Test; TechLab) have a relatively high 

sensitivity (92.2%) and high specificity (100%) but these tests do not provide additional 

information about the toxin type.90  
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Background Summation 

Diarrheal diseases remain a major cause of morbidity and mortality in developing and 

developed countries. Many bacterial, viral, and parasitic organisms can cause infectious 

diarrhea. For most organisms, the primary mechanism of transmission is oral ingestion of 

contaminated food or water; some organisms are passed through person-to-person 

contact. Improved enteric pathogen detection and better understanding of risk factors will 

help optimize preventive measures and potential treatment. These risk factors include 

important sociodemographic characteristics such as household income, education level, 

and recent foreign travel. Additionally, the changing epidemiology of CDI needs to be 

better understood, as recent reports have highlighted the potential importance of C. 

difficile as a community pathogen. 
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CHAPTER 3:  EXPERIMENTAL DESIGN AND METHODS 

3.A:  Epidemiologic Procedures 

Study Design 

The overall study design was a case-control study designed to explore the etiology of 

diarrheal illnesses. Cases were individuals presenting to selected clinics and EDs with 

complaints of diarrhea. Controls were individuals from the general population or 

individuals presenting to the same selected clinical sites without complaints of diarrhea. 

The study was conducted in two phases based on federal grant cycles. The first cycle was 

conducted between May 2002 and September 2004 in the EDs and the ambulatory 

medical and pediatric clinics affiliated with the University of Maryland Medical System 

(Baltimore, Maryland) and Yale New Haven Hospital (New Haven, Connecticut). The 

second cycle was conducted at the same EDs and clinics at the University of Maryland as 

well as at clinics in Minneapolis-St. Paul, Minnesota, and through the MDH Foodborne 

Illness Hotline between February 2005 and August 2007 (Table 5). The final results of 

this doctoral dissertation are based on data from individuals with diarrhea (cases) from 

Baltimore and New Haven. This decision was made based upon different recruitment 

strategies employed by the researchers in Minnesota compared to the strategies used in 

Baltimore and New Haven. 

Table 5: Comparison of First and Second Grant Cycles 
  

Maryland 
Grant 
Author 

Primary 
Maryland 
Principal 

Investigator 

 
 

Dates of Subject 
Recruitment 

 
 
 

Partner Site 

 
Study 
Design 

First Grant 
Cycle 

David 
Acheson 

Jon Mark 
Hirshon 

May 2002 – 
September 2004 

Yale (New 
Haven, CT) 

Case-
Control 

Second Grant 
Cycle 

Jon Mark 
Hirshon 

Jon Mark 
Hirshon 

February 2005 – 
September 2007 

Minnesota 
Department of 
Health 

Matched 
Case-
Control 
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Setting 

I was the principal investigator of the study that was conducted in the EDs and the 

general medical and pediatric clinics in the Baltimore metropolitan area in conjunction 

with similar studies conducted in New Haven, Connecticut, and through the MDH. The 

subjects were primarily urban and suburban residents. The research was approved by the 

institutional review boards at all participating institutions, including the Centers for 

Disease Control and Prevention in Atlanta, Georgia. 

 

Study Participants and Informed Consent 

Cases were symptomatic individuals presenting to a clinical site with the self-identified 

primary or secondary complaint of diarrhea. Controls were individuals from the general 

population or individuals presenting to the same clinical sites as cases without complaints 

of diarrhea. Informed consent was obtained from all participants. Individuals of all ages 

were eligible for participation in the study. Consent from minors was obtained from the 

parent or guardian who accompanied the individual to the clinic or ED. Individuals were 

eligible for study enrollment after providing informed consent. However, subjects were 

not considered fully enrolled until they had provided a stool sample. Those unable to 

provide a stool sample at the time they signed informed consent were sent home with a 

stool collection kit and given up to 48 hours to provide a sample. Most individuals were 

reimbursed for their time and effort for participating in this study. Payment was not 

originally part of the Baltimore protocol, but it was added during the initial pilot phase of 

enrollment in an effort to compensate the participants for their time and effort.   
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Data Collection and Management 

Participants were interviewed by study staff using a standardized and validated 

questionnaire designed to assess health status, disease symptoms and presentation, and 

potential exposures to enteric pathogens. Patients enrolled in Maryland and Connecticut 

additionally agreed to allow the research team to review the medical records pertaining to 

the visit and to participate in a follow-up interview 2 weeks after their visit. The follow-

up interview was designed to determine, among other things, if the diarrhea had resolved, 

if treatment or hospitalization resulted from the visit, and if anyone else in the family had 

experienced diarrhea subsequent to the visit. For further details concerning the 

questionnaires, please see Appendix 2. 

 

Stool samples collected in the EDs or clinics were processed within 4 hours after 

collection. Samples from individuals collected at home were kept cool by study 

participants until the study staff could collect them. When the amount of the stool sample 

was limited, priority was given to bacterial testing and then to viral testing and parasite 

testing. This occurred in approximately 10% of the cases for virus and 20% of cases for 

parasites and rarely occurred for controls. Samples were homogenized immediately upon 

arrival in the laboratory and transferred into multiple media and storage vials for 

processing and storage. Samples were stored at –80C. 

 

Data from the questionnaires completed during the first cycle were entered manually into 

a Microsoft Access database. During the second cycle, the data in Maryland were 
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scanned into a Microsoft Access database through the facilities of the General Clinical 

Research Center (GCRC) Bioinformatics Core. After the stool specimens were analyzed 

with standard and advanced microbiological techniques, the results were entered into the 

same Microsoft Access database. After all data collection was completed for the first 

study cycle, the University of Maryland and Yale databases were merged to produce a 

combined data set for analysis. The second cycle database containing data from 

University of Maryland was then merged with the first cycle database containing data 

from University of Maryland and Yale.  
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3.B:  Laboratory Procedures 

Laboratory Specimen Analysis 

Detection of Bacterial Enteric Pathogens (standard pathogen detection): Fresh stool 

specimens underwent primary processing immediately following collection upon receipt 

in the research laboratory. An aliquot of stool was emulsified in Liquid Cary-Blair 

transport medium, transported to the microbiology laboratory, and inoculated on primary 

media as rapidly as possible. Primary plating media, enrichment broth, and secondary 

media are listed for each organism in Table 6. Unless specifically noted, all plates, 

including secondary media, were incubated at 35C for 24 to 48 hours. Enrichment broths 

were subcultured onto secondary media after overnight incubation at 35C. Bacteria were 

identified by standard microbiologic procedures.  

 
Table 6: Culture Methods for Selected Enteric Bacterial Pathogens 

Organism Primary Media Enrichment Secondary Media 
Salmonella MacConkey, XLD1 Selenite broth Hektoen 
Shigella MacConkey, XLD1 Selenite broth2 Hektoen 
E. coli O157:H7 SMAC3 None None 
Aeromonas  BAP,4 CIN5 None None 
Campylobacter CSM6 None None 
Plesiomonas BAP,4MacConkey None None 
Yersinia CIN5 None None 
Vibrio BAP,4 TCBS9 None None 
1XLD = xylose-lysine-deoxycholate agar 
2Selenite broth with cysteine 
3SMAC = sorbitol MacConkey agar 
4BAP = T-soy agar with 5% sheep blood.  For recovery of Aeromonas, Plesiomonas, and Vibrio, individual 
colonies are screened with oxidase. 
5CIN = cefsulodin-irgasan-novobiocin agar (4 g/ml cefsulodin) incubated at 25C for 48 hr 
6CSM agar = charcoal selective medium incubated at 42C for up to 72 hr under microaerophilic conditions 
7TCBS = thiosulfate-citrate-bile salts-sucrose agar 
 

Detection of Enteric Parasites (standard pathogen detection): Stool specimens were 

evaluated for parasitic pathogens. Permanent trichrome stained slides were prepared from 

polyvinyl alcohol fixed aliquots. Aliquots in 10% formalin are concentrated using 
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formalin-ethyl acetate sedimentation. Wet mounts of stool concentrates, with and without 

iodine, were examined directly and permanent smears were stained using modified acid-

fast stain for detection of Cryptosporidium, Cyclospora, and Isospora. Specimens were 

examined for microsporidia with the modified trichrome (Chromatrope) stain. 

 

Detection of Bacterial Enteric Pathogens (advanced pathogen characterization): A 

sample of colonies from stool specimens that produced isolates on standard MacConkey 

plates were further tested by PCR for E. coli virulence factors (LT/ST/eae/Eagg/IPAH). 

The Meridian EHEC test was used to test for Shiga toxin. Nucleic acids were extracted 

and purified from a portion of the stool specimens to permit polymerase chain reaction 

(PCR) detection of bacterial virulence factors. Another portion of the stool specimens 

was used to conduct EIAs for detection of C. difficile toxin A and B, and C. perfringens 

enterotoxin was detected using products available from TechLab.  

 

Detection of Viral Enteric Pathogens (advanced pathogen detection): Nucleic acids were 

extracted and purified from a portion of the stool specimens to permit PCR and real-time 

PCR detection of viral genomes. Reverse transcriptase PCR was used to detect astrovirus, 

norovirus, rotavirus, and sapovirus. Adenovirus was detected by PCR. 

 

For further laboratory procedure details, please refer to Appendix 3, which indicates 

microbiologic testing procedures from the first study cycle. Testing procedures were 

essentially the same during the second study cycle.
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3.C:  Study Limitations 

While the epidemiologic and laboratory methodology of this research has been honed 

over several years of work, the initial case-control methodology during the first funding 

cycle was problematic from an epidemiologic perspective. The emphasis of the study was 

to investigate which organisms were found in greater abundance in individuals with 

complaints of diarrhea versus individuals without complaints of diarrhea. During the first 

funding cycle, cases were symptomatic individuals presenting to a clinical site with the 

self-identified complaint of diarrhea, and the controls were asymptomatic individuals 

from the general population without complaints of diarrhea. Questions have been raised 

as to whether the cases and controls are from the same base population, which would 

have limited a case-control risk-factor study.  

 

In the second funding cycle, the case definition remained the same, but the controls were 

redefined as individuals presenting to a clinical site without complaints of diarrhea, thus 

excluding general population controls. Controls were matched with cases based on age 

group and location of the clinical site.  

 

Other limitations concerning this study include sample size and generalizability. The 

current sample size allows comparison of risk factors between cases and controls but may 

not allow detailed comparisons for all specific pathogens. However, some organisms, 

such as rotavirus (41 cases and 7 controls in the preliminary Baltimore data) and 

norovirus (26 cases and 1 control in the preliminary Baltimore data) may allow 

comparison of risk factors for these specific pathogens. The issue of generalizability was 
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addressed partially by recruiting subjects from two disparate sites, i.e., Maryland and 

Connecticut. In addition, we recruited ED patients and general clinic patients to broaden 

the base population.   

 

Finally, some of the microbiological techniques are operator dependent and/or technically 

difficult. All efforts have been made to ensure consistency through adequate laboratory 

technician training, appropriate laboratory oversight, and retesting of specimens if the 

results were equivocal or inconsistent. When testing procedures were not yielding 

consistent results or if significant questions arose, conference calls were arranged to 

identify and correct problems. Some of these calls included representatives of test kit 

manufacturing companies. 
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3.D:  Student’s Role on the Project 

In 2001, Dr. David Acheson, then an associate professor in the Department of 

Epidemiology and Preventive Medicine, successfully competed for a CDC cooperative 

agreement through the Association of American Medical Colleges (AAMC) to study 

causes of diarrhea in individuals presenting to clinics and EDs affiliated with the 

University of Maryland School of Medicine. The project’s title was “Unexplained 

Diarrhea Sentinel Surveillance.” My initial responsibilities on the project related to its 

clinical components, such as patient recruitment. However, shortly after Dr. Acheson’s 

departure from the University of Maryland (approximately 6 months after the grant was 

awarded), I assumed the role of principal investigator. Under my leadership, we 

completed the development of the clinical recruitment procedures and of the laboratory 

testing procedures and protocols and obtained institutional review board approval. I 

played a key role in the development of the questionnaire, started the pilot activities in 

May 2002, and proceeded to full project implementation shortly thereafter. All patient 

enrollment and data collection occurred under my leadership. Data collection for this 

project was completed in 2004. The Baltimore metropolitan data from the first and 

second cycles, in conjunction with the data from New Haven, serve as the basis for 

exploring the second specific aim. 

 

After the initial 2½ years of project leadership, I applied for a CDC grant titled “Food 

Safety: Discovering Novel Causes of Foodborne Illness.” That project was funded in the 

fall of 2004, and I served as its principal investigator. Our companion site, Yale, was not 

successful in its application for funding. Therefore, the Minnesota Department of Health 
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became the second project site. This new grant continued our initial diarrheal surveillance 

work and added microbiological testing modalities. The case control methodology 

improved significantly by ensuring that cases and controls were recruited from the same 

base population. All study activities under the second grant occurred under my 

leadership. The data from both cycles and all sites serve as the basis for exploring the 

first specific aim. 
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3.E.  HUMAN SUBJECTS 

This was a minimal-risk study that required questionnaire completion and stool sample 

collection. The research was approved by the institutional review boards at all 

participating institutions: Yale, the University of Maryland School of Medicine, the 

Minnesota Department of Health, and the Centers for Disease Control and Prevention. 

Informed consent was obtained from all participants. Individuals of all ages were eligible 

for participation in the study. Consent from minors was obtained from the parent or 

guardian who accompanied the individual to the clinic or ED. Individuals were enrolled 

in the study after providing informed consent. 
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CHAPTER 4:  RISK FACTORS ASSOCIATED WITH 

HOSPITALIZATION IN INDIVIDUALS WITH DIARRHEA 

Specific Aim I: Determine whether individuals with multiple enteric pathogens are 

likely to be sicker than individuals with only a single enteric pathogen. 

Hypothesis I: Among individuals with complaints of diarrhea presenting to selected 

emergency departments and outpatient clinics in Baltimore, Maryland, and, New Haven, 

Connecticut, the identification of multiple enteric pathogens in stool specimens increases 

the likelihood of hospitalization. 

Aim I Rationale: Risk factors associated with hospitalization for diarrhea are not well 

characterized. No algorithm or clinical prediction rule currently exists to help clinicians 

decide which patients might benefit from hospitalization. Results of this study better 

define the risk factors associated with hospitalization, in particular, whether infection by 

multiple enteric pathogens increases disease severity or the need for hospitalization.  
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ABSTRACT 

Background: The health impact of simultaneous infection by multiple enteric pathogens 

is not well known.  Risk factors for admission among patients with diarrhea are similarly 

not well characterized.  In this study, we analyzed risk factors for hospitalization among 

outpatients with complaints of diarrhea with a focus on patients with multiple enteric 

pathogens. 

Methods: Data from questionnaires, chart reviews and stool samples were collected from 

outpatients with complaints of diarrhea who presented to selected emergency departments 

and clinics in two geographically distinct sites. Enteric pathogens were detected by a 

range of standard and experimental methods on fresh stool specimens.   

Results: Of 1197 outpatients with diarrhea, 405 (35.0%) had definitive enteric pathogens, 

while 527 (45.8%) had definitive or possible pathogens, 62 (5.4%) had multiple 

definitive pathogens and 142 (12.3%) had multiple definitive or possible pathogens. At 

presentation, 233 (19.5%) were admitted to the hospital, 919 (76.8%) were not, 45 (3.8%) 

with hospitalization unknown.  Initial bivariate analysis did not show a significant 

relationship between enteric pathogens and hospitalization. After adjusting for age, risk 

factors for hospitalization were age >65 (OR=7.2, 95% CI=4.16-12.46), history of prior 

gastrointestinal (OR=3.65, 95% CI=2.12-6.29) or immunocompromising conditions 

(OR=2.67, 95% CI=1.69-4.21), hospitalization in the past month (OR=3.24, 95% 

CI=2.07-5.07), or enrollment in an emergency department (OR=2.53, 95% CI=1.72-

3.73), but not multiple enteric pathogens (OR=0.86, 95% CI=0.61-1.21) 

Conclusions: A significant portion of patients with diarrhea were hospitalized.  

Identification of enteric pathogens or multiple pathogens was not associated with 
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increased likelihood for hospitalization after adjustment for age and past medical 

conditions.  
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INTRODUCTION 

There are an estimated 9.4 million foodborne related illnesses from known pathogens and 

38.4 million foodborne related illnesses from unknown causes each year in the United 

States.82,83 However, risk factors associated with hospitalization for diarrhea are not well 

characterized. Intermediate variables related to illness severity, such as dehydration and 

inability to tolerate fluids by mouth, are factors considered by clinicians, particularly for 

young children.22 Health care providers, as a general rule, do not know the infectious 

causes of diarrhea at the time of patient presentation, so the existence of enteric 

pathogens does not impact the admission decision. While current clinical management 

guidelines discuss oral rehydration and stool pathogen testing,41 no algorithm or clinical 

prediction rule currently exists to help clinicians decide which patients would potentially 

benefit from hospitalization. Considering the healthcare and societal costs from these 

illnesses, there is a critical need to improve our understanding of the causes of diarrheal 

illnesses and the healthcare burden related to enteric pathogens.  

 

Diarrheal illnesses can be caused by a multitude of known bacteria, viruses and parasites, 

and new enteric pathogens continue to be identified. Infection frequently occurs through 

oral-fecal transmission from contaminated food or water.46 Each organism causes specific 

illness signs and symptoms, although there is frequent overlap between organisms.46 

Known enteric pathogens are capable of being the sole cause of gastroenteritis, though 

suspected pathogens may also cause symptoms, and infections can and do occur with 

multiple enteric pathogens.21,46 Polymicrobial infection is generally an indication of 

exposure to grossly contaminated food/water, or animal exposure, and recent research 
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indicates that these mixed infections may occur in nonrandom association.38,62,69,76 

However, there is no information as to whether infection by multiple enteric pathogens 

increases disease severity or the need for healthcare resources such as hospitalization. 

 

In an attempt to elucidate the etiologies of outpatient diarrheal disease, we performed 

prospective studies of individuals with diarrhea presenting to selected emergency 

departments (EDs) and ambulatory care clinics in Baltimore, Maryland, and New Haven, 

Connecticut. This study was designed to identify the microbiologic causes and 

epidemiologic characteristics of outpatient diarrhea. This research tested the hypothesis 

that having multiple enteric pathogens identified in stool specimens increases the 

likelihood for hospitalization among outpatient individuals with complaints of diarrhea. 
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MATERIAL AND METHODS  

Study Design 

This study explored the microbiological etiology of diarrheal illnesses among outpatients 

seeking medical attention for any reason. It was conducted among individuals presenting 

to specific EDs and primary care clinics with complaints of diarrhea. For analysis 

purposes, the outcome was defined as hospitalization, while exposure variables were age, 

abnormal vital signs, greater severity of illness based upon clinical signs and symptoms, 

recent hospitalization, recent antibiotic use, age, location of recruitment (ED vs. clinic), 

and baseline gastrointestinal and immunocompromising illnesses.  

 

Population  

The study population consisted of outpatients with complaints of diarrhea who presented 

to selected EDs and outpatient clinics in Baltimore, Maryland, and New Haven, 

Connecticut. As previously described, the first study cycle was conducted between May 

2002 and September 2004 in the EDs and the ambulatory medical and clinics affiliated 

with the University of Maryland Hospital (Baltimore, MD) and Yale New Haven 

Hospital (New Haven, CT).71 The second study cycle was conducted at University of 

Maryland between February 2005 and August 2007.  

 

Study Participants and Informed Consent 

Subjects recruited in Maryland and Connecticut were primarily urban and suburban 

residents with a self-identified complaint of diarrhea. Informed consent was obtained 

from all participants. Individuals of all ages were eligible for participation in the study. 
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Consent from minors was obtained from the parent or guardian. This research was 

approved by the Institutional Review Boards at all participating institutions. 

 

Data Collection and Study Methodology  

Participants in Maryland and Connecticut were interviewed by study staff at the time of 

consent using a standardized questionnaire designed to assess health status, disease 

symptoms, and potential exposures to enteric pathogens. Individuals with diarrhea 

additionally agreed to allow the research team to review the medical records pertaining to 

the visit and to participate in a follow-up interview approximately two weeks after their 

initial visit. The follow-up interview was designed to determine how quickly the diarrhea 

had resolved, if and what type of treatment was administered, if hospitalization resulted 

from the diarrheal illness, or if anyone else in the household had experienced diarrhea 

subsequent to the visit.  

 

Stool samples collected in the EDs or clinics during the initial visit were processed within 

four hours of collection. Individuals unable to provide a stool sample were sent home 

with a stool collection kit to provide a fresh stool sample within 48h. Samples from 

individuals collected at home were kept cool until study staff could collect them. Upon 

arrival in the laboratory, all samples were homogenized immediately and transferred into 

multiple media and storage vials for processing; any remaining stool was stored at –80C. 

In some instances, the amount of stool obtained was inadequate for all testing, so testing 

for bacterial pathogens was given highest priority. 
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Laboratory Methods 

Fresh stool specimens collected from subjects underwent primary processing 

immediately upon receipt in the research laboratory. An aliquot of stool was emulsified in 

Liquid Cary-Blair transport medium, transported to the microbiology laboratory, and 

inoculated on primary media as rapidly as possible. Stool was preferentially cultured for 

bacterial pathogens, and, if adequate stool remained, was then evaluated for parasites 

with trichrome stained slides and for viruses and toxins using molecular techniques as 

previously described.71 Briefly, total nucleic acids were extracted for PCR-based and 

reverse-transcriptase PCR-based detection of viral genomes (i.e., astrovirus, norovirus, 

rotavirus, sapovirus and adenovirus). A portion of the stool specimen was used in EIAs 

for detection of C. difficile toxin A and B (Clostridium difficile TOX A/B II ELISA Test; 

TechLab) and C. perfringens enterotoxin (Clostridium perfringens Enterotoxin ELISA 

Test; TechLab).   

 

Pathogen definition 

Definitive pathogens were defined as: norovirus, sapovirus, rotavirus, astrovirus, 

Campylobacter jejuni, Campylobacter coli, Campylobacter lari, Campylobacter 

upsaliensis, Salmonella enterica, Shigella spp, E. coli O157:H7 and other STEC, ETEC, 

EIEC, Vibrio spp., Listeria monocytogenes, Yersinia, C. difficile (toxin A/B EIA), 

Bacillus cereus with toxin identified, C. perfringens enterotoxin, Staphylococcus aureus 

with toxin, Entamoeba histolytica, Cryptosporidium, and Giardia. 
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Possible pathogens were defined as: adenovirus, B. cereus culture without toxin, Hafnia, 

Aeromonas, Plesiomonas shigelloides, Blastocystis hominis, Dientamoeba fragilis, 

enteroaggregative E.coli (EAEC), Campylobacter concisus, Sutterella wadworthensis, 

EPEC (eaeA, bfp, non-serotyped), diffusely adherent E.coli (DAEC) 

 

Individuals with 2 or more definitive pathogens were defined as having multiple 

definitive pathogens. Individuals with one definitive pathogen and one possible pathogen, 

or with multiple possible pathogens, were defined as having multiple any pathogens. 

 

Data Management and Analysis 

The primary dependent variable was hospitalization, which was defined as hospitalization 

at initial interview based upon the admission decision of clinical staff. The primary 

independent variable of interest was the presence of definitive or possible enteric 

pathogens, particularly the identification of multiple enteric pathogens in the subject’s 

stool. 

 

Statistical analysis of the epidemiologic and laboratory results used SAS version 9.2 

(SAS Institute, Cary NC). All P values reported are 2-sided, with no correction for 

multiple comparisons; P < 0.05 was considered to be statistically significant. Uncorrected 

Chi-square tests and Fisher’s Exact test were used for associations of dichotomous 

variables. Logistic regression models were developed with SAS proc logistic using 

backward selection, maintaining the primary exposure variable (pathogen) in the model 

while other variables remained if the P value was significant. Multiple pathogens were 
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analyzed in the logistic regression model as categorical variables with no pathogen as 

reference group. Age groups were analyzed in the logistic regression model as categorical 

variables with the youngest age group (< 18 years) as the reference group. Odds ratios 

were the statistic of interest for the logistic regression  

 

Conceptual Model and Variable Definitions 

The following conceptual model is intended to help illustrate the hypothesized important 

risk factors involved in the admission of a patient for diarrhea/gastroenteritis (Figure 1). 

It also visually indicates the variables used in the analysis. Solid lines indicate a 

relationship between variables, while broken lines indicate a possible conditional 

association between two unlinked variables.  

 

Factors included in the model were considered to have biological plausibility for 

impacting the likelihood for hospitalization. The factors included were age categories, 

primarily based upon known enteric pathogen infection patterns ( < 18, 18 – 65, >65), 

location of recruitment (ED, clinic), specific comorbid conditions (diabetes, Crohn’s, 

ulcerative colitis, irritable bowel syndrome), immunocompromising conditions (active 

cancer treatment, HIV/AIDS, organ transplant), hospitalization in past month, antibiotic 

use within the past month, and insurance status (HMO/PPO, BC/BS or other private, 

Medicare/Medicaid, other, none/didn’t know/refused). Pathogens were categorized as 

definitive versus possible pathogens based upon expert opinion, as delineated above.  
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Increased frequency of symptoms, greater disease severity and abnormal vital signs were 

initially felt to be intermediate variables in the causal chain from infection with enteric 

pathogens to hospital admission, but were reconsidered as potential confounders after 

initial data analysis. Increased frequency of symptoms was defined as the greatest 

number of stools per day and having a complaint of abdominal pain. Greater disease 

severity were based upon clinical signs, as determined by the treating clinician, and 

included dry mucous membranes, sunken eyes and abdominal tenderness on exam. An 

elevated temperature was defined as >100.4°F. Abnormal pulse, respiratory rate and 

systolic blood pressure were defined based upon age.9 
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Figure 1:  Conceptual Model of Factors Affecting Hospitalization for Diarrhea 
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RESULTS:  
Recruitment and Demographic Results 

In total, we enrolled 1197 individuals with complaints of diarrhea and who gave stool 

samples. Of the1197 subjects from Connecticut and Maryland, 233 (19.5%) were 

admitted at initial enrollment while 919 (76.8%) were not (Table 7).  

Table 7: Admission of Subjects for Diarrhea upon Initial Visit― 
Selected Clinical Sites in Connecticut and Maryland, 2002–2007 

TOTAL ENROLLMENT 
(Number) 

All Sites 
Number (%) 

Maryland 
Number (%) 

Connecticut 
Number (%) 

1197 652 545 
Subjects Admitted 

At Time of 
Enrollment* 

Admitted 233 (19.5) 177 (27.2) 56 (10.3) 
Not 

Admitted 
919 (76.8) 468 (71.8) 451 (82.8) 

Unknown 45 (3.8) 7 (1.1) 38 (7.0) 

 

Demographically, the subjects recruited at the two centers were different, based upon 

geographic location and clinical site of recruitment (Table 8). Connecticut primarily 

recruited from their pediatric clinic and the EDs, so their subjects tended to be younger 

and with a larger proportion of Hispanic patients. In Maryland, the primary recruitment 

sites were urban and suburban EDs with some recruitment at affiliated primary care 

clinics, resulting in subjects from Maryland tending to be more African-American. 
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Table 8: Outpatient Diarrhea Subject Demographic Characteristics― 
Selected Clinical Sites in Connecticut and Maryland, 2002–2007 

 All Subjects 
Number (%) 

Connecticut 
Number (%) 

Maryland 
Number (%) 

Number 1197 545 652 
Sex 

Male 
Female 

 
631 (52.7) 
566 (47.3) 

 
272 (49.9) 
273 (50.1) 

 
359 (55.1) 
293 (44.9) 

Race 
White 
Black 

Other/Refused 

 
457 (38.2) 
566 (47.3) 
174 (14.5) 

 
205 (37.6) 
186 (34.1) 
154 (28.3) 

 
252 (38.7) 
380 (58.3) 
20 (3.1) 

Ethnicity 
Non-Hispanic  

Hispanic 
      DK/Refused 

 
990 (82.7) 
203 (17.0) 
4 (0.3) 

 
345 (63.3) 
196 (36.0) 
4 (0.7) 

 
645 (98.9) 
7 (1.1) 
0 (0) 

Age Categorical 
< 18 yrs 

18-65 yrs 
65+ 

 
493 (41.2) 
589 (49.2) 
115 (9.6) 

 
309 (56.7) 
204 (37.4) 
32 (5.9) 

 
184 (28.2) 
385 (59.1) 
83 (12.7) 

 

Laboratory and Clinical Results 

Among the 1152 enrolled subjects with known hospitalization status, 403 (35.0%) were 

found to have a definitive pathogen, while 527 (45.8%) were found to have a definitive or 

possible pathogen, 62 (5.4%) had multiple definitive pathogens and 142 (12.3%) had 

multiple definitive or possible pathogens (Table 9). Specific pathogen results are 

delineated in a separate paper. Initial bivariate analysis indicated that subjects enrolled in 

EDs were more likely to be admitted at time of enrollment (187 admitted out of 675 

enrolled, 27.7%) than subjects recruited in clinics (46 admitted out of 477 enrolled, 9.6%) 

(p <0.001). However, no effect modification was observed for site of recruitment 

(Breslow-Day test for Homogeneity p = 0.14).  

 

Other variables associated with increased likelihood for admission on bivariate analysis 

were age (18-64 years or the 65+ age categories), having co-morbid gastrointestinal 
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conditions or being immunocompromised. Variables not associated with increased 

likelihood of hospitalization included sex and having health insurance. Finding a single 

definitive or possible pathogen appeared to decrease the likelihood for hospitalization 

(OR: 0.62; 95% CI: 0.46, 0.83; P=0.02), while finding multiple definitive or possible 

pathogens was marginally associated with decreased likelihood for admission (OR: 0.66; 

95% CI: 0.41, 1.06; P=0.08).   

 

Table 9: Factors Associated with Hospitalization Among All Subjects at Initial 
Interview―Selected Clinical Sites in Connecticut and Maryland, 2002–2007 

All Patients 
 

Hospital Admission 

Variable 
Category 

Specific Variable Yes N (%) 
233 

No  
N (%) 919 

P-
Value* 

Pathogen Definitive Pathogen  Yes 403 (35.0) 71 (17.6) 332 (82.4) 0.106 
(NS) No 749 (65.0) 162 (21.6) 587 (78.4) 

Any Pathogen  Yes 527 (45.8) 85 (16.1) 442 (83.9) 0.002 
No 625 (54.3) 148 (23.7) 477 (76.3) 

Multiple 
Definitive 
Pathogens 

>1 Pathogen 62 (5.4) 15 (24.2) 47 (75.8) 0.102 
1 Pathogen 341 (29.6) 56 (16.4) 285 (83.6) 
No Pathogens 749 (65.0) 162 (21.6) 587 (78.4) 

Multiple Any 
Pathogens 

>1 Pathogen 142 (12.3) 24 (16.9) 118 (83.1) 0.006 
1 Pathogen 385 (33.4) 61 (15.8) 324 (84.2) 
No Pathogens 625 (54.3) 148 (23.7) 477 (76.3) 

Location of 
Recruitment  

Emergency Departments  675 (58.6%) 187 (27.7) 488 (72.3) <.001 
Clinics 477 (41.4%) 46 (9.6) 431 (90.4) 

Patient 
Characteristics 

Age Groups 
(years) 

<18 yrs 477 (41.4) 34 (7.1) 
142 (25.2) 
57 (51.4) 

443 (92.9) 
422 (74.8) 
54 (48.7) 

<.001 
18-65 yrs 564 (49.0) 
65+ 111 (9.6) 

Sex  Male 608 (52.8) 114 (18.8) 494 (81.3) 0.187 
(NS) Female 544 (47.2) 119 (21.9) 425 (78.1) 

Specific past medical 
conditions** 

Yes 215 (18.7) 94 (43.7) 121 (56.3) <.001 
No 937 (81.3) 139 (14.8) 798 (85.2) 

Hospitalization in Past 
Month 

Yes 115 (10.0) 55 (47.8) 60 (52.2) <.001 
No 1037 (90.0) 178 (17.2) 859 (82.8) 

Antibiotic Use in Past 
Month 

Yes 275 (23.9) 90 (32.7) 185 (67.3) <.001 
No 877 (76.1) 143 (16.3) 734 (83.7) 

Insurance 
Status 

Yes 1070 (92.9) 216 (20.2) 854 (79.8) 0.906 
(NS) No, refused or 

unknown 
82 (7.1) 17 (20.7) 65 (79.3) 

*P-Value based upon uncorrected Chi-square Test 
**Specific Diseases: Diabetes, Crohn’s Disease, Ulcerative Colitis, Irritable Bowel Syndrome, Cancer 
under active treatment, HIV/AIDS, Organ transplant 
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Bivariate analysis of increased frequency of symptoms, greater disease severity and 

abnormal vital signs were explored relating these variables both to the outcome variable 

(hospitalization) and the primary exposure variable (definitive or any enteric pathogen as 

a dichotomous variables) (Table 10). With the exception of the clinical sign of sunken 

eyes, all variables related to higher disease severity, frequency of symptoms and 

abnormal vital signs were associated with increased likelihood of hospital admission. 

However, in general, these clinical signs and symptoms were not associated with 

increased likelihood of having either definitive or any pathogens identified in their stools. 

The two main exceptions to this were that subjects with enteric pathogens were 

statistically more likely to indicate a greater number of stools on their worst day of 

diarrhea and to have abdominal tenderness on physical exam. These results were 

substantially unchanged when the data were analyzed exploring the impact of multiple 

definitive or any pathogens as categorical variables (0 pathogen, 1 pathogen, >1 

pathogen) (results not shown), with the exception of individuals with dry mucous 

membranes. Individuals with dry mucous membranes were statistically more likely to 

have multiple any pathogens (25 out of 145, 17.2%) compared to those not having dry 

mucous membranes (111 out of 959, 11.6%), while individuals with dry mucous 

membranes were statistically less likely to have a single pathogen (36 out of 145, 24.8%) 

compared to individuals without dry mucous membranes (334 out of 959, 34.8%) 

(p=0.02, uncorrected chi2). 

 

Logistic regression models were developed exploring whether finding either a single or 

multiple definitive pathogen or either a single or multiple any pathogen identified in the 
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stool was associated with hospitalization when adjustments were made for age, site of 

recruitment, past medical conditions, hospitalization within the past month, antibiotic use 

within the past month, increased frequency of symptoms, greater disease severity and 

abnormal vital signs. Enteric pathogens (either definitive or any) were analyzed both as 

dichotomous variables (presence/absence) and as categorical variables (0 pathogen, 1 

pathogen, >1 pathogen). Risk factors associated with hospitalization were age >65, a 

history of prior gastrointestinal or immunocompromising conditions, hospitalization 

within the previous month, the presence of abnormal vital signs or enrollment in an ED 

(Table 11). Neither presence of enteric pathogens nor multiple enteric pathogens was 

associated with increased likelihood for hospitalization after adjustment for age and past 

medical conditions. 
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Table 10: Clinical Signs and Symptoms Associated with Infection by Enteric Pathogens and 
with Hospitalization Among All Subjects at Initial Interview―Selected Clinical Sites in 
Connecticut and Maryland, 2002–2007 

* Chi square, uncorrected; ** Fisher’s Exact Test; +T-Test, Satterthwaite method  
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Table 11: Factors Associated with Hospitalization Among Outpatients with Diarrhea: Logistic 
Regression Models―Selected Clinical Sites in Connecticut and Maryland, 2002–2007*  

*Models adjusted for: age, site of recruitment, past medical conditions, hospitalization within the past month, 
antibiotic use within the past month or abnormal vital signs.
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DISCUSSION 

In general, individuals afflicted with gastroenteritis do not seek medical care as most cases of 

diarrhea are time limited. 64,93,100 Individuals with diarrhea who do present as outpatients to a 

clinic or ED are frequently viewed clinically as being of low severity and unlikely to be 

sufficiently ill to require acute hospitalization. However in our study, 27.7% of individuals 

presenting to an ED with a complaint of diarrhea were hospitalized. This compares to the overall 

average admission rate for EDs in the U.S. in 2007 of 12.5%,72 suggesting that these patients 

were sicker than your average ED patient or that the physicians in our study had a substantially 

lower threshold for admission. In our study, even subjects with complaints of diarrhea presenting 

to an outpatient clinic had a 13.3% admission rate. However, this increased rate of acute 

hospitalization appeared not to be associated with the identification of enteric pathogens or 

multiple pathogens in the stool. There appears to be a greater association between the decision to 

admit a patient and older age, prior medical conditions and hospitalization within the prior 

month. Thus, when compared to our reference group of healthy children with complaints of 

diarrhea, a recently hospitalized elderly adult with known medical problems being seen in the 

ED with complaints of diarrhea appeared to have a significantly increased likelihood for 

hospitalization at the time of the visit. 

 

While there are only a limited number of studies exploring the need for acute hospitalization 

among individuals with gastroenteritis in developed countries, our findings related to the overall 

burden of disease are generally greater than those found in other studies looking at foodborne 

infections.2,34,74 One large registry-based study in Denmark by Helms, et al, reported in 2006 an 

admission rate of 14.4 % within 90 days after microbiological diagnosis of a foodborne bacterial 
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gastrointestinal infection.42 While the setting for this registry-based study is different from the 

acute health care setting of our study in the Eastern United States, it clearly indicates a 

substantial burden of disease from gastroenteritis as defined by the need for hospitalization. 

Additionally, previous work by Helms indicated that coexisting medical conditions contributed 

substantially to mortality in patients with foodborne bacterial pathogens.43 What is novel in our 

study is the fact that identification of definitive or possible enteric pathogens in stool at the time 

of presentation to a clinic or ED was not significantly associated with acute indications of illness, 

such as abnormal vital signs, or increased severity of illness, as defined by the need for hospital 

admission after adjustment for factors likely to impact a healthcare provider’s admission 

decision. Additionally, while the morbidity and mortality from enteric pathogens in developing 

countries, particularly among young children, is well known,22 and long-term consequences of 

infection with foodborne pathogens in developed countries have also been characterized,91 based 

upon our study, it appears that the presence in the stool of enteric pathogens commonly found in 

developed countries was not associated with an increased need for acute hospitalization among 

individuals with diarrhea. Other factors, in particular older age, prior medical conditions, and 

clinical markers of illness such as abnormal vital signs, had a greater association with the 

clinician’s decision to admit a patient in the acute clinical setting.  

 

This study was based upon a standardized laboratory and epidemiologic procedures and included 

extensive testing for bacterial, viral and parasitic enteric pathogens. Subjects were enrolled over 

a period of five years at two separate urban centers on the East Coast of the United States and 

may not be generalizable to other locations or clinical settings. Historical information about 

medical conditions, and hospitalization or antibiotic use within the previous month was based 
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upon self-report, which may result in recall bias. Individuals being admitted to the hospital may 

have had better documentation of vital signs leading to a bias in reporting these variables. Also, 

there may have also been recruitment bias, as theoretically individuals with more severe 

symptoms were more likely to participate in the study.  

 

This study supports the fact that there remains a substantial burden of disease from infectious 

diarrhea in the United States. However, it also indicates that the existence of enteric pathogens 

may not be the primary reason for acute hospitalization among outpatients with complaints of 

diarrhea. Further research is needed exploring whether there are specific organism or classes of 

organism that have a significant association with a patient’s acute illness severity in order to 

better understand the relationship between gastroenteritis and the need for health care utilization. 

Additionally, considering the growing concern within the United States related to need to 

readmit patients within 30 days of hospitalization, further work needs to be done in order to 

understand how recent hospitalization is associated with acute hospitalization among individuals 

with complaints of diarrhea. A clinician’s decision to hospitalize a patient is generally made 

independent of stool culture results, and the results of this study support that in the acute setting 

other factors, such as age and co-morbid conditions, have a greater clinical relevance. 
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CHAPTER 5:  OUTPATIENT CLOSTRIDIUM DIFFICILE INFECTION IN 

BALTIMORE, MARYLAND AND NEW HAVEN, CONNECTICUT 

Specific Aim II: Determine the risk factors associated with the most commonly recognized 

infectious cause of diarrhea among hospitalized individuals, C. difficile, to better understand 

its increasing frequency in community-onset diarrhea. 

Hypothesis II: Among outpatients seeking treatment in selected EDs and clinics in Baltimore, 

Maryland, and New Haven, Connecticut, those who were hospitalized or used antibiotics within 

the previous month will be more likely to have C. difficile infection.  

Aim II Rationale: C. difficile infection (CDI) is the most commonly recognized infectious cause 

of diarrhea among hospitalized individuals and is increasingly found in community-onset 

diarrhea. CDI cases appear to be occurring among individuals without recent hospitalization or 

antibiotic use. More knowledge is needed about the frequency of CDI in outpatients without 

known risk factors. 
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ABSTRACT: 

Clostridium difficile infection (CDI) is the most commonly recognized infectious diarrhea 

among hospitalized individuals. However, recent reports highlight community-onset disease. 

This report evaluates the frequency of CDI as a cause of outpatient diarrhea 

Subjects presenting to ambulatory clinical settings with a primary or secondary complaint 

of diarrhea were enrolled. Of 1,091 individuals, 43 (3.9%) had C. difficile toxin detected in their 

stool. Of these, 36 (83.7%) had underlying illness, healthcare, or antibiotic exposures. Seven 

cases had no recognized risk factors. Sixteen cases were co-infected with other enteric 

pathogens. Co-infection was found with similar likelihood in patients with (12/36 [33.3%]) vs. 

without (4/7 [57.1%]) risk factors (P>0.1). Only 3 of the 43 CDI cases had neither identified risk 

factors nor co-infection. Pulsed-field gel electrophoresis identified 15 different types among 31 

isolates. 

Co-infection with other pathogens appears common among patients with outpatient CDI. 

Most cases have either recognized risk factors or co-infection.  
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INTRODUCTION 

In the United States, an estimated 375 million episodes of acute diarrhea occur annually.45 While 

there are many causes of gastrointestinal illnesses, toxin producing Clostridium difficile is an 

important pathogen among hospitalized individuals where it is the most commonly recognized 

infectious cause of diarrhea.66 C. difficile infection (CDI) causes diarrhea due to colitis that is 

often accompanied by leukocytosis, fever, and abdominal pain and may progress to severe and 

life threatening complications such as toxic megacolon and sepsis. The disease is nearly always a 

consequence of the disruption of the normal bowel flora caused by the administration of 

antibiotics, which allows for the overgrowth of C. difficile.6,7 CDI complicates hospital stays, 

leading to substantial increase in healthcare costs, duration of hospitalization, morbidity and 

mortality. This is particularly true for elderly patients. 

 

During the past 15 years, there has been a marked increase in CDI in North America with 

hospital stays associated with CDI increasing from 114,200 in 1995 to 301,200 in 2005.33 This is 

partially due to the emergence of the hypervirulent NAP1 strain.67 This increase primarily 

affected individuals with traditional risk factors for acquiring CDI. However, recent reports 

suggest an increasingly important role for community-onset CDI, which in some cases appears to 

be occurring among individuals without prior antibiotic exposure or recent hospitalization. 

Despite this potentially alarming trend, few reports of community-onset CDI have been 

thoroughly investigated through systematic epidemiologic and laboratory evaluation. 

 

In an attempt to elucidate the etiologies of outpatient diarrheal disease, we performed prospective 

studies of individuals with diarrhea presenting to selected emergency departments (EDs) and 
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ambulatory care clinics in Baltimore, Maryland, and New Haven, Connecticut. This study was 

designed to identify the microbiologic causes and epidemiologic characteristics of outpatient 

diarrhea. This report highlights cases of outpatient CDI to gain a better understanding of the 

frequency and causes of co-infection, clinical characteristics of cases, factors associated with 

infection among patients with outpatient diarrhea, and the molecular characteristics of 

responsible organisms.
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MATERIAL AND METHODS  

This study explored the etiology of diarrheal illnesses with onset outside of an inpatient 

healthcare facility and for which individuals sought medical attention. As previously described, 

the first study cycle was conducted between May 2002 and September 2004 in the EDs and the 

ambulatory medical and pediatric clinics affiliated with the University of Maryland Hospital 

(Baltimore, MD) and Yale New Haven Hospital (New Haven, CT).71 The second study cycle 

was only conducted at University of Maryland between February 2005 and July 2007.  

 

Study Participants and Informed Consent  

Subjects were primarily urban and suburban residents presenting to specific EDs and clinics with 

self-identified primary or secondary complaint of diarrhea. In addition, a comparison group of 

individuals presenting to the same clinical sites without complaints of diarrhea were also 

evaluated although the results from these subjects are not the focus of this report. Informed 

consent was obtained from all participants. Individuals of all ages were eligible for participation 

in the study. Consent from minors was obtained from the parent or guardian who accompanied 

the individual to the clinic or ED. This research was approved by the IRBs at all participating 

institutions. 

 

Data Collection, Case Definitions, and Data Analysis  

Participants were interviewed by study staff using a questionnaire designed to assess health 

status, disease symptoms, and potential exposures to enteric pathogens. Individuals with diarrhea 

additionally agreed to allow the research team to review the medical records pertaining to the 

visit and to participate in a follow-up interview approximately two weeks after their initial visit. 
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The follow-up interview was designed to determine how quickly the diarrhea had resolved, if 

treatment was administered or hospitalization resulted from the initial visit, and if anyone else in 

the household had experienced diarrhea subsequent to the visit.  

 

Stool samples collected in the EDs or clinics during the initial visit were processed within four 

hours of collection. Individuals unable to provide a stool sample were sent home with a stool 

collection kit to provide a fresh stool sample within 48h. Samples from individuals collected at 

home were kept cool until study staff could collect them. Upon arrival in the laboratory, all 

samples were homogenized immediately and transferred into multiple media and storage vials 

for processing; any remaining stool was stored at –80C.  

 

A case of outpatient CDI was defined as an outpatient presenting with diarrhea whose stool 

tested positive for C. difficile toxin(s) by enzyme immunoassay [EIA] (see below). Traditional 

risk factors for CDI investigated were the use of antibiotics within the past month, age > 65 years 

of age, a serious underlying illness/weakened immune system, history of bowel or ulcer surgery, 

colon disease such as Crohn’s or ulcerative colitis, previous CDI, and recent hospitalization. 

Presumptive non healthcare-associated (NHA) CDI was further defined by the absence of an 

overnight stay at an inpatient healthcare facility over the previous one month.  

 

Statistical analysis of the epidemiologic and laboratory results was done using SAS version 9.2 

(SAS Institute). All P values reported are 2-sided using uncorrected chi-square for dichotomous 
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variables, with no correction for multiple comparisons; P < 0.05 was considered to be 

statistically significant. 

 

Laboratory Methods 

Fresh stool specimens collected from subjects underwent primary processing immediately upon 

receipt in the research laboratory. An aliquot of stool was emulsified in Liquid Cary-Blair 

transport medium, transported to the microbiology laboratory, and inoculated on primary media 

as rapidly as possible. Stool was preferentially cultured for bacterial pathogens, and, if adequate 

stool remained, was then evaluated for parasites with trichrome stained slides and for viruses and 

toxins using molecular techniques as previously described.71 Briefly, total nucleic acids were 

extracted for PCR-based and reverse-transcriptase PCR-based detection of viral genomes (i.e., 

astrovirus, norovirus, rotavirus, sapovirus and adenovirus). A portion of the stool specimen was 

used in EIAs for detection of C. difficile toxin A and B (Clostridium difficile TOX A/B II ELISA 

Test; TechLab) and C. perfringens enterotoxin (Clostridium perfringens Enterotoxin ELISA 

Test; TechLab).   

 

A 1 ml. aliquot of each C. difficile toxin-positive stool specimen was shipped frozen to the 

Centers for Disease Control and Prevention (CDC) anaerobe laboratory for culture. This aliquot 

was thawed and a portion of the specimen was inoculated directly to CCFA agar. An equal 

volume of EtOH was added to the remaining stool specimen, mixed for 60 min. at ambient 

temperature, and inoculated to CCFA agar and anaerobic blood agar plates. Cultures were 

incubated 48-72 hours at 35°C under anaerobic conditions, and then examined for C. difficile 

colonies. Colonies consistent with C. difficile were examined for characteristic yellow-green 
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fluorescence under long-wave UV light and p-cresol odor, then tested to ensure they were 

indole-negative, PRO disk (Remel, Lenexa, KS)-positive.  

 

Pulsed-field gel electrophoresis (PFGE) was performed on C. difficile genomic DNA digested 

with SmaI and analyzed with BioNumerics 5.01 software (Applied Maths, Austin, TX), using a 

Salmonella Braenderup H9812 DNA fragment size standard, as described by Killgore et al.55 

Toxinotyping was performed according to the method of Rupnik.80 The presence of binary toxin 

was assayed by PCR for cdtB as described by Stubbs et al.88 Deletions in tcdC were detected as 

described by Killgore et al.55  
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RESULTS: 

Study Recruitment 

There were 2,433 subjects consented for the study, of whom 1,927 provided a stool specimen. 

Among individuals who provided stool specimens, 1,807 had their stool tested for C. difficile 

toxin. Of these, 1,091 were individuals with complaints of diarrhea while 716 were individuals 

without complaints of diarrhea. Among tested subjects without complaints of diarrhea, 5 (0.7%) 

had C. difficile toxin detected in their stool; these subjects were not included in subsequent 

analyses. Among tested subjects with diarrhea, 43 (3.9%) met the case definition for outpatient-

CDI with C. difficile toxin detected in their stool; 23 from the first cycle of the study and 20 from 

the second cycle. Among these, 29 (67.4%) met the case definition for NHA-CDI and, of these, 

14 (48.3%) had not taken antibiotics within the past month.  

 

Demographic and Clinical Characteristics of CDI Case Patients 

The mean age of the 43 outpatient-CDI case patients was 43.7 years, with a range of 4 months to 

88 years. Outpatient-CDI case patients were younger during the first study cycle (mean age 33.6 

years, median age 34 years) as compared to the second cycle (mean age 55.3 years, median age 

62 years), which was primarily due to the significantly greater proportion of toxin positive 

children recruited at Yale (45.5%) versus University of Maryland (15.6%) (p = 0.04). The 43 

outpatient-CDI case patients included five infants under 1 year of age, five children 1-18 years of 

age, 23 adults 19-64 years of age and ten adults 65 years or older. There were 21 Caucasians, 18 

African-Americans and 4 of other or unknown race. There were 22 males and 21 females. 
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Fifteen subjects (34.9%) indicated that they had one or more chronic illnesses or bowel surgery 

potentially affecting immune status or gastrointestinal function and possibly predisposing them 

to CDI (Table 12). Illnesses included: lupus (N=1), cancer under active treatment (N=3), 

HIV/AIDS (N=2), history of an organ transplant (N=2), chronic obstructive pulmonary disease 

on prednisone (N=1), or ulcerative colitis (N=1). Six individuals indicated that they had had 

prior bowel or ulcer surgery, of whom one subject also identified one of the medical illnesses 

above. Two individuals, one with AIDS and one who had previously undergone a bowel 

resection for diverticulitis, had been treated in the past month for CDI.  

Table 12: CDI Patient Risk Factors Compared with Other Patients with Diarrhea 

 
Subjects 

N=43 
(%) 

All Others 
with Diarrhea 

(N=1048) 
(%) P Value 

Illnesses Potentially Affecting 
Immune Status 

  
   

Lupus 1 2 4 0.4 0.18* 

Cancer Under Active Treatment 3 7 40 4 0.24* 

HIV/AIDS 2 5 43 4 0.70* 

History Of An Organ Transplant 2 5 22 2 0.24* 

Chronic Obstructive Pulmonary 
Disease On Prednisone 

1 2 N/A N/A  

Illnesses Potentially Affecting 
Gastrointestinal Function 

     

Crohns Disease 0 0 14 1 1.0* 

Ulcerative Colitis 1 2 19 2 0.55* 

Prior Bowel or Ulcer Surgery 6 14 69 7 0.06** 

Any Medical or Surgical Condition 15 35 176 17 0.002** 

Hospitalized within prior month 14 33 92 9 <0.001** 

Antibiotics within prior month 27 63 231 22 <0.001** 

No Hospitalization or Antibiotic 
Use within prior month and no 
Predisposing Condition 

7 16 698 67 <0.001** 

N/A = Not available. 
* Fisher’s Exact Test 
**Chi2, uncorrected 
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Twenty-seven (62.8%) of all C. difficile toxin-positive subjects had received systemic antibiotics 

within the preceding month. These antibiotics included fluoroquinolones (ciprofloxacin, 

gaitifloxacin), penicillins (amoxicillin, ampicillin/sulbactam, piperacillin/tazobactam), 

cephalosporins (cefpodoxime), vancomycin, clindamycin, metronidazole, erythromycin, and 

trimethoprim-sulfamethoxizole. 

 

As previously noted, a total of 29 (67.4%) subjects with outpatient-CDI were individuals with 

NHA-CDI. Of all 43 C. difficile toxin-positive subjects, 34 (79.1%) had known medical, surgical 

or antibiotic therapy risk factors for C. difficile infection. Two additional individuals only 

identified hospitalization within the past month as a risk factor. Of the 34 subjects with risk 

factors for C. difficile infection, 22 (64.7%) had not been hospitalized within the previous month, 

they were considered NHA-CDI infections with risk factors. A total of seven (16.3%) subjects 

were NHA-CDI infections with no identified risk factors. Of this later group, three were infants 

(<1 year), one was a child (1-18 years), three were adults (19-64 years); none were elderly (>64 

years) (Table 13).  

Table 13: CDI cases Without Identified Risk Factors  
ID Recruitment 

Site 
Age Race Gender Other Medical 

Conditions 
Co-
Infections 

1 Maryland 62 years White Male Hypertension, GERD, 
COPD/Asthma, 
Depression/Anxiety 

 

2 Maryland 6 months White Male Reflux C. 
perfringens, 
Rotavirus 

3 Yale 20 months Hispanic Male  Norovirus 

4 Yale 5 months White Male   

5 Yale 28 years Black Female  Rotavirus 

6 Yale 34 years Hispanic Female Polycystic Ovary Disease, 
Diabetes, GERD 
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7 Yale 4 months Hispanic Male  Norovirus 

*GERD= Gastroesophageal Reflux Disease. 

The 43 outpatient-CDI case patients were compared to the other 1048 individuals with diarrhea, 

but without C. difficile toxin detected. The mean age of individuals with C. difficile was 

significantly older than for all other subjects with diarrhea, 43.7 years versus 29.2 years, 

respectively (p<0.01). There were no statistically significant differences between CDI cases and 

non-cases for specifically asked medical conditions including lupus, cancer under active 

treatment, HIV/AIDs, history of an organ transplant, Crohn’s Disease, or ulcerative colitis (Table 

12). However, CDI cases were somewhat more likely to have had prior bowel or ulcer surgery 

compared to individuals with other causes of diarrhea (14.0% versus 6.6% respectively, p=0.06), 

and much more likely to have any medical or surgical condition (34.9% versus 16.8%, p<0.001), 

recent hospitalization (32.6% versus 8.8%, p<0.001) or antibiotic use (62.8% versus 22.0%, 

p<0.001). Of significance, 36 (83.7%) C. difficile positive subjects had an identified risk factor 

or recent exposure compared to 350 (33.4%) of the 1048 individuals with complaints of diarrhea 

but without C. difficile (p<0.001). 

 

Clinical Manifestations of CDI 

Among the 43 C. difficile positive individuals, 19 subjects indicated that their first symptom was 

diarrhea, while others identified nausea, vomiting and abdominal pain as the initial complaint 

(Table 14). Eleven of the cases identified blood in stool at some point during their illness. 

Among 37 case responders, the greatest average number of diarrheal stools in a single day was 

13.8 (Std dev. 19.09), but this was skewed by 3 individuals reporting 50 or more stools in a 

single day.  
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Table 14: Signs and Symptoms Among 43 C. difficile-Positive Subjects 
 Diarrhea  Bloody 

Stool 
Nausea Vomiting Abdominal 

Pain 
Aching 
Joints 

Other+  Fever 

First Illness 
Symptom  

19 0 2 4 4 0 1 N/A* 

Symptoms 
During Illness 
Course 

43 (all by 
case 
definition) 

11 28 22 20 20 0 13 

+ Other first symptom was complaint of sinus infection. 
* Fever as initial complaint was not asked. 
 

Co-infections in C. difficile Toxin-Positive Subjects 

Among CDI case patients, no individual was identified as co-infected with Salmonella, Shigella, 

Vibrio, Aeromonas, or Campylobacter species. One individual had hookworm and one had 

Bacillus cereus identified. Three subjects were found to have C. perfringens, one of whom was 

also co-infected with rotavirus. Of the 42 subjects with adequate stool sample for additional viral 

testing, four additional individuals had rotavirus, three others had norovirus identified, and one 

each tested positive for astrovirus and adenovirus. Thirty-seven individuals were tested for 

sapovirus of whom two were positive. Of the 16 patients who did not have a history of antibiotic 

exposure in the previous month, 5 were co-infected with one or more other pathogens (2 with 

rotavirus, 2 with norovirus, and 1 with rotavirus and C. perfringens). Four subjects among seven 

individuals without known risk factors for CDI had a co-infection: one infant had C. perfringens 

and rotavirus; one adult had rotavirus; and one infant and one child each tested positive for 

norovirus (Table 13). Co-infection was found with similar likelihood in patients with (12/36 

[33.3%]) vs. without (3/7 [42.9%]) risk factors (P>0.1). 
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Characterization of C. difficile Isolates 

Of the 43 initially positive stools for individuals with diarrhea, 39 frozen stool samples were 

submitted to the Centers for Disease Control and Prevention (CDC) anaerobe laboratory for 

culture; 4 subjects from the first cycle did not have adequate specimen remaining. C. difficile 

was isolated from 31 of 39 (79%) specimens; 12 (63% recovery) were from the first cycle (9 

from the University of Maryland, 3 from Yale) and 19 (95% recovery) were from the second 

cycle (University of Maryland only). 

 

Pulsed-field gel electrophoresis (PFGE) identified 15 different types among 31 isolates. Ten 

PFGE types were identified among isolates in the first cycle and nine types were identified 

among isolates from the second cycle (Figure 2). Unique to the first cycle were six PFGE 

patterns: NAP3, NAP5, NAP10, one toxinotype V isolate with unnamed PFGE pattern, one 

unnamed toxinotype 0, and one unnamed toxinotype XII. Unique to second cycle were five 

PFGE types, including the epidemic NAP1 strain, NAP9, NAP11 and two unnamed toxinotype 0 

strains. The following strains were identified in both cycle 1 and cycle 2: NAP2, NAP4, NAP6, 

and one unnamed toxinotype 0.  Variant toxinotypes (toxinotype other than 0) and presence of 

binary toxin were identified in 12 of 31 (38.7%) isolates. An 18-bp deletion in tcdC was detected 

only among NAP1 strains and toxinotype V (unnamed PFGE type) isolates carried a 39-bp 

deletion in tcdC.  There appeared to be no relationship or differences between risk factors, 

including age, and strain or toxinotype (data not presented). 
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DISCUSSION 

The occurrence of CDI in the community has been recognized for over a dozen years and is 

acknowledged as a growing problem.10,16,51,52 Several recent reports have highlighted the 

potential importance of C. difficile as a community pathogen and the possible emergence of 

disease without known exposure to antibiotics or other previously identified risk factors.17,57,60  

 

Previous studies on community-onset CDI have generally focused on individuals with C. difficile 

toxin-positive stools and retrospectively investigated risk factors and contributing causes.58 In 

this study, we prospectively enrolled subjects who presented for clinical care with a primary or 

secondary complaint of diarrhea and systematically conducted an epidemiologic and laboratory 

evaluation for diarrhea pathogens and possible risk factors. In addition, previous studies 

primarily used EIA toxin testing for identification of C. difficile without confirmatory culture and 

did not report assessment for other potential pathogens.  

 

When compared and contrasted to results of two recent prospective studies employing 

confirmatory culture, we found a similar proportion of all diarrhea stools positive for C. difficile 

(i.e., 1.5-3.9%),8,101 Similar to both these prospective and other retrospective studies, we found 

that about one third of CA CDI patients had no recent exposure to antibiotics.8,17,101 Some have 

raised concern that in studies where only toxin EIA is used, that patients without a history of 

antibiotic exposure found to have CDI are more likely to represent a false-positive toxin assay 

than patients with an antibiotic exposure history. However, we did not have sufficient data to 

determine a difference in culture recovery of C. difficile based upon antibiotic exposure status.  
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A number of CDI patients identified were infants under the age of one year. Although C. difficile 

disease has been reported in infants, this age group is more likely to be asymptomatically 

colonized with toxigenic C. difficile.13 Thus, it is difficult to determine the significance of C. 

difficile toxin detection among the infants in our study, even when diarrhea was present and no 

other pathogens were identified. 

 

We found that a lower proportion of patients with outpatient CDI were without recognized risk 

factors of recent hospitalization, chronic medical conditions, or recent antibiotic exposures than 

other recent reports. However, it should be noted that these samples were collected during two 

periods, which although fairly recent, predate the collection period of other recent studies that 

identified a larger proportion of such low risk patients. In addition there may have been some 

sample bias toward older patients later in our study, as evident in differences in the median age 

between phase I and II in our study. 

 

Other limitations of our study include that assessment for hospitalizations or antibiotic use was 

by self-report, which may result in recall bias. Also, the time period assessed for antibiotic use 

was only four weeks prior to diarrhea onset; individuals with antibiotic exposure greater than a 

month prior to presentation may still be at risk for C. difficile infection. In addition, this study 

was conducted at two urban centers on the East Coast of the United States and may not be 

generalizable to other locations or clinical settings. From a laboratory perspective, while it was 

standard of care at the time of the study, EIA for C. difficile diagnosis is now considered too 

insensitive to be used as a standalone diagnostic test.24 
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Among patients presenting with diarrhea to emergency departments and outpatient clinics in 

Baltimore, MD and New Haven, CT, nearly 4% had C. difficile toxin detected in their stool. 

Approximately 33% of these cases had no prior hospitalization or prior antibiotic use identified; 

however most of these cases had other risk factors previously associated with CDI or had co-

infections with other known enteric pathogens. In addition, three of the seven cases without any 

identified risk factors were in infants less than one year of age. PFGE typing indicated the 

presence of a variety of different strains and toxinotypes, including eight with the NAP1 

epidemic strain; these characteristics were not associated with any of the risk factors including 

age. While toxigenic C. difficle was detected in a similar proportion of patients as was found in 

other studies of CA CDI, all but two patients had known risk factors for CDI, other pathogens 

potentially responsible for their illness, or age less than one year. Even these two patients had 

significant co-morbidities that could, directly or indirectly through treatment, alter intestinal 

function or flora (e.g., diabetes, gastroesophageal reflux disease). Thus, we did not observe in 

this study unexplained community-onset CDI in otherwise healthy individuals, or a particular C. 

difficile strain responsible for CDI in an identifiable subset of patients. 
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Figure 2:  Characteristics of Isolates Obtained from CDI Patients 
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CHAPTER 6:  DISCUSSION AND CONCLUSIONS 

Discussion 

It has been over 150 years since John Snow published his treatise titled On the Mode of 

Communication of Cholera in 1849., yet diarrheal diseases remain formidable public health 

problems in developed as well as developing countries.54 As noted previously, each year, 

between 1.6 and 2.1 million deaths are caused by diarrheal illnesses worldwide, particularly in 

developing countries.54 Recent estimates in the United States indicate that approximately 9.4 

million foodborne related illnesses from known pathogens and 38.4 million foodborne related 

illnesses from unknown causes occur each year in the United States.82,83 Approximately 0.4% of 

those illnesses lead to hospitalization or death.68  

 

In general, individuals afflicted with gastroenteritis do not seek medical care because most cases 

of diarrhea are time limited.64,93,100 Individuals with diarrhea who do present as outpatients to a 

clinic or ED tend to be viewed clinically as having an illness of low severity and being unlikely 

to require hospitalization. However, in our study, 28% of individuals presenting to an ED with a 

complaint of diarrhea were hospitalized. In comparison, the overall average admission rate for 

EDs in the United States was 12.5% in 2007,72 suggesting that the patients in our study were 

sicker than the average ED patient or that the physicians in our study had a lower threshold for 

admission. Also in our study, the admission rate among subjects with complaints of diarrhea 

presenting to an outpatient clinic was 13.3%. This higher rate of hospitalization appeared not to 

be associated with the identification of enteric pathogens or multiple pathogens in the stool. 

There appears to be a greater association between the decision to admit a patient and 1) older 

age, 2) previous medical conditions, and 3) hospitalization within the preceding month. Thus, 
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compared with our reference group of healthy children with complaints of diarrhea, a recently 

hospitalized elderly adult with diarrhea and with known medical problems being seen in the ED 

appeared to have a significantly increased likelihood for hospitalization at the time of the visit. 

 

A limited number of studies have explored the need for acute hospitalization among individuals 

with gastroenteritis in developed countries. In our study, the overall burden of disease was 

generally greater than was reported from other studies looking at foodborne infections.2,34,74 A 

large registry-based study in Denmark, reported by Helms et al in 2006, found an admission rate 

of 14.4% within 90 days after microbiological diagnosis of a foodborne bacterial gastrointestinal 

infection.42 Although the setting for this registry-based study is different from the acute health 

care setting of our study in the eastern United States, it clearly indicates a substantial burden of 

disease from gastroenteritis, as defined by the need for hospitalization. Previous work by Helms 

indicated that coexisting medical conditions contributed substantially to the mortality rate in 

patients with foodborne bacterial pathogens.43 What is novel in our study is the fact that 

identification of definitive or possible enteric pathogens in stool at the time of presentation to a 

clinic or ED was not significantly associated with acute indications of illness, such as abnormal 

vital signs, or increased severity of illness, as defined by the need for hospital admission, after 

adjustment for factors likely to affect a health care provider’s admission decision. Additionally, 

while the morbidity and mortality from enteric pathogens in developing countries, particularly 

among young children, are well known,22 and the long-term consequences of infection with 

foodborne pathogens in developed countries have also been characterized,91 based on our study, 

it appears that the presence in stool of enteric pathogens commonly found in developed countries 

was not associated with an increased need for acute hospitalization among individuals with 
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diarrhea. Other factors, particularly, older age, previous medical conditions, and clinical markers 

of illness such as abnormal vital signs, had a greater association with the clinician’s decision to 

admit a patient in the acute clinical setting.  

 

While outpatient diarrhea causes a significant burden of disease, C. difficile remains the main 

cause of health-care-associated diarrhea. Non–health-care-associated CDI has been recognized 

for more than a dozen years, and recent reports suggest that the disease occurs without known 

exposure to antibiotics or other previously identified risk factors.10,17,52,57,66 Although we found a 

similar proportion of diarrheal stools positive for C. difficile as in two other recent prospective 

studies employing confirmatory culture (i.e., 1.5% to 3.9%) for outpatient CDI,8,17,101 we found a 

lower proportion of outpatient CDI cases without recognized risk factors of recent 

hospitalization, chronic medical conditions, recent antibiotic exposures, or co-infection 

compared with those studies. Thus, we detected toxigenic C. difficile in a similar proportion of 

patients reported from other studies of CDI. However, all but three patients had either known 

risk factors for CDI or other pathogens potentially responsible for their illness (one of them was 

younger than 1 year of age). An evolving picture of widespread, frequent CDI among outpatients 

without risk factors should be tempered by these findings.  

 

This study was based on standardized laboratory and epidemiologic procedures and included 

extensive testing for bacterial, viral, and parasitic enteric pathogens. Subjects were enrolled over 

a period of 5 years at two urban centers on the east coast of the United States and may not be 

generalizable to other locations or clinical settings. Historical information about medical 

conditions and hospitalization or antibiotic use within the previous month was based upon self-
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report, which may result in recall bias. Individuals being admitted to the hospital may have had 

better documentation of vital signs, leading to a bias in reporting these variables. Also, there may 

have also been recruitment bias, because, theoretically, individuals with more severe symptoms 

were more likely to participate in the study.  

 

This study supports the fact that a substantial burden of disease from infectious diarrhea remains 

in the United States. It also indicates that the existence of enteric pathogens may not be the 

primary reason for acute hospitalization among outpatients with complaints of diarrhea. Further 

research is needed to explore whether specific organisms or classes of organism have a 

significant association with a patient’s acute illness severity in order to better understand the 

relationship between gastroenteritis and the need for health care utilization. Considering the 

growing concern within the United States about the financial consequences of readmitting 

patients within 30 days after hospitalization,] further work needs to be done in order to 

understand how recent hospitalization is associated with acute hospitalization among individuals 

with complaints of diarrhea. Additionally, in 54% of the cases in our study, an infectious agent 

was not identified despite extensive laboratory testing. Based on our results, these individuals 

were sicker than individuals with enteric pathogens, as defined by the need for hospitalization. 

Further work needs to be done to understand the causes of diarrhea in individuals without 

identified infectious organisms.  
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Conclusions 

Part 1: A significant portion of patients with diarrhea were hospitalized. Identification of enteric 

pathogens or multiple pathogens was not associated with increased likelihood for hospitalization 

after adjustment for age and previous medical conditions. The majority of patients in this study 

did not have an enteric pathogen identified in their stool. 

 

Part 2: Toxigenic C. difficile was detected in a similar proportion of patients to that reported 

from other studies of CDI. However, all but three patients had either known risk factors for CDI 

or other pathogens potentially responsible for their illness, and one of them was less than 1 year 

of age. An evolving picture of widespread, frequent CDI among outpatients without risk factors 

should be tempered by these findings.  

 

Overall: Diarrheal illnesses remain a significant cause of morbidity and mortality in the United 

States. Despite extensive testing with routine microbiological and advanced molecular 

techniques, an infectious etiology for diarrhea among a majority of subjects in this research was 

not identified. As noted in previous publications from this research, the identification and 

categorization of enteric pathogens is an active research field (see Appendix 1). The remains a 

substantial amount of data for analysis from this research, including a description of the 

complete microbiological findings. However, additional research is required to understand the 

infectious or potentially non-infectious causes of diarrhea among the majority of patients.  
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APPENDIX 3:  LABORATORY PROCEDURES 
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Primary Processing and Storage 

Procedure: Stool specimen primary processing 

1. Fresh stool specimen should undergo primary processing immediately.  

2. Place ~0.1 gm or pea size amount of specimen into 10% formalin and a similar 

sample into polyvinyl acetate (PVA) preservatives, one volume stool to three volumes 

preservative (follow instructions if using kit) 

3. Two aliquots of stool (~0.1 gram each, or pea size) into separate clean tubes and 

refrigerate for nucleic acid extractions. 

4. Set up testing for the following procedures: 

a. Fresh sample for:  

i. Cytotoxicity assay- Clostridium difficile toxin B (may be frozen sample) 

ii. EIA- Clostridium difficile toxin A (may be frozen sample) 

iii. EIA- Clostridium perfringens enterotoxin (may be frozen sample) 

iv. Filtration and culture for Campylobacter spp. other than jejuni and coli 

b. Swabs in Carey Blair transport media for primary inoculation of: 

i. MAC agar- Shigella 

ii. MAC agar- Diarrheagenic E. coli 

iii. MAC agar- Third generation cephalosporin-resistant stool flora 

iv. XLD agar- Shigella 

v. Selenite broth- Salmonella 

vi. CIN agar- Yersinia 

vii. Blood agar- Aeromonas/Plesiomonas 

viii. TCBS- Vibrio 

ix. UVM broth- Listeria 

x. SMAC agar- E. coli O157:H7 

xi. MAC broth- Shiga toxin-producing E. coli 

xii. MAC broth- Nalidixic acid and 3rd generation cephalosporin-resistant E. 

coli 

xiii. Enterococcosel broth- Synercid- and gentamicin-resistant Enterococci 

xiv. CSM agar- Campylobacter jejuni and coli 
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5. Refrigerate remaining stool specimen for 3 days, then prepare for long-term storage 

 

Procedure: Storing specimen, extractions and isolates 

All bulk stool specimen remaining after primary processing (up to 40ml), isolates, RNA 

and DNA extracts are to be stored in freezer at  -70C for long-term storage 

1. Long-term storage of stool specimens (bulk specimens only) 

a. Place specimen remaining after primary processing and testing in clean storage 

container such as 50 ml conical tube with screw-on cap and labeled with 

specimen number and date. 

b. Place in freezer at -70C for long-term storage. 

2. Long-term storage of bacterial isolates 

a. Freeze isolate in 1 ml TSB + 20% glycerol in sterile storage vial for all bacterial 

isolates except Campylobacter 

b. For Campylobacter, freeze isolate in 1 ml blood media (defibrinated sheep, horse 

or rabbit) in sterile storage vial. 

c. Place in freezer at -70C for long-term storage. 

3. Long-term storage of nucleic acid extractions 

a. Place unused portion of nucleic acid extractions in freezer at -70C for long-term 

storage. 

4. Long-term storage of stained slides 

a. Appropriately labeled, stained slides should be stored in slide racks in cool, dry 

storage for at least five years. 
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Isolating Bacteria 

 

Procedure: Isolating Shigella spp. 

1. Rectal swab or swab from stool specimen plated on MacConkey agar and XLD agar. 

2. Isolate and identify as per usual clinical laboratory procedure 

3. Freeze isolates in TSB with 20% glycerol for long-term storage 

 

Procedure: Isolating Salmonella spp. 

1. Rectal swab or swab from stool specimen inoculated into Selenite enrichment broth. 

2. Plate broth onto Hektoen Enteric Agar 

3. Isolate and identify as per usual clinical laboratory procedure 

4. Salmonella isolates to be sent to state laboratory for serotyping 

5. Freeze isolates in TSB with 20% glycerol for long-term storage 

 

Procedure: Isolating Yersinia spp. 

1. Rectal swab or swab from stool specimen plated onto CIN agar (4g/ml cefsulodin) 

2. Isolate and identify as per usual clinical laboratory procedure 

3. Freeze isolates in TSB with 20% glycerol for long-term storage 

 

Procedure: Isolating Aeromonas spp. and Plesiomonas spp. 

1. Rectal swab or swab from stool specimen plated onto blood agar 

2. Screen growth with oxidase test 

3. Isolate and identify as per usual clinical laboratory procedure 

4. UMD to speciate all Aeromonas 

5. Freeze isolates in TSB with 20% glycerol for long-term storage 

 

 

Procedure: Isolating Vibrio spp. 

Rectal swab or swab from stool specimen plated onto TCBS agar 
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Isolats and identify as per usual clinical laboratory procedure 

V. cholerae and V. parahaemolyticus to be sent to CDC for serotype and toxin testing 

Freeze isolates in TSB with 20% glycerol for long-term storage 

 

Procedure: Isolating Campylobacter spp. 

1. Filtration method for Campylobacter spp. other than jejuni and coli 

a. Prepare a fecal suspension by diluting stool 1:5 in phosphate buffered saline or 

another suitable diluent. 

b. Stir specimen then allow to settle for 30 minutes. 

c. Place a 0.65 µm Millipore cellulose nitrate-cellulose acetate membrane filter (47 

mm diameter) on a Mueller-Hinton agar with 5% sheep blood plate (Millipore 

mixed cellulose ester filter, 0.65 m pore size, 47mm diameter, Fisher Scientific 

at.#  DAWP04700, $88.00/package of 100). 

d. Place 15 drops of fecal suspension on the membrane filter and let stand for 

approximately 1 hour in an aerobic 37oC incubator. 

e. Remove and discard the membrane filter. 

f. Incubate the plate at 37oC in a microaerobic atmosphere (5% H2 and 5% O2) in 

Anoxomat apparatus). 

g. Examine plates at 48 h and 72 h.  

2. Selective agar isolation procedure for Campylobacter jejuni and coli 

a. Inoculate fecal specimen to CSM plate, streaking for isolation (Charcoal Selective 

Medium: Remel TI No. 1294-A Basic constituents of CSM: Columbia Agar base, 

activated charcoal, hematin, sodium pyruvate, vancomycin (20 mg/l), 

cefoperazone (32 mg/l), and cycloheximide (100 mg/l)) 

b. Incubate the plate at 42oC for up to 72 hours in a microaerobic atmosphere using a 

Campy Pak or another suitable system.  

c. Examine plates at 48 h and 72 h.   

3. Freeze isolates in blood media for long term storage 
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Procedure: Isolating Listeria monocytogenes: 

Media: Oxoid  Difco 

UVM Primary enrichment broth CM863 0223 

UVM supplement SR142  Included above 

Oxford agar CM865 0225 

Oxford supplement SR140E 0218 

 

1.  Rectal swab or swab of fresh stool inoculated in 10 ml UVM primary enrichment broth 

with UVM supplement (prepared according to manufacturer=s directions).  Incubate at 

30 degrees 20-24 hours. 

2.  After 20-24 hours, transfer 0.1 ml to modified Oxford agar with modified Oxford 

supplement.  Streak for isolation.  Incubate at 37 degrees. 

4. Incubate all plating media for 48 hours. Examine at 24 and 48 hours. 

5. Listeria spp. will produce black/brown colonies with a black/brown halo in the agar  

Colonies must be confirmed by biochemical testing.  API-Listeria may be used for 

biochemical tests. 

6. Positive control: Listeria monocytogenes H2246 (available from CDC) 

7. Freeze in TSB with 20% glycerol for long-term storage 

8. CDC to serotype all isolates 
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Detecting and Isolating Shiga Toxin-Producing E. coli 

 

Procedure: Isolating Shiga toxin-producing E. coli 

1. SMAC isolation: 

a. Rectal swab or swab of stool specimen plated onto SMAC agar  

b. Isolate and identify sorbitol-negative E. coli as per usual clinical laboratory 

procedure 

c. Detect O157 antigen by latex agglutination 

2. Shiga toxin detection: 

a. Rectal swab or swab of stool specimen inoculated into 5 ml MacConkey broth 

b. Refrigerate broth to batch test for Shiga toxin with Meridian EIA twice per week 

(see below) 

c. If broth Shiga toxin-positive: 

i. Send aliquot of broth to state public health laboratory 

ii. For Yale University site: 

1. Streak Shiga toxin-positive broth onto SMAC agar 

2. Test sorbitol-negative colonies for O157 antigen by latex 

agglutination 

3. Send aliquot of broth to UMD refrigerated 

4. Send subculture of all Shiga toxin-positive colonies to CDC for 

serotype and toxin characterization 

iii. For University of Maryland site: 

1. All Shiga toxin-positive broths screened by colony immunoblot 

assay 

a. Make a series of dilutions (in LB broth) of the broth to be 

tested. (10-5 or 10-6 works best as the final dilution). 

b. With a sterile tweezer, place two sheets of nitrocellulose 

transfer membrane onto a LB plate containing 35 ng/ml of 

mitomycin. 

c. Put 100 ul of the final dilution (10-5 or 10-6) onto top 

membrane. Streak out in circular motion using a plastic 
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sterile loop in order to distribute dilution over entire 

membrane. Include a positive control plate (E.coli 

O157:H7). Incubate plates at 37C overnight. 

d. Using a sterile needle, make needle points through the two 

membranes. Remove and set aside top membrane. 

e. Remove bottom membrane and place in small plastic dish. 

Block with 5% nonfat milk in 1XTNT (see recipe below) 

for 30 min. Place on rocker. 

f. Pour off milk, add primary antibody diluted  1:2000 in 1X 

TNT. Place on rocker for 30 min. (Primary antibody 

consists of a mix of rabbit polyclonal anti Stx1 and Stx2 

serum.) 

g. Wash 3X5 min in 1X TNT. 

h. Add conjugate (Promega AP conjugate – anti-rabbit IgG) 

diluted  1:7500 in 1X TNT. Place on rocker for 30 min. 

i. Wash 3X5 min in 1X TNT. 

j. Make substrate fresh in AP Buffer (see recipe below) 

k. AP Buffer: 10 ml 

i. NBT:   66 ul 

ii. BCIP:  33ul 

l. Add freshly made substrate to membranes. If colonies are 

positive purple dots should appear after several minutes.  

Stop reaction with water.  

m. Line up needle points on bottom membrane with the needle 

points on top membrane. Identify positive colonies and 

regrow for PCR/isolation.  

n. TNT (10X) 

i. Tris   8.4g 

ii. Acetic Acid  114 ml 

iii. EDTA(0.01M)  3.7g 

iv. H2O bring up to  1L 
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v. PH 8.0 

o. AP Buffer 

i. Tris (100mM)  12.1g 

ii. NaCl (100mM) 5.84g 

iii. MgCl2.6H2O (5mM) 1.02g 

iv. H2O bring up to  1L 

v. PH 9.5 

 

2. Subculture immunoblot-positive colonies on MacConkey agar 

3. PCR for stx1/ stx2/ hlya/ eaeA – to be run on all colonies that are 

immunoblot-positive (multiplex based on paper Paton and Paton. J. 

Clinical Microbiology. Feb 1998 p598-602). 

a. Have stocks prepared of the following four primers: 

Stx1 f 5’- ATA AAT CGC CAT TCG TTG ACT AC – 3’                 

b 5’ – AGA ACG CCC ACT GAG ATC ATC – 3’ 

Stx2 f 5’ – GGC ACT GTC TGA AAC TGC TCC –3’                      

b 5’ – TCG CCA GTT ATC TGA CAT TCT G – 3’ 

eaeA f 5’ –GAC CCG GCA CAA GCA TAA GC –3’                        

b 5’ – CCA CCT GCA GCA ACA AGA GG – 3’ 

hlyA f 5’ – GCA TCA TCA AGC GTA CGT TCC- 3’                       

b 5’ – AAT GAG CCA AGC TGG TTA AGC T- 3’ 

b. Make 1X solutions of each primer (forward and backwards) 

c. Create a master mix using the 1X primer stocks ( amounts 

per sample): 

i. 5ul 10X PCR buffer *see recipe below 

ii. 1ul 50X dNTP mix *see recipe below 

iii. 1.14ul 1X Stx1 f 

iv. 1.11ul 1X Stx1 b 

v. 1.2ul 1X Stx2 f 

vi. 1.4ul 1X Stx2 b 
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vii. 1.6ul 1X eaeA f 

viii. 1.1ul 1X eaeA b 

ix. 1.3ul 1X hlyA f 

x. 1.5ul 1X hlyA b 

xi. 32.65ul H2O 

xii. ** 1 ul TAQ will be added later** 

d. Aliquot 49ul of master mix into individual PCR tubes 

e. Touch a pipette tip to immunoblot-positive colony and 

place tip into PCR tube. Mix well. 

f. Close tubes. 

g. Run PCR Program: 

i. Step 1: 95 C for 3:00 

ii. Step 2: 95 C for 1:00 

iii. Step 3: 65 C for 2:00 

iv. Step 4: 72 C for 1:30 

v. Step 5: go to 2,  9 times 

vi. Step 6: 95 C for 1:00 

vii. Step 7: 64 C for 2:00  

       -1 C per cycle 

viii. Step 8: 72 C for 1:30 

ix. Step 9: go to 6,  4 times 

x. Step 10: 95 C for 1:00 

xi. Step 11: 60 C for 2:00 

xii. Step 12: 72 C for 1:30 

xiii. Step 13: go to 10,  8 times 

xiv. Step 14: 95 C for 1:00 

xv. Step 15: 60 C for 2:00 

xvi. Step 16: 72 C for 1:36 

  + 6 sec/cycle 

xvii. Step 17: go to 14, 10 times 
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xviii. Step 18: 4 C for ever 

** pause thermal cycler after step 1 and add 1ul of 

TAQ to each reaction tube** 

h. Prepare a 2% agarose gel to run products on. Load 10-12 ul 

of sample (including loading buffer) into the wells. Run gel 

at 100V. Product sizes should be as follows:  

i. Stx1:  180bp 

ii. Stx2:  255 bp 

iii. EaeA: 384 bp 

iv. HlyA: 534 bp 

i. Control Strain used: E.coli 0157:H7 

j. Recipe for 50X dNTP: 

i. 50 ul 100mM dGTP 

ii. 50 ul 100mM dATP 

iii. 50 ul 100mM dCTP 

iv. 50 ul 100mM dTTP 

v. 100 ul 10mM Tric HCL pH 7.0 

vi. 400 ul 50mM MgCl2  

vii. 300 ul H2O 

k. Recipe for 10X PCR buffer: 

i. 200 mM Tris HCL pH 8.0 

ii. 500 mM KCl 

iii. 25 mM MgCl2 

iv. 10 mM DTT 

v. 0.5 mgBSA/ml 

vi. 0.5 % TritonX100 

4. Send subculture of all Shiga toxin-positive colonies to CDC for 

serotyping and toxin characterization 

3. Freeze isolates in TSB with 20% glycerol for long-term storage 
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Procedure: Meridian Shiga toxin EIA testing 

1. Using 5 ml MacConkey broth incubated overnight: 

a. Follow procedure from Meridian insert 

b. IMPORTANT- For each wash step, wash each well at least 7 times hard with a wash 

bottle and bang plate down on pile of paper towels 

c. Record optical density using optical plate reader 
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Detecting and Isolating Diarrheagenic E. coli 

 

Procedure: Isolating diarrheagenic E. coli 

1. Rectal swab or swab of stool specimen plated onto MacConkey agar 

2. Pick 5 lactose-positive colonies and 2 lactose-negative colonies 

3. Freeze a pooled mix of all colonies in TSB with glycerol (do not grow prior to freezing) 

4. PCR for LT/ ST/ eae/ Eagg/ IPAH- to be done on frozen pools from all samples. (This 

multiplex was based on the papers: Pass et al., 2000,  J. Clinical Microbiology 38, 2001-

2004, Sethabutr et al., 1992, J. Infectious Disease 167, 458-461.) 

a. Have primer stocks made of the following five primers. Primer concentration: 50uM 

i. Eagg:  f- 5'AGA CTC TGG CGA AAG ACT GTA TC -3' (6.00 ODU) 

             b-5'ATG GCT GTC TGT AAT AGA TGA GAA C-3' (8.87 ODU) 

ii. eae:  f-5'TGA GCG GCT GGC ATG AGT CAT AC-3' (7.3 ODU) 

        b-5' TCG ATC CCC ATC GTC ACC AGA GG-3 (6.86 ODU) 

iii. LT1  f-5' TGG ATT CAT CAT GCA CCA CAA GG-3' (6.7 ODU) 

              b-5' CCA TTT CTC TTT TGC CTG CCA TC-3' (6.26 ODU) 

iv. ST1  f-5' TTT CCC CTC TTT TAG TCA GTC AAC TG-3' (8.1 ODU) 

            b-5' GGC AGG ATT ACA ACA AAG TTC ACA G-3' (7.75 ODU) 

v.  IPAH f-5’ GCC GGT CAG CCA CCC TCT GAG –3’ 

              b-5’ GTT CCT TGA CCG CCT TTC CGA – 3’ 

b. Create substocks for each primer pair: 

i. 25ul of the (50uM) forward primer 

ii. 25ul of the (50uM) backward primer 

iii. 200ul H2O 

c. Create a master mix for the LT/ST/eae reaction (amounts per sample): 

i.  5ul 10X PCR buffer *see recipe below 

ii. 1ul dNTPs (50X) * see recipe below 

iii. 2ul LT substock 

iv. 2ul ST substock 

v. 2ul eae substock 

vi. 37ul H2O 
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vii. 1ul TAQ 

d. Create a master mix for the Eagg/IPAH reaction (amounts per sample): 

i. 5ul 10X PCR buffer *see recipe below 

ii. 2ul dNTPs (50X) *see recipe below 

iii. 1ul IPAH substock 

iv. 3ul Eagg substock 

v. 38 ul H2O 

vi. 1ul TAQ 

e. Aliquot 50ul of the master mixes into individual PCR tubes. Each sample will need two 

tubes, one containing the LT/ST/eae mix, and one for the Eagg/IPAH mix. ( a 96 well 

plate can also be used).  

f. Using a pipette tip, scrape a tiny bit of ice from the frozen pool you are testing. Place tip 

in PCR tube and combine the ice with the master mix. (Each sample will be scraped two 

times, one for LT/ST/eae mix, and one for the Eagg/IPAH mix). 

g. Run the PCR program 

i. Step 1: 95 C for 1:15 

ii. Step 2: 95 C for 15s 

iii. Step 3: 60 C for 45s 

iv. Step 4: 72 C for 45s 

v. Step 5: Go to step 2, 34 times 

vi. Step 6: 72 C for 10:00 

vii. Step 7: Hold at 4 C 

h. Prepare a 2% agarose gel to run products on. Load 10-12 ul of sample (including loading 

buffer) to the wells. Run gel at 100V. Product sizes should be as follows: 

i. Eagg    194 bp 

ii. eae       241 bp 

iii. ST1     160 bp 

iv. LT1     360 bp 

v. IPAH   620 bp  

i. Control strains: 

i. E.coli H10407  LT+ ST+ 
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ii. E.coli 17-2  Eagg+ 

iii. E.coli 933W eae+ 

iv. E.coli #7  IPAH +  

5. PCR for EAF/ bfp – to be done on all samples that are EAE-positive. (This multiplex was 

based on the paper Franke, et al. 1994. J. Clin. Micro. 32:2460-2463) 

a. Have stocks made of the following two primers (primer concentrations: 50uM) 

i. EAF: f- 5’- CAG GGT AAA AGA AAG ATG ATA A-3’ 

           b- 5’- TAT GGG GAC CAT GTA TTA TCA -3’ 

ii. bfp: f- 5’ - AAT GGT GCT TGC GCT TGC TGC - 3’ 

           b- 5’ - GCC GCT TTA TCC AAC CTG GTA -  3’ 

b. Make 1X solutions of each primer (forward and backward): 

i. 20 ul primer stock 

ii. 180 ul H2O 

c. Create a master mix: 

i. 5 ul 10X PCR buffer *see recipe below 

ii. 1 ul 50x dNTP mix *see recipe below 

iii. 1 ul 1X EAF forward 

iv. 1 ul 1X EAF backward 

v. 1 ul 1X bfp forward 

vi. 1 ul 1X bfp backward 

vii. 39 ul H2O 

viii. 1 ul TAQ 

d. Aliquot 50 ul of master mix into PCR tubes. 

e. Using a pipette tip, scrape a tiny bit of ice from the frozen sample. Add tip to PCR tube 

and mix ice with master mix. 

f. Run PCR: 

i. Step 1: 94 C for 1:15 

ii. Step 2: 94 C for 20s 

iii. Step 3: 53 C for 45s 

iv. Step 4: 72 C for 45s 

v. Step 5: go to Step 2 X 30 
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vi. Step 6: 72 C for 10:00 

vii. Step 7: 4 C for ever 

g. Prepare a 2% agarose gel to run products on. Load 10-12 ul of sample (including    

loading buffer) to the wells. Run gel at 100V. Product sizes should be as follows: 

i. EAF 397 bp 

ii. Bfp 326 bp 

h. Control Strains used: 

i. E.coli  2348/69 

6. For samples positive for IPAH, repeat PCR (Step 4 above) using only primers and control 

for Eagg. 

7. For pooled colonies PCR-positive for any of the products LT/ST/eae/Eagg/IPAH/EAF/bfp: 

a. Streak pooled sample onto MacConkey agar plate 

b. Pick 3 colonies and freeze separately in TSB with glycerol 

c. Test each colony using PCR protocols above using only primers for the PCR product 

identified in the pooled sample. 

8. Confirm PCR-positive isolates as E. coli as per usual microbiology procedures 

9. Send PCR-positive E. coli isolates to CDC for characterization, except for those identified 

as EaggEC. 

10. Freeze PCR-positive isolates in TSB with 20% glycerol for long-term storage 
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Detecting Clostridial Toxins 

 

Procedure: Detecting C. difficile toxin A and B 

1. EIA for toxin A and B. Note that stool can be frozen and thawed once for C. difficile 

toxin testing. (EIA kits available from TechLab, as well as other companies.  Protocol 

and information available at www.techlab.com) 

 

Procedure: Detecting C. perfringens enterotoxin 

1. EIA for C. perfringens enterotoxin  (Protocol and information available at 

www.techlab.com ). Note- it is recommended that stool be frozen and thawed once 

for C. perfringens enterotoxin testing. 
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Detecting Viruses by RT-PCR 

Prepare two separate extractions for each specimen, one for immediate use and the other for long 

term storage. 

Procedure: Vertrel extraction of stools 

1. Aliquot 1 ml of water (the water needs to be autoclaved but does not need to be 

certified DNA/RNA free) into as many vials as needed 

2. Add 1 ml of Vertrel XF to tubes 

3. Label tubes with unique identifier that corresponds with the stool sample 

4. Add a small pea sized amount of stool (~0.1 gm) with a disposable transfer pipette (or 

pipette tip or tool of your choice) to the appropriate vial.  This will make 

approximately a 10% stool solution in the vial.  If you are dealing with a liquid, add 

approximately 0.1 ml. 

5. Vortex each sample for 1 minute 

6. Centrifuge for 10 minutes at 3,000 RPM 

7. Store clarified solvent extracts at +4 C 

 

Procedure: RNA manual extraction using NucliSens kit 

1. Make 0.9 ml aliquots of lysis buffer.  These can be make ahead of time and kept at 4 

C but they must be warmed to room temperature before adding the stool extracts 

2. Add 200 l of stool extract to the 0.9 ml of lysis buffer.  Mix the sample by vortexing 

then allow to sit for about 10 minutes 

3. After the samples have lysed for at least 10 minutes, add 50 l of silica.  Be sure to 

vortex the silica well before adding it to the sample.  You will need to revortex the 

silica every 5 or so samples to ensure it stays in suspension. 

4. Vortex each of the samples containing the silica and then centrifuge the samples for 

30 seconds at 10,000 x g 

5. After centrifuging the samples, there will be a layer of supernatant above the silica 

pellet.  Remove the supernatant without disturbing the silica pellet.  Be sure to change 

pipet tips after vacuuming each sample 

6. After removing the supernatant, add 1.0 ml of wash buffer to each tube.  Vortex, then 
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spin for 30 seconds at 10,000 x g 

7. Remove the supernatant from the tube again without disturbing the silica pellet at the 

bottom.  Again be sure to change tips after each sample 

8. Repeat the wash same as above with another 1.0 ml of wash buffer 

9. After removing the supernatant, add 1.0 ml of 70% ethanol (be sure that when you 

make the 70% ethanol, you use molecular grade ethanol).  Repeat the vortex and spin 

same as with the wash buffer 

10. Remove the supernatant and repeat the steps with 70% ethanol again 

11. After 2 washes with the ethanol, add 1.0 ml of acetone to each sample.  Follow the 

same vortex, spin and removal as before 

12. Carefully remove any residual acetone using a small pipet tip (20 L works well) 

13. Open the tubes and dry the silica pellets at about 56 C for about 10 minutes in a 

heating block 

14. When dry, the silica pellets will crumble when the tube is flicked with a finger.  After 

the 10 minute drying period, add 50 l of elution buffer and vortex until the pellet is 

completely resuspended 

15. Incubate the samples at 56 C for 5 minutes then vortex.  Then incubate another 5 

minutes at 56 C 

16. After the incubation, centrifuge the tubes for 2 minutes at 10,000 x g 

17. After spinning for 2 minutes, transfer the supernatant containing the nucleic acid to a 

fresh tube (there will be approximately 30 – 35 l supernatant).  This can be done by 

simply pipetting but be sure not to disturb the silica at the bottom of the tube 

18. The samples are now ready for PCR or for storage at -70 C 

 

Procedure: Norwalk-like Virus (NLV) Region B RT-PCR Diagnostic Test.   

1. Vertrel extraction of stools (see above) 

2. RNA manual extraction using NucliSens kit (see above) 

3. RT-PCR of region B of NLV 

a. Principal of the test: The diagnostic test detects NLV RNA, as extracted from 

clinical or environmental samples, by RT-PCR of Region B within ORF1 (3' end). 

The product length is 213 bp,with a unique sequence length of 172 bp. The 
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genome location (Norwalk virus sequence, as corrected, gb_vi:m87661) is 5093-

5305. 

b. Commercial materials needed to perform the test: 

i. Master Amp Mix G  Epicentre Technologies, M07205G 

ii. Rnase Inhibitor  Boehringer Mannheim, 799 025 

iii. AMV-RT   Molecular Genetic Resources, MG-101 

iv. Ampli-Taq   Perkin Elmer, N801-0060 

v. primers: 

1. MON 431 tgg acI agR ggI ccY aaY ca RNA sense 

2. MON 432 tgg acI cgY ggI ccY aaY ca RNA sense 

3. MON 433 gaa Yct cat cca Yct gaa cat cDNA sense 

4. MON 434 gaa Scg cat cca Rcg gaa cat cDNA sense 

5. IUB ambiguity codes: 

a. I = Inosine 

b. Y = pYrimidine (C/T) 

c. R = puRine (A/G)  

d. S = Strong (C/G) 

c. Preparation of reagents: 

i. 6 X Gel Loading Buffer 

ii. Bromophenol Blue 0.05 g 

iii. Sucrose   9.0 g 

iv. H2O    Up to 20.0 ml 

v. Heat at 65°C for 30 minutes, with occasional stirring.  

1. Filter through 0.45 m membrane, and store at 4 °C. 

d. Control RNA 

i. We use RNA that has been previously tested and is known to be strongly 

positive. 

1. Dilute this RNA 1:20 in DEPC-treated H2O after extraction and 

store at -80 °C.  

e. Procedure 

i. Calculate the number of tubes required (equal to the number of samples to 
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be analyzed plus one for each positive and negative control). 

ii. Mix together reagents for RT-PCR Mix, keeping tubes on ice throughout 

the setup procedure. For 1 reaction: 

1. DEPC-treated water 19.29 l 

2. 20mM DTT 2.5 l 

3. 100% Triton-X 0.1 l 

4. 1.44M -Mercaptoethanol 0.07 l 

5. 100 M MON 431 0.3 l 

6. 100 M MON 432 0.3 l 

7. 100 M MON 433 0.3 l 

8. 100 M MON 434 0.3 l 

9. MasterAmp Mix G 25 l 

10. Rnase Inhibitor 0.5 l 

11. AMV-RT 0.09 l 

12. Ampli-Taq 0.25 l 

13. Total RT-PCR Mix 49 l 

iii. Aliquot 49 l RT-PCR mix to each PCR tube. Add 1 l RNA or H2O 

(negative control) to each tube. Mix well, and add a layer of mineral oil 

atop the mixture (if necessary). 

iv. RT-PCR program: 

1. (1)  42 °C 10' 

2. (1)   94 °C 3' 

3. (40) 94 °C 30" 

4.        50 °C 1'30" 

5.        60 °C 30" 

6. (1) 72 °C 7' 

7. 4 °C hold 

v. Analyze the PCR products by electrophoresis in 3% agarose gels and 

visualize under UV illumination following ethidium bromide staining for 

30-60 minutes. 
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f. Interpretation of results: 

i. Positive: an RNA sample that yields a band at the expected product length, 

213 bp, is considered positive. 

ii. Negative: an RNA sample that yields no band at the expected product 

length is considered negative. 

iii. Indeterminate: faint bands at or near the expected product length are 

considered to be an indeterminate result. 

iv. If RT-PCR inhibitors are suspected, retest the RNA at a 1:500 dilution. 

v. Indeterminate results may be confirmed by probe. 

g. Limitations of the test: 

i. The test may not detect RNA from all Norwalk-like viruses. The results of 

the RT-PCRmay be affected by the quality of the RNA, which is extracted 

from stool samples. A false-negative result may be obtained if the sample 

contains inhibitors of RT-PCR. A false-positive result may be obtained if 

either the sample or RT-PCR reagents contain contaminating DNA. 

h. References: 

i. Ando, T., S. S. Monroe, J. R. Gentsch, Q. Jin, D. C. Lewis, and R. I. 

Glass. 1995. Detection and differentiation of antigenically distinct small 

round-structured viruses (Norwalk-like viruses) by reverse transcription-

PCR and southern hybridization. J. Clin.Microbiol. 33:64-71. 

ii. Green, J., C. I. Gallimore, J. P. Norcott, D. Lewis, and D. W. G. Brown. 

1995. Broadly reactive reverse transcriptase polymerase chain reaction for 

the diagnosis of SRSVassociated gastroenteritis. J. Med. Virol. 47:392-

398. 

iii. Kilpatrick, D. R., B. Nottay, C. Yang, S. Yang, E. Da Silva, S. Peñaranda, 

M. Pallansch, and O. Kew. 1998. Serotype-specific identification of 

polioviruses by PCR using primers containing mixed-base or deoxyinosine 

residues at positions of codon degeneracy. J. Clin. Microbiol. 36:352-357. 

iv. Moe C. L., J. Gentsch, T. Ando, G. Grohmann, S. S. Monroe, X. Jiang, J. 

Wang, M. K. Estes, Y. Seto, C. Humphrey, S. Stine, and R. I. Glass. 1994. 

Application of PCR to detect Norwalk virus in fecal specimens from 
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outbreaks of gastroenteritis. J. Clin. Microbiol. 32:642-648. 

 

 

Procedure: Combined detection of Norwalk-like virus and Sapporo-like virus by RT-PCR (See 

Attachment I for laboratory worksheet).  Note- this test is relatively insensitive for NLV.  The 

NLV region B RT-PCR procedure above should be used to identify NLV. 

1. Vertrel extraction of stools (See above) 

2. RNA manual extraction using NucliSens kit (see above) 

3. RT-PCR with NLV/SLV  

a. Principal of the test: The diagnostic test detects both Norwalk-like virus (NLV) 

and Sapporo-like virus (SLV) RNA, as extracted from clinical or environmental 

samples, by RT-PCR of the RNA polymerase region (adapted from Jiang et al., 

1999).  The product lengths are 319 bp for NLVs with a unique sequence length 

of 274 bp, and 331 bp for SLVs with a unique sequence length of 286 bp.  The 

genome location is 4568-4886, based on the full-length Norwalk virus sequence 

(Accession No. M87661; Jiang et al., 1993). 

b. Commercial materials needed to perform the test: 

i. Master Amp Mix D   Epicentre Technologies, M07205D 

ii. RNase Inhibitor   Roche, 799 025 

iii. AMV-RT   Molecular Genetic Resources, MG-101-

2000 

iv. Ampli-Taq   Applied Biosystems, N808-0153 

c. Primers:  

i. P290  5'-GATTACTCCAAGTGGGACTCCAC-3'     + sense 

ii. P289   5'-TGACAATGTAATCATCACCATA-3'     - sense 

1.  

d. Control RNA: Use RNA that has been previously tested and is known to be 

strongly positive. Dilute this RNA 1:20 in DEPC-treated H2O after extraction and 

store at -80 °C. 

e. Procedure  

i. Calculate the number of tubes required (equal to the number of samples 
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to be analyzed plus one for each positive and negative control). 

ii. Mix together reagents for RT-PCR Mix, keeping tubes on ice throughout 

the setup procedure. For 1 reaction: 

1. DEPC-treated water   19.9 l 

2. MasterAmp Mix G    25 l 

3. 20mM DTT      2.5 l 

4. 100% Triton-X     0.1 l 

5. 1.44M -Mercaptoethanol   0.07 l 

6. 50 M P 289     0.3 l 

7. 50 M P290     0.3 l 

8. Rnase Inhibitor     0.5 l 

9. AMV-RT      0.09 l 

10. Ampli-Taq      0.25 l 

11. Total RT-PCR Mix   49l 

iii. Aliquot 49 l RT-PCR mix to each PCR tube. Add 1 l RNA or H2O 

(negative control) to each tube. Mix well, and add a layer of mineral oil 

atop the mixture (if necessary). 

iv. RT-PCR program: 

1. (1) 42 °C 10' 

2. (1) 94 °C 3' 

3. (40)  

a. 94 °C 30"  

b. 50 °C 1'30" 

c. 60 °C 30" 

4. (1) 72 °C 7' 

5. (1) 4 °C hold 

v. Analyze the PCR products by electrophoresis in 3% agarose gels and 

visualize under UV illumination following ethidium bromide staining 

for 30-60 minutes. 

1. 3% Agarose Gel 
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a. Nu Sieve GTG Agarose 1.2g 

b. Sea Plaque Agarose 0.6g 

c. 1 X TAE 60ml 

2. 6 X Gel Loading Buffer 

a. Bromophenol Blue 0.05g 

b. Sucrose 9.0g 

c. H2O Up to 20.0ml 

d. Heat at 65°C for 30 minutes, with occasional stirring. 

Filtrate through 0.45m membrane, and store at 4°C. 

3. Molecular Markers 

a. 6 X Gel Loading Buffer 3 l 

b. 1 X TAE 6 l 

c. 123-bp DNA Ladder 4 l 

d. Load 10 l of the molecular weight marker onto the gel. 

4. Samples 

a. 6 X gel loading buffer 3 l 

b. RT-PCR product 10 l 

c. Load 10 l of each sample onto the gel. 

5. Electrophoresis 

a. 150 V for 1 hour 

6. Staining 

a. Ethidium bromide for 30-60 minutes 

f. Interpretation of results: 

i. Positive: an RNA sample that yields a band at the expected product 

length of 319 bp is considered positive for NLV.  An RNA sample that 

yields a band at the expected product length of 331 bp is considered 

positive for SLV. 

ii. Negative: an RNA sample that yields no band at either expected product 

length is considered negative. 

iii. Indeterminate: faint bands at or near the expected product lengths are 

considered to be an indeterminate result. 
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g. Limitations of the test: 

i. The test may not detect RNA from all Norwalk-like viruses or Sapporo-

like viruses. The results of the RT-PCR may be affected by the quality 

of the RNA, which is extracted from stool samples. A false-negative 

result may be obtained if the sample contains inhibitors of RT-PCR. A 

false-positive result may be obtained if either the sample or RT-PCR 

reagents contain contaminating RNA. 

h. References: 

i. Jiang, X., M. Wang, K. Wang, and M. K. Estes. 1993. Sequence and 

genomic organization of Norwalk virus. Virology. 195:51-61. 

 
ii. Jiang, X., P. W. Huang, W. M. Zhong, T. Farkas, D. W. Cubitt, and D. 

O. Matson. 1999. Design and evaluation of a primer pair that detects 

both Norwalk- and Sapporo-like caliciviruses by RT-PCR. J. Virol. 

Method. 83:145-154. 

4. Recover 319 bp RNA product from gel (may use either gel purification method or 

commercial kit) 

5. Send RNA fragment to CDC contractor for sequence analysis (Contact Steve Monroe 

at CDC for details) 

 

Procedure: Detecting Astrovirus by RT-PCR 

1. Vertrel extraction of stools (as above) 

2. RNA manual extraction using NucliSens kit (as above) 

3. RT-PCR for Astrovirus (prepared by Steve Monroe, October 1997, CDC.  Note- Gel 

electrophoresis procedure uses 3% agarose in place of procedure in astrovirus protocol 

distributed previously) 

a. Required Reagents and Materials: 

i. AMV Reverse Transcriptase (Boehringer 109 118) 

ii. 5X AMV-RT Buffer (Boehringer Supplied w/ enzyme) 

iii. PCR dNTP mix (10 mM each) (Boehringer 1581 295) 

iv. Reverse primer, 5' aca tgt gct gct gtt act atg 3' (CDC Mon348) 



 

154 
 

v. Forward primer, 5' cgt cat tat ttg ctg tca tac t 3' (CDC Mon340) 

vi. Taq DNA polymerase (Boehringer 1146 173) 

vii. 10X PCR Buffer w/ Mg++ (Boehringer Supplied w/ enzyme) 

viii. Agarose (Sigma A-9539) 

ix. 10X TAE Buffer (Sigma T-9650) 

x. 5X Gel Loading Solution (Sigma G-2526) 

xi. 123 bp DNA ladder (GibcoBRL 15613-029) 

xii. Ethidium Bromide, 10 mg/ml  

b. Copy RNA to cDNA by AMV-reverse transcriptase (AMV-RT) using a primer 

complementary to the RNA (reverse primer), Mon348. 

i. Prepare RT master mix. Make enough for the number of samples tested +  

Thaw frozen components rapidly and hold on ice. Use "PCR" pipettors 

and aerosol block tips to dispense reagents. Add components on ice in the 

order listed. Use care in measuring and dispensing the viscous RT enzyme 

solution containing glycerol. Add RT just before use. Mix well to 

uniformly disperse.  For 1 reaction: 

1. DEPC-H20   12l 

2. 5X AMV-RT Buffer  5l 

3. dNTP    2l 

4. Reverse Primer (Mon348) 0.5l 

5. AMV-RT   0.5l 

6. Total =    20l (w/o RNA) 

ii. Preheat thermocycler (or heating block) to 42C (PAUSE) 

iii. Aliquot 20l RT-master mix per tube on ice 

iv. Heat RNA to 95-100C, 5 min, quick chill on ice, centrifuge 10 sec. 

v. Add 5l RNA to each tube 

vi. Place at 42C and begin thermocycler program (AMVRT) or timer for 1 

hr. 

vii. Inactivate RT, 95-100C, 5 min, quick chill on ice, centrifuge 10 sec. 

viii. Proceed to next step, or store cDNA at -20C 
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c. PCR amplify cDNA using Taq DNA polymerase 

i. Prepare PCR master mix. Make enough for the number of samples tested 

+ 1. Thaw frozen components rapidly and hold on ice. Use "clean" 

pipettors and aerosol block tips to dispense reagents. Add components on 

ice in the order listed. Use care in measuring and dispensing the viscous 

Taq enzyme solution containing glycerol. Add enzyme (Taq) just before 

use. Mix well to uniformly disperse. For 1 reaction: 

1. DEPC-H20   38.3l 

2. 10X PCR Buffer w/ Mg++  5l 

3. dNTP     1l 

4. Reverse primer (Mon348) 0.25l 

5. Forward primer (Mon340) 0.25l 

6. Taq DNA polymerase  0.2l 

7. Total =    45l (w/o cDNA) 

ii. Preheat thermocycler to 94C (PAUSE) 

iii. Aliquot 45l PCR-master mix per tube (save extra mix for diluting gel 

markers) 

iv. Heat cDNA to 95-100C, 5 min., quick chill on ice, centrifuge 10 sec. 

v. Add 5 l cDNA to each tube containing master mix 

vi. Overlay with 10 l mineral oil for PCR, centrifuge 10 sec. 

vii. Place in preheated thermocycler and begin program. 

1. Step 1 94C, 2 min 

2. Step 2 94C, 30 sec 

3. Step 3 50C, 20 sec 

4. Step 4 72C, 30 sec 

5. Step 5 Repeat steps 2-4 34 additional times 

6. Step 6 72C, 5 min 

7. Step 7 4C, hold 

8. Step 8 Quit 

viii. Proceed to next step, or store samples at -20C 
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d. Analyze the PCR products by electrophoresis in 3% agarose gels and visualize 

under UV illumination following ethidium bromide staining for 30-60 minutes. 

i. 3% Agarose Gel 

1. Nu Sieve GTG Agarose 1.2g 

2. Sea Plaque Agarose 0.6g 

3. 1 X TAE 60ml 

ii. 6 X Gel Loading Buffer 

1. Bromophenol Blue 0.05g 

2. Sucrose 9.0g 

3. H2O Up to 20.0ml 

4. Heat at 65°C for 30 minutes, with occasional stirring. Filtrate 

through 0.45m membrane, and store at 4°C. 

iii. Molecular Markers 

1. 6 X Gel Loading Buffer 3 l 

2. 1 X TAE 6l 

3. 123-bp DNA Ladder 4l 

4. Load 10 l of the molecular weight marker onto the gel. 

iv. Samples 

1. 6 X gel loading buffer 3l 

2. RT-PCR product 10l 

3. Load 10l of each sample onto the gel. 

v. Electrophoresis 

1. 150V for 1 hour 

vi. Staining 

1. Ethidium bromide for 30-60 minutes 

2. Expected product size: 289 bp 

vii. Interpretation of results: 

1. Positive: an RNA sample that yields a band at the expected product 

length, 289 bp, is considered positive. 

2. Negative: an RNA sample that yields no band at the expected 

product length is considered negative. 
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3. Indeterminate: faint bands at or near the expected product length 

are considered to be an indeterminate result. 

 

Procedure:  Rotavirus RT-PCR Diagnostic Test 

1. Vertrel extraction of stools (as above) 

2. RNA manual extraction using NucliSens kit (as above)  

3. Principal of the test: 

a. The diagnostic test detects rotavirus RNA, as extracted from clinical or 

environmental samples, by RT-PCR of the VP4 gene.  The product length is 212 

bp with a unique sequence length of 172 bp.  The genome location is 676-887, 

based on the VP4 segment sequence of the Ku strain. 

4. Commercial materials needed to perform the test: 

a. Qiagen One-Step RT-PCR Kit Qiagen, 210212 

b. Primers:  

i. Con 1  5'-TTG CCA CCA ATT CAG AAT AC-3' + sense 

ii. Con 2  5'-ATT TCG GAC CAT TTA TAA CC-3' - sense 

5. Preparation of reagents: 

a. 6 x Gel Loading Buffer 

b. Bromophenol Blue 0.05 g 

c. Sucrose  9.0 g 

d. H2O   Up to 20.0 ml 

e. Heat at 65C for 30 minutes, with occasional stirring.  Filter through 0.45µm 

membrane, and store at 4C. 

6. Control RNA 

a. Use RNA that has been previously tested and is known to be strongly positive.  

Dilute this RNA 1:20 in DEPC-treated H2O after extraction, and store at -80C. 

7. Procedure 

a. Calculate the number of tubes required (equal to the number of samples to be 

analyzed plus one for each positive and negative control). 

b. Mix together reagents for the RT-PCR Mix, keeping tubes on ice throughout the 

set-up procedure.  For 1 reaction: 
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i. DEPC-treated water    29 µl 

ii. 5x Qiagen OneStep RT-PCR Buffer  10 µl 

iii. dNTP Mix       2 µl 

iv. Qiagen OneStep RT-PCR Enzyme Mix   2 µl 

v. Total RT-PCR Mix    43 µl 

c. Aliquot to each tube 3 µl of a primer mix containing 10 µM each of primers Con 

1 and Con 2.  Add 4 µl of RNA or H2O (negative control) to each tube. Vortex, 

and centrifuge briefly to collect contents at the bottom of the tube. 

d. Denature the RNA by incubating at 97oC for 4 minutes on a pre-heated 

thermalcycler.  Immediately place the tubes on ice, and let sit for 1 minute. 

Centrifuge briefly. 

e. Add 43 µl of the RT-PCR Mix to each tube.  Vortex, and centrifuge briefly. 

f. RT-PCR program: 

i. (1) 50C 30' 

ii. (1) 95C 15' 

iii. (35) 94C 30" 

iv.              50C 30" 

v.              72C 45" 

vi. (1) 72C 7' 

vii. (1) 4C hold 

g. Analyze the RT-PCR products by electrophoresis in 3% agarose gels and 

visualization under UV illumination following ethidium bromide staining for 30-

60 minutes. 

8. Interpretation of results: 

a. Positive: an RNA sample that yields a band at the expected product length, 212 

bp, is considered positive for rotavirus.  

b. Negative: an RNA sample that yields no band at the expected product length is 

considered negative. 

c. Indeterminate: faint bands at or near the expected product length are considered to 

be an indeterminate result. 

9. Limitations of the test: 



 

159 
 

a. The test may not detect RNA from all rotaviruses.  The results of the RT-PCR 

may be affected by the quality of the RNA, which is extracted from stool samples.  

A false negative result may be obtained if the sample contains inhibitors of RT-

PCR. A false positive result may be obtained if either the sample or RT-PCR 

reagents contain contaminating RNA. 

10. References 

a. Abbaszadegan, M., P. Stewart, and M. LeChevallier. 1999. A Strategy for 

Detection of Viruses in Groundwater by PCR. Appl. Environ. Microbiol. 65:444-

449. 

 

 

 

Procedure:  Adenovirus Generic Nested PCR Diagnostic Test 

(See Attachment II for Laboratory Worksheet) 

1. Vertrel extraction of stools (as above) 

2. DNA extraction using Nuclisens kit (as above) 

3. Nested PCR for Adenovirus 

a.  Principal of the test: The diagnostic test detects adenovirus DNA, as extracted 

from clinical or environmental samples, by nested PCR of the hexon gene. The 

product lengths are 482 bp for primary PCR with a unique sequence length of 442 

bp, and 442 bp for secondary PCR with a unique sequence length of 402 bp. The 

genome locations are 1834-2315 for primary PCR and 1834-2275 for secondary 

PCR. 

b. Commercial materials needed to perform the test:  

i. Taq DNA Polymerase with Roche, 1 146 165 

ii. 10x PCR Buffer 

iii. dNTP set, 100 mM, 4x25 µmol Pharmacia Biotech, 27-2035-01 

c. primers:  

i. ADGENf  TTC CCC ATG GCI CAY AAC AC   + sense 

ii. ADGENr  CCC TGG TAK CCR ATR TTG TA   - sense 

iii. ADGENNESTr AGG AAC CAR TCY TTR GTC AT  - sense 
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iv. IUB ambiguity codes: 

1. Y = pYrimidine (C/T) 

2. R = puRine (A/G) 

3. S = Strong (C/G)  

4. K = Keto (G/T) 

d. Control DNA: Use DNA that has been previously tested and is known to be 

strongly positive.  Store at -80°C. 

e. Procedure  

i. Calculate the number of tubes required (equal to the number of samples to 

be analyzed plus one for each positive and negative control). 

ii. Mix together reagents for PCR Mix, keeping tubes on ice throughout the 

setup procedure. For 1 reaction: 

1. DEPC-treated water   29.8l 

2. 10X PCR Buffer      5l 

3. 1.25 mM dNTPs     8l 

4. 10 M ADGENf     1 l 

5. 10 M ADGENr     1 l 

6. Taq (5 U/l)     0.2 l 

7. Total PCR Mix    45l 

iii. Aliquot 45 l PCR mix to each PCR tube. Add 5 l DNA or H2O 

(negative control) to each tube. Mix well, and add a layer of mineral oil 

atop the mixture (if necessary). 

iv. PCR program  

1. (1) 94C 5' 

2. (35) 

a. 94C 1' 

b. 56C 1' 

c. 72C 1' 

3. (1) 72C 5' 

4. (1) 4C hold 
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v. Analyze the PCR products by electrophoresis in 3% agarose gels and 

visualize under UV illumination following ethidium bromide staining for 

30-60 minutes. 

1. 3% Agarose Gel 

a. Nu Sieve GTG Agarose 1.2g 

b. Sea Plaque Agarose 0.6g 

c. 1 X TAE 60ml 

2. 6 X Gel Loading Buffer 

a. Bromophenol Blue 0.05g 

b. Sucrose 9.0g 

c. H2O Up to 20.0ml 

d. Heat at 65°C for 30 minutes, with occasional stirring. 

Filtrate through 0.45m membrane, and store at 4°C. 

3. Molecular Markers 

a. 6 X Gel Loading Buffer 3 l 

b. 1 X TAE 6 l 

c. 123-bp DNA Ladder 4 l 

d. Load 10 l of the molecular weight marker onto the gel. 

4. Samples 

a. 6 X gel loading buffer 3 l 

b. RT-PCR product 10 l 

c. Load 10 l of each sample onto the gel. 

5. Electrophoresis 

a. 150 V for 1 hour 

6. Staining 

a. Ethidium bromide for 30-60 minutes 

b. Expected product size: 213 bp 

vi. If primary PCR yields negative results, then repeat step “e PCR 

procedure” with the following changes: 

1. Replace ADGENNESTr for ADGENr 

2. Use 5l of the primary product as template (for a total volume of 
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50l) 

f. Interpretation of results: 

i. Positive: a DNA sample that yields a band at the expected product length 

for either the primary PCR (482 bp) for the secondary PCR (442 bp) is 

considered positive for adenovirus. 

ii. Negative: a DNA sample that yields no band at either expected product 

length for either PCR is considered negative. 

iii. Indeterminate: faint bands at or near the expected product lengths are 

considered to be an indeterminate result. 

g. Limitations of the test: 

i. The test may not detect DNA from all  Adenoviruses. The results of the 

PCR may be affected by the quality of the DNA.  A false-negative result 

may be obtained if the sample contains inhibitors of PCR. A false-positive 

result may be obtained if either the sample or PCR reagents contain 

contaminating DNA.  Care should be taken when performing the 

secondary PCR as using the primary product as template may predispose 

to cross-contamination. 

h. References 

i. Xu W., McDonough M. C., Erdman, D. D. 2000. Species-specific 

identification of human adenoviruses by a multiplex PCR assay. J Clin 

Microbiol 38:4114-20. 
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Identifying Parasites 
 

Please visit Division of Parasitic Diseases Web site for additional information:  

http://www.dpd.cdc.gov/DPDx (use Microsoft Explorer) 

 

Procedure: Formalin-ethyl acetate sedimentation concentration* 

1. Mix the specimen preserved in 10% formalin well  

2. Strain 5ml of the fecal suspension (more or less depending on its consistency) 

through wetted cheesecloth-type gauze placed over a disposable paper funnel into a 

15 ml conical centrifuge tube.  (Conical paper cups with the tips cut off are 

sufficient). 

3. Add 0.85% saline or 10% formalin through the debris on the gauze to bring the 

volume in the centrifuge tube to 15 mls.  Distilled water may be used; however, 

Blastocystis hominis may be deformed or destroyed. 

4. Centrifuge at 500 × g for 10 minutes.  

5. Decant supernatant.  Add 10 ml of 10% formalin to the sediment and mix thoroughly 

with wooden applicator sticks.  

6. Add 4 ml of ethyl acetate, stopper the tube, and shake vigorously in an inverted 

position for 30 seconds.  Carefully remove the stopper.  

7. Centrifuge at 500 × g for 10 minutes.  

8. Free the plug of debris from the top of the tube by ringing the sides with an applicator 

stick.  Decant the top layers of supernatant.  

9. Use a cotton-tipped applicator to remove debris from sides of the centrifuge tube.  

10. Add several drops of 10% formalin to resuspend the concentrated specimen.  Proceed 

with applicable testing.  

 

 * Commercial fecal concentration tubes are available that decrease processing time and supplies 

needed for concentrating specimens (e.g., Fecal Parasite Concentrator, Evergreen Scientific).  

Note that one concentrate should be sufficient to all procedures for the formalin-preserved 

specimen. 
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Procedure: Identifying helminthes and protozoa 

1. Fresh stool preserved in 10% formalin, one volume stool to three volumes 

preservative 

2. Formalin-ethyl acetate sedimentation concentration (as above) 

3. Wet mount and micropscopic examination 

 

Procedure: Identifying Cryptosporidium, Cyclospora and Isospora by modified acid-fast stain  

1. Fresh stool preserved in 10% formalin, one volume stool to three volumes preservative 

2. Formalin-ethyl acetate sedimentation concentration (as above) 

3. Modified acid-fast stain: 

a. Reagents 

i. Absolute Methanol  

ii. Acid Alcohol: 10 ml Sulfuric Acid + 90 ml Absolute ethanol.  Store at 

room temperature.  

iii. Kinyoun's Carbol fuchsin: may be purchased commercially.  

iv. 3% Malachite green: dissolve 3 g of malachite green in 100 ml of distilled 

water.  Store at room temperature. 

b. Preparation 

i. Prepare a smear with 1 to 2 drops of specimen on the slide and dry on a 

slide warmer at 60°C until dry.  Do not make the smears too thick!  

ii. Fix with absolute methanol for 30 seconds.  

iii. Stain with Kinyoun’s carbol fuchsin for one minute.  Rinse briefly with 

distilled water and drain.  

iv. Destain with acid alcohol for 2 minutes.   Rinse with distilled water and 

drain.  

v. Counterstain with Malachite green for 2 minutes.  Rinse briefly with 

distilled water and drain.  

vi. Dry on a slide warmer at 60°C for about 5 minutes.  Mount with a 

coverslip using desired mounting media.  

2. Examine 200 to 300 fields using 40× or higher objectives.  To confirm internal 

morphology, use 100× oil immersion objective.  
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3. A control slide of Cryptosporidium spp. from a 10% formalin preserved specimen should 

be included with each staining run.  Cryptosporidium spp. stains a pinkish-red color.  The 

background should stain uniformly green. 

 

Procedure: Identifying Microsporidia 

1. Fresh stool preserved in 10% formalin, one volume stool to three volumes 

preservative 

2. Prepare a thin smear using approximately 10 µl of 10% formalin fixed stool 

suspension (unconcentrated) on a glass slide.  Formalin concentrates may also be 

used but the number of organisms will be essentially the same as before 

concentration.  Heat fix on a slide warmer at 60°C until completely dry (5-10 

minutes). 

3. Chromotrope 2R stain (AKA modified trichrome or Weber stain): 

a. Reagents: 

i. Absolute methanol  

ii. Chromotrope Stain: 

Chromotrope 2R  6.00 g 

Fast green  0.15 g 

Phosphotungstic acid  0.70 g 

Glacial acetic acid    3.00 ml 

Mix ingredients and allow to stand for 30 minutes.  Then add 100 ml of distilled water.  Prepare 

fresh for use every month. 

iii. Acid alcohol: 

90% ethanol  995.5 ml 
Glacial acetic acid   4.5 ml 

iv. 95% ethanol  
v. 100% ethanol  

vi. Xylene or xylene substitute  
b. Preparation 

i. Fix smear in absolute methanol for 5 minutes.  
ii. Place in chromotrope stain for 90 minutes.  

iii. Destain in acid alcohol for only 1 to 3 seconds.  
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iv. Rinse in 95% ethanol by dipping.  
v. Place in two changes of 100% ethanol for 3 minutes each.  

vi. Place in two changes of xylene or xylene substitute for 10 minutes each.  
vii. Drain slide and mount with coverslip using mounting media (e.g., 

permount).   
4. Examine smear after drying using at least 100× objective oil immersion or higher.  

Examine at least 200 to 300 oil immersion fields.  

5. CDC to review all positive and 10% of negative slides 

 

Procedure: Identifying trophozoites and cysts of protozoa (e.g. Giardia lamblia, Blastocystis 

hominis, Dientameoba fragilis, Entameoba histolitica/dispar) 

1. Stool fixed in polyvinyl alcohol (PVA) smeared on microscope slides and allowed to 

air dry or dry on a slide warmer at 60°C (stool preserved in PVA is NOT 

concentrated). 

2. Trichrome stain: 

a. Reagents: 

i. 70% ethanol plus iodine: prepare a stock solution by adding iodine 

crystals to 70% alcohol until you obtain a dark solution.  To use, dilute the 

stock with 70% alcohol until a dark reddish brown color or strong tea 

color is obtained.  

ii. 70% ethanol  

iii. Trichrome Stain: may be purchased commercially  

iv. 90% acid ethanol 

90% ethanol   99.5 ml  

Acetic acid (glacial)  0.5 ml  

v. 95% ethanol  
vi. 100% ethanol  

vii. Xylene or xylene substitute  
b. Preparation 

i. Place the slide in 70% ethanol plus iodine for 10 minutes.  
ii. Place slide in 70% ethanol for 5 minutes.  

iii. Place in second 70% ethanol for 3 minutes  
iv. Place in Trichrome stain for 10 minutes.  
v. Destain in 90% ethanol plus acetic acid for 1 to 3 seconds.  

vi. Rinse several times in 100% ethanol.  
vii. Place in two changes of 100% ethanol for 3 minutes each.  
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viii. Place in two changes of xylene or xylene substitute for 10 minutes. 
ix. Mount with coverslip using mounting medium (e.g., permount). 

3. Examine the smear microscopically utilizing the 100× objective.  Examine at least 
200 to 300 oil immersion fields.  

4. CDC to review all positives and 10% of negative slides 
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Susceptibility Testing- Clinical Pathogens 
 
For gram negative organisms (including Salmonella, Shigella, Aeromonas, 
Plesiomonas, Vibrio) 
 
Kirby-Bauer using BBL discs with the following: 
 
Ampicillin 10ug 
Ceftazidime 30ug 
Cefuroxime 30ug 
Gentamycin 10ug 
Zosyn- Pipperacillin 100ug and Tazobactam 10ug 
Cefozolin 30ug 
Ciprofloxacin 5ug 
Unasyn- Ampicillin/ Sulbactam 20ug 
Ceftriaxone 30ug 
Sulfamethoxazone 23.75ug/ Trimethoprim 1.35ug 
Timentin 85ug 
 
 For more resistant organisms, also test: 
 
Meropenem 10ug 
Aztreonam 30ug 
Cefepime 30ug 
 
For Listeria: 
 
Ampicillin 10ug 
Tetracycline 30ug 
Cefazolin 30ug 
Gentamycin 10g 
Erythromycin 15ug 
Clindamycin 2ug 
Chloramphenicol 30ug 
Sulamethoxozole 23.75ug/ Trimethoprim 1.23ug 
Novobiocin 5ug 
Vancomycin 30 ug 
 
There is no standardized method for testing Campylobacter.  Susceptibility testing protocols for 
Camplylobacter spp. Pending. 
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Susceptibility Testing- Stool Flora 

Procedure: Isolating quinupristin/dalfopristin (Synercid)- or gentamicin-resistant Enterococci 

(See also Attachment III flow chart) 

1. Rectal swab or swab from stool specimen inoculated into 5 ml Enterococcosel 

containing amphotericin B broth 

2. Incubate 24 hours at 45 C.   

3. If black color, continue.  If not black color, discard and stop. 

4. Selection by quinupristin/dalfopristin containing media 

a. Streak 10 l of broth onto Mueller-Hinton II agar plates containing 2 g/ml 

quinupristin/dalfopristin 

b. Incubate at 35 C for 24 hours 

c. Select 5 different, well isolated colonies 

d. Streak each colony onto a separate TSA + 5% blood agar plate 

e. Incubate at 35 C for 24 hours 

f. Note type of hemolysis if any; select a typical well isolated colony for speciation 

(see below) 

g. Incubate at 35 for 24 hours 

h. Freeze overnight growth from plate of a single E. faecium confirmed culture in 

~0.75 ml defibrinated blood (freeze duplicate vials) 

i. Discard the 4 remaining cultures 

5. Selection by gentamicin containing media 

a. Streak 10 l of broth onto a Mueller-Hinton II agar plate with 100 g/ml 

gentamicin 

b. Incubate at 35 C for 24 hours 

c. Select a typical, well isolated representative of each colony type 

d. Streak onto a TSA + 5% blood agar plate 

e. Incubate at 35 C for 24 hours 

f. Note type of hemolysis if any.  Select a typical, well isolated colony for speciation 

(see below) 

g. Incubate at 35 C for 24 hours 
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h. Freeze overnight growth from plate in ~0.75 ml defibrinated blood (freeze 

duplicate vials) 

6. Send one vial to CDC (NARMS lab) to for further characterization 

 

 

Procedure:  Speciating Enterococci 

1. Confirm identification of enterococci by positive Gram stain, black growth on bile 

esculin slant and red color product with PYR test. Perform preliminary speciation 

using the following chart. 

 

Test E. faecalis E. faecium E. gallinarum E. casseliflavus 

Gram stain + + + + 

Esculin + + + + 

PYR + + + + 

Arabinose - + + + 

Motility - - + +/- 

Yellow 

pigmentation 

- - - + 

 

Quality Control 

Strain 

GRE plate SRE plate Nonselective broth 

ATCC 51299 Growth NG Growth 

ATCC 29212 NG NG Growth 

MD 1297-125 Growth @ 48 hrs Growth Growth 

 

 

 

 

 

 

Procedure:  Isolating nalidixic acid and 3rd generation cephalosporin-resistant E. coli* 
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(See also Attachment IV flow chart) 

1. Rectal swab or swab from stool specimen inoculated in MacConkey broth  

2. Incubate at 35 C for 24 hours 

3. Streak 10 l of broth onto MacConkey agar plate with 16 g/ml nalidixic acid 

a. Incubate at 35 C for 24 hours 

b. Select one possible E. coli of each colony type 

c. Streak onto eosin methylene blue (EMB) agar plate 

d. Incubate 35 C for 24 hours 

e. Select a typical presumptive E. coli colony (glossy and green with dark 

center) to grow overnight on a plate (e.g., TSA + 5% blood agar) 

4. Steak 10 l of broth onto MacConkey agar plate with 1 g/ml ceftazidime 

a. Incubate at 35 C for 24 hours 

b. Select a colony that appears to be E. coli 

c. Streak onto eosin methylene blue (EMB) agar plate 

d. Incubate 35 C for 24 hours 

e. Select a typical presumptive E. coli colony (glossy and green with dark 

center) to grow overnight on a plate (e.g., TSA + 5% blood agar) 

5. Freeze overnight growth in ~0.75 ml defibrinated blood (freeze duplicate vials) 

6. Send one vial to CDC (NARMS lab) for further characterization 

 

Procedure: Isolating 3rd generation cephalosporin-resistant stool flora 

(See also Attachment V flow chart) 

1. Streak rectal swab or swab from stool (quadrant method) onto a plain MacConkey plates 

and on a MacConkey plate containing 1 ug/ml ceftazidime 

2. Incubate overnight at 35º C 

3. Select a well-isolated representative colony of each type growing at 1 μg/ml ceftazidime 

If there is no growth on ceftazidime-containing plate, characterize phenotypes of growth 

on plain MacConkey plate, and report no resistance found. 

4. Streak each representative colony for isolation on standard non-selective media in 

preparation for identification and susceptibility testing, incubate overnight at 35ºC 

5. If subculture pure then proceed to 6. If subculture is mixed, subculture both colony types 
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and incubate overnight  

6. For each different isolate: 

a. Freeze the isolate in duplicate in sheep blood or other cryopreservative media 

pending possible shipment 

b. Identify organism to genus, and if possible species level 

c. Determine susceptibility according to NCCLS guidelines using your lab’s 

standard panel for as many of the following drugs as possible: 

i. amoxicillin/clavulanate 

ii. cefoxitin 

iii. cefotaxime 

iv. ceftazidime 

v. ceftriaxone 

vi. ampicillin 

d. Submit isolates that yield intermediate or resistant results for cefoxitin, 

cefotaxime, ceftazidime or ceftriaxone to the CDC-NARMS lab for further beta-

lactamase characterization 
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Attachment I. Combined NLV/SLV RT-PCR Diagnostic Test- Laboratory Work Sheet 

Combined NLV/SLV RT-PCR Diagnostic Test Run ID:_________________ 
(Region 5 primers)     Date:___________________ 
 Reagents: RT-PCR Mix 

# DASH # RNA 
storage 
Box # 

DNA 
storage 
Box # 

RT-PCR 
result 

    Region 5 

1  1 1  

2  2 2  

3  3 3  

4  4 4  

5  5 5  

6  6 6  

7  7 7  

8  8 8  

9  9 9  

10  10 10  

11  11 11  

12  12 12  

13  13 13  

14  14 14  

15  15 15  

16  16 16  

17  17 17  

18  18 18  

19 Positive 
Control 

   

20 Water    
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RT-PCR MIX: 

Reagent Rxns 1 reaction 20 reactions Lot Number 

DEPC-treated water 20 19.9 µl 398  

Master Amp Mix D  25 µl 500  

20 mM DTT  2.5 µl 50  

100% Triton-X  0.1 µl 2  

1.44 M -ME  0.07 µl 1.4  

50 M P 289  0.3 µl 6  

50 M P 290  0.3 µl 6  

RNase Inhibitor  0.5 µl 10  

AMV-RT  0.09 µl 1.8  

Ampli-Taq  0.25 µl 5  

Total  49 µl 980  

 
Note: If quantities are limited, Master Amp Mix D may be substituted with 
Master Amp Mix G for comparable results. 
 
RT-PCR PROCEDURE:  
     49 µl/tube of RT-PCR mix 

 
Add 1 µl RNA to each tube 

       
Vortex, then zip spin 

 
Add 2 drops of mineral oil (if necessary) 

 
  RT-PCR  (1) 42C 10' 
  Thermalcycler (1) 94C 3' 
  Program  (40) 94C 30" 
      50C 1'30" 
      60C 30" 
     (1) 72C 7' 
     (1) 4C hold 
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GEL ANALYSIS 
 

3% Agarose Gel 
 NuSieve GTG Agarose 1.2g 
 SeaPlaque Agarose  0.6g 
 1 x TAE   60ml 
 
6 x Gel Loading Buffer 
 Bromophenol Blue  0.05g 
 Sucrose   9.0g 
 H2O    Up to 20.0ml 
Heat at 65C for 30 minutes, with occasional stirring. Filter through 0.45µm 
membrane, and store at 4C. 
 
Molecular Markers 
 6 x Gel Loading Buffer 3µl 
 1 x TAE   6µl 
 123-bp DNA Ladder  4µl 
Load 10µl of the molecular weight marker onto the gel. 
 
Samples 
 6 x Gel Loading Buffer 3µl 
 RT-PCR product  10µl 
Load 10µl of each sample onto the gel. 
 
Arrangement 

Lane Sample Lane Sample Lane Sample 

1  6  11  

2  7  12  

3  8  13  

4  9  14  

5  10    

 
Electrophoresis 
150 V for 1 hour 
 
Staining  
Ethidium bromide for 30-60 minutes 
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Expected Product Size: 319 bp (NLV) or 331 bp (SLV) 
SUPPLIERS & CATALOG NUMBERS 
 

Reagent Supplier Catalog # 

MasterAmp Mix D Epicentre Technologies MO7205D 

RNase Inhibitor Roche 799 025 

AMV-RT Molecular Genetic Resources MG-101-
2000 

Ampli-Taq Applied Biosystems N808-0153 

NuSieve GTG 
Agarose 

BioWhittaker Molecular 
Applications 

50084 

SeaPlaque Agarose BioWhittaker Molecular 
Applications 

50100 

10 x TAE Gibco BRL 15558-042 

123-bp DNA Ladder Invitrogen 15613-029 

Bromophenol Blue Biorad 161-0404 

Sucrose Sigma S-9378 

 
PRIMER INFORMATION 
Primer Sequences: 
 
P290 5'-GATTACTCCAAGTGGGACTCCAC-3' + sense 4568-4590 
P289 5'-TGACAATGTAATCATCACCATA-3' - sense  4865-

4886 
Product lengths =  319 bp for NLVs 
   331 bp for SLVs 
Unique sequence = 274 bp for NLVs 
   286 bp for SLVs 
Genome locations are based on the full-length Norwalk virus sequence 
(Accession No. M87661; Jiang et al., 1993).  

Prepared by 
Jennifer Tai 

  



 

177 
 

Attachment II. Adenovirus Laboratory Worksheet 

ADENOVIRUS GENERIC NESTED PCR DIAGNOSTIC TEST   Outbreak:_______________ 
            
        Date:___________________ 
 

# DASH # RNA 
storage 
Box #

DNA 
storage 
Box #

PCR result 

    Adenovirus 

1  1 1  

2  2 2  

3  3 3  

4  4 4  

5  5 5  

6  6 6  

7  7 7  

8  8 8  

9  9 9  

10  10 10  

11  11 11  

12  12 12  

13  13 13  

14  14 14  

15  15 15  

16  16 16  

17  17 17  

18  18 18  

19 Positive Control    

20 Water    
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INSTRUCTIONS 
Perform the primary PCR reaction with primers ADGENf and ADGENr (expected 
product size 482 bp). If results are negative, then perform a second PCR reaction 
with primers ADGENf and ADGENNESTr (expected product size 442 bp), using 
the primary product as template. 
REAGENTS: PCR MIX 
 

Reagent Rxns 1 reaction 10 reactions Lot Number Date 
opened 

 

dH2O 10 29.8 µl 298.0     

10x PCR Buffer 
(Roche) 

10 5 µl 50.0    

1.25 mM dNTPs 10 8 µl 80.0    

10 µM forward 
primer (ADGENf) 

10 1 µl 10.0    

10 µM reverse primer 
(ADGENr or 

ADGENNESTr) 

10 1 µl 10.0    

Taq (Roche) 10 0.2 µl 2.0    

Total PCR Mix 10 45 µl 450.0 -- -- -- 

 
The 10x PCR Buffer is provided in the kit with Taq DNA Polymerase from Roche. 
 
For use with Perkin-Elmer Ampli-Taq kit, try using dH20 (26.75 µl), the given GeneAmp 
10x PCR Buffer II (5 µl), the given 25 mM MgCl2 solution (3 µl), 1.25 mM dNTPs (8 µl), 
forward primer (1 µl), reverse primer (1 µl), and Ampli-Taq (0.25 µl). This will achieve 
the same final concentration of 1.5 mM MgCl2. 
 
PCR PROCEDURE           
    (A) 45µl/ tube of PCR mix (with ADGENf and ADGENr) 

 
           Add 5 µl template to each tube 

       
Vortex, then zip spin 

 
  PCR    (1) 94C 5' 
  Thermalcycler  (35) 94C 1' 
  Program   56C 1' 
      72C 1' 
     (1) 72C 5' 
     (1) 4C hold 

If results are negative, then continue:      
 

 (B) 45µl/ tube of PCR mix (with ADGENf and ADGENNESTr) 
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    Add 5 µl primary product to each tube 
       

Vortex, then zip spin 
 

    Run same PCR thermalcycler program as above 
       
GEL ANALYSIS 

 
3% Agarose Gel 
 Nu Sieve GTG Agarose 1.2g 
 Sea Plaque Agarose  0.6g      
 1 x TAE   60ml 
 
6 x Gel Loading Buffer 
 Bromophenol Blue  0.05g 
 Sucrose   9.0g 
 H2O    Up to 20.0ml 
Heat at 65C for 30 minutes, with occasional stirring. Filter through 0.45µm membrane, 
and store at 4C. 
       
Molecular Markers 
 6 x Gel Loading Buffer 3µl      
 1 x TAE   6µl     
 123-bp DNA Ladder  4µl 
Load 10µl of the molecular weight marker onto the gel. 
 
Samples 
 6 x gel loading buffer  3µl 
 PCR product   10µl     
Load 10µl of each sample onto the gel.        
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Arrangement 
         

Lane Sample Lane Sample Lane Sample 

1  6  11  

2  7  12  

3  8  13  

4  9  14  

5  10    

 
Electrophoresis 
150V for 1 hour   
 
Staining  
Ethidium bromide for 30-60 minutes 
 
Expected Product Size: 482 (primary PCR) or 442 bp (secondary PCR) 
 
SUPPLIERS & CATALOG NUMBERS 
 

Reagent Supplier Catalog # 

Taq DNA Polymerase 
(includes 10x PCR Buffer 
containing 15 mM MgCl2) 

Roche 1 146 165 

dNTP set, 100 mM, 4x25 
µmol 

Pharmacia Biotech 27-2035-01 

Ampli-Taq Perkin Elmer N801-0060 

Nu Sieve GTG Agarose FMC BioProducts 50084 

Sea Plaque Agarose FMC BioProducts 50100 

10 x TAE Gibco BRL 15558-042 

123-bp DNA Ladder Gibco BRL 15613-029 

Bromophenol Blue Biorad 161-0404 

Sucrose Sigma S-9378 

 
 
 
PRIMER INFORMATION 
Primer Sequences: 
ADGENf  TTC CCC ATG GCI CAY AAC AC + sense  1834-1853 
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ADGENr  CCC TGG TAK CCR ATR TTG TA - sense  2315-2296 
ADGENNESTr AGG AAC CAR TCY TTR GTC AT- sense  2275-2256 
 
IUB ambiguity codes: 
Y = pYrimidine (C/T)  R = puRine (A/G) 
S = Strong (C/G)  K = Keto (G/T) 
 
Products 
ADGENf – ADGENr  Genome Location: 1834-2315 Product Size: 482 
 
ADGENf – ADGENNESTr Genome Location: 1834-2275 Product Size: 442 

Prepared by 
Jennifer Tai 

June 2002 
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Attachment III. Isolating quinupristin/dalfopristin (Synercid)- or gentamycin-

resistant Enterococci 

 
STOOL 

 
 

Freeze 2 vials   Collect ~ 0.5 g stool with tip of a cotton swab  
 
 

Inoculate 5 ml ENTEROCOCCOSEL BROTH (containing amphotericin B) by twirling swab 
 
 

Incubate at 45ºC for 24 hours 
 

NOT BLACK    BLACK (presume enterococci) 
 
 
Discard   Continue with selective plates 
 
 

Streak 10 l of broth onto a 
100 g/ml gentamicin 

Mueller-Hinton II agar plate 
 
 

Incubate at 35ºC for 24 hours 
 
 

Select a typical, well isolated colony 
 
 

Streak onto a TSA + 5% BLOOD AGAR 
plate 

 
 

Incubate at 35ºC for 24 hours 
 
 

Note type of hemolysis if any 
Select a typical, well isolated representative 
of colony type for SPECIATION (see chart) 

 
 

Incubate at 35ºC for 24 hours 
 
 

Freeze overnight growth from plate in 
 ~0.75 defibrinated blood  

 
 

Send 1 frozen vial to the CDC 
(NARMS lab) for further characterization 

 
Streak 10 l of broth onto a 

 2 g/ml quinupristin/dalfopristin 
Mueller-Hinton II agar plate 

 
 

Incubate at 35ºC for 24 hours 
 
 

Select 5 different, well isolated colonies 
 
 

Streak each colony onto a separate TSA + 
5% BLOOD AGAR plate 

 
 

Incubate at 35ºC for 24 hours 
 
 

Note type of hemolysis if any 
Select a typical, well isolated colony for 

SPECIATION (see chart) 
 
 

Incubate at 35ºC for 24 hours 
 

Freeze overnight growth from plate of a 
single E. faecium confirmed culture in 

 ~0.75 defibrinated blood 
Discard the 4 remaining cultures. 

 
Send 1 frozen vial to the CDC 

(NARMS lab) for further characterization
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Speciation of presumptive enterococci 
 
Confirm identification of enterococci by positve Gram stain, black growth on bile 
esculin slant and red color product with PYR test. Perform preliminary speciation 
using the following chart. 
 
Test E. faecalis E. faecium E. gallinarum E. casseliflavus
Gram stain + + + + 
Esculin + + + + 
PYR + + + + 
Arabinose - + + + 
Motility - - + +/- 
Yellow 
pigmentation 

- - - + 

 
Quality Control 
Strain 

GRE plate SRE plate Nonselective 
broth 

ATCC 51299 Growth NG Growth 
ATCC 29212 NG NG Growth 
MD 1297-125 Growth @ 48 hrs Growth Growth 
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Attachement IV. Isolating nalidixic acid and 3rd generation cephalosporin-resistant 

E. coli 

 
STOOL 

 
 

Freeze 2 vials   Collect ~ 0.5 g stool with tip of a cotton swab  
 
 

Inoculate 5 ml MacConkey BROTH by twirling swab 
 
 

Incubate at 35ºC for 24 hours 
 

 
 
 
Streak 10 l of broth for isolation onto a  
16 g/ml Nalidixic acid 
MacConkey agar plate 

 
 

Incubate at 35ºC for 24 hours 
 
 

Select possible E. coli of each colony type  
 
 

Streak onto an Eosin Methylene Blue (EMB) 
AGAR plate 

 
 

Incubate at 35ºC for 24 hours 
 
 

Select one typical presumptive E. coli  
colony (glossy and green with a dark  
center) for freezing. Discard others. 

 
 

Freeze overnight growth from plate in 
 ~0.75 defibrinated blood  
 
 
Send 1 frozen vial to the CDC 
(NARMS lab) for further characterization 

 
 
 
 
 
 

 
 

 
 

Streak 10 l of broth for isolation onto a 
1 ug/ml ceftazidime 

MacConkey agar plate 
 

 
Incubate at 35ºC for 24 hours 

 
 

Select possible E. coli of each colony type 
 
 

Streak onto an Eosin Methylene Blue (EMB) 
AGAR plate 

 
 

Incubate at 35ºC for 24 hours 
 
 

Select one typical presumptive E. coli colony 
(glossy and green with a dark center) for 

freezing. Discard others. 
 
 

Freeze overnight growth from plate in 
~0.75 defibrinated blood 

 
 

Send 1 frozen vial to the CDC 
(NARMS lab) for further characterization 
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Attachment V. Isolating 3rd generation cephalosporin-resistant stool flora 

STOOL (held at 4C <18 hours) 
 
 

Freeze ≈ 1 g in cryovial Insert swab into center of fecal mass 
 
 

Streak for isolation (quadrant method) on plain MacConkey and MacConkey 
containing 1 μg/ml ceftazidime 

 
 

Incubate at 35˚C overnight 
 
 

Select well-isolated representative colony of each colony type growing on 1 μg/ml 
ceftazidime* 

 
 

Streak each representative colony for isolation on non-selective media necessary for 
subsequent identification and susceptibility testing 

 
 
Incubate at 35˚C overnight 

 
 

FREEZE   IDENTIFY   DETERMINE 
SUSCEPTIBILITY 

isolates in sheep   organisms to genus  to as many of 
the following 
blood or other   and, if possible,   drugs as 

possible 
cryopreservative   species level  

 amoxicillin/clavulanate 
cefoxitin 
cefotaxime 
ceftazidime 
ceftriaxone 
ampicillin 

For those isolates with I or R results for cefoxitin, cefotaxime, ceftazidime OR 
ceftriaxone, submit to CDC-NARMS lab for further beta-lactamase characterization  
 
*If no growth at 1 μg/ml ceftazidime, report no resistance and predominant phenotype 
of isolates growing on plain MacConkey plate 
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