Case study: Salmonella in the Caribbean

Part  AUTONUM  Salmonella in the Caribbean in the early 1990’s
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Figure 1: Countries of the Caribbean and surrounding landmasses

As early as the mid-1980s, an increasing number of cases and outbreaks of diarrhea involving local and tourist populations made Salmonella a pathogen of public health concern in the Caribbean (Figure 1). The communicable disease surveillance system in place at the time, however, did not support the timely detection of these outbreaks or the investigation of risk factors associated with infection. As a result, the incidence of Salmonella continued to grow.

Salmonellosis is a gastrointestinal illness caused by bacteria from the genus Salmonella. The illness is characterized by the sudden onset of headache, abdominal pain, diarrhea (that may be bloody), nausea and sometimes vomiting. Fever is almost always present. The illness typically lasts for five to seven days and usually does not require specific treatment. In the immunocompromised host or in the case of an overwhelming infection in a normal host, Salmonella may spread to the blood stream and other body sites. In such cases, the infection can cause death unless treated promptly with antibiotics.

Salmonella live in the intestinal tracts of humans and other animals, including mammals, birds and reptiles. Salmonella are usually transmitted to humans through the consumption of foods contaminated with animal feces. Implicated foods are typically those of animal origin, including beef, poultry, milk and eggs. However, all foods, including vegetables, may become contaminated. The incubation period for salmonellosis is usually 12-36 hours, but can be as long as a week.

The communicable disease surveillance system in the Caribbean was based on notifiable disease reports from health care providers. Surveillance of most communicable diseases included both laboratory-confirmed cases and cases diagnosed based on clinician suspicion. However, the laboratory did not report cases of communicable disease directly. The local health department sent reports to the country’s Ministry of Health that forwarded them to the Caribbean Epidemiology Centre (CAREC) of the Pan American Health Organization /WHO.

Question 1.A

How is non-typhoidal salmonellosis diagnosed?

Question 1.B

What could be proposed to improve the surveillance for salmonellosis in the Caribbean?

Part  AUTONUM  An improved surveillance system for salmonellosis

Many diseases can cause fever, diarrhea, and abdominal cramps. As a result, salmonellosis cannot be diagnosed on the basis of symptoms alone. Because Salmonella most often reside in the gastrointestinal tract, isolation of the organism from the stool of the patient is the method used to identify salmonella infections. Stools specimens should be collected during the period of active diarrhea, preferably as soon after onset as possible. The need to confirm the diagnosis of salmonellosis in the laboratory impacts our understanding of the occurrence of salmonellosis. For a case to be confirmed by the laboratory, the patient has to seek medical care, a specimen has to be collected while the patient is still shedding the organism and appropriate laboratory tests must be performed. Since only a fraction of patients with salmonellosis follow this course, the number if laboratory-confirmed cases of Salmonellosis will underestimate the number of Salmonella infections in the community.

The current surveillance system in place does not involve the laboratory. It is unfortunate for a disease such as salmonellosis for which laboratory tests are important for diagnosis. Following a CAREC evaluation of the surveillance system for communicable diseases (including salmonellosis), a number of changes were made in the early 1990’s. These changes included:

Requiring laboratory confirmation for clinicians to report salmonellosis;

Requiring clinical laboratories to report notifiable diseases directly to the reporting authority (laboratory-based surveillance);

Requiring clinical laboratories to submit Salmonella isolates to the national reference public health laboratory in Trinidad for subtyping.

Public health officials are now formulating recommendations and preparing training material for the practical implementation of this improved surveillance system.

Question 2.A
What kind of patients should be selected for microbiological tests to detect Salmonella infection?

Question 2.B
What precautions should be taken when selecting the patients for microbiological tests?

Question 2.C
What kind of samples should be sent to the laboratory?

Question 2.D
What kind of infection control measures should be in place for the collection of the samples?

Question 2.E
What is a transport medium? In which case should it be used? What kind of transport media should be used to take stool specimens in this case?

Question 2.F
When is there a need for a cold chain for the transport of specimen? Why?

Part  AUTONUM  Organizing the improved surveillance system 

The new guidance for the surveillance of Salmonella infection suggests that patients meeting the clinical case definition of salmonellosis be selected for microbiological tests to detect Salmonella infection. 
 It specifies that precautions should be taken to collect stool samples (that are better than rectal swabs for the diagnosis of salmonellosis) from patients who did not receive antibiotics. 
 Collecting stool samples requires use of gloves and apron as well as hand hygiene before and after the procedure. Care must me taken to avoid cross contaminations between samples during collection and handling. A transport medium (e.g., Cary Blair transport medium) is a medium used to transport samples when it is expected that the samples will take more than 24 hours to reach the laboratory. Thus, it will be recommended for use only in health care facilities that are more than 24 hours away from a clinical laboratory (A small proportion of health care facilities in this region of the world). Cold chain is generally needed for all laboratory specimens, including stool samples for bacterial culture, with a few exceptions. 
 These include cerebrospinal fluid taken for suspicion of bacterial meningitis, blood culture for most bacterial pathogens and stool in Cary Blair medium.

The committee in charge of the recommendations is now addressing the communication between all the players of the surveillance system.

Question 3.A
What kind of information should be made available to the laboratory with each sample to ensure appropriate laboratory testing?

Question 3.B
What kind of contacts should be made with the laboratory prior to sending samples?

Question 3.C
What laboratory test will be used to diagnose Salmonella infection?

Part  AUTONUM  Sending Salmonella cultures to the reference centre

For each stool sample submitted for culture, the clinician should send a form with the following information on the patient sampled: 

Type of sample;

Name, patient registration number (e.g., outpatient department number) if applicable; 

Place;

Date of onset and date of collection; 

Signs and symptoms of the patient;

Prior antibiotic treatment if any (Which ideally should be none for all samples).

Public health officials prepared operation manuals and standard operating procedures. They disseminated them to all the actors of the new surveillance system, including clinicians and clinical laboratories. They also organized training sessions. These reference documents proposed that each clinician establish a good working relationship with their clinical laboratory through the identification of a corresponding microbiologist (make note of his name, title, phone number and e-mail address). It suggested calling the laboratory before sending samples to confirm that the laboratory is ready to accept them and that there is no practical obstacle (e.g., Absence of staff during or just before a week end). It also suggested clarifying issues about the reporting of the results.

Stool samples of a patient with diarrhea are cultured for enteropathogens (Figure 2, Page 6). The standard protocol for processing of stool samples for common bacterial pathogens in a basic laboratory covers at least Salmonella, Shigella, E. coli and Vibrio cholerae. Potential bacteria to look for include:

Vibrio cholerae;

Salmonella spp, Salmonella typhi and paratyphi; 

Shigella;

Enteropathogenic E. Coli;

Campylobacter;

Yersinia;

Clostridium. 

The new surveillance system will create a network between clinical and public health laboratories. The clinical laboratories will send their isolates to a reference centre: The central public health laboratory in Trinidad. The formation of this network raises issues of quality assurance and transport of isolates.

Figure 2: Flow chart for processing diarrheal disease stool samples in a laboratory
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Question 4.A
What are the measures that a laboratory can take to improve the quality of the results and improve its reliability?

Question 4.B
Can an epidemiologist or a clinician assess the quality of a laboratory?

Question 4.C
What kind of package is necessary to transport the strains of Salmonella from a clinical laboratory to the reference centre?

Question 4.D
How should these samples be transported to the laboratory?

Part  AUTONUM  Reviewing surveillance data

The measures that a laboratory can take for quality assurance include (1) internal quality control processes for the pre-analytical, analytical and post analytical stages and (2) external quality assurance, such as the participation in an External Quality Assurance Scheme (EQAS).

An epidemiologist or a clinician may engage the laboratory in a dialogue and tactfully ask about quality assurance measures in place. S/he can also enquire about the type of assays and / or reagents being issued so that their sensitivity and specificity can be known. S/he can also take into account a track record of successful collaborations on patient management or outbreak investigations. However, an epidemiologist or a clinician is not in a position to assess the reliability of the laboratory or to evaluate its quality assurance procedures as this requires a specific expertise.

Figure 3: Transport of Salmonella isolates as per WHO/IATA recommendations 

The sending laboratories will follow the WHO packaging recommendations for category B specimens (Figure 1). 
 First, the sample will be placed in a primary watertight receptacle with thick walls. Second, this primary receptacle will be placed in a second watertight container (e.g., hard box made of metal or plastic) and surrounded by absorbent material (e.g., cotton). This secondary watertight container will have specimen data form taped on its surface while another copy will be sent directly to the laboratory by fax. Third, the secondary container will be placed in a hard box (e.g., wood, metal, cardboard, plastic) and surrounded by more absorbent material. This box will display the address of the laboratory and the contact information of the sender (The biohazard label is not needed for category B specimens).

Among Caribbean countries, Trinidad and Tobago implemented the new surveillance system quickly because of the close proximity of CAREC and the reference laboratory. As a result, several large outbreaks of salmonellosis were detected and investigated allowing appropriate control measures. However, salmonellosis continued to occur at a high rate in the country. In 1998, the reference centre summarized the data on reported laboratory-confirmed cases of salmonellosis in Trinidad and Tobago (Table 1).

Table 1: Laboratory isolates of Salmonella by year of diagnosis, Trinidad and Tobago, 1988-1997

	Salmonella infections
	Year of Diagnosis

	
	1988
	1989
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997

	Number of cases
	31
	24
	36
	65
	106
	82
	99
	109
	175
	109


Question 5.A
Describe the surveillance data displayed on Table 1. How can the information be interpreted?

Question 5.B
What additional laboratory information could be obtained that would allow understanding the way Salmonella is affecting the population of Trinidad and Tobago?

Part  AUTONUM  Serotyping Salmonella isolates

Overall, the number of isolations of Salmonella increased from 1988 to 1997 in Trinidad and Tobago. This increase may be due, in part, to the new surveillance methods. However, public health professionals are concerned by the fact that these rates are not going down and they want to investigate the problem further through analyzing the serotying data. 

Figure 4: Salmonella surface antigens

The genus Salmonella consists of S. enterica and S. bongori. The latter, however, is rare. Members of the species Salmonella enterica can be divided into smaller groups (i.e., serotypes) based on the O and the H antigens (Figure 4) that are detected using antisera. All Salmonella serotypes can be designated using a formula based on the O and H antigens they express. Many serotypes are also given a name (e.g., Salmonella Typhimurium, 
 Salmonella Agona). Serotyping reagents are costly, the process is time-consuming and the results are not likely to affect treatment of the individual patient. As a result, many clinical laboratories perform only a few O antigen reactions that allow them to group an isolate into broader categories called serogroups. There are over 2,500 recognized Salmonella serotypes. In 1995, Salmonella Enteritidis, Typhimurium, and Typhi accounted for over 75% of the isolates reported in a global survey. Serotyping can help determine if cases are related and if a vehicle (e.g., a food item) that is contaminated with bacteria is related to a particular outbreak. Serotyping, however, is an adjunct to epidemiologic investigation and not a replacement for it. As part of the new surveillance system, the reference laboratory conducted complete serotyping (Figure 5).

Figure 5: Laboratory isolates of Salmonella by serotype and year of diagnosis, Trinidad and Tobago, 1988-1997
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Question 6.A
Describe the information on Figure 5. How do you interpret the data?

Question 6.B
What additional epidemiological information could help you?

Part  AUTONUM  The epidemiology of Salmonella Enteritidis infections

While the number of Salmonella isolates increased between 1998 and 1997, the distribution of isolates by serotype changed during this period. In the early 1990s, S. Typhimurium was the most prevalent Salmonella serotype. The isolation of S. Enteritidis, however, increased from <1% of isolates in 1992 to 67% of isolates in 1997. As a result, S. Enteritidis surpassed S. Typhimurium to become the most frequent Salmonella serotype causing diarrheal illness on the two islands. This shift in serotype distribution cannot be attributed to the implementation of new surveillance strategies and deserves additional investigation. For the moment, it is proposed to use surveillance data to describe the epidemiology of S. Enteritidis infections by time, place and person.

A similar proportion of S. Enteritidis infections occurred among males (48%) and females (52%). However, the distribution of cases varied by age groups (Figure 6) and month of diagnosis (Figure 7). In general, the geographic distribution of patients with S. Enteritidis infection reflected population distributions on the two islands. In addition, trawling questionnaire interviews indicated that the consumption of raw eggs and shell eggs was common among case-patients. The specific raw egg-containing foods mentioned included homemade eggnog, cake batter, ice cream, “punch a crème” as well as stout and eggs. These foods were consumed more frequently during the holiday season.
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Figure 7: Laboratory-confirmed cases of Salmonella Enteritidis by month and year of diagnosis, Trinidad and Tobago, 1995-1997

Question 7.A
Summarize the descriptive epidemiology data. What hypothesis can be generated about the potential mode of transmission of Salmonella Enteritidis in this population?

Question 7.B
How can this hypothesis be tested?

Part  AUTONUM  A case control study to test the leading hypothesis

The distribution of cases over the islands and by sex did not generate useful information. From 1995 to 1997, children 0-4 years of age had the highest rates of infection (with rates of 20-45 per 100,000), followed by children 5-9 years of age (with rates of 9-20 per 100,000). S. Enteritidis infections increased each year in December and January (seasonality). The cases that occurred during these two months accounted for approximately 40% of the cases for each year. It is possible that the increase in S. Enteritidis infections in Trinidad and Tobago in December and January is related to the Christmas-New Year holiday season during which many raw egg-containing food items are consumed. In addition, there was a large increase in cases of S. Enteritidis in March and April of 1996. Overall, the high frequency of egg consumption among case-patients should be explored in an analytical study along with other biologically plausible vehicles of infection.

To explore risk factors for S. Enteritidis infection in Trinidad and Tobago, a matched case-control study was undertaken from March 1998 - May 1999. A case-control study design was used because the cases did not arise from a well-defined group of people and were distributed with a low attack rate across the entire country. A case was defined as a laboratory-confirmed S. Enteritidis infection reported through the communicable disease surveillance system. Two matched control-subjects were selected among persons with no diarrheal illness in the previous four weeks. Matched control subjects (1) lived in the same neighbourhood as case-patients and (2) were similar in age. Using a directly administered standardized questionnaire, investigators collected information about foods and beverages consumed, recent travel and food handling practices in the three days before illness (for cases) or recruitment (for controls). The results of the analysis of the case control study that included 45 case-patients and 92 controls are summarized in Table 2.

Table 2: Potential sources of exposure to Salmonella Enteritidis among cases and matched controls, Trinidad and Tobago, March 1998 – May 1999 

	Exposure in the three days before illness (cases) or recruitment (controls)
	Matched odds ratio
	p-value

	Ate chicken
	0.5
	0.4

	Ate shell eggs
	8.8
	<0.001

	Ate dishes that contained raw or undercooked eggs
	18.9
	0.001

	Ate ground beef
	1.3
	0.6

	Ingested powdered milk
	1.5
	0.2

	Exposed to live chickens
	1.3
	0.4

	Bought refrigerated eggs
	0.1
	<0.001

	Refrigerated eggs at home
	0.03
	<0.001


Question 8.A

How can the results of the case control study be interpreted?

Question 8.B

What additional laboratory investigation could be done to further confirm the leading hypothesis regarding the mode of transmission?

Part  AUTONUM  Further microbiological studies on the eggs

The review of the results of the case control study indicated that the odds of eating shell eggs were almost nine times higher among cases than controls. In addition, the odds of eating dishes that contained raw or undercooked eggs were almost 20 times higher among cases than controls. The odds of purchasing refrigerated eggs were one-tenth lower among cases as controls. The odds of refrigerating eggs after purchase were more than one-tenth lower among cases as controls. The probabilities that these findings were due to chance (p values) were low and statistically significant. Finally, The odds of eating chicken, beef, powdered milk or having been exposed to live chickens were similar among cases and controls. Overall, the findings of the case-control study suggested that consumption of shell eggs, particularly raw or undercooked eggs or foods containing them, was a significant risk factor for sporadic S. Enteritidis infection in Trinidad and Tobago. Purchase of refrigerated eggs or storage of eggs in the refrigerator at home was associated with a lower risk of infection, but cannot be considered a protective factor in the absence of a baseline reference group completely unexposed to eggs.

To further support the hypothesis that eggs constitute a source of sporadic S. Enteritidis infection in Trinidad and Tobago, additional investigations were decided to examine the isolates of Salmonella recovered from eggs. Samples of the implicated foods were collected from patients, from the places where patients had originally purchased the foods, or both and were cultured for Salmonella. Isolates of S. Enteritidis from patients and food were phage-typed at the United States Centers for Disease Control and Prevention (CDC) in Atlanta, Georgia, USA. S. Enteritidis samples from 34 patients were selected for phage typing. Of these, 30 (88%) were found to be phage type 4 and 4 (12%) were found to be phage type 1. S. Enteritidis was isolated from 15 (45%) of the 33 food samples implicated by the patients’ food histories. Nine of the 15 food isolates were phage typed; all nine were phage type 4.

Question 9.A

How can the results from the epidemiological and the laboratory investigations be integrated to draw conclusions?

Question 9.B

What recommendations can be formulated for the consumer on the basis of the conclusions?

Part  AUTONUM  Formulating recommendations for consumers 

Bacteriophages (i.e., phages) are groups of viruses that infect bacteria. Each bacterial strain will exhibit resistance to some phages and be susceptible to others. The profile of resistance and susceptibility to a standardized battery of phages is called the phage type. Phage typing can be used to distinguish between Salmonella within a particular serotype. In this investigation, the identification of phage type 4 among most of the case-patients and all of the food items along with the results of the case control study suggested that the implicated foods were likely to be the source of the patients’ infections. However, it cannot be ruled out that the patient may have actually contaminated the implicated food item or that the implicated food item was cross-contaminated by another food item that was the source of infection. Phage type 4 is more virulent than other S. Enteritidis phage types and is remarkable for its ability to cause marked increases in human illness once introduced into poultry. Phage type 4 has been dominant in Europe since the 1980s and emerged in the United States in the mid-90s. The high prevalence of phage type 4 in Trinidad and Tobago suggested that S. Enteritidis might have been introduced through imported breeder flocks, chicks for layer flocks or hatching eggs.

At this point of the investigation, control measures were directed primarily at consumers, food service establishments and food handlers. They included recommendations to:

Buy refrigerated eggs;

Keep eggs refrigerated after purchase and until the time of use;

Discard cracked or dirty eggs;

Wash hands and cooking utensils with soap and water after contact with raw eggs;

Eat eggs promptly after cooking.

Avoid keeping eggs warm for more than two hours;

Refrigerate unused or leftover egg-containing foods;

Avoid eating raw eggs (as in homemade ice cream, eggnog or stout). 

Avoid restaurant dishes made with raw or undercooked, unpasteurized eggs. Restaurants should use pasteurized eggs in any recipe (such as Hollandaise sauce or Caesar salad dressing) that calls for use of raw eggs.

Throughout this process, whether at the descriptive stage (analysis of the surveillance data) or the analytical stage (the case control study), the collaboration of the epidemiologists and the laboratory specialists was key to add value and reach a common goal. None of two disciplines could have reached these conclusions alone. At the end of the investigation, the epidemiologist wrote a short report summarizing findings, conclusions and recommendations. The report was left with all the stakeholders. A copy of that report was also mailed to the laboratories that participated in the investigation.

Part  AUTONUM  Epilogue: Improving the safety of eggs in Trinidad

To further investigate the role that eggs played as a source of Salmonella infections, a microbiologic survey of eggs was undertaken. Ten farms across the country accounting for approximately 75% of the egg supply were selected. Twenty-five freshly laid eggs were collected from each farm on three different occasions for a total of 750 eggs. Each set of 25 eggs was cultured for Salmonella in pooled batches. Shells were cultured separately from contents. Following the collection of a shell sample, the eggs were sanitized. The contents were removed aseptically, pooled and homogenized. Eggshells were cultured separately from the egg contents because shell eggs can become contaminated with Salmonella in two ways:

1) External fecal contamination of shells. This external contamination can penetrate into the egg through cracks in the shell. Disinfecting the exterior of the eggshell and rejecting cracked eggs have decreased this route of transmission of Salmonella;

2) Transovarian transmission. Disinfection of the eggshell surface and rejection of cracked eggs do not prevent this route of Salmonella infection.

Salmonella was detected more often on the shells (4.6% of samples) than in the content (1.2% of samples). S. Typhimurium was the most prevalent serotype on the eggshells and S. S. Enteritidis was the most prevalent serotype isolated from the egg contents (Table 3).

Table 3: Salmonella serotypes isolated from the 750 pooled eggshells and egg contents from 10 egg-producing farms, Trinidad, 1998-1999 

	Salmonella serotype isolated
	Percent positive for serotype 


	
	Pooled eggshells
	Pooled egg contents

	S. Typhimurium
	3.06
	0.4

	S. Enteritidis
	0.67
	0.8

	S. Ohio
	0.27
	-

	S. Cerro
	0.27
	-

	S. Infantis
	0.27
	-

	S. Heidelberg
	0.13
	-

	Total
	4.6
	1.2


The isolation rates of Salmonella varied among the 10 egg-producing farms. Salmonella was isolated from eggshells at all 10 farms and from egg contents at only three farms. The Ministry of Agriculture undertook an environmental health assessment in the farms. In four, the environment was generally clean. Proper egg-handling techniques and good farm practices were also employed. The eggs collected from these farms appeared clean with little or no fecal matter on their surfaces. In contrast, the surroundings of the other six egg-producing farms generally appeared unsanitary. These farms had odor build-up and the eggs frequently had feces on the shells. These farms had higher Salmonella isolation rates than the others. None of the 10 farms had routine microbial monitoring. On the basis of this assessment, the following food safety practices were recommended:  (1) monitor breeder flocks that produce egg-laying chickens and destroy infected flocks, (2) monitor egg-laying flocks for infection and remove infected flocks from the egg supply, (3) when infected breeder flocks or egg-laying flocks are identified, undertake trace-back and trace-forward investigations to find out where the chickens were obtained and which other farms may have used the same source, (4) obtain new laying flocks only from breeder flocks that are known to be S. Enteritidis free, (5) use Salmonella free feed for egg-laying and breeder flocks, (6) increase sanitation measures and control rodents at egg-producing farms, (7) refrigerate eggs from the producer to the consumer and (8) use a Hazard Analysis Critical Control Point (HACCP) system on egg-producing farms to identify and address potential problematic areas.

Annex: The WHO Global Salm-Surv

Serotyping of Salmonella, as used in the investigation of Salmonella Enteritidis in the Caribbean, is a common subtyping procedure used throughout the world. In a 1997 survey of World Health Organization (WHO) member states, 69 of the responding 104 countries conducted Salmonella serotyping as part of public health surveillance for salmonellosis. 
Serotyping was performed in all six WHO regions; however, surveillance was limited in time or scope for some countries. Access to serotyping reagents varied by country and some countries reported only serogroup results.

WHO Global Salm-Surv, an international, foodborne disease surveillance network, was created by WHO in partnership with the Danish Institute for Food and Veterinary Research, the Centers for Disease Control and Prevention, Institut Pasteur International Network, Health Canada, and the Animal Sciences Group (ID-Lelystad) in the Netherlands. The goal of WHO Global Salm-Surv is to reduce foodborne diseases through enhancement of laboratory-based surveillance (including serotyping and antimicrobial resistance testing) and outbreak detection and response techniques. Components of the network that help promote this goal include international training courses, an external quality assurance system and country and region-specific projects. The network also offers a moderated electronic mail list serv, web-based annual Salmonella summary data from member institutions and a website. It provides services such as reference testing and identification of reliable sources of antisera for countries. 

As of November 2003, WHO Global Salm-Surv had members from 138 countries including the Bahamas, Barbados, Belize, Dominican Republic, Jamaica, Saint Lucia, Suriname, and Trinidad and Tobago in the Caribbean.  Participation in WHO Global Salm-Surv has provided critical information to investigate outbreaks such as the one described in this case study and has led to local interventions that have reduced the human health burden of Salmonella and other foodborne diseases globally.

Figure 8: WHO Global Salm-Surv country membership
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Figure � SEQ Figure \* ARABIC �6�: Laboratory-confirmed cases of Salmonella Enteritidis per 100,000 population by age group and year of diagnosis, Trinidad and Tobago, 1995-1997
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31
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Feuil1

		

				1988		1989		1990		1991		1992		1993		1994		1995		1996		1997

		Enteritidis		0		0		0		0		1		0		18		47		107		73

		Typhimurium		4		6		9		17		84		45		37		13		11		5

		Other		27		18		27		48		21		37		44		49		57		31

		TOTAL		31		24		36		65		106		82		99		109		175		109
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