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CHAPTER-1 

INTRODUCTION 

The Salmonella is an important zoonotic pathogen and its prevalence in 

the animals acts as a continuous threat to human. Enteric Salmonella infection 

is a global problem both in man and animals (Murugkar et al., 2005). 

Salmonellosis due to Salmonella Enteritidis has increased steadily starting in 

the late 1970s worldwide ( as a cause of gastroenteritis in human). The spread 

of this disease is favored by a wide array of animal reservoirs and by the wide 

commercial distribution of both animals and food products. Poultry products 

are leading source of animal protein for much of the world (Tauxe, 1991). It is 

less expensive than meat of other animals. Infected poultry comprise one of the 

most important reservoirs of Salmonella transmittable to humans through food 

chain. Salmonella serovars which cause human food poisoning has been 

demonstrated to be transmitted through infected poultry flocks (Harrison et al., 

1992; St. louis et al 1988). A large proportion of human Salmonella Enteritidis 

outbreaks have been attributed to the consumption of contaminated eggs or 

food containing eggs (Angulo and Swerdlow., 1998; Hennessey et al 1996). 

Salmonella enterica subspecies enterica serovar Enteritidis or Salmonella 

Enteritidis (commonly referred to herein as SE) has emerged as a major cause 

of food-borne illness worldwide. Salmonella enteritidis infections are largely 

associated with fresh shell eggs and egg products, in which the bacteria 
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contaminate the interior contents of the egg through trans-ovarian 

transmission. Unlike in the past, when the Salmonella outbreaks were caused 

by cracked eggs soiled by chicken feces, the researchers have traced the recent 

outbreaks to un-cracked eggs that had been washed and disinfected (Coyle et 

al., 1988). It is believed that the eggs become contaminated during ovulation. 

Researchers strongly suspect that S. enteritidis bacteria can be transmitted 

from infected laying hens directly into the interior of the eggs before shells are 

formed (Kramer,1998). Moreover, Salmonellae are often present in feces 

excreted by healthy looking hens and frequently contaminate the food of 

animal origin through fecal contact during production and processing. Egg-

transmitted gastroenteritis can originate from S. enteritidis contaminated 

eggshell at the time of cooking.  Egg contamination may be results from 

penetration through the eggshell by S. enteritidis, contained in feces, after the 

egg is laid (Barrow and Lovell, 1991).    

In most cases the salmonella serovars important in human infection, 

cause only mild or in-apparent infections in their animal host. SE infections of 

poultry are characterized by asymptomatic colonization of the intestinal tract, 

invasion of internal organs and shedding in the feces (Dibb-Fuller and 

Woodward, 2000). The transmission of SE usually occurs through feco-oral 

route, although swallowing contaminated aerosol may cause infection. 

Virulence correlates with the ability of S. enteritidis to produce endotoxins, 

associated with lipid, a portion of cell wall lipopolysaccharide. Two 

proteinaceous toxins and enterotoxin by S. enteritidis induces a secretory 
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response by epithelial cells that results in fluid accumulation in the intestinal 

lumen (Turnbull and Snoeyenbos, 1974; Koupal and Deibel, 1975). Both 

flagella and fimbriae are essential for S. enteritidis to colonize in the intestinal 

tract (Dibb-Fuller and Woodward, 2000; Rajashekara et al., 2000). Salmonella 

invasion genes are organized into contiguous and functionally related loci in 

the bacterial chromosome. These genes are evolutionarily conserved among 

Salmonella species, making them useful targets in polymerase chain reaction-

based detection schemes for salmonellae. Although this locus is not essential 

for the organism to spread systemically, it does appear to be one of several 

factors that mediate enteritis associated with Salmonella infection. The fimbria 

Sef14 is found in a limited number of S. enterica serovars, including SE. This 

surface structure appears to be required for macrophage uptake and survival 

in intraperitoneal infections (Agron et al., 2001). 

Although the genus Salmonella consists of more than 2,500 serovars, 

(Popoff, et al., 2001), SE is one of the major bacterial causes of food-borne 

gastroenteritis in humans. There infections in humans continue to be a major 

problem in terms of both morbidity and economic cost. In United States 

approximately 40,000 confirmed cases of salmonellosis are reported annually 

(Mead et al., 1999). It is an important feature of bacterial food poisoning that 

the bacteria need opportunity to multiply in the food to reach an infective 

concentration, before being eaten. Poultry, meat products, and eggs are most 

commonly identified as food sources responsible for outbreaks of salmonellosis 

(Schlundt, et al., 2004). Infection may result from ingesting food or water that 
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has been contaminated with human or animal feces. Infection of food with SE 

is not in itself sufficient to cause food poisoning. A large dose of organisms is 

usually needed to cause infection, although there have been documented 

outbreaks with much lower inocula (Hennessy et al 1996). Thus infected food 

handled in ways that permit multiplication of organisms (e.g., inadequate 

refrigeration and inadequate cooking) to infective numbers, are the most 

common vehicle. The infectious dose may be lower for children, the elderly, the 

immuno-compromised, the antibiotic users, and those with regular antacid 

use. Issues such as virulence of S. enteritidis strains, individual tolerances and 

susceptibility and stomach contents, need to be consider. Person-to-person 

spread is not common but can occur in unhygienic conditions.   

The most common clinical manifestation of salmonella infection is 

diarrhea, often accompanied by headache, malaise and nausea. The incubation 

period is usually 8-48 hours, the onset is abrupt and clinical course is short 

and self- limiting. Symptoms vary from the passage of two or three loose stools, 

to a severe and prostrating illness with frequent passage of watery, green, 

offensive stools, fever and shivering, abdominal pain and in more severe cases 

dehydration leading to hypotension, cramps and renal failure. Vomiting is 

rarely a prominent feature of the illness. Persistent or high fever suggest 

bacteremia, possibly with metastatic infection (Hedberg et al., 1993; Tietjen and 

Fung, 1995; Mead et al., 1999). Very young, elderly and immuno-comprised are 

especially at risk (Tauxe, 1991).  
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Isolates of S. enteritidis have been identified and distinguished by 

different traditional methods. Selective media such as brilliant green bile salt 

agar or xylose lysine deoxycholate agar are used for the isolation of salmonella 

from feces. Fluid enrichement media such as tetrathionate broth or selenite 

broth are also useful to detect small number of salmonella in feces or other 

foods. Colonies suspected for salmonella from the culture plates are tested 

directly for the presence of salmonella somatic (O) antigens and flagella (H) 

antigens (Difco manual, 1998., Brenner, 1998). 

  The widespread distribution of food is a global challenge in Salmonella 

control. With increasing travel and global trade, outbreaks involving widely 

scattered cases are occurring more frequently. In Pakistan, S. enteritidis is 

quite prevalent in poultry meat, eggs and poultry derived products. Although 

reports are available on the prevalence of salmonella serotypes in poultry meat 

and eggs and their antibiogram studies (Akhtar et al., 1982., Shaheen , 2000), 

but information regarding involvement of S. enteritidis in humans 

gastroenteritis needs to be evaluated in relation to their prevalence in laying 

hens. The present work was planned to study the epidemiology of S. enteritidis, 

isolated from human stool samples and poultry products.  

  Prevention of S. enteritidis infection in laying hens is important for 

public health and food industry. In the past, the primary aim for controlling 

Salmonella infection in poultry was to reduce disease losses. Today, public 

health concerns and consumer demands have increasingly made prevention of 

food-borne transmission of the disease to humans an urgent priority for 
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poultry producers. A major effective means of control is to identify measures 

which protect chickens on farm (Humphrey, 1994; Sean et al., 2003). This 

protection may be concomitant with the introduction of vaccination of egg-

laying hens against serovar Enteritidis (Cogan and Humphrey, 2003). The 

vaccine effectively reduces the prevalence of SE infection among flocks and 

ultimately helps in eliminating the pathogens shedding in the birds’ droppings. 

It also assists in reducing pathogens invasion of internal organs, especially the 

ovaries where eggs are infected internally. Charles et al. (1994) incorporated 

safe and effective adjuvants, liposomes and ISCOMS (immune stimulating 

complexes) in S. enteritidis subunit vaccines and found that these vaccines 

caused a significant reduction of Salmonella shedding in laying hens. Barnett 

et at (1996) reported that Foot-and-mouth disease vaccines prepared with two 

novel oil adjuvants, Montanide ISA 25 and Montanide ISA 206 (Seppic, Paris) 

retained potency for a longer period than the conventional aqueous 

formulations. In addition there was no evidence of toxicity or pyrexia following 

their administration. Dupuis et al., (2006) assessed efficacy and safety of 

Montanide ISA 270 and ISA 206 with Newcastle disease virus vaccines and 

compared these with classic water-in-oil Tween-Span formulation. The result 

revealed that it is possible to improve traditional Tween-Span formulation for 

safety and efficacy parameters by using Montanide oil adjuvants. Beata et al., 

(2007) novel adjuvanted formulation containing Montanide ISA 206 and ISA 

270 and the adjuvanticity of the novel formulation was tested in rabbits for 

induction of protein specific antibodies. Both the adjuvants were found to be 
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stronger and more potent, complete Freund adjuvant. These results prompted 

to use  Montanide adjuvant for SE vaccine formulation which must be helpful 

for control of S. enteritidis infections in poultry and ultimately prevention of S. 

enteritidis infections in human through food chain.  

 The objectives of the proposed study include:   

1. Isolation, identification and antibiogram of salmonellae with 

special reference to SE from human and poultry sources. 

2. Epidemiological characterization of SE by serotyping of isolates. 

3. Immunoprophylaxis of laying hens using indigenous strain of SE 

with a new “Montanide ISA-206” SEPPIC vaccine adjuvant. 
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CHAPTER-2 

 

 

REVIEW OF LITERATURE 

CLASSIFICATION & NOMENCLATURE OF SALMONELLA 

The genus Salmonella belongs to the family Enterobacteriaceae and 

consists of Gram-negative, non-spore forming, lactose non-fermenter bacilli. 

The Salmonella bacteria (named for the discoverer, Daniel Salmon) contain 

three different types of antigens. The agglutinating properties of the somatic O, 

flagellar H and capsular Vi- antigens are used to differentiate among more than 

2500 serologically distinct types of Salmonella (Popoff et al; 2001). Each year, 

new serotypes are listed in annual updates of the Kauffmann-White scheme. 

The genus Salmonella consists of only two species, S. bongori and S. 

enterica, with the latter being divided into six subspecies: entericae, salamae, 

arizonae, diarizonae, houtenae, indica. Within S. enterica subsp. I (S. enterica 

subsp. entericae), the most common O-antigen serogroups are A, B, C1, C2, D 

and E. Strains within these sero-groups cause approximately 99% of 

Salmonella infections in humans and warm-blooded animals. Serotypes in 

other subspecies are usually isolated from cold-blooded animals and the 

environment but rarely from humans (Uzzau et al 2000). Salmonella 

nomenclature is complex, and scientists use different systems to refer to this 

genus. The nomenclature used in this review is based on names for serotypes 
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in subspecies I. For example, Salmonella enterica subsp. entericae serotype 

Enteritidis, is shortened to Salmonella serotype (ser.) Enteritidis or Salmonella 

Enteritidis (Brenner et al; 2000). Salmonella serotypes can be further 

subdivided by using biotyping and phage typing. A biotype is the biochemical 

variation between two microbes of the same serotype. Serotyping has played a 

central role in epidemiological studies in the S. enteritidis pandemic (Goncagul 

et al; 2005). 

BACTERIOLOGICAL PROCEDURES FOR ISOLATION OF SE 

S. enteritidis (SE) is mainly harbored on eggs and eggshell (Akhtar et al., 

1982). Traditional bacteriological methods were used for isolation and 

identification of the isolates. For the enrichment of Salmonella serotypes, 

tetrathionate broth was used and plated on selective and differential culture 

media. For confirmation, serotyping was performed. The incidence of S. 

enteritidis on the eggs and egg shells was found to be 2.7 percent. 

Henzlar et al. (1994) cultured eggs from four chicken layer houses 

implicated in three human outbreaks of SE infection. Eggshell surfaces were 

chemically sanitized before crack opened the eggs. They pooled the egg samples 

and homogenized either by hand or with the use of a stomacher. Egg pools 

were incubated for 48 hours for 37oC.  One to three milliliter of each egg pool 

was diluted 10-fold in tetrathionate broth and incubated for 24 hours before 

inoculation on selective culture media such as xylose-lysine deoxycholate agar 

or brilliant green agar. Salmonella suspicious colonies were selected for 

biochemical and serological characterization.  
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Kelly et al. (1999) studied the Cost-Effective Methods for Isolation of Salmonella 

enterica in the Clinical Laboratory. Data from 8,717 fecal specimens indicate 

that primary inoculation of xylose lysine deoxycholate (XLD) agar may enhance 

the speed but not the sensitivity, of isolation of Salmonella enterica over that 

achieved with Selenite enrichment only. Plating of Selenite broth onto both 

brilliant green and XLD agar offers no advantage over plating onto XLD alone. 

Carli et al. (2001) described a rapid detection procedure for Salmonellae from 

chicken feces by combination of tetra-thionate primary enrichment pre-

enrichment (PE), and capillary gel electrophoresis. Capillary gel electrophoresis 

revealed that Salmonella genus-specific 284bp PCR product was detected when 

Salmonella strains were tested. 

Schrank et al. (2001) studied the Influence of enrichment media and 

application of a PCR based method to detect Salmonella in poultry industry 

products and clinical sample. The rapid detection of Salmonella culture with 

PCR amplification of the genus specific invE /invA genes. The method was 

applied to different kinds of samples from the poultry industry and evaluated 

by using hydrolyzed feather meal, meat meal, litter and viscera, all 

experimentally inoculated with a known number of Salmonella followed by 

cultivation in selenite–cysteine broth prior to the PCR reaction. Tetrathionate 

broth proved to be a much better enrichment media compared to selenite-

cysteine when the presence of Salmonella was evaluated by PCR in 1-day-old 

chicks. The PCR technique was more sensitive in detecting infected animals 
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than the standard microbiological procedure, which detected only 47% of all 

PCR positive samples. 

Nassib et al. (2003) studied the assessment of the presence of Salmonella 

spp. in Egyptian dairy products using various detection media. A combination 

of buffered peptone water, Muller Kauffmann tetrathionate broth and brilliant 

green phenol red agar gave the best results for the detection of the pathogen. 

Selenite cysteine broth and Hektoen enteric agar were ineffective as 

enrichment and plating medium respectively, in the isolation of Salmonella. 

'Matared' cream could be a vehicle for transmitting Salmonella. Use of the 

above combination of media, beside the suggested modified confirmatory 

procedure, increased the effectiveness and ease of the detection of Salmonella 

in milk and dairy products and nucleic acid sequence based amplification for 

the rapid and sensitive detection of Salmonella enterica from foods.  

Gast et al., (2004) evaluated the culture media for detection of airborne 

Salmonella enteritidis collected with an electrostatic sampling device from the 

environment of experimentally infected laying hens. In the study, an 

inexpensive and portable electrostatic air sampling device was used to collect S. 

enteritidis in rooms containing experimentally infected laying hens. After hens 

were orally inoculated with a phage type 13a S. enteritidis strain and housed in 

individual cages, air samples were collected 3 times each week with 

electrostatic devices onto plates of 6 types of culture media (brilliant green 

agar, modified lysine iron agar, modified semisolid Rappaport-Vassiliadis agar, 

Rambach agar, XLD agar and XLT4 agar). On the basis of results he concluded 
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that when used with appropriate culture media, electrostatic collection of 

airborne S. enteritidis could provide a sensitive alternative to traditional 

methods for detecting this pathogen in the environment of laying flocks. 

Sandberg et al. (2003) studied the agreements between various culturing-

method combinations and specimens to detect sheep naturally infected by 

Salmonella enterica IIIb 61: k: 1, 5, (7) were tested. Rectal swabs, faecal 

samples and ileo-caecal lymph nodes were collected from each individual. 

Rectal swabs called "group I" (n = 54) were cultured directly on selective media 

(selenite-cysteine, SC). Rectal swabs called "group II" (n = 47) were pre-

incubated in buffered peptone water. The four other combinations of culturing-

method and specimen (one lymph node and three faecal) in each of the two 

groups were cultured directly on SC. The results from all the combinations of 

method and specimens were compared to the result from the rectal-swab test 

by kappa and cNemar's chi-square.  The McNamara’s test revealed that the 

discordancies between the rectal-swab test and all of the other tests went in 

both directions but sometimes did show bias (directionality) in the 

discordancies.  

Valentin-Bon et al. (2003) compared the relative effectiveness of two 

methods for the recovery of Salmonella enteritidis (SE) from jumbo and medium 

shell eggs. Three bulk lots of blended, pooled eggs, each containing 220 liquid 

whole eggs that were thoroughly mixed manually were artificially inoculated 

with different levels of S. enteritidis cells between approximately 10(0) and 10(3) 

CFU/ml. From a total of 539 jumbo egg test portions analyzed, 381 (71%) were 
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S Enteritidis positive by the pre-enrichment method and 232 (43%) were 

positive by the APHIS method. From a total of 360 medium egg test portions 

analyzed, 223 (62%) were S. enteritidis positive by the preenrichment method 

and 174 (48%) were positive by the APHIS method. He concluded that the 

preenrichment method provided greater sensitivity for the isolation of S. 

enteritidis in contaminated egg slurries than did the APHIS method. 

Sean et al. (2003) presented an update on FDA’s proposed regulation: 

prevention of S. enteritidis in shell eggs during production. FDA is proposing 

measures to prevent S. enteritidis contamination of shell eggs during egg 

production. The motivation for this proposal is a farm-to-table risk assessment 

of S. enteritidis in eggs, which identified implementation of on-farm prevention 

measures as a very important step that could reduce the occurrence of S. 

enteritidis infections from eggs. While voluntary quality assurance programs for 

egg production have led to meaningful reductions in SE illnesses, these 

programs are not always uniformly administered or uniformly comprehensive 

in their prevention measures. 

Iwade et al. (2006) characterized an outbreak derived SE strains with 

Atypical Triple Sugar Iron and Simmons Citrate reactions. The slant of triple 

Sugar Iron agar, from which this strain isolated, was red, suggesting that it did 

not ferment saccharose or lactose or both. Citrate utilization was positive when 

examined using Simmons Citrate medium. On the basis of their studies, they 

suggested that if bacterial strains with similar properties are isolated from 

multiple patients during outbreaks of infection, it is essential to consider the 
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possibility that the isolated strains are involved in the infection; exploration of 

the source and route of infection is therefore necessary. This examination can 

be done by utilizing biochemical properties as markers even when the strains 

have not been identified as a known species. 

EPIDEMIOLOGY SALMONELLA ENTERITIDIS 

Epidemiologic Evidence from Outbreaks 

Salmonella may be one of the causes of intestinal disease for many years, 

and methods of control are well established. Despite these, Salmonella remains 

the primary cause of reported food poisoning outbreaks worldwide. S. typhi and 

other human adapted Salmonella are rarely transmitted by food compared to 

ubiquitous serotypes. For this reason, the human adapted serotypes are often 

excluded from discussion of Salmonella infection. Currently, approximately 

30,000 to 40,000 human cases per year of non-typhoidal salmonellosis are 

reported to Centers for Disease Control and Prevention (CDC) Taking into 

account the degree of under-reporting, the CDC estimates the annual number 

of cases in the United States (USA) to be approximately 1.4 million (Mead et al; 

1999). In the European Union (EU), the number of human cases reported to 

Enternet was greater than 100 000 in 1997 (Varnam and Evans, 1993). In 

recent years, the incidence of salmonellosis has shown a sustained decrease 

across the EU (73,000 cases in 2001) and also in the USA since 1996. The 

epidemiology of human disease is dominated, however, by only a few 

nontyphoidal serotypes. In 2001, approximately 60% of the human cases 

reported to the CDC were caused by four serotypes, namely S. typhimurium 
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(22.1%), S. enteritidis (17.7%), S. newport (10.0%) and S. heidelberg (5.9%). 

Such dominance is even more pronounced in France, where more than 70% of 

human cases were caused by three serotypes: S. enteritidis (33%), S. 

typhimurium (32%), and S. hadar (6%). Two major changes in the epidemiology 

of non-typhoidal salmonellosis in the EU and the USA occurred in the second 

half of the 20th century: the emergence of foodborne human infections caused 

by S. enteritidis and by multiple-antibiotic resistant strains of S. typhimurium. 

A better understanding of the factors that led to the emergence of these 

food-borne pathogens may help design improved intervention strategies that 

could reduce the probability that new pathogens could spread in food animal 

reservoirs (Rabsch et al; 2001; O,Brien, 2002).  

By the 1980s, S. enteritidis O9, 12: g,m had emerged as a major concern 

for food safety in Europe and USA. By 1990 in the USA and by 1993 in Europe, 

it was the most frequently reported Salmonella serotype (Cogan and Humphrey, 

2003). In the USA, S. enteritidis steadily increased in frequency from being the 

sixth most common serotype in 1963 to becoming the most frequently reported 

serotype in 1990. Epidemics in the USA are marked by regional differences. S. 

enteritidis emerged in 1979 in New  England and the Mid-Atlantic regions. In 

the early 1990s, while S. enteritidis rates of infection in the Northeast began to 

decline, the S. enteritidis epidemic expanded to the Pacific region. Nationwide, 

the number of S. enteritidis isolates reported to the CDC peaked at 3.8 per 100 

000 population in 1995. Although the number of S. enteritidis isolates reported 

to the CDC had significantly declined to 1.9 by 1999, this rate did not decline 
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further through 2001 and even increased in the south-eastern regions. In 

England and Wales, there were 200 reported human cases in 1966, which rose 

to 10 000 in 1981, and peaked at 33 000 in 1997 (more than 70% of human 

cases of salmonellosis) Despite a subsequent decline in its incidence, S. 

enteritidis continues to be the most frequently isolated Salmonella serotype in 

the United Kingdom (Ward et al. 2000; Cogan and Humphrey, 2003).  

Investigation of outbreaks and sporadic cases has repeatedly indicated 

that, when a food vehicle is identified, the most common sources of S. 

enteritidis infection are poultry and poultry derivatives, particularly, in the case 

of outbreaks, undercooked and raw eggs (Hogue et al. 1997; Harrison et al, 

1992). Although contamination of egg products with other Salmonella serotypes 

is a long-standing problem, that has been attributed either to the use of 

damaged eggs or to contamination at or after breaking, the situation with S. 

enteritidis is different. Egg shells can be contaminated with Salmonella as a 

result of intestinal carriage but the contents can also become infected by the 

trans-ovarian route (Humphrey, 1994). 

 Food vehicle implicated in most food-borne disease outbreaks is often 

consumed or discarded before clinical symptoms develop in the exposed 

individuals. As a result, specific food vehicles and causative agents are 

confirmed in less than half of all outbreaks, and the pathogen is not commonly 

cultured from the implicated food vehicle. In the few cases where the implicated 

food vehicle is available and culture of the implicated food vehicle is done, the 

bacterial pathogen is even less frequently enumerated. Salmonella was 
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enumerated in the implicated food vehicle in some outbreaks before 1982 as 

summarized by Blaser and Newman (1982). From these outbreak studies and 

other published outbreak studies since 1982, it has become clear that 

salmonella was infective and capable of producing disease at dose used in 

feeding trials of 1951. Specific outbreak studies which demonstrated that low 

doses are capable of causing illness include;  

A large number of S. enteritidis outbreaks in Europe are reported due to 

contaminated candy, which produced clinical symptoms from the ingestion of 

less than 50 organisms. It is suspected that the fat content of the chocolate 

had the effect of protecting the S. enteritidis from gastric acidity, and this made 

a lower dose exposure effective (Greenwood and Hooper, 1983). 

 A single salmonella bacterium was capable of causing disease (D" Aoust, 

1985). An outbreak of salmonellisis from eating contaminated cheese was 

reported (Fontain et al. 1980) and quantitative culture of the cheese showed 

that consumption of 100-500SE was the infective dose sufficient to cause 

symptoms. The fat content of the cheese may have the effect of reducing the 

infective dose of S. enteritidis. 

 Salmonellisis has been reported to occur by the consumption of 60-230 

SE bacteria in hamburger. Again, hamburger is a food containing fat (Wood 

burn and Strong, 1960). An outbreak of food-borne illness due to S. enteritidis  

and involving 150 persons was reported by public health officials in Minnesota, 

USA. The implicated food vehicle was ice cream. Based on an estimate of the 

attack rate of 6.6%and the volume of the ice cream distributed, it was 
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estimated by no. calculation that as many as 29,000 persons in Minnesota may 

have had diarrhea associated with the SE-contaminated ice cream. 8 of the 

containers were positive for S. enteritidis. Phage typing was done for 5 of the 8 

samples and all were phage type 8. concentration in 4 of the 8 samples was 

determined and the highest enumeration of SE was 6 SE bacteria per 65 gram 

sample. The quantity was found in 2 of 8 containers which were positive for SE 

(Hennessy et al. 1996). 

Zoonosis SALMONELLA ENTERITIDIS 

A study by Kramer (1998) was undertaken to determine the Salmonella carrier 

state in the healthy animals to understand the epidemiological role played by 

these animals in transmission of the salmonellosis to other animals and man. 

He find that healthy appearing animals transmitted SE by their feces.  

Mare et al. (2000) studied the  Phage types of Salmonella enterica serovar 

Enteritidis isolated in South Africa from 1991-1995. A total of 615 strains of 

Salmonella enterica serovar Enteritidis, received from 1991-1995 at the 

Onderstepoort Veterinary Institute (OVI), were phage typed. Most SE isolates 

(54.7%) originated from poultry followed by humans (28.5 %) and poultry eggs 

(9.6 %). Phage type 34 was the most prevalent (40.5 %) of all isolates, followed 

by phage type 4 (33.8 %). Results indicate that phage type 34 was the 

dominant phage type from 1991-1993, but during 1994-1995 its presence 

declined.This may suggest that two smaller epidemics consisting of the two 

different phage types might have been responsible for the epidemic that 

occurred from 1991-1995.  
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Agron et al. (2001) used suppression subtractive hybridization to isolate DNA 

restriction fragments present in Salmonella serovar Enteritidis but absent in 

other bacteria found in poultry environments. A primer pair to one Salmonella 

difference fragment (termed Sdf I) clearly distinguished serovar Enteritidis from 

all other serovars tested, while two other primer pairs only identified a few non-

Enteritidis strains. By treating total DNA with an exonuclease that degrades 

sheared chromosomal DNA but not intact circular plasmid DNA, it was shown 

that Sdf I is located on the chromosome. The Sdf I primers were used to screen 

a Salmonella serovar Enteritidis genomic library and a unique 4,060-bp region 

was defined. These results provide a basis for developing a rapid, sensitive, and 

highly specific detection system for Salmonella serovar Enteritidis and provide 

sequence information that may be relevant to the unique characteristics of this 

serovar. 

 Liebana et al. (2002) used the Molecular tools for epidemiological 

investigations of S. enterica subspecies enterica infections and concluded that 

the combination of conventional and molecular epidimiology data is yielding 

important insights into the understanding of the epidimiology of many 

infectious diseases.  

 Cogan and Humphrey (2003) studied the rise and fall of Salmonella 

enteritidis in the UK. On the basis of their studies they concluded that in early 

1980s, the number of recorded human cases of Salmonella enterica subspp. 

enterica in the UK had fallen in the last 5 years, with a particular decline in 

cases of infection with serovar Enteritidis. This decline was concomitant with 
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the introduction of vaccination of egg-laying hens against serovar Enteritidis. It 

was likely that other factors such as improved biosecurity in egg-laying flocks, 

a build-up of immunity in other animals and the rise in the number of livestock 

infections with host-adapted serovars of Salmonella also play a part in this 

decline. Although human Salmonella cases were currently at their lowest level 

since 1987, it was important to remember that the reasons for the dominance 

of Enteritidis in human infection were poorly understood and it is possible that 

other serovars could share similar properties and the eradication of Enteritidis 

could leave a niche for them to fill.   

 Collard et al. (2003) studied the epidimiology of salmonella enterica and 

human salmonellosis in Belgium. Data were obtained by a weekly updated 

surveillance system. In 2003, the National Reference Centre for Salmonella and 

Shigella received the human Salmonella isolates from 188 peripheral clinical 

laboratories. All isolates were serotyped by slide agglutination with commercial 

antisera following the Kauffmann-White scheme. When necessary, additional 

biochemical tests were realized to confirm the identification or to differentiate 

between the subspecies. Phage typing (Department Pasteur Institute - IPH) and 

antimicrobial susceptibility testing was realized on isolates randomly sampled 

from the four serotypes, Enteritidis. Data and strain collection from 

laboratories, as well as typing in the Reference Centres provide valuable 

information on evolution trends and antibiotic resistance in Salmonella. The 

2003 data showed a rise of Salmonella enteritidis and a worrying increase in 
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resistance to important antibiotics for some serotypes (ciprofloxacin resistance 

in Typhimurium and ESBL production in Virchow). 

Drociuk et al. (2003) studied an emergence of Salmonella serotype Enteritidis 

(SE) in the 1980s, when increasing numbers of infections were detected in the 

Northeastern and Mid-Atlantic regions of the United States.  In the early 1990s, 

while S. enteritidis rates in the Northeast began to decline, the S. enteritidis 

epidemic expanded to the Pacific region. Nationwide, the number of S. 

enteritidis isolates reported to CDC peaked at 3.8 per 100,000 populations in 

1995. Although rates of culture-confirmed S. enteritidis infection reported to 

CDC declined to 1.9 by 1999, rates did not decline further through 2001 and 

outbreaks continue to occur. Investigations of outbreaks and sporadic cases 

have indicated repeatedly that, when a food vehicle is identified, the most 

common sources of S. enteritidis infection are undercooked and raw shell eggs. 

This report describes two S. enteritidis outbreaks associated with eating shell 

eggs and underscores the need to strengthen S. enteritidis-control measures. 

Gast et al. (2004) have failed to reveal any unique properties of S. enteritidis 

PT4. It has been possible, however, to observe that S. enteritidis emerged 

because it was associated with a new food source, namely chicken eggs. We 

can thus hypothesize that S. enteritidis acquired new genes to increase the 

efficiency of its infection of the reproductive tract. Interestingly, recent results 

have demonstrated that repeated passages through the reproductive tract of 

chickens increased the ability of an S. enteritidis strain PT13a to induce 

internal contamination of eggs in an oral infection model, as opposed to serial 
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passages through the liver and spleen that did not significantly affect the 

ability of this strain to cause egg contamination. 

Schlundt et al. (2004) reported global epidemics caused by Salmonella 

enteritidis, which originated primarily in the reservoir of infection building up 

in intensive poultry production systems. Originally S. enteritidis appeared 

simultaneously around the world in the 1980s. During the 1990s, it was most 

probably spreading into the poultry production systems of developing 

countries. Although many different foods have been implicated in salmonellosis 

outbreaks, most cases are usually caused by the consumption of poultry and 

eggs. Reflecting this fact, the FAO and WHO have undertaken a risk 

assessment of Salmonella in eggs and broiler chickens, to aid in managing the 

risks associated with these products. 

 Velge et al. (2004) studied the Emergence of Salmonella epidemics and 

problem related to Salmonella enterica serotype Enteritidis and multiple 

antibiotic resistance in other major serotypes. The factors responsible for the 

emergence of these Salmonella strains could be either of human origin or 

related to bacterial genome evolution. However, our increasing understanding 

of the molecular fluidity of the genome shows that any attempt to counteract 

bacteria results in further bacterial evolution or adaptation of other bacteria to 

take place in the new free ecological niche. In these conditions, we can ask who 

is faster: humans who want to eliminate bacterial pathogens or bacteria that 

continuously evolve to gain new niches.  
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             Cardinale et al. (2005) conducted the studies on Epidemiological 

analysis of Salmonella enterica subspp. enterica serovars Enteritidis from 

humans and broiler chickens in Senegal using pulsed-field gel electrophoresis 

and antibiotic susceptibility. The sharing of similar PFGE profiles among 

isolates from humans and poultry provided indirect evidence of Salmonella 

transmission from contaminated broiler meat. Human and poultry isolates of 

Salmonella had common PFGE patterns. But most of the Salmonella isolates 

remained drug sensitive. Evaluation of a Multiplex PCR assay for simultaneous 

identification of Salmonella spp., Salmonella enteritidis and Salmonella 

typhimurium.  

 ANTIBIOTICS RESISTANCE PATTERN OF SALMONELLA 

ENTERITIDIS 

 Ling et al. (1998) studied antimicrobial susceptibilities and molecular 

epidimiology of Salmonella enteritidis strains isolated in Hong Kong from 

1986 to 1996. The most common Salmonella enterica serotype isolated in 

1994 was S. enteritidis. The antimicrobial susceptibilities and molecular 

epidimiology of 275 S. enteritidis strains isolated in this locality between 

1986 and 1996 were studied.  Over 99% of the isolates were susceptible to 

17 of the 19 antimicrobial agents tested. One isolate harbored an auto-

transferring plasmid that confers resistance to tetracycline and trimethoprim-

sulphamethoxazole. Another isolate harbored a mobilizable plasmid that 

confers resistance to ampicillin and cephalothin. Their studies suggested that a 
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predominant clone of S. enteritidis was circulating in Hong Kong during the 

period being studied.  

 Shaheen et al. (2000) studied the antibiogram of Salmonella enteritidis 

phage type 4 isolated from poultry and meat.  A total of nineteen quinolone 

sensitive isolates of S. enteritidis from poultry meat and eggs collected during 

1994-1998, were characterized. The isolates were serotyped and phage typed at 

federal institute of consumer Health and Veterinary Medicine, Wernigerode, 

Germany. The results of the standard disc diffusion test showed 100% 

resistance against bacitracin, erythromycin and novobiocin. All (100%) isolates 

were highly sensitive to chloramphenicol. The results of minimum inhibitory 

concentration (MICs) tests using serial dilution of antimicrobial drugs revealed 

that 100% of the isolates were resistant against bacitracin, erythromycin and 

novobiocin at various levels of concentrations. Kanamycin, streptomycin and 

spectinomycin, all had very poor activity against serovar Enteritidis. On the 

basis of their studies they concluded that there is limited therapeutic potential 

and low typability of this serovar. 

 Molbak et al. (2002) studied the Increasing Quinolone Resistance in 

Salmonella enterica serotype Enteritidis. From 1995 to 2000, 13,334 S. 

enteritidis infections were recorded in Denmark, accounting for 62% of all 

zoonotic salmonella infections. To monitor drug resistance he examined a 

random sample of 2,546 isolates, of which 82 (3.2%) were resistant to the 

Quinolone, nalidixic acid. These data showed that Quinolone resistance 

increased from 0.8% (3 of 384 isolates) in 1995 to 8.5% (31 of 366) in 2000. 
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Resistance to other antimicrobial agents was infrequent and Quinolone 

resistance was mainly present as a single resistance OD. The use of nalidixic 

acid or fluoroquinolones in humans is unlikely to contribute substantially to 

the increase in resistance. 

 Bakeri et al. (2003) determined clonal relationship and genetic diversity 

of the human strains of Salmonella enterica serovar Enteritidis isolated from 

1995 to 2002 from different parts of Malaysia. Antimicrobial susceptibility test, 

plasmid profiling and pulsed-field gel electrophoresis were applied to analyze 

65 human isolates of S. enteritidis obtained over an eight-year period from 

different parts of Malaysia. Salmonella enteritidis strains were more diverse 

than was previously thought. Fourteen subtypes were noted although one 

predominant clone persisted in Malaysia. The combination of pulsed-field gel 

electrophoresis, plasmid profiling and antibiogram provided additional 

discrimination among different clones.  

 Soto et al. (2003) studied the antimicrobial resistance in clinical isolates 

of Salmonella enterica serotype Enteritidis and developed the relationships 

between mutations conferring quinolone resistance, integrons, plasmids and 

genetic types.  In 481 clinical isolates of Salmonella enterica serotype Enteritidis 

collected from a Spanish region in 2000, 108, 83 and four isolates were 

resistant, respectively, to nalidixic acid, ampicillin or both. Nalidixic acid 

resistance was the result of DNA gyrase mutations involving the codons Asp-87 

(97 isolates) and Ser-83 (15 isolates) of the gyrA gene; no mutations in parC 

were detected. A relationship between a 40 kb self-transferable plasmid and 
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strains of S. enteritidis phage type 6a with a distinctive RAPD profile was 

established. 

IMMUNOPROPHYLAXIS AGAINST SALMONELLA ENTERITIDIS 

 Effective prevention and control programs must involve coordinated and 

simultaneous attacks on the problem from several directions. Prevention of SE 

infection in laying hens is important for public health and food industry. In the 

past, the primary aim for controlling Salmonella infection in poultry was to 

reduce disease losses. Today, public health concerns and consumer demands 

have increasingly made prevention of food-borne transmission of disease to 

humans an urgent priority for poultry producers. Vaccination and competitive 

exclusion are important methods to aid reducing S. enteritidis poultry infection 

(Davies and Breslin, 2003). The prevalence of Salmonella in animals may also 

be reduced by the genetic selection of animals resistant to disease but also to 

the asymptomatic carrier state (Beaumont et al, 1999). Cleaveland et al. (2001) 

proposed that the use of antibiotics in livestock, fish and poultry has 

accelerated the development of antibiotic-resistant bacteria, complicating 

treatment for both animals and humans. Chemotherapeutic selection may have 

additional consequences for virulence evolution through the acquisition of 

linked virulence genes. Given this information, what might be done to assist 

combating Salmonella? It is clear that the continuous development of existing 

surveillance measures (control programs, traceability of the food chains) and 

epidemiological expertise is required, both for food-borne pathogens, but also 

for sentinel organisms, present in the normal flora, and which may represent a 
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huge reservoir of resistance. It is also necessary to understand the mechanisms 

of evolution to form the foundation for a predictive science of infectious disease 

enabling us to anticipate the emergence of problems for public health and to 

evaluate the influence of future changes in animal husbandry with regards to 

their potential of altering the pathogen population and genome. Genome 

evolution is indeed one great source of emergence. A second source is the 

ability of a pathogen to infect multiple hosts, particularly hosts in different 

taxonomic orders or wildlife). In the case of antimicrobial resistant bacteria, it 

is of prime importance that all sectors using antibiotics (medicine, veterinary, 

horticulture) cooperate to minimize the proliferation of resistant bacteria, 

which may more generally have important consequences for virulence evolution 

and disease control. The knowledge of the potential risks, even the perception 

of the risks, should, however, not mask the real health hazard. We should 

remember that current food presents much less microbial health hazards than 

food five decades ago and that the increase in life span is partly related to this. 

Gast et al. (1993) conducted an experiment to test two bacterins. 

Protection studies on laying hens against intestinal colonization following oral 

exposure to SE were experimented. Both vaccines elicited specific antibody 

response that was significantly higher than antibody level detected in non- 

vaccinated control hens. The bactrin was prepared according to the method 

described by Gast et al. (1992). 

Charles et al. (1994) described methods for preparation of adjuvanted 

subunit vaccines for the control of SE infection in turkeys. The adjuvanted 



 32

subunit vaccines prepared for evaluation were: positive or negatively charged 

liposomes, lipid-conjugated ISCOM, and mineral oil vaccines. Results indicated 

a significantly higher antibody response to the positively charged liposomal 

OMP vaccine, compared with the whole cell bacterin. Shedding of SE was 

decreased in all vaccinated and challenge-exposed turkeys.  

Mcdonough et al. (1998) found many regulatory and diagnostic programs 

for the detection of Salmonella enterica serotype Enteritidis infection in 

commercial poultry flocks have relied on rapid pullorum agglutination test to 

screen birds because of the shared antigens of S. enterica Enteritidis and S. 

enterica Pullorum and Gallinarum; however, the use of the enzyme-linked 

immunosorbent assay (ELISA) format affords better analytical sensitivity than 

crude agglutination tests. In this study, we adapted our earlier conventional 

indirect ELISA, using gm flagellin as the antigen, to a kinetics-based, 

computer-controlled ELISA (KELA). The KELA was used to screen for anti-

flagellin antibody from three commercial flocks: (i) a large flock involved in a 

U.S. Department of Agriculture trace back from a human S. enterica Enteritidis 

foodborne outbreak (n=53,209), (ii) a flock infected with the endemic S.enterica 

Enteritidis serotype but which also had multiple other salmonella serotypes (n 

565), and (iii) an S. enterica Pullorum-infected flock (n 512). The first flock (S. 

enterica Enteritidis prevalence of 2.45% based on culture) provided a field test 

of the KELA and allowed the calculation of diagnostic sensitivity (D-Sn) and 

diagnostic specificity (D-Sp). With a cutoff of 10 (used for screening flocks i.e., 

high sensitivity), the KELA has a D-Sn of 95.2% and a D-Sp of 18.5%; with a 
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cutoff of 140 (used in confirmatory flock testing i.e., high specificity), the KELA 

has a D-Sn of 28.0% and a D-Sp of 99.1%. We found that with a cutoff of 60 

(D-Sn 563.1%; D-Sp 5 91.6%), we could eliminate reactions in the KELA 

caused by other non-S. enterica Enteritidis Salmonellae.  

Woodward et al. (2002) reported the efficacy of Salenvac, a Salmonella enterica 

subsp. enterica serotype Enteritidis iron-restricted bacterin (vaccine), in laying 

chickens.  

Cogan and Humphrey, (2003) studied the rise and fall of SE infections in 

humans. On the basis of their studies they concluded that in early 1980s, the 

number of recorded human cases of Salmonella enterica subspp. enterica in the 

UK had fallen in the last 5 years, with a particular decline in cases of infection 

with serovar Enteritidis. This decline was concomitant with the introduction of 

vaccination of egg-laying hens against serovar Enteritidis. It was likely that 

other factors such as improved biosecurity in egg-laying flocks, a build-up of 

immunity in other animals and the rise in the number of livestock infections 

with host-adapted serovars of Salmonella also play a part in this decline. 

Although human Salmonella cases were currently at their lowest level since 

1987, it was important to remember that the reasons for the dominance of 

Enteritidis in human infection were poorly understood and it is possible that 

other serovars could share similar properties and the eradication of Enteritidis 

could leave a niche for them to fill. 

Dupuis et al., (2006) assessed efficacy and safety of Montanide ISA 270 and 

ISA 206 with Newcastle disease virus vaccines and compared these with classic 
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water-in-oil Tween-Span formulation. The result revealed that it is possible to 

improve traditional Tween-Span formulation for safety and efficacy parameters 

by using Montanide oil adjuvants.  

Beata et al., (2007) found novel adjuvanted formulation containing Montanide 

ISA 206 and ISA 270 and the adjuvanticity of the novel formulation was tested 

in rabbits for induction of protein specific antibodies. Both the adjuvants were 

found to be stronger and more potent, complete Freund adjuvant
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                                                                             CHAPTER-3 

MATERIALS  

AND  

METHODS 
 

Human infections with Salmonella enteritidis continues to be a public 

health problem worldwide as it is the most frequently reported serovar 

associated with gastroenteritis. Most outbreaks of human salmonellosis are 

caused by contaminated food products such as egg and egg products, poultry, 

other meat products and dairy products. Besides poultry and poultry products, 

S. enteritidis is also transferred by fresh vegetables, spices and cheese. S. 

enteritidis is known to have a wide range of animal reservoirs, high potential 

spread and the ability to survive in the environmental water. Symptoms of non-

typhoidal salmonellosis include non-bloddy diarrhea, abdominal pain, fever, 

nausea and vomiting, which normally appear 8 to 48 h after initial contact with 

infectious agent. S. enteritidis also can lead to more severe symptoms such as 

septicemia, arthritis, meningitis, and pneumonia, but is usually limited to 

gastroenteritis. 

The present study was conducted over a period of 20 months and during 

this period samples were collected from poultry eggs, meat, feces, bakery 
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products and human stool samples. To address the hypothesis that 

consumption of raw or undercooked eggs and poultry products were the 

primary risk factors for domestically acquired gastroenteritis cases, a 

questionnaire-based study was conducted. The data collected included 

information on symptoms, underlying illnesses and medication, consumption 

of eggs, poultry meat, poultry and bakery products. The stool specimens were 

investigated from all people with diarrhea presented as outdoor in different 

hospitals of Faisalabad. The isolation and biochemical identification was 

carried out according to standard laboratory methods.  

1-COLLECTION OF SAMPLES 

A total of 615 samples were collected and investigated in this study. The 

samples from poultry eggs (240), meat (85), poultry dropping (100).bakery 

products (65) and human stool samples (125) were collected in sterile specimen 

bottles. The samples were carefully shifted to Department of Microbiology, 

University of Agriculture, Faisalabad and stored at refrigeration temperature. 

Approximately 1 gram of each sample was emulsified into a suspension using 

10 ml sterile phosphate buffer solution. 
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2-ISOLATION OF SALMONELLA ENTERITIDIS 

2.1) Enriched media  

To diminish the risk of obtaining false negative results, a selective pre-

enrichment of faces or food sample, a combination of three selective 

enrichments and plating on four selective media were performed. 

1 An overnight pre-enrichment in tryptic soy broth (Difco Laboratories 

Inc., Detroit, Mich.). 

2 Selenite F broth as enrichment media (Valentin-Bon et al. 2003). 

3 Kauffmann-Muller tetrathionate broth as enrichment media 

(Kauffmann, 1972). 

4 Bile salt brilliant green agar as selective and enrichment media (Gast 

et al. 2004. 

5 Salmonella-shigella (S.S. agar) as selective media (Cruikshank et al., 

1975). 

6 MacConkey’s agar as selective and differential media (Cruikshank et 

al., 1975). 

Tetrathionate broth (composition in appendix 3) was used as enrichment media 

for the isolation of Salmonella. One ml of homogenized suspension of each 

sample was transferred to 10ml of tetrathionate broth and incubated for 18 

hours at37oC. The tubes showing turbidity were selected for primary isolation 

of Salmonella colonies (Iwade, et al., 2006). 
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2.2) Plating media 

Selective and Differential Media    

Growth from tetrathionate broth tubes showing turbidity were streaked on 

duplicate sets of Bile salt brilliant green starch agar plates and incubated at 

37oC for 24-48 hours. The pinkish colonies surrounded by red medium were 

further streaked on S.S.A (Difco, Manual, 1998).  

The smooth, small and colourless colonies surrounded by SSA medium, after 

an incubation of 24-48 hours at 370 C were streaked on MacConkey agar 

plates (appendix 5) 

The colorless colonies on MacConkey medium, after incubation of 

24hours at 37oC, were plated on Blood agar, Xylose-lysine-deoxycholate (XLD) 

agar and later on transferred to Nutrient agar slants. The colourless colonies of 

non-lactose fermenting organisms were selected for further processing 

(Henzlar, et al., 1994;  Jaffer, 1984). 

3-IDENTIFICATION AND CHARACTERIZATION OF ISOLATES  

All the isolates were subjected for colony morphology, cultural 

characteristics Gram staining and motility test. The confirmatory identification 

was carried out after matching with ATCC (American Type Culture collection) 

for SE and serological tests. All isolates were typed on the basis of polyvalent 

somatic O antisera into different serovars but others  were not matched to any 

available antisera (Table:3). Serological analysis of 206 Salmonella isolates 158 
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were confirmed to belong to group D (the serogroup of SE), factor O9,12: g,m. 

These SE strains were subjected to biochemical reactions and antibiogram 

studies (Brenner, 1998; Kauffmann, 1972). 

3.1) Morphological Examination 

3.1-a) Staining Reaction 

Slides were prepared from discrete colonies on different culture media 

and were stained by Gram’s Method. Stained slides were observed under the oil 

immersion lens of the microscope for the examination of cells with regard to 

their shape, arrangement and staining reactions. 

The size of the isolates after staining by Gram’ s method was measured 

under the microscope with the help of stage micrometer in conjugation with an 

eye-piece micrometer by adopting the technique described by Cruickshank et 

al., 1975. 

3.1-b) Motility test   

Motility of the isolated strains was determined under the microscope by 

the hanging drop method.  

3.2) Biochemical Examination 

3.2-a) Triple Sugar Iron Agar (TSI) Test 

Degradation of three sugars (glucose, lactose and sucrose) and 

accompanying acid production were detected by the pH indicator phenol red, 
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which changes its colour from red-orange to yellow, on alkaline reaction it 

turns deep red. Thiosulfate in the medium is reduced to hydrogen sulphide by 

S. enteritidis the hydrogen sulphide reacts with an iron salt to give black iron 

sulphide. This media on one hand acted as a differential media and on the 

other hand showed some important biochemical characteristics of the isolates. 

The Triple sugar iron agar slants were prepared with a thick butt. A loopful 

culture of pure growth (colorless colonies from MacConkey agar) was stabbed 

into the butt and streaked on the slant and were incubated for 24 hours at 

37C. The growth showing following characteristics were selected for further 

processing 

 
     Species 

 
Slant 
 

 
Butt 

 

 
Gas 

 

 
H2S 

 
 
Salmonella 
enteritidis 
 

 
Alkaline 
(Red) 

 
Acidic 
(Yellow) 

 
       

± 

 
 

+++ 
 

 
Other Salmonella 
 

 
Alkaline 
(Red) 

 
Acidic 
(Yellow) 

 
       ± 
 

 
± 
 

 
                     +      =      positive reaction 
                  _     =       Negative reaction                                                                           
            ±   =   Occasional reactions 
The biochemical reactions on Triple sugar iron agar were interpreted as: 

1 Acidic butt (yellow) alkaline slant  (red)   Sucrose -                                         

       Glucose   + 

                                                         Lactose    - 

   2    Acid throughout the medium               Glucose    + 
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          (Butt and slant yellow)    Lactose +                                        

        Sucrose    + 

3 Blackening in butt                               H2S         + 

4 Alkaline slant and butt     Glucose   +                                        

              (Butt and slant red)  Lactose  -                                 

               Sucrose    - 

                                                                      (Finegold and Martin, 1982) 

3.2-b) SIM Agar Test 

SIM deeps are a multi-test medium comprising 3 tests: sulfide (H2S gas), 

indole production, and motility.  SIM agar (Appendix 11) contains peptone, 

sodium thiosulfate and ferrous ammonium sulfate. H2S is produced from the 

metabolism of Sodium thiosulphate. H2S reacts with Fe2+ salts to form FeS, 

which is black in color. SIM also contains the amino acid tryptophan. Bacteria 

producing the enzyme tryptophanase break down tryptophan to indole.  Indole 

reacted with the indole (kovac’s) reagent to produce a red colored ring at the 

agar surface, resulting in a positive result. With the H2S it did not react and 

recorded as negative.   

A pure culture of the microorganism was introduced into the butt all the 

way to the bottom by puncture. The tubes were incubated for 18-24 hours at 

37°C aerobically. Motility was indicated by a diffuse turbidity of the culture 

medium surrounding the puncture line. H2S formation was shown by a 

blackening in those areas of the medium in which microbial growth occured. 
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After checking the tubes for motility and H2S production, the indole test was 

performed. The medium was covered with a layer of Kovac’s Indole Reagent. 

Production of indole caused the reagent layer to become purple in color and 

indole negative organisms caused the black colour to disappear. 

3.2-c) Urease Test 

The Urease test was used as a differential medium as well as to test the 

Urease activity of the isolates. The hydrolysis of urea releases ammonia and 

production of ammonia increase the pH of the medium that change colour of 

phenol red ( PH indicator) to red. 

Christensen’s medium was used for Urease test (composition is given in 

appendix 13). The basal medium was sterilized by autoclaving at 121oC for 15 

minutes. When it had cooled to about 50oC, a sterile solution of glucose was 

added to give final concentration of 0.1 percent and 100 ml of a 20 percent 

solution of urea previously sterilized by filtration was added. The medium was 

poured in test tubes as deep slopes. It may, however, be used in fluid form 

without agar. The isolates giving acidic butt and alkaline slant (only glucose 

fermenters) with H2S and gas production were inoculated into the urea broth to 

determine Urease production. The inoculated tubes were incubated at 37oC for 

96 hours. The observations were made at an interval of 4, 24, 48 and 96 hours. 

Urease positive cultures changed the colour of the indicator to red. The isolates 

showing negative reaction were used for biochemical typing (Jaffer, 1984). 
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3.2-d) Methyl red test 

Some bacteria ferment glucose and produce sufficient amount of acid as 

end products. The acid metabolites sufficient to reduce pH of the medium and 

to give red color with methyl red. 

Peptone and phosphate was dissolved in water, pH adjusted to 7.6, filtered, 

dispensed in 5ml amounts and sterilized at 121oC for 15 minutes. After that 

0.25 ml of sterile glucose solution was added to each tube to make a final 

concentration of 0.5% glucose. The test was performed as follows. 

1. The glucose phosphate peptone (composition as given in appendix 17) 

water tubes were inoculated with the young agar slope culture. 

2. The inoculated and noninoculated controls were incubated at37oC for 

96 hours. 

3. At the end of 96 hours incubation, 5 drops of methyl red reagent was 

added to each tube and the results were recorded. 

4. Positive results were indicated by bright red color and negative by 

yellow color. 

3.2-e) Voges Proskaur Test 

Some bacteria produce acetyl methyl carbinol as an intermediate 

compound from glucose fermentation. It is detected by oxidation in alkali and 

air to diacetyl, which give pink colour with creatine. The organisms from young 

agar slant culture were inoculated into tubes containing 5ml of glucose 

phosphate peptone water (composition given in appendix 17), incubated at 
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37oC for 48 hours and to this broth about 0.5 ml  Omera’s reagent was added 

(Composition in appendix 19). The tubes were placed at 37oC in water bath for 

4 hours and the observation was recorded. A pink colour indicated a positive 

test and absence of any colour indicated negative reaction.  

3.2-f) Indole test  

Indole is a nitrogen-containing compound that can be formed from the 

degradation of amino acid tryptophan by certain bacteria. Tryptone is used as 

a substrate because it contains much tryptophan. The indole reacts with 

aldehyde compound of kovac’s reagent and forms red coloured compound that 

is more soluble in alcohol. 

For indole test peptone water was prepared according to the composition 

given in appendix 15. The ingredients were dissolved in distilled water; pH was 

adjusted to 7.4, dispensed in test tubes and sterilized by autoclaving at 121oC 

for 15 minutes. 

Kovac’s reagent (as given in appendix 16) was prepared by adding the 

aldehyde, which was dissolved in alcohol, the acid was added slowly and stored 

in refrigerator. The test was performed according to the following procedure. 

1. With the help of sterile platinum loop, the tubes of the medium were 

inoculated with test isolates. 

2. The inoculated tubes were incubated at 37oC aerobically for upto 96 

hours. 

3. At the end, 0.5 ml of Kovac’s reagent was added to each of the 
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inoculated and uninoculated controls. 

4. The tubes were shaken gently and the results were recorded. 

5. Positive results were indicated by the development of red colour in the 

alcoholic layer of the reagent and no colour in the control tube. 

3.2-g) Citrate utilization test  

Ability to utilize citrate as a sole source of carbon and energy 

distinguishes certain Gram-negative organisms. Simmon’s citrate agar contains 

citrate as its only carbon and energy source. Growth on this medium is a 

positive test for citrate utilization. Certain organisms that give a positive test 

increase the pH of the agar, changing bromothymol blue indicator in the 

medium from green to blue. 

The composition of Simmon’s citrate medium is given in appendix 12. 

The tubes containing citrate medium were incubated at 37oC for three days. 

Opacity and change in colour of bromothymol indicated a positive reaction i.e., 

from pale green to blue. 

3.2-h) Nitrate reduction test   

The protocol of nitrate reduction test is as under: 

Young slope culture was inoculated in 5 ml of nitrate broth and incubated at 

37oC for 96 hours. Added 0.1 ml of the test reagent (composition is given in 

appendix 20) and recorded the results. Pink, red or maroon colour development 

was indicative of positive test and if no colour development it was considered as 

negative. 
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3.2-i) Lysine decarboxylase test 

Decarboxylation of an amino acid is splitting off of its carboxyl group to 

yield an amine and CO2. Bacterial decarboxylation can be demonstrated by 

showing the disappearance of the amino acid or by formation of amine carbon 

dioxide. The reaction resulted into accumulation of an amine, which is basic; 

therefore, Decarboxylation can be demonstrated by measuring the rise in pH. 

The protocol is as under; 

1. All the components of lysine decarboxylase broth (composition given 

in appendix 9) were dissolved, adjusted the pH 6.0, distributed in four 

portions and dissolved the amino acid lysine at the rate of 1%. 

2. The medium was distributed into 1ml amount and overlayed with 

5mm thickness of liquid paraffin and autoclaved at 121oC for 15 

minutes.    

Lysine decarboxylase broth was inoculated with the loopful culture of the 

test organism and one was kept uninoculated control. 

3. Broth tubes were incubated for 24 hours at 37oC.  

To test the rise the pH of broth bromocresol purple was used. 

4. Appearance of purple colour of bromocresol indicated the rise in pH or 

decarboxylation of lysine. 

3.2-j) Gelatin liquefaction test 

Nutrient gelatin in solid state (below 25oC) was stabbed with test strain 

and incubated at 37oC for 24 hours and then flood the plates with 1% tannic 
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acid solution. Observations were recorded for 14 days by observing each day 

for liquefaction after placing at 4oC for 30 minutes. 

3.3) Sugar fermentation tests 

Cultures that matched typical reactions of Salmonella in preliminary 

screening were further subjected to carbohydrate utilization and the following 

sugars were used to study the fermentative activity of the organism. 

1 Maltose 

2 Arabinose 

3 Mannitol 

4 Raffinose 

5 Xylose 

6 Inositol 

7 Dulcitole 

8 Mannose 

10% stock solution each of these sugars were prepared and sterilized by 3 days 

consecutive tyndallization before use. These sugars were then added in the 

peptone water containing indicator (bromothymol blue) in it (composition given 

in appendix 14). 

Bromothymol blue was added to peptone water at the rate of 12 ml per 

litre. The pH was adjusted to 7.5 and then the peptone water with indicator 

was dispensed in tubes (5ml each) containing inverted Durham’s tubes. These 

were sterilized by autoclaving for 20 minutes, at 121oC. Before the test was 
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carried out, 0.5 ml of the sterilized stock solution of each sugar was added to 

these tubes separately. For by examining the production acid and gas in the 

medium whereas negative results were indicated without any change in the 

medium.each sugar, three tubes were used simultaneously; two were 

inoculated with the test strains while the third was kept as control. These were 

incubated at 37oC and positive results were recorded upto one week  

4-Serotyping of SE 

Serotyping is a definite typing method used for identification and 

epidemiological characterization of Salmonella serotypes (Goncagul et al, 2005). 

Serotyping of SE was carried out by identification of surface antigens (LPS, O-

antigens) and flagella antigens (Flagellin, H-antigens), according to the 

Kauffman-White scheme(Popoff and Minor (1997). Most commonly, strains of 

Salmonella express two phases of H-antigen but aphasic, monophasic, and 

triphasic variants are also known. Suspicious colonies from the culture plates 

were tested directly for the presence of Salmonella somatic (O) antigens, and 

flagellar (H) antigens. Both rapid slide agglutination and tube agglutination 

tests were employed for identification of the organisms.  

O Antigen Determination: 

1. Growth was scraped from an agar slant culture and suspended in 

1.0 ml of 95% ethyl alcohol. 

2. Antigen was placed in water bath at 60o C for 30 min to 1 hour. 

Centrifuge (1000 rpm, 5 min) and gently poured off, alcohol. 
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3. 0.5 ml phenolized saline was added. Tube Shake gently and allow 

it to stand 30 min to rehydrate cells, then shake vigorously to 

resuspend. Allow to settle 30 min before testing. 

4. Test the alcohol-treated antigen by slide agglutination in 

Salmonella poly O and  groups D antisera. Test single factor O 

reagents as needed. 

H Antigen Determination: 

1. Add an equal volume of formalinized saline to the broth. Allow to 

stand for 6-8 hours. 

2. Test the formalinized broth antigens for flagellar agglutination in H 

typing antisera. 

3. As SE was monophasic, so phase 2, was not determined.              

(Brenner, 1998) 

5-Antimicrobial Susceptibility 

A total of eighteen isolates of S. enteritidis collected were used in this 

study to determine their antimicrobial sensitivity profiles.Antimicrobial 

susceptibility tests were performed in accordance to the method of Bauer et al. 

(1966). The Mueller Hinton Agar was used as growth medium for standard disc 

diffusion test. Plates were incubated over night at 37oC to check the sterility. 

Later on, 100 μl of test culture grown overnight in L.B broth at 37oC were 

spread on plates with the heat sterilized glass spreader to form a smooth 

bacterial lawn. Standard susceptibility test disc impregnated with known agent 



 50

and strength was dispensed on the agar surface. Within 15 minutes of 

application of the discs, plates were incubated overnight at 35oC within 15 

minutes after applying the disc. Characterization of strains as sensitive or 

resistant was based on the size of inhibition zone around the disc compared 

with the interpretation standards provided by the manufacturers. An isolate 

was defined as resistant, if it was resistant to at least one of the tested 

antimicrobial agents. 

The antimicrobial drugs were dissolved (100μg/10μl) in the different 

volumes of water and ethanol. Different dilutions of each drug (100μg/10μl, 

50μg/10μl, 25μg/10μl, 12.5μg/10μl, 6.25μg/10μl, 3.125μg/10μl) were 

prepared. Mueller Hinton agar was used as growth media for all MICs testing. 

Plates were poured and incubated over night to check their sterility. 100μl of 

an over night culture was spread on the plates with heat sterilized glass 

spreader to form a smooth bacterial lawn. The sterilized blank discs were 

placed on the surface of the medium. The distance between the discs was kept 

approximately 2 cm. The 10μl of each antimicrobial drug dilution was poured 

per disc in descending order of concentration. The plates were inoculated over 

night at 37oC and the diameter (mm) of inhibition zones was recorded the next 

day. All solutions and dilutions of antimicrobials were made fresh and all 

handling was done using sterile equipment under sterile conditions.  

6-Immunoprophylaxis 

It has proved that colonization of intestinal tract can be reduced by 
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vaccination of laying hens (Gast et al.,1993) that may result in fall of outbreaks 

of human salmonellosis (Cogan and Humphrey, 2003). Whole bacterial cell 

inactivated three acetone killed bacterins (vaccines) were prepared in this study 

as described by Charles et al. (1994). Vaccine A was prepared by the formalin 

inactivation of SE bacterial growth, vaccine B was oil emulsion bacterin and 

Vaccine C was montanide (ISA-206) adjuvanted vaccine. Sterility and safety of 

vaccines was checked. Birds were inoculated with these vaccines, sero-

conversion as well as reduction in shedding was determined. A commercially 

available oil based vaccine (Bio-Enteritidis) was administered in one (Group D) 

of the five experimental groups to compare the antibody titer and feacal 

shedding of locally prepared vaccines in our study. 

Commercial layers were obtained for experiment. All the layers were 

determined to be SE free, on the basis of cloacae swab specimen's culture and 

serologic testing results and housed in isolation facilities at the animal house 

in University of Agriculture, Faisalabad. Seventy layers were allotted at random 

to five groups for vaccines efficacy trials (Table-1). 

6.1) Vaccine preparation  

The SE bacteria used for the preparation of bacterin were same that 

isolated from poultry samples. For bacterin preparation, bacteria were grown 

on trypticase soy agar for 48 hours at 37oC and 40 ml of growth was 

centrifuged to pallet the bacteria. The pellet was resuspended in 30 ml of 

phosphate buffered solution (PBS) and divided into three tubes.   
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6.1-a) SE Inactivation 

The SE concentration in saline suspension was adjusted to contain 1010 

colony forming units (CFU)/ml. Bacteria were then inactivated by adding 0.3% 

formalin with agitation (Charles et al, 1994)  

6.1-b) Sterility testing 

Sterility of the inactivated bacterin was checked by inoculating a loop full 

antigen solution in trypticase soy agar. No growth was observed after 24 hours 

incubation at 37oC. 

6.2) Preparation of water in oil emulsion bacterin 

To prepare the oil emulsion of the bacterin, formalin killed aqueous 

bacterial suspension, mineral oil, and Arlacel 80 emulsifier at a ratio of 

500:486:14, respectively, were mixed well in a stainless steels blender to obtain 

a homogenous oil emulsion bacterin. 

6.2.1) Montanide-adjuvanted vaccine 

Montanide ISA 206 are a group of oil/surfactant based adjuvants in 

which different surfactants are combined with either a non-metabolizable 

mineral oil, a metabolizable oil, or a mixture of the two. They are prepared for 

use as an emulsion with aqueous antigen solution. The surfactant for 

Montanide ISA 206 (ISA = Incomplete Seppic Adjuvant) is mannide oleate, a 

major component of the surfactant in Freund's adjuvants. The surfactants of 

the Montanide group undergo strict quality control to guard against 

contamination by any substances that could cause excessive inflammation, as 
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has been found for some lots of Arlacel A used in Freund's adjuvant. Various 

Montanide ISA groups of adjuvants are used as water-in-oil emulsions, oil-in-

water emulsions, or water-in-oil-in-water emulsions. Different adjuvants 

accommodate different aqueous phase/oil phase ratios, because of the variety 

of surfactant and oil combinations. The performance of these adjuvants is said 

to be similar to Incomplete Freund’s adjuvant (IFA) for antibody production; 

however the inflammatory response is usually less. 

6.3) Experimental Design for Vaccines Trials 

A total of 70 laying hens divided into 5 groups (A, B, C, D, and E). 

Groups A, B, C and D were administered 0.5ml, subcutaneously with SE 

vaccines. Group A was administered with formalin-killed bacterin, group B 

with formalized oil based bacterin, group C with formalized montanide 

adjuvanted vaccine, group D with commercially available SE killed vaccine 

(Bio-Enteritidis) and group E was kept as unvaccinated control. 

Table 1: Experimental Design 

Vaccines       A        B        C        D        E 

No of hens 

in each 

 Group 1  

1( 16 )       

 Group  

2 ( 16 ) 

Group   

3( 16 ) 

  Group  

4 ( 16 ) 

  Group 5  

 ( 06 ) 

vaccinated    s/c 

(0.5ml ) 

   s/c 

(0.5ml) 

   s/c 

(0.5ml)  

   s/c 

(0.5ml) 

Control 

After 2 weeks oral challenge was given to all 5 groups.  
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6.4) Serum Antibody Titration 

Collection of Blood Samples 

1- On vaccination day 

2- Every week post vaccination(Four weeks) 

3- On the day of oral challenge(108 cells/ml) 

4- Every week post challenge(Four weeks) 

Serum was separated from each blood sample and antibody level was observed 

by micro-agglutination test with an antigen prepared from the same SE isolate 

used to make vaccines. Antibody titers were determined by serial twofold 

dilution of an initial 1:20 diagnostic dilution of each serum sample by using 

microtitration assay following Charles et al, (1994) and by ELISA using a 

commercially available kit method (Barrow, 1994).   

6.5) Shedding in feces  

This detection remains theoretically more desirable for mass screenings than 

culture of internal organs for SE. SE shedding in the feces was checked by 

taking cloacal swab from vaccinated and control groups. Cloacal swabs were 

collected for four weeks along with blood samples, after oral challenge. Cloacal 

swabs were cultured to detect the clearance of SE shedding in the feces, after 

vaccination.  
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Statistical Analysis 

 Significant differences (p < 0.05) between treatment groups 

were determined by the chi-square test for qualitative fecal recovery data and 

by a one-way analysis of variance for antibody titer data and quantitative fecal 

shedding.  
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CHAPTER-4 

RESULTS 

Human infection with S. Enteritidis has increased worldwide since last 

decade and has been shown to be related mainly with the consumption of 

poultry meat and eggs. The study included 615 samples from poultry eggs, 

meat, bakery products, human stool samples (suffering from gastroenteritis) 

and poultry droppings which were collected from different areas of Faisalabad, 

Pakistan (Table-3). To address the hypothesis that consumption of raw or 

undercooked eggs and poultry products was the primary risk factors for 

domestically acquired cases, clinical signs and history were obtained from 

human gastro-enteritis patients. The clinical symptoms among the 125 cases 

included abdominal pain (89.7%), fever (82.2%), diarrhea (99.8%), vomiting 

(42.7%), chills (35.7%), headache (59.6%), Joint pain (63.7%), nausea (59.5%) 

and blood in stool (22.7%). Investigation of food consumed by gastroenteritis 

patients during the period of study revealed that 45(36%) consumed poultry eggs (in 

raw or undercooked form), 28(22.5%) consumed the poultry meat, 10(8%) consumed bakery 

products, 12(9.6%) consumed contaminated water, 8(6.4%) patients had consumed contaminated 

milk, 12(9.6%) patients had poor household cooking conditions and 10(8%) patients had infected 

with unknown cause.  
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1) Isolation and purification of Salmonella Enteritidis  

The present work was carried out in the Department of Microbiology, 

University of Agriculture, Faisalabad. All the samples were pre-enriched into 

Trypticase soy broth and enriched into the Tetrathionate broth. The samples 

enriched in Tetrathionate broth showed turbidity in 206(33.5%) samples. 

1.1) Bile salt brilliant green starch agar 

The material from turbid tubes was streaked on Bile salt Brilliant Green 

starch agar plates and incubated for 24 to 48 hours at 37oC. After 24 hours 

green color colonies were selected as Salmonella colonies (Finegold and Martin, 

1982). Colonies showed typical Salmonella colony morphology were selected for 

confirmation by biotyping or serotyping and the colonies showing any other 

color pattern was ignored.  
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Fig: 1- Salmonella enteritidis growth on BGBSA after 24 hours 
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1.2) Salmonella Shigella agar     

The colonies of possible Salmonella isolates were streaked on 

Salmonella-Shigella agar (SSA) plates and incubated at 37oC for 24 hours. On 

SSA the colonies of salmonella appeared as smooth, small and colorless with 

dark center due to H2S production. 

1.3) MacConkey’s agar  

The isolates from Salmonella-Shigella agar were further streaked on 

MacConkey agar to ensure their purity from other Enterobacteria. All isolates 

produced circular, 1-3 mm in diameter and colorless, lactose non-fermenting 

colonies on this medium. 

1.4) Blood agar 

On blood agar colonies appeared 2-3 mm in diameter, grey-white, 

circular, non-hemolytic (Table 2). 

1.5) Xylose-lysine-deoxycholate (XLD) agar 

 On XLD agar the colonies appeared as smooth, red with black centre. 

The Salmonella isolates produced small, discrete, circular, smooth, 

translucent and colorless colonies on Nutrient agar plates. 

2) Morphology  

The young cultures smears stained by Gram’s Method of staining 

revealed Gram-negative short rods of varying sizes and occurring singly or in 
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short chains, revealed the purity of growth. 

2.1) Motility test 

This test showed that all the S. enteritidis isolates were actively motile. 

2.2) Triple sugar iron agar   

Those isolates which were characterized as SE after serotyping, subjected 

to TSI test. All the isolated S. enteritidis strains fermented glucose on triple 

sugar iron by changing the color of the butt from red to yellow whereas the 

slant remained red and there was heavy production of hydrogen sulphide, 

which was showed by blackening of the medium. The gas produced by isolates 

in the agar column broken the column. Fig: 2- 

2.3) SIM test (Sulphide, Indole, Motility) 

All the S. enteritidis isolates strains blacken the SIM medium 

representing hydrogen sulphide production. The diffused turbidity around the 

puncture line was observed which showed that the isolated organisms were 

motile. By addition of Kavoc’s reagent in the SIM medium containing growth, 

no change in the colour of the media was observed and blackening also 

disappeared which showed that the isolated organisms were indole negative.   

3) Biochemical tests 

The isolates failed to change the colour of urea broth for 2-4 days after 

an incubation of 37oC so were Urease negative. All the isolates were positive to 

methyl red, nitrate reduction and citrate utilization. All the isolates were 



 61

negative for Urease, lysine Decarboxylation, gelatin Liquefaction, indole and 

Voges-Proskaur (Table 5). Acid and gas was produced from glucose, mannitol, 

maltose, arabinose, xylose, dulcitole, Inositol and mannose. No reaction in 

lactose and sucrose was observed (Table 6). 

Table 2:  Cultural characteristics of Salmonella on various culture media 
 

 

 

 

Sr.  
No. 

            Media used Observation 

1 Bile Salt Brilliant Green 

Agar 

1-2mm indiameter,circular, greenish, 

lactose non-fermenting colonies 

2 Salmonella-Shigella Agar Smooth, small and colourless with dark 

center due to H2S production 

3 MacConkey’s Agar 1-3 mm in diameter, smooth, circular, 

transparent, lactose non-fermenting 

colonies 

4 Blood Agar 2-3 mm in diameter, grey-white, moist, 

circular, disks with a smooth convex 

surface&edged colonies 

5 Nutrient Agar Small, discrete, circular, smooth, 

translucent and colourless colonies 

6 Xylose-lisine-deoxycholate 

(XLD) agar. 

 Smooth, red colonies with black centre on 

XLD agar  
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Table 3: Isolation frequency of Salmonella species 

Sampling 

source 

Sample 

collected 

Positive for 

Salmonella 

Percentage Serovars 

isolated 

% of 

sero-var 

Egg-shell 

 

120 

 

48 

 

40% 

 

S. enteritidis     (40) 

S. typhimurium  (7) 

S. pullorum        (1) 

83.33 

14.58 

2.08 

Egg 

interior 

120 

 

10 

 

8.33% 

 

S. enteritidis     (8) 

Others              (2) 

80.00 

20.00 

Poultry 

droppings 

100 

 

55 

 

55% 

 

S. enteritidis      (38) 

S. pullorum       (12) 

Others               (5) 

69.09 

21.81 

9.09 

Poultry 

meat 

85 

 

26 

 

30% 

 

S. enteritidis     (22) 

S. typhimurium   (2) 

S. pullorum        (1) 

Others              (1) 

84 

7.7 

3.85 

3.85 

Bakery 

products 

65 

 

09 

 

13.85% 

 

S. enteritidis     (6) 

S. typhimurium (2) 

Others              (1) 

66.66 

22.22 

11.11 

Human 

stool 

125 

 

58 

 

46.4% S. enteritidis     (44) 

S. typhimurium  (8) 

S. paratyphi B   (4) 

Others              (2) 

75.86 

13.79 

6.89 

3.44 

Total 615 206 35.12% S. enteritidis=  158 -- 

Table 4:   Distribution of S. enteritidis isolates on the basis of sources                            

Sr. Source Total No. Positive for Percentage 
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Eighteen  SE strains are selected for biochemical and serological tests from 

different sources of  collected samples as shown below in tabulated form. 

No.  Samples SE of SE   

1 Egg shell 120 40 36.33 

2 Egg interior 100 08 06.67 

3 Poultry Meat 85 22 25.88 

4 Poultry droppings 100 38 38.00 

5 Bakery Products 65 06 09.33 

6 Human stool 125 44 35.32 

Total 
615 

158 
25.70 
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Table 5: Biochemical characteristics of S. enteritidis isolates 

 

Sr.  

No. 

 

Isolates 

 

Urease 

Test 

 

Methyl 

Red 

 

VP 

test 

 

Indole  

Test 

 

Citrate 

Utilization 

 

Nitrate  

Reduction 

 

Lysine 

Decarboxylase 

 

Gelatin 

Liquefaction 

1 E07 - + - - + + - - 

2 E12 - + - - + + - - 

3 E66 - + - - + + - - 

4 E83 - + - - + + - - 

5 C09 - + - - + + - - 

6 D11 - + - - + + - - 

7 D15 - + - - + + - - 

8 D29 - + - - + + - - 

9 D58 - + - - + + - - 

10 D89 - + - - + + - - 

11 D93 - + _ - + + - - 

12 B45 - + - - + + - - 

13 M06 _ + - - + + - - 

14 M55 - + - - + + - - 

15 H05 - + - + - + - - 

16 H16 - + - - + + - - 

17 H21 - + - - + + - - 

18 H38 - + - - + + - - 
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Table 6 : Sugar fermentation tests of the salmonella suspected to S.enteritidis 

through biochemical analysis 

Sr. 

No. 

 

Isolate 

 

Glucose 

 

Lactose 

 

Sucrose 

 

Maltose 

 

Mannitol 

 

Raffinose 

 

Xylose 

 

Dulcitole 

 

Mannose 

1 E07 + - - + + - + + + 

2 E12 + - - + + - + + + 

3 E66 + - - + + - + + + 

4 E83 + - - + + - + + + 

5 C09 + - - + + - + + + 

6 D11 + - - + + - + + + 

7 D15 + - - + + - + + + 

8 D29 + - - + + - + + + 

9 D58 + - - + + - + + + 

10 D89 + - - + + - + + + 

11 D93 + - - + + - + + + 

12 B45 + - - + + - + + + 

13 M06 + - - + + - + + + 

14 M55 + - - + + - + + + 

15 H05 + - - + + -    

16 H16 + - - + + -    

17 H21 + - -      + + -    

18 H38 + - - + + -    

+ = acid without gas              ± = Positive negative 

- = negative reaction              (+)  = Acid & gas 
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Table- 7: Reaction of S. enteritidis on TSI and SIM agar 
 
 
              
Sr. No.    

 
      
Isolates 
 
 

                           TSI agar 
              SIM  agar 

Slant Butt Gas H2S  
Motility 

 
Indole  

 
H2S  

alkaline 
(Red) 

Acidic 
(Yellow) 

 Blackening 

1 E07 + + + +++ +++ - + 

2 E12 + + + +++ +++ - + 

3 E66 + + + +++ +++ - + 

4 E83 + + + +++ +++ - + 

5 C09 + + + +++ +++ - + 

6 D11 + + + +++ +++ - + 

7 D15 + + + +++ +++ - + 

8 D29 + + + +++ +++ - + 

9 D58 + + + +++ +++ - + 

10 D89 + + + +++ +++ - + 

11 D93 + + + +++ +++ - + 

12 B45 + + + +++ +++ - + 

13 M06 + + + +++ +++ - + 

14 M55 + + + +++ +++ - + 

15 H05 + + + +++ +++ - + 

16 H16 + + + +++ +++ - + 

17 H21 + + + +++ +++ - + 

18 H38 + + + +++ +++ - + 

+          = positive   reaction  +++ = Blackening show H2S production  

± = with or without gas       - =  negative reaction 
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Table- 8 shows specific egg and food related risk factors. This analysis 

was based on the 3-day exposure window and it showed that the highest risk 

was associated with consumption of homemade dishes prepared with eggs. 

Other preparations associated with S. enteritidis infection included home made 

ice cream, raw eggs and eggs fried. Ninety out of 125 cases had used dishes 

containing eggs or meat in their household meals during the 1-week period 

before disease onset/interview. Host factors (such as use of various 

medications, including antibiotics) and chronic diseases (diabetes mellitus, 

chronic gastrointestinal or liver disease, cancer, and immunodeficiency) were 

not found to be associated with Salmonella infection in the present study. 

Furthermore, contact with pets or wildlife or animal husbandry was not 

associated with disease. Three out of 125 patients had  contact with live 

poultry, mainly laying hens or other chickens (Table 8). 
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Table-8 : Association between sporadic infections of S. enteritidis  and food 

exposure during 3 days preceding date of illness onset 

Sr. 

No. 

Food exposure No. of  case-patients/ 

Total patients 

No. of SE 

Isolated 

1 Eggs or dishes containing raw eggs 59/125 19 

2 Dishes containing poultry meat 23/125 4 

3 Bakery products containing eggs 08/125 6 

4 Poor house-hold cooking condition 12/125 7 

5 Consumption of milk 06/125 0 

6 Used source of home drinking water 08/125 3 

7 Exposure to livestock or pets 03/125 0 

8 Unknown cause 06/125 5 
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Table-9 : Serological Identification of S. enteritidis  Isolates 
 

              

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Antiserum were provided by PRO-LAB (USA) 

++      Positive         +++      Strongly positive 

 

 

 

Sr. 
No. 

Isolates Salmonella's  O Antiserum Flagella H Antiserum 

Group”D” 
Factor 1,9,12 

Single Factor 
9 

H Antiserum 
 

Phase 1 
gm m 

1 E07 + + + + + + + + + + + + + 

2 E12 + + + + + + + + + + + + 

3 E66 + + + + + + + + + + + + 

4 E83 + + + + + + + + + + + + 

5 C09 + + + + + + + + + + + + 

6 D11 + + + + + + + + + + + + 

7 D15 + +  + + + + + + + + + + 

8 D29 + + + + + + + + + + + + 

9 D58 + + + + + + + + + + + + + 

10 D89 + + + + + + + + + + + + 

11 D93 + + + + + + + + + + + + 

12 B45 + + + + + + + + + + + + 

13 M06 + + + + + + + + + + + + 

14 M55 + + + + + + + + + + + + 

15 H05 + + + + + + + + + + + + 

16 H16 + + + + + + + + + + + + 

17 H21 + + + + + + + + + + + + 

18 H38 + + + + + + + + + +s + + 
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Table-10 : Antibiogram studies by disc diffusion method 

Antimicrobial Drugs         Resistant  

     (%)           

Intermediate    

          (%)        

Susceptible 

         (%) 

Ampicillin 5µg/ disc - 7.14 (1) 92.85 (13) 

Bacitracin 10units/disc 100% (14) - - 

Chloramphenicol15µg/ disc - - 100 (14) 

Erythromycin 15µg/ disc 100% (14) - - 

Gentamycin 10µg/ disc 78.57 (11) 14.28 (2) 7.14 (1) 

Kanamycin 10µg/ disc 42.85 (6) 42.85 (6) 14.28 (2) 

Novobiocin 5µg/ disc 100% (14) - - 

Penicillin 10 units/disc 85.71 (12) - 14.28 (2) 

Spectinomycin 15µg/ disc 50 (7) 7.14%(1) 42.85% (6) 

Streptomycin 10µg/ disc 92.85% (13) - 7.14% (1) 

Tetracycline 10 units/disc 28.57% (4) 7.14% (1) 64.28% (9) 

Trimethoprim 5µg/ disc 71.42 (10) - 28.57% (4) 

Note: No. of isolates resistant are given in the parenthesis.                    
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Table-11 : Percentage of resistant isolates of selected 18 Salmonella 

enteritidis against different concentrations of antimicrobial 

drugs 

Antimicrobial drug Antimicrobial drug concentration µg/ disc 

 100 50 25 12.5 6.25 3.12 

Ampicillin 21.42(3) 7.14(1) 14.28(2) 21.42(3) 7.14(1) - 

Bacitracin 100(14) 100(14) 100(14) 100(14) 100(14) 100(14) 

Erythromycin 100(14) 100(14) 100(14) 100(14) 100(14) 100(14) 

Chloramphenicol 35.71 (5) 7.14 (1) - - - - 

Gentamycin - 7.14(1) 14.28(2) 7.14(1) 28.57(4) 28.57(4) 

Kanamycin 28.57(4) 14.28(2) 7.14(1) 21.43(3) 21.43(3) 7.14(1) 

Novobiocin 100(14) 100(14) 100(14) 100(14) 100(14) 100(14) 

Penicillin 28.57(4) 7.14(1) 21.42(3) 21.42(3) 7.14(1) - 

Spectinomycin 64.28(9) 21.42(3) 5.26(1) - 5.26(1) - 

Streptomycin 10.52(1) 21.42(3) 0.50(7) 21.42(3) - - 

Tetracycline 28.57(4) 35.71(5) 28.57(4) - - - 

Trimethoprim 64.28(9) - 7.14(1) - 14.28(2) - 

Note: No. of isolates resistant are given in the parenthesis. 
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SEROLOGIC TEST RESULTS 

Results of the micro-agglutination test of serum samples from layers 

vaccinated with the various vaccine preparations, but not challenge-exposed 

with SE were compared (Table:10). All bactrins elicited specific serum antibody 

responses that were significantly higher (P < 0.05) than antibody levels detected 

in unvaccinated control hens. There was a significantly higher antibody 

response in hens that received whole cell bactrin with Montanide ISA, 

compared with the bacterin without adjuvant.  
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Table 12: Geometric mean antibody titers of hens, inoculated with 
the various vaccines. 
 

Group Vaccine 0 week 1st week 2nd Week 3rd week 4th week 

1 A 2.2 ±0 .23 2.2 ± .55 4.2 ± 0.87 4.5 ± 0.58 4.4 ± .01 

2 B 2.4 ±0.50 2.5 ± 0.99 5.0 ± 0.83 5.2 ± 0.35 5.6±0.51 

3 C 2.3 ±0.56 2.5 ± 0.78 5.4 ± 0.88 5.9 ± 0.94 6.1±0.99 

4 D 2.1 ± 0.99 2.1 ± 0.87 4.9 ± 1.01 5.0 ± 0.99 5.2±1.02 

5 E 0.2 ± 0.01 0.2 ± 0.01 0.2 ± 0.01 0.2 ± .01 0.2±0.01 

 

NB: Group A was administered with formalin-killed bacterin, group B with 

formalized oil based bacterin, group C with formalized montanide adjuvanted 

vaccine, group D with commercially available SE killed vaccine (Bio-Enteritidis) 

and group E was kept as unvaccinated control. 
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Table13: Geometric mean antibody titers of all groups post oral 
challenge with SE (5x108CFU/ml) 

 

Gr. 1st  week 2nd week 3rd week 4th week 

A 5.2 ± 0.26c 5.5 ± 0.99b 5.6 ± 0.98c 5.0 ± 0.92c 

B 5.9 ± 0.96b 6.7 ± 1.1 6.9 ± 0.58b 7.2 ± 0.93b 

C 7.4 ± 0.89a 7.8 ± 0.87a 8.0 ± 1.2a 8.3 ± 1.02a 

D 5.9 ± 0.56b 6.1 ± 1.2b 6.4 ± 0.96b 6.7 ± 1.09b 

E 2.9 ± 0.99d 3.2 ± 1.1c 3.6 ± 0.64d 3.9 ± 1.3d 

Values within a column with different lowercase are significantly different at 

p<0.05  

NB: Group A was administered with formalin-killed bacterin, group B with 

formalized oil based bacterin, group C with formalized montanide adjuvanted 

vaccine, group D with commercially available SE killed vaccine (Bio-Enteritidis) 

and group E was kept as unvaccinated control. 
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Cloacae swab culture 

Shedding of SE in hens after challenge exposure was determined (table 12). 

There was significant (p < 0.001) decrease in the shedding of SE in vaccinated 

hens, compared with non-vaccinated control group. There was no significant 

difference in shedding pattern between groups of hens vaccinated with various 

bactrins.  
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Table14: Isolation of S, enteritidis from specimens obtained 
from hens of all  groups, challenge-exposed after 4 weeks of 

vaccination. 
 

Gr. 0 week 1st week 2nd week 3rd week 4th week 

A 0/14b 1/14c 1/14c 2/14c 3/14b 

  B 0/14b 0/14c 1/14c 1/14c 1/14c 

C 1/14b 0/14c 0/14c 0/14c 0/14c 

D 4/14a 3/14b 3/14b 3/14b 4/14b 

E 2/14b 6/14a 7/14a 6/14a 10/14a 

 

Values within a column with different lowercase are significantly different at 

p<0.05  

NB: Group A was administered with formalin-killed bacterin, group B with 

formalized oil based bacterin, group C with formalized montanide adjuvanted 

vaccine, group D with commercially available SE killed vaccine (Bio-Enteritidis) 

and group E was kept as unvaccinated control. 

 

 



 77

 

 

CHAPTER-5 

DISCUSSION 

Poultry is known to be the single largest reservoir of Salmonella (Gupta 

and Sharma, 1999). Poultry salmonellosis caused by SE is primarily a food 

safety concern. Salmonella has been recognized as causes of intestinal disease 

for many years, and methods of control are well established. Despite these, 

Salmonella remains the primary cause of reported food poisoning worldwide 

and recent years have seen massive outbreaks. S. typhi and other human 

adapted Salmonellae are rarely transmitted by food compared to ubiquitous 

serotypes, such as S .enteritidis or S. typhimurium, (which affect both man and 

animals), generally cause gastrointestinal infections. For this reason, the 

human adapted serotypes are often excluded from discussion of Salmonella 

infection. Currently, approximately 30 000 to 40 000 human cases per year of 

salmonellosis, due to SE are reported to Center for Disease Control and 

Prevention (CDC)(Mead et al, 1999., Angulo et al., 1998). The public health 

significance and economic importance of this serovar underscores the need to 

investigate the distribution of Serotypes of Salmonella from patients, poultry 

eggs, meat and poultry products.   

The present study was conducted to address the hypothesis that major 

source of S. enteritidis infection in Pakistan was eggs and poultry products but 
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also to identify other important vehicles and sources of S. enteritidis, along with 

immunoprophylaxis of laying hens, a way to protect humans from 

salmonellosis. 

In the present study 206(33.58%) Salmonella serotypes were isolated 

from 615 samples collected from poultry sources (490) and human stool 

samples (125) from diarrheic patients (Table-3). Salmonellosis with non-host 

adapted serotypes is an important food borne enteric infection in humans. It 

has been reported that 13 million cases of salmonellosis occur worldwide 

annually, of which 70 per cent reports comes from India, China and Pakistan 

(Bhat and Macadan, 1983).  

 It was the first epidemiological study of S. enteritidis and its 

immunoprophylaxis in laying hens in Pakistan. S. enteritidis  along with other 

serotypes was successfully isolated from different sources ( Table 3). The 

samples taken from poultry sources (egg shells (120), egg content (120), poultry 

droppings(100), poultry neat(85) and bakery products(65) were more in number 

and that was the reason we obtained more isolates from this source. Out of 

125 human stool samples, 58 were positive for Salmonella from which 44 were 

serotyped as S. enteritidis,  8 were typed as S. typhimurium, 2 were S. paratyphi 

B and two were not typed serologically. On the other hand broiler sources such 

as poultry meat and premises also contribute towards the spread of this 

infection. Bacteriological analysis was performed on 85 samples of fresh retail-

cut chicken meat (65 samples of liver and 20 samples of chicken breast 

without skin). Special attention in poultry meat analysis was paid to the fact 
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that poultry birds harbor salmonella in their intestinal tract. During slaughter 

most of them are eliminated but subsequent contamination is possible at any 

stage of the production process, from feather plucking, eviscerations, cutting 

board and washing to storage by cooling or freezing. Contamination could be 

occurring from the environment, equipment and operator's hands (Mead, 

1998). Epidemiological reports suggests that during the technical process of 

production in poultry slaughter houses such as scalding and evisceration are 

responsible for increased bacterial contamination, leading to human 

salmonellosis (Muldes, 1999).   

Several years ago, pandemic spread of S. enteritidis in the human 

populations of Europe and the Americas was suggested to be associated with 

modern intensive egg production (Rabsch et al., 2001). S. enteritidis may 

colonize the ovaries and peri-ovarian tissue of modern breeds of laying hens, 

and thus it has the potential for vertical transmission from breeders to layers 

and then to eggs sold for human consumption. Outbreak investigations and 

other studies have indicated that a principal cause of S. enteritidis infection is 

consumption of raw or undercooked eggs or dishes contaminated with raw 

eggs. This hypothesis has been confirmed by the results of case-control studies 

of risk factors for sporadic S. enteritidis infection (Hedberg et al., 1993., 

Passaro et al., 1996, Delarocque-Astagneau et al., 1998., Sean et al., 2003) 

For isolation of Salmonellae from different sources, bile salt brilliant 

green agar, Salmonella-Shigella agar (SSA), MacConkey’s agar and Xylose-

lisine-deoxycholate (XLD) agar were used. On these media morphologically 
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distinct colonies of bacteria were produced which would be picked up easily. 

These media have already been recommended by Cruikshank et al., (1975) and 

Kelly et al., (1999). For the isolation of Salmonellae, enrichment was necessary 

(Valentin-Bon, et al., 2003; Iwade et al., 2006).  Therefore, samples were first 

cultured in Tetrathionate broth, (which enrich small number of Salmonella in 

contaminated samples) and incubated for 24 hours, before plating on solid 

media; as these enrichments and plating media have been successfully used by 

Merchant and Packer (1971), Harvey and Price (1975) and  Nassib et al. (2003), 

for the isolation of Salmonella from food and poultry sources. 

Salmonella typically produced round, convex, smooth, lactose non-

fermenting pinkish colonies on Brilliant green agar; smooth, round, 1-3 mm, 

transparent lactose non-fermenting pale yellow colonies on MacConkey’s agar; 

Smooth, small and colorless with dark center due to H2S production on SSA, 

and Smooth, red colonies with black centre on XLD agar. Similar colonial 

appearance was reported by Gast et al., 2004, and Cruickshank et al., 1975. 

The gram negative rods were identified by Gram’s method as described 

by Melby and Altman (1974) and Cruickshank, et al., (1975). Hanging drop 

method was used to study the motility of isolates. All isolates described as S. 

enteritidis were found motile. To assess the typical fermentation characteristics 

by Salmonella, TSI agar test were perform, which have the ability to describe 

the fermentation characteristics of three sugars (glucose, lactose, and sucrose). 

S. enteritidis was not able to ferment lactose, and sucrose, so produced the 

typical results as: acidic butt, alkaline slant and H2S production (black butt 
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and accumulation of gas at the bottom. Biochemical reaction on Triple Sugar 

Iron and Simmons Citrate medium were in agreement those described by Iwade 

et al. (2006) who characterized an outbreak derived Salmonella enteritidis 

strains with atypical triple sugar iron and Simmons citrate reactions. The slant 

of triple Sugar Iron (TSI), from which this strain was isolated, was red, 

suggesting that it did not ferment saccharose or lactose or both. Urease 

activity, nitrate reduction, citrate utilization, gelatin liquefaction, methyl red, 

Voges-Proskaur and indole production tests results were in accordance as 

described the CDC (Center for Disease Control and prevention, Atlanta, 

Georgia). 

A total of 206 isolates of Salmonella were serotyped according to the 

standard CDC criteria for serotyping. For epidemiological characterization of S. 

enteritidis, all isolates were finally subjected to agglutinate with polyvalent 

antiserum O, then grouping was performed with group specific antisera, and 

factors O9,12; g, m (monophasic), finally used for the confirmation of S. 

enteritidis. The results were found to be positive and strongly positive as shown 

in Table-9  (only 18 selected isolates from poultry and human were reported ). 

Out of 206 biochemically confirmed isolates belongs to genus Salmonella, 158 

were found positive for SE (Uzzau et al, 2000). This prevalence of organism is 

suggesting that more epidemiological surveys are required for SE on different 

locality basis. 

Persistence of Salmonella in the environment is an important 

characteristic in its epidemiology (Guard-petter 2001). SE strains can survive 
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for long periods of time in water and in dry materials such as dust, feces and 

animals feed. Low numbers of SE, surviving in the environment in a dormant 

state can multiply rapidly, if suitable conditions are present. Bacteriological 

analysis of poultry droppings in this study revealed highest score of Salmonella 

(55/100), as compared to other sources of sampling. (Table-3) From 55 strains 

of Salmonella, 38 were SE when typed by O9, 12; g,m which correlate with the 

results of Gast et al 2004; and Liebana et al 2003. The presence of SE in the 

environment of laying flocks is generally accepted as a sensitive and relevant 

indication that contaminated eggs might be produced (Henzlar et al 1994). One 

of the characteristic features observed during the study was that human as 

well as the poultry and poultry derivatives shared most of the serovars, 

indicating the potential hazard of interspecies sharing of this organism. 

For the antimicrobial drugs used against eighteen S. enteritidis isolates, 

the results of MICs showed nine different phenotypic patterns. The MICs data 

demonstrated very high level of resistance to erythromycin, bacitracin and 

novobiocin, as 100% of the isolates showed resistance at higher concentrations 

of these drugs (table:8). Previous studies on 86 strains of S. enteritidis, isolated 

from poultry and poultry environment by Singer et al. (1992) has also 

demonstrated 100% resistance to bacitracin. The development and spread of 

antimicrobial resistance to bacitracin may be linked to selection pressure 

caused by excessive use of this drug. Salmonella resistance at varying 

concentrations of penicillin, chloramphenicol, streptomycin, spectinomycin and 

erythromycin has also been reported by other workers (Siddique et al., 1985; 
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Lamb et al., 1984; Sultana et al., 1995; Mansoor et al., 1997}. The higher 

resistance rates of S. enteritidis to tetracycline, bacitracin and kanamycin 

mandate the consideration of other therapeutic options and suggest the limited 

use of therapeutic potentials of these antimicrobial agents.  

Kanamycin has been previously recommended as drug of choice against 

Salmonella Ikram (1993), however, our studies as well as those of Mansoor, 

shows that kanamycin MICs for all of the Salmonella isolates are relatively 

higher. These finding indicates that kanamycin should not be recommended in 

our populations against Salmonella infection. The results of in-vitro 

susceptibility by standard disc showed that all isolates were highly resistant to 

erythromycin (15μg/disc), novobiocin (5μg/disc) and bacitracin (10units/disc), 

followed by streptomycin (10μg/disc) and penicillin (10 units/disc) to which 

94.73 % and 89.47 % isolates were resistant respectively (See table8 ). The over 

all frequencies of resistance to gentamycin (10μg/disc) and trimethoprim 

(5μg/disc) were 78.57% and 71.42% respectively (Table-10). These levels of 

resistance are quite different than those reported in previous studies (Athar et 

al., 1982). During six years (1978-1982) study, 105 paratyphoid organisms 

belonging to 32 serovars were reported with sensitivity to tetracycline 

(10μg/disc ) and six other antimicrobial drugs, including furazolidone, 

gentamycin, neomycin, penicillin and erythromycin. In another study, Javed 

(1992) demonstrated the susceptibility of various Salmonella serovars to several 

antimicrobial drugs using 112 SE strains and reported high resistance to 

kanamycin followed by trimethoprim sulphamethoxazole and tetracycline. 
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Similar trend to these antimicrobial drugs has also been reported by others 

(Verma et al., 1992, Maiorini et al., 1993, Sajid, 1998). The frequency of 

antimicrobial drugs resistance in SE has been found to be low and stable. The 

majority of the strain of SE continue to be fully sensitive to antimicrobial drugs 

and of 18,968 isolates reported by Laboratory of Enteric Pathogen in 1996, only 

eight were resistant with less than 0.5% resistance to four or more drugs (Ward 

et al., 1997). The antimicrobial susceptibility and molecular epidemiology of 

275 S. enteritidis strains isolated in Hong Kong from 1986-1996 were studied. 

Over 99% of these isolates were susceptible to 17 of the 19 antimicrobial 

tested. One isolate harbored an autotransfering plasmid that confers resistance 

to tetracycline, trimethoprim-sulphamethoxazole. Another isolate harbored a 

mobilizable plasmid that confers resistance to ampicillin and cephalothin (Ling 

et al., 1998). 

Antimicrobial resistance in Salmonella strains is generally encoded by 

plasmid, which has been acquired as consequence of antibiotic pressure in 

humans and veterinary medicine, however, due to the fluidity of resistant 

plasmids and transposons, antimicrobial drug resistance pattern can not be 

recorded as satisfactory method for discriminations within serovars (Olsen et 

al., 1992). An inevitable side effect of antibiotic use, which was associated to 

the adaptability of bacteria and microbial genome evolution, was the emergence 

and dissemination of resistant bacteria, not only in pathogenic bacteria but 

also in the endogenous flora of man and animals. Resistant commensal 

bacteria of food animals might contaminate, like S. enteritidis (zoonotic 
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bacteria), meat products, thus reaching the intestinal tract of humans along 

with contaminated food. Antimicrobial resistance can involve not just obvious 

pathogens but also commensal bacteria, which may act as an enormous 

reservoir of antimicrobial resistance genes (Summers, 2002). Thus, 

antimicrobial use in medicine and agriculture affects the general ecology of 

bacterial communities, including interactions between bacteria and their 

environment but also mechanisms by which antimicrobial resistance genes 

spread and persist. Their use, especially in food animals, can also have adverse 

effects on human health (O,Brien, 2002).   

 Resistance can be caused by a large number of mechanisms, 

involving decreased antibiotic accumulation, physical modification or 

destruction of the antibiotics, and alteration of the enzyme target of antibiotic 

action. Recently, a mechanism of resistance involving the active efflux of 

antibiotics by multidrug efflux pumps was also elucidated (Soto et al; 2003) 

In summary, the limited therapeutic value of bacitracin, erythromycin, 

kanamycin, streptomycin and spectinomycin (Table-10&11) was indicated. The 

need for continued surveillance emphasized to determine local antimicrobial 

susceptibility data to identify changing pattern of resistance. Such data is 

essential for developing appropriate treatment of salmonellosis. Moreover, the 

prevalence of highly susceptible S. enteritidis strains suggest the limited use of 

antibiogram as an epidemiological marker as reported previously (Olsen et al., 

1992). 

Surveillance study revealed that in outbreaks with a known vehicle that 
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did not contain eggs, poultry was the most common food vehicle. In the present 

study, poultry eggs and egg interior (yolk and albumen) harbour 40% and 

8.33% S. enteritidis, respectively and these results similar to an Indian 

scientist, Shivaprasad et al., (1990) who recovered about 3% S. enteritidis  from 

the egg shells. Eggs are commonly used in Pakistani households and as many 

as 36 percent of our cases had consumed eggs or dishes prepared with raw 

eggs,  22.50 percent consumed poultry meat and 8 percent consumed bakery 

products The available stool specimens from 34 patients who consumed the 

implicated food, the isolates were all of group D and were further identified as 

S. enteritidis. These findings were in complete agreement with those of other 

workers (Molbak and Neimann, 2002) who investigated the risk factors for 

sporadic infection with S. enteritidis in Denmark during 1997–1999.Their study 

confirmed that eggs are the principal source of S. enteritidis infections in 

Denmark. The similar results were also deduced by some other workers (Mary 

et al., 1997). 

In this study, poultry meat (22.50% SE) and poultry products (8% SE) 

were the second most important source of S. enteritidis associated human 

gastroenteritis. The results of our study have been corroborated by the results 

of others (Goncagul et al., 2003) who determined that salmonella-infected 

broiler flock rates and infection prevalence’s within flocks were high in Turkey. 

Studies in other countries have reported on the prevalence of Salmonella in 

poultry, with contamination percentages ranging from10.60% to 66%. In their 

study, they isolated Serogroup D Salmonella and other nontypable salmonellae, 
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and they were not specified the percentage of S. enteritidis. Our overall isolation 

percentage in poultry meat (22.50%) and bakery products (8%) was 

approximately in the range of what has been reported in previous studies. 

Bakery products prepared with eggs were considered to be a source of S. 

enteritidis  associated human gastroenteritis. Although the high temperature of 

the baking process would suggest that baked goods provide a relatively 

inhospitable environment for colonization with infectious pathogens, there have 

been numerous reports of food poisoning outbreaks associated with 

consumption of baked goods and such outbreaks can be a major public health 

concern. These findings were in complete agreement with other workers (Po-

Liang Lu et al., 2004). Consumption of homemade icecream was also a source 

of S. enteritidis infection as described by Hennessey et al., 1996.  

S. enteritidis can survive moderate cooking, so the public needs to be 

educated about the importance of thoroughly cooking eggs (e.g., until the yolk 

is firm). A recent study demonstrated that unless S. enteritidis containing eggs 

are exposed to boiling water until the yolk is completely solidified, SE could 

survive the cooking process. In addition, restaurants are an important venue 

for SE outbreaks, so educating food handlers about proper refrigeration of eggs 

during storage; handling and thorough cooking of eggs and meat should be 

enhanced. Restaurants, hospitals and nursing homes should use pasteurized 

eggs for recipes calling for pooled, raw, or inadequately cooked eggs. This is 

particularly important for persons at greatest risk for invasive disease (e.g., 

immunocompromised or elderly persons, pregnant women, and young 
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children).  Investigations of outbreaks and sporadic SE infections have most 

frequently identified eating raw or under cooked eggs as a principal risk factor 

for human illness (Trepka et al 1999). SE outbreaks with traceback to flocks 

and diversion to pasteurization plants of shell eggs from contaminated flocks 

are effective in preventing future outbreaks and sporadic infections. However 

egg tracebacks are not conducted or there are a late response to outbreaks. 

Therefore, preventive measures at the farm level should be a priority of egg 

production industry 

Imunoprophylaxis of the layers on farm was considered to be important. 

Protection studies on laying hens against intestinal colonization following oral 

exposure to SE were experimented. Oil emulsion bacterins elicited specific 

antibody response that was significantly higher than antibody level detected in 

non- vaccinated control hens. Rise and fall of SE infections in humans in 

United Kingdom (UK) was reported in 2003 by Cogan and Humphery. On the 

basis of their studies they concluded that in early 1980s, the number of 

recorded human cases of S. enteritidis  in the UK had fallen in the last 5 years, 

with a particular decline in cases of infection with serovar Enteritidis. This 

decline was concomitant with the introduction of vaccination of egg-laying hens 

against serovar Enteritidis. In present study, three formalized whole cell S. 

enteritidis   bactriens were prepared. Two experimentally prepared bactrins 

were adjuvanted. One bacterin was prepared without adjuvant, to compare 

their efficacy in layers. 
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In the preparation of vaccines indigenous strain of SE was used. During 

vaccination trial no adverse reaction in layers was founding in this study. It 

was observed that there was generally an increasing trend of GMT value up to 

the fourth week post vaccination. These trends were observed in groups 

vaccinated with adjuvanted vaccines. Antibody titre was increasing more 

rapidly in group of layers vaccinated with Montanide ISA-206, than oil based 

vaccines.  

Use of adjuvants has been documented to increase immunogenicity of a 

vaccine. Our results indicated the adjuvant activity of oil-emulsion and a new 

adjuvant, Montanide-ISA. When proteins were incorporated into them, the 

humoral response increased. The challenge protection study revealed that 

adjuvanted vaccines gave similar protection against any subsequent infection. 

Both adjuvanted bacterins gave prolonged protection immunity against S. 

enteritidis  infection without any adverse effect. 

Montanide ISA-206 was used in vaccine in group C. The surfactant for 

Montanide ISA- 206 (ISA = Incomplete Seppic Adjuvant) is mannide oleate, a 

major component of the surfactant in Freund's adjuvants. The surfactants of 

the Montanide group undergo strict quality control to guard against 

contamination by any substances that could cause excessive inflammation, as 

has been found for some lots of Arlacel A used in Freund's adjuvant. The 

performance of these adjuvants is said to be similar to Incomplete Freunds 

Adjuvant (IFA) for antibody production; however the inflammatory response is 
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usually less, and that was proved by increasing GMT levels in vaccinated hens 

of Group C, after 4 weeks of post oral challenge. 

Effective prevention and control programmes must involve coordinated 

and simultaneous attacks on the problem from several directions. Vaccination 

and competitive exclusion are important methods to aid reducing S. enteritidis 

poultry infection (Methner et al, 1999). The prevalence of Salmonella in animals 

may also be reduced by the genetic selection of animals resistant to disease but 

also to the asymptomatic carrier state It is clear that the continuous 

development of existing surveillance measures and epidemiological expertise is 

required, both for food-borne pathogens and sentinel organisms, present in the 

normal flora, which may represent a huge reservoir of resistance. It is also 

necessary to understand the mechanisms of evolution to form the foundation 

for a predictive science of infectious disease enabling us to anticipate the 

emergence of problems for public health and to evaluate the influence of future 

changes in animal husbandry with regards to their potential of altering the 

pathogen population and genome. Genome evolution is indeed one great source 

of emergence. A second source is the ability of a pathogen to infect multiple 

hosts, particularly hosts in different taxonomic orders or wildlife (Cleaveland et 

al, 2001). In the case of antimicrobial resistant bacteria, it is of prime 

importance that all sectors using antibiotics (medicine, veterinary, horticulture) 

cooperate to minimize the proliferation of resistant bacteria, which may more 

generally have important consequences for virulence evolution and disease 

control.  
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SUMMARY 

Salmonella is an important zoonotic pathogen and its prevalence in the 

poultry birds act as a continuous threat to humans. S. enteritidis  is the most 

common serotype, associated with food-borne Salmonella infections worldwide. 

Global surveillance data suggested that the emergence of S. enteritidis was 

primarily due to contamination of the interior of shell eggs. Most outbreaks of 

human salmonellosis are caused by contaminated food products particularly of 

poultry origin. The present study was conducted over a period of 20 months 

and during this period samples were collected from poultry eggs, meat, poultry 

droppings, bakery products and human stool samples from diarrhea patients. 

To address the hypothesis that consumption of raw or undercooked eggs and 

poultry products were the primary risk factors for domestically acquired cases, 

a questionnaire based study was conducted. The data collected included 

information on symptoms, underlying illnesses and medication, consumption 

of eggs, poultry meat, poultry and bakery products. The stool specimens were 

collected from 125 people with diarrhea presented as outpatients in different 

hospitals of  Faisalabad. 206 isolates were identified as Salmonella on the basis 

of cultural characteristic, staining reaction, motility, and biochemical and 

sugar fermentation tests. The number positive for O9,12;g,m. and confirmed 

serologically as S. enteritidis  was 158. 
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Antimicrobial susceptibility tests were performed on selected eighteen 

isolates of S. enteritidis. Characterization of S. enteritidis  isolates as sensitive 

or resistant was based on the size of inhibition zone around the disc compared 

with the interpretation standards provided by the manufacturers and the 

isolate was defined as resistant, if it was resistant to at least one of the tested 

antimicrobial agent. The results of the standard disc diffusion test showed 

100% resistance against bacitracin, erythromycin and novobiocin. All (100%) 

isolates were highly sensitive to chloramphenicol. Kanamycin, streptomycin 

and spectinomycin, all had very poor activity against serovar Enteritidis. 

Resistance to some of the aminoglycosides such as kanamycin is of great 

concern since it has been a major drug of choice in the treatment of enteric 

infections. 

The study on human cases included 125 patients; 44 samples were 

found positive for S. Enteritidis. Out of 125 cases, 45(36%) consumed poultry 

eggs (in raw or undercooked form), 28(22.5%) consumed the poultry meat, 

10(8%) consumed bakery products, 12(9.6%) consumed contaminated water, 

8(6.4%) patients had consumed contaminated milk, 12(9.6%) patients had poor 

household cooking conditions and 10(8%) patients had infected with unknown 

cause.  

The current variations in Salmonella infections could be related to the 

ubiquity of S. Enteritidis and S. Typhimurium in poultry flocks leading to flock 

immunity that could have led to their decline. However, it is possible that, as a 

serotype becomes less prevalent, the number of immune individuals decreases, 



 93

which that could itself lead again to an increase in prevalence. In present study 

research was focused on development of inactivated whole-cell bacterins 

against indigenous strains of S.enteritidis. Adjuvant vaccines gave increasing 

GMT of antibody levels. The increase in antibody titers and control of fecal 

shedding was significantly high in inactivated whole cell bacterin with a new 

adjuvant Montanide-ISA, after oral challenge, and is recommended for trialed 

in field conditions, with other recomendations.   

• Important for control, is the microbiologic testing of hen houses for the 

presence of S. Enteritidis. If the bacterium is found on a farm during 

routine environmental testing, eggs may be diverted to pasteurization. It 

is suggested that proper implementation and overlook of farm-based 

control programmes, and immunoprophylaxis of laying hens, can result 

in a significant reduction of S. Enteritidis infections among flocks in 

poultry houses.  
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                   APPENDICES 

Appendix 1 

Nutrient Broth 
 Bacto-beef extract      3g 

 Bacto-peptone      5g 

 Distilled water      1000ml 

 pH adjusted to       7.2-7.4 

 

It was sterilized by autoclaving at 121°C (15 lb pressure) for 15 minutes. 

     

 

 

Appendix 2 

Selenite Broth 
 Bacto-tryotone       5g 

 Bacto-lactose      4g 

 Disodium hydrogen phosphate   9.5g 

 Sodium dihydrogen phosphate    0.5g 

 Sodium acid selenite      4g 

 Distilled water      up to 100ml 

 pH. adjusted to     7.0 
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Appendix 3 

Tetrathionate broth 

 
1. Thiosulphate solution: 

                Sodium thiosulphate                               24.8g 

                Sterile water                                            100ml 

 

2. Iodine solution: 

              Potassium iodide                                       20g 

              Iodine                                                       12.7g 

              Sterile water                                             100ml 

Complete medium 

         Calcium carbonate                2.5g 

            Nutrient broth                                            78ml 

              Thiosulphate solution                                15ml 

              Iodine solution                                           4ml 

              Phenol red                                                  0.02% 

Add Calcium carbonate in nutrient broth and sterilize by autoclaving them. 

Then add iodine, thiosulphate and then phenol red under aseptic conditions. 

Distribute in the screw-capped test tubes. 
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Appendix 4 

Nutrient agar 
Peptone      5g 

Beef extract      3g 

Agar       15g 

Distilled water     upto 1 liter 

The medium was sterilized in the autoclave at 115°C for 15 minutes and 

poured into sterile petri dishes in 15-ml quantities. 

 
Appendix 5 

MacConkey’s agar 

The media were prepared according to the methods described by Baltimore 

Biological Laboratories Manual (1973) and Cruickshank et al., 1972. 

Bile salt    5g 

Peptone    30g 

Lactose    10g 

Sodium chloride   5g     

Agar     15g 

Neutral red (1% aqueous sol.) 5ml 

Distilled water   1000ml 

Peptone, sodium chloride and bile salts were added to the distilled water 

and steamed to dissolve. The reaction was adjusted to pH 7.4. Lactose, neutral 

red and agar were added and steamed to dissolve. The medium was sterilized 

in the autoclave at 115°C for 15 minutes and poured into sterile petri dishes in 

15-ml quantities. 
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 Appendix 6 

Bile Salt Brilliant Green Starch Agar 

                       Agar                     15g/L 

                            Beef extract                      05g/L 

                            Bile salt                                05g/L 

                          Brilliant Green              0.0005g/L 

                     Proteose peptone                10g/L 

                           Starch                                       10g/L 

                            PH                                             7.2 

Dissolve the ingredients and sterilize by autoclaving at 121°C for 30 minutes. 

Appendix 7 

S.S. Agar 
 Bacto-beef-extract      5g 

 Proteose peptone      5g 

 Bacto-Lactose      10g 

 Bacto bile salt no. 3     8.5g 

 Sodium citrate      8.5g 

 Sodium thiosulphate     8.5g 

 Ferric citrate      1g 

 Bacto-agar       20g 

 Bacto-brilliant green     0.00033g 

 Bacto-neutral red      0.025g 

 Distilled water      1000ml 

 pH adjusted to       7.0 

  Sterilized by boiling for 10 minutes.                                      
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Appendix 8 

Blood Agar 
 Bacto-beef extract      5g 

 Bacto-peptone      5g 

 Sodium chloride      8g 

 Bacto-Agar       20g 

 Distilled water      1000ml 

 pH (before autoclaving)     7.2-7.4 

 The above ingredients were autoclaved at 121°C for 15 minutes. The 

medium was cooled to 50-55°C and defibrinated sheep blood was added at the 

rate of 10 percent. Finally the medium was dispensed in sterile petri dishes 

and sterility was checked by incubating at 37°C for 24 hours. 
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Appendix 9 
XLD agar 
   Year extract    3.0 

   Sodium chloride   5.0 

   D (+) xylose    3.5 

   Lactose    7.5 

   Sucrose    7.5 

   L (+) lysine    5.0 

   Sodium deoxcycholate  2.5 

   Sodium thiosulfate  6.8 

   Ammonium iron (III) citrate 0.8 

   Phenol red    2ml 

   Agar-agar    13.5 

   Distilled water   1 liter 

The ingredients were steamed to dissolve with final pH 7.0-7.2. 
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Appendix 10 

 

TSI Agar 

                   Polypeptone peptone                               20g/L 

                   Sodium chloride                                       5g/L 

                  Lactose                                                      10g 

                  Sucrose                                                      10g 

                 Glucose                                                       1g 

                 Ferrous ammonium sulphate                       0.2g/L 

                  Sodium thiosulphate                                   0.2g/L 

                 Phenol red                                                    0.025g/L 

                 Agar-Agar                                                    13g 

                  PH                                                              7.3     

Autoclave all the above ingredients. Then add 10% stock solution of three 

sugars. The sugars are autoclaved by three days consecutive tyndallization in 

boiling water at 100°C. 
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Appendix 11 
 
SIM – medium 

 

Peptone from casein                             20g/L 

Peptone from meat                                     6.6g/L 

Ammonium ferric citrate                         0.2g/L 

Sodium thiosulphate                                 0.2 g/L 

Agar-Agar                                                  3.0 g/L 

PH adjusted                                              7.0-7.2 

 

Autoclave all the ingredients for 15 minutes at 121°C. Suspend in tubes depth 

of 4cm. Solidify in vertical position. 

                             



 119

Appendix 12 
 
Simmon’s Citrate Medium: 
  

         Sodium chloride      5.0g 

 Magnesium sulphate     0.2g 

 Ammonium dihydrogen phosphate   1.0g 

 Potassium dihydrogen phosphate   1.0g 

 Sodium citrate      1.0g 

 Bacto agar       20g 

 Distilled water      1000ml 

 Bromothymol blue (0.2 %)    40ml 

 pH adjusted to       6.8 

 

Sterilized the media by autoclaving at 121°C for 15 minutes at 15 lb pressure 

and cooled for slope formation. The strains were cultured on the prepared 

Simmon’s citrate agar medium, incubated at 37°C for 48 hours and 

observations recorded. 
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Appendix 13 
 
Christensen’s medium 
  

         Peptone       1g 

 Sodium chloride      5g 

 Monopotassium dihydrogen phosphate  2g 

 Phenol red (I in 500 aqueous solution)  6ml 

 Bacto agar       20g 

 Distilled water      1000ml 

 pH adjusted to       6.8-6.9 

 

The basal medium was sterilized by autoclaving at 121°C (15 lb pressure) for 

15 minutes. When it had cooled to about 50°C a sterile solution of glucose was 

added to give final concentration of 0.1 percent and 100ml of a 20 percent 

solution of urea previously sterilized by filtration was added.  
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Appendix 14 
 
Peptone water 
 Peptone        10g 

 Sodium chloride      5g 

 Distilled water      1000g 

 pH adjusted to       7.2-7.4 

 

It was sterilized by autoclaving for 20 minutes at 121°C (15 lb pressure). 

 
 
 
Indicator solution 
 Bromothymol blue     1g 

 Sodium hydroxide      25ml 

 Distilled water      475 ml 

Bromothymol blue was added to peptone water at the rate of 12 ml per 

liter. The pH adjusted to 7.5 and then peptone water with indicator was 

dispensed in tubes (5ml each) containing inverted Durham’s tubes. These were 

sterilized by autoclaving for 20 minutes, at 121°C (15 lb pressure). 
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Appendix 15 

 

Peptone Water for Indole Reaction  

   Peptone   20g 

   Sodium chloride  5g 

   Distilled water  1000ml 

 The solids were dissolved by steaming. The reaction at room temperature 

was adjusted to pH 7.5. The medium was dispensed in 5ml quantities in test 

tubes and autoclaved at 121°C for 15 minutes. 

 
 
Appendix 16 
 

Kovac’s Reagent (Kovac, 1928) 

   Para-di-methyl-aminobenzaldehyde   5g 

   Amyl alcohol     75ml 

   Concentrated hydrochloric acid  25ml 
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Appendix 17 

 

Glucose Phosphate Peptone Water 

   Peptone     5g 

   Dipotassium hydrogen phosphate 5g 

   Distilled water    1 liter 

   Glucose (10% sol.)    50ml 

Peptone and phosphate were added to distilled water and steamed to 

dissolve. Glucose was added and mixed thoroughly. The medium was 

dispensed in 4 ml volume into test tubes and autoclaved at 115°C for 15 

minutes. Sterility was tested by incubation at 37°C for 24 minutes.  
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Appendix 18 
 
Methyl red reagent 
   Methyl red    0.1g 

   Ethanol   300ml 

   Distilled water   200ml  

 
 
 
 
Appendix 19 
 
O’Meara Reagent 
   Potassium hydroxide  40g 

   Creatine   0.3g 

   Distilled water  1000ml 
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Appendix 20 
Medium for Nitrate Reduction Test 
   Potassium nitrate  0.2g 

   Peptone   0.5g  

   Distilled water  1 liter 

These ingredients were thoroughly mixed and dissolved, then tubed in 5ml 

quantities and autoclaved at 1.1 kg/cm2 (121°C) for 15 minutes. 

 
Test Reagents for Nitrate Reduction Test 

Solution A: 0.8 grams of sulfanilic acid was dissolved in 100 ml of acetic acid 

5mol/liter. 

Solution B: Solution b was prepared by dissolving 0.5 grams of 

anaphthylamine in 100 ml of acetic acid 5ml/liter, immediately before use 

equal volumes of solutions A and B were mixed to give the test reagent.  
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Appendix 21 

Questionnaire: To be filled from the patients suffering from 

diarrhea  

Patient’s Name ……………………………………….…………….. 

Age…………..Sex………………. Phone # ………………………. 

Clinical symptoms: 

 Abdominal pain _____________       Diarrhea     _________________________ 

 Fever  _____________________          Nausea ____________________________ 

Vomiting ___________________          Headache _________________________ 

Blood in stool ________________        Joint pain _______________________ 

Others 

Food consumed: 

 

Medication: 

 
 

Signature of Physicians 


