
 

 

 
Abstract—Background: An outbreak of gastroenteritis occurred 

in December 2019 after students of a Senior High School in Accra 
were served with kenkey and fish during their dinner. An 
investigation was conducted to characterize the affected people, the 
source of contamination, the etiologic food and agent. Methods: An 
epidemiological study was conducted with cases selected from the 
student population who were ill. Controls were selected from among 
students who also ate from the school canteen during dinner but were 
not ill. Food history of each case and control was taken to assess their 
exposure status. Epi Info 7 was used to analyze the data obtained 
from the outbreak. Attack rates and odds ratios were calculated to 
determine the risk of foodborne infection for each of the foods 
consumed by the population. The source of contamination of the 
foods was ascertained by conducting an environmental risk 
assessment at the school. Results: Data were obtained from 126 
students, out of which 57 (45.2%) were cases and 69 (54.8%) were 
controls. The cases presented with symptoms such as diarrhea 
(85.96%), abdominal cramps (66.67%), vomiting (50.88%), headache 
(21.05%), fever (17.86%) and nausea (3.51%). The peak incubation 
period was 18 hours with a minimum and maximum incubation 
periods of 6 and 50 hours respectively. From the incubation period, 
duration of illness and the symptoms, non-typhoidal salmonellosis 
was suspected. Multivariate analysis indicated that the illness was 
associated with the consumption of the fried fish served, however this 
was statistically insignificant (AOR 3.1.00, P = 0.159). No stool, 
blood or food samples were available for organism isolation and 
confirmation of suspected etiologic agent. The environmental risk 
assessment indicated poor hand washing practices on the part of both 
the food handlers and students. Conclusion: The outbreak could 
probably be due to the consumption of the fried fish that might have 
been contaminated with Salmonella sp. as a result of poor hand 
washing practices in the school.  

 
Keywords—Case control study, food poisoning, handwashing, 

Salmonella, school. 

I. INTRODUCTION 

ATING foods contaminated with pathogens can result in 
foodborne diseases.  Over the years, a greater number of 

morbidity and mortality worldwide has been attributed to 
foodborne diseases (FBDs) [1]-[3]. More than 250 FBDs have 
been identified worldwide [4] and the prevalence varies from 
one locality to the other. Prevalence of waterborne/foodborne 
diseases among OPD cases at the Ridge hospital in Greater 
 

OTB is the Head, Public Education and Foodborne Disease Surveillance, 
Food and Drugs Authority, Accra, Ghana (e-mail: benjamin.osei-
tutu@fda.gov.gh).  

AR and AE are with the Food Safety Management Department, Food and 
Drugs Authority, Accra, Ghana (e-mail: angeasante@yahoo.com, 
emefa.atsu@fda.gov.gh). 

Accra Region of Ghana was 2.56% in 2013 and the age group 
15–24 years had the highest number of cases [5].  

A review on food safety and hygiene study in Ghana by 
Ababio et al. cited a report of the Ministry of Food and 
Agriculture and the World Bank in 2007.  According to this 
report, one in every 40 Ghanaian suffer serious food borne 
illness per year of which 420,000 cases are reported with an 
annual death rate of 65,000 costing the government US $ 
69,000,000.00 annually [6]. The review also revealed that 77% 
of traceable FBDs results from improper handling in food 
service establishments [6]. 

Symptoms of FBD usually occur between 2 to 72 hours 
after the consumption of contaminated food. The severity of 
FBDs is dependent on factors such as the causative organism, 
age of patients and the immunity of the affect person. Foods 
served during conferences, social events, restaurants as well as 
street vending and ones from school canteens have been 
implicated as the etiologic food in most FBD outbreaks [4], 
[6]-[11].  

The burden of cooking under unhygienic conditions is 
enormous, affecting the confidence of consumers/public and 
consequently posing a threat on the socioeconomic 
development of the nation by straining health care systems, 
and harming national economies, tourism and trade. These 
outbreaks mainly occurred due to poor handling and storage 
practices by food handlers. 

A. The Outbreak 

The Food and Drugs Authority (FDA), during its daily 
scanning of media houses for rumors of foodborne outbreaks, 
observed a news item on a suspected FBD outbreak at a Senior 
High School in Accra on 3th December 2019. The news item 
indicated that over 100 students were experiencing various 
symptoms of food poisoning after consuming kenkey served at 
the school canteen. The Public Education and Foodborne 
Disease Surveillance Unit of Food Drugs Authority, in 
collaboration with the District Health Directorate for Korle 
Klottey Municipality, investigated the outbreak, with the aim 
of characterizing the affected people, determining the etiologic 
food, the source of contamination and the etiologic agent.  

II. METHOD  

A. Study Population and Design 
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(GFELTP) of the School of Public Health-Legon, collected 
incidence data on the food poisoning using the Foodborne 
Illness Reporting forms (FDA/FSMD/FM-FBD/2012/01) and 
these were used to develop a case definition (Any student 
suffering from symptoms of foodborne illness e.g. vomiting, 
diarrhea and/or abdominal cramps after eating dinner at the 
school’s canteen on 2nd December, 2019). An active case 
search was conducted using the case definition. Controls were 
selected from among students who also ate from the school 
canteen during dinner but did not experience any symptoms of 
FBD. Food history of each case and control was taken to 
assess their exposure status. The data obtained were analyzed 
using Microsoft Excel 2016 and Epi Info 7. Attack rates and 
odds ratios were calculated and these were used to determine 
the risks of foodborne infection from the foods eaten. Bivariate 
and multivariate logistic regression was conducted to 
determine association between the various demographic 
characteristics and exposure factors. To determine the source 
of food contamination, an environmental risk assessment was 
conducted at the school’s canteen and kitchen. 

B. Data Processing and Analysis 

Data were coded and refined using Microsoft Excel 2016 
software. After checking for consistency and completeness of 
data, these records were then exported into Epi Info 7 and 
analyzed statistically. Baseline characteristics of the 
population were explored using simple descriptive method 
such as frequency distribution. The incubation period for the 
etiologic agent was determined by constructing an Epi Curve 
using the time of onset of symptoms in hours. To determine 
the risks of foodborne infection from the foods eaten, attack 
rates and crude odds ratios were calculated for each food item. 
Food showing association with the outcome was stratified to 
determine their adjusted odds ratios. P-value of 0.05 was set as 
significant level for all the analysis 

C. Laboratory Analysis 

Water for drinking at the school and for food preparation 
were sampled and analyzed for Total Viable Count, Total 
Coliforms, E. coli, Pseudomonas aeruginosa and Clostridium 
perfringens. 

The laboratory analysis was conducted according to ISO 
standards. For Total Viable Count, ISO 6222:1999 was used. 
ISO 9308-1:2014 was used for analysing Total Coliforms and 
E. coli. ISO 16266:2006 and ISO 14189:2013 was used for 
analysing Pseudomonas aeruginosa and Clostridium 
perfringens respectively. 

D. Sample Preparation-Total Viable Count 

1 ml of each sample was taken with 9 ml of Maximum 
Recovery Diluent (MRD) to prepare serial dilution up to 10-4. 
Each dilution was plated into four sterile petri dishes, making a 
total of 16 plates for each sample. About 15 ml of molten YEA 
agar cooled at 45 °C was then added, swirled and allowed to 
set. Plates were incubated at 37 °C and 22 °C respectively. 
Thus, two plates of each dilution were incubated at 37 °C and 
22 °C. A total of 16 plates were incubated and examined for 
growth. 

E. Sample Preparation-Total Coliform, E. coli, 
Pseudomonas aeruginosa, Clostridium perfringens 

Samples were cleaned thoroughly with 70% alcohol mixed 
well and aseptically opened. 100 ml of the each sample was 
measured and filtered in the membranic filtration apparatus for 
E. coli and coliforms. 1 ml of the sample was taken with 9 ml 
of MRD to prepare serial dilution up to 10-4. Each dilution was 
plated into four sterile petri dishes, making a total of 16plates 
for each sample per test parameter. About 15 ml of molten 
YEA agar cooled at 45 °C was added, swirled and allowed to 
set. 

III. RESULTS  

A. Characteristics of Cases and Controls 

Data were obtained from 126 students (Table I). Out of this 
population, 62 representing 49.2% were females and 64 
representing 50.8% were males. The mean age of the 
population was 16 years (SD: 1.4, Range: 13-20). The 
population was mainly students from Senior High School 
(SHS) 1 and 3 classes who were in the school’s hostel. 

A total 57 students (45.2%) were classified as cases and 69 
were classified as controls (54.8%). The cases presented with 
symptoms such as diarrhea (86.0%), abdominal cramps 
(66.7%), vomiting (50.88%), headache (21.1%), fever (17.9%) 
and nausea (3.5%). The earliest on-set of symptoms was 
reported around 1:00am of 3rd December, 2019 (7 hours after 
exposure) and the latest was around 8:00pm of 4th December, 
2019 (50 hours after exposure).  

47 of the cases (83.9%) needed medical attention and ten 
were self-limiting (16.1%). Out of the cases that sought 
medical attention, 37, representing 78.7% were hospitalized. 
Relatively equal number of males (50.9%) was affected as 
were females (49.1%). The mean age of the affected 
population was 16 years (SD: 1.5, Range: 13-20) with the age 
distribution as shown in Table I. The shape of the epicurve 
suggests a point source outbreak with minimum and maximum 
incubation period of 6 hours and 50 hours respectively. The 
peak incubation period was 18 hours (Fig. 1).  

 
TABLE I 

DISTRIBUTION OF CASES AND CONTROLS BY THEIR DEMOGRAPHIC 

CHARACTERISTICS 

Demographic 
Characteristics 

Cases(ill) Controls (Not ill) Total 

No. (%) No. (%) No. (%) 

Sex 

Male 29 45.3 35 54.7 64 50.8 

Female 28 45.2 34 54.8 62 49.2 

Age 

13 - 15 17 29.8 16 23.2 33 26.2 

16 - 18 35 61.4 47 68.1 82 65.1 

>18 5 8.8 6 8.7 11 8.7 

Class 

SHS 1 43 75.4 23 34.3 66 53.2 

SHS 2 9 15.8 20 29.9 29 23.4 

SHS 3 5 8.8 24 35.8 29 23.4 

TOTAL 57 45.2 69 54.8 126 100 
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Fig. 1 Epi curve of An Outbreak of Gastroenteritis Linked to Dinner 
Served at a SHS in Accra-December 2019 

B. Source of Food Borne Illness 

The attack rates for all the foods were fairly the same (Table 
II), ranging from 48% to 52%. The highest attack rate was 
associated with the ground pepper, which recorded 52.3%. The 
bivariate analysis (Table III) indicated association between 
population ill and the consumption of all the food items served 
(Kenkey, fried fish and ground pepper). All these associations 
were statistically significant. The multivariate analysis 
indicated association between the population ill and the 
consumption of the fish, however this association was also 
statistically insignificant (AOR 3.1, P = 0.159).  

 
TABLE II 

DISTRIBUTION OF POPULATION AMONG THE VARIOUS FOODS CONSUMED 

Food consumed 
No. 
ill 

No. 
not ill 

Total population Attack 
rate (%) n % 

Kenkey 54 57 111 88.1 48.7 

Ground Pepper 45 41 86 68.3 52.3 

Fried Fish 53 51 104 82.5 51.0 

 
TABLE III 

BIVARIATE AND MULTIVARIATE ANALYSIS OF POPULATION WITH THE 

VARIOUS FOODS CONSUMED 

Food consumed Crude Odds Ratio p-value 
Adjusted 

Odds Ratio 
p-value 

Kenkey 3.8 0.036 1.5 0.62 

Ground Pepper 2.6 0.019 1.3 0.60 

Fried Fish 4.8 0.005 3.1 0.15 

C. Laboratory Investigation: Causative Agent  

Most patients who reported at various health facilities had 
clinical samples taken for laboratory analysis. However, the 
analyses were not to confirm the presence of foodborne 
pathogens. The clinical samples from all the cases tested 
negative for Rapid Diagnostic Test (RDT) for Vibrio Cholerae. 
The cases had started antibiotic treatment at the time of 
investigations. Hence clinical samples could not be obtained 
for further analysis.  

Limited food samples were available at the time of 
investigation. Samples of suspected foods (kenkey, fish and 
ground pepper) were not available for laboratory assessment. 
However, laboratory analysis conducted on samples of water 
used in cooking operation and drinking showed compliance 
with the GS 175-1:2013 for Total Viable Count/370 C/48hrs/ 

YEA, Total Viable Count/220 C/72hrs/YEA, Total Coliform 
Count/370 C/24hrs/CCA, E. coli count/370 C/24hrs/CCA, 
Pseudomonas aeruginosa//370 C/24hrs/CA and Clostridium 
perfringens/440 C/24hrs/CA. 

The probable etiologic agent associated with the etiologic 
food and having an average incubation period close to 6 – 50 
hrs is salmonella (6-72 hours) [12]. Nontyphoidal 
Salmonellosis was the suspected disease condition. 

D. Findings from Environmental Risk Assessments at 
Implicated Catering Facility  

For kenkey preparation, Corn dough was purchased from 
the market on Saturday at about 1:30 pm and stored in the 
kitchen. The preparation of the ‘Aflata’ was done on Sunday 
when the sack of dough was opened. The kenkey was put on 
fire by mid-day on Monday and packed into each tables food 
flask 15 minutes to dinner. The cooking processes did not 
reveal any time-temperature abuse or possible contamination 
of the kenkey with Salmonella as the boiling temperature will 
have eliminated any Salmonella sp. present. 

The fish that was served with the kenkey was bought on 
Monday at about 2:00 pm from a cold store and arrived at the 
school’s kitchen by 3:00 pm. The fish was cut and washed in 
three different bowls filled with water, the last of which was 
salt water. The water was allowed to drain in a basket for 
about an hour covered with a white lace cloth. The frying of 
the fish started at about 4:00pm after which it was dished into 
individual bowl for serving at the canteen during dinner at 
6:00pm. The cooking processes revealed time-temperature 
abuse prior to frying the fish; however, frying temperature will 
have eliminated any salmonella sp. present. 

The ingredients used in the preparation of the ‘Ground 
pepper’ were pepper, tomato and onion. These were purchased 
from the market on Monday 2nd December and washed three 
times prior to blending each ingredient separately. A saucepan 
with vegetable oil is kept on fire and the blended ingredients 
were poured into it to simmer for about an hour and half. The 
pepper sauce was then dished out into bowls for serving. This 
cooking process did not reveal any time-temperature abuse or 
possible contamination of the pepper with Salmonella as the 
frying temperature will have eliminated any Salmonella sp. 
present. 

After dishing out the food at the kitchen, each table’s food is 
carried from the kitchen to the canteen by one person from that 
table. Students wash their hands in common bowls containing 
soapy water and rinse in a different bowl. The environmental 
assessment revealed that prior to the outbreak; the student 
population did not have soap and running water available to 
them for washing their hands. Hence, most of the students 
washed their hands without soap whiles others washed in the 
communal bowls with the soapy water. 

The source of water for cooking operation was from the 
Ghana Water Company and the water is fetched prior to its 
usage. 

IV. DISCUSSION 

The epi curve indicates that the outbreak was a point source 
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outbreak and consistence with outbreaks that are caused by 
Salmonella sp. [13], [14]. Hence cholera could be ruled out 
and this was confirmed by the negative results from the RDT 
for cholera. The outbreak may be from food served and 
consumed at one particular time only. Thus, during the dinner 
served on 2nd December 2019. Salmonella sp. (6-72 hrs), 
Bacillus cereus (8-16 hrs) and Clostridium perfringens (6-24 
hrs) were initially suspected, however, Bacillus cereus and 
Clostridium perfringens were ruled out. C. perfringens type of 
food poisoning is due to the production of the enterotoxin 
CPE, which is generated in the small bowel during sporulation 
of the ingested vegetative cells (at least 107). Symptoms 
include abdominal pain, nausea, and diarrhea which occur 6–
24 hours after intake of contaminated food [15]. C perfringens 
is a spore forming bacteria that is relatively tolerant to cold 
temperature and the spores are heat resistant [16]. It is 
associated with cooked meat, poultry, gravy, sauces, meat 
containing soups, refried beans and the risk factors include 
storing cooked foods at room temperature; storing cooked 
foods in large containers in refrigerators; holding foods at 
warm (bacterial-incubating) temperatures; preparing foods 
several hours before serving; inadequate reheating of leftovers 
[17]. The risk factors were inconsistent with what was 
observed during the environmental assessment. The food was 
not cooked and stored at room temperature for some time 
before serving. This practice would have allowed the spores of 
C. perfringens to germinate and cause the foodborne illness. 

Bacillus cereus, which is a spore forming bacteria, usually 
causes two form of food poisoning, diarrheal type and 
vomiting (emetic) type. The emetic type is caused by the 
toxins produced by the pathogen and has an onset time of 0.5 
to 6 hours after consumption of contaminated food. Symptoms 
include nausea and vomiting [16]. Considering the shorter 
incubation period, the emetic type of Bacillus cereus was ruled 
out. The incubation period for the case was between six to 50 
hours with the peak been at 18 hours. The diarrheal type 
mimics the symptoms of C. perfringens and this type is caused 
by the vegetative form of Bacillus cereus. This was also ruled 
out because it was inconsistent with the risk factors identified 
during the environmental assessment. The cooking 
temperatures of the food (Kenkey, Fried fish and ground 
pepper) would have eliminated most of vegetative form of 
Bacillus cereus.  

Salmonella can cause two types of illness, depending on the 
serotype: nontyphoidal salmonellosis and typhoid fever [12]. 
The symptoms of the nontyphoidal salmonellosis are nausea, 
vomiting, abdominal cramps, diarrhea, fever and headache, 
which was consistent with the symptoms presented by most of 
the cases. The effective dose for Salmonella sp. causing non-
typhoidal salmonellosis is as low as one cell and this is 
dependent on factors such as the age of the person, the 
immunity of host and strain differences among members of the 
genus [18], [19]. Route of entry is oral through the ingestion of 
contaminated food, fecal particles or contaminated water. 
Thus, it is spread through the fecal-oral route and through 
contact with contaminated water. Salmonella infection 
accounts for a large number of gastroenteritis worldwide [20]-

[22]. Over 95% of illness of Salmonella infection are 
foodborne related, and nontyphoidal salmonellosis alone 
accounts for about 30% of mortality ensuing from foodborne 
illnesses in the United States [23] 

Cross contamination occurs when Salmonella is spread from 
a contaminated source such as contaminated food or an 
infected food handler, to other foods being prepared or in 
storage as well as objects in the environment. For instance, 
potentially contaminated raw meats or poultry or eggs may 
contaminate other foods if not kept separate from each other 
during cooking or storage, or when utensils, work surfaces, 
equipment, and hands are not adequately cleaned by the food 
handler after they have come into contact with these products. 
The contamination can spread to other foods that come into 
contact with the contaminated kitchen surfaces and utensils. 
The cross contamination can occur at any point during the food 
preparation and serving. 

The environmental assessment revealed that food handlers 
and student observe poor hand washing practices. This could 
be due to the lack of access to soap and running water for hand 
washing by the students and food handlers. Post process cross 
contamination may have occurred to the fried fish by the food 
handlers or the students due to the poor hand washing practices 
in the School. The fish was served using the bare hands and 
this could have facilitated the spread of the pathogen. The 
washing of hands in a communal bowl of water may have 
exposed the hands of the students to Salmonella sp. prior to the 
consumption of their food. It could also be that the fish was 
contaminated by a food handler during serving due to poor 
hand washing. 

Studies in Ghana have shown that most food handlers have 
knowledge in hygienic practice but rarely use this knowledge 
in their daily activities [24]-[26]. Poor hand washing practices 
have been identified as a risk factor for most FBDs or 
gastroenteritis outbreaks [27]-[29]. One study in Ghana 
reported that 77% of traceable FBDs occurred as a result from 
improper handling of food by food handler in food service 
establishments including school canteens [30]. 

V. CONCLUSION 

Confirmations of etiological agent for most foodborne/ 
waterborne disease outbreaks are often challenging since most 
of them are of mixed etiology and absence of food or clinical 
samples due to delays in investigations [31]-[35]. This 
outbreak could however be due to the consumption of the fried 
fish that was probably contaminated with Salmonella sp. as a 
result of poor hand washing practices in the school.  

VI. PUBLIC HEALTH INTERVENTIONS 

The school authorities have provided Veronica Buckets as a 
temporarily measure to enable the students and food handlers 
wash their hands under running waters. These buckets and 
other hand washing facilities have been equipped with soap for 
effective hand washing. 

The FDA has also educated the entire student population 
together with some teaching staff on effective hand washing 
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and WHO’s five keys to safer foods. 

ACKNOWLEDGMENT 

We are most grateful to the Management team of Food 
Drugs Authority and the entire staff, especially the staff of the 
Food Safety Management Department-FDA. We are also 
grateful to the staff of Ghana Health Service (GHS) at the 
Adabraka Polyclinic in Accra-Ghana. Most thanks go to Ms. 
Jenifer Andoh, the District Health Director for Korley Klottey 
Municipal Assembly in the Greater Accra Region-Ghana and 
her team.  

ETHICS AND CONSENT TO PARTICIPATE 

The investigation was conducted under the auspices of 
FDA. The Authority has the legal mandate to ensure public 
health and safety as well as ensure that all foodborne disease 
outbreaks are investigated. For this reason and the fact that this 
was an acute occurrence, which would have outrun its course 
by the completion of the ethical approval process, no ethical 
approval was sought. 

DISCLAIMER 

The authors declare that they have no competing interest as 
far as this work is concerned. All views expressed in this work 
are views of the authors and does not represent the views or 
position of any institution. 

REFERENCES 
[1] Jahan S: Epidemiology of Foodborne Illness. In: Scientific, Health and 

Social Aspects of the Food Industry. edn. Edited by Valdez DB. InTech; 
2012: 322-348. 

[2] Epp T, Parker S: Factors in Foodborne Disease Control: A Brief 
Overview of Issues in Changing Zoonotic Disease Transmission and the 
Roles of Public Health and Veterinary Professionals. Journal of 
agromedicine 2009, 14(2):228-234. 

[3] Foodborne Illness (www.cdc.gov/foodsafety/facts.html#what) 
[4] Gumbo A, Bangure D, Gombe NT, Mungati M, Tshimanga M, Hwalima 

Z, Dube I: Staphylococcus aureus food poisoning among Bulawayo City 
Council employees, Zimbabwe, 2014. BMC research notes 2015, 8:485. 

[5] Osei-Tutu B, Anto F: Trends of reported foodborne diseases at the Ridge 
Hospital, Accra, Ghana: a retrospective review of routine data from 
2009-2013. BMC infectious diseases 2016, 16(1):139. 

[6] King LK, Awumbila B, Canacoo EA, Ofosu-Amaah S: An assessment of 
the safety of street foods in the Ga district, of Ghana; implications for the 
spread of zoonoses. Acta Tropica 2000, 76:39-43. 

[7] Malm K, Nyarko K, Yawson A, Gogo B, Lawson A, Afari E: Foodborne 
illness among school children in Ga East, Accra. Ghana medical journal 
2015, 49(2):72-76. 

[8] Sloan-Gardner TS, Glynn-Robinson AJ, Roberts-Witteveen A, Krsteski 
R, Rogers K, Kaye A, Moffatt CR: An outbreak of gastroenteritis linked 
to a buffet lunch served at a Canberra restaurant. Communicable diseases 
intelligence quarterly report 2014, 38(4):E273-278. 

[9] Johler S, Tichaczek-Dischinger PS, Rau J, Sihto HM, Lehner A, Adam 
M, Stephan R: Outbreak of Staphylococcal food poisoning due to SEA-
producing Staphylococcus aureus. Foodborne pathogens and disease 
2013, 10(9):777-781. 

[10] Venuto M, Garcia K, Halbrook B: Analyses of the Contributing Factors 
Associated With Foodborne Outbreaks in School Settings (2000–2010). 
Journal of environmental health 2015, 77(7):16-21. 

[11] Daniels NA, Mackinnon L, Rowe SM, Bean NH, Griffin PM, Mead PS: 
Foodborne disease outbreaks in United States schools. The Pediatric 
Infectious Disease Journal 2002, 21(7):623-628. 

[12] FDA: Bad Bug Book: Handbook of Microorganisms, Foodborne 
Pathogenic, Natural Toxins. US Food and Drug Administration: Silver 

Spring, MD, USA (accessed on 1 July 2014) 2005. 
[13] Krishnasamy VP, Marshall K, Dewey-Mattia D, Wise M: Outbreak 

Characteristics and Epidemic Curves for Multistate Outbreaks of 
Salmonella Infections Associated with Produce: United States, 2009-
2015. Foodborne pathogens and disease 2020, 17(1):15-22. 

[14] Control CfD, Prevention: Interpretation of Epidemic (Epi) Curves during 
Ongoing Outbreak Investigations. In.; 2013. 

[15] Warren CA: Enteric Clostridium Infections. In: Tropical infectious 
diseases: principles, pathogens and practice. 3rd edn. Edited by 
Guerrant RL, Walker DH, Weller PF: Elsevier Health Sciences; 2011: 
181-185. 

[16] Microorganisms FP, Handbook NT: Bad Bug Book. Center for Food 
Safety & Applied Nutrition http://www cfsan fda gov/~ mow/intro html 
accessed October 2005, 24. 

[17] Procedures to investigate Foodborne illness. In: International 
Association for Food Protection. 2014. 

[18] Reis RS, Horn F: Enteropathogenic Escherichia coli, Samonella, 
Shigella and Yersinia: cellular aspects of host-bacteria interactions in 
enteric diseases. Gut pathogens 2010, 2(1):8. 

[19] Kurtz JR, Goggins JA, McLachlan JB: Salmonella infection: Interplay 
between the bacteria and host immune system. Immunology letters 2017, 
190:42-50. 

[20] Chen HM, Wang Y, Su LH, Chiu CH: Nontyphoid salmonella infection: 
microbiology, clinical features, and antimicrobial therapy. Pediatrics and 
neonatology 2013, 54(3):147-152. 

[21] Bula-Rudas FJ, Rathore MH, Maraqa NF: Salmonella Infections in 
Childhood. Advances in pediatrics 2015, 62(1):29-58. 

[22] Crump JA, Sjölund-Karlsson M, Gordon MA, Parry CM: Epidemiology, 
Clinical Presentation, Laboratory Diagnosis, Antimicrobial Resistance, 
and Antimicrobial Management of Invasive Salmonella Infections. 
Clinical microbiology reviews 2015, 28(4):901-937. 

[23] Acheson D, Hohmann EL: Nontyphoidal salmonellosis. Clinical 
Infectious Diseases 2001, 32(2):263-269. 

[24] Akabanda F, Hlortsi EH, Owusu-Kwarteng J: Food safety knowledge, 
attitudes and practices of institutional food-handlers in Ghana. BMC 
public health 2017, 17(1):40. 

[25] Annor GA, Baiden EA: Evaluation of food hygiene knowledge attitudes 
and practices of food handlers in food businesses in Accra, Ghana. Food 
Nutr Sci 2011, 2. 

[26] Kunadu AP-H, Ofosu DB, Aboagye E, Tano-Debrah K: Food safety 
knowledge, attitudes and self-reported practices of food handlers in 
institutional foodservice in Accra, Ghana. Food Control 2016, 69. 

[27] Leitner E, Zarfel G, Luxner J, Herzog K, Pekard-Amenitsch S, Hoenigl 
M, Valentin T, Feierl G, Grisold AJ, Högenauer C: Contaminated 
handwashing sinks as the source of a clonal outbreak of KPC-2-
producing Klebsiella oxytoca on a hematology ward. Antimicrobial 
agents and chemotherapy 2015, 59(1):714-716. 

[28] Hutin Y, Luby S, Paquet C: A large cholera outbreak in Kano City, 
Nigeria: the importance of hand washing with soap and the danger of 
street-vended water. Journal of water and health 2003, 1(1):45-52. 

[29] Todd EC, Greig JD, Bartleson CA, Michaels BS: Outbreaks where food 
workers have been implicated in the spread of foodborne disease. Part 3. 
Factors contributing to outbreaks and description of outbreak categories. 
Journal of food protection 2007, 70(9):2199-2217. 

[30] Ababio PF, Lovatt P: A review on food safety and food hygiene studies 
in Ghana. Food Control 2015, 47:92-97. 

[31] Leclerc H, Schwartzbrod L, Dei-Cas E: Microbial agents associated with 
waterborne diseases. Critical reviews in microbiology 2002, 28(4):371-
409. 

[32] Kopilovic B, Ucakar V, Koren N, Krek M, Kraigher A: Waterborne 
outbreak of acute gastroenteritis in a costal area in Slovenia in June and 
July 2008. Eurosurveillance 2008, 13(34):1-3. 

[33] O'Reilly CE, Bowen AB, Perez NE, Sarisky JP, Shepherd CA, Miller 
MD, Hubbard BC, Herring M, Buchanan SD, Fitzgerald CC: A 
waterborne outbreak of gastroenteritis with multiple etiologies among 
resort island visitors and residents: Ohio, 2004. Clinical Infectious 
Diseases 2007, 44(4):506-512. 

[34] Beaudeau P, de Valk H, Vaillant V, Mannschott C, Tillier C, Mouly D, 
Ledrans M: Lessons learned from ten investigations of waterborne 
gastroenteritis outbreaks, France, 1998–2006. Journal of Water and 
Health 2008, 6(4):491-503. 

[35] Mellou K, Sideroglou T, Potamiti-Komi M, Kokkinos P, Ziros P, 
Georgakopoulou T, Vantarakis A: Epidemiological investigation of two 
parallel gastroenteritis outbreaks in school settings. BMC public health 
2013, 13(1):241. 

World Academy of Science, Engineering and Technology
International Journal of Medical and Health Sciences

 Vol:14, No:12, 2020 

406International Scholarly and Scientific Research & Innovation 14(12) 2020 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
ed

ic
al

 a
nd

 H
ea

lth
 S

ci
en

ce
s 

V
ol

:1
4,

 N
o:

12
, 2

02
0 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
11

69
3.

pd
f



 

 

 

World Academy of Science, Engineering and Technology
International Journal of Medical and Health Sciences

 Vol:14, No:12, 2020 

407International Scholarly and Scientific Research & Innovation 14(12) 2020 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
ed

ic
al

 a
nd

 H
ea

lth
 S

ci
en

ce
s 

V
ol

:1
4,

 N
o:

12
, 2

02
0 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
11

69
3.

pd
f


