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Dale and Arsi Negele Districts of Southern Ethiopia 
Habtamu Hawaz, Hawassa University, College of Agriculture, Hawassa, Ethiopia 

Advisors: Mestawet Taye (PhD) and Diriba Muleta (PhD) 
 
ABSTRACT  
Listeria monocytogenes is one of the most important foodborne pathogens and causes zoonotic 
disease due to its abundance in the environment. It is responsible for Listeriosis in humans 
and animals with low incidence but high fatality rate. Hence, this study was conducted to 
assess the prevalence, antibiotic susceptibility patterns, and molecular characterization of 
Listeria monocytogenes from raw cow milk. A cross-sectional study design was employed from 
December 2019 to September 2020. A total of 240 raw bovine milk samples were collected 
from dairy farms and smallholder dairy producers using a simple random sampling technique. 
Milk samples were collected in two season. Listeria monocytogenes isolation was performed 
using standard cultural procedures including Twin pack Listeria selective broth and agar 
medium as well as confirmatory broths like rhamnose, xylose and mannitol. Heamolysis and 
CAMP tests were also conducted. Molecular detection was performed by multiplex PCR by 
targeting five virulence-associated genes (prfA, plcA, actA, hlyA, and iapA) and by 16S rRNA 
genes sequence. The antimicrobial susceptibility profile of L. monocytogenes was also 
assessed by using the standard disk diffusion method. Out of 240 raw bovine milk samples 
tested, 69 (28.75%) were found positive for Listeria spp. of which 17 (7.08%) isolates were 
identified as Listeria monocytogenes after morphological and biochemical confirmation. The 
prevalence of Listeria monocytogenes in the wet season was 9.32%, but 4.92% in the dry 
season. Antimicrobial resistance profiling showed that all the Listeria monocytogenes isolates 
were completely resistant to Nalidixic acid followed by erythromycin (88.24%), ampicillin 
(23.53%), chloramphenicol (17.65%), streptomycin (11.76%) and 5.88% isolate showed 
resistance to cefotaxime. However, all the L. monocytogenes isolates were sensitive to 
vancomycin, gentamicin, and sulfamethoxazole. Gene of 16S rRNA was found in all the 17 
tested isolates, but hlyA and iapA were found only in the 11 tested isolates and no isolate was 
found to contain prfA, actA, and plcA genes. The study indicates that raw bovine milk is a 
significant source of L. monocytogenes and shows a potential health risk for listeriosis. 
 
Keywords: Raw milk, Listeriosis, Prevalence, Antimicrobial susceptibility, molecular 

characterization, mPCR 
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1. INTRODUCTION   
 

Listeriosis caused by Listeria monocytogenes is one of the important bacterial zoonotic 
diseases across the globe. It has the potential to cause either non-invasive, self-limiting, and 
gastrointestinal infection in healthy individuals, or causes invasive and systemic infection in 
immune-compromised individuals such as elderly, pregnant women, and new-born, resulting 
in meningitis, encephalitis, septicemia, mother-to-fetus infection, and abortion (Stavru et al., 
2011). 
So far about six of the Listeria species have been well studied for their public and veterinary 
health importance. These are Listeria monocytogenes, Listeria innocua, Listeria seeligeri, 
Listeria grayi, Listeria welshimeri, and Listeria murrayi. Among them, L. monocytogenes is a 
predominantly important foodborne pathogen with emerging antibiotic resistance (Parte, 
2012).  
 
The antibiotic resistance of this pathogen is a significant public health concern. The first 
antibiotic-resistant strain of L. monocytogenes was described in France in 1988 and since then 
many more resistant strains have been isolated from foods (Antunes et al., 2002) and human 
sporadic Listeria cases (Safdar and Armstrong, 2003). The more administration and advanced 
application of antimicrobials and disinfectants in the food industry may have caused a high 
alarming prevalence of antibiotic-resistant L. monocytogenes strains (Allen et al., 2016).  
 
Pathogenicity of L. monocytogenes is determined by many virulence factors (Wu et al., 2016), 
such as internalins (inlA, inlB, inlC, inlJ), listeriolysinO (hlyA), actin (actA), 
phosphatidylinositol-phospholipase C (PI-PLC, plcA), iap (invasion associated protein) and 
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virulence regulator (prfA). All genes have been reported for their important role in the 
virulence and pathogenicity of L. monocytogenes. Detection of more than one virulence-
associated gene by PCR has been suggested to identify L. monocytogenes (Soni et al., 2014). 
 
The bacterium causes severe infection and a high mortality rate and accounts for 19% of the 
total death from the major foodborne pathogens (Scallan et al., 2011). In animals, the clinical 
manifestation of Listeriosis is septicemia, abortion, and latent infection particularly in 
ruminants, monogastric animals, and poultry (Philip, 1955). In humans, a previous study by 
Crim et al. (2014) has indicated that the prevalence of listeriosis annually in the United States  
has caused 260 deaths out of 1600 humans and responsible for the highest hospitalization rates 
(91%) amongst known food-borne pathogens. In the European Union, a total of 1763 
confirmed human cases of listeriosis (notification rate of 0.44 cases per 100,000 population) 
have been reported with a fatality rate of 15.6% in 2013 (European Food Safety Authority, 
2015). In China, 253 invasive listeriosis cases have been reported in 19 provinces from 2011 
to 2016, with a fatality rate of 25.7% (Li et al., 2018). A large listeriosis outbreak occurred in 
Canada in 1981 and provided the first evidence for transmission of listeriosis by foodborne L. 
monocytogenes (Evans et al., 1985). Since then, a series of outbreaks caused by L. 
monocytogenes has been reported, especially in the United States (Chen et al., 2014) and 
European countries. More importantly, the incidence is still increasing worldwide, despite 
antibiotic treatments.  
 
In Ethiopia, as an earlier study conducted by Garedew et al. (2015) in Gonder Town  indicates 
the prevalence of Listeria species has been 25% and 6.25% of Listeria monocytogenes out of 
384 food samples examined from the cake, raw meat, ice cream, minced beef, fish, 
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unpasteurized milk, and pizza samples using microbiological methods. Another study 
conducted by Simon et al. (2011) in Addis Ababa city indicated that out of 391 food samples 
of animal origin (raw beef, raw milk, and cottage cheese samples) 102 (26.1%) were positive 
for Listeria using microbial methods. Specifically of the samples examined, Listeria species 
have been isolated in 39 (51.3%), 37 (32.2%), 22 (22%), and 4 (4%), from raw beef, raw milk, 
and cottage cheese samples, respectively. Wosila et al. (2013) in Jimma town reported that 
from a total of 200 samples (milk, cottage cheese, ice cream, and yogurt) examined, Listeria 
spp have  been isolated from 13(6.5%). Prevalence of Listeria has been higher (14%) in milk 
samples followed by ice cream (6%), yogurt (4%), and cottage cheese (2%). According to 
Letemichael et al. (2019) study made in the Tigray region, the prevalence of L. 
monocytogenes among pregnant women has found to be 8.5% and concerning the socio-
demographic characteristics, a high prevalence of L. monocytogenes has been observed in the 
age group of 20–24 years (18.6%; 8/43), rural dwellers (10%; 3/30), secondary school (9.6%; 
5/52), and housewives (11.4%; 10/88). Another study made by Girma and Abebe (2018) in 
Debre-Birhan town indicated that out of 407 raw milk samples, 85 have been positive for 
Listeria species.  
 
The bacterium is widely distributed in nature and infects mainly warm-blooded ruminants 
causing significant economic losses. Moreover, ruminants may play a role as a source of 
infection for humans, primarily from the consumption of contaminated animal products (OIE, 
2014). To this effect, rapid, specific, cost-effective, and accurate detection of the microbe is 
crucial. So far in Ethiopia, isolation, and characterization of this microbe has been performed 
using only microbial methods. Characterization of microbes using the conventional method is 



4  

tedious, may not discriminate between species or strains within the same species and 
pathogenic from non–pathogenic strains (Baloga et al., 1991). In the southern part of Ethiopia, 
there is inadequate information regarding its prevalence and no molecular detection of Listeria 
monocytogenes in both veterinary and public health sectors that has been conducted and has 
not yet been examined as a common disease. To address this limitation and to fill the existing 
knowledge gap, advanced methods such as molecular-based detection techniques are 
important. Therefore this study was aimed to isolate Listeria monocytogenes from raw bovine 
milk using standard microbiological and multiplex PCR methods with the following 
objectives. 
 
General Objective 
 
The overall aim of the present work was to assess the prevalence, antibiotic susceptibility 
patterns, and molecular detection of Listeria monocytogenes from raw bovine milk in Southern 
Ethiopia. 

Specific Objectives 
 
The specific objectives of this study were: 

 
 To assess the prevalence of Listeria monocytogenes from raw bovine milk in southern 

Ethiopia using cultural, morphological, and biochemical methods. 
 To detect Listeria monocytogenes using the Multiplex PCR method from raw bovine milk 

in southern Ethiopia. 
 To determine the antibiotic susceptibility patterns of Listeria monocytogenes isolates 

from raw bovine milk in southern Ethiopia. 
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2. LITERATURE REVIEW  
2.1 Listeria monocytogenes and its Taxonomy  
 
Listeria monocytogenes is ubiquitous, placed in the Clostridium sub-branch of intracellular 
Gram-positive bacteria based upon the low G + C content of their genome (Gasanov et al., 
2005). It is a non-spore-forming, non-capsulated, non-acid fast, facultatively anaerobic, rod-
shaped intracellular pathogen able to invade, survive, and replicate in phagocytic and non-
phagocytic cells. It has been identified since the early 1980s as the causative organism in 
various outbreaks of foodborne disease. The organism possesses peritrichous flagella, which 
gives it a tumbling motility characteristic, occurring only in a narrow temperature range. 
When the organism is grown between 20°C and 25°C, flagellin is both produced and 
assembled at the cell surface, but at 37°C flagellin production is markedly reduced (Peel et al., 
1988). The size of the rods varies from 0.4 μm to 0.5 μm in diameter and from 0.5 μm to 2.0 
μm in length.  
 
Listeria was classified in the Corynebacteriaceae family according to the 7th edition of 
Bergey’s Manual of Systematic Bacteriology (Parte, 2012), but was placed in a new family, 
named Listeriaceae, in 2004. The genus of Listeria is comprised of 17 species, among which 
six species are more frequent: Listeria monocytogenes, Listeria ivanovii, Listeria 
seeligeri, Listeria innocua, Listeria welshimeri, and Listeria grayi. Among these L. 
monocytogenes is pathogenic and causes serious disease for humans and animals. There are 
thirteen known serotypes of L. monocytogenes: 1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4ab, 4b, 4c, 4d, 
4e and 7. The serotypes most often associated with human illness are 1/2a, 1/2b, and 4b (FDA, 
2012).  
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2.1.1 Historical Background and Epidemiology  
 
Listeria monocytogenes was presumably first isolated from tissue sections of patients in 
Germany in 1891, from rabbit liver in Sweden in 1911, and from the spinal fluid of meningitis 
patients in 1917 and 1920 (McCarthy, 1990). In 1919, Hulphers called Bacillus hepatis the 
bacterium he isolated from necrotic foci in a rabbit liver. It was named Bacterium 
monocytogenes by Murray et al. (1926), who isolated a 1–2 μm long and 0.5 μm wide round-
ended Gram-positive rod in dead laboratory rabbits and guinea-pigs in Cambridge, United 
Kingdom (Farber and Peterkin, 1991). In 1927 Pirie isolated and described the same organism 
from gerbilles and he named Listerella hepatolytica the bacillus responsible for the disease 
‘Tiger River Disease‘among rodents in the Tiger river region of South Africa. Later on, in 
1940 in honor of Lord Joseph Lister who determined that to prevent infections, surgeons need 
to sterilize their instruments before each operation (Ryser, 1999), the name has to be changed 
to Listeria monocytogenes and this name was accepted, even though the genus name already 
existed in botanical taxonomy, including an orchid named Listeria, and in zoology, including a 
Diptera called Listeria. The word “monocytogenes” means monocyte producing since it 
produced a typical monocytosis during an illness in the diseased animal (McCarthy, 1990). 
 
All members of the genus Listeria are widely distributed in nature and it has been frequently 
isolated from soil, vegetation, sewage, seafood, water, animal feed, asymptomatic human and 
animal carriers, and frozen meat including poultry, slaughterhouse wastes, and in the faeces of 
healthy animals including humans (Hain et al., 2006). It has also been isolated from sheep, 
goats, cow milk, and dairy products (Rahimi et al., 2010). Due to their ubiquitous presence, 
Listeria in general and L. monocytogenes, in particular, are also used as hygiene indicators in 
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all stages of the food processing chain. Single Listeria strains can spread in manufacturing 
plants and even establish themselves as endemic organisms.  
 
2.1.2 Growth and survival characteristics  
 
The growth and survival of L. monocytogenes is affected by various factors. In food, these 
include temperature, pH, water activity, salt, and the presence of preservatives (Lado and 
Yousef, 2007). The temperature range for the growth of L. monocytogenes is between - 1.5 
and 45°C, with the optimal temperature being 30-37°C. As L. monocytogenes can grow at 
temperatures below 0°C, it has the potential to grow slowly in food during refrigerated storage 
(4oC) and makes this pathogen unique from other commonly found food-borne pathogens 
which are usually inhibited from growth at refrigeration temperatures. 
 
The organism can withstand freezing, but it is inactivated by heating at 60 °C for 30 minutes. 
L. monocytogenes can grow in a wide range of pH conditions 4.0 - 9.6, grows optimally at a 
water activity (aw) of 0.97. However, when compared to other common infectious foodborne 
pathogens, this bacterium has a rather unique ability to multiply at aw values as low as 0.90 
(Lado and Yousef 2007). L. monocytogenes can grow under both aerobic and anaerobic 
conditions (Lado and Yousef, 2007). L. monocytogenes is also capable of growth in 10% NaCl 
solution and survive in 20% NaCl solution. Many studies have demonstrated the ability of L. 
monocytogenes to colonize, multiply, and persist in the food processing environment as well 
as on food processing equipment over extended periods, showing the environmental survival 
characteristics of this foodborne pathogen (Kabuki et al., 2004). 
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2.1.3 Occurrence in Food  
Contamination of foods by L. monocytogenes can occur at any point in the food chain, 
including on farms, in food processing plants, in retail establishments, and the home 
(Saunders, 2006). L. monocytogenes can be detected in a wide range of foods, including both 
raw and processed foods. The common foods associated with listeriosis outbreaks are soft 
cheeses and seafood; However, L. monocytogenes also can be isolated from other foods such 
as beef, pork, fermented sausages, fresh produce and fish products (Rocourt and Cossart, 
1997). Listeria has been shown to survive within cultured buttermilk, butter, and yogurt; of 
which these specific foods primarily depend on adequate fermentation to yield a low product 
pH that does not support Listeria growth. Many studies have shown that a wide variety of 
meats such as meat products and poultry have been contaminated with L. monocytogenes. 
Animals (i.e., wildlife and domestic livestock) can be asymptomatic carriers of L. 
monocytogenes and contaminate foods of animal origin such as dairy and meats through 
asymptomatic shedding in milk and feces. Not only can L. monocytogenes be isolated from 
raw foods (e.g. vegetables, uncooked meats), but it also can be detected in processed foods 
such as soft cheeses and delicatessen meats (Fenlon, 1999). The contamination of ready-to-eat 
food products by Listeria species has been reported. The presence of L. monocytogenes in 
ready-to-eat products is probably due to contamination occurring after the product has been 
processed such as peeling, slicing, and repackaging (Lianou and Sofos, 2007). Although 
Listeria can easily be inactivated by cooking and pasteurization, it remains a significant 
problem in ready-to-eat foods that may become cross-contaminated by exposure in the food 
processing plant environment after cooking but before packaging (Tompkin, 2002). 
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2.2 Prevalence of Listeria monocytogenes as a foodborne pathogen   
Listeria monocytogenes is an emerging food-borne pathogen (WHO, 2002). However, it was 
not until the 1980‘s that its significance as a foodborne pathogen was recognized when 
evidence of outbreaks was traced to food though it had long been known as an animal 
pathogen (Schlech et al., 1983). The bacterium became a high-profile foodborne pathogen 
following several reports that have been recorded of foodborne listeriosis, both epidemics and 
sporadic cases comprising almost all kinds of foods (Lyytikainen et al., 2000). Despite having 
a low incidence when compared to other foodborne pathogens, Listeria monocytogenes is a 
major food safety concern (Thomas et al., 2012). Although rare, the mortality rate of listeriosis 
is 25% worldwide, and with the hospitalization rate of >95% (Scallan et al., 2011), it ranks as 
the third most serious foodborne disease. The implication of food as a source of infection in 
major outbreaks of human listeriosis in the U.S.A. (Linnan et al., 1988), Canada (Schlench et 
al., 1983), Switzerland, and an isolated case in the U.K. (Anon, 2005) contributed to the 
recognition of L. monocytogenes as a food-borne pathogen. For instance, In the United States 
(US), the consumption of foods contaminated with L. monocytogenes results in an estimated 
94% hospitalization rate, the highest of all pathogens monitored, and a 16% death rate (Scallan 
et al., 2011).  Prevalence of Listeria shows wide variations in several foods (Kessel et al., 
2005), ascribed this as possibly reflecting differences among regions or because of among-
studies sample type or analytical methods. The ability to persist in food-processing 
environments and multiply under refrigeration temperatures makes L. monocytogenes a 
significant threat to public health. Schlech and Acheson (2000) have reviewed the clinical 
manifestations of listeriosis and there have been many recent high-profile outbreaks of 
listeriosis worldwide that have resulted in numerous fatalities (Table 1). 



10  

Table 1: Major outbreaks of foodborne listeriosis since 2010 
Year  Place  No. of 

cases 
(deaths) 

Food type  Serovar  References 

2009/2010  Austria/Germany 
Czech Republic 

34 (8) Quargel 1/2a 
(2strains) 

Fretz et al., 
2010 

2011-2012  US 146 (31) Cantaloupe Multiple 
strains of 
1/2a and 

1/2b 

CDC, 2011 

2012  14 US states 20 (4) Ricotta salata 
cheese 

 CDC, 2012 
2012  Spain 2 Fresh cheese 1/2a CDC, 2013 
2013  5 US states 6 (1) Farmstead 

cheeses 
 CDC, 2013 

2014  California and 
Maryland (USA) 

8 (1) Dairy products  CDC, 2014 
2016  2 US states 2 (1) Raw milk  CDC, 2016 
 
 
2.2.1 Milk and Milk products  
 
Milk and milk products are one of the most frequent causes of listeriosis outbreaks across the 
world. The first report of listeriosis was in 2% of pasteurized milk from Massachusetts, the USA 
in 1983 (Fleming et al., 1985) but before that, Weis in 1975 confirmed that L. monocytogenes is 
a causative agent of mastitis in dairy cows, which can lead to contamination of excreted milk. 
Several studies were conducted on the prevalence of L. monocytogenes and Listeria spp. in milk 
and dairy products. Various milk products namely cheese and curd/yogurt (Schoder et al., 
2003), ice-cream (Ryser, 1999), butter and chocolate milk (Lyytikainen et al., 1999) have been 
implicated in the listeriosis cases. Unpasteurized and pasteurized fluid milk, high-fat dairy 
products, and soft, un-ripened cheeses pose a moderate to high risk for causing listeriosis 
(FDA/FSIS/CDC, 2003). From all dairy products, raw milk and soft cheeses are the most 
common causes of listeriosis. L. monocytogenes has been reported several times from raw milk, 
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in different countries; in the USA, in 1987 (4.2%), 1992 (4.1%), 1997 (4.6%); Canada, in 1988 
(5.4%), and 1998 (2.7%); South Africa, in 1990 (5.2%); Ireland, in 1992 (4.9%) and England 
and Wales (5.1%), Ethiopia Debreberhan town (8.84%), (Siegman-Igra et al., 2002 ; Girma and 
Abebe, 2018). The source of L. monocytogenes in raw milk is mainly the gastrointestinal tract of 
animals, environment and skin of the teats, in particular, shedding of Listeria into milk due to 
mastitis (O’Donnell, 1995).  
 
Mahmoodi, (2010) investigated a total of 360 raw milk and dairy product samples including 
white cheese, yogurt, and Iranian yogurt drink (Doogh) that were collected from two traditional 
dairy manufacturers in Southern Iran. The prevalence of L. monocytogenes in raw milk and 
white cheese samples of one of the manufacturers was found to be 1.7 and 3.3%, respectively 
and of the other manufacturer as 3.3 and 6.7%, respectively. 
 
Jamali et al. (2013) analyzed 446 raw milk samples from numerous farm bulk milk tanks for the 
presence of Listeria species using biochemical tests and PCR. Listeria spp. was isolated from 83 
(18.6%) samples with the highest prevalence in raw cow milk samples (22.5%), followed by raw 
sheep milk (16.4%) and raw goat milk (4.9%). The most common species isolated was Listeria 
innocua (57.8%) followed by Listeria monocytogenes (21.7%), Listeria welshimeri (12%), and 
Listeria seeligeri (8.4%). Coroneo et al. (2016) screened 87 Ricotta Salata cheese samples by 
conventional microbial analysis and PCR detection of virulence genes and found that 17.2% 
(15/87) samples were contaminated with L. monocytogenes.  
 
Desalegn et al. (2009) reported that of the 711 food samples of ready-to-eat items (pasteurized 
milk, cheese, ice cream, cakes) and raw meat products (minced beef, pork, and chicken 
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carcasses) examined from Addis Ababa, Ethiopia 189(26.6%) were Listeria positive of which 
34(4.8%) were Listeria monocytogenes. The pork was the most contaminated with Listeria 
species (62.5%) followed by minced beef (47.7%), ice cream (42.7%), soft cheese (16.8%), 
chicken carcasses (16.0%), and cakes (12.1%). All pasteurized milk and cottage cheese samples 
examined were Listeria negative. Listeria monocytogenes strains were isolated in ready-to-eat 
food items consisting of ice cream (11.7%), cakes (6.5%), and soft cheese (3.9%) and in meat 
products ranging from 3.7% to 5.1%. 
 
2.2.2 Meat and Meat products  
 
Many studies have shown that a wide variety of meats can become contaminated with L. 
monocytogenes such as ground beef, pork sausages, chicken meat (Schwartz et al., 1988). Since 
Listeria monocytogenes is found in soil and water, raw vegetables can become contaminated 
from the soil or manure used as fertilizer, and the presence of L. monocytogenes in raw meats 
could be the result during evisceration or the actions of food handlers (Yucel et al., 2005).  
 
Doijad et al. (2010) investigated 109 meat and meat product samples (50 beef, 52 pork sausages, 
and 7 pork) from the local vendors for the presence of Listeria species. Out of which a total of 
25 isolates (22.94%) were recovered (16 of 50 beef, 1 of 7 pork samples, and 8 of 52 sausage 
samples). Of these 25 isolates, 7 (6.42%) were L. monocytogenes, 1 (0.9%) was L. ivanovii. 
Other isolates were L. seeligeri (10), L. innocua (4), L. welshimeri (2), and L. grayi (1).  
 
Raorane et al. (2015) isolated and characterized L. monocytogenes from 501 samples 
comprising pig rearing environment (146), sick and healthy pigs (199), slaughterhouse 
environment (62), raw pork (37), and pork products (57). Listeria spp. were isolated from 31 
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(6.18%) samples out of which 11 (2.19%) were confirmed as L. monocytogenes, 8 (1.59%) as L. 
innocua, 6 (1.19%) as L. seeligeri, 3 (0.59%) each as L. ivanovii and L. welshimeri.  
In Ethiopia, Garedew et al. (2015) collected 384 food samples (raw minced beef, fish meat, 
pizza, raw milk, cottage cheese, cream cake, and ice cream) from Gondar Town, Ethiopia, and 
reported that 96 (25.0%) food samples were contaminated with Listeria species. L. 
monocytogenes was detected in 24 (6.25%) samples with the highest prevalence in ice cream 
(15%), followed by minced beef (12%) and cream cakes (10.7%). 
 
2.2.3 Fish and Fish products  
 
Contamination of fish and fishery products from different parts of the world by Listeria species 
has been reported. Eklund et al. (1995) reported Listeria monocytogenes on external surfaces of 
fish such as skin, gills, heads, and slime and reported that the contamination of fish depends on 
the presence of bacteria in the surrounding waters. A total of 200 samples of freshwater fish and 
walking catfish were screened for Listeria species and recovered 39 isolates out of which 26 
(67%), 8 (21%), 3 (8%), and 2 (5%) were L. monocytogenes, L. seeligeri, L. grayi, and L. 
welshimeri, respectively (Jallewar et al., 2007). Parihar et al. (2008) studied the incidence of 
Listeria species in the seafood (115) of markets in Goa, of 115 samples, 28 were positive for 
Listeria spp. out of which 10 were found to be L. monocytogenes and the remaining (18) were L. 
innocua. Garedew et al. (2015) samples from public dining places in Gondar, Ethiopia reported 
that out of 50 fish meat samples,13 of them were contaminated with Listeria species, 
specifically 3(6%) L. monocytogenes and 13(26%) other Listeria species. Bayleyegn et al. 
(2004), from Addis Ababa, Ethiopia also reported 8(18.6%) of L .species contamination from 
fish samples.  
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2.3 Prevalence of Listeria monocytogenes in Humans and Animals   
2.3.1 Humans  
 
In humans, almost all (i.e. about 99%) sporadic and outbreak listeriosis cases are associated with 
food consumptions and most frequently in the elderly, pregnant women where the fetus may be 
infected, the very young and immune-compromised individuals (Mead et al., 1999). The first 
documented case of human listeriosis was described by Nyfeldt in 1929. L. monocytogenes has 
been found in 10% or more of healthy people, usually in the gut with the mortality rates could 
be 20-30% but could reach as high as 80-99% in immune-compromised individuals (Kaur et al., 
2007). Predominant clinical manifestations of human listeriosis are meningoencephalitis, 
septicemia, and abortions. Pregnant women are particularly prone to infection as the placenta 
provides a protective niche for the growth of L. monocytogenes, thereby resulting in 
spontaneous abortions, besides stillbirth, neonatal infection, severe necrotizing hepatitis, 
placental necrosis, and increased risk of post-implantation loss (Bakardjiev et al., 2005). The 
baby may also be born asymptomatic but may develop a fatal form of meningitis after several 
weeks due to infection at delivery (Gellin et al., 1991). Other conditions reported include septic 
arthritis, osteomyelitis, and pneumonia (CFSPH, 2005). The incidence of listeriosis in the 
general population is 0.7 per 100000; while in the pregnant women, 12 per 100000 i.e. a 17-fold 
increase (Southwick and Purich, 1996).  
 
Kalekar et al. (2015) analyzed 481 samples of spontaneous abortion cases for the incidence of L. 
monocytogenes by using standard cultural methods and biochemical tests and reported that 
(1.45%) samples were found positive for L. monocytogenes. Soni et al. (2015) screened a total 
of 3700 human clinical samples, out of which, (0.81%) isolates (12 of 1500 placental bit, 18 of 
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2200 vaginal swab) were found positive for L. monocytogenes. Bobade et al. (2016) studied the 
prevalence of L. monocytogenes in 113 samples of infertility cases of women (vaginal-66, 
endocervical-47) and found that (9.73%) were positive for L. monocytogenes. According to 
Letemichael et al. (2019) study made in the Tigray region, Northern Ethiopia, the prevalence of 
L. monocytogenes among pregnant women was found to be 8.5% and concerning the socio-
demographic characteristics, a high prevalence of L. monocytogenes has been observed in the 
age group of 20–24 years (18.6%; 8/43), rural dwellers (10%; 3/30), secondary school (9.6%; 
5/52), and housewives (11.4%;10/88). 
 
2.3.2 Animals  
 
The first proof case of animal listeriosis was described by Gill (1929) in sheep. L. 
monocytogenes has been isolated from at least 42 species of wild and domestic mammals and 17 
avian species, including both fish and shellfish; and crustaceans although most clinical listeriosis 
cases occur in ruminants such as sheep, goats, and cattle in countries over six continents 
(Schuchat et al., 1992). The finding indicates that animal listeriosis is commonly associated with 
stored forage, silage, and environmental contamination. This saprophytic microorganism can 
live in soil, water, and decaying vegetables from which could contaminate animal feed (Fenlon, 
1985). It resists the deleterious effects of freezing, drying, and heat to remarkable extents 
(CFSPH, 2005). Most infections in animals are subclinical, but the invasive disease can occur 
either sporadically or as an outbreak with symptoms includes abortions, septicemia, and central 
nervous system (CNS) involvement facial paralysis with profuse salivation, circling, in-
coordination, and head pressing or turning of the head to one side (CFSPH, 2005).  In addition 
to the economic impact of listeriosis on livestock, ruminants may play a role as a source of 
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infection for humans, primarily from the consumption of contaminated animal products (OIE, 
2014). Contamination from the food-processing environment is of greater public health 
importance (Roberts and Wiedmann, 2003). The clinical manifestations of listeriosis in animals 
include septicemia and late-term abortion, especially in sheep, goats, and cattle. Listeriosis 
outbreak in Nigeria affecting guinea pigs was documented to have almost 100% mortality 
(Chukwu et al., 2007). Raorane et al. (2013) screened a total of 215 samples comprising clinical 
(182) and farm environment (33) obtained from different animals to determine the prevalence of 
Listeria spp. in different parts of the Konkan region, India. Out of these 27 (12.55%) samples 
were found positive for Listeria spp. The isolates further characterized using phenotypic assays 
(Hemolysis test, CAMP test, and growth on ALOA agar) and were confirmed as L. 
monocytogenes 11 (5.11%), L. ivanovii 2 (0.93%), L. innocua 11 (5.11%), L. seeligeri 2 (0.93%) 
and L. welshemeri 1 (0.46%). The L. monocytogenes isolates were recovered from clinical cases 
in sheep, goats, and pigs while one isolate was obtained from a pig environment. 
 
2.4 Isolation and Identification Methods  
 
The widespread increase of L. monocytogenes infection cases in recent years emphasizes the 
need for reliable and sensitive analytical methods. A definitive diagnosis of listeriosis is when 
the organism is isolated from a normally sterile site (usually blood, placenta, or cerebrospinal 
fluid) from a patient with a compatible illness (Anon, 2005). However, the identification of L. 
monocytogenes as having caused it via food is made complex due to the high carrier rate in 
humans. Thus, the organism must be isolated from food for confirmation (FDA/CFSAN, 2003). 
Therefore standard identification relies on selective enrichment and biochemical identification is 
crucial. In this protocol, selective enrichment uses to restrains numbers of contaminating 
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organisms whiles encouraging the multiplication of Listeria to allow for the detection of the 
organism. In the early days of listerial clinical bacteriology, cold enrichment (Gray et al., 1948) 
was regularly used for this purpose, exploiting the ability of the organism to multiply at 
refrigeration temperatures (4°C), where contaminating bacteria would not multiply under these 
conditions. However, this procedure requires very long incubation times, often months, making 
it unacceptable for current investigations of food-borne outbreaks and sporadic cases. Some 
selective compounds that allow the growth of L. monocytogenes at normal incubation 
temperatures have been incorporated into culture media, reducing the time required for selective 
growth of the organism. Some of the selective compounds include cycloheximide, colistin, 
cefotetan, fosfomycin, lithium chloride, nalidixic acid, acriflavine, phenyl ethanol, ceftazidime, 
polymixin B, and moxalactam. Despite advances made in the selective isolation of L. 
monocytogenes from food samples, there is still room for improvement in many areas. No single 
procedure can be credited with being sensitive enough to detect L. monocytogenes from all types 
of food, (Donnelly and Nyachuba, 2007).  
 
2.4.1 Standard Isolation Methods   
2.4.1.1 Enrichment and Plate-based methods  
 
Conventional methods for the isolation of L. monocytogenes from food samples that have 
gained acceptance for international regulatory purposes are described below. 
2.4.1.1.1 FDA-BAM method  
 
For the FDA-BAM method, first, the sample is enriched for 48h at 30°C in Listeria enrichment 
broth (LEB or FDA-BAM formulation) containing the selective agents' acriflavine, nalidixic 
acid, and the antifungal agent cycloheximide. A loopful of inoculum from the enriched broth is 
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then plated onto pre-dried sterile esculin containing selective agar (Oxford/ modified Oxford 
agar (MOX)) or PALCAM (Polymixin Acriflavin Lithium Chloride Ceftazidime Aesculin 
Mannitol) agar and incubated at 30oC for 48h. Typical Listeria colonies appear black with a 
black zone in the surrounding medium. Subculture the presumptive L. monocytogenes and 
confirms through appropriate morphological, and biochemical tests (Hitchins and Jinnemans, 
2011). 
 
2.4.1.1.2 ISO 11290 method  
 
The ISO 11290 Method has a two-stage enrichment process: the food sample is first enriched in 
half Fraser broth for 24 h, then an aliquot is transferred to full strength Fraser broth for further 
enrichment. Fraser broth also contains the selective agents' acriflavine and nalidixic acid as well 
as esculin, which allows detection of β -D-glucosidase activity by Listeria, causing a blackening 
of the medium. Both the primary and secondary enriched broths are plated on Oxford and 
PALCAM agars (Gasanov et al., 2005). 
 
2.4.1.1.3 USDA-FSIS method  
 
The USDA-FSIS method is often used for meat, eggs, poultry, and environmental samples. It 
uses two enrichment steps: the primary enrichment is done in University of Vermont medium 
(UVM) containing nalidixic acid and acriflavine followed by secondary enrichment in Fraser 
broth, containing nalidixic acid, lithium chloride, and acriflavine or morpholine-propane 
sulfonic acid-buffered Listeria enrichment broth (MOPSBLEB). Incubation conditions are 
distinct depending on the matrix chosen for the enrichment step. Then the cultures are plated 
onto Modified Oxford (MOX) agar containing the selective agents' colistin, and moxalactam. 
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Further subculture and confirm the presumptive isolates of L. monocytogenes (USDA-FSIS, 
2013). 
2.4.1.1.4 NMKL method 
 
The primary enrichment is done in half-Fraser broth at 30°C for 24 hours, followed by a 
secondary enrichment in Fraser broth at 37°C for 48 hours. The cultures obtained from both the 
enrichment steps are plated out on L. monocytogenes-specific isolation medium, Agar  Listeria 
according to Ottaviani and Agosti (ALOA) or Listeria monocytogenes blood agar medium 
(LMBA) or chromogenic Listeria agar medium. Further subculture and confirmation of the 
presumptive isolates of L. monocytogenes using appropriate morphological and biochemical 
tests (NMKL, 2007). 
 
2.4.1.2 Chromogenic media 
 
A variety of chromogenic media have recently become commercially available, to shorten the 
time taken to obtain a result, and distinguishing between pathogenic and non 
pathogenic Listeria species. Chromogenic differential selective agars like BCM, ALOA, 
CHROM agar Listeria and Rapid L.monocytogenes kits can be used in parallel with one of the 
selective agars. FDA recommended and validated such chromogenic rapid kits with threshold of 
detection greater than 104 CFU/ml of enrichment culture and incubation period of 4-6 hours. 
The advantage of such tests, are their principle lies on identifying of a specific virulence factors 
like phosphatidylinositlol specific phospolipase and in enumeration of the organism in the 
food samples (FDA/CFSAN, 2003). 
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2.4.1.3 Serological test  
If possible, all culture isolates of Listeria species should be typed by serological and genetically 
methods according to FDA rules (FDA/CFSAN, 2003), but it is expensive. Such serotyping is 
performed by mixing commercial sera and Listeria species suspending in fluorescent antibody 
buffer, after several washing and pelleting steps, to observe the positive clotting/precipitating 
reactions. Usually, serological classification is done only in reference laboratories and is 
primarily used for epidemiological studies. These methods target to detect flagella or somatic 
Sub-factors. Most Listeria species have different serotypes in which they share one or more 
antigens with L. monocytogenes. The following serotypes are exhibited within the species and 
are also known as serotypes of L. monocytogenes, these are 1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4ab, 
4b, 4c, 4d, 4e, and 7. Of this 1/2a, 1/2b, and 4b are mostly isolated from patients and 
environment that account for 92% of the isolates among humans and animals and 4b is 
associated with cheese made from unpasteurized milk (Doumith et al., 2004). There is a 
significant geographical variation and 4b is identified as the predominant serotype in Canada, 
the USA, and Europe. Fifty percent of the sporadic infection outbreaks have been determined as 
serotype 4b.  
 
2.4.2 Conventional Identification Methods 
 
For further identification of Listeria to the species level, biochemical tests are used. Typical 
Listeria species colonies from the selective/ differentiation agar plates are subjected to tests like 
Gram-staining reaction, catalase, motility, heamolysis, and carbohydrate use (Table-2 and 
Table-3) (OIE manual, 2014). To observe tumbling motility, a hanging drop preparation made 
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from tryptone soya yeast extract broth incubated at room temperature for 8–24 hours is used. 
For semisolid motility agar, stab inoculation (about 1 cm) is followed by incubation at 20–28°C 
for 24 hrs. At about 0.5 cm below the surface of the agar, a characteristic layer of increased 
growth is observed. For haemolysis activity, inoculation should be done by piercing the horse or 
sheep blood-containing agar plates with 18-24 hours young culture from TSB broth and 
incubation at 37°C for 24 hrs. L. monocytogenes, L. seeligeri, and L. ivanovii hemolyse red 
blood cells on blood agar; L. ivanovii exhibits a wider zone while L. monocytogenes and L. 
seeligeri produce a narrow zone of hemolysis. Rare strains of L. monocytogenes are not 
haemolytic (OIE, 2014).The CAMP test is a very useful tool to identify the species of Listeria. It 
is used in the ISO and some AOAC protocols and it is considered to be optional in the FDA and 
USDA-FSIS methods. It consists of streaking a ß-haemolytic Staphylococcus aureus and 
Rhodococcus equi in single straight lines in parallel, on a sheep blood agar plate or a double-
layered agar plate with a very thin blood agar overlay. The streaks should have enough 
separation to allow test or control Listeria strains to be streaked perpendicularly, in between the 
two indicator organisms, without quite touching them (separated by 1–2 mm). After incubation 
for 24–48 hours at 35–37°C, a positive reaction consists of an enhanced zone of β-haemolysis, 
at the intersection of the test/control and indicator strains. Listeria monocytogenes is positive 
with the S. aureus streak and negative with R. equi (Quinn et al., 2004).  
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Table 2: Principal Characteristics of the main Listeria species (OIE manual, 2014) 
Test  Listeria spp. Reaction 
Gram staining  Gram-Positive 
Cell morphology  Short (0.4-0.5 µm × 0.5-2.0 µm) non-spore forming 

rods with peritrichous flagella 
Growth conditions  Aerobic and facultatively anaerobic 
Motility  Positive tumbling motility at 25oC, negative at 37oC 
Catalase  Positive 
Oxidase  Negative 
Aesculin hydrolysis  Positive 
Indole  Negative 
Urease  Negative 
 
After incubation for 24–48 hours at 35–37°C, a positive reaction consists of an enhanced zone 
of β-haemolysis, at the intersection of the test/control and indicator strains. Listeria 
monocytogenes is positive with the S. aureus streak and negative with R. equi, (Quinn et al., 
2004).  
 
Table 3: Biochemical differentiation of Listeria species (OIE manual, 2014) 
 

Species 
 
β-hemolysis 

Production of acid from 
 

CAMP test 
 

L-Rhamnose D-Xylose D-Mannitol S. aureus R. equi 
L. monocytogenes + + - - + - 
L. innocua - V - - - - 
L. ivanovii sub sp.ivanovii + - + - - + 
L. ivanovii sub sp. Ivanovii + - + - - + 
L. seeligeri (+) - + - (+) - 
L. welshimeri - V + - - - 
L. grayi sub sp. Grayi - - - + - - 
L. grayi sub sp. Murrayi - + - + - - 
V- Variable; (+) - weak reaction; + - >90% positive reactions 
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In general, L. monocytogenes is catalase-positive, glucose fermenter with acid production but no 
gas formation, ferment the lactose (after 3-5 days of incubation), urease negative, oxidase 
negative, methyl red and Voges Proskauer positive, indole test negative, express hemolysis 
which produces clear zone on blood agar (Beta hemolytic), do not utilize citrate, do not produce 
hydrogen sulfide and also do not hydrolyze urea, gelatin, and casein (Ryser and Donnelly, 
2001). 
 
2.5 Pathogenesis and virulence-associated genes and their characterizations through 
polymerase chain reaction (PCR)  
 
Following ingestion of the bacteria with contaminated food, it reaches the digestive tract and 
start secreting invasin /Internalin (In1A & In1B), which enables the Listeria to penetrate the host 
non-phagocytic cells of the epithelial lining and binds with extracellular domain of E-cadherin 
(a transmembrane cell to cell adhesion molecule) and then disseminate into circulatory system to 
cause systemic diseases. The anatomical site and the mechanism by which L. monocytogenes 
breaches the intestinal barrier are controversial. In mice, L. monocytogenes invasion and 
replication within the gastrointestinal tract is independent of InlA and is restricted to the peyer’s 
patches, suggesting a predominant role for specialized phagocytic M-cells in bacterial uptake.  
In similar manner, in rats, intestinal translocation rates are low and independent of the inlAB 
locus, suggesting a passive process that does not involve InlA or InlB. However, mice and rats 
are not natural hosts and furthermore, mouse and rat Ecadherin differ from human E-cadherin at 
an important amino acid residue that renders cells resistant to InlA-mediated invasion. In 
contrast to this, L. monocytogenes can directly invade enterocytes in guinea pigs, which are 



24  

naturally susceptible to listeriosis. In transgenic mice, enterocytes expressing human E-cadherin 
are also susceptible to invasion by L. monocytogenes (Vazquez-Boland et al., 2001). 
 
Listeria monocytogenes is capable of multiplying extracellularly and intracellularly, within 
macrophage after phagocytosis or within parenchymal cells after induced phagocytosis, and then 
spread to hepatocytes of the liver, causing cell disruption. It is internalized by phagocytic and 
non phagocytic cells and can deliver antigen to both endogenous and exogenous antigen 
processing and presentation pathways. Listeria latch onto receptors on the host cells and are then 
engulfed and remain as a membrane-bound vesicle, but Listeria soon escapes into the cytosol 
(Rocourt & Cossart, 1997). It is also able to penetrate the endothelial layer of the placenta and 
thereby infect the fetus. However, this will occur only if the immune system of the individual is 
compromised.  
 
Microbiological and serological methods remain time-consuming, tedious, and perhaps 
insufficient to discriminate between pathogenic and non-pathogenic strains. To address this 
limitation, it has been reported that the diagnosis of pathogenic Listeria spp. should ideally be 
based on virulence markers (Notermans et al., 1991). The use of 16S rRNA has become the 
method of choice for identifying and differentiating microorganisms when no other easily 
specified nucleic acid sequence uniquely defines the desired target. It is a distinct signature for 
bacterial species (Woese, 1987). 
 
Detection of virulent associated-genes is very crucial. Many of the virulence genes on L. 
monocytogenes are located in a single gene cluster encoding a phosphatidylinositol 
phospholipase C encoded by plcA, a phosphatidylcholine phospholipase C encoded by plcB, a 
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haemolysin (listeriolysin-O) encoded by hlyA, a positive regulatory factor (prfA), a 
metalloprotease (mpl) and a surface actin polymerization protein actA, all physically linked in a 
9-kb chromosomal island referred to as Listeria pathogenicity island 1 (LIPI-1) (Vazquez-
Boland et al., 2001). Phospholipase C (PLC) includes two phospholipases C with overlapping 
activities involved in the invasion and spread of L.monocytogenes; phosphatidylinositol-specific 
PLC (PI-PLC or PLC-A; encoded by plcA) and a broad range phosphatidylcholine-specific PLC 
(PC-PLC or PLC-B; encoded by plcB) (Smith et al., 1995). Listeriolysin O (LLO) also known 
as haemolysin (hlyA), is a pore-forming toxin essential for the lysis of the vacuolar membrane 
in the host cell, thus facilitating the L. monocytogenes from the vacuole (Conlan and North, 
1992). 
 
ActA is a 630 amino acid protein encoded by actA gene. ActA assemble and activate 
(polymerization) host cell actin cytoskeletal molecules (filaments) at the bacterial surface and 
helps in the cell-to-cell movement of these bacteria inside the host cell (Kocks et al., 1992). 
Protein p60 (iapA) is a 60-kDa protein that catalyzes the final stage of cell division in L. 
monocytogenes. This is encoded by the invasion associate protein gene (iapA). The center part 
of p60 is a threonine-aspargine repeat. This protein is important in the phagocytosis of L. 
monocytogenes (Kuhn and Goebel, 1999). 
 
In the early 1990s, PCR was only used for the identification of pure bacterial cultures or 
colonies on agar plates. Later on, PCR was recognized as one of the most promising rapid 
microbiological methods for the detection and identification of bacteria in a wide range of foods 
(Garrido et al., 2013). PCR is a technique that amplifies a specific DNA sequence, producing 
thousands to millions of copies. Kaur et al. (2007) standardized PCR for the detection of 
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individual virulent genes hlyA, actA, plcA, prfA, and iap of L. monocytogenes yielding a product 
size of 456bp, 839bp, 1484bp, 1060bp, and 131bp respectively. Later, they attempted a 
multiplex PCR with two sets of primers. One set consisted of plcA, actA, hlyA, and iap, and the 
second one consisted of prfA, actA, hlyA and iap, and the specificity of the PCR was tested by 
using the standard strains of L. monocytogenes and other commonly prevalent and cross-reacting 
bacterial species. Several findings have been reported for the detection of 16s RNA (Usman et 
al., 2016; Manzano et al., 2000) and virulent-associated genes worldwide.  
 
Rawool et al. (2007) attempted the detection of multiple virulence-associated genes in L. 
monocytogenes isolated from bovine mastitis cases. They isolated 4 strains of L. monocytogenes 
from a total of 725 milk samples and subjected them to PCR for the detection of virulence 
genes. out of 4 isolates, only one isolate had all 5 virulence genes and the remaining 3 isolates 
were found to possess prfA and hlyA; actA, hlyA, and iap; hlyA and iap, respectively. Ryu et al. 
(2013) developed a multiplex PCR for simultaneous detection of six Listeria species including 
L.grayi, L.innocua, L. ivanovii, L. monocytogenes, L. seeligeri and L. welshimeri to identify 
specific Listeria species in processed foods. The optimized multiplex PCR utilizes one Listeria 
genus-specific and each Listeria species-specific primer pairs. Each primer pair yields the 
products of 370-bp for Listeria genus-specific, 201-bp for L. grayi-specific, 749-bp for L. 
innocua-specific, 463-bp for L. ivanovii-specific, 509-bp for L. monocytogenes specific, 673-bp 
for L. seeligeri-specific, and 281-bp for L. welshimeri-specific. Park et al. (2016) isolated 12 
strains of L. monocytogenes from a total of 1042 food samples and subjected all the isolates to 
mPCR detection of virulence genes and 16s rRNA gene. They reported that all isolates had 16S 
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rRNA and 7 virulence-associated genes (hlyA, plcA, plcB, inlA, inlB, actA, and prfA), suggesting 
that they are potentially pathogenic.  
 
2.6 Antibiotic Resistance Profile of L. monocytogenes  
 
Listeria monocytogenes is often susceptible to a wide range of antibiotics (Chen et al., 2010). 
However, antibiotic resistance of Listeria which was isolated from cheese and pork was 
reported in 1996 (Rota et al., 1996). After that, various studies from different countries 
demonstrated the prevalence of antibiotic resistance in Listeria spp. varying from 0.6% up to 
59% depending on sources from which they were isolated. Abdollahzadeh et al. (2016) found 
high resistant levels of L. monocytogenes to ampicillin, cefotaxime, and penicillin among the 
clinical and seafood isolates, they showed that the percentage of resistance to cefotaxime was 
100%. Garedew et al. (2015) tested the antibiotic susceptibility profile of Listeria 
monocytogenes isolates from RTE foods of animal origin in Ethiopia. Out of 384 food 
samples examined, L. monocytogenes was detected in 24 (6.25%) of the samples. Among 
them, 66.7% exhibited resistance to penicillin. And (50%), (37.5%), and (16.6%) of L. 
monocytogenes were resistant to nalidixic acid, tetracycline, and chloramphenicol, 
respectively. All of L. monocytogenes identified in this research were sensitive to amoxicillin, 
cephalothin, cloxacillin, sulfamethoxazole-trimethoprim, gentamicin, and vancomycin. Girma 
and Abebe, (2018) was determined antimicrobial susceptibility of 36 L. monocytogenes, and 
out of which 11(30.5%) exhibited resistance for nalidixic acid, 9(25%), 8(22.2%), and 
4(11.1%) of L. monocytogenes were resistance to tetracycline, chloramphenicol, and 
streptomycin respectively. All of L. monocytogenes isolated in this study were sensitive to 
cephalotin, kanamycin, vancomycin, and ampicillin). A high drug resistance rate was observed 



28  

to penicillin G (66.7%), clindamycin (66.7%), amoxicillin (50%), and vancomycin (50%). 
However, isolates were relatively sensitive to ciprofloxacin (75%), erythromycin (75%), 
trimethoprim/sulphamethoxazole (66.7%), and chloramphenicol (60%), (Letemichael et al., 
2019). 
 
2.7 Prevention and treatment 
 
Listeria monocytogenes is a poor competitor (Desse and Taye, 2001) that does not grow in the 
presence of high competitor organisms like, Lactic Acid Bacteria (LAB). Some scientists use 
this principle for inhibiting its growth from different food samples. Listeriosis can be treated 
by using conventional antibiotics like ampicillin and penicillin following diagnosis. However, 
the antimicrobial profile of the organism at particular place, like within the country, and at the 
individual level has to be known to be effective in treating patients and in reducing blind 
antimicrobial treatment, which may lead to the emergence of antimicrobial drug resistant 
strains of L. monocytogenes. Preventive measures have to target the organism's nature 
(conditions for its normal growth) in addition to good sanitation and adequate heat treatment 
of food before consuming. Moreover, its growth (doubling time) is highly dependent on the 
temperature, pH, type of the food sample and background of the microflora present (Morrow 
et al., 2004). Antibiotic therapy is the treatment of choice in most of the complications and the 
dose and duration of the treatment differ accordingly. For instance, bacteremia should be 
treated for 2 weeks, if the patient is immuno-competent. However, longer courses may be 
required in the immuno-compromised patient. Similarly, meningitis should be treated for 3 
weeks; while endocarditis for 4-6 weeks; and brain abscess for a minimum of 6 weeks. 
Ampicillin without or with gentamycin is generally considered as the preferred agent but other 
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effective agents like co-trimaxazole can be used for empirical antimicrobial treatment (Hansen 
et al., 2005). 
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3. MATERIALS AND METHODS 
  
3.1 Description of the study area  
 
The current study was conducted from December 2019 to September 2020, at Molecular 
Biotechnology laboratory of the School of Animal and Range Sciences, College of Agriculture 
Hawassa University. The study was employed in purposively selected two districts and one 
town in the Sidama Regional State and West Arsi zone. The districts are Dale, Arsi Negele and 
Hawassa town. Districts and town were selected based on their high potential for milk 
production. Based on the information obtained from Hawassa city, Dale, and Arsi Negele 
districts' agricultural office in 2020, availability of clean water is a major barrier and as a result, 
foodborne diseases are common in the areas.  
 
Dale district is located 6º 39’ to 7º 02’N and 38º 18’ to 38º 31’ E. It is about 320 km south of 
Addis Ababa and 45 km from Hawassa city, the capital of the Sidama Regional State. The 
altitude of Dale district extends up to 2600 m.a.s.l. The average annual rainfall and temperature 
vary between 800-1300 mm and 18- 20ºC respectively. The total area of the districts is 
124,707ha out of which 102,684ha (82%) is being used for agriculture. There are 44 kebeles (6 
urban and 38 rural). Among these kebeles, Berra-Tidecho, Manche, Shafina, Weha-Limat, and 
Mesencho were selected based on their milk production potential and access to the 
transportation facility.  
 
Arsi Negele district is located in the West Arsi Zone of Oromia Regional State and 225 km far 
away from Addis Ababa. Geographically, it is located within grid coordinates of 7º 08’ 00’’ N to 
7º 49’ 00’’ N latitude and 38º 24’ 04’’ E to 38º 48’ 09’’ E longitude, and its altitude range from 
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1500 to 2300. The total population of the district in 2007 was estimated to be around 264,314 
(211,985 rural and 52,329 urban residents). During this study, there were 43 rural and 4 urban 
Kebeles in the district. Among these Kebeles, Melka-Sheki, Melka-Giltota, and Mali -Weyo 
were selected, given their potential for milk production and accessibility. 
 
Hawassa is the capital city of Sidama Regional State, located at 275 km south of Addis Ababa 
along the Addis Ababa - Moyale highway. Hawassa is situated at an altitude of 1750 m.a.s.l. and 
it roughly lies between 6º83' to 7º17' N and 38º24' to 38º72’ E. According to the regional 
meteorological agency, Hawassa receives an average annual rainfall of 955 mm with a mean 
annual temperature of 20oC (SNNPRS-RSA, 2006; BoFED, 2007). Milk and milk products are 
important economic activities in Hawassa and there are a growing number of commercial dairy 
farms in the area (Woldemichael, 2008). According to SNNPRS investment expansion main 
process (http://www.southinvest.gov.et/potentialHawassa.htm), the city, which is the economic 
and cultural hub of the region, has a total area of about 50 km2 and is divided into eight sub-
cities and 32 kebeles (20 urban and 12 rural). Among these sub-cities, Tula, Tabor, and Addis 
Ketema were purposively selected based on their potential for milk production. From Tula sub-
cites, Dato, Chako-Jebesa, and Hawella-Wendo kebeles were selected. From Tabor sub-city, 
Fura, Hiteta, and Hogena Wacho kebeles were selected. From Addis ketema sub-cities, all the 
two kebeles Filadelfia and Daka were purposively selected based on their high potential for milk 
production Figure 1. 
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Figure 1. Location map of the study area  
 
3.2 Study design and Sample size determination  
 A cross-sectional study design was employed to determine the prevalence of Listeria isolates 
and to characterize L. monocytogenes from raw bovine milk in the study area. Milk producing 
smallholder households and dairy production farm data were obtained from Dale and Arsi 
Negelle districts, and Hawassa City administration's agricultural and rural development office. 
From each district and Hawassa town, a total of 15 kebeles were selected based on their 
representativeness of potential for milk production. From each kebele, smallholder dairy 
producers having two to five milking cows were selected purposively. Commercial dairy 
production farms were categorized into three groups based on the number of milking dairy cows 

Source: GIS Data Ethio-GIS,1999 



33  

as small (2-5), medium (6-10), and large (>10) as suggested by Ike et al. (2002). Accordingly, 
26 small-size, 23 medium-size, and 51 large size commercial dairy production farms were 
randomly selected for the study.  
 
From this sampling frame, the actual sample size was calculated using the formula 
(Thrusfield, 2007): 
 
 
n = (Ž α/2)2 (P (1-P) 
               Sd2  
 
The preliminary finding conducted by Haile et al. (2012) showed in Hawassa, Ethiopia, that 
the prevalence of Listeria monocytogenes in milk was 19.55%. Based on this, the sample size 
was determined by taking this highest prevalence rate of L. monocytogenes. 
 
Where; P is the prevalence of L. monocytogenes in susceptible food samples (P=19.55%) 

Sd is the standard deviation of the observation which is allowable with Z α/2 (1.96), 
95% confidence interval. (CI) 
n = is the minimum sample size 

 
 
n = (1.96)2(0.1955)(1-0.1955) = 241 
                     (0.05)2 
 
A total of 241 samples were calculated for this research and 240 samples were analyzed by 
approximately taking the nearest whole number, which included: (n=100) from commercial 
dairy production farms and (n=140) from smallholder dairy producers. From this, the sample 
size was distributed to the study areas based on proportion to the number of dairy production 
farms and smallholder dairy producers.  
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3.3 Sampling method and collection  
 
From milking dairy cow, bulk raw milk samples were collected using a simple random sampling 
technique from the purposively set sampling frame. Samples were collected in two distinct 
seasons (dry: December-February, 2019/20 and wet: July-September, 2020) to capture variation 
due to seasonal effects (National Metrology Agency, 2019). From each season 120 milk samples 
were collected. Twenty milliliters of raw milk samples were collected aseptically in sterile 
screw-caped plastic containers from commercial dairy production farms and smallholder dairy 
producers. After labeling, all the milk samples were placed in an icebox immediately after 
collection and transported to Hawassa University College of Agriculture Molecular 
biotechnology laboratory and stored at 4oC until the microbial analysis is done which was 
followed by PCR based molecular analysis.  
In this cross-sectional study, a total of 240 raw cow milk samples from smallholder dairy 
producers and commercial dairy production farms were aseptically collected from Hawassa city 
and Districts of Dale and Arsi Negelle, southern Ethiopia. Details of the areas from where 
samples were collected are given in Table 4. 
Table 4: The source and number of raw milk samples collected  

Site of collection   Source of the sample  
Total N Commercial dairy production farms Smallholder dairy 

producers 
SS MS LS Total 

Hawassa 16 12 31 59 24 83 
Arsi Negele district 5 4 8 17 68 85 
Dale district 5 7 12 24 48 72 
Total 26 23 51 100 140 240 
N= number of sample screened;  SS=small scale; MS=medium scale; LS=Large scale 
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3.4 Isolation and identification of Listeria Species 
 
Bacteriological isolation and identification of L. monocytogenes from raw bulk cow milk was 
done following standard methods (ISO 11290-1: 1996) by employing some modifications. This 
method has a two-stage enrichment process. Briefly, in the primary non-selective enrichment, a 
25 ml raw milk sample was measured and transferred to 225 ml of the buffered peptone water to 
obtain a ratio of non-selective primary enrichment of 1/10 (volume to volume). In secondary 
selective enrichment, 1 ml of homogenized sample was added to 9 ml of the Listeria enrichment 
broth (Twin pack, HI media M567) and incubated at 37ºC for 48 hours. After the successive 
enrichment step, 0.1 ml selective enrichment broth was streaked using a sterile 10 µl loop onto 
the Listeria selective agar (Twin pack, HI media M567) medium plates and incubated at 37ºC 
for 48 hours. Plates were examined for the presence of colonies presumed to be Listeria spp. For 
confirmation of Listeria species, from each plate of selective medium (LSA, twin pack), five 
colonies presumed to be Listeria spp. were picked-up and streaked onto the surface of pre-dried 
plates of tryptone soya agar (TSA;Hi media). The plates were incubated at 37oC for 18 to 24 
hours or until growth was satisfactory to obtain a pure culture. Typical colonies are 1 to 2 mm in 
diameter, convex, colorless, and opaque with an entire edge. All the isolates from TSA were 
subjected to the following morphological and standard biochemical analysis.  
 
3.4.1 Morphological and Biochemical tests for confirmation of Listeria species  
3.4.1.1Morphological characterization 
 
3.4.1.1.1 Gram staining   
The air-dried smear was fixed using absolute methanol for 1 minute followed by the primary 
stain crystal violet (Gephart et al., 1981). The slide was washed and gently rinsed the excess 
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stain with a stream of dH2O.  Then the slide was flooded with the mordant: Gram’s iodine and 
kept for 1 minute. The slide was washed gently and rinsed the excess stain with a stream of 
dH2O. The slide was decolorized using acetone-alcohol and kept for 10-15 seconds. After 
rinsing,  safranin was added as a counterstain, waited for  30 seconds to 1 minute and the 
result of the staining procedure was observed under oil immersion (100x) using a light 
microscope (Olympus, and Japan ). Listeria spp. was revealed to be Gram-positive, slim and 
short rods. 
 
3.4.1.1.2 Motility and Esculin hydrolysis test (using SIM)  
 Colonies from TSA agar were inoculated with a straight inoculating needle of a single stab 
about 1-2  cm down into a tube containing sulfide indole motility (SIM) medium and incubated 
at 35oC for 8 to 24 hours. Motility was indicated by the presence of diffuse growth (appearing as 
the blackening of the medium) away from the line of inoculation. A drop of the above culture 
was transferred onto a clean glass microscope slide using a sterile loop. The glass was covered 
with coverslips and examined using a light microscope. Listeria spp. appears as slim, short rods 
with tumbling motility (Queen et al., 2004). The esculin hydrolysis was seen as blackening in 
the line of inoculation.  
 
3.4.1.2 Biochemical tests for confirmation of Listeria species 
 
3.4.1.2.1 Catalase reaction  
 
One of each colony type of the well-isolated colonies obtained in TSA was selected and 
transferred onto a surface of clean, dry glass slide using a sterile loop. A drop of 3% hydrogen 
peroxide (H2O2) was placed on the slide and mixed well. The immediate formation of gas 
bubbles was taken as a positive reaction. 
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3.4.1.2.2 Methyl-red Voges-Proskauer (MR-VP) reaction  
 
Two tubes containing 5 ml of MR-VP Broth were inoculated with a pure culture of presumptive 
Listeria species isolates from TSA and incubated at 35°C for up to 4 days. Five drops of the 
methyl red indicator solution were added to MR tubes and for the VP test, 5 drops of alpha-
naphthol, 2 drops of 40% potassium hydroxide were added. Pinkish red colour on the addition of 
reagent within 10 minutes was taken as a positive reaction. 
 
3.4.1.2.3 Hemolysis test on sheep blood agar (SBA) 
 
Freshly grown colonies from Tryptone Soya Agar were streaked onto sheep blood agar plates 
(5%) prepared by adding 5 ml sterile sheep blood to 95 ml of molten (55ºC) BHI agar base. The 
inoculated plates were then incubated at 37°C for 24 hours and observed for the zone of 
haemolysis around colonies. Sheep blood agar plates (5%) were prepared and colonies were 
taken and stabbed at one space for each culture, using a wire loop and incubated at 370C for 24h. 
Listeria monocytogenes show narrow clear, light zones of -haemolysis. The plates were 
examined in bright light to compare test cultures with controls (Queen et al., 2004).  
 
3.4.1.2.4 Christie Atkins Munch Petersen (CAMP) Test 
 
Staphylococcus aureus (ATCC 11632) was grown in BHI broth for 18-24 hrs and streaked onto 
freshly prepared Serum bovine albumin plates (5%) in a manner of a straight line. Freshly 
grown isolate of L. monocytogenes was streaked in a straight line perpendicular to the S. aureus 
leaving 1cm space between the two streaks. The plates were incubated at 37°C for 24 hrs. Due 
to the synergistic effect of Listeria monocytogenes strain and the S. aureus strain enhanced zone 
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of haemolysin was produced. After incubation enhanced zone from partial hemolysis to a wider 
zone of complete hemolysis; if any, was observed and noted as a positive test (ISO-1996). 
 
3.4.1.2.5 Carbohydrates fermentation tests 
 
From TSA culture, each of the carbohydrate broths (Rhamnose, Mannitol, Glucose, Sucrose, 
Maltose, Lactose, and Xylose) that contain nutrient broth and phenol red was inoculated and 
incubated for up to 5 days at 35° C. Positive reactions were indicated by the production of acid 
and turning the media to a yellow color mostly within 24 hrs to 48 hrs. L. monocytogenes 
showed acid production only in rhamnose but not in both mannitol and xylose. L. grayi is the 
only species of Listeria that shows acid production in mannitol. L. innocua , L. welshimeri, 
and L. grayi indicate variable acid production in rhamnose but L. ivanovii and L. seeligeri 
show no acid production at all, rather they produce in xylose like that of L. welshimeri. 
However, L. monocytogenes, L. innocua, and L. grayi show no acid production within a 
Xylose (Table 1 and 2; Scott, 2003; Hirsh et al., 2004). 
 
3.5 Antimicrobial susceptibility test of L. monocytogenes  
A standard Kirby–Bauer disk diffusion method was employed (CLSI, 2012) using ten 
conventional antibiotic discs with the following concentrations: ampicillin, 25 µg,; 
chloramphenicol, 30 µg; erythromycin, 15 µg; gentamicin, 10 µg; streptomycin, 10 µg; 
vancomycin, 30 µg; nalidixic acid, 30 µg; cefotaxime, 5 µg; sulfamethoxazole, 25 µg and 
kanamycin, 30 µg. These antibiotics were selected to include antimicrobials used in veterinary 
and human therapy, and accessible to the local market. Three to five colonies from the TSA 
plate were transferred into 5-ml physiological saline (0.85%) and adjusted to 0.5 McFarland 
turbidity standards.  
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From the suspension, the inoculum was streaked uniformly by rubbing the sterile swab onto 
Mueller Hinton Agar (MHA; Hi-media). Then the plates were allowed to dry and antibiotic 
discs were placed aseptically with sterile fine forceps. The plates were incubated at 37°C for 
24 hours. Finally, the zone of inhibition was measured including the disk diameter. The 
susceptible, intermediate, and resistant categories were assigned and interpreted according to 
the Clinical and Laboratory Standards Institute (CLSI, 2012).  
 
3.6 Detection of 16S rRNA region and Virulence-Associated Genes by Polymerase chain 
reaction (PCR) 
 
3.6.1 Template DNA preparation  
 
Genomic DNA was extracted using boiling and snap chilling methods (Srinivasa et al., 2009). 
Suspected colonies of L. monocytogenes from TSA plates were inoculated into 5 ml Tryptone 
soya broth and incubated overnight at 37ºC for 18 hrs. Overnight enriched bacterial culture (2 
ml) from Tryptone soy broth was transferred into a 2 ml Eppendorf tube. The broth culture was 
pelleted by centrifugation at 10,000 rpm for 10 min. The supernatant was discarded and towel 
dried. Then the pellet was re-suspended in 100 µl of sterile nuclease-free water. The contents 
were boiled at 100oC for about 10 min in a heat block and immediately chilled in an ice tube for 
about 20 minutes. Finally, it was centrifuged at 10,000 rpm for 5 min at 4ºC and the supernatant 
was collected and stored at -200C for further use as template DNA. 
 
3.6.2 Oligonucleotide primers  
The primers used for the detection of 16S rRNA and virulence-associated genes of a regulatory 
gene (prfA), phosphatidylinositol phospholipase C gene (plcA), actin gene (actA), hemolysin 
gene (hlyA) and p60 gene (iap) of L. monocytogenes were procured from Eurofins Genomics, 
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USA. The details of primer sequences for the PCR are shown in Table 5 (Kaur et al., 2007, 
Amusan and Sanni, 2018). 
 
Table 5: Primer sequences used in the PCR reactions for the detection of 16S rRNA and 

virulence genes in Listeria monocytogenes  
 
Target gene Primer sequences(5’-3’) Product size 

(bp) 
16S rRNA Forward: CAGCAGCCGCGGTAATAC 

Reverse: CTCCATAAAGGTGACCCT 
938 

hlyA Forward: GCAGTTGCAAGCGCTTGGAGTGAA 
Reverse:  GCAACGTATCCTCCAGAGTGATCG 

456 

PlcA  Forward: CTGCTTGAGCGTTCATGTCTCATCCCCC 
Reverse: CATGGGTTTCACTCTCCTTCTAC 

1484 

actA  Forward: CGCCGCGGAAATTAAAAAAAGA 
Reverse: ACGAAGGAACCGGGCTGCTAG 

839 

prfA  Forward: CTGTTGGAGCTCTTCTTGGTGAAGCAATCG 
Reverse: AGCAACCTCGGTACCATATACTAACTC 

1060 

iapA  Forward: ACAAGCTGCACCTGTTGCAG 
Reverse: TGACAGCGTGTGTAGTAGCA 

131 

 
3.6.3 Detection of 16S rRNA region of Listeria and virulence –Associated Genes by 

Multiplex Polymerase Chain Reaction (mPCR)  
 

The multiplex PCR protocol was employed for the detection of 16S rRNA specific genes of 
Listeria (Sanni et al., 2018) to confirm the genus in all tested isolates and virulence-associated 
genes using standard L. monocytogenes (ATCC 11911) as positive control and sterile nuclease-
free water as a negative control. The PCR was standardized for the detection of 16S rRNA and 
virulence cluster genes namely haemolysin (hlyA), PI-PLC (plcA), actin (actA), p60 (iap), and 
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regulatory (prfA) by following standard procedures (Sanni and Amusan, 2018; Rawool et al., 
2007). 
 
Initially, the PCR was standardized for the detection of individual 16S rRNA and virulence-
associated genes of L. monocytogenes by optimizing different conditions such as the 
concentrations of PCR components namely, primers (0.1– 0.5 µM), FIREPol DNA Polymerase 
(0.5 – 2.0 U), annealing temperatures (50 – 60°C) and the number of cycles for amplification of 
target genes (25-35). 
 
The DNA amplification reaction was performed in UNO 96 Gradient Thermocycler, Germany 
with a pre-heated lid. The cycling conditions for PCR included an initial denaturation of DNA at 
94°C for 2 minutes followed by 35 cycles each of 30 seconds denaturation at 94°C, 1 minute of 
annealing at 53°C-56°C depending upon the gene to be amplified (16S rRNA- 55°C,  plcA - 
53°C, prfA - 56°C; hlyA - 53°C and 56°C, actA - 53°C and 56°C, iap - 53°C and 56°C, and 1 
minute 30 seconds extension at 72°C followed by a final extension of 10 minutes at 72°C and 
held at 4°C. 
 
Then, the multiplex PCR was standardized for all the six primer sets as per the method described 
by Rawool et al. (2007) with slight modification.  L. monocytogenes (ATCC 11911) was used as 
the standard test strain. The multiplex PCR was set up in 25 µl reaction volume. The PCR 
conditions were also initially optimized by varying concentrations of PCR components by 
employing gradient annealing temperatures and cycling conditions. 
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Based on the results of the various trials, the mPCR reaction mixture was optimized as 2.5 ߤL of 
10x PCR buffer with15 mM MgCl2, 10 mM dNTPs mix (1.0 ߤL), FIREPol DNA polymerase 
 ,L of 20 pM each forward and reverse primers (16S rRNA, hlyA, plcA, prfA, iapAߤ 0.5 ,(Lߤ 1.0)
and actA), 12.5 ߤL of sterile nuclease-free water, and 2.0 ߤL of DNA template. 
 
Amplification was carried out in a preheated lid thermal cycler. The cycling condition was one 
cycle of initial denaturation of DNA at 94oC for 2 min, followed by 35 cycles of amplification 
(each cycle consisted of denaturation at 94oC for 30 sec, annealing at 60oC for 30 sec, and initial 
elongation at 72˚C for 1min), and one cycle of a final extension at 72oC for 10 min and held at 
4oC. Five microliters of the amplified products were separated by electrophoresis in 1.5% 
agarose gel containing ethidium bromide and visualized under UV. 
 
3.6.4 Agarose Gel Electrophoresis  
PCR products were separated by 1.5% agarose gel which was stained by ethidium bromide 
(Park et al., 2016). Agarose gel (1.5%) was prepared by boiling 3 g of agarose in 200 ml of 1X 
TAE buffer. After cooling to 50oC, ethidium bromide was added to the agarose solution to a 
final concentration of 0.5 μg/ml. The molten agarose was poured into a gel casting tray fitted 
with a comb and kept till the gel has solidified. After solidification of the gel, a few ml of 1X 
TAE buffer was added and the comb was removed carefully. Thereafter, 1X TAE buffer was 
added up to a level of 1mm above the gel surface. Each amplified product (5 μl) was mixed with 
DNA loading dye (6X) 1µl and loaded into each well. Electrophoresis was performed at 5 V/cm 
for 1 hrs and monitored the mobility by the migration of the dye. The DNA bands were 
visualized under an ultraviolet (UV) transilluminator and photographed using a Gel-
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documentation system and the size of the PCR product was determined by comparing it with a 
100 bp DNA ladder. 
 
3.7 Quality control  
 
To ensure the accuracy of all stages of the analysis, including enrichment, plating, all 
confirmatory tests, and antimicrobial susceptibility, L. monocytogenes (ATCC 11911) was used 
as a reference strain. Staphylococcus aureus (25923) was used for the CAMP test. The standard 
strains of L. monocytogenes (ATCC 11911) and Staphylococcus aureus (25923) were obtained 
from the Ethiopian Public Health Institute (EPHI) and, Ethiopian Biodiversity Institute, Addis 
Ababa, Ethiopia, respectively. All the strains were maintained by periodic sub-culturing in brain 
heart infusion (BHI) broth. The reaction mixture without a DNA template was used as a 
negative control in mPCR. 
 
3.8 Ethical considerations  
This research project was approved by the School of Animal and Range Sciences, College of 
Agriculture, Hawassa University. 
 
3.9 Statistical Analysis 
 
Data were entered in Microsoft Excel and analyzed using Statistical Packages for Social Science 
SPSS 2007, version 26 software. Descriptive statistics were employed to describe and process 
the data include a comparison of prevalence based on location, season, and farming scale. The 
Chi-square (χ2) was used to determine significant differences among the different variables. A 
probability value of less than 0.05 was considered statistically significant. 
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4. RESULTS 
 
4.1 Isolation and Identification of Listeria monocytogenes 
 
4.1.1 Isolation of Listeria monocytogenes 
 
From a total of 240 raw cow bulk milk samples analyzed, 140 samples were from smallholder 
dairy producers and 100 samples were from commercial dairy production farms.  Out of the 
total analyzed samples 69 (28.75%) were positive for Listeria species which were visible as a 
colorless, convex and opaque (Figure 2).  

 
Figure 2. Growth of Listeria species after 48 hours incubation on Listeria selective agar 
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Among the 69 (28.75%) positive samples of Listeria species, after detailed morphological and 
biochemical tests 17 (7.08%) isolates were confirmed to be L. monocytogenes (Table 6). The 
remaining isolates were considered as other Listeria species. 

Table 6: The number of Listeria monocytogenes and other Listeria species isolated from raw 
cow bulk milk using biochemical tests. 

Sources of raw milk 
sample 

No. of sample 
screened 

Positive by 
cultural method as 
Listeria spp. 
 

Number of isolates confirmed 
as L. monocytogenes after 
biochemical tests 

Smallholder dairy 
producers 

140 45 12 
 

Commercial Dairy 
production farms 

100 24 5 
Total 240 69 17 
 
4.1.2 Morphological characterizations and Biochemical tests of L.monocytogenes   
The isolates that showed characteristics of Gram-positive, coccobacillus, or short rod-shaped 
were suspected as L. monocytogenes. Further, suspected isolates of L. monocytogenes were 
subjected to detailed biochemical tests and hemolysis on sheep blood agar and confirmed as L. 
monocytogenes (Table 7). 

Table 7: Characterization of Listeria monocytogenes based on biochemical tests. 
Biochemical 
tests 

C M EH MR VP D-Xy L-Rh L G S M D-Ma H Cs 
Test reaction + + + + + - + V + + + - + + 
C=Catalase, M=Motility, EH=Esculin hydrolysis, MR=Methyl red, VP=Voges-Proskauer's, D-
Xy=Xylose, L-Rh=Rhamnose, L=Lactose, G=Glucose, S=Sucrose, M=Maltose, D-Ma=Mannitol, H= 
Hemolysis on 5% sheep blood agar, Cs=CAMP (S.aureus), V=Variable, + = Positive, - = Negative 
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4.2 Prevalence and Distribution of L. monocytogenes in different study areas, seasons and 
sample sources 

L. monocytogenes was isolated from 17 (7.08%, 17/240) samples with a prevalence of 6.02% 
(5/83) in Hawassa city, 5.56% (4/72) in Dale district and 9.41%, (8/85) samples in Arsi Negelle 
district (Table 8). There was insignificant difference (P>0.05) in Listeria monocytogenes isolate 
between location/study areas (Table 8).   

Table 8: Prevalence of L. monocytogenes in different study areas. 
S.No Location/study areas No. of samples 

examined 
No. of Positive samples for L. 
monocytogenes (%) 

χ2 (p-value) 
1. Hawassa 83 5 (6.02) 1.35(0.57) 
2. Dale 72 4 (5.56) - 
3 Arsi Negelle  85 8 (9.41) 1.392(0.58) 
 Total 240 17 (7.08)  
 
The identification results showed that raw cow bulk milk was highly contaminated with Listeria 
species in the wet season with the detection rates of 36.4% and the dry season 21.3% (Table 9). 
There was a significant difference (P<0.05) in prevalence of Listeria isolates between wet and 
dry seasons in the study areas (Table 9). The prevalence of Listeria monocytogenes in the wet 
season was 9.32%, while it was 4.92% in the dry season. 

Table 9: Seasonal variations in the prevalence of Listeria species isolates. 
Seasons N PS1 χ2 p-value PS2 χ2 p-value 

N %  
6.70 

 
0.01 

N %  
1.77 

 
0.18 Dry 122 26 21.3 6 4.92 

Wet 118 43 36.4 11 9.32 
Total 240 69 28.75 17 7.08 
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N= Number of samples examined; PS1=Positive isolates of Listeria species including L. 
monocytogenes; PS2= Positive isolates of Listeria monocytogenes 
  
In this study, both pathogenic and nonpathogenic Listeria species were isolated from raw milk 
samples of smallholder dairy producers and commercial dairy production farms (Table 10). L. 
monocytogenes was isolated from 8.57% raw milk samples of smallholder dairy producers and 
5.0% samples of commercial dairy production farms (Table 10). On the other hand, 
33(23.57%) and 19(19.0%) of other Listeria species were isolated from raw milk samples of 
smallholder dairy producers and commercial dairy production farms, respectively.  

Table 10: Prevalence of L. monocytogenes and other Listeria species isolated from raw milk 
samples in commercial dairy production farms and smallholder dairy producers. 

Sources of 
raw milk 
sample 

No. of 
sample 

screened 
No. of sample 
positive for L. 

monocytogenes (%) 
No. of sample 

positive for 
other Listeria 
species (%) 

 
Total 

positive (%) 
 

χ2 (p-value) 

Smallholder 
dairy 
producers 

140 12(8.57) 33(23.57) 
 

45(32.14)  
 
 

1.89(0.17) Commercial 
Dairy 
production 
farms 

100 5(5.0) 19(19.0) 24(24) 

Total 240 17(7.08) 52(21.67) 69(28.75) 
L. innocua (16.25%) was the most commonly isolated species followed by L. monocytogenes 
(7.08%), L. seeligeri (3.33%), L. welshimeri (1.67%), and L. grayi (0.42%) in commercial dairy 
production farms and smallholder dairy producers (Table 11). 
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Table 11: Number and percentages of Listeria species isolated from raw milk of commercial 
dairy production farms and smallholder dairy producers. 

Types of species 
isolated 

Smallholder dairy 
producers 

Commercial dairy 
production farms 

Total isolated 
species 

 
% 

L.monocytogenes 12 5 17 7.08 
L. innocua 23 16 39 16.25 
L. seeligeri 5 3 8 3.33 
L. welshimeri 4 0 4 1.67 
L. grayi 1 0 1 0.42 
 
L .monocytogenes was isolated from 4 small-scale commercial dairy production farm raw bulk 
milk samples (16.67%), and 1 (4.54%) samples from medium-scale commercial farms (Table 
12). No Listeria monocytogenes was found in samples from large scale commercial dairy 
production farms.  

Table 12: Distribution of Listeria species isolated from raw bulk milk of commercial dairy 
production farms on a different scale. 

Types of L. 
species isolated 

Farm category Total % 
Small-scale Medium-size  Large scale 

L.monocytogenes 4 1 0 5 5.49 
L. innocua 8 5 3 16 17.58 
L. seeligeri 3 0 0 3 3.30 
L. welshimeri 0 0 0 0 0 
L. grayi 0 0 0 0 0 
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4.3 Detection of 16S rRNA and virulence-associated gene profiles of Listeria 
monocytogenes using mPCR  

Results from the current study revealed that of the 17 L. monocytogenes isolates, the virulent-
associated genes of iap and hly genes were shown amplification in 11 tested isolates, and no 
isolate was found to contain actA, prfA, and plcA genes (Figure 3). 

 
Figure 3. Agarose gel electrophoresis of 16S rRNA and virulence-associated genes of L.monocytogenes 

by mPCR, Lane M; DNA molecular weight marker (100 bp); Lanes 19, Positive control; Lanes 
1; Negative control. Lanes 8-18 L. monocytogenes samples (Multiplex PCR). Lanes 2-7, L. 
monocytogenes but lack virulent genes in mPCR 

 
4.4 Antimicrobial resistance/susceptibility profiles of Listeria monocytogenes 
All the 17 (100%) isolates were resistant to nalidixic acid, 15 (88.24%) isolates to erythromycin, 
4 (23.53%) isolates to ampicillin, 3 (17.65%) isolates to chloramphenicol, 2 (11.76%) isolates to 
Streptomycin and 1 (5.88%) isolate was resistant to Cefotaxime (Table 13). However, all of the 
L. monocytogenes isolated in this study were sensitive to vancomycin, Gentamicin, and 
Sulfamethoxazole. 
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Table 13: Antimicrobial resistance profiles of L. monocytogenes from raw cow milk samples 
 
Antimicrobial agent 

 
Symbol 

 
Disk content 

Number of isolates (%) 
R I S 

Vancomycin VA 30 µg - - 17 (100%) 
Ampicillin AP 25 µg 4(23.53%) - 13(76.47%) 
Streptomycin S 10 µg 2(11.76%) 2(11.76%) 13(76.47%) 
Nalidixic acid NA 30 µg 17(100%) - - 
Kanamycin K 30 µg - 1(5.88%) 16(94.12%) 
Cefotaxime CTX 5 µg 1(5.88%) - 16(94.12%) 
Gentamicin GM 10 µg - - 17(100%) 
Chloramphenicol C 30 µg 3 (17.65%) 4 (23.53%) 10(58.82%) 
Erythromycin E 15 µg 15(88.24%) 2(11.76%) - 
Sulfamethoxazole TS 25 µg - - 17(100%) 
R- Resistant, I- Intermediate, S-Susceptible   
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As indicated in Figure 4, after inoculating the 17 isolates on Muller Hinton agar plates and 
placing the different antibiotics discs, the zone of inhibition were clearly observable. 

 
Figure 4. Antibiotics sensitivity test of the L monocytogenes isolate  
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5. DISCUSSION 
Listeriosis is an important disease for animal and public health, although does not receive due 
attention (Haile et al., 2012). In the current study, L. monocytogenes and other species of this 
genus are quite prevalent in raw milk particularly in smallholder dairy farms. Other studies in 
Ethiopia have reported the prevalence of the bacterium in animal origin food including raw milk 
(Simon et al., 2011; Eyasu et al., 2015; Bayleyegn et al., 2004; Garedew et al., 2015; Girma and 
Abebe (2018).  These may initiate interest of veterinarians, medical persons, and other agencies 
involved in food hygiene or food microbiology to tackling the problem of listeriosis. 

5.1 Prevalence of L. monocytogenes In Raw Bovine Milk Samples 
In the present study, raw cow milk was contaminated with Listeria species. The overall 
prevalence for Listeria spp. 69 (28.75%) reported in this study is similar with the prevalence rate 
reported by Eyasu et al. (2015), who also isolated Listeria species (28.4%) from raw cow milk 
and dairy products in the central highlands of Ethiopia. Many researchers have been reporting 
the occurrence of Listeria species in raw milk. According to Beigh et al. (2014) report, 6% 
prevalence of Listeria spp. from milk with the isolation of one isolate of L. monocytogenes. 
Bhilegaonkar et al. (1997) reported 5.78% (7/121) prevalence of L. monocytogenes in farm and 
bulk milk samples. In another study Barbuddhe et al. (2002) found out of 64 milk samples 
analyzed 6.25% tested positive for L. monocytogenes, Kessel et al. (2005) observed 6.5%  from 
861 milk samples while Waghamare (2006) recorded 5.88% prevalence of L. monocytogenes 
from raw milk samples. Those findings were comparable with the present findings.  

In the present study, out of the 240 raw milk samples analyzed, L. monocytogenes were detected 
in 17 (7.08%) samples. These results were in agreement with the findings of Girma and Abebe, 
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(2018) and Boujeema et al. (2013) who also reported 8.84% and 8% prevalence in raw milk 
samples. In contrast, Garedew et al. (2015) and Nayak et al. (2015) reported a prevalence of 
4.0% and 6%, respectively in raw milk. It was suggested that the high contamination in the 
present study might be due to delayed consumption of raw milk after it is obtained from milking 
cow. Therefore, there are chances of its contamination during the milking process, milk storage 
tanks and environment which poses high public health concern as most of the milk and milk 
products in Ethiopia are consumed in raw forms without being treated with sufficient heat. 
Sharma et al. (2012) also recovered 25 (21.7%) isolates of L. monocytogenes from 115 raw 
cattle milk samples while Shrinithivihahshini et al. (2011) found 60.6% of milk samples positive 
for L. monocytogenes out of 134 samples of various foods analyzed. These values are higher 
than those found in the present study, indicative of a lower degree of contamination of milk in 
the area under study, however this does not mean the milk is safe to consume.  

The predominant bacterium isolated in the present study was L. innocua, 39 (16.25%), which is 
almost similar to the findings in other parts Ethiopia (Bayleyegn et al., 2004; Simon et al., 2011; 
Garedew et al., 2015). It was also known to be the highest prevalent Listeria species elsewhere 
in the world (Safdar and Armstrong, 2003). Similarly in this study, it was isolated from 39 
samples, followed by 17 L. monocytogenes species, which ranked second. 

The detection of Listeria species in various milk source of the samples category is quantified in 
the following manner. Out of 140 raw milk samples of smallholder dairy producers, five types 
of Listeria species; these were Listeria monocytogenes (8.57%), L. innocua (16.43%), L. 
seeligeri (3.57%), L. welshimeri (2.86%), and L. grayi (0.71%) were found in 32.14%. samples 
This finding is higher than the prevalence reported by Girma and Abebe, (2018) who isolated 
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20.3% of Listeria species from raw cow milk collected from smallholder producers. This 
discrepancy from the present work might be justified as due to either the difference of sample 
sizes or hygienic practice. 

Different rates of Listeria species including L. monocytogenes were isolated in different areas 
under this study. L. monocytogenes was isolated in smallholder dairy producers and commercial 
dairy production farms of all three study areas under the current study; Hawassa city and 
Districts of Arsi Negelle and Dale, southern Ethiopia. The highest number of isolates of L. 
monocytogenes was obtained from Arsi Negelle (9.41%) followed by Hawassa city (6.02%) and 
Dale District (5.56%). Such differences among the different locations may indicate different risk 
factors associated with the contamination of milk among the three regions. A recent report from 
Brazil signified that there was a difference in contamination index of milk by a range of 
pathogens between two different geographical locations in which different risk factors such as 
temporary cattle confinement, low milk production, low milking machine cleaning frequency, 
and milk storage area without tile walls were identified specifically for each study region (Cerva 
et al., 2014). The differences might also be due to poor hygiene and sanitation activities in the 
milk production, processing and storage (Uhitil et al., 2004). In Hawassa, Listeria 
monocytogenes were isolated from 6.02% samples. This is a low prevalence compared with the 
district of Negelle Arsi. This might be because Hawassa city has better hygiene and health 
information than the district of Arsi Negelle. Since this study was time and resources bound, 
much conclusion cannot be made except indicating L. monocytogens is present in different areas 
and sample source. If such a study is made on very high numbers, more interesting observations 
may be obtained. However, it is clear that the presence of a single pathogenic cell is equality 
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important as having much to pose public health threat and strict measure should be taken to 
intervene by the responsible bodies. 

In the present study L. monocytogenes was detected in 4 (15.38%) and 1 (4.35%) samples from 
small and medium scale commercial farms respectively. No L. monocytogenes was isolated 
from Large Scale commercial farms. This low prevalence of L. monocytogenes in large scale 
commercial dairy production farms might be due to better management and hygiene. Although 
L. monocytogenes was not isolated from Large Scale commercial farm, 3(5.88 %) of L. innocua 
was isolated, which may reveal possible contamination risks. 

Previous studies on Listeria spp. prevalence in raw milk reported some evidence of seasonal 
variation and markedly higher during the wet season compared to the dry season (Ryser, 1999; 
Abou-Eleinin et al., 2000). This finding was similar to the current study, which observed higher 
prevalence of Listeria monocytogenes during the wet season (9.32%) compared to the dry 
season (4.92%). Ryser (1999) have reported that seasonal variations in Listeria prevalence may 
be related to silage feeding, with higher prevalence in months when silage is fed to animals. The 
sources of Listeria spp. in raw milk have been reported to be fecal and environmental 
contamination during milking, storage, and transport, infected animals in dairy farms, and poor 
silage quality (Konosonoka et al., 2012). Silage is not widely used as animal feed in the areas 
that the present study was conducted. Therefore the higher contamination source 
of Listeria monocytogenes in raw milk in the wet season is likely insufficient hygiene during 
milking and storage, feeding practice or environmental contamination. 
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5.2 Molecular Characterization of L. monocytogenes Isolates 
 
5.2.1 Detection of 16sRNA and virulence-associated genes using mPCR   
In this study, all 17 L. monocytogenes isolates were screened for the presence of 16sRNA 
specific gene of Listeria, of which all isolates were amplified. The findings were concurrence 
with the studies of Park et al., (2016), Sanni et al., (2018), and Manzano et al., (2000) who 
were able to amplify the gene. In the present study, all 17 L. monocytogenes isolates were 
examined for the presence of hlyA, iapA, actA, prfA, and plcA genes by mPCR, of which iapA 
and hlyA virulent-associated genes were found in 11 isolates and no isolate was found to 
contain actA, prfA, and plcA genes. 

In this study, out of 17 L .monocytogenes, 11 isolates of L. monocytogenes showed the 
presence of iap and hly genes. This finding was in agreement with the findings of Rawool et al 
(2007), who reported about isolate recovered from bovine milk showing the presence of hlyA 
and iapA genes, and Yadav et al. (2010) isolated L. monocytogenes from cow mastitic milk 
samples who confirmed the presence of hlyA and iapA genes by PCR.  

On the contrary, Raorane et al. (2015) and Coroneo et al. (2016) reported all virulent genes 
(hlyA, iapA, actA, prfA, and plcA genes) detections in the samples analyzed. The finding of only 
two virulent genes in the present study might be due to some L. monocytogenes strains may lack 
one or more virulence determinants because of spontaneous mutations (Cooray et al., 1994).  
In the present study, none of the L. monocytogenes isolates were found positive for actA, prfA, 
and plcA genes. The present findings were almost similar to the findings of Usman et al., (2016) 
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and Venna, (2017) who reported no detection of genes of actA and prfA from milk and milk 
products, and only 20% of plcA by Coroneo et al., (2016).  
In contrast, Bobade et al. (2016) and Shakuntala et al. (2006) reported the detection of plcA 
genes from L. monocytogenes isolates of human and animal clinical samples. Henriques et al., 
(1998), also reported the detection of actA gene. This variation could be Listeriolysin O and 
actA are associated with the bacterium’s capability of passing the intestinal barrier, cell to cell 
spread and motility, cell invasion, and intracellular parasitism (Liu et al., 2007). Therefore, large 
scale simultaneous detection of virulence genes in a single step should be desirable as it reduces 
time and labor, and it will be useful in large scale survey for detecting virulent strains of Listeria 
(Rawool, 2007). 

 
5.3 Antibiotic Susceptibility Patterns of L. monocytogenes Isolates  
In the current study, all 17 L. monocytogenes isolates were tested for their 
susceptibility/resistance profiles against commonly used antibiotics in humans and animals. The 
results of the present study indicated that all the isolates exhibited complete resistance to 
nalidixic acid. Further 15 (88.24%), 4(23.53%), 3 (17.65%), 2(11.76%) and 1 (5.88%) of L. 
monocytogenes isolates were resistant to erythromycin, ampicillin, chloramphenicol, 
streptomycin, and cefotaxime antibiotics, respectively. All of L. monocytogenes identified in this 
research were sensitive to vancomycin, gentamicin, and sulfamethoxazole, and intermediate 
resistance to streptomycin, kanamycin, chloramphenicol, and erythromycin were also observed. 
The sensitivity pattern of L. monocytogenes isolates in the present work revealed, all the 
isolates were found 100% sensitive to the commonly used antibiotics Vancomycin, 
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gentamicin, and Sulfamethoxazole followed by kanamycin (94.12%), Cefotaxime (94.12%), 
streptomycin (76.47%), and Chloramphenicol (58.82%), which agreed with the findings of, 
Chen et al., (2014), Garedew et al. (2015) and Girma and Abebe, (2018). Previous studies of 
Ruiz Bolivar et al. (2011) reported susceptibility of L. monocytogenes was for 
chloramphenicol (100%), vancomycin (100%), and sulfamethoxazole (98%). Morobe et al. 
(2009), who revealed the sensitivity of Listeria species towards gentamicin as 84.21%, which 
is in line with the present study. In contrast, Wong et al. (1990) and Ruiz-Bolivar et al. (2011) 
reported susceptibility to kanamycin was 0% and 2.3%, respectively, which varies from the 
finding of the present study (94.12%). Variation in the geographical region and differences in 
therapeutic practices can be the major contributing factors. 
In the present study, all L. monocytogenes isolates revealed 100% resistance to nalidixic acid 
followed by erythromycin (88.24%), ampicillin (23.53%) chloramphenicol (17.65%), 
cefotaxime (5.88%), and streptomycin (11.76%). These results might be in part due to the 
excessive use of these antibiotics in dairy cattle production. Other sources that may also 
contribute to the evolution of antibiotic-resistance include runoffs from farms, feces from 
animals, and workers in milking lines, which carry antibiotics and antibiotic-resistant 
microorganisms (An expert report funded by IFT Foundation 2006).  
The findings of 100% resistance to Nalidixic acid were in complete agreement with Yucel et al 
(2005), Ennaji et al. (2008), Ruiz Bolivar et al., (2011), and Enurah et al. (2013) who also 
reported 100% resistance of Listeria monocytogenes isolates against Nalidixic acid. In contrast, 
the observation of 100% resistance for Nalidixic acid differs from the findings of Garedew et al. 
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(2015) and Girma and Abebe, (2018) from Ethiopia, who reported 50% and 30.5% resistance 
respectively. 

The record of 88.24% resistance for Erythromycin in the present study goes comfortably with 
the finding of Wong et al. (2012). In contrast, Abdellrazeq et al. (2014) reported only 6.67% 
resistance against erythromycin. In this finding, (23.53%) L. monocytogenes isolated were 
resistant to ampicillin which is similar to 26.3% of L. monocytogenes conducted by Rahimi et 
al. (2010). On the contrary, recent study conducted by Abdollahzadeh et al. (2016) reported 
higher resistance to ampicillin from milk and dairy products in Iran, which differs from the 
present finding. Ennaji et al. (2008) reported that L. monocytogenes were 100% resistant to 
cefotaxime, which varies from the finding of the present study (5.88%). 

The presence of antimicrobial-resistant L. monocytogenes in raw food products has an important 
public health implication especially in developing countries where there is the widespread and 
uncontrolled use of antimicrobials (Sharma et al., 2012). Since the consumption of raw meat, 
raw milk and raw milk products are very common particularly in southern Ethiopia; the 
significance of the problem might be higher. The increased antimicrobial administration to 
animals can cause the development of antimicrobial resistance of L. monocytogenes (Maha et 
al., 2014). 

The multidrug resistance of L. monocytogenes isolates to erythromycin, ampicillin, and 
chloramphenicol in the present study were in concurrence with the findings of Sharma et al. 
(2012) and Magiorakos et al. (2012) who reported that most of L. monocytogenes isolates were 
multidrug-resistant. Moreover, 88.24% of L. monocytogenes species identified were resistant to 
erythromycin which might have occurred due to the high-level utilization of this antibiotic 
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because of its relatively cheaper price and readily availability to the local community. 
Erythromycin is one of the most frequently prescribed drugs in the current study areas for most 
infectious diseases both in veterinary and human medicine that could be mentioned as one of the 
reasons for the development of such a higher resistance profile. 
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6. SUMMARY AND CONCLUSION 
 
In general, the main objective of this study was to assess the prevalence, antibiotic 
susceptibility patterns, and molecular characterization of Listeria monocytogenes from raw cow 
milk under Southern Ethiopia condition. The microbiological and molecular examination of 
raw milk samples for Listeria species in this study revealed the presence of L. monocytogenes 
in varying prevalence with almost similar percentage with other parts of Ethiopia. Listeria 
species were isolated from 69 (28.75%) raw cow milk samples, of which 17 (7.08%) isolates 
after morphological and biochemical confirmation were identified as Listeria monocytogenes. 
The prevalence of Listeria monocytogenes in the wet season (9.32%) higher than the dry 
season (4.92%). Antimicrobial resistance profiling showed that Listeria monocytogenes 
isolates were resistant to commonly prescribed antibiotics of nalidixic acid, erythromycin, 
ampicillin, chloramphenicol, streptomycin and cefotaxime.  These isolates showed sensitivity 
to vancomycin, gentamicin, and sulfamethoxazole. Gene of 16S rRNA was found in all the 17 
tested isolates, but hlyA and iapA were found only in the 11 tested isolates and no isolate was 
found to contain prfA, actA, and plcA genes. From this, we can conclude that it can pose a 
threat to human life and can cause similar outbreaks of morbidity and mortality.  
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7. RECOMMENDATIONS  
 
Based on these findings, the following recommendations are forwarded; 
 

 An extensive survey on the prevalence of Listeria species in milk and dairy products 
in potential dairy production areas of Ethiopia must be undertaken.  

 Raw milk and other dairy products should be investigated as a routine test for L. 
monocytogenes in food microbiology or qualified laboratories 

 Public health awareness should be developed to reduce the incidence of Listeriosis 
regarding consuming properly heat treated milk and products made from heat treated 
milk.  

 We recommend treatment based on in-vitro antimicrobial susceptibility tests and the 
use of antibiotics in dairy cattle production should be reduced or maintained to prevent 
the incidence of increasing multidrug-resistant L. monocytogenes associated with raw 
milk. 

 Vancomycin, Gentamicin, and Sulfamethoxazole may be the drug of choice for 
Listeria strains. However, extensive prevalence study must be conducted. 

 The application of molecular methods to study the bacterial contamination in raw milk 
and other foods should be practiced to a better understanding of the routes of L. 
monocytogenes spread, thus allowing taking serious measurements to reduce the 
occurrence of L. monocytogenes in the food production chain. 
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9. APPENDICES 
 
Appendix 1  

Appendix Table: 1 Chi-Square test result regarding the effects of seasonal variations in 
the prevalence of Listeria species isolates 

 
Chi-Square Tests 

 Value df Asymp. Sig. 
(2-sided) 

Exact Sig. 
(2-sided) 

Exact Sig. 
(1-sided) 

Pearson Chi-Square 6.703a 1 .010   
Continuity Correctionb 5.984 1 .014   
Likelihood Ratio 6.751 1 .009   
Fisher's Exact Test    .011 .007 
Linear-by-Linear 
Association 

6.675 1 .010   

N of Valid Cases 240     
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 33.93. 
b. Computed only for a 2x2 table 
 

 
(0.5)McFarland standard: Is prepared by mixing 0.05ml of 1.175% barium chloride 
dihydrate (Bacl2.2H2O) with 9.95ml of 1% sulfuric acid (H2SO4). 
 
Appendix Table: 2 Interpretation chart for antibiotic sensitivity/resistance patterns 
(CLSI, 2012) 

S.No Antimicrobial agent Disc conc. Diameter of zone of inhibition in mm 
Sensitive Intermediate Resistant 

1  Ampicillin (AMP) 10 mcg ≥ 17 14-16 ≤13 
2 Cefotaxime (CTX) 30mcg  ≥ 26 23-25 ≤22 
3.  Chloramphenicol(C) 30 mcg ≥ 18 13-17 ≤12 
4.  Erythromycin (E) 15 mcg ≥ 23 14-22 ≤13 
5. Gentamicin (GEN)  10 mcg ≥ 15 13-14 ≤12 
6.  Nalidixic acid (NA) 30 mcg ≥ 19 14-18 ≤13 
7. Streptomycin (S)  10 mcg ≥ 15 12-14 ≤11 
8.  Vancomycin (VA) 30 mcg ≥ 17 15-16 ≤14 
9. Sulfamethoxazole(SXT) 25mcg ≥ 16 11-15 ≤ 10 
10. Kanamicine(K) 30mcg ≥18 14-17 ≤13 



84  

 
3. Brain Heart Infusion Broth  
Ingredients                                                                                                                          Gms/ lt                                                                                                            

Brain heart infusion …………………………………………………………………17.5 
 
Proteose peptone…………………………………………………………………….10.0 
 
Glucose anhydrous…………………………………………………………………..2.0 
 
Sodium chloride ……………………………………………………………………..5.0 
Disodium hydrogen phosphate ……………………………………………………...2.5 

 
4. Muller Hinton Agar  
Ingredients                                                                                                                          Gms/ lt 
 

Beef, infusion from ………………………………………………………………300.00 
 
Casein acid hydrolysate……………………………………………………………17.50 
 
Starch……………………………………………………………………………….1.50 
 
Agar………………………………………………………………………………...17.00 

 
5. Listeria Selective Agar (Twin pack) 
 
Part A 
  
Ingredients                                                                                                                        
Gms/liter  

Casein enzymatic 
hydrolysate…………………...…………………………………………………….10.00 
 
Peptic digest of animal 
tissue……………………………………………………………………………….10.00 
 
Dextrose……………………………………………………………………………..1.0 
 
Sodium 
chloride………………………………………………………………………………5.0 
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Thiaminium 
dichloride…………………………………………………………………………...5.0 
 
Acriflavine hydrochloride 
(Trypaflavine)……………………………………………………………………….0.01 
 
Nalidixic 
acid…………………………………………………………………………………..0.04 
 
Agar………………………………………………………………………………….13.0 

 
 

Part B  
Ingredients                                                                                                                        
Gms/liter  

Potassium 
thiocyanate………………..…………………………………………………………37.5 

 
6. Listeria selective broth  
Ingredients                                                                                                                        Gms/liter 
 

Part A   
Casein enzymic 
hydrolysate…………………...…………………………………………………… 10.00 
 
Peptic digest of animal 
tissue………………..………………………………………………………….......10.00  
 
Dextrose…………………………………………………………………………….1.00  
 
Sodium chloride…………………………………………………………………… 5.00  
 
Thiaminium 
dichloride…………………………………………………………………………..0.005 
 
Acriflavine hydrochloride 
(Trypaflavin)…………………………………………….………………………... 0.010  
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Part B    
Potassium thiocyanate…………………………………………………………… 37.500 

 
 
 

Appendix 2  
1. Tris-acetate-EDTA buffer (TAE buffer) (10X, pH 8.0) in 1 liter                                          

Tris base 48.5 g 
 
Glacial acetic acid 11.4ml  
 
0.5M EDTA (pH 8.0) 20ml 
 
Distilled water up to 1000.0 mL 

The stock solution was sterilized by autoclaving and made to 1X TAE buffer before use. 
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