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Abstract

Background: Listeria monocytogenes is one of the food borne pathogens that cause an illness known as Listeriosis upon ingestion of contaminated food. Outbreaks
of Listeriosis have been reported in Canada, USA, Europe, South Africa, Ghana and other countries but there is limited data on outbreaks due to Listeria monocytogenes
and its isolation from contaminated foods in Malawi. This prompted our interest to determine the presence of Listeria monocytogenes in cow milk from Goliati area, Thyolo
district in Malawi.

Objectives: To determine the presence and concentration of Listeria monocytogenes in cow milk from daily farmers around Goliati area in Thyolo district in Malawi.

Methodology: Nine raw milk samples from three bulk centers and two processed milk samples were cultured on both Nutrient Agar and Brain Heart Infusion agar as
primary cultures. A pure culture of Listeria monocytogenes was obtained by sub culturing the primary culture on Brain Heart Infusion agar media. Colonies from the pure
culture were further identified using Gram staining, Catalase test, Motility test and Beta hemolysis test on blood agar to phenotypically identify Listeria monocytogenes.

Results: There was a 100% growth rate of colonies suggestive of Listeria monocytogenes on all the nine samples. These colonies were observed to contain Gram
positive, purple, short, rod shaped bacteria which was motile and catalase positive and it caused complete beta hemolysis on blood agar.

Conclusion: In this study, isolates of Listeria monocytogenes were phenotypically identified in cow milk that is produce from Goliath Area in Thyolo district. This is a
major public health concern for milk farmers and consumers in the area and beyond. The findings from this work calls for improved hygienic practices in the handling of
milk and milk products to reduce contamination.
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Introduction

Milk is the fluid that is secreted by mammals for the
nourishment of their offspring’s. Since humans began to
domesticate lactating animals, milk and milk products have
been part of the human diet. It is considered one of the most
complete sources of nutrients for human beings because of its
diverse components such as proteins, vitamins and minerals
that are important in human nutrition [1]. However due to
its high nutritive value, neutral pH and high water activity,
raw milk serve as an excellent growth medium for different
microorganisms whose multiplication depends mainly on
temperature, other competing microorganisms and their
metabolic products [2]. Raw milk also creates good conditions
for a variety of spoilage and thus growth of potentially
pathogenic microorganisms.

Listeria monocytogenes is one of the most important
pathogens of public health concerns that can contaminate
milk. It is a Gram positive, facultative, intracellular, non-spore
forming, motile, rod shaped bacterium that causes Listeriosis
in humans, which is manifested by gastroenteritis, meningitis
and meningo-encephalitis septicemia especially in people
with compromised immunity, including the elderly, pregnant
women and newborns [3-6]. The bacterium is widespread
in nature and can survive and grow under low temperatures
and pH, high salt and bile concentration, oxidative stress,
carbon starvation and other adverse conditions making it a
potential hazard in foods [7]. Currently 13 serotypes of Listeria
monocytogenes have been identified with serotypes 1/2a, 1/2b,
1/2c and 4b are responsible for human Listeriosis [8].

Listeria monocytogenes has been isolated from different raw
and ready to eat foods and in raw milk and dairy products in
different countries [9]. Several cases of Listeriosis in humans
have been reported, sometimes with high case fatality rates
of up to 30% [10-12]. In Malawi, it is estimated that 23%
of respondents of a survey titled ‘consumers attitudes and
willingness to pay for safer milk in Malawi consumed raw
milk, however, there is limited data that can be used for the
qualitative and quantitative assessment of the risk of Listeria
monocytogenes infections related to the consumption of raw
milk and milk products in Malawi. The objective of this study
was to determine the presence of Listeria monocytogenes in raw
milk that is produced from Goliati in Thyolo district in Malawi
by isolating Listeria monocytogenes according to phenotypic
characterization.

Materials and methods
Study location and design

Goliati is located in the southern part of Malawi with the
population of approximately 28,000 people [13]; it is one of the
milk producing areas. This milk is used for commercial and
domestic purposes and it is distributed across Malawi by the
Lilongwe dairy limited. This is a cross-sectional study where
the milk samples were collected between 19 to 23" November,
2020.
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Sampling method and sample size

The study employed convenient sampling in the selection
of the three milk bulking centres for sample collection for the
following reasons; A sampling frame of all the milk bulking
centres in Thyolo District was not readily available from the
district council. The other reason was that these milk bulking
centres were convenient in that they are close to the study
laboratories, minimizing transportation cost and a time-
reduction for the samples get to the laboratory.

The following bulking centres were recruited in this study;
Goliati dairy bulking centre which had 450 dairy farmers
within its catchment area, Namahoya dairy bulking centre
which had 500 dairy farmers within its catchment area and
Super dairy bulking centre which had 250 dairy farmers within
its catchment area.

Each bulking centre represented a cluster of milk from dairy
farmers who sold their milk at these centres. It was estimated
that on average, it takes about three days for all the farmers
within the catchment area of each bulking centre to supply
their milk. Thus, we postulated that in an ideal situation, milk
samples collected on three consecutive days from each bulking
centre will represent all the milk that had been collected from
the catchment area of that bulking centre. This explains why
three samples were collected per each milk bulking centre. In
total we had nine raw milk samples, three samples per each
bulking Centre and two pasteurized milk samples processed by
Lilongwe dairy company as our controls.

Sample collection

At each bulking centre, 500mLs of raw milk samples were
collected per day for three consecutive days. This was done
in order to capture all raw milk supplied by the farmers for
each bulking centre. The samples were stored at a 4°C for
transportation to the laboratory [14]. Table 1 shows a summary
of the codes used to collect the samples from the three bulking
areas.

Table 1: This table is showing the codes that were used in the study to represent
bulking centres and the codes that were used to represent the three samples that
were collected per each bulking centre.

Bulking Centre Code (code in brackets) Samples collected and their codes
Goliati Dairy Bulking Centre (01) 01A
01B
01C
Namahoya Dairy Bulking Centre (02) 02A
02B
02C
Super Daily Bulking Centre (03) 03A
03B
03C
Processed milk (control samples) c1
c2

C=Control sample; samples collected from (01) have a prefix 01, samples collected
from (02) have a prefix 02 and samples collected from (03) have a prefix 03
127
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Sample preparation

Sample serial dilutions: 1ml of each of all the nine (9)
raw milk samples was serially diluted until a dilution factor
of 10°® was reached. This means that for each sample, we had
the following concentrations of the sample: 10°, 107, 102, 103
, 104,105 and 10°° but due to the shortage of culturing plates,
we randomly selected the following dilutions for primary
culturing: 10°, 107, 103 and 10 [15].

Preparation of the primary culture

0.05pul sample from each test tube of 10°, 10%,103 and 10°¢
dilutions were transferred to the labelled Nutrient agar (Techno
PharmChem, India) and Brain heart infusion agar (Oxoid L.T.D
Basingstroke, Hampshire, England) petri dishes. Sterile stick
cotton swabs were used to plate the sample using quantitative
streaking method. Another two plates labelled Nutrient agar
and Brain heart infusion agar were used to culture the control
sample which was Long life processed milk produced by the
Lilongwe dairy industry, Malawi. After culturing all petri
dishes, they were incubated at 36°C for 48 hours for the growth
of microorganisms [16].

Preparation of the secondary (Sub) culture

Isolated colonies from the selected primary culture plates
were sub cultured on Brain heart infusion agar using sterile
loops. Isolation streaking technique was employed for sub
culturing. Brain heart infusion agar (Oxoid L.T.D Basingstroke,
Hampshire, England) was used for sub culturing to due lack of
selective medium, PALCAM agar. The sub cultured petri dishes
were incubated at 36°C for 48 hours for the growth of a pure
culture [17].

Gram staining

Colonies were isolated from pure culture using sterile
plastic inoculating loops and they were placed on clean,
labelled microscope slides with a drop of normal saline
(Aculife Healthcare Pvt. L.T.D - India). Colonies were mixed
with normal saline to make thick smear. The prepared smear
was allowed to dry in air and then the dry smear was fixed by
placing the slides on a slide warmer with the smear side facing

up.

Heat fixed smear slides were placed on staining rack over the
sink and the smear was covered with the primary stain Crystal
violet (Cypress Diagnostics-Belgium) which was allowed to
remain on the slides for a minute. After a minute primary
stain was washed away by rinsing the slides with running tap
water and slides were shaken off to remove excess water. Then
the smear was flooded with a Mordant gram’s iodine solution
(Cypress Diagnostics-Belgium) and was left for a minute.
The slides were rinsed with running tap water to remove
iodine solution on the slides. The decolorizing agent Acetone
alcohol (Merck Chemicals (pvt) L.T.D - USA) was applied to
the smear and waited for approximately 20 seconds. The slides
were washed with tap water to remove acetone alcohol. Then
the slides were flooded with counterstain, Safranin (Cypress
Diagnostics-Belgium) and it stayed there for 20 seconds. Lastly
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the slides were washed and then heat dried. After this they were
observed under microscope and recorded. During microscopy,
a 100x objective lens was used [18].

Catalase test

The test was executed by transferring the suspected
colonies from our sub culture using sterile wire loop to labelled
microscopic slides. Then one drop of 3% hydrogen peroxide
(Glassworld and Chemical Suppliers, Cape Town - South
Africa) was placed on the slides and observations were made
and documented. This test procedure was carried out on all the
samples and normal saline was used as control [19].

Haemolysis test

The test was done by isolating suspected colonies from
the subculture using sterile wire loop and these were cultured
on Blood agar medium (Oxiod Ltd, Basingstroke, Hampshire-
England) plates. Then the plates were incubated at 36 °C for 48
hours and then observations were made and documented [20].

Motility test

The test was carried out by isolating suspected colonies
using sterile wire loop and stabbing into prepared Motility
Indole Ornithine (Becton, Dickinson and Company — India) test
tubes. Then the tubes were incubated at 37°C for 48 hours after
which observations were made and recorded [21].

Ethics review of the protocol

The study was ethically reviewed and approved by The
Malawi University of Science and Technology Research and
Ethics Committee (MUSTREC). It was certified under the
following reference number: U10/2020/008.

Statistical analysis

The data were analysed in R. Descriptive measures of
Listeria monocytogenes counts were made and compared across
the centers and concentration levels. A test of normality of the
counts was also made to check normality distribution of the
data for further analysis of variance.

Results

During primary culturing, all the 3 samples per each milk
bulking center were cultured at 4 different concentration
levels hence there were 72 replicates with 24 replicates from
each center. The mean Listeria monocytogenes colony count
was 178 (35,600 CFU/ml of raw milk) with standard deviation
of 74 counts (14,800 CFU/ml of raw milk). The mean Listeria
monocytogenes colony count was slightly higher at center 1 than
centers 2 and 3. Center 2 and 3 that had almost equal mean
colony counts of Listeria monocytogenes in the milk samples as
shown in Figure 1.

The results also indicate higher mean Listeria monocytogenes
counts in nutrient agar of 182 counts (36,400 CFU/ml of raw
milk) than in Brain heart infusion agar which had a mean
Listeria monocytogenes colony count of 174 counts (34,800 CFU/
ml of raw milk). The distribution of the counts by concentration
level and the media type are shown in Figure 2.

[
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Table 2: Mean Listeria monocytogenes colony counts by media and concentration

The results indicate that an increase in the concentration in level

which Listeria monocytogenes were cultured was associated with Medium
increased growth of colonies of Listeria monocytogenes. Coneentaton Nutrient agar Brain heart infusion agar

Mean Listeria monocytogenes counts

The results in Table 2, indicate that at concentration levels

. . B B 100 292.2 (58,440 CFU/ml) 260.9 (52,180 CFU/ml)
10A0 and 10A-1 (higher concentrations), the mean Listeria 1071 199.4 (39,880 CFU/ml) 196.6 (39,320 CFU/ml)
monocytogenes counts were slightly higher in nutrient agar 103 129 (25,800 CFU/ml) 131.9 (26,380 CFU/ml)
medium than in Brain heart infusion agar. This is because Brain 10%6 105.7 (21,140 CFU/ml) 107.8 (21,560 CFU/ml)

Heart Infusion agar is highly selective compared to nutrient
agar [16,17]. The trend was different at lower concentration
levels 10A-3 and 10A-6 where the mean counts were slightly centre F centret centre2 3 centre3
lower in nutrient agar medium than in Brain heart infusion

. . . s 3001
agar, thus this might suggest possible contamination or a
technical flaw in the serial dilution method. 250
Further analysis was done to check if mean Listeria £2001
monocytogenes colony counts were significantly different at 3

independent centers from where the milk samples were drawn. 1307
In Figure 3, are boxplots for counts at the three centers from
where milk samples were obtained. The figure shows slightly
higher mean Listeria monocytogenes colony counts for centre 1

than median Listeria monocytogenes colony counts for center2 centret ?g;{‘fj centred
and centre3 which are almost the same.

. . . . Figure 3: Boxplots for Listeria monocytogenes at the three centres.
Normality assumptions and analysis of variance ° e vod

Data were checked for normality distribution assumptions.

100+ ‘

The data were independently obtained from the three QQplot for Listeria monocytogenes counts
300
Distribution of data by centre 3 250
C
300 1 . woa " s e S 500
. . F
@
S 150
250 . . é
100
2 300 « s ne .o .
3 } 1 g
&} L 1
1501 . * . - .
* * . . Normal quantiles
1001 . v ‘e e
* .
. . Figure 4: Testing normality distribution of Listeria monocytogenes counts.
centre1 centre2 centre3

Centre
] centres. Here, the only assumptions checked were Normality
Figure 1: Mean counts of Listeria monocytogenes by Centre of the sample. . e . . . .
distribution assumptions of data and homogeneity of variance
assumptions using Leven’s test.

Distribution of data by concentration level . . . .
In Figure 4, the normality assumption was validated through

3007 a QQ-plot as most data points are within the reference line.

250 The Leven’s test validates the equality of variance assumptions
(p-value=0.8734).

‘%2007 The analysis of variance results indicate that the mean

S 1501 Listeria monocytogenes counts were not significantly different

at the three centres (p-value=0.987). However, at different

1004 concentration levels, the mean Listeria monocytogenes colony

L. counts are significantly different (p-value<0.0001). Turkeys

multiple pairwise comparison showed that the only pair whose

106 103 101 100 o . .
Concentration level mean counts were not significantly different were concentration
levels 10A-6 and 10A-3 with adjusted (p-value=0.1331). The
Figure 2: Mean Listeria monocytogenes counts by concentration level of medium. mean Listeria monocytogenes colony counts were significantly
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different at the rest of the pairs of concentration levels
(p-value<0.0001).

Comparison of primary culture results with sub-culture
results

Samples that were randomly selected for sub-culturing in
Brain heart infusion agar indicate a mean Listeria monocytogenes
count of 101.2 (20,440 CFU/ml) at concentration level of 10A-6
and 99.8 counts (19,960 CFU/ml) cat concentration level 10A-3.
When these results were compared to primary culturing counts
obtained from nutrient agar and brain heart infusion agar
media at concentration levels 10A-3 and 10A-6, it shows that
the mean Listeria monocytogenes colony counts in sub-culturing
are lower than mean counts in primary culturing. This is
due to the fact that primary cultures are prone to microbial
contamination compared to secondary cultures hence the
noted higher mean counts in primary cultures [22]. Different
from these results, standard milk samples that were obtained
from market places showed lower mean Listeria monocytogenes
colony counts of 55 and 64 in nutrient agar and Brain heart
infusion agar respectively. This is inevitable as milk processing
which include pasteurization has been shown to result in logio
or more reduction of Listeria monocytogenes [23] Table 3.

Results of Gram staining test, Haemolysis test, Motility test
and Catalase test for isolates from secondary (sub) culture per
each sample

Thus, Tables 4-7 indicates that the isolates that were
obtained and microbiologically analysed were gram positive,
catalase-positive, orthinine negative, indo negative but motile.
These isolates also exhibited beta haemolysis on blood agar
suggestive of Listeria monocytogenes.

There was also growth of colonies on control samples
whose isolates were exhibiting phenotypic features that were
similar to the isolates from the raw milk.

Table 3: Mean Listeria monocytogenes colony counts at concentration levels 10*-3
and 10%-6 in primary and sub-culture.
Sample concentration levels
10-3 10%-6
131.9 (26,380 CFU/m) 107.8 (21,560 CFU/ml)
101.2 (20,440 CFU/ml) 99.8 (19,960 CFU/ml)

Culture

Primary
Sub-culture

Table 4: Gram staining results for isolates from secondary (sub) culture per each
sample.

samples Morphology

01A Purple, single and rod-shaped cells
01B Purple, single and rod-shaped cells
01C Blue, single and rod-shaped cells

02A Purple, single and rod-shaped cells
02B Purple, single and rod-shaped cells
02C Purple, single and rod-shaped cells
03A Purple, single and rod-shaped cells
03B Blue, single and rod-shaped cells

03C Purple, single and rod-shaped cells
C1 Purple, single and rod-shaped cells
c2 Purple, single and rod-shaped cells
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Table 5: Showing intrinsic character of target colonies isolated from secondary (sub)
culture of each sample on blood agar.

Samples Results

01A Beta-hemolysis seen
01B Beta-hemolysis seen
01C Beta-hemolysis seen
02A Beta-hemolysis seen
02B Beta-hemolysis seen
02C Beta-hemolysis seen
03A Beta-hemolysis seen
03B Beta-hemolysis seen
03C Beta-hemolysis seen
C1 Beta-hemolysis seen
Cc2 Beta-hemolysis seen

Table 6: Showing results of the motility test on target colonies isolated from
secondary (sub) culture of each sample.

Samples Results
01A Orthinine negative, Indo negative and Motile
01B Orthinine negative, Indo negative and Motile
01C Orthinine negative, Indo negative and Motile
02A Orthinine negative, Indo negative and Motile
02B Orthinine negative, Indo negative and Motile
02C Orthinine negative, Indo negative and Motile
03A Orthinine negative, Indo negative and Motile
03B Orthinine negative, Indo negative and Motile
03C Orthinine negative, Indo negative and Motile
C1 Orthinine negative, Indo negative and Motile
c2 Orthinine negative, Indo negative and Motile

Table 7: Showing results of Catalase Test on target colonies isolated from secondary
(sub) culture of each sample.

Sample Results

1A Oxygen bubbles seen
1B Oxygen bubbles seen
1C Oxygen bubbles seen
2A Oxygen bubbles seen
2B Oxygen bubbles seen
2C Oxygen bubbles seen
3A Oxygen bubbles seen
3B Oxygen bubbles seen
3C Oxygen bubbles seen
C1 Oxygen bubbles seen
Cc2 Oxygen bubbles seen
Discussion

The colony forming units found in this study which
were enumerated from all the raw milk samples and the
control samples used in this study were above 10,000 CFU/
ml and according to the European legislation containing
microbiological food safety criteria for Listeria monocytogenes
which stipulates that the presence of more than 100 CFU/ml of
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Listeria monocytogenes is injurious to health, hence this means
that this finding requires special attention from policy makers
and milk producers to ensure the production of safe and quality
milk[24].

There was no statistical significant difference in the mean
colony forming units per milliliter (CFU/ml) across the three
milk bulking centers suggesting that the level of contamination
was almost equal across the centers and probably they employ
similar milk handling procedures when collecting milk from
farmers.

It has been shown that there is a 100% growth rate of
colony forming units suggestive of Listeria monocytogenes in
all the three milk bulking centers This is not a true reflection
of the actual individual level prevalence as bulk tank raw milk
represented a cluster of milk from individual farmers within
the catchment area of each bulk tank. Thus, the contamination
of raw milk with Listeria monocytogenes is attributed to the
entire catchment area supplying the bulk centre. This explains
why this finding is different from the prevalence’s that have
been reported in several studies; the prevalence was reported
at 41.6% in Syria [25], the prevalence was reported at 6.5%
in the USA [26], the prevalence was reported at an average of
6.8% in Iran [27-29], the prevalence was reported at 5.9% in
morocco [30] and the prevalence was reported at 1.4% in Latvia
[31]. It is essential to note that these prevalence’s were based
on samples of individual farmers contrary to the design that
was used in this study.

The phenotypic findings that have been reported in this
study are similar to those that were reported from samples
of Kerman, Iran [2]. In order to ascertain specific species or
strains of Listeria monocytogenes, they employed genotypic
techniques which were not used in this study due to lack of
reagents. This explains why we only managed to phenotypically
isolate listeria monocytogenes.

The isolation of listeria monocytogenes in this study
shows that there is contamination of raw milk with Listeria
monocytogenes. The following risk factors have implicated
in necessitating raw milk contamination with Listeria
monocytogenes; defective disinfection of teats before milking,
lack of correct management of barn and silage, insufficient
hygiene practice in the environment and a low level of
cleanliness among cows [32]. Milk handling processes during
storage and transportation have also been shown to contribute
to milk contamination with various microorganisms [33].
Despite showing the presence of Listeria monocytogenes, this
study did not focus on the local factors that leads to milk
contamination with this microorganism.

In conclusion, it is essential to appreciate that there is
listeria monocytogenes contamination of raw milk in all the
three catchments areas that supplied milk to the three milk
bulking centres. The isolates are a cluster or group level finding
suggesting that individual level studies are needed to ascertain
the exact prevalence of listeria monocytogenes contamination.
There is also a need to do studies that will focus on genotypic
and virulent profiling of the strains of listeria monocytogenes
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that are in circulation in these catchment areas and also
ascertain the factors that facilitate local contamination of
milk with listeria monocytogenes. This will have an impact on
public health planning and interventions.

Authors contributions

CM and AM were involved in the study conceptualisation,
sample collection, laboratory analysis and interpretation of
results.

YK and MK were involved in providing technical guidance
in the laboratory.

DM was involved in statistical analysis and interpretation

GB, MM, PAMN, AGM, WM and PC were involved in the
reviewing of the entire study from the stage of the proposal to
this final article.

TEM was the overall supervisor of the study.
Financial support

The study was supported by the Directorate of Research and
Post Graduate Studies at the Malawi University of Science and
Technology.

References

1. Mateus T, Silva J, Maia IR, Teixeira P (2013) Listeriosis during pregnancy:
A public health concern. ISRN Obstet Gynecol 2013: 851712. Link:
https://bit.ly/3qd9nOw

2. Najand LM, Kianpour M, Samia M, Jajarmi M (2015) Prevalence of Listeria
monocytogenes in raw milk in Kerman, Iran. Vet Res Forum 6: 223-226. Link:
https://bit.ly/3iWGwwn

3. South Africa. National Institute for Communicable Diseases (2017) NICD
Listeria outbreak, situational report. Link: https://bit.ly/3xDVgEG

4. South Africa. National Institute for Communicable Diseases (2017) Increase
in cases of Listeria meningitis. Link: https://bit.ly/3xAcAKz

5. Armstrong RW, Fung PC (1993) Brainstem encephalitis (rhombencephalitis)
due to Listeria monocytogenes: Case report and review. Clinical Infectious
Disease 16: 689-702. Link: https://bit.ly/2ScwnAC

6. Brouwer MC, Van de Beek D, Heckenberg SGB, Spanjaard L, de Gans J (2006)
Community-acquired Listeria monocytogenes meningitis in adults. Clinical
Infectious Disease 43: 1233-1238. Link: https://bit.ly/3wLpsgP

7. Food and Agriculture Organization/World Health Organization (2004) Risk
assessment of Listeria monocytogenes in ready-to-eat foods: Microbiological
Risk Assessment Series 5: 1-98. Link: https://bit.ly/2SNY8Qo

8. Wu S, Wu Q, Zhang J, Chen M, Yan Z, et al. (2015) Listeria monocytogenes
Prevalence and Characteristics in Retail Raw Foods in China. PLoS One 10:
e0136682. Link: https://bit.ly/3xGHUYd

9. Food and Agriculture Organization/World Health Organization (2005) Risk
assessment of Listeria monocytogenes in ready-to-eat foods: Microbiological
Risk Assessment Series. 6: 1-98.

10. Pouillot R, Hoelzer K, Jackson AK, Henao OL, Silk JB (2012) Relative risk of
listeriosis in foodborne diseases active surveillance network (Food Net) sites
according to age, pregnancy, and ethnicity. Clin Infect Dis 54: S405-S410.

Link: https://bit.ly/3cUaq0A

Citation: Manuelo C, Mwinjiro A, Masangwi D, Bandawe G, Mwenyenkulu TE, et al. (2021) Phenotypic characterisation of Listeria monocytogenes in cow milk from three
catchment areas of Goliati Area in Thyolo District, Malawi. Arch Community Med Public Health 7(2): 126-132. DOI: https://dx.doi.org/10.17352/2455-5479.000151



P PeertechzPublications

20.

21.

22.

. Guevara RE, Mascola L, Sorvillo F (2009) Risk factors for mortality among

patients with nonperinatal Listeriosis in Los Angeles County, 1992 — 2004.
Clinical Infectious Disease 48: 1507-1515. Link: https://bit.ly/3cS57P9

. Kim SW, Haendiges S, Keller EN, Myers R, Kim A, et al. (2018) Genetic diversity

and virulence profiles in Listeria Monocytogenes resourced from bulk milk,
milk filters and milking equipment from dairies in the United States. PLOS One
13:e0197053. Link: https://bit.ly/3wPNLdO

. Malawi. National Statistical Office (NSO) (2018) 2018 Malawi Population and

Housing Census Main Report. Link: https://bit.ly/3xDVDPA

. Food Agricultural Organisation (FAO) (2002) Milk Collection, Processing and

Marketing. Link: https://bit.ly/3cWfsJW

.Ben-David A, Davidson CE (2014) Estimation method for serial dilution

experiments. Journal of Microbiological methods 107: 214-221. Link:
https://bit.ly/3qfBRYc

. Cheesbrough M (2006) District Laboratory practice in tropical countries ( 2.

Ed.). Cambridge Press : USA.

. Usman BU, Kwaga PKJ, Kabir J, Olonitole SO (2016) Isolation and Antimicrobial

Suspcetibility of Listeria monocytogenes from Raw milk and milk product
in northern Kaduna state, Nigeria. Journal of Applied and Environmental
Microbiology 4: 46-54. Link: https://bit.ly/2TQD70c

. USA American Society of Microbiology (2005) Gram staining protocol. Link:

https://bit.ly/3h4jKQP

. USA. American Society of Microbiology (2010) Catalase Test Protocol. Link:

Link: https://bit.ly/3vIngN;j

Allerberger F (2003) Listeria: growth, phenotypic differentiation and molecular
microbiology. FEMS Immunology & Medical Microbiology 35: 183-189. Link:
https://bit.ly/3qdcHt2

Lebolle JM, Pierce EB (2011) A Photographic Atlas for the Microbiology
Laboratory (4th Ed.). Martin Publishing Company : USA.

Srijana K (2017) “Animal Cell Culture: Introduction, Types, Methods and
Applications.” Learn Microbiology Online. Link: https://bit.ly/3gGMfVq

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

https://www.peertechzpublications.com/journals/archives-of-community-medicine-and-public-health a

USA. Center for Disease Control (CDC) (1988) Epidemiologic Notes and
Reports Update - Listeriosis and Pasteurized Milk. Link: https://bit.ly/3gloCFm

England. National Infection Service. Food, Water and Environmental
Microbiology Standard Method (2018) Detection and enumeration of Listeria
monocytogenes and other Listeria species. Link: https://bit.ly/3vKqAzS

Al-Mariri A, Abou Younes A, Ramadan L (2013) Prevalence of Listeria spp. in
raw milk in Syria. Bulg. J Vet Med 16: 112-122. Link: https://bit.ly/3cWGosY

Van Kessel JS, Karns JS, Gorski L, McCluskey BJ, Perdue ML (2004) Prevalence
of Salmonellae, Listeria monocytogenes, and Fecal Coliforms in bulk tank milk
on US dairies. J Dairy Sci 87: 2822-2830. Link: https://bit.ly/35FU070

Shahbazi AM, Rashedi M, Sohrabi R (2013) Comparative contamination of
Listeria monocytogenes in traditional dairy products in Esfahan province, Iran.
Afr J Microbiol Res 7: 1522-1526. Link: https://bit.ly/3gQaQWK

Mahmoudi MM (2010) Occurrence of Listeria monocytogenesin raw
milk and dairy products in Noorabad, Iran. J Anim Vet Adv 9: 16-19. Link:
https://bit.ly/3gH6dhy

Jami S, Jamshidi A, Khanzadi S (2010) The presence of Listeriamonocytogenes
in raw milk samples in Mashhad, Iran. Iran J Vet Res 11: 363-367. Link:
https://bit.ly/3gJYbpK

El Marnissi B, Bennani L, Cohen N, El Ouali Lalami A, Belkhou R (2013)
Presence of Listeria monocytogenesin raw milk and traditional dairy products
marketed in the north-central region of Morocco. Afr J Microbiol Res 7: 87-91.
Link: https://bit.ly/3cXxJXg

Konosonoka IH, Jemeljanovs A, Osmane B, lkauniece D, Gulbe G (2012)
Incidence of Listeriaspp. in dairy cows feed and raw milk in Latvia. Vet Sci 1-5.
Link: https://bit.ly/3zRC9J8

Sanaa M, Poutrel B, Menard JL, Serieys F (1993) Risk factors associated with
contamination of raw milk by Listeria monocytogenes in dairy farms. J Dairy
Sci 76: 2891-2898. Link: https://bit.ly/3wLz2jZ

Sanaa M, Audurier A, Poutrel B, et al. (1996) Origin of bovine raw milk
contamination by Listeria monocytogenes. In Proceedings: Symposium on
bacteriological quality of raw milk. Wolfpassing, Austria 84-88.

Discover a bigger Impact and Visibility of your article publication with

Peertechz Publications

Highlights

B3

Signatory publisher of ORCID
Signatory Publisher of DORA (San Francisco Declaration on Research Assessment)

Articles archived in worlds’ renowned service providers such as Portico, CNKI, AGRIS,
TDNet, Base (Bielefeld University Library), CrossRef, Scilit, J-Gate etc.

Journals indexed in ICMJE, SHERPA/ROMEQ, Google Scholar etc.
OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting)
Dedicated Editorial Board for every journal

Accurate and rapid peer-review process

Increased citations of published articles through promotions

Reduced timeline for article publication

Submit your articles and experience a new surge in publication services
(https://www.peertechz.com/submission).

Peertechz journals wishes everlasting success in your every endeavours.

Copyright: © 2021 Manuelo C, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

Citation: Manuelo C, Mwinjiro A, Masangwi D, Bandawe G, Mwenyenkulu TE, et al. (2021) Phenotypic characterisation of Listeria monocytogenes in cow milk from three
catchment areas of Goliati Area in Thyolo District, Malawi. Arch Community Med Public Health 7(2): 126-132. DOI: https://dx.doi.org/10.17352/2455-5479.000151



