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Abstract
Background: Food-borne infectious diseases cause huge economic loses, lowered quality of life and, in
extreme cases, losses of lives. In general, these are global problems but the magnitudes differ. Pathogens
involved include those of the genera Salmonellae, Escherichia, Campylobacter, Yersinia, Listeria, and
Staphylococci. Infections follow consumption of contaminated foods or animal to human and human to
human transmissions. Contaminated dairy products are among the top sources of food-borne infections.
Most such infections come from unpasteurized dairy products, but pasteurized products are sometimes
implicated. These occur because of either faulty pasteurization or due to post-pasteurization
contaminations. Many factors hamper control of such infectious pathogens, including lack of vaccines,
the presence of asymptomatic healthy carriers, existence of broad host range pathogens (with the hosts
serving as reservoirs), resistance of pathogens to ordinary disinfectants, the long contamination-prone
processes from production to consumption and increased frequency of resistance of pathogens to
antibiotics. The antibiotic resistance property is hazardous in itself (whether with or without the
contaminants being pathogenic) considering the potential for interspecies transfer of these resistance
traits (be they chromosomal or plasmid-borne) to commensal or pathogenic bacteria in clinical settings
and/or in the food chain. In low income countries, the problems are further compounded by the limited
capacity for accurate diagnosis, overlap of symptoms, and the resulting (hit-or-miss) empirical treatment.
Here, samples of dairy products were purchased from Addis Ababa supermarkets. The samples were
subjected to enrichment and selective cultures to test the presence of and isolate gram-negative bacteria.
The isolates were characterized by biochemical and molecular methods. Results: All milk samples
harboured gram-negative bacilli, which are likely to constitute hazard to public health. Moreover, all of the
isolates exhibited intermediate-level or higher resistance to two or more clinically relevant antibiotics.
Sequence alignment showed the isolates to be most closely related to Salmonella enterica. Conclusion:
This work found high level of contamination in all sampled milk. The reason(s) for this burden of
contamination (either ineffective pasteurization or post-pasteurization contamination) need to be
elucidated for meaningful targeted control.

Background
Members of the family enterobacteriaceae are major causes of food-borne infections worldwide. The
enterobacteriaceae are gram-negative, non-spore-forming, facultatively anaerobic, catalase-and nitrate-
positive, oxidase-negative and generally capable of growth on medum containing simple nutritional
substrates as they can ferment a wide range of carbohydrates. The family includes many genera
(Escherichia, Shigella, Salmonella, Enterobacter, Klebsiella, Serratia, Proteus, and others). While many are
part of the normal �ora of humans and animals, others are always associated with disease (e.g.,
Salmonella Typhi, Shigella species, Yersinia pestis) and still others can be occasionally pathogenic –
either opportunistically or following acquisition of virulence factors [1]. The enterobacteriaceae possess
complex antigenic structures and produce a variety of toxins and other virulence factors. Humans acquire
these bacteria after consumption of contaminated foods, from contact with animals, or directly via



Page 3/11

human-to-human transmission (especially the human-host-speci�c pathogens such as S. typhi) [2].
Foods of dairy origin account for a large share of the burden of food-borne illnesses [3, 4]

A review by Reddy et al [5] indicated that about 30% of non-malarial blood stream infections are caused
by Salmonella species, and most of these salmonellosis infections are due to non-typhoidal Salmonella
(NTS). The NTS, such as S. Typhimurium and S. Enteritidis, may be characterized by genomic evolution
within the host or during host-to-host transmission, driven primarily by prevailing conditions (e.g.,
changes in host immunity, presence of antimicrobials) [6]. The epidemiology of food-borne infections is
changing, including its several manifestations: emergence of new and more virulent pathogenic bacterial
clades, regional or global spread, and dissemination of antibiotic resistance [7, 8]. In sub-Saharan Africa,
the NTS are responsible for the vast majority of invasive Salmonella infections and cause bloodstream
infections in both adults and children (primarily in the immune-compromised and malnourished)
presenting with fever and are associated with case fatality rates of 20–25% [9, 10]. The latter study also
showed that NTS infections in Ethiopia account for up to 10% of blood stream infections.

Elsewhere, reports indicate infections and disease sequel due to enteric bacterial pathogens from
pasteurized dairy products [3, 11]. Such studies are rare or nonexistent in Ethiopia. Technically, it is
challenging to conduct such studies, and a specially daunting task is tracing the cause-effect
connections of foods implicated in such infections, which require conducting controlled investigations.
These scenarios make prevention all the more feasible and realistic approach to manage the problems,
but some data are needed to base actions on. This small-scale study was undertaken to provide some
information on the possible health risks that could result from consumption of local pasteurized dairy
products by the general public, so that the study can serve as indicator of the situation on the wider scale.

Methods
The study site Addis Ababa is the capital of Ethiopia. The city’s milk supplies come from dairy
cooperatives and private dairy industries, and milk pooling is the rule. The same brands of dairy products
are distributed for sale at all supermarkets in Addis Ababa. The population size is estimated at 3-4
million. Moreover, it is quite an international place being the seat of many continental and global
organizations and hosting more than 125 country embassies.

Samples and Culture media

Samples of dairy products (cheese, milk) were purchased from food supermarkets. These products are
produced by 8 different private dairy plants. All samples analyzed in this study are declared to have been
pasteurized by the producers. All food samples were subjected to pre-enrichment cultures within 1 hr of
purchase. All liquid and agar media and reagents are from Becton Dickinson, unless stated otherwise.

Culture and isolation
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Samples were inoculated into buffered peptone water (BPW) (Himedia, India) (10 mL sample in 10 mL
BPW) and incubated for 24 hrs at 37oC. Similarly 10 g of cheese was inoculated into 10 mL of BPW and
incubated for 24 hrs at 37oC. Then, 1 mL of each was inoculated into 9 mL selenite broth and incubated
for 24 hrs at 37oC. Following this, successive 10-fold dilutions were made for each sample and 30 L was
inoculated onto Salmonella-Shigella (SS) agar and incubated for 24 hrs at 37oC. Black-coloured single
colonies were picked and inoculated into Luria-Bertani (LB) broth and grown aerobically at 37oC for 24
hrs. These procedures (culture on SS agar and growth of selected colonies on SS agar) were repeated.
Samples were also inoculated onto MacKonkey agar. Finally, broth cultures were pelleted and the pellets
stored in LB broth containing 15% glycerol in multiple aliquots to serve as stocks for subsequent studies.

Identi�cation

A combination of cultural, biochemical and molecular tests was used for identi�cation. Each sample was
grown on LB agar and gram-stained to test whether each sample contained garm-positive or -negative
organisms. Each cultural and biochemical test was conducted two independent times

Catalase test – colonies grown on LB agar for 24 hrs were separately placed on slides and 1-2 drops of
30% H2O2 added.

Motility test - Screw-cap tubes (13 by 100 mm) containing 5 mL of sterilized motility test medium were
inoculated in the center to a depth of 0.5 inches with a colony grown for 24 hrs. The tubes were then
incubated at 35oC or at room temperature for 24 hrs.

Urease test – Urea broth was prepared and �lter-sterilized through 0.45m pore size �lters. Three mL
volumes were then dispensed into 13 by 100 mm sterile screw-cap tubes. Each isolate was inoculated
into the broth using a sterile loop and incubated in water bath set to 35oC for 24 hrs, with observations
made at 1 hr and 2 hrs.

Citrate utilization test – Simon’s citrate agar (OXOID) was freshly-prepared in glass tubes, sterilized, and
placed at an angle to form a butt and slant. Each tube of medium was inoculated with 20 hrs grown
colony of the dairy isolates and the tubes were loosely-capped and incubated at 35oC for 24 hrs or longer,
with daily observation for changes in colour of the media.

Kligler iron agar (KIA) test – KIA agar was prepared and moltened by heating in water bath. Five mL was
dispensed into sterile screw-cap tubes and autoclaved at 121oC for 15 minutes. The tubes were then
placed in a slanted position to form a butt and slant during cooling. A 24 hr-grown colony of each isolate
was stabbed deep into the center of the butt and the surface of the slant was also gently streaked. The
inoculated tubes were loosely-capped and incubated at 35oC for 24 hrs.

DNA extraction and Sequencing of 16S rRNA - DNA was extracted from the isolates for use in polymerase
chain reaction (PCR) and sequencing. DNA concentrations were in the range of 540-1200 g/L.
Sequencing of the 16S rRNA gene was performed for testing sequence similarities to 16S rRNA gene
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sequences obtained from the National Center for Biotechnology Information (NCBI) database. Each
sequence was pair-wise blasted with different 16S rRNA gene partial sequences, and multiple sequence
alignments (MSA) were also performed and a basic phylogenetic tree generated with the MSA tool T-
Coffee using 16S rRNA gene partial sequences of the study isolates and type strains. The 16S rRNA gene
partial sequences of strains (subspecies of S. enterica and Lactococcus lactis, E. coli, S. aureus, etc) were
used for sequence alignment.

Antibiotic sensitivity tests (ASTs) - ASTs to available antibiotics were conducted by disk diffusion, and
guidelines of the Clinical Laboratory Standards Institute (CLSI) [12] were used. Brie�y, broth cultures of
the isolates were grown until culture turbidities matched McFarland 0.5 standard. Sterilized Mueller-
Hinton agar was poured into 100 mm plates (20 mL/plate) and when �rmly solidi�ed were streaked over
the entire agar surface with sterile cotton swab that had been dipped into the bacterial broth culture.
Antibiotic disks (Abtek, England), 4 per plate, were dispensed onto the agar surface 15 minutes after the
streaking. The plates were incubated at 35oC for 24 hrs. The following antibiotic disks were used:
chloramphenicol (Chl, 30g), tetracycline (Tet, 30g), gentamycin (Gent, 10g), cipro�oxacin (Cipro, 5g),
nitrofurantoin (Nitr, 300g), ampicillin (Amp, 10g), erythromycin (Ery, 15g), and ceftriaxone (Ceftr, 5g).
Inhibition zone diameters were measured in millimeters.

Some procedures (e.g., testing of the isolates sensitivity or resistance to antibiotics, alignment of
sequences) were performed without regard to the presumed identities of the isolates.

Quality control - Escherichia coli (American type culture colletion [ATCC]) 25922, Staphylococcus aureus
ATCC 25923, Proteus mirabilis ATCC 29906, Klebsiella pneumonia ATCC700603, Salmonella Enteritidis
ATCC 13076 and un-inoculated medium were used as positive or negative controls as appropriate in the
different tests.

Results
The isolates were all gram-negative rods. Black colonies on SS were selected, ampli�ed in broth and
stored frozen in aliquots. All isolates were obtained from pasteurized milk. While milk samples from all
producers gave gram-negative growth, some cheese samples were also cultured but did not show growth.

On the motility test medium, isolates, 1, 3, 5, 6, 9, 12, and 15 were motile, while isolates 4, 7 and 24 did not
exhibit motility. All of the isolates were found to be catalase-positive and all isolates were negative for the
urease test. Cultural and biochemical test results are shown in Table 1.

The results of sequence alignment showed that each isolate was most closely related to the S. enterica
subspecies, with similarities ranging from 91% to 99% (Table 2). Overall, isolate 1 showed the highest
nucleotide similarity to the different S. enterica subspecies (98-99%). Conversely, the relations with most
of the non-salmonellae sequences were found to be much lower (77-85%) (Table 2). All of the isolates
were related more distantly to the Enterococci and Lactococci, with the percent similarities being 77 and
80%. Some isolates (1, 5 and 20) showed no signi�cant similarity to the two enterococci and the two
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lactoococci (Table 2). On the other hand, the dairy isolates had no more (or less) nucleotide similarity to
each other than they had to the S. enterica species, with percent similarities ranging between 91 and 98
(data not shown). A basic phylogenetic tree is shown in Figure 1. There are several other gram-negative
isolates found in this study, but were not further analyzed.

[Table 2]

[Figure 1] Figure 1. Phylogenetic tree generated with multiple sequence alignment using 16S rRNA gene

partial sequences of the study isolates and type strains. (“Sample” is synonymous to “Isolate” in

the text; e.g., Sample 1 is the same as Isolate 1).

Almost all isolates were found to be susceptible to both Tet and Chl. However, isolate 3 was resistant to
four antibiotics: Tet, Chl, Cipro and Amp. All of the rest of the isolates were intermediate-resistant to Cipro,
and all isolates were resistant to Amp (Table 2). All isolates were resistant to Ery, but this is due to
intrinsic resistance. Many of the isolates are multiple drug-resistant. Isolate 3 appears to be specially
notorious – being resistant to most of the antibiotics tested. It was not possible to determine the
susceptibility/resistance of the isolates to Ceftr, since the CLSI guideline gives categories for 30 g disk,
but 5 g disks were used here; however, the measured zone diameters are shown in Table 3.

Discussion
There are numerous reports, including from industrialized countries, implicating dairy products as
causing infections in humans and resulting in illnesses, hospitalizations and even deaths. These include
both pasteurized and unpasteurized dairy products that harbour pathogens. The situation in sub-Saharan
Africa appears to be much worse, but it remains to be proven whether, due to frequent and higher levels of
exposure, people are already “naturally vaccinated” because otherwise one would think even more losses
of lives must be occurring. There is also resistance to recommendations to avoid unpasteurized dairy
products and misconception about the health bene�ts of raw milk [13, 14]. Meanwhile, the infections (and
the probable ensuing diseases) continue to spread, which can be even more disabling when antibiotic
resistance is added to the equation.

One likely explanation for the �nding of pathogens in pasteurized dairy products is defective
pasteurization. An alternative explanation is contamination of the products during post-pasteurization
handling [15, 16]. A separate and independent reason could be that the pathogens survived the
pasteurization; however, that should be a rarer reason if at all one. At this point in this study, it is di�cult
to say whether the pasteurization processes were less than optimal, or which of these possibilities could
be an explanation for the present �ndings. It is possible that at least some of these isolates pose risk to
consumers’ health.

The reason why some of the isolates are non-motile is not known. However, motility-defective (a�agellate
or �agellar mutants) strains are known to exist, with reduced ability in vivo to invade deeper tissue or
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invade other organs such as the liver and spleen [17, 18]. While almost all cultural and biochemical tests
turned out results compatible with those of salmonellae, the KIA test results were di�cult to interpret for
most isolates – not �tting entirely into known descriptions of KIA metabolism tests. The results of the
two independent KIA tests were identical for each isolate. In fact, the results of the KIA tests alone are
inconclusive to speculate on the identities of the isolates. They could be metabolic variants; but, that
remains to be veri�ed.

The 16S rRNA gene, which is about 1500 bp long, is known to be conserved, with variable sequences
interspersed in between. These features make it ideal target for ampli�cation and sequence comparisons
for species-level identi�cation of clinically important bacteria [19, 20]. However, there is no consensus on
the use of this sequence in phylogenetic analyses. On the other hand, it has been suggested that the �rst
500 bp sequences of the 16S rRNA gene can give similar species-level discriminatory power as the entire
1500 bp sequence in more than 90% of comparisons in a given sequence; and the entire 1500 bp
sequence can give similar phylogeny as the whole genome [21, 22]. For comparisons involving the 16S
rRNA gene, sequence similarity scores of 99% and 97% were suggested to give species- and genus-level
distinctions, respectively [23, 24]. Based on this, it may be said that isolates such as 1, 3, 5, 7, 15 and 24
belong to the Salmonella genus. On the basis of the 16S rRNA gene sequences, it was not possible to
assign a species group to the bacterial isolates in this study, except perhaps for isolates 1, 5 and 7.
Indeed, the 16S rRNA gene sequence has low power of resolving to the species level [24]. These isolates
may be new species, undescribed in the database. However, the isolates may be ancestrally related to S.
enterica serovar Enteritidis and S. enterica serovar Typhimurium.

This study has some limitations. It will be necessary to investigate the full virulence potentials of the
isolates, which was not addressed in this work. The small number of antibiotics tested here is also a
limitation. It is possible that some other gram-negative bacterial species escaped detection in this work.
De�nitive identi�cation of the isolates is needed; serotyping would have helped.

Conclusions

Though it was not possible to identify the isolates in this study to the species level, there should be little
doubt that these and similar isolates constitute hazard to the health of consumers. The antibiotic
resistance phenotype alone is enough to pose such hazard – whether or not these isolates turn out to be
pathogenic by other mechanisms, since there is the potential for interspecies transfer of these resistance
traits to commensal or pathogenic bacterial species in vivo or in the food chain [25, 26, 27, 28, 29]. This
study’s �ndings have signi�cance from public health point of view; and importantly, these call for
inspection of both the pasteurization processes in the dairy plants and the manners of post-
pasteurization handling of the products, defects in either one or both of which can explain the reasons for
these �ndings.

Abbreviations
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Amp – ampicillin, ATCC – American type culture collection, BPW - buffered peptone water, Ceftr –
ceftriaxone, Chl – chloramphenicol, Cipro – cipro�oxacin, Clinical Laboratory Standards Institute, Ery –
erythromycin, Gent – gentamycin, KIA - Kligler iron agar, LB - Luria-Bertani, MSA - multiple sequence
alignments, Nitr – nitrofurantoin, NCBI - National Center for Biotechnology Information, NTS - Non-
typhoidal Salmonella, PCR - polymerase chain reaction, SS - Salmonella-Shigella, Tet - tetracycline .
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Figure 1

Phylogenetic tree generated with multiple sequence alignment using 16S rRNA gene partial sequences of
the study isolates and type strains. (“Sample” is synonymous to “Isolate” in the text; e.g., Sample 1 is the
same as Isolate 1).
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