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This study was undertaken to estimate the prevalence of antibiotic resistance in Salmonella spp.,
Escherichia coli, Enterococcus spp. and Staphylococcus aureus in meat in Saudi Arabia. Samples of
domestic and imported meat (beef, camel, lamb) and poultry were purchased from local retail outlets in
Riyadh area. There was some contamination from each of the bacteria in all types of meat analyzed,
with E. coli being the most prevalent overall at 72.2%, Enterococcus prevalence was 26.2%, S. aureus
prevalence was 24.6% and Salmonella prevalence was 10.7%. Additionally, these bacteria were
resistant to a number of antibiotics and some were multidrug resistant. S. aureus and Enterococcus
were both either resistant or intermediate to Erythromycin (79 and 86%, respectively). E. coli was
resistant to Ampicillin (44%). Salmonella was resistant to Ceftiofur (67%). Bacterial contamination of
meat is a multi-country problem and consideration should be made to improve methods of
decontaminating food animals and work surfaces during meat processing to reduce the levels of
bacteria that are transferred to the finished product. This will also help to decrease the growing crisis of

bacterial antibiotic resistance.
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INTRODUCTION

Increasingly, reports of bacterial contamination in meat
destined for human consumption are appearing
worldwide, and frequently this contamination is
responsible for illness. Noteworthy foodborne outbreaks
have occurred from Salmonella spp. (Roels et al., 1997;
Urfer et al., 2000.), Escherichia coli (Barrett et al., 1994;
CDC, 2002) and Staphylococcus aureus (Breckinridge
and Bergdoll, 1971; CDC, 1986), resulting in serious
disease in many cases. Enterococcus spp. is a
commensal bacteria found in the intestinal tracts of
humans and other mammals that is responsible for food
spoilage (Bell and De Lacy, 1984), and is a common
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cause of nosocomial infections and outbreaks (Borgmann
et al., 2004; Montecalvo et al., 1994). Enterococcus spp.
are also known to transfer resistance traits to and from
other bacteria (Simjee and Gill, 1997; Valdivia et al.,
1996). A wide range of animals serve as a reservoir for
these bacteria including cattle, sheep, pigs, and chickens.
Meat can become contaminated at any of several stages
of processing. In ruminants, bacterial transfer from hide
to carcass is perhaps the most significant step in the
process whereby pathogens are transferred from
exposed surfaces to an otherwise sterile carcass during
harvest (Koohmaraie et al.,, 2005). For poultry,
overcrowding and contaminated food and water pose a
risk of transfer of pathogens. Previous reports have
demonstrated the presence of bacteria not only on the
food animal (Hussein et al., 2003; Smith et al., 2009), but
also associated with the finished product available
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commercially (Bosilevac et al., 2009; Samadpour et al.,
1994).

Moreover, many of these bacteria have become
resistant to antimicrobials while some are multi-drug
resistant (MDR) (Dechet et al., 2006; Graham et al.,
2009; Kunze et al, 2008; Smith et al., 2009). The
development of resistance to drugs could be due to
general use of antibiotics for therapeutic and
subtherapeutic treatments of food animals, as well as in
humans. Additionally, antibiotic resistance can be passed
from one bacterial strain to another by gene transfer
(Simjee and Gill, 1997). It follows that antibiotic
resistance could be conferred from commensals to
pathogenic bacteria when both types are present on food
animals. Reports suggest that infections with MDR
bacteria are responsible for more serious disease than
susceptible bacteria(Holmberg et al., 1984; Martin et al.,
2004).

In this study, a preliminary survey of several types of
meat, both locally produced and imported available for
sale were undertaken in the Riyadh area of Saudi Arabia.
The samples were assayed for the presence of four
genera of bacteria that can be pathogenic for humans.
We then performed antimicrobial susceptibility testing on
the isolated bacteria.

MATERIALS AND METHODS
Meat collection

Between September 2009 and January 2010, a total number of 288
unprocessed meat samples of four different types (beef, camel,
lamb and poultry) were purchased to be used in this study. They
were divided into domestic chilled (144) and imported frozen (144)
meat samples. They were collected from four different retail outlets
including local markets and large international hypermarkets based
in Riyadh to ensure representation of different producing
companies. The retail outlets are located in different areas of
Riyadh city; North, East, South and West. The selection of samples
was performed twice a week. With the exception of camel meat (all
produced locally), the same number of samples of each type of
meat was either produced locally or was imported from Brazil and
Pakistan (beef), Pakistan and New Zealand (lamb) or France
(chicken).

Initial culturing and enrichment

One hundred to two hundred grams of various cuts of beef, camel
or lamb meat, and 700 to 900 g of whole chicken were rinsed in
sterile Whirl-Pak stomacher-400 bags (Nasco, Modesto, CA, USA)
with Lactose broth (Accumedia, Lansing, MI, USA), massaged and
then the entire contents of the bag was incubated at 36+1°C for 18
to 24 h as a pre-enrichment. Then, several techniques were used
to isolate individual bacteria as follows:

Salmonella

One ml of the cultured Lactose broth was inoculated into Selenite
Cysteine broth (Becton Dickinson, Sparks, MD, USA) and incubated

for 18 to 24 h at 36x°C as enrichment. Isolation of colonies from
the Selenite broth was completed separately on Brilliant Green Bile
agar (Accumedia, Lansing, MI, USA), Salmonella-Shigella agar
(Becton Dickinson, Sparks, MD, USA) and Xylose Lysine
Deoxycholate agar (Accumedia, Lansing, MI, USA) by subculturing
13 mm loopful of broth onto the plates. Typical isolated colonies
from each were then inoculated and streaked for isolation onto
Triple Sugar Iron slanted agar (Accumedia, Lansing, MI, USA) at
36+1°C for 18 to 24 h. Tubes with a red slant and a black or yellow
butt were kept as presumptive Salmonella.

Fecal coliforms

One ml of cultured Lactose broth was inoculated into Brilliant Green
Bile broth (Accumedia, Lansing, MI, USA) containing inverted
Durham tubes and incubated in a 44.5°C water bath for 18 to 24 h.
Eosin Methylene Blue agar (Oxoid Ltd, Basingstoke, Hampshire,
England) was inoculated with 13 mm loopful of broth for isolation of
small metallic colonies, which were kept as presumptive coliforms.

Enterococcus

Ten microliters of cultured Lactose broth was inoculated onto plates
containing Bile Aesculin agar (Oxoid Ltd., Basingstoke, Hampshire,
England) and incubated as above. Typical colonies were
inoculated onto Trypticase Soy slanted agar (Accumedia, Lansing,
MI, USA) and kept as presumptive enterococci.

Staphylococcus

Ten microliters of cultured lactose broth was inoculated onto Baird
Parker agar (Difco, Detroit, MI, USA) and black colonies surrounded
by a zone of clearing were kept as presumptive staphylococci.
Confirmation

Following initial isolation confirmation of each type of bacteria was
done as follows:

Salmonella

The API 20E system (bioMérieux, Marcy L'Etoile, France) was used
for confirmation following manufacturers instructions.

Fecal coliforms

Colonies were inoculated onto EC medium (Accumedia, Lansing,
MI, USA) and incubated for 24 hours in a 44.5°C water bath.

Enterococcus

Gram stain and catalase test were used to confirm, using protocols
from Clinical Microbiology Procedures Handbook, edited by Henry
D. Isenberg, 2nd edition, 2004.

Staphylococcus

Coagulase test, following the protocol of Vanderzant and
Splittstoesser (Vanderzant, 2005), was used to confirm. Briefly,
suspected S. aureus colonies were transferred to small tubes
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Table 1. Number of confirmed positive isolates for each type of bacteria from various

meat sources (n%).

Meat type Salmonella spp. E. coli Enterococcus spp. S. aureus
Camel 11 (30.6) 21 (58.3) 10 (27.8) 2 (5.6)
Beef

local 3(8.3) 21 (58.3) 3(8.3) 8 (22.2)
imported 2 (5.6) 32 (88.9) 8(22.2) 4 (11.1)
Lamb

local 2 (5.6) 32 (88.9) 5(13.9) 15 (41.7)
imported 2 (5.6) 26 (72.2) 18 (50.0) 3(8.3)
Poultry

local 5(13.9) 24 (66.7) 9 (25.0) 13 (36.1)
imported 2 (5.6) 26 (72.2) 13 (36.1) 17 (47.2)
Total 27 (10.7) 182 (72.2) 66 (26.2) 62 (24.6)

containing 2 ml Brain Heart Infusion broth (Becton Dickinson,
Sparks, MD, USA) These were thoroughly emulsified and then 13
mm loopful of the culture suspension was transferred to Tryptic Soy
broth or agar slants (Accumedia, Lansing, MIl, USA) and incubated
for 18 to 24 h at 35°C. The slant cultures were kept at room
temperature for ancillary or repeat testing in case the coagulase
test results were questionable. Then 0.5 ml Coagulase Plasma with
EDTA (Becton Dickinson BBL, Sparks, MD, USA) was added to 0.2
ml of each broth culture in a 10 x 75 mm tube and mixed
thoroughly. These were incubated at 35 to 37°C and examined
periodically during a 6 h interval for clot formation.

Antibiotic susceptibility testing

The Kirby-Bauer method was used to identify antibiotic resistance
of bacteria. Cultures of confirmed isolates were spread onto Mueller
Hinton agar and antibiotic disks (Oxoid Ltd. Basingstoke,
Hampshire, England) were placed on the agar. For the Gram
negative bacteria (Salmonella spp. and E. coli) susceptibility was
assessed for Amoxicillin, Chloramphenicol, Kanamycin, Ampicillin,
Cefoxitin and Ceftiofur. For the Gram positive bacteria
(Enterococcus spp. and S. aureus) susceptibility was assessed for
Chloramphenicol, Ciprofloxacin, Linezolid, Erythromycin and
Nitrofurantoin. Also, Enterococcus was tested for Vancomycin
susceptibility. Zones of inhibition were measured and then
susceptible, intermediate or resistant was reported for each based
on comparison with standard values (CLSI M100-S20: Performance
Standards for Antimicrobial Susceptibility Testing).

RESULTS

Samples of meat produced locally in Saudi Arabia or
imported were purchased and tested for the presence of
bacteria by confirmatory culturing and specific
biochemical tests. Thirty six samples of meat from each
type of animal were included in this study. The numbers
and proportions of bacteria found in each type of meat
are shown in Table 1. E. coli was the most frequent

contaminant of all types of meat from 58.3% (for camel
and local beef) to 88.9% (for imported beef and local
lamb). Enterococcus and S. aureus had similar levels of
contamination at 26.2 and 24.6% overall, respectively.
Interestingly, imported beef, lamb and poultry more
frequently harbored Enterococcus than did their locally
produced versions. Conversely, local beef (27.2%) and
lamb (41.7%) contained more S. aureus than the
imported versions (11.1 and 8.3%, respectively). The
prevalence of Salmonella was relatively low, 10.7%,
overall, but 30.6% of the camel meat was positive for this
pathogen. Imported poultry harbored more E. coli,
Enterococcus and S. aureus (72.2, 47.2 and 47.2%,
respectively) than locally produced poultry (66.7, 25.0
and 36.1%, respectively) but less Salmonella (5.6 versus
13.9%).

We performed disk diffusion assays for identification of
antibiotic resistance on the bacteria isolated from the
meat samples and found that among the four bacteria
analyzed, there was some level of resistance to every
antibiotic screened (Tables 2 through 5). The level of
resistance to a particular antibiotic generally did not vary
much by the type of meat in which it was found. However,
the different types of bacteria were more or less resistant
to certain antibiotics across meat types. S. aureus and
Enterococcus were both either resistant or intermediate
to Ciprofloxacin (58% for both) and Erythromycin (79 and
86%, respectively). E. coli had a high level of resistance
to Ampicillin (44%); however this percentage was much
lower in imported beef (9%). Salmonella was frequently
resistant to Ceftiofur (67%).

DISCUSSION

Previous reports from Saudi Arabia indicate contamination
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Table 2. Antibiotic resistance profiles of Salmonella spp. Isolated from meat sold in Riyadh and imported.

Source AMC30mcg  C30mcg  K30mcg AMP25mcg FOX30mcg CXM30meg . eolotant
to 2 or more
Camel 3 (211 3 (111 4 (5)/11 4/11 3 (111 8 (3)/11 5/11 (45%)
Beef
Local 1/3 0/3 (3)/3 0/3 0/3 2 (D)/3 0/3 (0%)
Imported 1(1)/2 @2 @2 2/2 0/2 2)/2 1/2 (50%)
Lamb
Local 0/2 0/2 Q)2 1/2 0/2 1(1)/2 1/2 (50%)
Imported 1/2 0/2 0/2 0/2 @2 1/2 1/2 (50%)
Poultry
Local 1(1)/5 Q)5 (2)/5 1(1)/5 0/5 4 (1)/5 2/5 (40%)
Imported @2 0/2 )2 1/2 0/2 212 1/2 (50%)
Total resistant (intermediate) 7 (5)/27 3(3)/27 4 (13)/27 9 (1)/27 3 (2)/27 18 (8)/27 11/27 (41%)
Percent resistant (intermediate) 26 (18) 11 (11) 15 (48) 33 (4) 11 (7) 67 (30)

Number of resistant (intermediate) divided by total number of bacteria isolated. AMC, Amoxicillin; C, Chloramphenicol; K, Kanamycin; AMP, Ampicillin;

FOX, Cefoxitin; CXM, Cetftiofur.

Table 3. Antibiotic resistance profiles of Escherichia coli Isolated from meat sold in Riyadh and imported.

e

Source AMC30mcg C30mcg K30mcg AMP25 mcg FOX30 mcg CXM30mcg esistant
to 2 or more

Camel 3 (221 1/21 3 ()21 14/21 2 (1)/21 2 (3)/21 5/21 (24%)

Beef

Local 0 ()21 1 (121 12/21 a1 3121 0 (5)/21 8/21 (38%)

Imported 1/32 4 (2)/32 6/32 3/32 1/32 1(2)/32 4132 (12%)

Lamb

Local 6/32 2 (2)/32 5/32 16/32 3 (1)/32 0 (5)/32 9/32 (28%)

Imported 1/26 0/26 6 (1)/26 6 (1)/26 1/26 0(4)/26 5/26 (19%)




Table 3. Continued.

Greeson et al. 313

Poultry

Local 2 (2)/24 2 (2)/24 17/24 17/24 4 (3)/24 4 (5)/24 7124 (29%)
Imported 0 (1)/26 1/26 15 (1)/26 15 (1)/26 0 (1)/26 3(1)/26 4/26 (15%)
Total resistant (intermediate) 13 (6)/182 11 (7)/182 64 (3)/182 80 (2)/182 14 (6)/182 10 (25)/182 42/182 (23%)
Percent resistant (intermediate) 7 (3) 6 (4) 35 (2) 44 (1) 8 (3) 5 (14)

Number of resistant (intermediate) divided by total number of bacteria isolated. AMC, Amoxicillin; C, Chloramphenicol; K, Kanamycin; AMP, Ampicillin; FOX, Cefoxitin; CXM, Ceftiofur.

Table 4. Antibiotic resistance profiles of Enterococcus spp. Isolated from meat sold in Riyadh and imported.

Source C30mcg  CIPSmcg  LZD30meg — VA30mcg  El5mcg  F300meg | eoiotant
to 2 or more
Camel 3210  2(6)/10 1 (2)/10 0 (2)/10 7 (2)/10 0(2)/10 4/10 (40%)
Beef
Local 0/3 0/3 2/3 2 (1)/3 1(3)3 1/3 2/3 (67%)
Imported 0 (1)/8 2 (1)/8 2/8 1(3)/8 1(4)/8 0 (1)/8 2/8 (25%)
Lamb
Local 0/5 0 (3)/5 3/5 2/5 2 (2)/5 0 (2)/5 2/5 (40%)
Imported 3(5)/18 4 (7)/18 12 (1)/18 5 (4)/18 11 (6)/18 4 (1)/18  13/18 (72%)
Poultry
Local 1(2)/9 4 (1)/9 4 (1)/9 4 (1)/9 4 (5)/9 1/9 6/9 (67%)
Imported 0 (4)/13 3 (5)/13 6/13 5(3)/13 5(5)/13 1(2)/13 6/13 (46%)
Total resistant (intermediate) 7 (14)/66 15 (23)/66 30 (4)/66 19 (14)/66 31 (27)/66 7 (8)/66 36/66 (54%)
Percent resistant (intermediate) 10 (21) 23 (35) 45 (6) 29 (21) 47 (41) 11 (12)

Number of resistant (intermediate) divided by total number of bacteria isolated. C, Chloramphenicol; CIP,Ciprofloxacin; LZD, Linezolid; VA,
Vancomycin; E, Erythromycin; F, Nitrofurantoin.

by various bacteria, fungi and parasites of meat
and environments where food and animals are

raised (Bin Saeed et al.,, 2005; Nabbut et al.,
1982). Additionally, bacterial resistance to multiple

antimicrobials is adding to the problem of meat
contamination from animal hides, feces, environments
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Table 5. Antibiotic resistance profiles of Staphylococcus aureus Isolated from meat sold in Riyadh and imported.

Resistant to 2 or

Source C 30mcg CIP 5mcg LZD 30mcg E 15 mcg F 300mcg more
Camel 1/2 2/2 1(1)/2 2/2 1(1)/2 2/2 (100%)
Beef

Local 2 (2)/8 4 (1)/8 3(1)/8 2 (5)/8 0 (6)/8 4/8 (50%)
Imported 0(1)/4 1(1)/4 0 (2)/4 13)/4 1(2)/4 1/4 (25%)
Lamb

Local 1(1)/15 15 (3)/15 1 (3)/15 1(13)/15 3 (10)/15 6/15 (40%)
Imported 0/3 0(1)/3 0(1)/3 0(2)/3 0/3 0/3 (0%)
Poultry

Local 2 (1)/13 2 (9)/13 1(2)/13 3(8)/13 3(5)/13 4/13 (31%)
Imported 1(2)/17 2 (5)17 1 (2)/17 3(7)/17 2 (L7 4/17 (24%)
Total resistant (intermediate) 7 (7)/62 16 (20)/62 7 (12)/62 12 (36)/62 10 (25)/62 21/62 (34%)
Percent resistant (intermediate) 11 (11) 26 (32) 11 (19) 19 (58) 16 (40)

Number of resistant (intermediate) divided by total number of bacteria isolated. C, Chloramphenicol; CIP,Ciprofloxacin; LZD, Linezolid; E,

Erythromycin; F, Nitrofurantoin.

(Alexander et al., 2008; Graham et al., 2009; Smith et al.,
2009), and resistance is occurring against the newer
antibiotics. The purpose of this study was to determine
the prevalence of four types of bacteria in meat
commercially available in Riyadh, the largest city and
capital of Saudi Arabia, and the level of antibiotic
resistance associated with each bacteria.

In our study, E. coli prevalence was 72.2% of all meat
sources. Although we did not specifically test pathogenic
strains of E. coli, the fact that the prevalence was so high,
leads to the supposition that some of these could be of
the serotypes containing toxin producing genes, such as
those for Shiga toxin and intimin. A previous report
demonstrated that 28% of cattle used for food in the US
shed E. coli of the 0157 serotype responsible for most of
the enterohemorrhagic illness outbreaks there (Elder et
al., 2000). Nevertheless, the presence of any E. coli, as
well as Enterococcus, in meat indicates fecal
contamination of the meat. Many types of E. coli and
Enterococcus are normal flora in the intestines of
animals, and can contaminate the hides and carcasses of
food animals during the slaughtering process. These
bacteria can then be transferred to the meat. In Saudi
Arabia, Nassar and coworkers found that treatment with
radiation reduced the numbers of Salmonella on chicken
carcasses (Nassar et al., 1997). Our data suggest that
these methods may not be implemented on a large scale.
Additionally, some contamination can occur through dirty
equipment or improper meat handling. Interestingly we
found a higher prevalence of Enterococcus spp. on
imported meat of any kind than from locally produced
meat. Conversely, prevalence of S. aureus was higher for

locally produced beef and lamb.

Contaminated meat with antibiotic resistant bacteria
were identified and in some cases more than one type of
bacteria was present in a single sample. The level of
resistance was high and many bacteria were resistant to
more than one antibiotic. Although at least some of these
bacteria may not be pathogenic strains themselves, they
are a cause of concern because they can extend
antibiotic resistance to other bacteria. Enterococcus spp.
are environmental and commensal gut bacteria that,
although not known to cause illness through food, are a
common cause of nosocomial infections and can be very
difficult to treat if they are antibiotic resistant (Sood et al.,
2008). Moreover, they are proficient at transferring
resistance traits to and from other bacteria (Simjee and
Gill, 1997; Valdivia et al., 1996), and their co-presence in
meat with other bacteria gives them a great opportunity to
do that. Previous studies have demonstrated in vitro
(Weigel et al., 2003) and in vivo (Jacobsen et al. 1999;
Schwalbe et al., 1990) transfer of antibiotic resistance
from one bacteria to another, as well as from an
Enterococcus to a Staphylococcus (Noble et al., 1992).
Salmonella (Doublet et al., 2005), E. coli (Zhao et al.,
2001) and S. aureus (Maiques et al.,, 2006) are also
capable of this type of genetic transfer.

Alexander and colleagues found an initial 40%
tetracycline resistant E. coli population in cattle that
increased following subtherapeutic treatments (Alexander
et al., 2008). da Costa and coworkers, likewise, saw an
increase in antibiotic resistance in E. coli and
Enterococcus spp. from chickens after treatment versus
those thatdid notreceive antibiotics (da Costa et al., 2009).



When these bacteria are present in the food supply they
have the potential to infect humans. Antibiotic resistant,
but not susceptible E. coli from human infections in the
United States were found to be indistinguishable from
those in chickens suggesting a directional transmission of
resistant bacteria from a food source (Weese et al,
2010). Additionally, Methicillin resistant S. aureus was
found in pigs and the people who work with them (Smith
et al., 2009). Reports suggest antibiotics are also being
used inappropriately. For instance in Saudi Arabia,
tetracycline residue was found in chickens and eggs for
human consumption exceeding permissible limits (Al-
Ghamdi et al., 2000). Bacterial antibiotic resistance can
be selected by other means, such as human misuse of
antibiotics. Antibiotic resistant Salmonella was identified
in food poisoning patients in Saudi Arabia, and molecular
characterization of the resistance determinants suggests
inappropriate use of antibiotics (Halawani and Shohayeb,
2008).

A study characterized resistance patterns in
Campylobacter from humans and meat and determined
sources other than meat could also be responsible for the
human infections (Thakur et al., 2010). Recently, MDR E.
coli was found in drinking water in Pakistan that could
have been mixed with sewage from both human and
animal sources (Patoli et al., 2010). Once these bacteria
enter the human gastrointestinal tract they could transfer
their antibiotic resistance traits to both normal flora and
other pathogenic bacteria that also happen to be present.
Jacobsen et al. (1999) demonstrated transfer of antibiotic
resistance between strains of E. faecium in gnotobiotic
rats. In another study, Schwalbe et al. (1990) discovered
identical resistance patterns in Salmonella typhi, E. coli
and Klebsiella pneumoniae that recovered from a
human stool sample following therapeutic antibiotic
treatment.

The current work was a preliminary screening study of
the presence and antibiotic resistance profile of four
types of bacteria in various types of meat sold
commercially in Riyadh. Our study identified four types of
bacteria contained in packaged retail meat and our data
demonstrate widespread resistance of Enterococcus spp.
and S. aureus to Erythromycin, and E. coli to Ampicillin.
Many of the isolated bacteria displayed multidrug
resistance. This may translate into increased resistance
in bacteria infecting humans, which in turn could transfer
resistance genes to both commensals and pathogenic
bacteria in the human gut, and then potentially be passed
along by person to person or fomite contact. It is
recommende that future studies be more precisely
focused on whether these bacteria found in meat are
pathogenic, by serotyping or identifying toxins in the E.
coli, Salmonella and S. aureus, and speciating the
Enterococcus. Also the finding of lower prevalence of
Enterococcus and higher prevalence of S. aureus in
locally produced lamb can be further explored by
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increasing sample size and perhaps an examination of
the butchering process and environments. Additionally,
antibiotic resistance patterns can be examined to
determine whether there has been gene transfer between
bacteria present on the same food source.

Conclusion

A proportion of packaged meat sold commercially
contained potentially pathogenic bacteria and many of
these bacteria were antibiotic resistant. This
contamination came from both domestically produced
and imported meat of various kinds. More care should be
taken to clean and disinfect meat during all stages of
production, as these procedures are shown to be
effective at reducing the levels of bacteria on the finished
meat product, thereby reducing the risk of infections with
antibiotic resistant bacteria. Also consideration should be
given to reducing or eliminating general therapeutic and
subtherapeutic antibiotic treatments in food animals in
order to decrease resistance in bacteria present in these
animals. This will reduce the spread of antibiotic
resistance from normal flora to pathogenic bacteria when
they are present together.
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