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1. Introduction

The spread of antibiotic residues increases the burden of antibiotic resistance microorganisms.
The purpose of this study was to determine the antibiotic resistance pattern in isolated bacteria
from Isfahan soils. The soil samples collected from agricultural lands (19 samples) and non-
agricultural (industrial) (16 samples). The resistant bacterial population was determined using
five antibiotics including erythromycin, vancomycin, and co-trimoxazole (0.5 mg/L),
gentamicin (1 mg/L) and, penicillin G (2mg/L) and identified by standard cultural,
morphological and biochemical characteristics. Antibiotic susceptibility of the isolates
determined by minimum inhibitory concentration (MIC) by macro broth dilution. Subsequently,
minimum bactericidal concentration (MBC) and multiple antibiotic resistance (MAR) profiles
were determined. A total of 152 bacteria from different genera such as Staphylococcus,
Corynebacterium and Bacillus sp were determined. The incidence of gentamicin and
erythromycin-resistant bacteria were highest in agricultural and industrial soils, respectively.
The MIC and MBC concentration of penicillin G were significantly higher than other
antibiotics. Results revealed that 84% of isolates were MAR which half of them were tetra and
penta-resistance to antibiotics. Many factors such as the Zayanderud River and using of
livestock is affected by bacterial resistance in soil and water.

[2]. The antibiotic could easily degrade the
environment although, an unmetabolized case is

Antibiotic-resistant bacteria are serious public
health because of antimicrobials compounds which
enter an environment in different ways [1, 2]. A
natural environment is a source of antibiotic-
resistant bacteria. Farm animals when exposed to a
considerable amount of antimicrobial compounds act
as a reservoir of antibiotic resistance genes they
transmit to humans through the food chain, direct
animal contact, and the environment. Using of
Livestock manure spread the antibiotic resistance
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passed into wastewater and then affected by soil and
sediment. The high active microbes that exposed to
the disposal of antibiotics and resistance gene
transmitted  into  bacteria in  contaminated
environments [2, 3].The soil is an important niche
for many kinds of microorganisms can produce
antibiotics. Many of soil-dwelling bacteria develop
diverse ways to survive or resist in front of
antimicrobial compounds produced by other
neighboring in the soil [4] In this paper, the
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antibiotics resistant bacteria studied in soil samples
of Isfahan. The study about antibiotic resistance is
scanty in this area and could be useful to explorer
the contaminant factors and their effects.

2. Materials and Methods

2.1. Antibiotics
The following antibiotics used in this study

included: Erythromycin, vancomycin, gentamicin,
penicillin G, and co-trimoxazole. The antibiotics
prepared from Sigma-Aldrich, diluted according to
manufacturer’s instructions and kept at -20°C. The
used concentration of erythromycin, vancomycin
and, co-trimoxazole was 0.5 mg/L, 1 mg/L for
gentamicin and, 2mg/L for penicillin G. The used
concentration of erythromycin, vancomycin and, co-
trimoxazole was 0.5 mg/L, 1 mg/L for gentamicin

and, 2mg/L for penicillin G.

2.2. Soil samples analysis
The soil samples collected as random places from 19

agricultural lands, most of them obtained from
Lenjan city near to Zayanderud River that is known
by rice farms and 16 samples collected from non-
agricultural area especially around Isfahan steel
company and industrial factory sites. The map
shows the sampling locations in Lenjan which the
most of agricultural samples collected from this area
(Figure 1). The soil samples collected from the
surface (0-15cm depth). The collected soil diluted by
water at the ratio 1:2 and pH determined using pH-
meter and the texture of the soil monitored by
hydrometer. The Electrical conductivity (EC) and
NaCl concentration for all of the samples determined
by the conductivity meter [5]. The serial dilution of
soil prepared and the solution was shaken and
allowed to settle for 5 minutes.

2.3. Bacteriological Examination
2.3.1. Total bacterial population: _The total number

of bacteria was determined using standard plate
count (SPC) method in nutrient agar. One gram of
soil sample dissolved in 10 mL of distilled water and
serial dilution was made up to 10?2 times. The plates
incubated for 2-4 days at 30°C and the bacterial
population of bacteria determined by colony forming
unit (CFU) [3, 6].
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Figure 1. Agricultural sampling location from Lenjan
(Isfahan Province) near of Zayanderud River

2.3.2. Determination of antibiotic-resistant bacteria:
The population of the resistant bacteria were
determined in Muller Hinton agar media containing
antibiotics by agar dilution method [7]. The using
concentration of erythromycin, vancomycin, and co-
trimoxazole was 0.5 mg/L and gentamicin and
penicillin G used by 1 mg/L and 2mg/L,
respectively. The resistant bacteria evaluated by
colony morphology (pigment, surface, margin, and
elevation) and the selected isolates were cultured in
nutrient agar plates containing antibiotic. The
bacteria identified using different staining’s such as
gram and acid-fast as well as the biochemical test [3,
8].

2.3.3. Determination of MIC and MBC for resistant
bacteria: The minimum inhibitory concentration
(MIC) of antibiotics defined by macro broth
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dilution. The minimum bactericidal concentration
(MBC) were determined using culture on Muller
Hinton agar medium. The multiple antibiotic
resistance (MAR) profiles were appointed for all
resistant isolates based on tested antibiotics [9,
10].The multiple antibiotic resistance (MAR) index
for each isolates determined by ration a/b that (a):
the number of antibiotics to which the isolate was
resistant and (b): represents the total number of
antibiotics to which the isolate exposed.

3. Results & Discussion

The results of soil sample analysis shown all
samples had pH at the range of 7.3-8.1 and the NaCl
concentrations were very low. The texture of most of
the soil samples from agricultural and industrial
lands area was loam and loam-clay, respectively.
The proportion of 0.1 to 100% of the total soil
bacteria was resistant to at least one antibiotic. The
population of antibiotics resistant  bacteria
determined for both types of soils which their mode
show in Table 1.

Table 1. The results of antibiotic susceptibility assay (the
mode percentage) of resistant bacteria according to

Agricultural soils  Industrial soils

Antibiotic

(%) (%)
Erythromycin 38.1 345
Vancomycin 37 28.7
Gentamicin 41.2 28.7
Penicillin G 7.5 15
Co-trimoxazole 13 11

sampling places

The erythromycin-resistant bacteria isolated by
concentration of 0.5 mg/L that the range of
resistance population was variable from > 0.1 to
100% of the total population and the mode of
erythromycin resistance was 38.1% from the 19
agricultural soils that indicate a high level of
resistance among these bacteria. In the second group
(non-agricultural  soils), the  resistance to
erythromycin was in the range of 12-100% of total
bacteria with the mode of isolates was 34.5% of the
total  erythromycin-resistant  population.  The
vancomycin-resistant bacteria were in the range of
8-100% and 0.1-100% of the total bacteria for the
agricultural and industrial soils, respectively. The
mode of them is 37% and 28.7% for the first and
second groups at the concentration of 0.5 mg/L of
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vancomycin. The range of gentamicin-resistant
bacteria to 1 mg/L in agricultural samples was
varied at the range of 16-88% of the total bacteria
population and in industrial soils, the resistance was
at range 11-84% which the mode of resistance were
41.2 and 28.7% for the first and second groups,
respectively. The results for resistance to penicillin
G showed the lower population percentage of
resistant bacteria than other antibiotics because
of used concentration (2 mg/L) of penicillin G, that
was 0.2- 66% of the total isolates in agricultural
lands with the mode of 7.5% and 0.1-8.4% from
industrial soils by mode of 1.5% were resistant. The
last antibiotic was co-trimoxazole at the
concentration of 0.5 mg/L which 0.1-90% and 0.1 -
84% of isolates from agricultural soils and industrial
soils were resistant, respectively. The resistance
modes were 13% and 11% for the first and second
groups, respectively. The results showed the
population of antibiotics resistant isolates from an
agricultural area were higher compared with
industrial area. The sample collected from a
vegetable garden used animal manure and the soils
No. 10 and No. 13 which collected from Lenjan city.
They were showing the high percentage of
antibiotic-resistance that the rice farms frequently
were irrigated by Zayanderud River. Among the
collected soils from an industrial area, the sample
No. 28 around of Isfahan steel Company, showed
the highest population of resistant bacteria for all
tested antibiotics. A total of 152 bacteria were
determined to belong to different genera mostly
gram-positive strains such as Staphylococcus,
Corynebacterium and Bacillus. The results of
bacterial identification showed in Table 2. The
population of resistant bacteria to erythromycin is
highest that contained 25.6% of total resistant
bacteria and population of Staphylococcus was more
than others which included 25.6%. The vancomycin-
resistant bacteria contained 24 isolates. The high
population of resistance belongs to Bacillus firmus
which  was 24.3% of resistant bacteria to
vancomycin. The resistant bacteria to gentamicin
contained 17.7% of total isolates which the
abundance of Staphylococcus aureus with 33.3% of
gentamicin resistance isolates. In the penicillin G
resistance that contained 13.1% of total isolates, the
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Table 2. The identified resistant bacteria based on used antibiotics

Total number of Resistant bacteria Type of resistant Number of genuses Strain resistant to

Antibiotics isolated bacteria to antibiotic (%) Bacteria isolated resistant to antibiotic antibiotic (%)
Bacillus set Al 9 23
Bacillus set B2 5 12.8
Bacillus set C3 1 2
Bacillus set D* 1 2
Erythromycin 39 25.6 Bacillus firmus 2 5.1
Corynebacterium 7 17.9
Kurthia 2 5.1
Soprolactobacillus 2 5.1
Staphylococcus 10 25.6
Bacillus set A 7 18.9
Bacillus set B 5 135
Bacillus set C 1 2.7
Bacillus set D 2 5.4
Vancomycin 37 24.3 Bacillus firmu; 9 24.3
Corynebacterium 2 5.4
Kurthia 4 10.8
Sporolactobacillus 1 2.7
Staphylococcus 5 135
Micrococcus 1 2.7
Bacillus set A 2 7.4
Bacillus set B 3 111
Bacillus set C 1 3.7
Bacillus firmus 1 3.7
. 27 Corynebacterium 3 111
Gentamicin 17.7 Kurthia 5 185
Staphylococcus 9 333
Streptomyces 1 3.7
Listeria 1 3.7
Micrococcus 1 3.7
Bacillus set A 2 10
Bacillus set B 3 15
Penicillin G 20 13.1 Bacillus set D_ 2 10
Corynebacterium 6 30
Kurthia 4 20
Overskovia 3 15
Bacillus set A 8 27.5
Bacillus set B 1 3.4
Bacillus firmus 1 3.4
Co- Corynebacterium 8 275
trimoxazole 29 19 Kurthia 5 17.2
Nocardia 1 34
Staphylococcus 2 6.8
Rhodococcus 1 3.4
Overskovia 2 6.8

Bacillus set A included to: B. cereus, B. thuringiensis, B. laterosporus, B. anthracis
Bacillus set B: B. alvei, B. circulans, B. marcescens, B. polymyxa

Bacillus set C: B. licheniformis, B. coagulans

Bacillus set D: B. megaterium, B. subtilis, B. pumilus, B.brevis
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presence of the Corynebacterium was highest with
30% of total resistant bacteria to penicillin G.

Finally, the population of resistant bacteria to co-
trimoxazole was 19% of total resistant bacteria
which  among them, Bacillusset A and
Corynebacterium with 27.5% showed the highest
percentage of resistant strains to co-trimoxazole.

The presence of Bacillus sp was considerably
higher than other species because this group is
extensive in soils and their structures such as spore
can help them for high durability in an unusual
condition.

The minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC)
determined for all the resistant bacteria. The range of
bacterial MIC for each concentration of antibiotic
showed in Table 3.

The most common MIC (MIC mode) for resistant
bacteria to erythromycin for the agricultural soils
and industrial soils were 16 and 2 mg/L,
respectively. The MBC for both groups were in the
range of 16-256 mg/L. Both MIC and MBC among
isolates from agricultural soils were higher than
another group. The MIC mode and MBC of
vancomycin was 8 mg/L and 128 mg/L for both
groups. Vancomycin is a known antibiotic that uses
for many infection treatments. The MIC and MBC
range for gentamicin for the first group was at range
1-128 mg/L and 8-256 mg/L, respectively and the
mode of MIC show 16 mg/L. In the second group,
the MIC was at range 2-64 mg/L and the MBC
concentration was 8-128 mg/L with MIC mode 4
mg/L. The MIC and MBC range for penicillin G

resistant bacteria were at the range of 1-256 mg/L
and 8-512 mg/L, respectively. The MIC for co-
trimoxazole in the first group and second group were
at the range of 1-128 and 1-16 mg/L, respectively.
The MIC mode for co-trimoxazole resistant bacteria
in the first group was 4 and in the second group was
2 mg/L. The MBC in the first and second groups
were at the range of 8-256 mg/L however, the MBC
concentration for co-trimoxazole was higher in the
agricultural soils. The isolates bacteria from nol8,
10, 13 in the first group and no 28 from the second
group of soils shown high MIC concentration than
other isolates which their previously determined by
the high population of antibiotic-resistant bacteria.
In some isolates, multidrug resistance (MDR)
determined which the resistance profiles, incidence
and phenotype of antibiotic-resistant bacteria
showed in Table 4. In the total, 152 bacteria
identified which 24 isolates equal by %15.78 of total
bacteria were resistant to five antibiotics (Penta-R).
The number of isolates with four antibiotics
resistance (Tetra-R) was 36 cases that included
%23.68 of the total cases. In the total, 152 bacteria
identified which 24 isolates equal by %15.78 of total
bacteria were resistant to five antibiotics (Penta-R).
The number of isolates with four antibiotics
resistance (Tetra-R) was 36 cases that included
%23.68 of the total cases. The most common type of
tetra-resistances determined by the simultaneous
resistant to erythromycin, vancomycin, penicillin G
and co-trimoxazole that contains %12.5 of the
isolates.

Table 3. The MIC for the antibiotic-resistant isolates. The parenthesis humber shows the percentage of antibiotic-resistant

bacteria for each concentration

Antibiotic mg/L Antibiotic concentration Number
1 2 4 8 16 32 64 128 256 of strain
Erythromycin a4 8 2 2 8 6 > 4 i 39
(10%) (20%) (5%)  (5%)  (20%) (15%) (13%) (10%)
Vancomycin > 2 10 14 4 2 i i i 37
(14%)  (5%) (7%) (38%) (11%) (5%)
Gentamicin ! 2 - 6 3 3 ! i i 27
GB%) (%)  (42%) (22%) (11%) (11%)  (3%)
Penicillin G L 2 3 ! L 4 2 3 3 20
(5%)  (10%) (15%) (5%)  (5%) (20%) (10%) (15%)  (15%)
Co- 6 6 5 4 5 1 1 1 - 29
trimoxazole (20%)  (20%) (17%) (14%) (17%) (4%)  (4%)  (4%)

* The number present the rate of MIC concentration for the selected antibiotic. The number in parenthesis shows the percentage
of antibiotic-resistant isolated bacteria related to the same MIC concentration.
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The number of resistant bacteria to three
antibiotics (Tri-R) was 40 isolates corresponded by
%26.31 of the total resistance bacteria which the
phenotype resistance to erythromycin, vancomycin
and penicillin G with %5.26 of the total resistant
cases was the most common type. In double
resistance, 28 bacteria determined equally by
%18.42 of the total bacterial isolates. The most
common type showed by both resistance to

erythromycin and co-trimoxazole which show
3.28% of total cases. Finally, the number of isolated
bacteria with single resistance (Mono-R) was 24
bacteria which contains %15.78 of the total resistant
bacteria which the highest population determined by
erythromycin resistance that was %4.6 of the total
isolates.

Table 4. Review on the phenotype of antibiotics resistance in the bacteria isolated from soils

Isolates Isolates with different multiple resistant Resistance pattern
Type of multiple resistance
No® %@ No® % %R E V G PG SXT

Penta— R 24 1578 24 100 15.78 + + o+ 4 +
8 22.22 5.26 + o+ o+ -
7 19.44 4.6 + o+ o+ - +
Tetra- R 36  23.68 14 38.88 125 + + - 4 +
2 5.55 131 + -+ 0+ +
5 13.88 3.28 -+ o+ 4 -
5 125 3.28 + + o+ - -
8 20 5.26 + + -+ -
1 25 0.65 + -+ 4 -
1 25 0.65 -+ o+ 4 -
. 7 175 4.6 + o+ - - +
Tri-R 40 2631 3 75 197 . . .
4 10 2.63 -+ o+ - +
2 5 1.31 + - - 4 +
5 12.5 3.28 -+ -4 +
4 10 2.63 - -+ 4 +
4 14.28 2.63 + o+ - - -
2 7.14 1.31 + -+ - -
4 14.28 2.63 + - -+ -
5 17.85 3.28 + - - - +
1 3.57 0.65 -+ o+ - -
Double- R 28 1842 ) 7 14 131 e i
3 10.71 1.97 -+ - - +
2 7.14 1.31 S -
2 7.14 1.31 - -+ - +
3 10.71 1.97 - - -+ +
7 29.1 4.6 + - - - -
3 12.5 1.97 -+ - - -
Mono-R 24 1578 4 16.6 2.63 o+ -
5 20.8 3.28 - - -+ -
5 20.8 3.28 - - - - +

E: erythromycin  V: vancomycin G: gentamycin  Pac: penicillin G~ SXT: co trimoxazole

(1) The number of resistant bacteria based on selected resistance phenotype (resistance for five antibiotics)

(2) The percentage of isolated antibiotic-resistant bacteria according to the resistance phenotype

(3) The number of isolated bacteria based on antibiotic resistance pattern

(4) The percentage of isolated bacteria with antibiotic resistance pattern in comparison to the selected phenotype
(5) The percentage of resistant bacteria for each antibiotic to total antibiotic-resistant isolates (n=152)
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4. Conclusions

The high prevalence of indigenous antibiotic-
resistant bacteria in natural harboring determined as
a serious health risk for human and ecosystem [4,
11].. Each variation in natural environments, such as
the release of large amounts of antimicrobials
compounds change the population dynamics of
microorganisms which the prediction and control of
their consequences for the human community are so
difficult. Inappropriate use of antibiotics in medical
and other activities have been pointed out as one of
the reasons which resulted to selection and
development of drug-resistant microbes [12].The
high prevalence of antibiotic-resistant bacteria in
natural harbouring is a health risk for human and
ecosystem [4, 11]. Their antimicrobial pollution
transfers from water and wastewater into soil that
impressed all organisms. The aim of this study was
isolation and evaluation of antibiotic-resistant
bacteria that isolated from different soils in Isfahan
Province. The thirty-five samples collected from
different soils in agricultural and industrial sites.

Some soil properties such as solubility,
electronegative charge, hydrophobicity, and organic
matter affected on microbial population and
distributions of antibiotic resistance in the
environment [13] which in this study a number of
physical properties of soil samples including pH,
texture, Electrical conductivity (EC) and NaCl
concentration didn’t show effects to bacterial
resistance. In this study, 30-34% of isolates exposed
erythromycin resistance. In another study in India,
the erythromycin resistance was between 30-70% of
isolates from soil and sediment in the industrial area
[7]though, in another study the high resistance
(97%) was reported[14].

The range of vancomycin-resistant bacteria was
at range 28-37% that was similar to study in India
which was the range 30-60% [7]. The high rate of
resistance (>90%) to vancomycin reported for
isolates from wurban and agricultural soils of
Switzerland [14]. The incidence of vancomycin-
resistant bacteria from dairy farm soil and residential
garden that enriched with organic manure were
considerably high. The anthropogenic factors
enhance the frequency and spread of environmental
drug-resistant bacteria[1].

*a_tavakoli2003@yahoo.com

The results for gentamicin-resistant bacteria was
varied among 28-41% which were similar by some
reports including 10-40% [7], 23% [12] however,
the higher rate by 56% of gentamicin resistance
from agricultural, urban and pristine soils resistant
was reported [14]. In some studies, the range of
resistant isolates was considerably less than above
results at ranged 5-8% of isolates were resistant to
gentamicin [4, 15]. In the present study, the
population of resistant isolates to penicillin G was
less than 10% probably the high concentration of
penicillin G used. But, in many studies, the
incidence of penicillin resistance was higher than
other antibiotics about 31-38% of dairy farm
soils[1]. The high percentage were resistant to
penicillin G about 85-97% of isolates from the soil,
sediment and municipal dumpsite [12, 14]. The
mode of co-trimoxazole resistance was varied at
range 10-13% similar with the other studies that 5-
20% of isolates were resistant to co-trimoxazole [16,
17]. The antibiotics resistant bacteria were higher
population compared with industrial soils because of
several reasons; the first, the antibiotic-resistant
population increase when the agricultural soils
treated by livestock waste or inorganic compound
[1]. The second reason, the population of antibiotic-
resistant bacteria increased when the farms irrigated
by Zayanderud River. The microbial community
also affected by type, concentration and half-life of
antibiotic [13]. In the present study, the MIC mode
for erythromycin was at range 2-16 mg/L similar
result determined by MIC
for Staphylococcus isolates were at the range of 1-8
pg/mL [18] and 0.1 to >256 pg/mL in the
agricultural soils [19, 20]. The MIC mode for
vancomycin was 8 mg/L that was similar by the
report from Beverley Beck Riverin England that
were 4-8 mg/L [20, 21] and the MIC range
for Staphylococcus was 8-16 pug/mL [18].

The MIC mode for gentamicin was 4 mg/L in the
present study which in similar studies, the MIC for
Bacillus spp and Pseudomonas aeruginosa isolates
were 0.5-32 pg/mL and 20 mg/L, respectively also
the MIC 256 mg/L determined [4, 15, 20] The result
shows the type and source of isolated bacteria are
effective in their antibiotic resistance patterns [4](.
The MIC penicillin G for two isolates
(Acinetobacter strain  SR2 and  Aeromonas
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hydrophila strain (SR4) were 10 mg/L [3]. But, the
MIC in the present study show variable range 1-256
mg/L. This antibiotic is used extensively as well
produced by many soil bacteria[22]. The MIC for
the most of isolates from agricultural soils was
higher than MIC for the isolates from industrial soils
probably, in the manure-amended soils or irrigated
by river water exposed with antibiotics [19].

The MAR frequently determined among the
bacterial community. The highest antibiotic
resistance determined by triple-resistance pattern
and the most abundant type of resistance pattern
observed among four antibiotics include
erythromycin, vancomycin, penicillin G, and co-
trimoxazole. In several studies, the range of MDR
was 56-95% of isolates that resistance to two or
more antibiotics was approved [4, 12, 14]. The study
done in Mexico showed a lot of bacteria were
resistant to more than six antibiotics that the
population of gram-positive bacteria such as
Bacillus sp were higher than gram-negative species.
The endospore-forming ability prepares a long-term
environmental survival strategy for resistance under
stressful conditions[13]. The most presence of
resistant bacteria in irrigated soils determined in
depth of 15-30 cm [13, 14]. Many multidrug
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