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Abstract 

To determine the ozone inactivation kinetic of different Gram positive and Gram 
negative multiple antibiotics resistant bacterial strains from clinical isolation (CI), that 
resists too high concentration of chlorine, and compare them with reference strains was 
our  objective.  Microorganism’s  concentration  was  from 105  to 106  ufc/mL,  and 

chlorine and ozone concentrations were between 0.5 - 4 mg/L, and 0.36 - 2 mg/L respectively. Gram-positive multiple antibiotic resistant strains are the most resistant bacteria with chlorine. With ozone the multiple antibiotics resistant strains were more resistant that reference strains. There were not statistical differences on ozone resistant inside of strains of same species, neither between Gram positive and Gram negatives multiple antibiotic resistant strains, and for Escherichia coli the resistance not dipped of plasmid witnesses. 

Introduction 

Of all environmental agents to which we are exposed, water is one of the most 
important being essential to life, and it is too the more commune infection way (De 
Marini et al., 1995). The oxidant property of ozone is used in water treatment as a 
strong germicidal agent (Lee et al., 1991; Laddie and Bland, 1990; Finch and Fatrbaim, 
1991). 

One of the most important problems in antibiotic therapy is the capability of bacteria to 
develop multiple antibiotic resistance. A problem of primary concern to public health 
to the presence of antibiotic resistant bacteria in water, is that they are eliminated by 
man and animal which eventually pollute water resources, swimming pools, etc. (El-
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Zanfaly, 1997). Chlorine treatment is the most commonly used method for controlling 
microorganisms, however chlorine and ultraviolet radiation have been reported to 
select for antibiotic resistant indicator microorganisms (Finch and Smith, 1987). 

The objective of this work is to determine the ozone inactivation kinetics in water of different  Gram  positive  and  Gram  negative  multiple  antibiotic  resistant  bacterial strains from clinical isolation, that resist high concentration of chlorine and compare them with reference strains. 

Material and Methods 

Staphylococcus aureus ATCC  29213, Escherichia coli ATCC  10521, Pseudomona aeruginosa ATCC 27853, Enterobacter aerogenes ATCC 13048, were chosen for the study.  Clinical  isolation  of  multiple  antibiotic  resistant  bacteria  strains  of Staphylococcus positive and negative cuagulase 40 and 15, are sensitive to Amikacine and  Vancomicine  and  the  other  Staphylococcus  isolation  are  sensitive  only  to Vancomicine.  Gram  negative  bacterium  strains  are  resistant  to  Gentamicine, Peniciline,  Kanamicine,  Amikacine,  Cefotaxime,  Ceftriaxone.  All  of these strains came from and were identified in the Clinical Microbiology Laboratory of the America Arias Hospital in Havana, Cuba. 

Bacterial strains were seeded in Triptone Soy Agar (Difco) and incubated at 37 0C for 24 hours. From the growth obtained, a sterile distilled water suspension was prepared (turbidity = 1 Mc Farland scale) and then 1 mL of suspension was made up to 100 mL with sterile distilled water, yielding microorganisms concentration from  105  to  106 CFU/mL, which were employed in experiments. (Lezcano et al. 1999) 

Trichlor Isocianuric Acid  (PROQUIMIA S.A.) was added to bi-distilled water to 
obtain a total residual chlorine of 0.5 - 4.0 mg/L. The treatment was carried out at 25 
0C for 30 minutes. Total residual chlorine was analyzed by Iodometric Method by 
Standard Method 1985. The viability of the strains was determined in Triptone Soy 
Agar. 

Ozone inactivation were carried out in a 100 mL reactor described before (Perez Rey et al., 1995) by bubbling 2.6 to 17.47 mg/L ozone in oxygen at 3.6 L/h flowrate into the microorganisms suspensions. The concentration of ozone in the liquid phase were typically between 0.36 to 2 mg/L. Temperature was 25 0 C and the initial pH was 6.3 in all cases. Each experiment was repeated at least four times. 

Parallel experiments were performed in order to determine the normal growth of 
microorganisms under the same conditions but without ozone. Samples were taken 
from the bulk suspension during inactivation to follow the microbial count. Calculated 
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inactivation was determined according to Pérez et al., 1995. Experimental data was statistically processed. 

Plasmid  isolation  of  Escherichia  coli  multiple  antibiotic  resistant  strains  were performed as report in Short Protocols in Molecular Biology Handbook (Ausubel F. et all 1995). 

Results 

Most of the multiple antibiotic resistant strains of bacteria require for inactivation higher chloride concentration and contact time than their reference strains (Tables I and II), and Gram- positive strains were more resistant than Gram negative. Clinical isolation strains of Staphylococcus positive and negative cuagulase 40 and 15 that are sensitive to Amikacine and Vancomicine are more sensitive too to chlorine than the others Gram positive strains, which are only sensitive to Vancomicine. Staphylococcus aureus ATCC 29213 was the most resistance of reference strains. 

Table I: Total grow inactivation time and chlorine concentration of Gram positive strains. 

Gram Positive Bacterias
[Cl]mg/L   t (min.)

Staphylococcus aureus ATCC 29213
3
1

Staphylococcus positive cuagulase C.I.   22
>4
>30

Staphylococcus positive cuagulase C.I.   54
>4
>30

Staphylococcus positive cuagulase C.I.   40
3
30

Staphylococcus negative cuagulase C.I. 15
3
1

Staphylococcus negative cuagulase C.I. 74
>4
>30

Staphylococcus negative cuagulase C.I. 78
4
1

Table II: Total grow inactivation time and chlorine concentration of Gram negative

strains.

Gram Negative Bacterias

Escherichia coli ATCC   10521

Escherichia coli C.I.   96

Escherichia coli C.I.   72

Escherichia coli C.I.   51

Escherichia coli C.I.   43

Pseudomona aeruginosa ATCC 27853

Pseudomona sp. C.I. 11

Enterobacter aerogenes ATCC 13048 

Enterobacter agglomeraus C.I. 47

Klebsiella sp. C.I. 33

Klebsiella ozaenae  C.I. 24


[Cl]mg/L    t (min)

2
3

4
15

4
20

2
15

2
7

1.5
7

3
3

2
15

2
25

3
15

2
20 
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With ozone, a reduction of the bacterial concentration during the contact time was 
observed. A lineal correlation between the logarithm of bacterial concentration (N) and 
contact  time  was  found  in  all  cases,  being  the  lineal  correlation  coefficients (r) 

significative (α = 0.05) in all experiments. A typical curve is shown in figure 1 for inactivation of Escherichia coli CI 72. 
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F ig u re  1 : O z o n e in a c tiv a tio n  o f  E s c h e ric h ia  c o li  C I 7 2 

Under the experimental conditions of this study, inactivation followed a first order kinetic law with respect to the bacterial concentration, as follows:

-

Or, integrating:


dN

dt


= k1N

(1) 

Log N0 = log N - k1 t
(2)

where: 

k1: first order inactivation rate constant. 
No: initial microbial concentration. 

The first order reaction rate constants obtained showed to be linearly dependent on dissolved ozone concentration (Figures 2,3,4,). For this reason, the first order reaction rate constants may be expressed as: k1 = k2 [O3] and then, the inactivation process for all microorganisms strains studied may be expressed as overall second order kinetics equations (Table III and IV) being first order in both microorganisms and dissolved ozone concentrations. 
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Total inactivation was obtained for all microorganisms studied in all cases (Table III, 
IV). The experimental inactivation times varied from 1 to 15 minutes. Escherichia coli 
CI 72, multiple antibiotic resistant strain, required the longest inactivation time with 

0.31 mg dissolved ozone/mL. In general, the inactivation time depended on initial microbial concentration, their resistance towards ozone and dissolved ozone in contact with strains in each experiment (Lezcano et all. 1999). 

The k2 values are quantitative measurement of microorganism resistance toward ozone (Pérez Rey R et all. 1995). In this work, the Gram negative reference strains were more sensitive than clinical isolation, but for Gram positive strains there are not statistical differences between them. Staphylococcus aureus ATCC  29213 was the reference strains most resistant. 
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Table III: First and second order ozone inactivation kinetic values (k1, k2), and 

theoretic (tz) and practice (tp) time inactivation of Gram positive bacteria 

Bacterial
[O3]mg/m
K1 (min-1)
tp (min)
tz (min)
k2L/mg. min-1

L 

Staphylococcus
0.33
0.39±0.09
7
9.94
1.25 ± 0.29

aureus
0.47
1.02±0.04
7
10
r = 0.95*

ATCC
1.16
1.62±0.08
3
3.65

29213
1.77
2 ± 0.1
3
2.94

Staphylococcus
0.612
0.98±0.15
7
9.65
1.09 ± 0.22

Positive
1.035
1.21±0.36
5
4.91
r = 0.99*

Cuagulase
1.57
1.74±0.64
5
3.59

22
2.0
2.1±0.73
3
2.59

Staphylococcus
0.61
0.7±0.08
7
7.92
1.48 ± 0.15

positive
0.99
1.51±0.31
5
5.26
r = 0.96*

Cuagulase 54
1.57
2.37±0.54
3
4.74

Staphylococcus
0.5
1.08±0.1
5
10.28
1.05 ± 0.35

positive
1.0
1.37±0.02
5
5.16
r = 0.94*

Cuagulase
1.5
1.66±0.44
3
3.33

40
1.98
1.84±0.43
3
2.66

Staphylococcus
0.55
1.29±0.26
7
9.73
1.48 ± 0.36

negative
0.99
1.43±0.27
5
4.96
r = 0.95*

Cuagulase
1.46
2.0±0.44
3
3.29

15
2.1
2.06±0.38
3
2.45

Staphylococcus
0.4
0.66±0.06
7
11.25
1.01 ± 0.19

Negative
1.0
0.95±0.2
5
4.3
r = 0.96*

Cuagulase 74
1.5
1.52±0.58
3
2.8

Staphylococcus
0.66
0.44±0.04
7
7.9
0.80 ± 0.12

Negative
1.0
0.89±0.09
7
7.3
r = 0.97*

Cuagulase
1.6
1.42±0.13
5
5.36

78
2
1.49±0.31
5
4.04


Table IV: First and second order ozone inactivation kinetic values (k1, k2), and 
theoretic (tz) and practice (tp) time inactivation for Gram negative bacterias. 

Bacterias
[O3]mg/mL
k1 (min-1)
tp (min)
tz (min)
k2 L/mg. min-1

Escherichia
0.39
1.02±0.06
5
7.6
1.99 ± 0.41

coli
0.94
2.39±0.09
1
2.19
r = 0.98*

ATCC
1.4
3.0±0.9
1
1.59

10531
2.3
4.2±0.04
1
1.11

Escherichia
0.651
1.17±0.25
7
7.04
1.41 ± 0.27

coli
1.1
1.285±0.09
5
4.18
r = 0.89*

CI 96
1.5
2.21±0.69
3
3.67

Escherichia
0.31
0.49±0.07
15
16.55
1.38 ± 0.06

Coli
1.0
1.4±0.23
5
5.63
r = 0.99*

CI 72
1.52
2.11±0.572
3
3.63

Escherichia
0.52
0.63±0.04
10
12.98
1.06 ± 0.20

coli
0.92
1.2±0.22
7
8.10
r = 0.94*

CI 51
1.54
1.47±0.34
5
4.48

Escherichia
0.665
0.998±0.16
7
9.32
1.01 ± 0.24

coli
1.12
1.0±0.18
7
6.06
r = 0.91*

CI
1.51
1.25±0.3
5
4.49

43
1.92
2.15±0.14
5
3.56

Pseudomona
0.41
1.48±0.02
5
6.74
2.88 ± 0.77

aeruginosa
1.11
2.18±0.06
3
2.49
r = 0.93*

ATCC
1.78
4.63±0.06
1
1.37

27853
2.61
4.7±0.1
1
1

Pseudomona
0.63
0.912±0.09
5
8
0.98 ± 0.28

sp
1.013
1.23±0.2
5
4.5
r = 0.95*

CI
1.57
1.66±0.17
3
3.42

11
2
1.67±0.18
3
2.69

Enterobacter
0.66
1.44±0.19
7
8.37
1.30 ± 0.35

aerogenes
1.0
1.39±0.06
5
5.23
r = 0.96*

ATCC
1.66
2.03±0.74
3
3.17

13048
1.99
2.47±0.09
3
2.13

Enterobacter
0.53
0.655±0.08
10
12.44
0.90 ± 0.13

agglomeraus
1.03
0.81±0.11
7
6.14
r = 0.97*

CI
1.47
1.27±0.09
5
4.78

47
1.97
1.83±0.5
3
2.98

Klebsiella
0.74
0.73±0.11
10
12.39
0.77 ± 0.21

ozaenae
1.0
0.79±0.1
10
9.3
r = 0.88*

CI
1.46
0.83±0.1
7
6.54

24
2
1.7±0.25
5
5.23

Klebsiella
0.665
0.66±0.11
10
9.71
1.03 ± 0.17

sp
1.16
0.960±0.09
5
5.51
r = 0.97*

CI
1.55
1.78±0.059
5
4.14

33
1.93
2.03±0.57
3
3.34


Calculated inactivation time, determined according to Pérez in 1995 showed to be similar to experimental inactivation time in almost all cases. However, for some experiments,  the  calculated  inactivation  time  was  higher  than  the  experimental inactivation time. Similar results were obtained by Lezcano (1999, 2001) with Gram negative and positive bacteria. It indicates that desviations from linearity may exist for certain conditions, which should be a matter for further studies. 

Plasmid  isolation  of  Escherichia  coli  multiple  antibiotic  resistant  strains  were 
performed, and there is not relation between plasmid witness and ozone resistant in the 
three CI strains with plasmid of similar size (CI 96, CI 51, CI 43) (data is not shown). 

According to the k2 values obtained, the ozone resistance of the strains studied may be ordered as follows: 

Klebsiella ozaenae CI 24 > Staphylococcus negative cuagulase CI 78 > Enterobacter 

agglomeraus  CI
47
>  Pseudomona  sp.  CI
11
>  Escherichia  coli  CI
43
>

Staphylococcus negative cuagulase CI 74  > Klebsiella sp. CI 33  > Staphylococcus positive cuagulase CI 40 > Escherichia coli CI 51 > Staphylococcus positive cuagulase CI 22 > Staphylococcus aureus ATCC 29213 > Enterobacter aerogenes ATCC 13048 > Escherichia coli CI 72 > Escherichia coli CI 96 > Stafilococcus positive cuagulase CI 54 = Staphylococcus negative cuagulase CI 15 > Escherichia coli ATCC 10521 > Pseudomona aeruginosa ATCC 27853. 

k2 values intervals of Gram negative multiple antibiotic resistant strains went from 

0.774 to 1.41 L/mg. min-1 and for the Gram positive multiple antibiotic resistant strains 
went from 0.80 to 1.47 L/mg. min-1. With ozone there was not statistical differences of 
k2 values between Gram positive and Gram negative multiple antibiotic resistant 
strains. 

Discussion 

Lezcano in 1999 and in 2001 obtained similar results for Gram negative and Gram 
positive wild isolation and reference bacteria. If the values obtained in this work are 
compared with those obtained previously by Lezcano under the same conditions, found 
that clinical Isolation multiple antibiotic resistant strains of Pseudomona aeruginosa 
and Staphylococcus were more sensitive than same species wild isolation. But for 
Escherichia coli, clinical isolation strains were more resistant than same species wild 
isolation. 

Jones  in 
1989,  report  that  strains  of  bacteria  from  water  isolation  resist  more 
concentration of antibiotic, chlorine and other disaffection product when grow at very 
low nutrient dilution rate and on top water. They report that the change of outer 


membrane protein composition under nutrient depletion has been associated with such altered resistance. 

All of this multiple antibiotic resistant clinical isolations strain have a mucoid colony characteristic of cells with capside that made very difficult the differential tint with nigrosine, and may be it is the reason why multiple antibiotic resistant strains tolerate more ozone and chlorine concentrations. 

Conclusions 

•   The multiple antibiotic resistant strains of bacteria are more resistant to chlorine 

than referent strains and almost always Gram positive strains are more resistant 

than Gram negative strains. 

•   With ozone, bacterial inactivation followed a second order kinetic law depending 

on both dissolved ozone and microorganism concentrations. 

•   In all cases, total inactivation was achieved. The Gram negative reference strains 

were more sensitive than clinical isolation, but for Gram positive strains there are 

not statistical difference between them 

•   There are not statistical differences between Gram negative and Gram positive 

strains of clinical isolation. 

•   There are not statistical differences inside of clinical isolation strains of same 

species. Escherichia coli resistance not dipped of plasmid witness. 
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