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Abstract

Background and objectives: Acinetobacterisa genus of opportunistic pathogens that are
commonly found in the environment. Given the unique ability of these bacteria to survive
in the hospital, they are considered as one of the main causes of hospital-acquired
infections.The emergence of multidrug-resistant Acinetobacter spp., particularly
Acinetobacter baumannii has become a major health threat worldwide. In this study, we
investigate antibacterial effects of probiotic isolates from goat milk on clinical isolates of
A. baumannii.

Methods: In this study, 100 clinical specimens were taken from patients hospitalized in
six hospitals in the Golestan Province, north of Iran. Following isolation and identification
of A. baumannii strains, antibiotic resistance patterns of the isolates were investigated
using the Kirby-Bauer method according to the Clinical and Laboratory Standards Institute
(CLSI-2015) guidelines. Probiotic bacteria in goat milk were isolated and identified by
culture in MRS and M17 media and carbohydrate fermentation tests. Antibacterial effects
of the probiotic bacteria against resistant A. baumannii isolates were evaluated using the
agar well diffusion method.

Results: Overall, 55% of the isolates were identified as A. baumannii. The highest
resistance rates were observed against tobramycin (76.3%), mezlocillin (74.5%) and
cefotaxime (74.5%). Resistance to levofloxacin, tetracycline, imipenem and minocycline
was detected in 72.7%, 72.7%, 70.9% and 29.1% of the isolates, respectively. The most
common probiotic isolates were Lactobacillus plantarum and Lactococcus piscium (30%
each). The highest and lowest effects were exerted by Lactococcus lactis (34.54%) and
Lactobacillus bulgaricus (3.63%), respectively.

Conclusion: Our results demonstrate that the prevalence ofdrug-resistantA. baumannii
strains is high in the hospitals. Given the promising antimicrobial effects of the isolated
probiotic bacteria, goat milk can be recommended as an adjuvant therapy or an alternative
to common antibiotics for improving treatment outcome of infections caused by drug-
resistantA. baumannii.
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Introduction

Emergence of antibiotic-resistant
microorganisms that cause nosocomial
infections has become a major healthcare
challenge (1). Acinetobacter is a genus of
gram-negative  coccobacilli  from  the
Moraxellaceae family. Acinetobacter species,
including  Acinetobacter baumannii, are
opportunistic pathogens that can cause both
community-acquired and nosocomial
infections, especially in intensive care unit and
high-dependency unit patients (2,3). These
bacteria have been isolated from various
infections including ventilator-associated
pneumonia, endocarditis, meningitis, skin and
soft-tissue infections, urinary tract infection
and  prosthesis-related  infections.  A.
baumannii has been isolated from diverse
animal, human and environmental sources, but
the control of its presence in healthcare
settings is most importance (4,5). Until three
decades ago, A. baumannii infections were
treated  effectively  with  conventional
antibiotics (6,7), but, the recent emergence of
multi-drug resistant A. baumannii strains has
made them difficult to control (8). Therefore,
much attention has been paid to discovery of
novel, effective and non-toxic alternatives to
conventional antibiotics. Probiotics are an
example of such compounds that lack the side
effects of antibiotics. Probiotics create holes in
the phospholipid bilayer of bacteria by
disrupting the cytoplasmic membrane and
generating the proton motive force. Also, they
prevent the probable growth and metastasis of
bacteria through immunologic and non-
immunologic mechanisms (9,10). The purpose
of this study was to investigate in vitro
antibacterial activity of goat milk as probiotics
source against A. baumannii.
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Materials and Methods
Sampling and bacterial isolation

This descriptive study was performed on 100
samples (blood, burn wound and trachea) from
six hospitals in the Golestan Province, Iran.
Before sampling, written informed consent
was taken from all patients. Thesamples were
cultured on blood agar and MacConkey agar.
A. baumannii strains were identified by colony
morphology, gram staining and biochemical
tests including oxidase, catalase, citrate,
motion, TSI, indole, methyl red, Voges—
Proskauer andcarbohydrate fermentation test.

Antimicrobial susceptibility testing

Antimicrobial susceptibility was evaluated
using the disc diffusion method (Kirby-Bauer
method). First, a suspension (equivalent to a
0.5 McFarland standard) was prepared from an
overnight culture of Acinetobacter spp.
isolates. After incubation at 37°C, the isolates
were cultured on Mueller Hinton agar (Merck,
Germany) using sterile swabs. Levofloxacin (5
pg), minocycline (30 pg), cefotaxime (30 pg),
tobramycin (10 pg), mezlocillin (75 pg),
imipenem (10 pg) and tetracycline (30 pg)
disks were purchased fromPadtan Teb Co.
(Tehran, Iran). The antibiotics disks were
placed on the culture medium. After 18-24
hours of incubation at 37 °C, results were
interpreted as resistant, intermediate and
susceptible by measuring the diameter of
inhibition zone according to the Clinical and
Laboratory Standards Institute guidelines
(CLSI-M100-S25) (11).

Isolation of probiotic bacteria

Milk samples were collected from 1-3 years
old Pakistani-Turkmen goats. The milk
samples were cultured on MRS agar and M17
agar (Merck, Germany) and incubated at 37 °C
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for 48 hours under anaerobic conditions.
Bacterial species were identified based on
colony morphology, gram staining, catalase
test and ability to ferment cellobiose, fructose,
galactose, glucose, lactose, maltose, mannitol,
mannose, melezitose, ribose and trehalose.

In order to isolate antimicrobials, several
colonies of lactic bacteria isolated from goat
milk were inoculated into tubes containing
M17 broth and MRS broth. After addition of
paraffin to the media, the tubes were incubated
at 37 °C for 4 days. Next, paraffin was
removed and the tubes were centrifuged at
3500 rpm for 10 minutes. Sediment was
removed under sterile conditions and
supernatant containing bacterial metabolites
was stored for future use.

Evaluation of antimicrobial activity of probiotic
isolates

The agar well diffusion method was used to
evaluate antimicrobial activity of the probiotic
isolates. First, a suspension (equivalenttoa 0.5
McFarland standard; 1.5 x 108 CFU/mL) from
all antibiotic-resistant A. baumannii isolates
was prepared in physiological saline solution
and then cultured on Muller Hinton agar. Next,
wells (7mm diameter) were created on the
culture medium and 100 ul of the bacterial
suspension were added to each well. A well
containing distilled water was considered as
negative control. The plates were incubated at
37 °C for 24 hours. A growth inhibition zone
diameter of >15 and <12 mm indicated
susceptibility and resistance, respectively.
Moreover, A. baumannii ATCC 19606 was
used as a positive control.

Results
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Overall, 55% of the isolates were identified as
A. baumanni. The frequency of A. baumanni
isolates was highest in men (76.4%) and
patients aged 50 years and older (60%). The
rate of antibiotic resistance among A.
baumanni was highest against tobramycin
(76.3%) and lowest against minocycline
(29.1%) (Figure 1).
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Figure 1. Relative frequency of antibiotic resistance
among A. baumanni isolates

According to the results of the carbohydrate
fermentation tests, Lactobacillus plantarum
and Lactococcus piscium were identified as the
probiotic strains in milk samples from three-
year-old goats. Lactobacillus bulgaricus and
Lactococcus lactis were identified as the
probiotic strains in milk samples from two-
year-old goats. L. plantarum, Lactococcus
raffinolactis and L. piscium were identified as
the probiotic strains in milk samples from one-
year-old goats (Figure 2).
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Figure 2. Relativeabundance of the probiotic strains

isolated from goat milk.

According to results of the agar well diffusion
assay, L. lactis exerted the strongest
antibacterial activity against A. baumanni
isolates (Table 1).

Table 1. Antibacterial activity of the probiotic isolates from goat milk against drug-resistant A.

baumanni
L. lactis L. piscium L. raffinolactis | L. plantarum L. bulgaricus
No % No % No % No % No %
Grown 36 | 6545 | 44 80 49 89.09 | 46 | 83.63 53 96.36
Inhibited 19 3545 | 11 20 6 10.90 9 | 16.36 2 3.63
Total 55 100 55 100 55 100 55 | 100 55 100
P-Value 0.01 0.01 0.04 0.036 0.05

Table 2. Mean diameter of growth inhibition zones caused by

probiotic isolates around drug-ResistantA.baumanii*®

Probiotics Mean +SD
L. bulgaricus 15.5+4.01
L. plantarum 16.3+3.90
L. lactis 18.6+0.03
L. piscium 17.4+0.00
L.raffinolactis 15.8+0.00
@ Diameterof thelnhibitionZone,mm.

b pvalue< 0.01.
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Discussion

Management of nosocomial infections caused
by Acinetobacter species has become
challenging due to the recent emergence and
spread of drug-resistant strains. A. baumannii
is one of the most clinically important
Acinetobacter species that can cause a wide
range of infections (12). The purpose of our
study was to evaluate the antagonistic activity
of probiotic isolates from goat milk against
drug-resistant A. baumannii isolates. Of 100
clinical specimens collected from patients in
intensive care and high dependency units, 55
were identified as A. baumannii. In the
antibiotic susceptibility test, we observed high
resistance rates against tobramycin (76.3%),
mezlocillin  (74.5%), cefotaxime (74.5%),
levofloxacin (72.7%), tetracycline (72.7%),
imipenem (70 .9%) and minocycline (29.1%).

In a previous study in Iran, the prevalence of
imipenem- and ciprofloxacin-resistant A.
baumannii isolates was 40.9% and 77.7%,
respectively (13). A more recent study in lran
reported high rates of resistance against
cefotaxime  (93%), cefipime  (91%),
norfloxacin (87 %), imipenem (86%) and
tobramycin (67%) among A. baumannii
clinical isolates (14). These results indicate the
rising prevalence of resistant A. baumannii
strains in recent years. According to a
systematic review, the frequency of
carbapenem-resistant A. baumannii strains
increased in 2010-2013, while the rate of
resistance to aminoglycosides did not change
significantly (15). A 10-year survey on the
prevalence of drug-resistant A. baumannii
strains between 2004 and 2014 demonstrated a
64% increase in the frequency of imipenem-
resistant strains and a 49% increase in the
frequency of extensively drug-resistant strains

8| Jorjani Biomedicine Journal. 2019; 7(2): P 1-8.

in 2014 (16). These findings highlight the
eminent need for discovery of novel
antimicrobial agents against drug-resistant
bacteria. In this regard, probiotics have been
suggested as promising and economically
feasible  alternatives to  conventional
antibiotics. In the present study, we isolated
and identified L. bulgaricus, L. plantarum, L.
raffinolactis, L. piscium and L. lactisfrom from
Pakistani-Turkmen goat milk samples In 2004,
a study in Algeria reported Streptococcus
thermophilus, Lactobacillus helveticus, L.
plantarum, Lactobacillus delbrueckii and
Lactobacillus lactis as the most common lactic
acid bacteria in raw milk samples from four
goat breeds (17).

In a study in 2015, Lactobacillus fermentum
(48%), Lactobacillus acidophilus (34%),
Lactobacillus viridescens (8%), Lactobacillus
brevis (5%) and Lactobacillus gasseri (4%)
were detected in 40 milk samples collected
from the Aarey Milk Colony in India (18). The
results of these studies indicate the great
diversity of probiotic bacteria in goat milk.

In the present study, L. bulgaricus and L. lactis
exhibited the highest and lowest antagonistic
activity against resistant A. baumannii isolates,
respectively. Similar to our findings, a study in
Mexico demonstrated the inhibitory activity of
bacteriocinogenic probiotic bacteria from goat
cheese against Staphylococcus aureus,
Bacillus cereus, Escherichia coli, Listeria
monocytogenes, Pseudomonas aeruginosa,
Shigella  flexneri, Serratia  marcescens,
Enterobacter  cloacae and  Klebsiella
pneumoniae (19).

In 2004, a study confirmed antimicrobial
activity of lactic acid bacteria against a
standard strain of S. aureus (20). Among the
probiotic bacteria isolated from goat milk, we
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observed that Lactococcus spp. could exert a
more  promising  antibacterial  activity
compared to Lactobacillus isolates against
resistant A. baumannii strains.

Conclusion

Our findings revealed the alarmingly high
prevalence of drug resistance among A.
baumannii clinical isolates from hospitals of
the Golestan Province, Iran. Given the
favorable antimicrobial activity of goat milk-
derived probiotics against resistant A.
baumannii isolates, we suggest conducting
future studies on the potential antimicrobial
activity of these probiotics or their metabolites
against other clinically important bacteria.

Funding source(s):

This research has been accomplished by the
support of Microbiology lab, 1.A.U, Gorgan
branch and it is extracted from the MSc thesis
of MaryamYaghoobpour.

Conflict of interest:
The authors declare that there is no conflict of

interest.

7| Jorjani Biomedicine Journal. 2019; 7(2): P 31-38.



Probiotics in Goat Milk: A Promising Solution

Fozouni L. et al.

References

1. Curtis LT. Prevention of Hospital Acquired Re
view of Non-Pharmacological Intervention. JHosp
Infect.2008; 69(3):204-219.
[DOI:10.1016/j.jhin.2008.03.018]

2. Eveillard M, Kempf M, Belmonte O, Pailhories

H, Joly-Guillou ML. Reservoirs of
Acinetobacterbaumannii outside the hospital and
potential involvement in emerging human
community-acquired infections. Int Journal Infect
Dis.2013; 17)10 (:802-805.
[DOI:10.1016/.ijid.2013.03.021]

3. Tang SS,Apisarnthanarak A, Hsu LY.
Mechanisms of B-lactam antimicrobial resistance
and epidemiology of major community and
healthcare-associated multidrug-resistant
bacteria.Adv  DrugDelivRev.2014; 7: 3-13.
[DOI:10.1016/j.addr.2014.08.003]

4. Kim Uj, Kim Hk, An JH, Cho SK, Park Kh, Jang
HC. Update on the epidemiology, treatment, and
outcomes of carbapenem-resistant Acinetobacter
infections.chonnam Med Journal.2014; 50)2(:37-
44. [DOI:10.4068/cmj.2014.50.2.37]

5. Nhu NTK, Lan NPH, Campbell JI, Parry CM,
Thompson C, Tuyen HT, Howamg MVM, et al.
Emergence of carbapenem-resistant
Acinetobacterbaumannii as the major cause of
ventilator-associated pneumonia in intensive care
unit patients at an infectious disease hospital in
southern Vietnam. Journal Med Microbial.2014;
63)10(:1386-1394. [DOI:10.1099/jmm.0.076646-
0]

6. Li J, Rayner CR, Nation RL, Owen RJ, Spelman
D, Tan KE, Liolios L. Heteroresistance to colistin
in multidrug-resistant Acinetobacter baumannii.
Antimicrob Agents Chemother.2006; 50(9): 2946-
2950. [DOI:10.1128/AAC.00103-06]

7. Garcia-Quintanilla M, Pulido MR, Lopez-Roja
R, Pachon J, McConnell MJ. Emerging therapies
for multidrug resistant Acinetobacterbaumannii.
Trends Microbial. 2013;21(3):157-163.
[DOI:10.1016/j.tim.2012.12.002]

8| Jorjani Biomedicine Journal. 2019; 7(2): P 1-8.

8. Oh Y.J, Song SH, Baik SH, Lee HH, Han 1M,
Oh DH. A case of fulminant community-acquired
Acinetobacterbaumannii pneumonia in
Korea.Korean Journal Intern Med.
2013;28)4(:486-490.
[DOI:10.3904/kjim.2013.28.4.486]

9. Kirjavainen PV, Salminen SJ, Isolauri E.
Probiotic bacteria in the management of atopic
disease : underscoring the importance of viability.
Journal Pediatr Gastroenterol Nutr.2003; 36(2):
223-227.  [DOI:10.1097/00005176-200302000-
00012]

10. Carvalho Eunice B, Maga Elizabeth A, Quetz
Josiane S,Lima lla FN, Magalhaes Hemerson YF,
et al. Goat Milk With and Without Increased
Concentrations of Lysozyme Improves Repair of
Intesyinal Cell Damage Induced by
Enteroaggregative  Escherichia Coli. BMC
Gastroenterol.2012; 12:106. [DOI:10.1186/1471-
230X-12-106]

11. Performance Standards for Antimicrobial
SusceptibilityTesting; Twenty-Fifth Informational
Supplement. M100-S25.Wayne, PA.2015;
3(35):56-58.

12. Tsakris A, Poulou A, Pournaras S, Voulgari E,
Vrioni G, Themeli-Digalaki K, et al. A simple
phenotypic method for the differentiation of
metallo-beta-lactamases and class A
KPCcarbapenemases  in  Enterobacteriaceae
clinical isolates. Journal Antimicrob
Chemother.2010; 65(8): 1664-1671.
[DOI:10.1093/jac/dkq210]

13. Jafari S, Najafipour S, Kargar M, Abdollahi A,
Mardaneh J, Fasihy Ramandy M, et al.
Phenotypical Evaluation of Multi-Drug Resistant
Acinetobacter Baumannii. J Fasa Univ Med Sci.
2013; 2 (4) :254-258.

14. Nourmohammadi Z, Zamanzad B, Shavarzi A,
Kiani P. Evaluation antimicrobial resistance of
Acinetobacter baumannii isolated from shahrekord
teaching hospitals in 2013. Journal Shahrekord
Univ Med Sci. 2015; 16(6): 1-8.


https://doi.org/10.1016/j.jhin.2008.03.018
https://doi.org/10.1016/j.ijid.2013.03.021
https://doi.org/10.1016/j.addr.2014.08.003
https://doi.org/10.4068/cmj.2014.50.2.37
https://doi.org/10.1099/jmm.0.076646-0
https://doi.org/10.1099/jmm.0.076646-0
https://doi.org/10.1128/AAC.00103-06
https://doi.org/10.1016/j.tim.2012.12.002
https://doi.org/10.3904/kjim.2013.28.4.486
https://doi.org/10.1097/00005176-200302000-00012
https://doi.org/10.1097/00005176-200302000-00012
https://doi.org/10.1186/1471-230X-12-106
https://doi.org/10.1186/1471-230X-12-106
https://doi.org/10.1093/jac/dkq210

Probiotics in Goat Milk: A Promising Solution

Fozouni L. et al.

15. Moradi J, Hashemi Farhad B, Bahador A.
Antibiotic Resistance of Acinetobacter baumannii
in Iran: A Systemic Review of the Published
Literature. Osong Public Health Res Perspect.
2015; 6(2): 79-86.
[DOI:10.1016/j.phrp.2014.12.006]

16. Lei Gao, Yuan Lyu, and Yun Li. Trends in
Drug Resistance of Acinetobacter baumannii over
a 10-year period: Nationwide Data from the China
Surveillance of Antimicrobial Resistance program.
Chin  Med Journal.2017; 130(6): 659-664.
[DOI:10.4103/0366-6999.201601]

17. Badis A, Guetarni D, Moussa Boudjema B,
Henni D.E, Kihal M. Identification and
Technological properties of lactic acid bacteria
isolated from raw goat milk of four Algerian races.
Food Microbiology.2004; 21(5): 579-588.
[DOI:10.1016/j.fm.2003.11.006]

18. Mithun S, Dipak V, Sheela S. Isolation and
Identification of lactobacilli from raw milk
samples obtained from Aarey Milk Colony.
IJSRP.2015; 5(4): 2250-2253..

19. Oscar F. Hernandez-Saldafia, Mauricio
Valencia-Posadas, Norma M. de la Fuente-Salcido,
Dennis K. Bideshi, and José E. Barboza-Corona.
Bacteriocinogenic Bacteria Isolated from Raw

How to cite:

Goat Milk and Cheese Produced in the Center of
Mexico. Indian J Microbiol.2016;56(3):301-308.
[DOI:10.1007/5s12088-016-0587-3]

20. Savadogo A, Ouattra CA, Bassole IHN, Traore
AS. Antimicrobial activities of lactic acid bacteria
strains isolated from Burkina faso fermented milk.
Pakistan Journal of nutrition.2004; 3 (3):174-179.
[DOI:10.3923/pjn.2004.174.179]

Fozouni L, Yaghoobpour M, Ahani A. Probiotics in Goat Milk: A Promising Solution for Management of Drug-
Resistant Acinetobacter baumannii. Jorjani Biomedicine Journal. 2019; 7(2): 31-38.

7| Jorjani Biomedicine Journal. 2019; 7(2): P 31-38.


https://doi.org/10.1016/j.phrp.2014.12.006
https://doi.org/10.4103/0366-6999.201601
https://doi.org/10.1016/j.fm.2003.11.006
https://doi.org/10.1007/s12088-016-0587-3
https://doi.org/10.3923/pjn.2004.174.179

