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ABSTRACT 

Objective: To investigate the susceptibility of clinical isolates of gram-negative bacteria 
to chlorhexidine gluconate. 
Design: Prospective laboratory study. 
Setting: Tikur Anbessa Hospital, Addis Ababa, Ethiopia. 
Subjects: Clinical specimens from 443 hospital patients. 
Main outcome measures: Significant number of gram negative bacteria were not 
inhibited by chlorhexidine gluconate (0.02-0.05%) used for antisepsis. 
Results: Four hundred and forty three strains of gram-negative bacteria were isolated 
from Tikur Anbessa Hospital patients. Escherichia coli (31.6%) and Klebsiella pneumoniue 
(23%) were the most frequently isolated bacteria followed by Proteus species (13.3%), 
Pseudomonas species (9.2%), and Citrobacter species (6.1%). Each organism was tested 
to chlorhexidine gluconate (CHG), minimum inhibitory concentration (MIC) ranging 
from 0.0001% to l%w/v. All Salmonella species and E. coli were inhibited by CHG, 
MIC I 0.01%. Twenty nine per cent of Acinetobacter, 28% of K. pneumoniae and 
Enterobacter species and 19-25% of Pseudomonas, Proteus and Providenciu species were 
only inhibited at high concentrations of CHG (2 0.1%). 
Conclusion: Our results showed that a significant number of the gram-negative bacterial 
isolates were not inhibited by CHG at the concentration used for disinfection of wounds 
or instruments (MIC 0.02-0.05% w/v). It is therefore important to select appropriate 
concentration of this disinfectant and rationally use it for disinfection and hospital 
hygiene. Continuing follow up and surveillance is also needed to detect resistant bacteria 
to chlorhexidine or other disinfectants in time. 

INTRODUCTION 

Chlorhexidine gluconate (CHG) is a cationic 
biguanide and a good bactericidal agent(1). Because it 
is mild and relatively non-toxic to human tissues, CHG 
has gained a wide range of application both as an 
antiseptic and disinfectant in medical practice. In the 
1960's, different species of bacteria resistant to CHG 
were found(2,3). Since then a higher frequency of 
chlorhexidine resistant strains has been reported(4-9). 
Studies have also shown the possible positive resistance 
links between the antiseptic and antibiotics suggesting 
common mechanisms for the development of 
resistance(l0). 

There is increasing concern regarding the efficacy 
of many disinfectants on the market. It is possible that 
a significant proportion of laboratory or hospital acquired 
infections may be partly due to the use of ineffective 
or low concentrations of disinfectants. Antiseptics like 
CHG are extensively used in Tikur Anbessa Hospital, 

Addis Ababa. Despite their wide use, the susceptibility 
of microorganisms to the disinfectants has not been 
studied. We investigated the efficacy of CHG to the 
clinical isolates in vitro and the results are reported 
herein. 

MATERIALS AND METHODS 

Specimens: Clinical specimens were collected from 
hospitalised patients of Tikur Anbessa Hospital, Addis Ababa 
between 1996 and 1997. These included blood, pus, urine, 
sputum, cerebrospinal fluid (CSF), body discharges and fluids. 

Isolation and identification of bacteria: Appropriate 
culture media were from Oxoid dehydrated products (Oxoid 
Basingstoke, Hampshire, UK). Specimens were inoculated 
onto both blood and MacConkey agar and incubated at 37OC 
for 18-24 hours. The bacterial isolates were identified by 
biochemical methods following standard procedure(l1). 

Susceptibility testing: The susceptibility of bacterial 
isolates to CHG was determined by agar dilution method 
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following standard procedure(l2.13). Briefly, the procedure 
was as follows: stock solution of CHG (20% wlv) was serially 
diluted with sterile distilled water. Chlorhexidine at a 
concentration of 1%, 0.1%, 0.01%. 0.001%, and 0.0001% was 
used for each test organism. One millilitre of diluted CHG 
was mixed with nine millilitre of molten Mueller-Hinton agar 
in 50-mm diameter petri dish. The agar was solidified at room 
temperature and briefly dried at 37OC before inoculation with 
the test organism. Bacterial cells were suspended in sterile 
saline solution and the concentration was estimated by 
measuring the o tical density (OD) at a wavelength of 540 g nm. Between 10 to lo7 cells per ml (OD=0.7) were spread 
onto the agar plate. As a control, bacteria were also inoculated 
on agar plate without CHG. All cultured agar plates were 
incubated at 37OC for 18-24 hours. 

RESULTS 

A total of 443 strains representing eight genera of 
the family Enterobacteriaceae and one' genus of the 
family Pseudomonadaceae were isolated from various 
clinical specimens collected from different wards of 
Tikur Anbessa Hospital, Ad&s Ababa, Ethiopia, between 
1996 and 1997. As shown in Table 1, Eschenchia coli 
and Klebsiella pneumoniae were the most frequent 
isolates and comprised 31.6% and 23 % respectively. 
Fifty nine (13.3%) were Proteus species, while 41 
(9.2%) were Pseudomonas species. Others were isolated 
at a frequency of 2.7 to 6.1 %. 

Table 1 

Frequency of bacterial isolates from Tikur Anbessa 
Hospital 

Bacterial. species Number (%) 

Escherichia coli 140 (3 1.6) 
Klebsiella pneumoniae 102 (23) 
Proteus spp 59 (13.3) 
Pseudomonas spp 41 (9.2) 
Citrobacter spp 27 (6.1) 
Enterobacter spp 2 1 (4.7) 
Acinetobacter spp 21 (4.7) 
Providencia spp 20 (4.5) 
Salmonella spp 12 (2.7) 

Total 443 (100) 

All bacterial isolates were tested for susceptibility to 
0.0001% to 1% CHG. As shown in Table 2, 85% of 
all gram-negative bacterial isolates were inhibited by I 
0.01% CHG, while 15% were inhibited by 1 0.1%. E. 
coli and Salmonella species were most susceptible and 
were inhibited by 10.01% CHG. Twenty nine per cent 

Table 2 

Percent of test organisms inhibited with specific MIC of chlorhexidine gluconate 

% of inhibition to CHG. MlC (%w/v) 

Bacteria spp (No.) 

E. coli 

K pnewnoniae 

Protew spp 

Pseudomonm spp 

Citrobacter spp 

Enterobacter spp 

Acinetobacter spp 

Providencia spp 

Salmonella spp 

Total 
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of Acinetobacter species, 28% of K. pneumoniae and 
Enterobacter species, and 19-25% of Pseudomanas, 
Proteus and Providencia species were only inhibited 
at high concentrations of CHG (20.1%). Only four 
strains (three K. pneumoniae and one Proteus species) 
required the maximum MIC of CHG used in this 
study (1%). 

DISCUSSION 

Chlorhexidine gluconate (CHG) is widely used for 
the management of wound infections, periodontal 
infections and skin disinfection before surgery(l4,15) 
and for disinfection of heat and moisture sensitive 
surgical instruments (16). The concentration of CHG 
has been found to be variable depending on the nature 
of application and the manufacturer's reammendation. 

The susceptibility of bacterial isolates to CHG has 
not been studied in Tikur Anbessa Hospital or elsewhere 
in the country; comparison was therefore not possible. 
In this study, about 85% of all gram-negative bacterial 
isolates were susceptible to chlorhexidine gluconate, at 
a concentration which was lower than the minimum 
inhibitory concentrations used for skin and wound 
disinfection (0.02- 0.05%). However, different species 
of bacteria showed a heterogeneous susceptibility to 
CHG MIC distribution and a significant proportion of 
those isolates were only inhibited at MIC 2 0.1 %. This 
suggests that they could be resistant to the concentration 
of chlorhexidine used in the disinfection process in the 
hospital. The higher frequency of resistant gram- 
negative bacteria to CHG has also been reported 
elsewhere(6,lO. 17- 19). 

The mechanism of resistance to chlorhexidine has 
not been well established. Some studies have suggested 
a correlation between resistance to antibiotics and 
disinfectants(l0) or between disinfectants(20). A single 
plasmid has been found to be responsible for both 
disinfectants and antibiotics(l2). In another study, outer 
membrane proteins of 45 kDa in Serratia marcenscens 
and 50 kDa in Pseudomonas cepacia have been found 
exclusively in chlorhexidine resistant strains(21). 
Although multiple antibiotic resistant bacteria have 
been reported previously and in our study (unpublished 
observation), whether there are any positive cross 
resistance links between the antiseptic and the antibiotics 
remains to be established. 

The use of appropriate concentrations of 
chlorhexidine may inhibit most of the nosocomial 
strains and thus prevent infection. Studies have shown 
that the use of two to four CHG for disinfection of 
heat sensitive surgical equipment and preoperative 
surgical scrub(l6). inhibits postoperative infections. 
The application of 0.01 to 0.12% CHG oral rinses could 
reduce the incidence of dental plaque (22-23) or 
nosocomial respiratory infection(24). In order to 
minimise the emergence of resistant bacteria, the use 

of combined antiseptics such as 0.5% CHG in 70% 
isopropanol(l5) or with a combination of phenoxye- 
thanol(25). has been reported to be effective. 

In conclusion, our study showed that many of the 
gram-negative hospital isolates were still susceptible to 
chlorhexidine gluconate. Since a significant number of 
strains of some species were found resistant, the 
concentration of CHG that is recommended for skin 
antisepsis may not always be effective. A continuous 
monitoring of the efficacy of the commonly used 
disinfectant(s) is therefore imperative in order to mini- 
mise the risk of infection by resistant micro- 
organisms. 

ACKNOWLEDGEMENTS 

Ethiopian Science and Technology Commission (ESTC) 
supported this work. We are grateful to the staff of the 
Diagnostic Bacteriology Laboratory, Tikur Anbessa Hospital, 
and Faculty of Medicine. Addis Ababa University for their 
technical assistance. 

REFERENCES 

Russel, A.D., Hugo, W.B. and Ayliff, G.A.J. (Eds). 
Principles and practice of disinfection preservation 
and sterilisation. Blackwell Scientific Publications, 
London, 1982. 
Dulakde, C. and Kidd, E. Contaminating irrigating 
fluid. h c e t .  1966; 1: 1980 
Lubsen, N., Biossevian, W. and Fass, H. Chlorhexidine 
and Proteus rettgeri infection. Lancet. 1966; 1: 53-54. 
Burdon, D.W. and Whitby, J.L. Contamination of 
hospital disinfection with Pseudomonas species. Brit. 
Med J. 1972; 2: 153-55 . 
Hugo, B.B. Factors contnbuting to the survival of 
strains of Pseudomoms cepacia in chlorhexidine 
solution. Lett. Appl. Microbiol. 1988; 2: 37-48. 
Shiraish, T. and Nagakawa, Y. Review of disinfectant 
susceptibility of bacteria isolated in hospital to 
commonly used disinfectants. Posrgrad. Med. J. 1993; 
(SUPPI) 3: S70-77. 
Millns, B., Martin, M.V. and Feild, E.A. The sensitivity 
to chlorhexidine and acetylpyridinium chloride of 
staphylococci on the hands of dental students and 
theatre staff exposed to these disinfectants. J. Hosp. 
Infect. 1994; 26: 99-104. 
Blumberg, L.H. and Klugman, K.P. The control of 
methicillin-resistant Staphylococcus aureus bacterernia 
in high-risk areas. Eur. J. Clin. Microbiol. Infect. Dis. 
1994; 130: 82-85. 
Sasatsu, M., Shimizu, K., Noguchi, N. and Komo, M. 
Evaluation of antiseptics by the modified phenol 
coefficient method: sensitivity of methicillin-resistant 
Staphylococcus aureus. Biol. Pharm. Bull. 1994; 17: 
36-138. 
Maris, P. Resistance of 700 gram-negative bacterial 
strains to antiseptics and antibiotics. Am. Rech Vet 
1991; 2211-23. 
Lennette. H.. Balows, A., Hausler, J. and Truant, P. 
(Eds). Manual of Clinical Microbiology. 4th ed, America 
Society of Microbiology, Washington DC. 1988. 



EAST AFRICAN MEDICAL JOURNAL May 1999 

Yamamoto, T., Tarnura. Y. and Yokota, T. Antiseptic 
and antibiotic resistance plasmid in Staphylococcus 
aureus that possess ability to confer chlorhexidine and 
acrinol resistance. Antimicrob. Agents Chemother. 1988; 
32: 932-935. 
Brown, A.T., Sims, R.E., Raybould, T.P., Lillich, T.T., 
Henslee P.J. and Ferretti, G.A. Oral gram-negative 
bacilli in bone marrow transplant patients given 
chlorhexidine rinses. J. Dent. Res. 1989; 68: 1199- 
1204. 
Newsom, S.W. and Rowlan, C. Studies on preoperative 
skin flora. J. Hosp. Infect. 1988; Suppl B: 21-26. 
Agarwal, S., Piesco, N.P. Peterson, D.E., Charon, J., 
Suzuki, J.B., Godowski, K.C. and Southard G.L. 
Effects of sanguinarium, chlorhexidine and tetracycline 
on neutrophil viability and functions in vitro. J. 
Periodontal. Res. 1997; 32: 335-44. 
Southwood, L.L. and Baxter. G.M. Instrument 
sterilisation, skin preparation and wound management. 
Vet. Clin. N. Amer. Equine Pract. 1996; 12: 173-194. 
Stickler, D.J. Chlorhexidine resistance in Proteus 
mirablis. J. Clin. Pathol. 1974; 27: 284-287. 
Nakahara, H. and Kozukue, H. Isolation of chlorhexidine 
resistant Pseudomonas aeruginosa from clinical lesions. 
Clin. Microbiol. 1981 ; 15: 166-68. 
Sticlker, D. and Hewett, P. Activity of antiseptics 
against biofilms of mixed bacterial species growing on 

silicone surfaces. Eur J. Microbiol. Infect. Dis. 1991; 
10: 157-162. 

20. Kunisada, T., Yamda, K., Oda, S. and Hara, 0. 
Investigation of the efficacy of povidone-iodine against 
antiseptic-resistant species. Dermatology. 1997; 195: 
Suppl 2: 14-18 

21. Ohta, S. Studies on the resistant mechanisms in 
bacteria to chlorhexidine. 11. chemical components of 
the cell membrane and the electron microscopical 
observation of cell surface structure of chlorhexidine 
resistant bacteria. YakugakuZasshi. 1990; 110:4 14-425. 

22. Jenkins. S. and Addy, M. Newcombe RG. Dose 
response of chlorhexidine against plaque and comparison 
with triclosan. J. Clin. Periodontol. 1994; 21: 250-5. 

23. Steelman, R., Holmes, D. and Hamilton, M. 
Chlorhexidine spray effects on plaque accumulation in 
developmentally disabled patients. J. Clin. Pediatr. 
Dent. 1996; 20: 3333-3336. 

24. DeRiso, A.J., Ladowski, J.S., Dillon, T.A., Justice, 
J.W. and Peterson, A.C. Chlorhexidine gluconate 0.12% 
oral rinse reduces the incidence of total nosocomial 
respiratory infection and nonprophylactic systemic 
antibiotic use in patients undergoing heart surgery. 
Chest. 1996; 109: 1556-1561. 

25. Wilson, M., Bansal, G., Stanley, A. and Newman, H.N. 
Susceptibility of oral bacteria to phenoxyethanol and 
phenoxyethanol/chlorhexidine. J. Periodontol. 1990; 
61: 536-541. 




