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Abstract: In spite of Millennium Development Goals coming to a close, safe water and sanitation pose 

universal challenges for public health as water-borne diseases dominate the leading causes of morbidity and 

mortality. In developing countries, about 2.2 million people die every year due to basic hygiene-related 

diseases, and typhoid is on the increase.  The major route of transmission is contaminated water. Salmonella of 

human origin indicates pollution from human wastes. Four river water and three borehole water samples were 

collected in four rural coastal communities of Bayelsa state, Nigeria and analysed for total coliforms and S. 

Typhi. Samples were filtered by a membrane filter of pore size 0.45μm (Milipore) and enriched on Selenite F 

broth and incubated for 24h followed by plating on Salmonella-Shigella Agar. A total of 10 isolates were 

identified as Salmonella (S. Typhi, 70.85% and non-Typhi, 29.15%) by conventional biochemical test.  In 
addition, the samples were analysed using Membrane filter techniques for coliforms count, thermotolerant 

coliforms count, and heterotrophic organisms at different incubation temperatures for mammalian and 

environmental source of contamination. Salmonella was detected in all water samples with the exception of 

borehole water samples from Bumoundi-Ekpetiama however Antibiotic susceptibility pattern of isolated 

Salmonella Typhi showed that isolates were 100% susceptible to Tetracyclin, Chloramphenical, Ciprofloxacin 

and Nalidixic acid while 100% resistant was observed for amoxicillin and for the Non-Typhi Salmonella. 

Chloramphenical, Cotrimoxazole, Ciprofloxacin, Cephalexin, Nalidixic acid, and Tetracyclin were 100% 

susceptible, whereas amoxicillin was 60% resistant, on the other hand Ceftizoxime was 20% resistant as well. 

The microbiological load of Salmonella from surface waters is a concern for the rural dwellers as they use the 

river for defecation, disposal of wastes and use for their drinking and other needs. The study recommends 

appropriate intervention to check Salmonellosis and other water-borne infections.  

Key-words: Surface water, River water, Water-Borne Disease, Coliforms, Salmonellae, Water Pollution, 

Typhoid fever, Borehole water. 

 

I. Introduction 
Salmonellae are Gram-negative, motile bacteria belonging to the family Enterobacteriaceae. They are 

generally non-capsulate and non-spore forming with the exception of Salmonella Typhi (7). Salmonella is 

ubiquitous in animal populations and human illness is usually linked to foods of animal origin (12). Salmonella 

infections may be divided into five categories: gastroenteritis, enteric fever, bacteraemia, localized infections, 

and the chronic carrier state (22). The most serious localized manifestations outside the gastrointestinal tract 

include endovascular lesions, osteomyelitis, and meningitis. Vascular infections due to Salmonella can involve 

the thoracic and abdominal aorta, as well as coronary arteries, peripheral arteries, or vascular grafts and 

prosthetic valves (22). In regard to enteric illness, Salmonella spp. can be divided into two groups: the typhoidal 

serovars (Salmonella Typhi and S. ParaTyphi) and the non-typhoidal serovars, Salmonella diseases afflicted 
mankind since human populations grew large enough to contaminate their water and food supplies. Enteric fever 

(typhoid or paratyphoid fever) is a systemic infection caused by several Salmonella enterica serotypes including 

S. Typhi and S. ParaTyphi A, B, or C, with human beings as the only known natural hosts and reservoir of 

infection (13). Enteric fevers have continued to pose serious threat to public health especially in economically 

poor countries where the level of hygiene is below standards and sanitary conditions are poor (11). Estimates for 

the year 2000 suggest that there are approximately 21.5 million infections and 200,000 deaths from typhoid 

fever globally each year (9; 6), Attributable deaths annually is predominantly among children under the age of 

five years (8).  In Africa, about 4.36 million cases occur out of an estimated population of 427 million and it is 

often encountered in tropical countries including Nigeria where they constitute serious source of morbidities and 

mortalities (14). Salmonella are widely distributed in the environment, but some species or serovars show host 

specificity. The pathogens typically gain entry into water systems through faecal contamination. Water-borne 
Salmonella outbreaks have devastating public health implications. The World Health Organization (WHO) 

estimated that about 80% of ill-health in developing countries especially are water related (7).  
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Inadequate potable water supplies are a serious socio-economic problem in several riverine communities in 

Nigeria and this has caused the inhabitants to resort to polluted river water for domestic water supplies. Polluted 

and untreated water supplies are responsible for water-borne infections such as enteric fevers. Morbidity 

associated with illnesses due to Salmonella continues to be on the increase and, in some cases, resulting in 

mortality (16). To date, it has been attributed to consumption of contaminated food products and water (18). The 

issue of contaminations of fresh water sources available are on the increase especially in local riverine 

communities as pollution is not just of faecal origin, but also noxious substances containing organic wastes that 

promote the growth of pathogenic bacteria, (2).  

In the developing world, an estimated 10 million children under-five die of diarrhea related diseases of 

these deaths, WHO estimates that 16.5 percent, or at least 1.65 million, were caused by contaminated water (25). 
Deaths caused by nondiarrheal infections like typhoid fever are also related to contaminated water (9). (20) 

found that 10.7 million infections and 5.4 million illnesses/year occur in populations served by community 

groundwater systems; 2.2 million infections and 1.1 million illnesses/year occur in noncommunity groundwater 

systems; and 26.0 million infections and 13.0 million illnesses/year are reported in municipal surface water 

systems as water can be a carrier of many water-borne diseases, such as typhoid, cholera, hepatitis, dysentery 

and other diarrhoea-related diseases. Shortage of clean drinking water has been an issue faced with most coastal 

and riverine communities in Nigeria. This situation prevailed in many developed countries in the past some 

three centuries ago, until measures for sanitary disposal and supply of potable water were put in place. There is 

enough evidence to show that the prevalence of typhoid in any community is an index of communal hygiene and 

effectiveness of sanitary disposal (4). The poor sanitation and unhygienic practices are evident in both urban and 

rural areas of Nigeria as shown in Figure 1.  

 

 
Figure 1; Unhygenic practices of local dwellers in Bayelsa State in Nigeria. 

 

Pictures :(a) fetching water close to toilet houses (b and c) depositing house hold waste from kitchen pots 

around a toilet house (d) waste on river water (e) deposited waste on river banks (f) toilet house  

 

Salmonellosis is considered one of the most serious infectious disease threats to public health globally, with 

particular concern over the rapid and widespread emergence of resistance to multiple antibiotics (3; 26). This 

paper reports the dominant isolates, and varieties found in a common water sources of four communities in 

Bayelsa State in South-South Nigeria and describes possible risks posed by the exposed communities. 

 

II. Materials and Methods 
Study Area 

This study was carried out in three Local Government Areas in Bayelsa state. Facilities at the Federal 

Medical Centre, Yenagoa and Niger Delta University, Wilberforce Island were used (Table 1 and Figure 2).  
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Figure 2; Map showing the Coastal Communities of the three Local Government Area 

 

Table 1. Collection sites of River Water Samples 
Accession  Local Government Area    Latitude Longitude 

Amassoma Sourthern-Ijaw 4
0 
58. 482' 6

0 
6. 3144' 

Ogobiri Sagbama 4
0
59.9676' 6

0 
7. 2462' 

Agudama-Ekpetiama Yenagoa 5°0.5045' 6°15.705' 

Bumoundi-Ekpetiama                                  Yenagoa 4
o
58.7652' 6°16.1927' 

 

The Communities under Study 

Amassoma  

Amassoma is located about 40 km to the South of Yenagoa the State capital. It is bounded to the North 
by River Nun, West by Otuan and Wilberforce Island, East by Toru-Ebeni and the South by Ogobiri. The 

population is heterogeneous and second most populous place in the state, consisting of the native Ogboins, 

students, petty traders and businessmen from other parts of the State and country. It hosts institutions of learning 

and Health. The community also records total absence of refuse disposal, pipe borne water, electricity, social 

and recreational facilities with few commercial boreholes in the community. 

 

Ogobiri 
Ogobiri is a neighbouring community to Amassoma located in Wilberforce Island with a homogenous 

population of about 1200 people. The community also host institution of learning and dilapidated health care 

centre, the scenario for waste disposal, electricity and social recreational facilities are the same with Amassoma. 

For this community there are no boreholes water and the common source of water for domestic activities is the 
surface river water unlike Amassoma. 

 

Agudama-Ekpetiama 

This community is bounded to the south by river nun and Tombia, the north by Egbedi, west by 

Bumoundi and east by Polaku, located in Wilberforce Island with a homogeneous population of about 1200 

people and 107 houses consisting mostly of the Agadas, who mostly engage in fishing and farming. This 

community hosts institutions of learning and Health. The community records the presence of electricity and 

borehole with no proper waste disposal and recreational activities. 

 

Bumoundi-Ekpetiama 

This community also located in Wilberforce island with a homogeneous population of about 1200 
people and 96 houses consisting mostly of the Agada, who mostly engage in fishing and farming. This 

community hosts institutions of learning and dilapidated health care centre. The community also records 

presence of pipe borne water, boreholes and total absence of refuse disposal, electricity, social and recreational 

facilities. 

 

Water Sampling and Analysis 

A total of four surface river water samples were collected from four communities. Water samples were 

collected about 24.4m away from the shore and three borehole waters that are major sources of public supply.  
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Surface river water Samples were collected aseptically in 1000 ml bottles and borehole water samples were 

collected in 1000 ml bottles containing 2 ml freshly prepared 0.4 N sodium thiosulphate for microbiological 

analysis. The samples were preserved in an icebox during transportation, brought to the laboratory and analysed 

within 6h of collection (7).  

 

Bacterial Isolation and Identification 

Total and Faecal Coliform Count  

Total coliforms were enumerated by the membrane filtration method. Water samples were filtered 

aseptically through a millipore membrane filter of pore size 0.45 μm. The membrane filter was transferred and 

placed aseptically on MacConkey agar and the plate was incubated at 37ºC (Total coliforms) for 24 h and at 
44.5ºC (E coli) for 24 h. Water samples were analysed in duplicate and enumeration for total colony forming 

units (CFU) were based on mean values (5 and 19). 

 

Heterotrophic plate count 

Total heterotrophic plate counts were carried out by the membrane filtration method as described above 

but using nutrient agar plates Incubation was carried out at 37°C for 24 h to enable the growth of bacteria of 

mammalian origin, and 22°C for 72 h to enumerate bacteria that are derived principally from environmental 

sources. Enumeration was based on average of each sample analysed (15). 

 

Isolation and Identification of Salmonella 

The water samples (100 ml) were aseptically filtered through a Millipore membrane filter (0.45 μm). 

The membrane filters were enriched in 10 ml sterile Selenite F broth for 24 h at 37ºC. A loopful of the 
suspension from the positive tubes were streaked on the Salmonella-Shigella agar plates and incubated at 37ºC 

for 24-48 h. All the pale and black centred colonies were considered as presumptive for Salmonella, hence were 

purified on Nutrient agar. The pure cultures were identified by the conventional biochemical methods (21; 12). 

 

Antibiotic Susceptibility Test of Salmonella Isolates 

The in-vitro sensitivity test for the salmonellae isolates identified using biochemical reactions, were 

carried out. The Sensitivity of the pure culture of bacteria isolates to different antibiotics was determined using 

the Kirby- Bauer disc diffusion technique and interpreted based on the guidelines of the Clinical and Laboratory 

Standards (23). The antibiotics (Abtek biological Ltd) discs used contained the following antibacterial agents: 

Augmentin (30ug), Ofloxacin (5ug), Gentamicin (10ug), nalidixic (30ug), Nitrofuratoin (200ug), Cotrimoxazole 

(25ug), Amoxillin (25ug), Tetracycline (25ug). Mueller-Hinton (MH) agar plates were swabbed with cells from 
the bacteria stock solution, already adjusted to the 0.5 McFarland’s turbidity standard. The discs were thereafter, 

carefully placed on the agar and incubated at 37oC for 24h. Interpretation of the strains as sensitive or resistance 

were based on zones of inhibition according to current NCCLS standards in accordance with WHO 

requirements (24). 

 

III. Results 
Total coliforms were detected in 100% of the samples and E coli in 23.3% of the samples. Higher 

percentage (50%) of coliform was isolated from Amassoma (Table 2). The heterotrophic organisms of 

mammalian origin are of less percentage to those of environmental origin (Table 2). All surface river water 
samples analysed were positive for Salmonella (Table 2) identified using conventional biochemical methods 

(Table 3); of which 75 % was S. Typhi while 25% were non-Typhi Salmonellae. Borehole water samples were 

66.7% positive for S. Typhi and 33.3% positive for non-Typhi Salmonellae.  

Antibiotic susceptibility pattern of isolated Salmonella Typhi showed that isolates were 100% 

susceptible to Tetracyclin, Chloramphenical, Ciprofloxacin and Nalidixic acid while Cephalexin has 90% 

susceptibility, Ceftizoxime 80% susceptibility and Cotrimoxazole 60% susceptible. 100%, resistant was 

observed in amoxicillin (Table 4). For Non-Typhi Salmonellae, Chloramphenical, Cotrimoxazole, 

Ciprofloxacin, Cephalexin, Nalidixic acid, and Tetracyclin were 100% susceptible, while amoxicillin was 60% 

resistant and to Ceftizoxime 20 % resistant (Table 5). 
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Table 2; Microbial count of surface River water and drinkable water 

Key  

+ Colonies 

SRW-Surface River Water 

BHW-Borehole Water 
 

Table 3; Biochemical Differentiation of Isolated Salmonella Group 

Key 

        + Colony Present  

       ― Colony Absent  

   SRW-Surface River Water 

   BHW-Borehole Water 

 

Table 4; Antibiotic sensitivity pattern of S. Typhi isolated 
S/N  Antibiotics Resistant (%) Intermediate (%)  Sensitivity (%) 

1 Amoxycillin  100 0 0 

2 Chloramphenical 0 0 100 

3 Cotrimoxazole 0 40 60 

4 Ciprofloxacin 0 0 100 

5 Cephalexin 10 0 90 

6 Nalidixic acid 0 0 100 

7 Ceftizoxime 20 0 80 

8 Tetracyclin 0 0 100 

 

Table 5; Antibiotic sensitivity pattern of Non-S.  Typhi isolated 
S/N  Antibiotics Resistant (%) Intermediate (%)  Sensitivity (%) 

1 Amoxycillin  60 40 0 

2 Chloramphenical 0 0 100 

3 Cotrimoxazole 0 0 100 

4 Ciprofloxacin 0 0 100 

5 Cephalexin 0 0 100 

6 Nalidixic acid 0 0 100 

7 Ceftizoxime 20 40 40 

8 Tetracyclin 0 0 100 

 

 

 

 

 

 

Total coliform 

 

Communities/Location 

Amassoma Ogobiri Agudama-

Ekpetiama 

Bumoundi-Ekpetiama 

SRW BHW SRW BHW SRW BHW SRW BHW 

CFU / 100 mL 152 16 123 No 

borehole  

54 14 48 3 

Thermotolerant (E 

coli)  

(CFU/ 100 mL) 

 

34 

 

8 

 

17 

 

No 

borehole 

 

2 

 

1 

 

12 

 

No 

colonies 

Heterotrophic (37
o
c) 

(CFU / 100 mL) 

88 23 66 No 

borehole 

11 11 22 No 

colonies 

Heterotrophic (22
o
c) 

(CFU / 100 mL) 

44 43 48 No 

borehole 

42 21 11 7 

Salmonellae 

occurrence 

+ + + No 

borehole 

+ + + No 

colonies 

Communities 

        Amassoma                          Ogobiri            Agudama-

Ekpetiama 

      Bumoundi-

Ekpetiama 

Salmonellae occurrence SRW BHW SRW BHW SRW BHW SRW BHW 

S. Typhi + + + No borehole + + _ _ 

S. Paratyphi A/B _ + + No borehole _ _ _ _ 

Other Salmonellae + + _ No borehole + _ + _ 
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IV. Discussion 
Water has been a good source of transmission of pathogens and particularly those of faecal origin. It is 

therefore imperative that the safety of surface and ground water intended for drinking should be protected. 

Though surface waters are more prone to contamination of all kinds deaths caused by nondiarrheal infections 

like typhoid fever are in many cases related to contaminated water whether it be surface or underground (9). 

This study, as expected shows that there is a high bacterial load in the surface river water sample. These findings 

are in agreement with those reported by (10), in Gudu stream Abuja, (17) in Tietĕ River in Brazil and (1) in Athi 

River in Nairobi respectively. This study also reveals that Contamination of these surface river water is by 
humans and other animal sources. However, the results for the borehole water shows that the water had less 

population of bacteria compared to the surface water but still do not meet the WHO standards for potable water 

quality. Colonies observed in the borehole water were basically from coliforms that are not thermotolerant and 

heterotrophs that are not of mammalian origin which shows that there may be leakages of pipes or open storage 

tanks. There is therefore need for quick response to avoid further contamination. The surface river water sample 

containing high bacteria load is as a result of human activities such as bathing, washing, and discharge of toilet 

contents. These communities build toilets on river and disposed the wastes directly into the water body. The 

occurrence of Salmonella of clinical relevance in any water samples is of a potential risk, because it is not part 

of the normal flora of the intestine.  And if not responded early, there could be outbreaks of typhoid and other 

faeco-oral infections as it is happening currently in Nigerian communities.  

 

V. Conclusion/Recommendations 
The result of this study revealed that the surface waters in the coastal communities in Bayelsa State are 

highly polluted and is not safe for use by the communities for drinking or other domestic needs without prior 

treatment. There is need to monitor regularly and mitigate the effects of community behaviour. The results also 

indicated that some of these Salmonella spp are resistant to some of the common antibiotics which if neglected 

become a very serious public health problem.  

In response to this, government, individuals and relevant agencies should come to the aid of these rural 

dwellers by providing the basic sanitary necessities such as safe water supply and hygienic toilets. Also the 

common practice of building of flush toilets on water bodies or connecting the drainage to the river directly 

should be prevented through legislation and imposing penalties. There should be high level of awareness 
campaign and health education on human waste management and other hygiene behaviours.  

 

Acknowledgement 
The authors wish to thank the Management and staff of Federal Medical Centre, Yenagoa, Bayelsa 

state for providing the facilities for analysis, also to Agbafor, Sunny Tarila and Owei, Kuronakigha for their 

support during analysis. 

  

References 
[1]. Abednego, M.M.; Mbaruk, A.S.; John, N.M.; John, M.M. Water-borne bacterial pathogens in surface waters of Nairobi river and 

health implication to communities downstream Athi river. International journal of life science and pharma research. 2013,  3 (1) 4-7 

[2]. Adams, S.B.; Kolo, R.J. Public health implications of Gurara River around Izam Environs, Niger state Nigeria. Fisheries society of 

Nigeria (FISON) conference proceedings 13th-17th November 2006. Calabar Nigeria. 2006, 167-173.  

[3]. Akinyemi, K.O.; Smith, S.T.; Oyefolu, A.O.; Coker A.O. Multi-drug resistance in Salmonella enterica serovar Typhi isolated from 

patients with typhoid fever complications in Lagos, Nigeria. Public Health. 2005, 119:321-327. 

[4]. Aliero, AA and Ibrahim AD Antibiotic Resistance and the Prospects of Medicinal Plants in the Treatment of Salmonellosis, 

Salmonella - A Diversified Superbug, Mr. Yashwant Kumar (Ed.), ISBN: 978-953-307-781-9, InTech, Available 

from:http://www.intechopen.com/books/salmonella-a-diversified-superbug/-antibiotic-resistance-and-the-prospects-of-medicinal-

plants-in-the-treatment-of-salmonellosis. 2012, (4): 65 

[5]. APHA/AWWA/WEF. Standard methods for the examination of water and waste water. 20
th
 edition. American Public Health 

Association/American Water Works association? Water Environment Federation,Washington DC, USA. 1998, 235-237. 

[6]. Bhutta, Z.A. Current concepts in the diagnosis and treatment of typhoid fever. British Medical Journal. 2006, 333, 78–82. 

[7]. Cheesbrough, M. District Laboratory Practise in Tropical Countries, 4edn. Cambridge:  Cambridge University Press, Part2. 2000, pp 

434. 

[8]. Clark, T.W.; Daneshvar, C.; Pareek, M.; Perera, N.; Stephenson, I. Enteric fever in a UK regional infectious diseases unit: A 10 year 

retrospective review. J Infect 2010, 60 (2) 91-98. 

[9]. Crump, J.A.; Luby, S.P.; Mintz, E.D. The global burden of typhoid fever. Bull World Health Organisation. 2004. 82:346-53. 

[10]. Doughari, J.; Dodo. J and Mbuh F (2007). Impact of Effluent from Gudu District Sewage Treatment Plant on Gudu Stream in Abuja, 

Nigeria, J. Appl. Sci. Environ. 2004, 11 (1):79 – 83. 

[11]. Ebele, U.; Christy, A. Distribution Pattern of Salmonella Typhoidal Serotypes in Benue State Central, Nigeria. The Internet Journal 

of Epidemiology. 2010, 8(1):1 

[12]. Esha, S.; Dwij, R.B and Binod, L. (2009). Occurrence of Salmonella in drinking water samples of urban water supply system of 

Kathmandu. Botanica Orientalis – Journal of Plant Science. 2009, 6: 52–55  

[13]. Evanson, M.; Mike, E. Typhoid fever in children in Africa. Tropical Medical   International Health. 2008, 13(4): 532-540 

[14]. Ibekwe, A.C.; Okonko, I.O.; Onunkwo, A.U.; Donbraye, E.; Babalola, E.T.; Onoja, B.A. Baseline Salmonella agglutinin titres in 

apparently healthy freshmen in Awka, South Eastern, Nigeria. Scientific Research and Essays. 2008, 3(9): 225-230. 

http://www.intechopen.com/books/salmonella-a-diversified-superbug/-


Occurrence Of Salmonella In Surface And Borehole Waters From Four Coastal Communities In 

www.iosrjournals.org                                                             61 | Page 

[15]. Jamie, B and Richard, B Water Quality Monitoring - A Practical Guide to the Design and Implementation of Freshwater Quality 

Studies and Monitoring Programmes Published on behalf of United Nations Environment Programme and the World Health 

Organization. (1999). 

[16]. Kabir, A.O.; Smith, S.I.; Oyefolu, A.O.; Fasure, K.A.; Coker, A.O. Trends of Multiple. Drug Resistance in Salmonella Enrterica 

Serovar Typhi in Lagos, Nigeria, East and Central African Journal of Surgery. 2007, 12:1  

[17]. Niyogi, K. Shigellosis. Journal of Microbiology. 2005, 43 (2): 133-143. 

[18]. Oluwayemisi, A.O.; Gideon, C.O. The Sanitising Efficiency Of Different Disinfectants On Salmonella Isolates In Port Harcourt 

Abattoirs. Academic Research International. 2012, 2 (2) 2223-9553  

[19]. Onyuka, J.H.O.; Kakai, R.; Onyango, D.M.; Arama, P.F.; Gichuki, J.; Ofulla, A.V.O. Prevalence and antimicrobial susceptibility 

patterns of entric bacteria isolated from water and fish in lake Victoria basin of western Kenya. World Academy of Science, 

Engineering and Technology. 2011, 75: 762-769. 

[20]. Reynolds, K.A.; Mena, K.D.; Gerba, C.P. Risk of waterborne illness via drinking water in the United States. Rev Environ Contam 

Toxicol. 2008, 192:117-158. 

[21]. Sneath, P.H.A.; Mair, N.S.; Sharpe, M.E.; Holt, J.G. Bergey’s manual of systematic bacteriology; Baltimore: Williams ans Wilkins. 

1986, Vol.2 

[22]. Viviane, A.S.; Vivian, G.L.; Irving, E.S. Aortitis Due to Salmonella: Report of 10 Cases and Comprehensive Review of the 

Literature. Clinical Infectious Diseases. 1999, 29: 862–868. 

[23]. Wayne, P.A. Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial Susceptibility Testing. 17th 

International Supplement. CLSI M100- S17 Clinical and Laboratory Standards Institute. 2001. 

[24]. Wayne, P.A. National Committee for Clinical Laboratory Standard. Performance standard for antimicrobial disc susceptibility 

testing. Twelfth International Supplement 2002; Approved standard M100-S12. National Committee for Clinical Laboratory 

Standards. 2002.   

[25]. WHO. Safer water, Better Health: Costs, benefits and sustainability of interventions to protect and promote health. 2008, Accessed 

April 10, 2013 from http://whqlibdoc.who.int/publications/2008/  

[26]. Zaki, S.A.; Karande, S. Multidrug-resistant typhoid fever: a review. Journal of Infectious Dev Ctries . 2011, 5(5), 324-337. 

[27]. Bopp, CA.; Brenner, F. W.; Wells, J. G.; Strockbine, N. A. Escherichia, Shigella and Salmonella, In: Manual of Clinical 

Microbiology 7th edition, Murray, P. R., Baron, E. J., Pfaller, M. A., Tenover, F. C. & Yolken, R. H. (Eds), 1999, pp. 459-474,  

http://whqlibdoc.who.int/publications/2008/

