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Abstract: The normal hosts of Streptococcus agalactiae are humans and animals and are highly predominant as 
normal flora in the female genital tract, male urethra, pharynx as well as in gastrointestinal tract. However, 
Streptococcus agalactiae has been associated with a number of complications in humans ranging septicaemia, 
pneumonia, meningitis to still birth. The aim of study was to isolate and characterize antibiotic resistant 
Streptococcus agalactiae from groundwater in selected areas within the Northwest Province. A total of 25 
groundwater samples were randomly collected from selected areas around the Northwest Province. Brain Heart 
Infusion (BHI) agar was used to isolate Streptococcus species. Standard preliminary tests (Gram staining and 
catalase test) and confirmatory tests (Prolex™ Streptococcal Grouping Rapid Latex Agglutination test kit) were used 
to determine the identities of Streptococcus agalactiae. The antibiotic susceptibility profiles of the isolates were 
determined on all positively identified Streptococcus agalactiae. A large proportion (52.5% to 87.5%) of the isolates 
from Dibate, Ramosadi, Vryburg and Motlhabeng and only 35% of those from Taung were Gram positive cocci. All 
the isolates from the different sampling stations were catalase negative. Similarly, all the isolates from Taung, 
Vryburg, Motlhabeng, Stella and Setlagole were oxidase negative. Large proportions (50% to 90%) of the isolates 
tested were positively identified using the latex agglutination test. A large proportion (71 -100%) of isolates from 
Taung, Setlagole, Stella and Motlhabeng were resistant to ampicillin and penicillin. Moreover, all the isolates from 
Stella and Taung were resistant to vancomycin and tetracycline. Despite the fact that a large proportion (75%) of the 
isolates from Taung were resistant to chloramphenicol, only a small proportion (23% to 37.5%) of the isolates from 
Stella, Setlagole and Dibate were resistant to this antibiotic. However, none of the isolates from Stella and Setlagole 
were resistant to clarithromycin. A large proportion (84.6% to 100%) of the isolates from Dibate, Motlabeng and 
Ramosadi were resistant to erythromycin and clarithromycin.  
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1. Introduction 

Group B Streptococcus are Gram positive 
coccus whose cells occur in chains and they are beta-
hemolytic (Lachenauer et al., 2002). They are 
sensitive to bile and are able to hydrolyze sodium 
hippurate (Lachenauer et al., 2002). These organisms 
are characterized by the presence of Group B 
Lancefield antigen. Streptococci occur as normal flora 
in the gastrointestinal tract of humans and animals 
(Bergy et al., 1994). However, Group B Streptococcus 
is known to cause pneumonia and meningitis in 
neonates and their mothers (WHO, 2012). GBS can 
also colonize the intestine and the female reproductive 
tract and increasing the risk for premature rupture of 
membranes that facilitates the transmission of these 
organisms to the infant (Schuchat, 1998). They also 
cause septicemia in the elderly and some patients 
whose immune system are compromised (Tyrrell et 
al., 2000; Schuchat et al., 2002). Based on the 
aforementioned, GBS infections remain a serious 
cause of disease and death in newborn babies (CDC, 
2010).  

Resistance to commonly used antibiotics is 
an emerging problem among Streptococcus species 
(Amyes, 2007). GBS have been found to be resistant 
to macrolides such as erythromycin and clindamycin 
that are considered the drugs of choice for the 
treatment of infections (Amyes, 2007). Resistance to 
these antibiotics may result either through the 
presence of macrolide ribosomal methylases that are 
encoded by erm genes or 14/15- membered macrolide- 
specific efflux pump coded for by a mef gene 
(Dipersio et al., 2011). The erm enzyme is known to 
methylate the bacterial ribosome, thereby reducing its 
ability to bind to macrolide antibiotics and thus 
resulting in resistance phenotype (Dipersio et al., 
2011). Currently the proportion of GBS isolates 
resistant to clindamycin and erythromycin is rapidly 
increasing (Manning et al., 2003).  

The natural hosts of Group B Streptococcus 
are humans and animals and the presence of these 
organisms in the environment is may be indicative of 
the hygienic conditions prevailing. Multiple antibiotic 
resistant strains in particular may present severe health 
complications in hospitalized and pregnant women. 
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Therefore, knowledge of the antibiotic resistance 
profiles of circulating strains would positively indicate 
the options that are available for treatment. The aim of 
study was to isolate and characterize antibiotic 
resistant Streptococcus agalactiae from groundwater 
in selected areas within the Northwest Province. 
2. Material and Methods  
2.1 Area of study, Sample collection and 
Laboratory analysis 

A total of 25 water samples were collected 
from some areas around the North West using aseptic 
techniques. The sample sites and the number of 
samples obtained are shown in Table 1. The samples 
were properly labeled and transported to the 
laboratory for analysis. Aliquots of 100µl was passed 
through the membrane filter paper which was placed 
on brain heart infusion agar. The plants were 
incubated aerobically at 37ᵒC for 24 hours. Isolates 
were sub-cultured on brain heart infusion agar and 
plates were incubated aerobically at 37ᵒC for 24. Pure 
isolates were used for bacteria identification tests.  
 
Table 1: Areas in which water samples was collected 

Sample area Number of samples 
Dibate 5 
Motlhabeng 5 
Ramosadi 5 
Taung 4 
Stella 1 
Setlagole 2 
Vryburg 3 

2.2 Bacterial identification  
Presumptive isolates were identified using the 

following criteria: 
2.2.1 Preliminary test 
2.2.1.1 Gram staining test 

Isolates were gram stained using standard 
method or technique (Cruinshank et al., 1975). A 
bacteria smear was prepared by mixing a pure colony 
with water on a microscope slide. The cells were then 
fixed by passing slide through flame. The slide was 
then dipped into crystal violet for 30 seconds and 
rinsed in tap water. Then it was also dipped into 
iodine for 30 seconds and rinsed with tap water. The 
slide was decolorized with 70% alcohol, then 
immediately flooded with carbul fuchsin for 30 
seconds, rinsed with tap water and air dry. The slide 
was observed under the light microscope under oil 
immersion. (Cruinshank et al., 1975) 
2.2.1.2 Catalase test  

Using a sterile inoculating loop a small 
amount of colony was collected from a plate and 
smeared onto a microscope slide. A drop of 3% H2O2 
was placed onto the colony and the slide was observed 
for the formation of bubble. 

2.2.1.3 Oxidase test 
This test was performed using the 

TestOxidaseTM reagent (PL.390) Mast Diagnostics 
(Neston, Wirral, U.K.) in accordance with the 
manufacturer’s protocol. With the help of a wire loop, 
a colony from each compartment in the plate was 
picked and rubbed onto a filter paper then one drop of 
oxidase reagent was placed on the organism smear. As 
observation ensued, positive results showed a colour 
change which was dark purple smear within 60 to 90 
seconds and negative results showed a colourless 
smear (Neston, Wirral, UK). 
2.2.1.4 Latex agglutination test for the detection of 
Streptococcus agalactiae  

A ProlexTM Streptococcal Grouping Latex 
test kit obtained from PRO-LAB Diagnostics – U.K 
was used for serological identification of 
Streptococcus agalactiae based on specific 
agglutination reactions with the Lancefield group B 
antiserum. The test was performed by reacting a 
cellwall specific carbohydrate extract of isolates with 
a nitrous acid reagent (positive B antisera). Positive 
reactions were recorded when extracts agglutinated 
with specific reagents. However, the A antiserum that 
was provided in the kit was used as a negative control 
for the test isolates. 
2.3 Antibiotic susceptibility test 

Antibiotic susceptibility test was performed 
on all streptococci to determine their antibiotic 
resistant profiles using the Kirby-Bauer disc diffusion 
technique (Kirby et al., 1966). Prior to antibiotic 
sensitivity testing, isolates were revived by sub-
culturing onto BHI agar plates. The plates were 
incubated aerobically at 37°C for 24 hours. Bacterial 
suspensions were prepared using pure cultures and 
aliquots of 100µl from these suspensionswere spread 
on Mueller Hinton agar (Biolab, Merch, South 
Africa). The susceptibilities of the isolates against a 
panel of seven different antibiotics obtained from 
Mast Diagnostics –United Kingdom were determined. 
The antibiotic discs were gently pressed onto the 
inoculated Mueller Hinton agar to ensure intimate 
contact with the surface and the plates were incubated 
aerobically at 37°C for 24 hours (NCCLS, 1999). The 
antibiotic inhibition zone diameters were measured 
and results obtained were used to classify isolates as 
being resistant, intermediate resistant or susceptible to 
a particular antibiotic based on standard reference 
values (NCCLS, 1999). Table 2 indicates the details of 
antibiotics that were used in the study.  
3. Results  
3.1 Occurrence of Streptococci species in ground 
water samples 

Twenty five ground water samples were 
collected from borehole pumps in the North West 
Province. These samples were analyzed for the 
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presence of Streptococcus species using a series of 
identification tests. Table 3 indicates the proportions 

of isolates that satisfied the preliminary and 
confirmatory identification tests. 

 
Table 2: Details of antibiotics that were used in the study 
Group  Antibiotic Disc conc. R I S 
Beta-Lactams Ap 10µga ≤11 12-14 ≥15 

PG 10µga ≤13 14-16 ≥29 
Glycopeptides VA 30µga ≤19 10-11 ≥12 
Tetracyclines T 30µga ≤14 15-18 ≥19 
Phenols C 30µga ≤12 13-17 ≥18 
Macrolides E 15µga ≤13 14-22 ≥23 

CLA 15µga ≤13 14-22 ≥3 
The superscript a to d indicate the generally accepted concentrations of the discs according to the standard method 
stipulated by the manufacturer, Mast Diagnostic, Merseyside, United Kingdom. 
 
Table 3: The percentages of results obtained from isolates from different sample sites. 
Sample station Gram straining (%) (+) Catalase Test (%) (-) Oxidase Test (%) (-) Serotyping (%) (+) 

Motlhabeng 87.5  0 100 50 
Dibate 52.5  0 77.5 84 
Ramosadi 62.5  0 90 75 
Vryburg 62.5  0 100 77.5 
Taung 35 0 100 80 
Setlagole 100 0 100 90 
Stella 100 0 100 50 

 
As shown in Table 3, a large proportion (52.5% to 87.5%) of the isolates from Dibate, Ramosadi, Vryburg 

and Motlhabeng were Gram positive cocci. Despite the fact that only 35% of the isolates from Taung were Gram 
positive cocci, none of those isolated from Stella and Setlagole satisfied this criteria. All the isolates from the 
different sampling stations were negative for the catalase test. Similarly, all the isolates from Taung, Vryburg, 
Motlhabeng, Stella and Setlagole were oxidase negative. A relatively large proportion (77.5% to 90%) of the isolates 
from Dibate and Ramosadi were also oxidase negative. A large proportion (50% to 90%) of the isolates were 
positively identified using the latex agglutination test. 
3.2 Antibiotic resistance profiles of isolates 

All the isolates that were positively identified using the latex serological test were subjected the antibiotic 
to determine their antibiotic susceptibility profiles to a panel of seven different antimicrobial agents. Results 
obtained are shown on Table 3. A large proportion (71 -100%) of isolates from Taung, Setlagole, Stella and 
Motlhabeng were resistant to ampicillin and penicillin. Moreover, all the isolates from Stella and Taung were 
resistant to vancomycin and tetracycline. Despite the fact that a large proportion (75%) of the isolates from Taung 
were resistant to chloramphenicol, only a small proportion (23% to 37.5%) of the isolates from Stella, Setlagole and 
Dibate were resistant to this antibiotic. However, none of the isolates from Stella and Setlagole were resistant to 
clarithromycin. A large proportion (84.6% to 100%) of the isolates from Dibate, Motlabeng and Ramosadi were 
resistant to erythromycin and clarithromycin.  
 
Table 3: Percentage results of Antibiotic resistance of samples from the selected areas. 
Sampling site AP (10) PG (10) VA (30) T (30) C (30) E (15) CLA (15) 
Motlhabeng 100 100 77.5 70 42.5 100 92.5 
Dibate 67.5 92.5 70 30. 23 84.6 92.5 
Ramosadi 70 100 100 30. 0 100 100 
Vryburg 25 71 37.5 46 8 29 20 
Taung 100 100 100 100 75 62.5 50 
Setlagole 100 100 31.3 100 31.3 68.8 0 
Stella 100 100 100 100 37.5 0 0 
Vancomycin (VA), Ampicillin (AP), Peniciliin (PG), Tetracycline (T), Erytromycin (E), Chloramphenicol (C), 
Clarithromycin (CLA)  
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4. Discussions  
Water is a very important resource for life 

and access to safe drinking water is a fundamental 
human need and therefore a basic right of every 
individual (WHO, 2003). Faecal pollution of water 
that is intended for consumption can lead to public 
health problems due to the presence of infectious 
microorganisms (WHO, 2003; Blanch et al., 2004). 
These microorganisms may contaminate water as a 
result of contact with faeces from humans, animals 
and untreated sewage (Blanch et al., 2004). Water that 
is contaminated either by pathogenic microorganisms 
jeopardizes both physical and social health to 
consumers (WHO, 2003). 

Little is documented about the occurrence of 
Streptococcus agalactiae in groundwater when 
compared to reports published indicating its presence 
in humans, fish, cattle and milk (Pereira et al., 2010). 
Moreover, Streptococcus agalactiae is currently an 
important pathogen frequently associated with 
complications such as meningoencephalitis in fish, 
mastitis in cows, and neonatal meningitis in humans 
(Evans et al., 2002; Mitchell, 2003; Oliveira et al., 
2006; Mian et al., 2009). In aquaculture S. agalactiae 
is an emerging pathogen that has been associated with 
considerable morbidity and mortality in fish farms 
worldwide (Mian et al., 2009). The ability of S. 
agalactiae to cross the interspecies barrier and 
therefore making it possible for human-derived strains 
to infect animals, or vice versa, is properly 
understood. It is therefore hypothesized that 
contaminated water and food such as fish may serve 
as potential sources for the transmission of these 
pathogens to humans.  

The aim of study was to isolate and 
characterize antibiotic resistant Streptococcus 
agalactiae from groundwater in selected areas within 
the Northwest Province. This was motivated from the 
fact that no information on the occurrence of 
Streptococcus agalactiae has been documented in the 
area. Based on the serological agglutination test all 
groundwater samples were positive for streptococci. 
Despite the fact PCR methods have proven to be very 
reliable in the detection of Streptococcus agalactiae 
from different sources (Meiri-Bendek et al., 2002; 
Chiang et al., 2008), conventional methods that 
include serological latex agglutination tests have also 
been employed in routine identification of these 
species (Yildirim et al., 2002). In the present study, 
preliminary large proportions (52.5% to 87.5%) of the 
isolates were Gram positive cocci. All the isolates 
from the different sampling stations were catalase 
negative and similar observations have been reported 
by Winn et al., (2006). Similarly, all the isolates from 
Taung, Vryburg, Motlhabeng, Stella and Setlagole 
were oxidase negative. Large proportions (50% to 

90%) of the isolates tested were positively identified 
using the latex agglutination test. Yildrim et al., 
(2002) reported that the group B-specific antiserum 
was very reliable in the identification of Streptococcus 
agalactiae when compared to 16S rRNA and the cfb 
gene PCR results performed simultaneous on the test 
isolates. In present study, S. agalactiae was isolated 
from groundwater that is consumed by individuals in 
rural areas. Despite the fact that the virulence gene 
profiles of the isolates were not determined it is 
suggested that these strains may have severe 
implications on consumers especially if their immune 
system is compromised.  

Another objective of the study was to 
determine the antibiotic resistance profiles of the 
isolates. Emphasis was directed towards the 
identification of strains that are resistant to multiple 
antibiotics. A large proportion (71 -100%) of isolates 
from Taung, Setlagole, Stella and Motlhabeng were 
resistant to ampicillin and penicillin. Moreover, all the 
isolates from Stella and Taung were resistant to 
vancomycin and tetracycline. Despite the fact that a 
large proportion (75%) of the isolates from Taung 
were resistant to chloramphenicol, only a small 
proportion (23% to 37.5%) of the isolates from Stella, 
Setlagole and Dibate were resistant to this antibiotic. 
However, none of the isolates from Stella and 
Setlagole were resistant to clarithromycin. A large 
proportion (84.6% to 100%) of the isolates from 
Dibate, Motlabeng and Ramosadi were resistant to 
erythromycin and clarithromycin. 

S. agalactiae isolates obtained in the present 
study had a high frequency of phenotypic resistance to 
tetracycline, penicillin, erythromycin and ampicillin. 
These results are similar to previous studies (Erskine 
et al., 2002; Duarte et al., 2005). It is therefore 
suggested that these antibiotics should be used 
cautiously in the treatment of animal infections in the 
area unless antimicrobial sensitivity testing is 
performed. A reasonable proportion of the isolates 
were resistant to macrolide antibiotics; erythromycin 
and clarithromycin. The detection of vancomycin 
resistant strain was a cause for concern. 

Isolates that portray positive resistant 
phenotypes may however be negative for the 
resistance determinants based on genotypic PCR 
assays. This may result from the fact that some 
resistance phenotypes are caused by point mutations 
rather than gene acquisitions (Anzueto and Norris, 
2004). On the contrary, some strains may be 
phenotypically sensitive to antibiotics but carry 
resistance genes (Carattoli, 2001). These may be due 
to the fact that resistance genes may not be expressed 
if they are distant from a promoter or associated with a 
weak promoter; resistant genes may not be expressed 
due to point mutations; and gene cassettes might lack 
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a promoter in front of the coding sequence (Carattoli, 
2001). It is therefore important to perform routine 
surveillance of antibiotic resistance among bacteria 
isolates and also ensure that molecular tools are 
developed which can provide correlations between 
phenotypic and genotypic resistance data. 

In conclusion, most S. agalactiae isolates 
exhibited resistance to at least one antibiotic. It is 
therefore suggested that molecular methods be used in 
determining the antibiotic resistance profiles of the 
isolates. 

 
Acknowledgements:  

Authors are grateful to the Department of 
Biological Sciences, North West University-South 
Africa for financial support to carry out this work. 

 
Corresponding Author: 
Dr. C.N Ateba  
Department of Biological Sciences, School of 
Environmental and Health Sciences, Faculty of 
Agriculture Science and Technology, North-West 
University – Mafikeng Campus, P. Bag X2046 
Mmabatho 2735, South Africa. 
Telephone: +27-78-334-4878 
Emails: atebacollins1@hotmail.com 
 
References 
1. Amyes, S.G. (2007). Enterococci and streptococci. 

International Journal of Antimicrobial Agents, 29:S43-S52 
2. Anzueto, A., Norris, S. (2004). Clarithromycin in 2003: 

sustained efficacy and safety in an era of rising antibiotic 
resistance. International Journal of Antimicrobial Agents, 
24: 1–17 

3. Ateba, C.N., Beezuidenhout, C.C. (2008). Characterization 
of Escherichia coli O157 strains from humans, cattle and 
pigs in the North West province, South Africa. International 
Journal of Food Microbiology 128: 181-188 

4. Baker, S., Nicklin, J., Khan, N., Killongton, R. (2007). 
BIOS instant notes, 3rd edition, Microbiology 45 
(214):448-449. 

5. Barbadoro, P., Marigliano, A., Savini, S., Mario M., 
D’Errico. MD, Prospero E. (2011). Group B Streptococcal 
Sepsis: An old or occurring threat? American Journal of 
Infection Control 39 (8): e45- e48 

6. Bergy, D.H., Holt, J.G., Kreig, N.R., Sneaths, P.H., et al., 
(1994). Genus Streptococcus, 523 

7. Blanch, A.R., Belanche-Muňoz, L., Bonjoch, X., et. al., 
(2004). Water health. 2(4): 249 

8. Brock., Modigan., Martinko., Dunlap., Clark. (2009). 
Biology of Microorganisms 12th edition 448-449. 

9. Carattoli, A. (2001). Importance of integrons in the 
diffusion of resistance. Veterinary Record 32: 243–259. 

10. Centers for Disease Control and prevention 
(2002).Prevention of perinatal group B streptococcal 
disease; revised guidelines from the CDC. Morbidity and 
Mortality Weekly Report 51 :1-22 

11. Centers for Disease Control and Prevention (2010). 
Prevention of perinatal Group B streptococcal Disease. 
Morbidity and Mortality Weekly Report 59 (10): 1-32 

12. Centers for Disease Control and Prevention (2012). GBS 
prevention in newborn babies. 

13. Chiang, Y., Pai, W., Chen, C., Tsen, H. (2008). Use of 
primers based on the heat shock protein genes hsp70, 
hsp40, and hsp10, for the detection of bovine mastitis 
pathogens Streptococcus agalactiae, Streptococcus uberis 
and Streptococcus bovis. Molecular and Cellular Probes 
22(4): 262-266 

14. Christian, J.W. (2011). Medscape Reference Drugs, Disease 
and Procedures. Streptococcus Group B infection  

15. Cruikshank, R., Duguid, J.P., Marmoin, B.P., Swain, R.H. 
(1975). Medical Microbiology, 12th Ed, New 
York.Longman Group Limited 2: 34. 

16. Dipersio, L.P., Dipersio, J.R., Beach, J.A., Loudon, A.M., 
Fuchs, A.M. (2011). Identification and characterization of 
plasmid-borne erm(T) macrolide resistance in group B and 
group A streptococcus. Diagnostic Microbiology and 
Infectious Disease 71: 217-223. 

17. Doran, K.S., Nizet, V. (2004). Molecular pathogenesis of 
neonatal group B streptococcal infection: no longer in its 
infancy. Molecular microbiology 54(1): 21-25 

18. Duarte, R.S., Bellei, B.C., Miranda, O.P., Brito, M.A., 
Teixeira L.M. (2005). Distribution of antimicrobial 
resistance and virulence-related genes among Brazilian 
group B streptococci recovered from bovine and human 
sources. Antimicrobial Agents and Chemotherapy, 49: 97–
103 

19. Evans, J.J., Pasnik, D.J., et al., (2006). Final report of 
streptococcus agalactiae and Lactococcusgarvieae from a 
wild bottlenose dolphin (Tursiops Truncatus). Journal of 
.Wildlife Diseases 42(3): 561-9 

20. Evans, J.J., Klesius, P.H., Gilbert, P.M., Shoemaker, C.A., 
Al Sarawi, M.A., Landsberg, J., Duremdez, R., Al 
Markouk, A., Al Kenzi, S. (2002). Characterization of b-
haemolytic group B Streptococcus agalactiae in cultured 
sea bream, Sparus auratus L., and wild mullet, Liza 
klunzingeri (Day), in Kuwait. Journal Fish Disease 25: 505–
513. 

21. Edwards, M.S., Victor, N., Baker, C.J. (2011). Chapter 12: 
group B streptococcal infections. Infectious Disease of the 
fetus and new born 7th edition 419-469 

22. Erskine, R.J., Walker, R.D., Bolin, C.A., Bartlett, P.C., 
White, D.G. (2002). Trends in antibacterial susceptibility of 
mastitis pathogens during a seven-year period. Journal of 
Dairy Science, 85: 1111–1118 

23. Fu, J., Lin, D., Yang, C., Huang, W., Chung- SeinHuan. 
(2004). Antibiotic suspectibility patterns of anovaginal 
isolates of streptococcus agalactiae from pregnant women 
in their late third trimester. Kaohsiung Journal of Medical 
Sciences 20 (7). 

24. Hagedorn, C., Robinson, L., et al., (1999). Determining 
sources of faecal pollution in rural Virginia watershed with 
antibiotics resistance patterns in faecal streptococci. 
Applied and Environmental Microbiology 65(12):5522-
5531. 

25. Heelan, J.S., Hasenbein, M.E., McAdam, A.J. (2004). 
Resistance of group B Streptococcus to selected antibiotics, 
including erythromycin and clindamycin. Journal of 
Clinical Microbiology 42(3): 1263-1264  

26. Kirby, W.M.M., Bauer, A.W., Sherris, J.C., Turck, M. 
(1996). Antibiotic susceptibility testing by single disc 
method. American Journal of Clinical Pathology 45:4 

27. Kim, H.J., Kim, S.Y., Seo, W.H., Choi, B.M., Yoo, Y., Lee, 
K.H., et al., (2006). Outbreak of late-onset group B 
streptococcal infections in healthy newborn infants after 



Life Science Journal 2013;10(3)                                                          http://www.lifesciencesite.com 

 

http://www.lifesciencesite.com             lifesciencej@gmail.com  449

discharge from a maternity hospital: a case report. Journal 
of Korean Medical Sciences 21: 347-350 

28. Jiang, J.H., Chiu, N.C., Huang, F.Y., Kao, H.A., Hsu, C.H., 
Hung, H.Y., et al. (2004). Neonatal sepsis in the neonatal 
intensive care unit: characteristics of early versus late onset. 
Journal of Microbiology. Immunology and Infections 37: 
301-306 

29. Lachenauer, C.S., Wessels, M.R. (2002). Group B 
streptococci. Molecular Medical Microbiology 2 (41): 901-
920 

30. Larsen, J.W., Sever, J.L. (2008). Group B streptococcus and 
pregnancy review. American Journal of Obstetrics and 
Gynecology 440 

31. Madoff, L.C, Baker, C.J. (2012). Group B streptococcus: 
Virulence factors and pathogenic mechanisms. Wolter 
kluwer health 

32. Manning, S.D., Foxman, B., Pierson, C.L. Tallman, P.M.T., 
Baker, C.J., Pearlman, M.D. (2003). Correlates of 
antibiotic-resistant group B streptococcus isolated from 
pregnant women. Obstetrics and Gynecology 101: 74-79 

33. Manning, S.D., Neighbors, K., Tallman, P., et al., (2004). 
Prevalence of group B Streptococcus colonization and 
potential for transmission by casual contact in healthy 
young men and women. Clinical Infectious Disease 39: 
380–388 

34. Meiri-Bendek, I., Lipkin, E., Friedmann, A., Leitner, G., 
Saran, A., Friedman, S., Kashi Y. (2002). A PCR-based 
method for the detection of Streptococcus agalactiae in 
milk. Journal of Dairy Science 85(7): 1717-1723 

35. Mian, G.F., Godoy, D.T., Leal, C.A.G., Yuhara, T.Y., 
Costa, G.M., Figueiredo, H.C.P. (2009). Aspects of the 
natural history and virulence of Streptococcus agalactiae 
infection in Nile tilapia. Veterinary Microbiology 136: 180–
183. 

36. Mitchell, T.J. (2003). The pathogenesis of streptococcal 
infections: from tooth decay to meningitis. Nature Reviews 
Microbiology 1: 219–230. 

37. National Committee for Clinical Laboratory Standards 
(1999). Performance standards for antimicrobial disc and 
dilution susceptibility test for bacteria isolated from 
animals. National Committee for Clinical Laboratory 
Standards, Wayne, Pennyslvania, Approved Standards M 
31-A19 (11) 

38. Nettleman, M. (2012). Group B strep infection, causes, 
symptoms, signs, diagnosis, treatment, and prevention. 
eMedical health.com 

39. Novelli Christa (2003). Treating Group B strep: Are 
antibiotics Necessary? Issue 121 

40. Oliveira, I.C.M., Mattos, M.C. de, Pinto, T.A., Ferreira-
Carvalho, B.T., Benchetrit, L.C., Bohnsack, J.F., Whiting, 
A.A., Figueiredo, A.M.S. (2006). Genetic relatedness 
between group B originating form bovine mastitis and 

human group B streptococcus type V cluster displaying an 
identical pelsed-field gel electrophoresis pattern. Clinical 
Microbiology Infection 12: 887–893 

41. Paredes, A., Wong P., Mason, E.O., Jr., Taber, L.H., 
Barrett, F.F. (1977). Nosocomial transmission of group B 
Streptococci in a newborn nursery. Pediatrics 59 : 697-682 

42. Pereira, UP., Mian, G.F., Oliveira, I.C.M., Benchetrit, L.C., 
Costa, G.M., Figueiredo H.C.P. (2010). Genotyping of 
streptococcus agalactiae strains isolated from fish, human 
and cattle and their virulence potential in Nile tilapia. 
Veterinary Microbiology 140 (1–2):186-192 

43. Prevention of Perinatal Group B Streptococcal Disease 
(2010). Revised Guidelines from CDC. Morbidity and 
Mortality Weekly Report 59(11):1-32 

44. Sambrook, J., Fritsch, E.F., Maniatis, T. (1989). Molecular 
Cloning, A Laboratory Manual (second edition.), Cold 
Spring Harbour Laboratory Press. 

45. Schuchat, A., Roome,A., Zell, E.R., Linardos, H., Zywicki, 
S., O’Brien, K.L. (2002). Intergrated monitoring of a new 
group B Streptococcus disease prevention program and 
other perinatal infections. Maternal Child Health Journal 6: 
107-114 

46. Schuchat, A. (1998). Epidemiology of group B 
streptococcal Disease in the United States: shifting 
paradigms. Clinical Microbiology Review 11 (3):497-513. 

47. Sutcliffe, T. A.,Tait- Karnradt. Wondrack, L. (1996). 
Streptococcus pneumonia and Streptococcus pyogenes 
resistant to macrolides but sensitive to clindamycin: a 
common resistance pattern mediated by an efflux system. 
Antimicrobial, Agents and Chemotheraphy 40:1817-1824. 

48. Tyrrell, G.J., Senzilet, L.D., Spika, J.S., Kertesz, D.A., 
Alagaratnam, M., Lovgren, M., Talbot, J.A. (2000). 
Invasive disease due to group B streptococcal infection in 
adults: results from a Canadian, population-based, active 
laboratory surveillance study- 1996. Sentinel Health Unit 
Surveillance System Site Coordinators. Journal Infectious 
Diseases 182: 168-173 

49. Walsh, F.M., Amyes, S.G.B. (2004). Microbiology and 
drug resistance mechanisms of fully resistant pathogens. 
Current Opinion in Microbiology 7: 439-444 

50. Weisblum, B. (1985). Inducible resistance to macrolides, 
lincosamides and streptogramin type B antibiotics: the 
resistance phenotype, its biological diversity, and structural 
elements that regulate expression. Journal of Antimicrobial 
Agent Chemotherapy 16 : 63-90. 

51. Winn, W.C., Koneman, E.W. (2005). Chapter 13 the gram 
positive cocci pg 674. Koneman’s color Atlas and Textbook 
of diagnostic microbiology 6th edition. 

52. World Health Organization (2003). Emerging Issues in 
Water and Infectious Disease, World Health Organization, 
Geneva, Switzerland. 

53. World Health Organization (2012). Bacterial infections. 

 
 
2/28/2013 


