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Abstract
Background: Group B streptococcus (GBS) and Listeria monocytogenes are members of the normal
microbes of the female genital tract. During labour GBS and Listeria monocytogenes may infect the new-
borns, leading to neonatal sepsis and meningitis. So far, there is no report on prevalence of GBS and
Listeria monocytogenes among pregnant women in Mwanza. The objective of the study was to determine
the magnitude of Group B Streptococcus and Listeria monocytogenes and its associated factors at Bugando
Medical Centre, Mwanza, Tanzania.
Methods: The study was a cross section conducted from 1st November 2011 to 31st May 2012 at Bugando
Medical Centre in Mwanza, Tanzania.  Vaginal and rectal swabs were obtained and cultured on 5% sheep
blood agar and susceptibility testing done using disk diffusion technique.
Results: A total of 295 pregnant women participated in the study. GBS strains were isolated from 28
(9.49%) and only two (0.68%) had isolates of Listeria spp. All GBS and Listeria spp. isolates were sensitive to
penicillin and ampicillin. Eight GBS isolates were resistant to erythromycin (28.6%), seven GBS isolates were
resistant to clindamycin (25%) and 15 of GBS isolates were resistant to tetracycline (53.6%). One Listeria spp
isolate was resistant to cotrimoxazole. Pregnant women with no formal education and those dwelling in
rural areas were more frequently colonized by GBS.
Conclusion: There is a significant prevalence rate of GBS culture positive at Bugando Medical Centre with
demonstrable resistant to some common antibiotics (tetracycline, erythromycin and Clindamycin).
Screening for GBS should be instituted in Tanzania between 35 and 37 weeks of gestation coupled with
regular check up for antimicrobial susceptibility pattern due to emerging resistance toward existing
antibiotics.
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Introduction

Group B Streptococcus (Streptococci agalactiae) and Listeria monocytogenes are bacteria
commonly found in the gastrointestinal tract (Lennon et al., 1984; NCID, 2002). While GBS is
present in up to one-third of the women of child bearing age in reproductive tract, L.
monocytogenes is present in up to 15% of intestinal tract of health adult (Lennon et al. 1984; Artz
et al. 2003). Globally approximately 10-30% of pregnant women are carrier for GBS (Moyo et al.
2002). In pregnant women, GBS is associated with an increased risk of infection such as
bacteraemia, chorioamnionitis, endocarditis, urinary tract infections and arthritis while Listeria
monocytogenes causes a mild influenza like illness (Gellin & Broome, 1989; Sendi et al. 2009).

Asymptomatic carriers of GBS are at an increased risk of adverse pregnancy outcome
such as premature rupture of membrane, preterm delivery and low birth weight while infection
with Listeria monocytogenes can lead to abortion, stillbirth, or delivery of an acutely ill infant (Zhu
et al., 2005; Dzowela et al., 2006). Though GBS has the ability to cross through the intact amniotic
membrane causing infection to the foetus but its clinical importance lies on the fact that it can be
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transferred to the neonate as it passes through the birth canal and cause serious infections with
high mortality rate (Dzowela et al., 2006). More than 98% of cases of early onset GBS sepsis are
the consequence of vertical transmission from the genital tract of the mother to the foetus
(Remington et al., 2011). Treatment of GBS and Listeria infections during pregnancy can prevent
transmission to the foetus (Kaistone, 1991; Schrag et al., 2002).

While several parts of the world has adopted screening  for GBS to all pregnant women
near term, Tanzania is yet to start the programme despite a high rate of neonatal death related
to vertical transmission of GBS and Listeria monocytogenes (Joachim et al.,2009;Kayange et
al.,2010). There is paucity of data regarding the colonization rate of these bacteria among
pregnant women in Tanzania despite isolation of the pathogens in neonates with sepsis (Kayange
et al., 2010). This study was therefore carried out determine The objective of the study was to
determine the magnitude of Group B Streptococcus and Listeria monocytogenes and its
associated factors at Bugando Medical Centre, Mwanza, Tanzania.

Materials and Methods

Study area and population
This cross sectional study was carried out at Bugando Medical Centre (BMC) in Mwanza, Tanzania
from 1st November 2011 to 31st May 2012. BMC is a consultant and teaching hospital for the Lake
and Western zones of United Republic of Tanzania. BMC is situated along the shores of Lake
Victoria in Mwanza city and has a 900 bed capacity. It serves catchments population of
approximately 13 million people. Pregnant women of different ages and socioeconomic status
attending antenatal clinic at any gestation age between 28-42 weeks were included in the study.
Pregnant women who have received antibiotic treatment within 2 weeks before recruitment
were excluded from the study and so were those with critical conditions such that they were not
be able to communicate. The sample size was estimated using Kish Leslie(Kish, 1965) formula for
cross-sectional studies. The prevalence of colonization of 23% was used (Joachim et al. 2009).

Data collection
A pre-tested, structured questionnaire was used to collect the data. The questionnaire contained
questions on respondent’s socio-demographic characteristics, obstetrical history and other
biodata. These included maternal age, residence, gestation age, parity, previous pregnancy
outcome, HIV status, contraceptive use, occupation, diabetes mellitus and consumption of locally
processed milk. Low vaginal swabs and perianal swabs were taken.  Briefly the vaginal swab was
taken without a speculum, by inserting the swab 2–3 cm into the vagina and rotating the swab
with a circular motion, leaving it in the vagina for approximately five seconds.  A separate
perianal swab was taken by gently rotating the swab around the anal margin for approximately
five seconds.  Swabs were transported to the laboratory for processing according to standard
operating procedures. The results of both screening swabs were made available to the
caregivers.

Laboratory procedures
At the laboratory samples were inoculated directly and cultured on 5% sheep blood agar plates.
Culture plates were then incubated at 37°C with 5% candle jars CO2 for 24 hours.  All suspected
GBS colonies (beta-haemolytic, Gram- positive, catalase negative) and Listeria spp. were sub-
cultured on 5% sheep blood agar for pure culture. For GBS presumptive identification was
performed using SXT and Bacitracin (BA) disc.  All isolates resistant to 0.05 unit of BA and
resistant to 25µg of cotrimoxazole (SXT) were presumptive identified as GBS (Murray, 1995).
These isolates were confirmed using CAMP test and positive agglutination with GBS Latex
agglutination Kit (Oxoid UK).  Susceptibility to various antimicrobial agents was tested using the
disk diffusion technique. The antibiotics tested were ampicillin, penicillin, erythromycin,
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tetracycline and clindamycin.  Heavy suspension of colonies prepared on normal saline was
inoculated on 5% sheep blood agar using cotton swabs. Paper disks containing antimicrobial
agents were placed on the plate.  Plates were incubated for 24 hours in carbon dioxide
atmosphere at 37°C. Zones of inhibition were measured and the results were interpreted
according to Clinical Laboratory Standard Institute (CLSI, 2006).

Data analysis
Data were checked daily for completeness, cleared, edited, coded and double entered into the
study computer database (Microsoft Excels) and then were exported to STATA version 10.1
(Texas 77845 USA) for analysis. Means, median, range and standard deviation were calculated for
continuous variables.  Frequencies and percentages were calculated for categorical variables.
The categorical variables were analysed using Chi-square test or Fischer’s exact.  P<0.05 was
considered significant.  Odds ratios (OR) were the measure of association and confidence
intervals (95% CI) were reported.

Ethical considerations
The study was approved by Catholic University of Health and Allied Sciences/Bugando Medical
Centre Ethics Review Board. Informed consent from participants was sought before being
recruited in the study. Confidentiality of the study subjects was ensured throughout the study.
Prophylactic antibiotics (intramuscular penicillin 5MU stat then 2.5MU 4 hourly until delivery)
were prescribed to pregnant women with GBS and/or Listeria spp culture positive results when
they had ruptured membrane or were in labour.

Results

Socio-demographic characteristics of the participants
A total of 295 participants were recruited, age ranging between 14 and 39 years with mean of
25.6 ± 0.31 years.  The gestation age of the participants ranged from 28 weeks to 42 weeks with a
mean gestation age of 34.6 ± 0.23 weeks. Majority of the respondents were married 87.85% and
reside in urban area 62.7%. Additionally, 64.4% of respondent had no formal employment and
about 61% had primary level of education (Table1).

Table 1: Baseline characteristics of the 295 pregnant women from Bugando Medical Centre
Variable Response Total (N=295) Percentage
Marital status Living alone 36 12.2

Living with a partner 259 87.8
Residence Rural 110 37.3

Urban 185 62.7
Occupation Employed 105 35.6

Unemployed 190 64.4
Education No formal education 28 9.5

Primary 181 61.4
Secondary 73 24.7
Tertiary 13 4.4

Unpasturalised milk Yes 112 38
No 183 62

HIV status Positive 9 3.0
Negative 286 97.0

Prevalence and colonization of GBS and Listeria spp
The overall prevalence of GBS colonization was 9.49% and that of Listeria spp was 0.68%.  Of the
28 patients carrying GBS, isolates were cultured from only vaginal swabs in 13 cases (46.4%), only
from rectal swabs in 10 cases (35.7%), from both vaginal and rectal swabs in five cases (17.9%).
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Women more than 25 years had higher rate of GBS colonization (9.94%) but not significant {OR
1.12, 95% CI (0.51-2.46), p=0.774)}. GBS colonization tends to decrease as the level of education
increase.  Those with no education were significantly more colonized than those with higher
education {OR 12.1 95% CI (2.29-64.51), p=0.003}. Pregnant women from in rural areas were more
colonized by GBS than those from urban areas but not statistically significant {OR 1.29, 95% CI
(0.59-2.85) p=0.528}.  Marital status, occupation and use of contraceptive were not associated
with GBS colonization (Table 2) .

Table 2: GBS colonization by demographic characteristics
Characteristics Response GBS negative

(n=267)
GBS carrier
(n=28)

OR (95%CI) P value

Age <25 years 122(91.04%) 12(8.96%) 1.0
≥25 years 145(90.06%) 16(9.94%) 1.12(0.51-2.46) 0.774

Marital status Living alone 33(91.7%) 3(8.3%) 0.85(0.24-2.97) 0.800
Living with
partner

234(90.4%) 25(9.7%) 1.0

Education No school 21(77.8%) 6(22.2%) 12.1(2.29-64.51) 0.003
Primary 161(89.0%) 20(11.0%) 5.3(1.21-23.12) 0.027
Secondary 85(97.7%) 2(2.3%) 1.0

Occupation Employed 96(91.4%) 9(8.6%) 1.0
Unemployed 171(90.0%) 19(10.0%) 1.18(0.51-2.72) 0.689

Residence Urban 169(91.3%) 16(8.7%) 1.0
Rural 98(89.1%) 12(10.9%) 1.29(0.59-2.85) 0.523

GBS and Listeria spp colonization by obstetric characteristics, diseases and food intake
Pregnant women with bad previous perinatal outcome were more colonized but not statistically
significant {OR 2.0, 95% CI (0.76-5.31), p=0.163}.  Parity, abortion and gestation age were not
associated with GBS colonization (Table 3). Listeria spp were isolated from multigravida pregnant.
Parity, history of abortion and bad pregnancy outcome were not associated with Listeria spp
colonization. Neither GBS nor Listeria spp colonization was associated with HIV status or diabetes
mellitus.  Of the 295 pregnant women recruited, nine (3 %) were HIV positive and two (0.75%) had
diabetes mellitus but none of them had GBS colonization.  Similarly, none of pregnant women
with either HIV or diabetes mellitus was colonized by Listeria spp. Drinking unpasturalized milk in
our study was not associated with Listeria spp colonization. None of 112 pregnant women who
drank locally processed milk was colonized by Listeria spp.

Table 3: GBS colonization by obstetric characteristics and diseases
Characteristics Response GBS negative

(n=267)
GBS carrier
(n=28)

OR (95%CI) P value

Gravidity Primigravida 78(90.7%) 8(9.3%) 1.0
Multigravida 189(90.4%) 20(9.6%) 1.03(0.44-2.44) 0.943

Parity Nullipara 90(90.0%) 10(10.0%) 1.5(0.51-4.42) 0.454
Primipara 65(92.9%) 5(7.1%) 1.0
Multipara 112(89.6%) 13(10.4%) 1.4(0.47-4.43) 0.502

Gestation age <37weeks 165(90.7%) 17(10.3%) 1.0
≥37weeks 102(90.3%) 11(9.7%) 1.05(0.47-2.52) 0.911

Abortions No history 229(90.5%) 24(9.5%) 1.0
At least one 38(90.5%) 4(9.5%) 1.00(0.33-3.06) 0.994

History of bad
neonatal outcome

No 235(91.4%) 22(8.6%) 1.0
Yes 32(84.2%) 6(15.8%) 2.0(0.76-5.31) 0.163

HIV status Negative 258(90.2%) 28(9.8%) 1.000*
Positive 9(100%) 0(0.0%)

Diabetes mellitus No 265(90.5%) 28(9.5%) 1.000*
Yes 2(100%) 0(0.0%)
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Antimicrobial susceptibility pattern of GBS and Listeria spp
All 28 GBS isolates were susceptible to Penicillin and Ampicillin.  Fifteen GBS isolates (53.6 %) were
resistant to tetracycline, eight (28.6%) of them showed resistance toward Erythromycin and
seven (25%) were resistant to clindamycin (Table 4).

Table 4: Susceptibility pattern of 28 GBS isolates
Isolate Penicillin Ampicillin Erythromycin Tetracycline Clindamycin
V-32⁺ S S R R S
Rt-36 S S S S S
V-55 S S S R S
V-93 S S S R R
Rt-93 S S S S S
V-96 S S S R S
Rt-109 S S R S R
Rt-116⁺ S S R R R
V-118 S S S S S
Rt-118 S S S S S
V-124⁺ S S R R R
V-127 S S S S S
V-133 S S R S S
Rt-143 S S S R S
Rt-172 S S S R S
V-182 S S S S S
Rt-182 S S S S S
V-188 S S S R S
Rt-189 S S S R S
V-190 S S S S S
Rt-202 S S R R R
V-235 S S S S S
Rt-235 S S S S S
V-240 S S S S S
Rt-249 S S R R S
Rt-266 S S S S R
Rt-273 S S S R S
V-278 S S S R S
V-281⁺ S S R R R
Rt-294 S S S S S
⁺=D Test positive (erythromycin induced clindamycin resistance); V= vaginal swabs; Rt=rectal swabs; S=Sensitive,
R=resistant

Discussion

The prevalence rate of positive GBS culture in our study population was almost similar to findings
of a study in Zimbabwe (Moyo et al. 2002) but was lower compared to that reported by Joachim
et al. (2009) in Dar es Salaam, Tanzania. This might be due to difference on culture media. In our
study a non-selective blood agar was used as compared to selective culture media used by
Joachim et al. (2009).  A similar lower prevalence rate in pregnant women using similar non-
selective blood agar has been reported by Thinkhamrop et al. (2003). The recommended
selective media of choice for GBS colonization is Todd-Hewitt media (Schrag et al. 2002).
However some studies reported similar prevalence rate of GBS colonization using Todd-Hewitt
media and non-selective media (blood agar) (Werawatakul et al. 2001). Despite these differences
in technique, region variations exist. For example, GBS colonization is highly prevalent in
Zimbabwe, Gambia  and Nigeria (Baker & Barrett, 1973; Moyo et al., 2002; Dziweka et al., 2006).
Low prevalence rates have also been reported in Mozambique, Ethiopia  and Togo (Baker &
Barrett, 1973).

Comparing rectal against vaginal samples, this study found that the detection rate of GBS
was high in vaginal than rectal sample. Philipson et al. (1995) and Tsui et al. (2009) reported
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similar findings with relatively high proportion than in our study. Perhaps the use of Todd-Hewitt
culture media could explain the higher rates reported by these studies (Bosch-Mestres et al.
2003). There is little information regarding differences between pregnant women with rectal
versus vaginal colonization.  However Meyn et al. (2002) noted a significant rate of vaginal
colonization with increased recent sexual activity. Since majority of our carriers had vaginal
colonization, it may be worth investigating their sexual practices during pregnancy.

This study has shown that there is no association between HIV infection and GBS
colonization among pregnant women. Similar observations have been reported from other
studies elsewhere (El Beitune et al., 2006; Shah et al., 2011). This indicates that HIV infection is not
a risk factor for GBS colonization among pregnant population attending the Bugando Medical
Centre in Mwanza.

In this study we found that pregnant women living in rural areas were more frequently
colonized with GBS than their counterparts from urban areas though this association was not
statistically significant. In Zimbabwe, Mavenyengwa et al. (2010) reported a significant higher
rate of colonization in the rural areas than in the urban areas. Probably the difference in hygiene
practices between the two groups of people could explain these variations in the rate of
colonization. In this study, GBS colonization was not affected by host risk factors. Inconsistent
findings have been observed in different studies (Baker et al., 1975; Papapetropoulou & Kondakis,
1987; Anthony et al., 1978; Valkenburg-Van den Berg et al., 2006). Some studies have reported an
association between age and gravidity and GBS colonization but not others (Anthony et al., 1978;
Yow et al., 1980; Papapetropoulou & Kondakis, 1987). However in our study we found a
significant high rate of colonization by GBS in uneducated pregnant women. Perhaps this sub
population with no formal education had difficult in adhere to hygiene practices than those with
education.

As observed in other part of the world high carriage of erythromycin and clindamycin
resistant GBS was observed in this study (DiPersio & DiPersion, 2006; Janapatla et al., 2008). This
can be due to over prescription of these drugs especially erythromycin. The results alert of the
possibility of inadequate prophylaxis when using these antimicrobial drugs as an alternative in
penicillin allergic patients.

In most studies, maternal GBS screening was performed at term between 35 to 37 weeks
as such culture results would be more representative of colonization status at delivery (Yancey et
al., 1994). The mean gestation age at study entry in this study was 34.6 ±0.23 weeks.  Therefore
swabs taken at study entry in served the purpose since the aim was to determine the prevalence
of GBS carriage and associated risk factors. In this population, a cohort study of carrier status at
delivery would have been of interest, especially if correlated with neonatal outcome.

With regard to L. monocytogenes, the prevalence was found to be low. This low
prevalence rate is consistent with findings of a study among women of reproductive age in Serbia
(Stepanović et al. (2007). A study by Borges et al. (2011) has shown that the bacteria are inhibited
by the normal vaginal pH, and this is likely to have attributed to its low prevalence in our study
subjects. Some previous studies suggested an association between chronic carriage of Listeria
and recurrent abortion, but this has not been a consistent finding (Macnaughton, 1962). In our
study one pregnant woman with Listeria spp isolate had history of at least one abortion but it was
not statistically significant to conclude the association.  Similarly in one prospective study, Listeria
was not isolated from the cervix or the endometrium of any of the 86 patients with two or more
foetal losses (Manganiello & Yearke, 1991). Furthermore, we could not establish any association
between host risk factors such as diabetes mellitus and HIV status and Listeria spp colonization.
This is likely to have been contributed to the small sample size with diabetes mellitus and HIV.
About one-third of the study participants reported the use of unpasturalized milk during their
current pregnancy but none was found with infected with Listeria spp isolate.  Epidemiological
investigations have demonstrated that nearly all types of food can transmit Listeria spp
(Janakiraman, 2008). Thus, establishing guidelines that will prevent exposure to Listeria spp is
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likely to be inappropriate.  Obstetricians therefore, should provide dietary advice to their clients
as recommended by Centers for Disease Control and Prevention to reduce the risk (Janakiraman,
2008).

Penicillin, ampicillin, and amoxicillin have been used frequently in the treatment of
listeriosis (Temple & Nahata, 2000). These drugs block several penicillin-binding proteins and do
penetrate intracellular.  Microbial resistance of Listeria to penicillin or its derivatives has not yet
been found under natural conditions (Hof et al., 1997). Similarly in our study both Listeria isolates
were sensitive to ampicillin and penicillin with one isolate being resistant to cotrimoxazole.

In conclusion, there is a significant prevalence rate of GBS culture positive among
patients attending Bugando Medical Centre in Mwanza with demonstrable resistant to some
common antibiotics. Screening for GBS infection should be instituted in Tanzania between 35 and
37 weeks of gestation. A regular check up for antimicrobial susceptibility pattern should be
mandatory due to emerging resistance toward existing antibiotics.

Competing of interests

The authors declare that they have no competing interests.

Author’s contributions

AE participated in proposal development, data collection, data analysis and manuscript writing,
NN participated in proposal development and data analysis, EN participated in manuscript
writing, AM participated in manuscript writing, AK participated in data analysis, SD participated in
manuscript writing and SM participated in proposal development, processing and interpretation
of swabs, data analysis and manuscript writing.

Acknowledgements

The author would like to thanks Ms. Marylouise Shushu and Zebron Basu for the laboratory work.
All staff members of department of Obstetrics and Gynaecology at Bugando medical centre for
their assistance in identifying the eligible women and provision of prophylaxis when needed. To
all pregnant women who participated in the study.

References

Ansbacher, R., Borchardt, K.A., Hannegan, M.W. & Boyson, W.A. (1966) Clinical investigation of
Listeria monocytogenes as a possible cause of human fetal wastage. American Journal of
Obstetrics and Gynecology 94, 386–390.

Anthony, B.F., Okada, D.M. & Hobel, C.J. (1978) Epidemiology of group B Streptococcus:
longitudinal observations during pregnancy. Journal of Infectious Diseases 137, 524–530.

Artz, L.A., Kempf, V.A.J. & Autenrieth, I.B. (2003) Rapid screening for Streptococcus agalactiae in
vaginal specimens of pregnant women by fluorescent in situ hybridization. Journal of Clinical
Microbiology 41, 2170–2173.

Baker, C.J. & Barrett, F.F. (1973) Transmission of group B streptococci among parturient women
and their neonates. The Journal of Pediatrics 83, 919–925.

Baker, C.J., Barrett, F.F. & Yow, M.D. (1975) The influence of advancing gestation on group B
streptococcal colonization in pregnant women. American Journal of Obstetrics and
Gynecology 122, 820–823.

Borges, S.F., Silva, J.G.L. & Teixeira, P.C.M. (2011) Survival and biofilm formation of Listeria
monocytogenes in simulated vaginal fluid: Influence of pH and strain origin. FEMS
Immunology and Medical Microbiology 62, 315–320.



Tanzania Journal of Health Research Doi: http://dx.doi.org/10.4314/thrb.v17i2.4
Volume 17, Number 2, April 2015

8

Bosch-Mestres, J., Martín-Fernández, R.M. & Jiménez de Anta-Losada, M.T. (2003) Comparative
study of three culture media for detecting group B Streptococcus colonization in pregnant
women. Enfermedades Infecciosas y Microbiología Clínica, 21, 346–9.

DiPersio, L.P. & DiPersio, J.R. (2006) High rates of erythromycin and clindamycin resistance
among OBGYN isolates of group B Streptococcus. Diagnostic Microbiology and Infectious
Disease 54, 79–82.

Dzowela, T., Komolafe, O. & Igbigbi, A. (2006) Prevalence of group b Streptococcus colonization
in antenatal women at the Queen Elizabeth Central Hospital, Blantyre – a preliminary study.
Malawi Medical Journal 17, 97–99.

El Beitune, P., Duarte, G., Maffei, C.M.L., Quintana, S.M., De Sá Rosa E Silva, A.C.J. & Nogueira,
A.A. (2006) Group B Streptococcus carriers among HIV-1 infected pregnant women:
prevalence and risk factors. European Journal of Obstetrics Gynecology and Reproductive
Biology 128, 54–58.

Gellin, B.G. & Broome, C.V. (1989) Listeriosis. Journal of American Medical Association 261, 1313 –
1320.

Hastings, M.J., Easmon, C.S., Neill, J., Bloxham, B. & Rivers, R.P. (1986) Group B streptococcal
colonisation and the outcome of pregnancy. The Journal of infection 12, 23–29.

Hof, H., Nichterlein, T. & Kretschmar, M. (1997) Management of listeriosis. Clinical Microbiology
Reviews 10, 345-357.

Janakiraman, V. (2008) Listeriosis in pregnancy: diagnosis, treatment, and prevention. Reviews in
Obstetrics & Gynecology 1, 179–185.

Janapatla, R.P., Ho, Y.-R., Yan, J.-J., Wu, H.-M. & Wu, J.-J. (2008) The prevalence of erythromycin
resistance in group B streptococcal isolates at a University Hospital in Taiwan. Microbial Drug
Resistance 14, 293–297.

Joachim, A., Matee, M.I., Massawe, F.A. & Lyamuya, E.F. (2009) Maternal and neonatal
colonisation of group B streptococcus at Muhimbili National Hospital in Dar es Salaam,
Tanzania: prevalence, risk factors and antimicrobial resistance. BMC Public Health 9, 437.

Kaistone, C. (1991) Successful antepartum treatment of listeriosis. American Journal of Obstetrics
and Gynecology 164, 57–58.

Kayange, N., Kamugisha, E., Mwizamholya, D.L., Jeremiah, S. & Mshana, S.E. (2010) Predictors of
positive blood culture and deaths among neonates with suspected neonatal sepsis in a
tertiary hospital, Mwanza-Tanzania. BMC Pediatrics 10: 39.

Kish,L.(1965) Survey sampling. New York: John Wiley and Sons,Inc.
Lennon, D., Lewis, B., Mantell, C., Becroft, D., Dove, B., Farmer, K., Tonkin, S., Yeates, N., Stamp,

R., Mickleson, K. (1984) Epidemic perinatal listeriosis. Pediatric Infectious Disease 3, 30–34.
Macnaughton, M.C. (1962) Listeria monocytogenes in abortion. Lancet 280, 484.
Manganiello, P. D. & Yearke, R.R. (1991) A 10-year prospective study of women with a history of

recurrent fetal losses fails to identify Listeria monocytogenes in the genital tract. Fertility and
Sterility 56, 781–782.

Mavenyengwa, R.T., Afset, J.E., Schei, B., Berg, S., Caspersen, T., Bergseng, H. & Moyo, S.R. (2010)
Group B Streptococcus colonization during pregnancy and maternal-fetal transmission in
Zimbabwe. Acta Obstetricia et Gynecologica Scandinavica 89, 250–255.

Meyn, L.A., Moore, D.M., Hillier, S.L. & Krohn, M.A. (2002) Association of sexual activity with
colonization and vaginal acquisition of group B Streptococcus in nonpregnant women.
American Journal of Epidemiology 155, 949–957.

Moyo, S.R., Maeland, J.A. & Bergh, K. (2002) Typing of human isolates of Streptococcus agalactiae
(group B streptococcus, GBS) strains from Zimbabwe. Journal of Medical Microbiology 51,
595–600.

Murray, P. (1995) Manual of Clinical Microbiology. Washington, DC: American Society of
Microbiology Press.



Tanzania Journal of Health Research Doi: http://dx.doi.org/10.4314/thrb.v17i2.4
Volume 17, Number 2, April 2015

9

NCID (2002) Prevention of perinatal Group B streptococcal disease; revised guidelines from CDC.
Morbidity and Mortality Weekly Report. Recommendations and Reports.

Papapetropoulou, M. & Kondakis, X.G. (1987) A study of risk factors of vaginal colonization with
group B streptococci in pregnancy. European Journal of Epidemiology 3, 419–422.

Philipson, E.H., Palermino, D.A. & Robinson, A. (1995) Enhanced antenatal detection of group B
streptococcus colonization. Obstetrics and Gynecology 85, 437–439.

Remington, J.S., Klein, J.O., Wilson, C.B., Baker, C.J., Edwards, M.S.,Nizet, V. & Maldonado, Y.
(2011) Infectious Diseases of the Fetus and Newborn Infant. Infectious Diseases of the Fetus and
Newborn Infant. 7th Edition. Saunders.

Schrag, S., Gorwitz, R., Fultz-Butts, K. & Schuchat, A. (2002) Prevention of perinatal group B
streptococcal disease. Revised guidelines from CDC. Morbidity and Mortality Weekly Report
51 (RR-11), 1–22.

Sendi, P., Johansson, L., Dahesh, S., Van Sorge, N.M., Darenberg, J., Norgren, M., Sjőlin, J., Nizet,
V. & Norrby-Teglund, A. (2009). Bacterial phenotype variants in group B streptococcal toxic
shock syndrome. Emerging Infectious Diseases 15, 223–232.

Shah, M., Aziz, N., Leva, N. & Cohan, D. (2011). Group B Streptococcus colonization by HIV status
in pregnant women: prevalence and risk factors. Journal of Women’s Health 20, 1737–1741.

Stepanović, S., Vuković, D., Djukić, S., Cirković, I., & Svabić-Vlahović, M. (2007). Long-term analysis
of Listeria monocytogenes vaginal carriage frequency in Belgrade, Serbia (short
communication). Acta microbiologica et Immunologica Hungarica 54, 195–199.

Temple, M.E. & Nahata, M.C. (2000) Treatment of listeriosis. Annals of Pharmacotherapy 34, 656-
661.

Thinkhamrop, J., Limpongsanurak, S., Festin, M.R., Daly, S., Schuchat, A., Lumbiganon, P., Zell, E.,
Chipato, T., Win, A.A., Perilla, M.J., Tolosa, J.E., Whitney, C.G. (2003) Infections in
international pregnancy study: performance of the optical immunoassay test for detection
of group B streptococcus. Journal of Clinical Microbiology 41, 5288–5290.

Tsui, M.H.Y., Ip, M., Ng, P.C., Sahota, D.S., Leung, T.N. & Lau, T.K. (2009) Change in prevalence of
group B Streptococcus maternal colonisation in Hong Kong. Hong Kong Medical Journal 15,
414–419.

Valkenburg-Van Den Berg, A.W., Sprij, A.J., Oostvogel, P.M., Mutsaers, J.A.E.M., Renes, W.B.,
Rosendaal, F.R. & Joep Dörr, P. (2006) Prevalence of colonisation with group B Streptococci
in pregnant women of a multi-ethnic population in the Netherlands. European Journal of
Obstetrics Gynecology and Reproductive Biology 124, 178–183.

Werawatakul, Y., Taksaphan, S., Pragarasung, M., Wachirapakorn, J., Wilailuckana, C.,
Thinkumrup, J., Pragarasung, M., Chouwajaroen, P., Wachirapakorn, J. & Kenprom, M.
(2001) Prevalence and risk factors of Streptococcus agalactiae (group B) colonization in
mothers and neonatal contamination at Srinagarind Hospital. Journal of the Medical
Association of Thailand 84, 1422–1429.

CLSI (2006) Performance Standards for Antimicrobial Susceptibility Testing. CLSI Approved
Standard M100-S16. Wayne, P.A. Clinical and Laboratory Standards Institute.

Yancey, M.K., Duff, P., Clark, P., Kurtzer, T., Frentzen, B.H. & Kubilis, P. (1994) Peripartum
infection associated with vaginal group B streptococcal colonization. Obstetrics and
Gynecology 84, 816–819.

Yow, M.D., Leeds, L.J., Thompson, P.K., Mason, E.O., Clark, D.J. & Beachler, C.W. (1980) The
natural history of group B streptococcal colonization in the pregnant woman and her
offspring. I. Colonization studies. American Journal of Obstetrics and Gynecology 137, 34–38.

Zhu, M., Du, M., Cordray, J. & Ahn, D.U. (2005) Control of Listeria monocytogenes contamination
in ready-to-eat meat products. Comprehensive Reviews in Food Science and Food Safety.
doi:10.1111/j.1541-4337.2005.tb00071.x


