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Abstract 

Since its emergence in the early 1970's, group B streptococcus (GBS) has been the 

predominant infectious cause of life-threatening illness in neonates. In the absence 

of a vaccine, intrapartum antibiotic prophylaxis (lAP) has been used to interrupt 

vertical transmission of GBS, and thus prevent infant infection. Although TAP 

decreases the incidence of neonatal GBS disease, there are concerns that its 

widespread use may result in maternal and infant morbidity from other causes, such 

as anaphylaxis and disease from virulent antibiotic resistant bacteria, for example 

disease caused by ampicillin resistant E. co/i. To minimise the risks of such adverse 

outcomes, it is important that lAP administration is limited to mothers with 

intraparturn GBS colonisation. Although several tests have been developed for rapid 

detection of GBS, most have lacked the sensitivity required to identify light levels of 

colonisation. 

The aim of this study was to develop a simple test capable of detecting all levels of 

GBS colonisation within 1-2 hours. Two approaches were taken. The first involved 

development of a fluorescent test for the GBS surface enzyme C5a peptidase (C5a-

ase). This was not successful in that the substrate molecules used in the test were 

susceptible to the agents used to release C5a-ase from the cell wall. The second 

approach was based on PCR detection of the newly discovered and highly conserved 

GBS bsp gene. This test is highly specific and further improvement in sensitivity 

will undoubtedly make this a suitable test for intrapartum detection of GBS. 
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CHAPTER 1 

General Introduction 

1.1 A HISTORY OF GROUP B STREPTOCOCCUS 

An 1 887 French study, linking a beta-haemolytic streptococcus with bovine mastitis, 

has been recognised by several authors as the first report of group B streptococcus 

(GBS)"2. The name Streptococcus agalactiae was first used in 1896 and at that time 

the organism was also called Streptococcus de La mammite, Streptococcus inastitidis 

and Streptococcus agalaciiae con tagiosae3. 

In 1933 Streptococcus agalactiae was placed into group B of Lancefield's 

classification of beta-haemolytic streptococci4. Of the initial 106 streptococcal 

strains that Lancefield investigated, 21 were GBS and most of these were bovine in 

origin. Two GBS strains were reported from human sources and both were 

considered non-pathogenic. Lancefield concluded that GBS was primarily a bovine 

pathogen that may also infect milk4. 

GBS was first reported as a human pathogen in 193556.  In 1938 and 1940 it was 

reported as a cause of both mild and fatal infections in pregnant women7'8. Nyhan 

and Fousek9  reviewed records of neonatal sepsis from 1933 to 1957 and found six 

cases of sepsis caused by GBS, all of which were fatal. In the early 1960's reports of 

non-group A streptococcal disease became more common10'11 . In 1964 Eickhoffet al 

reported that "there appeared to be an increase in the frequency with which Group B 

streptococci were being isolated from newborn infants"2. Despite this and other 



reports during the 1960s1314,  it was not until the 1970's that the capacity for GBS to 

cause human disease was fully realised. 

Although GBS was a "stranger to most paediatricians" 5  in the early 1970's, it 

quickly became recognised as a major cause of neonatal illness, overtaking E.coli as 

the most common cause of neonatal scpsis10"618. Early reports of invasive GBS 

disease in neonates described it as a fulminant life-threatening illness with mortality 

rates as high as 70%2!3.  Today, although both the incidence and mortality of 

neonatal GBS disease have fallen, the organism remains the most common cause of 

neonatal sepsis, accounting for 40-50% of cases'923. Recently, the spectrum of 

disease associated with GBS began to shift. GBS is increasingly being associated 

with disease in both pregnant women and non-pregnant adults with underlying 

illness24'25. As noted by Lischkc Ct al in 1990, "GBS cannot be underestimated as an 

aggressive bacterium with the capability for real injury"26. 

1.2 CHARACTERISTICS OF GBS 

In 1933, Lancefield described a precipitin reaction based on the streptococcal 

carbohydrate "C" antigens that could he used to classify beta-haemolytic streptococci 

into distinct groups4. These groups were designated A, B, C, D and so on, and today 

many streptococcal groups have been described  4'14. The results of Lancefield's study 

correlated strongly with the biochemical and epiderniological data of the time, and 

the grouping method became accepted as the classification system for beta-

haernolyti c streptococci. Lancefi eld classified Streptococcus agafactiae into group 

B, and today the organism is almost universally called group B streptococcus. 
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Like all streptococci, GBS is a facultative anaerobic, catalase negative, gram positive 

coccus27. Most GBS strains are beta-hacmolytic and all give a positive CAMP 

test3'27'28. Although most strains are non-pigmented, colonies producing a yellow, 

orange or red pigment have been reported27. GBS will produce acid from 

metabolism of glucose, maltose, sucrose, dextrose and trehalose, but will not ferment 

xylose, arabinose, raffinose, inulin, mannitol or sorbitol4'27. Al! GBS strains will 

hydrolyse hippuratc4. Lactose fermentation is variable, and has been associated with 

strains of bovine origin3. 

Today, routine identification of GBS is aided by simple latex streptococcal grouping 

tests that can provide results within minutes2933. DNA probes have also been 

developed for streptococcal grouping but require >12 hours to provide a result and 

are too expensive for incorporation into routine identification31'34135. Before the 

development of streptococcal grouping tests, identification of GBS was often based 

on colonial morphology, hippurate hydrolysis and the CAMP test2'28'36. Group 

confirmation was only possible after extensive extraction of the group 

polysaccharide1°  

1.2.1 Antibiotic susceptibility 

In general, GBS isolates are sensitive to penicillin, ampicillin, erythromycin, 

18373838-41 clindamycin, methicillin and vancomycin ' ' ' , but resistant to gentamicin, 

arnikacin, trimethoprirn-sulfamethoxazole, tetracycline and kanarnycin 39,41,42 

Multiple antibiotic resistance has also been reported40'41 . 

Despite penicillin being the drug of choice for invasive GBS disease since the 

l95Os9l22843, most GBS isolates remain sensitive to penici11in3740'44'45. Although 

rare, penicillin-tolerant GBS isolates have been reported38'46. Production of 
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penicillinase has not been detected 40•  There have been reports of penicillin failing to 

treat invasive GBS disease, but this has been associated with complications of 

treatment rather than resistance of the organism to the antibiotic 46,47• 

Of concern is the emergence of GBS strains resistant to erythrornycin and 

clindarnycin. In the 1970's and 80's GBS isolates showed little or no resistance to 

these antibiotics1 '39. During the 1990's there were reports of resistance to 

erythromycin in 9-19% of isolates, and to clindamycin in 8-9.5% of isolates  38'40. 

Similar levels of resistance were found in recent studies from the United States41'45. 

The resistance of GBS to erythrornycin and clindarnycin is of particular concern 

because these are the agents used to eradicate GBS colonisation in parturients 

allergic to penicillin 24,48 

1.2.2 Virulence factors 

Several virulence factors have been identified in GBS, but in general the pathogenic 

mechanisms of the organism are poorly undcrstood451. Virulence factors that have 

been identified include the capsular polysaccharides, bacteriocins, hacmolysin, 

hyaluronidase and certain surface proteins, for example the C protein complex and 

C5a peptidase'°' 50, 52-56 The sialic acid content of the polysaccharide capsule can 

also contribute to the virulence of the organism by inhibiting activation of the 

alternative complement pathway and enabling the organism to resist 

opsonophagocytosis57'58  

1.2.3 Serotypes 

GBS serotypes were first described in the 1930's and are based on differences in 

GBS capsular polysaccharide antigens, also known as "5" antigens14 '59'60. To date 

nine GBS serotypes have been described: Ia, Ib, and I1-Vi1154 
'
5961 
 . A small 
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percentage of isolates remain non-typable. Several serotyping techniques have been 

61 described including ring precipitation tests, immunofluorescent techniques62'63, 

Ouchterlony assays64  and co-agglutination tests54. Although commercial serotyping 

kits are available, Lancefield's original precipitin test59  is still commonly used today 

323)65-7O 

Serotypes may also be described in conjunction with two other proteins that are 

expressed on the cell surface: protein C and protein R71'72. These proteins have been 

studied for their ability to elicit protective immunity71'73. Not all GBS isolates 

express these proteins and isolates that do are reported with a "c" or "R" after the 

serotype, for example Ia/c, IIl/R71 '72  

Most GBS serotypes have only been described in the last 20 years. These serotypes 

reflect new capsular polysaccharide antigens rather than the characterisation of 

previously non-typable isolates. For example, when serotype V was first described 

in 1985 it accounted for <5% of the non-typable isolates61. The discovery coincided 

with a shift in the distribution of invasive GBS serotypes, without decrease in the 

number of non-typable isolates indicating the emergence of a new serotype as 

opposed to classification of previously non-typable isolates37'67'74'75. Another 

example is Serotype VIII which has most often been associated with isolates from 

Japan76. Recently serotype VIII isolates have been found amongst isolates from the 

United States75  and it is possible that this reflects the beginning of another shift in the 

distribution of GBS serotypes. 

1.2.3.1 Distribution fGBS serotvpes 

Although relatively few studies have looked at GBS serotype distributions64, there is 

evidence to suggest that the distribution varies geographically, over time and in 
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different patient populations. Table 1.1 describes GBS serotype distribution in four 

countries over a similar time frame, and shows that different serotypes are prominent 

in different regions. Variation in the serotype distribution in the United States over 

time is shown in table 1.2. Table 1.3 shows the variation in serotype distribution in 

different patient populations. It also shows that a variety of GBS serotypes can cause 

disease, emphasising that diagnostic tests must be capable of detecting all serotypes 

of GBS. Differences in GBS serotype distribution are also an important 

consideration in the design of capsular polysaccharide vaccines7678  

Table 1.1: Distribution of GBS serotypes in distinct geographic locations, 1988-94. 

Serotype (% of all isolates) 

Ia lb 1*  II III IV V VI VIII NT 

Gambia65  N N 19 28 6 3 38 N N 6 

Japan76  6.8 8.2 N N 11 N 4.1 24.6 35.6 9.6 

USA"7  34 8 N 6 29 0 21 N N 2 

Denmark68  21.2 12.7 N 6.0 51.7 N 2.5 N N 5.9 

* = Serotype I was not further identified in the study from Gambia. 
N = Testing for this serotype was not done. 
NT = Non-typable isolates. 
All values are expressed as percentages. 
NB: The data from Japan does not add to 100, but is described here as it was in the 
original report. 
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Table 1.2: Distribution of GBS serotypes in the United States at different times. 

Serotype (% of all isolates) 

Ia lb II III V VIII NT 

1962-3 46 14 11 22 0 0 7 

1999 25.4 5.3 9.6 23.7 31.6 0.9 3.5 

These figures demonstrate the emergence of serotype V in the second time period as 
well as the possible emergence of serotype V1I17 . 
NT = Non-typable isolates. 
All values are expressed as percentages. 

Table 1.3: Distribution of GBS serotypes in a range of patient populations in the 

United States, 199 1199964. 

Serotype (% of all isolates) 

Ia lb II III IV V VIII NT 

<1 week old 36.2 1.3 10.7 38.2 0 13.5 0 0 

1-12 weeks old 23.4 4.3 2.1 61.7 0 6.4 0 2.1 

12 weeks-18 years old 35.7 7.1 7.1 35.7 0 14.3 0 0 

Pregnant adults 35.6 9.5 14.3 34.8 0 9.5 0 0 

Non-pregnant adults 27.4 12.5 11.8 14.3 0.3 29.0 0.3 4.5 

NT = Non-typable isolates. 
All values are expressed as percentages. 
NB: This data is described here as it was in the original report. 



1.2.3.2 Subtyping of GBS serot)pes 

Differentiation of GBS isolates of the same serotype is important for epidemiological 

studies. Numerous methods have been proposed to investigate the genetic 

heterogeneity of GBS serotypes79. Analysis of antibiotic susceptibility patterns has 

been used39'8°  but is of limited use because there is little variation in the susceptibility 

patterns of GBS isolates32. Plasmid DNA analysis is unsuitable because GBS do not 

carry plasmid DNA32'79. Bacteriophage typing has been used39'8°  but is limited by 

the variability of the results and the availability of reagents32'79. Multilocus enzyme 

electrophoresis has been tried with differing reports of its usefulness37'68. Currently, 

the most effective way to differentiate GBS isolates of the same serotype is by 

restriction enzyme analysis of chrornosomal DNA6779'8 ' or by using restriction 

fragment length polymorphism of rRNA (ribotyping)32'54'67'79. 

1.3 INFECTIONS CAUSED BY GBS 

GBS is primarily a pathogen of humans and cows, but has also been isolated from 

fish, dogs, rabbits and pigs4"3. It is an opportunistic human pathogen'4'36'82'83  that 

causes disease in infants, adults with underlying disease and pregnant women24. It 

can also asymptornatically colonise the alimentary tract, the female genital tract and 

the respiratory tract"0'8487. In 1990, GBS was the fourth most important cause of 

potentially preventable infectious disease in the United States88. 

1.3.1 Infection in infants and children 

Although there have been occasional reports of GBS causing endocarditis in 

children89, invasive GBS disease is rarely seen in children beyond very early 

infancy67'90, possibly because of changes in the immune system that occur as infants 

mature25. 
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There are two distinct clinical presentations of infant GBS disease91. The first is an 

acute or early-onset disease with infants often ill at birth or within hours of birth 

90,92,93 The second is a delayed or late-onset illness that is less common and less 

severe than the early-onset form10'91'93'94. Although a causal link has not been made, 

GBS has also been associated with spontaneous abortion and still birth68'9599. All 

serotypes of GBS can cause disease in infants  64'67'7791"°0105  although late-onset 

disease is most commonly associated with serotype III isolates32'39'64'90'901 104. 

1.3.1.1 Early-onset GBS disease 

Early-onset GBS disease (EOGD) was first described in the early 1970's and was 

defined as symptoms of sepsis developing in neonates less than ten days old911 93. 

Today, it is almost always defined as isolation of GBS from a sterile body fluid, for 

example blood or cerebrospinal fluid (CSF), in patients with onset of symptoms 

24
'
77106-110 before 7 days of age . In addition to blood and CSF, GBS has also been 

isolated from the urine, ear, nose, throat, trachea, umbilicus, skin and stools of 

infants with EOGD48'91 '95  

EOGD commonly presents as acute respiratory failure, apnoea and shock developing 

within hours of birth. Death can quickly follow despite prompt administration of 

antibiotic therapy91' 06111 11 Most infants develop sepsis, with or without 

pneumonia, and some develop meningitis68'69'91'96 16-119 Cellulitis, osteomyelitis, 

septic arthritis, conjunctivitis, impetigo, otitis media and coma have also been 

reported 

1.3.1 .1 .1 GLOBAL INCIDENCE OF EOGD 

The incidence of EOGD varies geographically90'120. In most developed countries the 

incidence of EOGD ranges from 1-4 cases per 1000 1ive-births48'66'90"°7'115'12'23 



Lower rates have been reported from some countries, for example in Israel 124 

EOGD is rarely seen in developing countries65103. The reason for this is unclear but 

may reflect higher levels of protective antibody, less virulent GBS strains or as yet 

unidentified beneficial cultural practices65'103. Alternatively, higher rates of home 

delivery with higher numbers of infants not seen by physicians, difficulties in 

diagnosing neonatal disease and sub-optimal laboratory practices may have led to an 

underestimation in incidence of EOGD in these countries'03'125. 

A higher incidence of EOGD is seen in some ethnic groups. For example, in the US 

the incidence of EOGD is highest in the African-American popu1ation105 '106"10". 

The reason for this is not known but may be linked to higher levels of colonisation or 

to differences in mucosal surface receptors90'110" 13,126 

1.3.1.1.2 THE INCIDENCE OF EOGD IN AUSTRALIA 

In 1991, the Australasian Study Group for Neonatal Infections (ASGNI) was formed 

to "collect prospective data on the incidence and mortality of systemic infection in 

neonatal units in Australia"127. In 1997, ASGNI was collecting data from 14 

neonatal units, 11 of which were attached to maternity units including the largest 

neonatal unit in all major Australian cities. Thus, ASGNI reports are a good 

reflection of the overall incidence of EOGD in Australia. In 1999, ASGNI reported 

the incidence of EOGD had fallen from 2.0 per 1000 live-births in 199 1-93 to 0.5 per 

1000 live-births in 1995-971 . Higher rates were seen in Aboriginal infants. In the 

1995-97 study period, the incidence of EOGD in Aboriginal infants was 1.8 per 1000 

live-births, more than 3 times higher than that seen in non-Aboriginal infants'9. The 

reason for higher incidence in Aboriginal patients is not known127. 
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1.3.1.1.3 THE OUTCOMES OF EOGD 

Despite the best efforts of clinicians, babies continue to die from EOGD. In the 

United States during the 1970's mortality from EOGD was 3070%291.9111419, 

although in some areas the rate was as low as 18%18.114.  During the 1980's infant 

mortality from GBS infections fell to 1550%66 08 2;113,128 and in the 1990's it again 

decreased to 37%1994I22.129.130  It has been suggested that the decline in EOGD 

mortality may have occurred because of earlier diagnosis and treatment of infected 

infants as well as more successful antibiotic treatment with supportive care108  

Perhaps the most important factors affecting the mortality associated with EOGD are 

prematurity and low birth weight12213132. These are associated with almost half of 

the neonatal deaths caused by sepsis94"28 '30. In general, the mortality of early-onset 

sepsis, of any cause, increases as birth weight decreases, or in other words, the 

younger the infant the poorer the prognosis133. It has been suggested that preterm 

infants have other complications that make them more susceptible to attack from 

infectious agents, including GBS122. 

Infants that survive EOGD may suffer long term neurologic sequelae, for example 

psychomotor retardation, hearing or visual loss, spasticity, hemiparesis and seizures 

1891 These long-term effects should not be forgotten, as they are often the most 

financially costly aspects of the disease90. 

1.3.1.2 Late-onset GBS disease 

Late-onset GBS disease (LOGD) is generally defined as invasive GBS disease 

developing between I and 12 weeks of age2490"34. The incidence of LOGD is 

between 0.34 and 1.5 per 1000 live-births94"11 . The most common manifestations 

32  are meningitis and sepsis'39"00" 18.134 , although pneumonia, endocarditis, arthritis, 



osteomyelitis and urinary tract infections have also been 

described323239'91'93" II;! 1l35 

The pathogenesis of LOGD is poorly understoodSO.  Maternal complications of 

labour, for example prolonged rupture of membranes, are less common in infants 

with LOGD than those with EOGD'''. Some data suggests that colonisation of the 

infant may occur in utero or during delivery, be followed by a period of 

asymptomatic colonisation with subsequent dissemination of the organism and 

development of disease' ,6X,909 If intrapartum maternal GBS colonisation 

does play a role in the pathogenesis of LOGD, efforts to prevent EOGD may also 

affect the incidence of this condition. 

Nosocomial transmission of GBS has been reported although the source of infection 

in these cases is often difficult to identify2'39'80"°°. Horizontal infection between 

infants has been demonstrated'36  and mothers and nursery staff have also been 

identified as possible sources91. Several reports have shown GBS infected breast 

milk to be the cause of LOGD in some infants13'32"3139  . In these cases, the origin of 

the GBS causing the breast milk infection is unclear13'32"37. Some reports have 

described aspiration of GBS from the infant's throat to the breast during 

feeding'35"39, with subsequent growth of the organism in the milk before it is 

ingested by the infant. 

For infants that survive LOGD the outcomes are similar to those of infants that 

survive EOGD. The mortality rate of LOGD has fallen from 14% in the 1970's to 

2.8% in more recent studies91'94  
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1.3.2 Infection in adults 

GBS is recognised as a pathogen of pregnant women and is increasingly being seen 

as a pathogen of adults with underlying disease  2425. Although GBS is still 

considered primarily a pathogen of very young infants we should not forget its role 

in the morbidity and mortality of certain adult populations. 

1.3.2.1 Infection in non-pregnant adults 

Although there have been reports of invasive GBS disease in non-pregnant adults for 

some time now 12-14,  in recent years the incidence has increased67. In 1982-83 the 

incidence in the United States was 2.4 per 100 000 people97. This rose to 5.9-6.7 per 

100 000 people in the 1990s3767.  To place this in perspective, in 1995 invasive GBS 

disease in non-pregnant adults was 13 times more prevalent than invasive adult 

meningococcal disease37. 

Infection in non-pregnant adults accounts for 40-60% of all cases of invasive GBS 

disease37'97  and as much as 80% of all adult cases140. The mortality rate in the 1980's 

was reported as 32-70%66;97;1  I7;141 but by 1995 had fallen to 12%. Adult deaths 

from GBS disease have been attributed to GBS infection superimposed on an 

underlying condition36  and often the underlying illness is the cause of death44  

GBS cause a spectrum of disease in this population, including sepsis, pneumonia, 

endocarditis, peritonitis, meningitis, cellulitis, osteomyelitis and septic arthritis as 

well as infections of wounds, ulcers and the urinary tract10 326;3744;464;66;899711740- 

144 In some patients GBS bacteraemia is transient44, and polymicrobial sepsis has 

also been reported66'117"42. The underlying conditions that have been associated with 

the disease are most commonly diabetes mellitus, cirrhosis and alcoholism, 
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malignancy and cardiovascular disease26;3637'44'46;66;69;97;  I 17J41J42Recurrence of 

GBS infection occurs in 4% of these patients and adults are 10 times more likely to 

have a recurrence than infants37. The infection is frequently nosocomia137'44'66"7"41, 

indeed one study of GBS pneumonia in elderly patients found that in 6 of 7 cases the 

organism was acquired nosocornially145. An association between advanced age and 

invasive GBS disease has been noted by some authors1 17,142  however other studies 

have failed to confinn this37. Gender and ethnicity have not been associated with 

invasive GBS disease in non-pregnant adults37"42. 

1.3.2.2 Infection in pregnant women 

In the United States invasive GBS disease during pregnancy has been reported to 

occur in 22 cases per 100 000 pregnant women97. The disease is opportunistic and is 

associated with GBS colonisation of the genital tract82'146. Indeed, GBS colonisation 

is an independent risk factor for the development of chorioamnionitis and this risk is 

directly proportional to the level of colonisation' 47  

There are many manifestations of invasive GBS disease in pregnancy. In its more 

severe forms the disease is associated with sepsis, meningitis and 

endocarditis66'68'82'96'97" 17,141,143,146 Other clinical manifestations include intraparturn 

and postpartum fevers, chorioamnionitis, endometritis, surgical wound infections, 

urinary tract infections, abscesses, peritonitis and osteomyelitis 

10,2613213682,96,97,109,1 6,1 17,146,148,149 GBS necrotizing fasciitis has also been reported in 

'5() a postpartum woman . Maternal GBS infection may play a role in cases of 

stillbirth and spontaneous ahortion2'69'9799  
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1.4 ASYMPTOMATIC GBS COLONISATION IN WOMEN 

GBS can asymptornatically colonise both the alimentary and genital tracts of women. 

Such colonisation becomes a concern when present during pregnancy, particularly 

during labour. Antenatal GBS colonisation has been linked with premature labour 

and premature rupture of membranes148'151"52, although this association has not been 

found in all studies'53"54  and its demonstration may be dependent upon the sites 

sampled and the level of colonisation151"53"55. Intrapartum GBS colonisation can 

lead to vertical transmission of the organism and this in turn can lead to the 

development of life-threatening illness in the infant2"7"47  

1.4.1 Incidence of GBS colonisation in women 

It is difficult to state conclusively how many women are colonised with GBS. 

Numerous reports from around the world have provided data relating to GBS 

colonisation rates but care must be taken when comparing these reports. Several 

factors can influence the number of women that are identified as GBS carriers. 

86131156 Firstly, detection of GBS is dependent on the culture technique used ' . The 

most sensitive way to detect GBS colonisation is to use a selective GBS enrichment 

broth (SGE broth)63156. Baker et al first described use of SGE broth in l973'. SGE 

broths contain a GBS enrichment medium and several antibiotics that suppress the 

growth of other organisms that may be present in larger numbers, for example 

coliforrns and enterococcj'58. Several studies have shown that the detection of GBS 

by culture can be improved up to 50% when a SGE broth is used35"57"59"6°  

Secondly, the anatomical sites that are sampled can influence the number of carriers 

that are identified86"3"55 '56"61. GBS is known to colonise both the rectum and the 

female genital tract87"'3"62, yet in several reports investigation has been limited to 
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the vagina or cervix'23'151 . Culture of the vagina and the rectum increases the 

likelihood of detecting GBS colonisation by up to 50% 160,163  Culture restricted to 

the cervix is less sensitive than vaginal or rectal investigation160. Most colonised 

women carry the organism in the genital tract and the rectum87, but up to 30%  of 

women are only colonised rectally48'83'164. Colonisation of the rectum may lead to 

colonisation of the genital tract83'163'165  and EOGD has been reported in infants born 

to mothers that are only colonised in the rectum62'131 . 

Finally, colonisation rates are dependent upon the population being studied86"56166  

Higher levels of GBS colonisation are found in certain ethnic groups, for example in 

African-American women in the United States83'90" 13,126,167,  The reason for this is 

90j68 Un nown 

In studies from mixed populations, where SGE broth has been used and both the 

vagina and rectum have been sampled, 10-30% of pregnant and non-pregnant women 

159- are identified as GBS carriers35'38'65°3'"681'3. As intrapartum maternal GBS 

colonisation is the major risk factor for development of EOGD, 10-30% of pregnant 

women can be considered at risk of delivering a GBS infected infant. 

1.4.2 Features of GBS colonisation in women 

1.4,2,1 Transience of carriage 

Several reports have described the transient or intermittent nature of GBS 

colonisation in the female genital tract68'83'87. Studies monitoring GBS colonisation 

during pregnancy have shown that women identified antenatally as GBS carriers may 

86871l2;131;152l67 not be carrying the organism at delivery . Similarly, women who are 

not colonised antenatally may acquire the organism before delivery83. One study of 

women treated antenatally to eradicate GBS carriage resulted in a temporary 
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reduction in colonisation but two thirds of the women were colonised at delivery174. 

It is important to consider the transient nature of GBS colonisation when using 

antenatal carriage as a predictor of intraparturn GBS colonisation. 

1.4.2.2 Degree of colonisation 

GBS colonisation in women is commonly referred to as being light, moderate or 

heavy. There is, however, no strict definition of what constitutes each of these. It is 

important to consider the different definitions of heavy and light colonisation when 

comparing reports on the levels of GBS colonisation. Heavy colonisation is often 

considered as >100 000 GBS colony forming units (cfu) per swab63"75"76. Other 

reports have considered >10000 cfu per swab to be indicative of heavy 

colonisation'77 '79. Light colonisation has been reported variably from 200-10000 

cfu per swab ' 7"76"80. Definitions of moderate GBS colonisation vary depending on 

the definition of heavy and light colonisation that is used. 

Several studies have used a semi-quantitative quadrant method to estimate the level 

of colonisation29" I3,147,18I This method involves streaking the culture plate into 

quadrants and classifying the growth as 1-4+ according to the quadrants with GBS 

growth. Women with GBS growth limited to the first or second quadrants are 

considered to be lightly to moderately colonised, and those with growth in the third 

or fourth quadrants are considered to be heavily colonised'26'159"75"81. In one study 

1+ and 2+ colonisation were considered to reflect a bacterial count of <4  x 105  

cfu/mL, and 3+ and 4+ colonisation to reflect >4 x 10 cfu/mL159. In other studies, 

any GBS growth from the direct culture of the swab is considered indicative of heavy 

colonisation, and growth limited to the SGE broth is considered to reflect light 

colonisation 155; I70;I77  
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1.5 MATERNAL GBS COLONISATION AND EOGD 

1.5.1 GBS is vertically transmitted 

Infants with EOGD acquire the organism from the maternal vaginal and rectal 

flora13'66"22. Numerous studies have shown the GBS isolate colonising the mother 

to be the same serotype as that causing disease in the infant 2;13,62;68,86,91,111;119,167;182 

60-70% of infants born to colonised mothers are themselves colonised171"80"83, 

whereas the colonisation rate in those born to mothers not identified as GBS carriers 

is 3%I05•  1-2% of GBS colonised infants will develop EOGD1171. 

Infants become colonised with GBS in utero or during vaginal delivery 

2113,18,65,82,91,95 Most infants with EOGD are ill at birth or within hours of birth, 

111 suggesting that infection began in utero 8,18,,I2l•  In utero infection occurs after 

GBS in the maternal flora ascends to the amniotic fluid during labour'84. Growth of 

the organism in the amniotic fluid and subsequent aspiration or ingestion of the 

infected fluid by the infant can then lead to development of systemic 

109099111 disease ' 

1.5.2 Infant colonisation and the development of disease 

Only 1-2% of GBS colonised infants develop disease, therefore factors other than 

colonisation must also play a role in the pathogenesis of EOGD'. Many factors have 

been investigated but no single determining factor has been identified. Immunity 

appears to play a role in the development of EOGD28'49'185"86. Low infant levels of 

maternally acquired antibody directed against GBS serotype specific polysaccharides 

have been identified as a significant determinant in the development of EOGD186. 

Prematurity, low birth weight, prolonged rupture of membranes and intrapartum 

fever are also associated with increased risk of 
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EOGD'2'28'48'66'°8' l41 I7l 18;l21;l22;1X4;l87;l8 Other predisposing risk factors 

include maternal bacteriuria during the pregnancy, twin pregnancy, the use of 

intrauterine monitoring devices and > 6 intraparturn vaginal examinations 

I 10,36193196;l 17,1 I8J21I62 

The degree of maternal and infant colonisation has been linked to development of 

EOGD62. While EOGD can develop in infants born to both heavily and lightly 

colonised iuothers'34'155'175'189 '9 ' regardless of the method of quantification used, 

infants born to lightly colonised mothers are considered to be at less risk than those 

born to heavily colonised mothers6 11  
31"334"71 '79"83. Infants born to heavily 

colonised mothers are colonised more frequently and at more sites than those born to 

mothers with light colonisation62"91. Infants colonised at >2 sites are 10 times more 

likely to develop EOGD than those colonised at 1-2 sites111  

1.6 PREVENTING INVASIVE GBS DISEASE 

Although GBS is increasingly being recognised as a pathogen in certain adult 

populations, during the last 30 years it has primarily been considered a pathogen of 

newborn infants. As such, efforts to prevent invasive GBS disease have focused on 

reduction of the disease in infants, particularly reduction of EOGD192. In 1977, the 

National Institute of Health in the United States called for programs to prevent 

EOGD131 , and since then several prevention strategies have been tried, with varying 

degrees of success. 

1.6.1 A vaccine to prevent EOGD 

The ideal way to prevent EOGD is with a vaccine 5193. A GBS vaccine to prevent 

EOGD may also contribute to prevention of LOGD as well as invasive GBS disease 

in adults24. The Institute of Medicine in the United States has given a high priority to 
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development of a GBS vaccine in the 21"  century192. To date, there is no GBS 

vaccine available, although several vaccines have been formulated and are at 

different stages of development'92"94  

Considerable work has been done in the development of type specific polysaccharide 

vaccines1 1 195. These vaccines give best results when conjugated to a protein 

molecule, eg the tetanus toxoid192"96  or the cholera toxin B subunit194. Conjugation 

of the type specific polysaccharide chains from several GBS serotypes to a protein 

molecule can be done to create a multivalent vaccine192. Such vaccines can be 

designed to carry polysaccharide chains from the serotypes that commonly cause 

disease, with the aim of preventing most cases of invasive GBS disease. Geographic 

variations in serotype distribution become important when designing these vaccines. 

For example, while a multivalent vaccine that included polysaccharide chains from 

GBS serotypes Ia, Ib, II, III and V would theoretically prevent 95%-100% of all 

cases of invasive GBS disease in the United States64"92, it may fail to reduce a 

substantial amount of disease in Japan where the serotype distribution is different 

and includes much higher levels of serotype V11176. Other vaccine candidates that 

have been investigated include the C proteins, R protein, Sip protein, Rib protein and 

CSa peptidase7' ,197203 

1.6.2 Prevention by intervention 

In the absence of a GBS vaccine, antibiotic therapies have been used to prevent 

EOGD. Postnatal chemoprophylaxis of infants, eradication of antenatal GBS 

colonisation and intrapai'turn antibiotic prophylaxis (TAP) to prevent vertical 

transmission of GBS have all been investigated. 
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1.6.2.1 Postnatal chcmoprophylaxis in infants 

In 1978, Steigman et al suggested that EOGD could be prevented, in a similar way to 

opthalmia neonatorurn, by administration of intramuscular penicillin to infants within 

moments of birth204'205. However, antibiotic prophylaxis given to infants at birth is 

largely ineffective because the majority of infants with EOGD acquire the infection 

before being delivered24"06'206. Postnatal chemoprophylaxi s has not been supported 

by either the American Academy of Paediatrics (AAP) or the American College of 

Obstetricians and Gynaecologists (ACOG) because it is ineffective and likely to 

endanger the infant165'207  

1.6.2.2 Eradication of antenatal GBS colonisation 

Some authors have suggested that eradication of maternal GBS colonisation before 

labour would prevent infant exposure to GBS, and therefore prevent EOGD '7'174  

However, studies investigating this approach have found it to be unsuitable because 

of the transient nature of GBS colonisation. Although colonisation may be 

eradicated antenatally, the organism may be re-acquired before delivery208'209. One 

study found that although penicillin G treatment of GBS carriers late in the third 

trimester completely eradicated GBS colonisation in the rectovaginal area, 25% of 

the women studied had become recolonised by the time of delivery210. The high rate 

of GBS re-acquisition after antibiotic therapy makes this approach unsuitable for the 

prevention of EOGD' I2,I65;207 

1.6.2.3 Intrapartum antibio tic prophylaxis (lAP) 

TAP is defined as the " administration of antimicrobial agents after the onset of 

labour or membrane rupture but before delivery"24. There have been several reports 

of lAP reducing vertical transmission of GBS 62'92'1 05,174208.21I  and in 1986 Boyer et al 
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conducted the first randornised clinical trial of lAP and found it to be successful in 

preventing EOGD2 ' 2. The estimated efficacy of TAP in preventing EOGD is 85%121 

and several studies have shown it also results in decreased levels of maternal 

rnorbidity83'°92122 3 

1.6.2.4 lAP based strategies for the prevention of EOGD 

Successful prevention of EOGD by TAP is dependent on the accurate identification 

of parturients at risk of delivering an infant with EOGD and timely administration of 

the antibiotic °'189'2t4'215. To be effective in preventing vertical transmission of GBS, 

'07 13 lAP must be administered for at least 4 hours pnor to delivery ' Intravenous 

administration of the antibiotic is used to rapidly achieve therapeutic levels in 

maternal serum and tissues as well as in the amniotic fluid174. Ideally, a rapid means 

of determining maternal intrapartum GBS colonisation is required to allow targeted 

administration of lAP. To date, the tests developed for rapid detection of GBS have 

lacked the sensitivity required to identify all at risk parturients or have taken too long 

to be suitable for intrapartum use' 23'126 '216. 

In the absence of an accurate and rapid means of detennining intrapartum GBS 

colonisation a variety of approaches have been used to identif,' at risk 

parturients'90'217'21'. These approaches can be summarised as: 1) a universal 

screening protocol involving antenatal screening for GBS colonisation and LAP 

administration to all caniers, 2) a risk-based protocol involving lAP administration 

to all parturients with risk factors and no antenatal screening, and 3) a protocol of 

selective lAP involving antenatal screening for GBS colonisation and lAP 

administration to those carriers with obstetric risk factors. 
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There have been no prospective trials to compare the efficacy of these approaches129  

It has been estimated that up to 100 000 deliveries would need to be prospectively 

studied to determine which approach is the best 131  The absence of prospective trials 

makes it difficult to draw conclusions about the appropriateness of each of the 

strategies. Although the benefits of lAP in preventing EOGD are generally accepted, 

there has been extensive and continual debate about which of the prevention 

strategies is the most appropriate for identification of high risk parturients 

48;1 12l24l61;l88;189219-224 

1.6.2.4.1 UNIVERSAL SCREENING 

Universal screening protocols detect the greatest number parturients at risk of 

delivering an infant with EOGD18. Administration of lAP to parturients identified 

antenatally as GBS carriers significantly decreases the incidence of E0GD123. In 

1991, Garland et al reported that after the introduction of antenatal screening for 

GBS at 32 weeks, with lAP administration to all identified carriers, there were no 

cases of EOGD in over 30000 live-births92. This report offers strong support for the 

universal screening protocol. The effectiveness of this approach is dependent on 

when the screening is done, the sites investigated, the culture method used and good 

communication between the microbiology laboratory and the care 

providers 24 30 22 226 

1.6.2.4. 1.1 Optimal timing of screening 

The transient nature of GBS colonisation precludes screening during the first and 

second trimesters1 12  As there is frequent acquisition and loss of GBS colonisation, 

antenatal screening cultures should be done as close to delivery as possible 24  

Several reports have recommended GBS screening be done between 35 and 38 
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weeks gestation24"29'215. However, there are concerns that scheduling screening this 

late in pregnancy would mean that many women delivering prematurely would not 

have been screened, and therefore will be at unknown risk"92"89. To overcome this, 

some authors recommend scheduling screening at 26-28 weeks to include 

prematurely delivering women62'227. Whether screening is done at 26-28 weeks or 

35-37 weeks, there is always a percentage of women identified as carriers that will 

no longer be carrying the organism at the time of delivery 921 I2222228 Similarly, a 

percentage of women with negative antenatal culture results will acquire the 

organism before delivery1 '62'92'123'222'228. The problem of using antenatal GBS culture 

as a predictor of intrapartum colonisation was highlighted in a 1996 report by Regan 

et al'55. This report found that screening at 23-26 weeks detected GBS in only 50% 

of the women with intrapartum colonisation. When screening was done at 3 1-37 

weeks GBS was detected in 63% of the women with intrapartum colonisation155. 

1.6.2.4.1.2 Specimen collection and culture technique 

For optimal detection of GBS colonisation, screening of the vagina and the rectum 

must be done. There has been a hesitancy to recommend rectal screening in 

Australia because "women do not like rectal swabbing" 227(editorial note). If the 

rectum is not included when screening for GBS, the universal screening protocol will 

fail to identify all women at risk of delivering infants with EOGD. 

Similarly, SGE broth should be included when culturing for GBS from vaginal and 

rectal swabs107. Not including SGE broth when culturing GBS screening samples 

will reduce the ability of the universal protocol in identifying at risk mothers24. This 

is highlighted in a 1994 report from Jeffery and McIntosh '23. This report showed 

that a universal screening protocol that did not include rectal screening or inclusion 
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of SGE broth when culturing failed to identify most mothers that delivered infants 

with EOGD 123 

1.6.2.4.1.3 Communication between laboratories and delivery rooms 

For the universal screening protocol to be successfully implemented there needs to 

be good communication between microbiology laboratories and care providers. 

Laboratories need to be notified that culture for GBS is required so that SQE broth 

can be included90'226  and the results of culture must be effectively reported to the care 

providers121 '226. Screening for GBS is of no benefit if the results of antenatal culture 

are not available to care providers when women present in labour24. 

1.6.2.4.2 A RISK-BASED PROTOCOL 

A risk-based protocol for prevention of EOGD involves administration of lAP to 

parturients with one or more of the risk factors known to predispose to the disease. 

Risk factors have been reported in 30-85% of mothers that delivered infants with 

EOGD'°6"°8"5'12 ' 23'229. Although some hospitals in Australia have adopted a risk 

based approach to EOGD prevention133'230, there is concern that this approach may 

fail to identify a substantial number of at risk mothers '"21"23'231. 

1.6.2.4.3 SELECTIVE lAP 

In 1981, Boyer et al described using selective lAP to prevent EOGD171. As GBS 

colonisation rates can be as high as 30%, a selective lAP protocol, involving 

antenatal screening and treatment of carriers with risk factors, is advantageous in that 

it limits the use of antibiotics during labour. It has been considered an effective 

approach, particularly because infants born to GBS colonised mothers are up to 25 

times more likely to develop EOGD than those born to colonised mothers without 

risk factors62'212'232. Some institutes prefer this approach because it reduces the 
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chance of adverse reactions due to antibiotic therapy212. It has been estimated that 

selective use of TAP would prevent up to 63% of cases of EOGD  212229  

1.6.3 Formal guidelines for the prevention of EOGD 

In response to concerns regarding the suitability and appropriateness of these 

different strategies, several organisations have published guidelines for the 

prevention of EOGD. 

1.6.3.1 Guidelines of the American Academy of Pediatrics 

The American Academy of Pediatrics (AAP) first published guidelines for 

prevention of EOGD in 1992207.  These guidelines recommended GBS screening of 

women by culture at 26-28 weeks gestation and administration of either penicillin or 

ampicillin lAP to those carriers with one or more of a series of intraparturn risk 

factors. These risk factors were 1) pretenn labour at less than 37 weeks gestation; 2) 

premature rupture of membranes at less than 37 weeks gestation; 3) intraparturn 

fever; 4) multiple births; and 5) prolonged rupture of membranes beyond 18 hours207. 

The guidelines also recommended administration of TAP to all parturients that had 

previously delivered an infant with E0GD207. 

Several concerns were raised about the suitability of the AAP guidelines. These 

included the accuracy of cultures done at 26-28 weeks gestation in predicting 

intrapartum colonisation, difficulty in accessing the antenatal results, the cost of 

implementing the guidelines and the possibility of widespread TAP usage leading to 

the emergence of antibiotic resistance160. After considering these concerns the AAP 

published revised guidelines in 1997 in line with those published by the Centers for 

Disease Control and Prevention (CDC), Atlanta, in 1996 0  (See 1.6.3.3). 
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1.6.3.2 Guidelines of the American College of Obstetricians and Gynaecologists 

Like AAP, the American College of Obstetricians and Gynaecologists (ACOG) first 

published guidelines for prevention of EOGD in 1992233.  These guidelines did not 

include recommendations for antenatal GBS screening because of concerns regarding 

the ability of this approach to predict intrapartum GBS colonisation165. Instead, 

ACOG recommended that lAP be given to all women with 1 or more of a series of 

risk factors. These included those with preterm labour at <37 weeks, prolonged 

rupture of membranes beyond 18 hours, intrapartum fever >38°C or a history of 

delivering an infant with E0GD165. In 1996, ACOG published a report supporting 

the CDC recommendations165  

1.6.3.3 Guidelines of the Centers for Disease Control and Prevention 

In 1996, CDC published guidelines for prevention of EOGD24. Support from the 

AAP and ACOG °"65  has lead to these guidelines being called the consensus 

guidelines. Figures 1.1 and 1.2 show the two approaches recommended by CDC. In 

both cases penicillin is the recommended agent for lAP, although ampicillin may be 

used if the physician believes a broad spectrum agent is required24. Clindarnycin, or 

alternatively erythromycin, are recommended for use in women allergic to 

penicillin24. The CDC guidelines were also welcomed because they included a 

protocol for management of infants born to mothers that had received lAP24, 

something that there had previously been no consensus about234. 
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Figure 1.1: Algorithm for prevention of EOGD using antenatal screening at 35-37 

weeks gestation as described in the 1996 CDC guidelines24. 

Risk factors: 
Previous infant who had invasive GBS 
disease Yes Give intraparturn prophylaxis 
GBS bacteriuria during this pregnancy 
Delivery <37 weeks* 

No 

Collect rectal and vaginal swab for GBS+ Give intraparturn prophylaxis 
GBS culture at 35-37 weeks gestation. 0. 

Not done, incomplete, or 
+ results unknown. 

Risk factors:  
GBS - Intraparturn fever >38 "C Yes Give intraparturn prophylaxis 

Membrane rupture >18 hours 

No 

No intraparturn prophylaxis is needed 

* If membranes rupture at <37 weeks gestation, take swabs for GBS culture and 
either a) administer antibiotics until cultures are completed and the results are 
negative or b) begin antibiotics only when positive cultures are available. No 
antibiotics are required if culture done at 35-37 weeks gestation was negative. 
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Figure 1.2: Algorithm for prevention of EOGD using a risk based approach as 
24 described in the 1996 CDC guide1ines 

Are any of the following risk factors 
present? 

Previous delivery of an infant with GBS 
disease 
GBS bacteriuria during this pregnancy 
Delivery <37 weeks of gestation 
Duration of membrane rupture >18 hours 
Intraparturn temperature >38°C 

No 

No intraparturn prophylaxis 

29 

Yes 
10 

 Give intrapartum prophylaxis 



1.6.3.4 GBS prevention practices in Australia 

Currently, the Royal College of Australian and New Zealand Obstetricians and 

Gynaecologists does not have a policy for the prevention of EOGD. In 2000, 

Connellan and Wallace surveyed clinical protocols for prevention of EOGD in public 

maternity hospitals in Victoria and found that while most hospitals "are clearly aware 

of EOGD, only a minority currently have a strategy that maximises prevention of 

EOGD and represents most cost-effective practice"29. Although recommendations 

for prevention of EOGD in Australia have been made227, the absence of uniform 

Australian guidelines has meant that a variety of approaches to prevention have been 

used. 

Isaacs ct al summarised the EOGD prevention strategies that had been used in 

Australian hospitals between 1991 and 19971 . These strategies included: 1) 

antenatal screening for GBS at 28 weeks gestation and administration of lAP to 

carriers with risk factors; 2) antenatal screening at 28 weeks gestation and 

administration of TAP to all carriers; 3) no antenatal screening and administration of 

TAP to all parturients with risk factors; 4) administration of TAP to parturients with 

risk factors delivering before 35-37 weeks gestation and screening of the remaining 

mothers at 35-37 weeks gestation with lAP administration to all carriers; and 5) no 

strategy19. These approaches reflect those that have been described in the United 

States 

1.6.4 Prevention strategies decrease the incidence of EOGD 

After publication of the initial AAP and ACOG guidelines for the prevention of 

EOGD a decrease in the incidence the disease was not seen233. This was attributed to 

several factors, including obstetric practices inconsistent with the guidelines, and a 
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call was made for clearer universal recommendations233. Several reports have 

demonstrated that since publication and adoption of the consensus guidelines the 

incidence of EOGD in the United States has fallen48'109" 101213,235,235;236,236  Hospitals 

with implemented GBS prevention strategies report fewer cases of EOGD than those 

without'°7"'°"61. After publication of the consensus guidelines in 1996, the number 

of hospitals in the United States with GBS prevention strategies increased' 10. There 

have also been Australian reports that the incidence of EOGD fell after the 

introduction of prevention strategies. For example, the King George the V Hospital 

in Sydney reported a decrease in the incidence of EOGD, from 2.0 to 0.37 per 1000 

live-births, after introduction of a prevention strategy'23  

The possibility that the decline in the incidence of EOGD is a natural occurrence that 

has coincided with the introduction of GBS prevention strategies has been discussed 

by several authors and is considered unlikely19'94'236. In Australia, an overall decline 

in cases of neonatal sepsis was seen after the introduction of TAP for prevention of 

EOGD, suggesting that the decreased incidence of EOGD was due to the use of TAP 

as opposed to chance alone'9  

1.6.5 Cost effectiveness of prevention strategies 

Although concerns have been raised regarding the cost effectiveness of the 

prevention strategies, the cost of prevention is less than both the financial cost of 

treatment and the inestimable emotional costs of the 

48,189,192,193,212,213,232,233,235 disease For every dollar spent in prevention more than one 

dollar is saved in the cost of treating infants with EOGD193'229. In 1985 the estimated 

cost of EOGD in the United States was half of a billion dollars88. In Australia in 

1994, the cost of screening a vaginal swab for GBS was $27 and the cost of 
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ampicillin prophylaxis was $1 .73 per gram. In contrast, the cost of treating an infant 

with EOGD was $550-51550 per day123. The risk based approach costs less than 

approaches that incorporate screening237. Today, questions are still being asked 

about the cost effectiveness of each of the EOGD prevention strategies34'88"56. 

Particular concern has been raised about the cost effectiveness of the approaches if 

they result in increased ordering of pathology tests by physicians or increased 

hospital stays for mothers and infants213'238  

1.7 BARRIERS TO SUCCESSFUL PREVENTION OF EOGD 

1.7.1 lAP does not prevent all cases of EOGD 

Implementation of prevention strategies has led to a decrease in the incidence of 

EOGD48"°9" 10,235,  but efforts to prevent the disease remain complicated by concerns 

about the suitability and effectiveness of the prevention strategies192"93'213. In a 

comparison of the EOGD prevention strategies, Locksmith et al found that at least 

half of the cases of EOGD occurred in infants born to mothers that were not 

considered candidates for prophy1axis109. Other reports have described cases of 

EOGD developing despite administration of IAP48 ' 21. Such failures in prevention 

have been attributed to inadequate identification of at risk mothers, occurrence of 

infant infection before the administration of lAP and delivery of the infant before 

adequate antibiotic levels could be achieved in foetal tissues48'109'121. It should not be 

forgotten that lAP is ineffective in preventing EOGD in infants infected in utero 

before commencement of lAP or in cases of GBS related stillbirth and 

prematurity90'92'227'239. There is a range of reasons why the different strategies may 

fail to prevent EOGD. 
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The universal screening protocol may fail if parturients have not received antenatal 

care or if the results of antenatal screening are not available at delivery"24'92. False-

negative culture results, because of sub-optimal culturing or insufficient sites being 

investigated, contribute to the failings of this approach'°9. Acquisition or loss of 

GBS colonisation after screening also affects the effectiveness of this approach in the 

prevention of EOGD24'92"93'222  

The main reason for the risk based protocol failing is that, even if perfectly applied, 

this approach would only prevent disease in infants born to mothers with obstetric 

risk factors90. This approach is also limited by the requirement that lAP be 

administered for at least four hours before delivery122. Risk factors may not develop 

early enough to permit adequate administration of lAP, especially in the cases of 

prolonged rupture of membranes and intrapartum fever240. One study found that up 

to 87% of mothers delivered their infants less than four hours after the development 

of the risk factor, and 30% delivered within one hour240. It has been suggested that 

lowering the definitions of fever from 38°C to 37.5°C and prolonged rupture of 

membranes from >18 hours to >12 hours may enable adequate time for lAP 

administration, but would also result in up to 30% of parturients receiving lAP231 '240. 

A protocol of selective lAP includes the drawbacks of the universal screening and 

risk-based approaches. This approach is limited by the shortcomings of antenatal 

culture in predicting intrapartum GBS colonisation and the variable occurrence of 

risk factors in mothers that deliver infants with EOGD131 '241. In one report, 23% of 

cases of EOGD occurred in infants that were born at term to known carriers with no 

risk factors188. The protocol of selective lAP requires care providers to knowingly 
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withhold antibiotics from women known to be colonised with GBS and there is 

concern about the medico-legal and ethical implications of such action24"88'227  

1.7.2 Concerns regarding widespread use of tAP 

Each of the EOGD prevention strategies results in large numbers of women receiving 

lAP 40,227•  It has been estimated that implementation of the CDC consensus 

guidelines for prevention of EOGD would lead to tAP administration up to 1.2 

million parturients in the United States annually232. In the late 1990's, 10-60% of 

parturients in the United States received LAP against EOGD'64'235'242'243  

Each of the strategies used to prevent EOGD can result in antibiotics being 

administered unnecessarily to many parturients116' 0'233'244. In 1994, Jeffery et at 

estimated that the universal screening protocol, when done at 28 weeks gestation and 

without SGE broth or rectal culture, would result in 35 parturients receiving TAP to 

prevent I case of E0GD123. The number of parturients receiving lAP against EOGD 

has led to concerns of adverse drug reactions, development of antibiotic resistant 

organisms and increased incidence of neonatal disease from antibiotic resistant 

bactena 92 160 190;! 92 196213 233 245 246 

1. 7.2. / Adverse reactions to lAP 

There are concerns that widespread use of lAP against EOGD will result in 

morbidity and possible mortality from allergic reactions'93'213'235'246. There has also 

been concern that it may lead to cases of pseudornembranous colitis213'246  

Penicillin is the recommended agent for prevention of EOGD24. It is estimated that 1 

in 100 000 people will suffer fatal anaphylaxis to penicillin and that less severe 

reactions will be seen in 0.7-10% of the population160. Ampicillin may also be used 

to prevent EOGD'°9"48'232'242'243'246. In 1991, Heim et al reported a case of 
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anaphylactic reaction to ampicillin in a parturient receiving the antibiotic as 

prophylaxis against intrauterine infection247. The allergic reaction in the mother 

resulted in severe metabolic acidosis, multifocal clonic seizures and brain oedema in 

the infant she delivered247. Although some studies have found allergic reactions in 

women treated with lAP against GBS not to be a problem92, the above example 

highlights that the risk of an anaphylactic reaction should not be taken lightly. 

1. 7.2.2 Emerging antibiotic resistance 

The emergence of antibiotic resistant organisms as a result of widespread lAP to 

prevent EOGD remains a concern160'210213. Fortunately, GBS remain sensitive to 

penicillin. Emerging resistance of GBS to clindamycin and erythrornycin has been 

noted and is worrying because these are the recommended agents for lAP in 

penicillin allergic patients. 

1.7.2.3 Selection of resistant bacteria 

A danger of widespread TAP use against EOGD is the selection and overgrowth of 

antibiotic resistant bacteria24'90'187 '246. In 2000, Schuchat et aT called for longitudinal 

studies to determine if increased use of TAP will lead to increased morbidity and 

mortality from other organisms121 . It would be devastating if efforts to reduce the 

burden of EOGD resulted in equally or more severe disease caused by antibiotic 

resistant organisms. 

109 123148174232243246 Ampicillin has been widely used as lAP against EOGD ' ' ' ' . In 

1999, Mercer et al reported that ampicillin was the most commonly used agent for 

lAP against E0GD243. Ampicillin is a broad spectrum antibiotic and its use as lAP 

has been linked to cases of neonatal sepsis from ampicillin resistant bacteria243'24 . In 

1998, Towers et a! described 27 cases of non-GBS neonatal sepsis245. Of these 27 
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cases, 15 of the infants were born to mothers that had received intraparturn 

ampicillin. 13 of these 15 cases were caused by ampicillin resistant bacteria245. In 

1999, ampicillin resistant bacteria were responsible for 45% of cases of neonatal 

sepsis and these cases were more common in infants whose mothers received lAP243. 

Escherichia co/i was the most common ampicillin resistant bacteria causing disease. 

E. co/i causes an early-onset clinical syndrome similar to that of GBS'87  and is the 

second most common cause of neonatal sepsis in Australia and the United 

States'21"33. In 1998, Joseph et al reported that increased use of ampicillin lAP 

might have been responsible for a shift in neonatal E. co/i infections, from a less 

fulminant disease caused by ampicillin sensitive strains to more fulminant disease 

caused by ampicillin resistant strains'87. 60-70% of E. co/i strains causing disease in 

newborn infants are resistant to ampicillin121"87. In 2000, Schuchat et al reported 

that 40.9% of cases of ampicillin resistant E. co/i neonatal infections were fatal 

whereas no infants infected with ampicillin sensitive strains died121. Many 

parturients receiving ampicillin lAP against EOGD could be given penicillin243. The 

narrow spectrum of penicillin means it is less likely to select for resistant organisms 

than ampicillin, and thus is a much more desirable agent for 1AP24"60"64"87'243246  

Despite the risks, and in the absence of a vaccine, lAP remains the most appropriate 

approach to preventing E0GD215. To avoid unintentional increases in maternal and 

infant morbidity and mortality from causes other than GBS, a means of accurate 

identification of at risk parturients must be found. 

1.8 DETERMINATION OF INTRAPARTUM CBS CARRIAGE 

I .8.1 Targeted administration of tAP 

Strategies using lAP to prevent EOGD are hampered by the extreme difficulty in 

identifiing at risk mothers248. When a woman presents in labour her risk of 
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delivering an infant with EOGD needs to be quickly ascertained so that TAP, if 

required, can be initiated. For lAP to be effective it must be administered for at least 

4 hours before delivery207'2t3  

Intrapartum GBS colonisation is the major risk factor for EOGD34'191 '249. An ideal 

approach to determining which parturients require TAP would be to identify those 

with intrapartum GBS colonisation  62'189'214. Intrapartum determination of GBS 

colonisation would allow more accurate identification of at risk parturients and thus 

more targeted administration of TAP I,35,63,116,131,171 ,!88,212;2!7,218,250 

1.8.2 Determination of intrapartum GBS colonisation 

Culture is the gold standard for detection of GBS34'88'175251. However, culture, 

including SGE broth, requires 24-72 hours to detect GBS30 '35 134 168'225
'252 
 . This time 

frame makes it unsuitable for determining intrapartum GBS colonisation because 

many parturients will deliver before the results of culture become 

34,88,! 75; 178;! 89;222;250;253 available . Some effort has been made to reduce the time 

required for culture. Park et al avoided subculturing of the SGE broth by directly 

testing it with a GBS latex particle agglutination test158. The New Granada Medium 

is a SGE broth designed to demonstrate an orange pigment from the growth of 

haemolytic strains of GBS254. Although this medium will not detect the 5-6% of 

GBS strains that are non-haemo1ytic28'255, it has been suggested as alternative to the 

standard SGE broth because it does not require subculture to demonstrate the 

0rgani5m254256. These techniques reduce the time required for culture but still take 

too long to be useful in detecting intrapartum GBS colonisation178'222. The 

unsuitability of culture in determining intrapartum GBS colonisation has led to 

alternative means being sought. 
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1.8.3 Rapid determination of GBS colonisation 

In the last 25 years there have been numerous calls for a test that can rapidly 

determine intraparturn GBS colonisation 24'30'42'92" I6;123;126;155;164;175;189;218;222;257;258 

Such a test must be accurate, fast and cost effective24"76'207218'250259. It must be able 

to be perfonTled around the clock with efficient reporting of results to the care 

providers'79. Ideally, it should be simple enough to be done by non-laboratory staff 

outside the operating hours of microbiology To minimise the 

number of women delivering before the GBS result is known, the test should provide 

the result as quickly as possible207. Wust et al believed rapid GBS tests should 

provide results within 1 hour of specimen collection 176• 

Several tests for detecting intrapartum GBS colonisation have been developed. 

However, many of these tests have required excessive amounts of time before 

generating a result or have lacked the sensitivity required to detect light 

colonisation "23"26'216. As 20-80% of GBS carriers are considered to be lightly 

colonised''3"2 ' Th '178"80, tests that only detect heavy colonisation will not identify a 

substantial number of parturients with intraparturn colonisation. Some authors have 

argued that heavy maternal GBS colonisation is associated with increased risk of 

EOGD and therefore it may not be necessary to detect light levels of 

colonisation16418  177" 1 . However, as stressed in a 1997 Food and Drug Administration 

safety alert260, false negative results produced by rapid GBS tests may result in lAP 

being withheld from at-risk mothers, and this in turn can result in the death of some 

infants. Tests that do not detect all levels of GBS colonisation will fail to idcntif' all 

mothers at-risk of delivering infants with EOGD, and therefore will be of limited 

17S'2S7 benefit in the fight against this temble condition 
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1.9 RAPID TESTS FOR GBS 

1.9.1 Rapid culture 

GBS produce an orange pigment when grown anaerobically on media containing 

starch261. In the 1980's this pigment production fonned the basis of serum starch 

media designed to rapidly detect GBS from rectal and vaginal swabs244'262. In 1984, 

Reardon et al reported that, while the serum starch media detected 50% of GBS 

colonised parturients within 4 hours, the median time required was 12.5 hours262. In 

1990, Wang et al also reported that 12 hours was required to detect GBS with serum 

starch media244. Although 12 hours is an improvement on the 24-72 hours required 

for routine culture, it is still too long to be useful in determining the intrapartum GBS 

colonisation of all parturients. 

1.9.2 Gram staining 

Gram staining of swabs collected from the birth canal has been suggested as a rapid 

means of determining intrapartum GBS colonisation1751 218'263. In 1987, Feld and 

Harrigan achieved 100% sensitivity when using the gram stain to detect GBS, but the 

specificity of the technique was only 66.7% and resulted in lAP being given to 

41.7% of parturients263. Of parturients that did receive lAP against GBS only 30% 

were co1onised263. Other studies have failed to reproduce the results of Feld and 

Harrigan, and have only been able to achieve a sensitivity of 3845%175218  The 

specificity of this technique is low, 60-70%, because it also identifies other gram 

positive cocci' 75'21 '263. Although the results of a gram stain can be available very 

rapidly, the technique is unsuitable as a test for determining intrapartum GBS 

colonisation because of the high number of false positive and false negative results. 

39 



1.9.3 Co-agglutination tests 

In 1978, Leland et al described a slide co-agglutination test for GBS. The test was 

done by reacting a drop of specifically sensitised, protein A-containing, inactivated 

Staph i'lococcus aureus particles with a drop of supernatant from an actively growing 

GBS culture264. A reaction occurs between the S. aureus particles and the 

streptococcal group specific polysaccharide, present in the culture supematant, to 

produce visible agglutination264. The technique is used mainly as a streptococcal 

grouping method but has also been investigated as a test for intrapartum GBS 

colonisation 179258;264 

An example of this is the Phadebact®  Strep B test. This test uses a micro-nitrous acid 

extraction technique to rapidly release the group specific polysaccharide before 

reacting the sample with the co-agglutination rcagent28. It is easy to perform and 

does not require specialist equipment258. However, detection of GBS in vaginal 

swabs is often only possible after incubation of the swabs178"80"90'2M . Up to 5 hours 

incubation in SGE broth is required for the test to detect heavy GBS colonisation 

whereas light colonisation is often only detected after 20 hours incubation 19021I 

Despite having good sensitivity and specificity258  the test is unsuitable for 

detennining intrapartum GBS colonisation because of the extensive incubation 

periods required. 

1.9.4 Latex particle agglutination tests 

Several rapid slide latex particle agglutination (LPA) tests have been developed for 

rapid detection of GBS. These tests use latex beads coated with antibody against the 

GBS group polysaccharide to detect the organism in clinical samples' 16  In a similar 
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way to co-agglutination tests, reaction between antibody coated latex particles and 

the GBS group polysaccharide antigen results in visible agglutination. 

Examples of rapid LPA tests for GBS include the Bactigen test made by Wampole 

Laboratories, the Directigen Group B Strep test made by Becton-Dickenson and the 

Streptex test made by Welicorne Diagnostics. Nitrous acid is used to extract the 

GBS group specific polysaccharide in the Bactigen and Directigen tests265  and 

pronase is used in the Streptex test'77. The results of the Bactigen test are easy to 

read "i  whereas the Directigen test is difficult to interpret, even for experienced 

laboratory personnel 159
. All are rapid, generating results within 30-60 

ninutes'16'181 '248'265. Tablel.4 surnmarises the performance of these tests, in terms of 

sensitivity, specificity and predictive values. The LPA tests for intraparturn detection 

of GBS colonisation have poor sensitivity (19-62%) 29J77I81,217,265  The sensitivity of 

the tests is improved to around 60%2917781 .217 and in one report to 95%265,  if the 

tests are used strictly to detect heavy GBS colonisation. However, as mentioned, 

tests that do not detect light levels of GBS colonisation are of limited value in the 

prevention of EOGD. The poor sensitivity of LPA tests makes them unsuitable for 

detection of intrapartum GBS colonisation. 

1.9.5 An immunofluorescent test 

In the early 1980's immunofluorescent testing of vaginal and rectal swabs for GBS 

was investigated'73'253. The method involved making a smear from the swab and 

staining it with a fluorescein conjugated antibody raised against the GBS type 

specific polysaccharidcs'71. Boyer et al found the sensitivity of the method was 49% 

but could be improved to 80% if the swab was incubated in SGE broth for 3-6 hours 
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Table 1.4: Examples of the performance of rapid LPA tests for GBS. 

Reference Test Name Sensitivity 
Overall 

Sensitivity 
Detection of 

heavy 
colonisation 

Specificity PPV NPV 

181 Bactigen 40.4 66.7 99.3 87.5 93.0 

265 Bactigen 62.2 95.2 99.3 92 95.4 

217 Bactigen 33 N/S 95 15 98 

29 Bactigen 20 57 99 79 96 

29 Directigen 24 62 99 81 96 

177 Streptex 19 63 99.7 92 88 

All values are expressed as percentages. 
PPV = Positive predictive value. 
NPV = Negative predictive value. 
N/S = Not stated. 
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before testing' 71. Ryan et al reported similar results in 1982 when they demonstrated 

that the sensitivity of the method could be raised from 33% to 89% after an 

incubation step183. However, with a sensitivity of 89% the method would still fail to 

detect colonisation in a substantial number of parturients. The combined effects of 

poor sensitivity and the need to include an incubation step made immunofluorescent 

tests unsuitable for detection of intraparturn GBS colonisation. 

1.9.6 Immunological tests 

Several GBS rapid enzyme immunoassays (EIA) have been developed. Examples of 

these include the Equate test made by Binax, the Quidel test made by Quidel and the 

ICON test made by An optical immunoassay, the Strep B 

OlA made by Biostar Inc., has also been developed'26. These immunological tests 

are rapid, often requiring only 1 0-15 minutes to generate a result 

All rapid immunological tests for GBS use antibody raised against the group specific 

polysaccharidc to detect the organism. A range of methods have been used to 

demonstrate the antigen-antibody interaction. The Quidel test'26'266  has anti-GBS 

antibody bound to a filtration membrane. The EIA is done on the membrane and 

development of a blue colour after the addition of the enzyme substrate indicates the 

presence of GBS. The ICON test'26  involves reacting, in solution, a labelled anti-

GBS antibody with the sample. The solution is then applied to a filtration membrane 

that binds antigen-antibody complexes. Binding of antigen-antibody complexes to 

the membrane results in development of a purple circle, indicating the presence of 

GBS. For the Strep B OIA test the samples are reacted, in solution, with anti-GBS 

antibodies. The solution is then applied to a cartridge containing a gold surface that 

hinds antigen-antibody complexes. Binding of antigen-antibody complexes results in 
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the formation of a large blue or purple circle and indicates the presence of GBS. The 

Strep B OIA takes approximately 35 minutes to generate a result'26  

The performance of each of these tests in terms of their sensitivity, specificity and 

predictive values is shown in table 1.5. Like the LPA tests, immunological tests for 

GBS have a poor level of sensitivity that is improved if the tests are used only to 

detect heavy colonisation'26175"76217. Although these tests provide timely results, 

their inability to detect GBS in a substantial number of carriers makes them 

unsuitable for determining intrapartum GBS colonisation. 

Table 1.5: Examples of the performance of rapid immunological tests for GBS. 

Reference Test Name Sensitivity 
Overall 

Sensitivity 
Detection of 

heavy 
colonisation 

Specificity PPV NPV 

175 Equate 60 N/S 92 57 93 

217 Equate 33 N/S 99 40 98 

126 Strep B 

OIA 

36.8 100 98.3 86.2 84.5 

266 Quidel 89 N/S 99 89 99 

176 Quidel 24 100 100 100 93 

126 Quidel 11.9 N/S 98.9 78.9 77.0 

257 ICON 11 N/S 100 100 78 

176 ICON 11 100 100 100 91 

126 ICON 15.1 N/S 100 100 77.8 

All values are expressed as percentages. 
PPV = Positive predictive value. 
NPV = Negative predictive value. 
N/S = Not stated. 
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1.9.7 Molecular tests 

Molecular tests for detecting intraparturn GBS colonisation utilise the high 

specificity of molecular techniques and, in the case of polyrnerase chain reaction 

(PCR) tests, the high levels of sensitivity. The difficulties encountered with these 

tests include the time required and the need for specialist equipment. 

1.9.7.1 DNA Probes 

The Accuprobe test made by GenProbe is a test that uses a DNA oligorner, or DNA 

probe, to detect GBS259. The DNA oligomer is complementary to a GBS 16S 

ribosomal RNA sequence and is labelled with acridinium ester. Reaction between 

the acridinium ester and the DNA-RNA hybrid produces chernilurninescence that can 

be measured by a luminometer. A selection reagent hydrolyses the acridinium ester 

on single stranded DNA allowing differentiation of hybridised and non-hybridised 

probes. The test takes 45 minutes to generate a result. 

Yancey et al used the Accuprobe to detect GBS from vaginal swabs. Incubation 

steps of 2.5 hours and 3.5 hours were required to achieve sensitivities of 44% and 

7 1 % respectively259. The specificity was 90% and the positive and negative 

predictive values were 610/0 and 94% respectively. Like the LPA and immunological 

tests, the sensitivity could be improved if the test was only used to detect heavy GBS 

colonisation. The combination of poor sensitivity and a requirement for an 

incubation step makes the Accuprobe test unsuitable for detecting GBS in 

parturients. 

1.9.7.2 PCR 

More promising GBS tests were described by Bergeron et al in 2000267.  These 

authors described two PCR tests that could be used to detect intrapartum GBS 
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colonisation. The first was a conventional PCR that had been designed to generate a 

result in less than 2 hours. The second was a more rapid PCR, taking only 30-45 

minutes to generate a result. This PCR used light cycler technology to achieve rapid 

detection. Rapid extraction of DNA for both PCR tests was achieved using a DNA 

extraction kit from Infectio Diagnostics. 

The PCR tests were investigated for their ability to detect GBS from vaginal and anal 

swabs267. For samples collected before the rupture of membranes, both PCR tests 

had sensitivity, specificity and positive and negative predictive values of 100%. For 

samples collected after rupture of membranes the sensitivity, specificity and positive 

and negative predictive values for both PCR tests were 97.0%, 100%, 100% and 

98.8% respectively. The speed and high sensitivity of these tests would make them 

suitable for detection of intraparturn GBS colonisation. These tests require specialist 

equipment and trained staff. Although the cost effectiveness of these methods has 

not been described, they are cunently the most promising tests for detection of 

intraparturn GBS colonisation. 

1.10 THE AIM OF MY PROJECT - A NEW TEST FOR GBS 

The first step in developing any new diagnostic method is to select a specific marker 

for the test. The marker should be unique to the organism that is to be detected and 

should be present at levels adequate enough to allow development of a highly 

sensitive test. Potential markers for GBS tests include the group and type specific 

polysaccharide antigens as well as surface proteins and enzymes, for example C5a 

peptidase and the Sip protein 50,2 68 

Unique, highly conserved genes could be targets for molecular based diagnostic tests, 

for example in PCR tests. PCR based methodologies may also have other 



advantages. For example, recent reports have shown that differences in the 

pathogenic potential of GBS strains may be related to the presence of unique 

insertion sequences in the gen0me72'269'270. PCR tests designed to detect such 

differences may offer a means of differentiating pathogenic and non-pathogenic GBS 

strains. 

Once a marker or genetic target has been selected a test methodology that is fast and 

simple to perform needs to be developed. The method should require a minimal 

number of steps and the results should be easy to interpret. Care must be taken to 

ensure that the selected methodology will be able to achieve sensitivity sufficient to 

detect GBS in both heavily and lightly colonised women. 

The aim of my work has been to develop a prototype test for detection of GBS. Two 

approaches have been investigated. The first is a fluorescent test for detection of an 

enzyme present in pathogenic streptococci, including GBS, and the second is a rapid 

PCR test that targets a recently discovered GBS gene. This work was done with the 

aim of developing a prototype test that could provide results within 1-2 hours, be 

simple to perform and easy to interpret. 
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CHAPTER 2 

GENERAL MATERIALS AND METHODS 

2.1 MATERIALS 

2.1.1 Reagents, kits and equipment 

The specific source of reagents, kits and equipment is indicated when they are first 

mentioned in the text. In general, fine chemicals were purchased from BDH 

Analar ®, AJAX Chemicals and Sigma®. Biochernicals and conjugated antibodies 

were obtained from Sigma®,  Promega and Boehringer Mannheirn GmbH. Media and 

buffers were purchased from OXOID Ltd and GibcoBRL. PCR reagents were 

obtained from Roche Diagnostics GmbH and Boehringer Mannheim GmbH. 

Fluorescent dyes were purchased from Molecular Probes and peptides were 

synthesised to order by Mimotopes. 

2.1.2 Media 

2 x YT, 1-logness modified freezing medium and THY with 20 mM glycine were all 

prepared in-house by the Menzies School of Health Research (MSHR) laboratory 

support staff. The reagents and methods for preparing these can be found in 

appendix A. All commercially prepared media were purchased from OXOID Ltd. 

This includes the Horse Blood Agar (HBA) plates, CNA plates, Mackonkey plates 

and the GBS detection broth. 
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2.1.3 Solutions 

The following solutions were used during this work: 3 x Loading dye; 5 x Loading 

dye; Agarose gel loading dye; Alkaline Phosphatase Developing Solution; Colony-

taq-buffer; NBT/BCIP Developing Solution; Running buffer for denaturing and non-

denaturing gel electrophoresis; Phosphate buffer; Phosphate buffered saline (PBS); 

Skim milk-glucose-glycerol-broth (SMGGB); STET; TAE; TAE with ethidium 

bromide; Thin Layer Chromatography buffer; Tris-Ci and Tris-EDTA (TE). The 

reagents and methods for preparing these can be found appendix A. 

2.1.4 Bacterial isolates 

GBS isolates, and a collection of isolates from vaginal flora, were kindly donated by 

Mayne Health Western Diagnostic Pathology, Darwin, Australia. 79 GBS isolates 

were donated and these were designated GBS 1-79. GBS isolates of known serotype 

were also obtained from the streptococcal collection at the Gesellschaft fir 

Biotechnologische Forschung (GBF), Braunschweig, Gerniany (table 2.1). Group A, 

C and G streptococci (GAS, GCS and GGS respectively) were obtained from the 

MSHR collection (table 2.2). No clinical data was collected regarding the original 

source of any isolate. 
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Table 2.1: Serotypes of GBS strains from the GBF streptococcal collection. 

Isolate name Serotype 

B28 I 
B29 Tb 
B30 III 
B32 III/R 

B159 lI/c 
B160 IaIc 
B161 lb/c 
B165 111/RI 
B166 III/R4 
B171 V 
B176 Ia 
B172 II 
B272 IV 

Table 2.2: Group A, C and G streptococci that were obtained from the Menzies 

School of Health research collection. 

Lancefield group Isolate Numbers 

A NS9I, NSI 120, BSA29, Clint22 

C G104, P8SS1, CK028T, CK237T 

G NS380, G105, N5382, GGSI 
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2.2 METHODS 

The methods described in this chapter relate to the general techniques that were used 

during this study. Methods used specifically for the development of each prototype 

GBS test are described in detail in the relevant chapters. 

2.2.1 Storage of isolates 

HBA purity plates were grown for each isolate, except the Proteus species, which 

was grown on Mackonkey agar. HBA plates were incubated for 18 hours at 37°C in 

an incubator with 5% CO2. Mackonkey plates were grown in a similar way but in a 

non-0O2  incubator. A single colony of each isolate was stored for future use. 

Storage of gram positive bacteria was done by inoculating a single colony into 

400 p.L of tryptone soya broth (OXOID Ltd) containing 15% v/v glycerol (BDH 

AnalaR). This was then stored at -70°C. For gram negative bacteria, a single 

colony was inoculated into 10 mL of 2 x YT broth and grown for 18 hours with 

agitation. The cells were pelleted by centrifugation at 850 x g for 3 minutes and the 

supernatant was discarded. The cells were resuspended with 1 mL of Hogness 

modified freezing medium and stored at -70°C for future use. 

2.2.2 Bacterial culture 

Routine culture of all isolates, with the exception of the Proteus species, was done on 

HBA plates with incubation for 1 8 hours at 37°C in 5% CO2.  The Proteus species 

was grown on Mackonkey agar for 18 hours at 37°C in a non-0O2  incubator. Liquid 

culture of streptococcal species was done in Todd Hewitt Broth (OXOID Ltd). The 

cultures were grown for 18 hours at 37°C with agitation. The cells were pelleted by 

centrifugation, at 850 x g for 10 minutes at 4°C or at RT, before being washed 3 
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times with PBS (GibcoBRL). After washing, the cells were resuspended with one 

volume of PBS. 

2.2.3 Gram staining 

Gram staining was done using a standard technique43. Briefly, a smear was made, 

heat fixed and treated successively with crystal violet (OXOID Ltd), Grams iodine 

(OXOID Ltd), acetone (BDH AnalaR) and carbol fuchsin (OXOID Ltd). With the 

exception of acetone, each reagent was applied for 1 minute and washed off with tap 

water. Acetone was applied to the slide and immediately washed off. Once stained, 

the slide was blotted dry and read. 

2.2.4 Lanceficld grouping of streptococcal isolates 

Lancefield grouping of streptococcal isolates was done with the Oxoid Streptococcal 

Grouping Kit (OXOID Ltd) as per the manufacturer's instructions. Briefly, 4-5 

isolated colonies were selected and inoculated into 400 1iL of the supplied extraction 

enzyme solution. This bacterial suspension was heated at 37°C for 10 minutes. On 

one of the circular rings of the reaction card, one drop of the bacterial suspension 

was added to one drop of the appropriate latex reagent. The resulting suspension was 

spread over the entire ring and examined for agglutination. Agglutination 

developing within 30-60 seconds was considered a positive result. 

2.2.5 Serotyping GBS isolates 

Serotyping of the GBS isolates was done with Hemolytic streptococcus group B 

typing sera (Denka Seiken) as per the manufacturer's instructions. Briefly, the GBS 

isolate was grown in 5 mL of Todd Hewitt Broth (THB), overnight at 30°C with 

agitation. The culture was centrifuged at 850 x g for 45 minutes at RT, and the 

supernatant was discarded. The pellet was resuspended with 0.5 mL THB, 4 drops of 
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swine pancreatic extract (Denka Seiken) and 1 drop of phenol-red solution (Denka 

Seiken). The pH was adjusted to 8.0-8.5 with the supplied pH adjustment solution. 

This suspension was incubated at 37°C for 1 hour, then centrifuged at 350 x g for 10 

minutes at RT. The supernatant was discarded and 0.5 rnL of PBS was used to 

resuspend the pellet. The suspension was incubated at 120°C for 30 mins. 7 .iL of 

the suspension was then added to 7 j.iL of type specific antisera on a glass slide. The 

slide was gently rotated and the suspension examined for agglutination. 

Agglutination developing within 60 seconds was considered a positive result. Each 

sample was also reacted with PBS to ensure auto-agglutination was not occurring. 

2.2.6 Colony counting 

GBS was grown in 10 mL of THB overnight at 37°C with agitation. 100 jiL of the 

culture was added to 10 rnL of fresh THB and incubated at 37°C with agitation until 

it reached an OD Q()  of 0.4-0.5. The cells were then pelleted by centrifugation at 

850 x g for 10 minutes at RT or 4°C, and the supernatant was discarded. The pellet 

was resuspended with 10 rnL of PBS and the suspension was serially diluted to 1:1 0. 

The number of colony forming units in each dilution was determined by spreading 

10 jiL over the entire surface of a THB plate. The plates were incubated overnight at 

37°C in 5% CO2. The number of colonies on each plate was manually counted and 

used to determine the number of cfu per rnL of culture. 
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2.2.7 Determining the number of cells in GBS chains 

GBS culture was prepared as described in 2.2.2. 10 tL of the neat culture was 

applied to a microscope slide and dried on a heat block. The slide was gram-stained 

(2.2.3) and the number of cells in 100 GBS chains was counted. The total number of 

cells was divided by 100 to give the average number of cells in a chain of GBS. 

2.2.8 lodonation of protein 

IODO-BEADS®  lodination Reagent (Pierce) was used to iodonate proteins because it 

offered a convenient and easy to perforin method. lodonation was done based on 

the IODO-BEAD®  manufacturer's recommendations. Briefly, an JODO-BEAD®  

was washed with 500 jiL of PBS, pH 6.5, dried by blotting on filter paper and placed 

in a reaction tube. 50 iCi of Na 1 5  I (Perkin Elmer) was made up to 50 i.L with PBS 

at pH 6.5, added to the reaction tube and incubated on ice for 5 minutes. 50 1iL of 

the protein solution containing 5 ig of protein and 0.2% Nonidet P-40 (Sigma®) in 

PBS pH 6.5, was added to the reaction tube and the incubation step was repeated. 

Removing the solution from the IODO-BEAD®  then stopped the iodonation reaction. 

The solution was stored at 4°C before being purified by G-10 SephadexTM column 

purification (2.2.11). 100 jiL fractions were collected and examined with a Geiger 

counter. 10 jiL of each fraction containing radiation was analysed by SDS-PAGE 

(2.2.9.1). The gels were dried, and protein bands were detected by autoradiography 

(2.2.10). Fractions containing iodonated protein were pooled and stored at 4°C for 

future use. 
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2.2.9 Polyacrylamide gel clectrophoresis (PAGE) 

2.2.9.1 SDS-PAGE 

SDS-PAGE was done with 4% stacking/18% separating gels based on methods 

described by Sambrook et a1271. Both gels contained 0.1% sodium dodecyl sulphate 

(SDS, BDH Laboratory Supplies). Stacking gels contained 125 mM Tris-Ci at 

pH 6.8, and 4% polyacrylamide (Bio-Rad). Separating gels contained 375 mM 

Tris-Cl at pH 8.8 and 18 % polyacrylarnide. Before being loaded onto the gels, 

samples were mixed with 3 x loading dye in a 2:1 ratio and heated at 95°C for 5 

minutes. Gels were run at 150 V for up to 2 hours in denaturing running buffer. A 

Kaleidoscope prestained standard (Bio-Rad) was included on each gel as an indicator 

of the molecular size of the bands that were detected. 

2.2.9.2 Non-denaturing PAGE 

Non-denaturing PAGE was done on 4% stacking/18 % separating gels based on the 

method described by Bollay et a1272. Stacking gels contained 100 mM Tris-Cl at 

pH 6.8, and 4% polyacrylamide. Separating gels contained 375 mM Tris-Cl at pH 

8.8, and 1 8% polyacrylarnide. Samples were mixed with 5 x loading dye in a 4: 1 

ratio and then applied to the gels. Gels were run at 150 V for up to 1 hour with non-

denaturing running buffer. 

2.2.10 Gel drying and autoradiography 

Where necessary, SDS-PAGE gels were dried for up to 2 hours with a slab drier 

(Bio-Rad). Autoradiography was done using X-Omat film (Kodak). Films were 

exposed for up to 24 hours at RT and were developed using a Curix 60 developer 

(Agfa). 
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2.2.11 G-1 0 Sephadex"' column purification 

G- 10 SephadexTM  (Arnersham Pharmacia Biotech AB) was added to PBS in a ratio 

of! g of SephadexTM to 25 mL of PBS. The resulting suspension was heated at 65°C 

for 15 minutes then left at RT overnight to cool. The settled SephadexTM was 

washed by pouring off the liquid and replacing it with an equal volume of fresh PBS. 

The settled SephadexTM was resuspended by gentle agitation and left for 10 minutes 

at RT to again settle. This wash process was repeated four times and the SephadexTM 

was then resuspended with one volume of PBS. This suspension was poured into a 

glass column and allowed to settle. Excess PBS was run through the SephadexTM 

column before sample application. Samples were eluted with PBS and fractions of up 

to 500 iL were collected manually or with a FRAC-100 Fraction Collector 

(Pharmacia Fine Chemicals). 

2.2.12 Thin Layer Chromatography (TLC) 

0.5 1.iL of each sample was applied to the starting line of a 10 cm silica gel on 

polyester TLC plate (Aldrich Chemical Company Inc.). The samples were dried 

with a hair-drier and the plate was put into a TLC chamber (Aldrich Chemical 

Company Inc.) that had been equilibrated with the TLC buffer (appendix A) for at 

least 1 hour. The plate was left in the chamber until the solvent front was 

approximately I cm from the top of the plate. The plate was removed from the 

chamber and was layed flat to air dry for 1 hour before being examined. Bands were 

detected on the plate with a hand-held UV light and the distance travelled by each 

band was recorded. 
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2.2.13 Fluorimetric analysis 

Samples for fluorimetric analysis were added to wells on a microtitre plate (NUNC) 

and made up to 100 iL with PBS. The microtitre plate was read using the FL600TM 

Microplate Fluorescence reader (Bio-Tek®) and the KC4 software (Bio-Tek). The 

excitation wavelength was 480 ± 20 nrn and the emission wavelength was 530 ± 25 

nrn. Sensitivity of 100 was used for concentrated samples and sensitivity of 125 was 

used for less concentrated samples. 

2.2.14 Sucrose gradients 

Sucrose gradients were prepared with 5, 10, 15 and 20% sucrose (Sigrna) in 

Beckman Polyallorner Centrifuge Tubes (Beckman). After careful sample 

application the gradient was centrifuged at 35000 rpm for 20 hours at 15°C in a 

Beckmann L7-55 Ultracentrifuge. A hole was made in the bottom of the centrifuge 

tube and fractions of approximately 500 1iL were collected from the gradient for 

further analysis. 

2.2.15 Dot blot to detect streptavidin 

30 FL test samples were applied to a nitrocellulose membrane (Schleicher and 

Schuell). The membrane was air dried for 15 minutes and then blocked with 5% 

skim milk /0.5% tween 20 (Sigma) for 1 hour at RT with gentle rocking. The 

solution was removed and the membrane was washed 3 times with PBST. A solution 

containing 2.5 g/rnL biotinlyated goat IgG (Sigma) was applied to the membrane 

and incubated for 1 hour at RT with gentle rocking. The solution was removed and 

the membrane was washed as above. A solution of 1:5000 alkaline phosphatase 

labelled anti-goat 1gG (Sigma) was added to the membrane and incubated for 1 

hour at RT with gentle rocking. The membrane was washed as above and 
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NBT/BCIP developing solution was added. After incubation for up to 18 hours the 

membrane was examined for the development of purple colour indicative of the 

presence of streptavidin. 

2.2.16 Preparing streptavidin coated magnetic particles 

Streptavidin coated magnetic particles (DYNAL)  required washing before use. 

This was done as per the manufacturer's instructions. Briefly, the required volume 

of suspended particles was put into a tube. Placing the tube in a magnetic particle 

concentrator (DYNAL®) pelleted the particles. Without removing the tube, and with 

care being taken not to disturb the pellet, the supernatant was removed and discarded. 

The pellet was then resuspended in one volume of PBS/0. 1% w/v bovine serum 

albumin (BSA, made by Boehringer Mannheim GmbH). This process of pelleting 

and resuspending was repeated 5 times. 

2.2.17 Detecting PCR products on agarose gels 

1 % agarose gels were made with Agarose LE (Roche Diagnostics GrnbH) and used 

to detect PCR products >1000 base pairs long. 2% agarose gels were made with Nu-

SieveTM GTGTM (Bio Whittaker Molecular Applications) and used to detect PCR 

products that were <1000 base pairs long. Gels were made up and run in TAE or 

TAE containing ethidium bromide. Samples were mixed with agarose gel loading 

dye in a 10: 1 ratio before being applied to the gels. Gels were run for 30-90 minutes 

at bOy. After being run, the TAE gels were submerged in 0.3 rng/rnL ethidiurn 

bromide (Boehringer Mannheirn GrnbH) for 5-20 minutes and then destained for 2 

minutes in water. Gels made up and run in TAE containing ethidiurn bromide were 

examined immediately after running. PCR products were detected at MSHR with the 
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Gel Doe 1000 system (Bio-Rad) and at GBF with the Hero E.A.S.Y. system 

(Weisloch). 

2.2.18 Detecting PCR products with DNA Detection Test Strips 

DNA Detection Test Strips (Boehringer Mannheim GmbH) were used as per the 

manufacturer's instructions to detect PCR products. Briefly, 5 tL of the PCR 

products was added to I jiL of the hybridisation primer. The resulting solution was 

heated at 95°C for 5 minutes and then 37°C for 30 minutes. 5 iL of the solution was 

applied to the DNA detection strips. The strip was placed in 1 mL of the supplied 

chrornatographic buffer for 5 seconds with care being taken not to submerge the strip 

beyond its immersion area. The strip was then incubated at RT for 10 minutes before 

being assessed for the presence of bands indicative of PCR product. 

2.2.19 Purification of PCR products 

PCR products were purified with the QlAquick PCR Purification Kit (QIAGEN) as 

per the manufacturer's instructions. Briefly, 5 volumes of the supplied PB buffer 

were added to 1 volume of the PCR products. The resulting solution was applied to 

the QlAquick spin column and centrifuged for 30-60 seconds at 12300 x g. The 

flow-through was discarded and the spin column was washed with 0.75 mL of the 

supplied PE buffer. The spin column was centrifuged as above and the flow-through 

was discarded. The spin column was centrifuged again and placed in a clean tube. 

50 tL of deionised water was added to the column and it was centrifuged for I 

minute at 12300 x g. The flow through, containing the purified PCR products, was 

kept at -20°C for future use. 
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2.2.20 DNA extraction 

2.2.20.1 From Grain positive bacteria 

DNA was extracted from gram positive bacteria based on the method of Chassy et 

a1273. The bacteria were grown overnight in THY with 20 mM glycine. The cells 

were pelleted by centrifugation at 850 x g for 10 minutes at 4°C. The supernatant 

was discarded and the cells were resuspended with 10 mL of TE. The cells were 

again pelleted and resuspended in 300 iL of TE. To this, 700 tL of 24% 

polyethylene glycol 4000 (BDH Laboratory Supplies) and 350 iL of 20 mg/rnL 

lysozyme (Boehringer Mannheim GrnbH) were added. The suspension was then 

incubated at 37°C for 1 hour with agitation. The cells were pelleted by centrifugation 

at 17500 x g for 10 minutes at 4°C, and the supernatant was discarded. The cells 

were resuspended with 500 iL of 1% SDS, made up in TE, and incubated at 65°C for 

15 minutes. 10 jiL of 10 mg/mL RNase A (Boehringer Mannheim Grnbl-1) was 

added and the suspension was incubated at 37°C for 30 minutes. 10 jiL of 20 rng/mL 

Proteinase K (Boehringer Mannheim) was added and the suspension was incubated 

at 37°C for 30 minutes. 1 volume of phenol (Sigma) was added with vigorous 

mixing and the suspension was then centrifuged at 7300 x g for 3 minutes. The top 

aqueous layer of supernatant was taken. Following this, DNA in the aqueous phase 

was extracted with phenol:chlorofonTn (Sigma®) and chloroform (BDH AnalaR®) in 

succession. The DNA was then recovered by ethanol precipitation (2.2.21), dried 

with a Speedy Vac Concentrator (Savant) and resuspended with 200 tL of TE. The 

DNA was stored at -20°C for future use. 
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2.2.20.2 From Grain negative bacteria 

For gram negative bacteria a modified version of the method described by Ausubel et 

al was used274. The bacteria were grown in 10 mL of 2 x YT overnight at 37°C with 

agitation. The cells were pelleted by centrifugation at 850 x g for 10 minutes at 4°C, 

and the supernatant was discarded. The pellet was resuspended with 4 mL of TE. 

200 tL of 10% SDS and 20 iL of 20 mg/mL Proteinase K were added. The 

suspension was incubated at 37°C for 1 hour with agitation and then at 65°C for 15 

minutes. A 500 iL aliquot was taken. 10 jiL of 10 mg/rnL RNase A was added to 

the aliquot and it was then incubated at 37°C for 30 minutes with agitation. Phenol 

and chloroform were then used, as described in 2.2.20.1, to complete the DNA 

extraction. The DNA was recovered by ethanol precipitation (2.2.2 1) and 

resuspended with 200 j.iL of TE. The DNA was then stored at -20°C for future use. 

2.2.21 Ethanol precipitation of DNA 

3M sodium acetate (BDH Laboratory Supplies) and 100% ethanol (BDH AnalaR®) 

were added to the sample at one tenth and 2 times the sample volume respectively. 

The resulting solution was incubated at -20°C for 5 minutes. The DNA was pefleted 

by centrifugation at 16300 x g for 10 minutes at 4°C. The supemnatant was discarded 

and the pellet was washed with I mL of 70% ethanol and centrifuged at 9000 x g for 

5 minutes at 4°C. The supemnatant was discarded and the pellet dried in a Speedy 

Vac Concentrator for 20 minutes. The pellet was then resuspended and stored as 

required. 
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2.2.22 Extraction of DNA with the Lyse-N-GoT 1  PCR Reagent 

The Lyse-N-GoTM PCR Reagent was used to rapidly extract DNA from bacterial 

cells as per the manufacturer's instructions. Briefly, a single colony was inoculated 

into 10 tL of the Lyse-N-GoTM reagent. The inoculated reagent was heated for 2 

minutes at 95°C and then stored at 4°C until being tested. 5 pt was used as template 

in a 50 iL PCR test. 

2.2.23 DNA sequencing 

DNA sequencing was done with the ABI PRISMTM  Dye Terminator Cycle 

Sequencing Ready Reaction Kit (Perkin Elmer) in conjunction with an ABI 377 

DNA sequencer (Perkin Elmer). Samples were prepared for sequencing as per the 

kit manufacturer's instructions. Briefly, 0.5 pt of 0.25mM primer and 8-11.5 tL of 

DNA were added to 8 jiL of the supplied TenTninator Ready Reaction Mix. The 

solution underwent 25 cycles of 96°C for 10 seconds, 50°C for 5 seconds and 60°C 

for 4 minutes. The DNA was purified by ethanol precipitation as described in 2.2.21. 

The DNA pellet was resuspended with 3 tL of the supplied fonnamide loading 

buffer and stored at -20°C before being sequenced. Sequences were analysed using 

Lasergene sofiware (DNASTAR, Inc.) and the method of Benson275  was used to 

search for internal repeats. 
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CHAPTER 3 

Development of a Rapid and Sensitive test for GBS Based on 
Detection of Surface Enzyme Activity 

3.1 INTRODUCTION 

Most rapid GBS tests developed to date have used immunological techniques to 

detect the group specific polysaecharide antigen116"75'264'276. These tests have often 

failed to be suitable as diagnostic tools because they lack the sensitivity required to 

detect light levels of GBS colonisation. New and innovative approaches to GBS 

detection are required to overcome the problem of poor sensitivity. One such 

approach is detection of enzymatic activity. Enzymatic tests offer an attractive 

format for rapid detection of GBS and the sensitivity of these tests can be maxirnised 

by using substrate molecules with an easily measured property and a high signal to 

noise ratio. 

The GBS surface enzyme C5a peptidase (C5a-ase) is a membrane-bound serine 

protease that inactivates the complement protein C5a by cleavage of a heptapeptide 

from the C-terminus277'278. In this study, a new test for GBS C5a-ase was proposed 

using a substrate with a fluorescent moiety at one end and a biocytin amide tag at the 

other. Biocytin arnide, a derivative of biotin, was included to allow binding of the 

substrate to a solid phase through the well-known biotin-streptavidin interaction. 

This in turn allows easy separation and detection of the fluorescent products released 

by the action of C5a-ase (figure 3.1). The aim of this study was to develop a test for 

C5a-ase activity that could be used to detect GBS in less than 1 hour. 
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Figure 3.1: Principle of a rapid test for GBS C5a-ase activity. 

Streptavidin Fluorescent reporter 
 

Biocytin amide 

Streptavi din 

+ 

Biocytin amide 

Fluorescent reporter 

No- 
AW 

When no C5a-ase activity is present the fluorescent reporter remains bound to the 
solid phase of the assay. 

When C5a-ase activity is present the fluorescent reporter is released into the 
liquid phase of the assay where it can be readily measured. 
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3.2 MATERIALS AND METHODS 

3.2.1 Detecting C5a-ase activity using an 125  radioassay 

Recombinant C5a (Sigma) was radiolabelled with Na125l (Perkin ElmerTM) using 

the IODO-BEAD lodonation Reagent (2.2.8). Radiolabelled C5a (1251-rC5a) was 

used to assay for C5a-ase activity as per the method of Bohnsack et a1279. Briefly, 

test samples were diluted 1:2 with 10-15 liL  of 1251-rC5a and incubated at 37°C for 

30 minutes. V/here the test sample was intact cells, a pellet containing 5 x 106  

colony fonning units (cfu) was resuspended with 15 p.L of 1251-rC5a and incubated as 

above. Cells were removed by centrifugation before analysis by SDS-PAGE 

(2.2.9.1) and autoradiography (2.2.10). Reduction in the size of 1251-rC5a was 

considered indicative of C5a-ase activity. 

3.2.2 Substrate peptide design 

The substrate peptides used in this study were based on the last 20 amino acids of 

human C5a277  and had a biocytin amide tag included at the C-tenninus (figure 3.2). 

Additional cysteine residues were included in P6941 to allow incorporation of 

multiple thiol reactive fluorescent dye molecules. 

Figure 3.2: The sequences of substrate peptides used to assay for C5a-ase activity. 

P6297 CVVASQLRANISHKDMQLGRGG-Biocytin amide 

C5a-ase cleavage site 

P6941 CIKACTESCVVASQLRANISHKDMQLGRGG-Biocytin amide 
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3.2.3 The fluorescent reporters 

Three fluorescent dyes (Molecular Probes) were used to label the substrate peptides: 

Alexa Fluor 488 C5  maleimide dye (AFM); Alexa Fluor®  488 carboxylic acid, 

succinimidyl ester dye (AFS); and Oregon Green®  488 carboxylic acid, succinimidyl 

ester dye (OG). The Alexa Fluor®  488 dyes were chosen because they are 

significantly brighter and more photostable than fluoroscein, as well as being pH 

independent from pH 410250.  OG was chosen as a cheaper alternative to the AFS, 

which at the time of investigation was only available in a kit form. A summary of 

the characteristics of these dyes is shown in table 3.1. 

Table 3.1: Properties of fluorescent dyes used in this study28°  

I)ye AF'M AFS OG 

Reactivity Thiol reactive Amine reactive Amine reactive 

Excitation wavelength 493 nm 494 nm 495 nm 

Emission wavelength 516 nm 517 nm 521 nm 

Molecular weight 720.66 643.41 Da 509.38 

Soluble in: H20, DMSO H20, DMSO DMF, DMSO 

AFM = Alexa Fluor®  488 C5  maleimide dye. 
AFS = Alexa Fluor®  488 carboxylic acid, succinimidyl ester dye. 
OG = Oregon Green 488 carboxylic acid, succinimidyl ester dye. 
DMF = Dimethylformamide. 
DMSO = Dimethylsulphoxide. 
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3.2.4 Fluorescent labelling of the substrate peptides 

Fluorescent labelling of the substrate peptides was done based on the dye 

manufacturer's recommendations. For the thiol reactive AFM dye, the substrate 

peptides were treated with a I 0-fold molar excess of tris-(2-carboxyethyl)phosphine 

(TCEP, Molecular Probes) to reduce disuiphide bonds. The dye was made up with 

dimethylsulphoxide (DMSO, Sigma®) and added to the peptide-TCEP solution in a 

40: 1 molar ratio. The resulting solution was incubated for 2 hours at RT before the 

labelling reaction was stopped by addition of glutathione (Sigma®) to a final 

concentration of 6 mg/mL. The solution was stored at 4°C for 24 hours before being 

purified. 

For the amine reactive AFS dye, 500 iL of 0.2 mg/rnL peptide was added to the 

supplied vial of dye along with 50 tL of the supplied 1 M sodium bicarbonate. The 

resulting solution was incubated for 1 hour at RT with continual mixing. The 

labelling reaction was stopped by the addition of hydroxylaminc (Sigma®) to a final 

concentration of 0.15 M and the incubation step was repeated. The solution was 

stored at 4°C for 24 hours before being purified. Labelling with the amine reactive 

OG dye was done as for AFS, but used a reaction mix containing I rng/mL peptide, 

0.14 M phosphate buffer at pH 7.0 and 2 rng/mL OG reconstituted in DMSO. 

In all cases, labelled substrate was separated from unincorporated dye using a G-10 

SephadexTM column (2.2.11). Samples were eluted with PBS and fractions of up to 

500 tL were collected. 2 jiL aliquots of each fraction were analysed fluorimetrically 

(2.2.13), by thin layer chromatography (TLC, 2.2.12) and on non-denaturing gels 

(2.2.9.2). The TLC plate was visualised with a hand-held UV light and the non-

denaturing PAGE gels were visualised using Gel Doe 1000 (Bio-Rad). A "dye only" 

67 



control was included in these analyses. Fractions containing labelled substrate were 

pooled and BSA was added to a final concentration of 5 rng/rnL. The pool was then 

aliquoted and stored at -20°C. 

3.2.5 Binding labelled substrate to streptavidin coated magnetic particles 

20 iL aliquots of labelled substrate, diluted between 1:5 and 1:20 with PBS/0.1% 

w/v BSA, were used to resuspend 0.4 rng of freshly prepared streptavidin coated 

magnetic particles (SMP, 2.2.16). The suspension was incubated for 30 minutes at 

RT with bidirectional mixing. The SMP were removed with a magnetic particle 

concentrator and the supematant was analysed fluorirnetrically (2.2.13). Binding 

was considered successful if the supernatant was at least 50% less fluorescent than a 

sample that had not been exposed to the SMP. If binding was successful, the SMP 

were washed 5 times (2.2.14) and used to assay for C5a-ase activity. 

If binding was not demonstrated, LS was reacted with streptavidin in solution to 

confirm the biocytin amide-streptavidin interaction was occurring. 20 tL of neat LS 

was added to 80 jiL of 200 .ig/rnL streptavidin and incubated for 1 hour at RT with 

gentle mixing. The sample was then run on a sucrose gradient and fractions of up to 

500 iL were collected (2.2.14). The fluorescence in each fraction was determined 

using a hand-held UV light. Streptavidin in the fractions was detected using a dot 

blot (2.2.15). The biocytin amide-streptavidin interaction was considered to have 

occurred if fluorescence and streptavidin were detected in the same fractions. 

3.2.6 Releasing C5a-ase from GBS cells 

Mutanolysin (Sigma®  or Fluka) was used to release C5a-ase from GBS based on the 

method of Bohnsack et a1281  . Briefly, GBS was grown in 10 mL of THB, washed 

with PBS and resuspended with 100 tL of 100 jig/mL inutanolysin. The suspension 



was incubated at 37°C for 30 minutes with agitation. Cellular debris was pelleted by 

centrifugation and the supernatant, containing the C5a-ase, was taken and stored at 

4°C for future use. This method was also used to treat GBS cells with 20 rng/rnL 

Lysozyme; 0.05-0.005% trypsin (Gibco BRL) with and without the addition of 

0.1 mM EDTA (BDH AnalaR); and 0.1-0.5 rng/mL arnylase. Lysozyrne was also 

used to treat GBS grown in THB with 20 mM glycine. 

In addition to enzymatic treatment, heating was used to release C5a-ase from GBS 

cells. 100 j.iL aliquots of GBS suspension (2.2.2) were heated for 0, 5, 10, 20 or 30 

minutes at 65°C. The cells were removed by centrifugation and the supernatants 

were assayed for C5a-ase activity. 

3.2.7 Detection of C5a-ase activity 

Labelled substrate was diluted 1:20 with the test samples and incubated at 37°C for 

30 minutes. SMP were used to bind the treated substrate (3.2.5) and, after removal 

of the SMP, the supernatant was analysed fluorimetrically (2.2.13). 

Alternatively, 0.4 mg of SMP coated with labelled substrate (SMP-LS, see 3.2.5) 

were resuspended with 50 jiL of the test samples and incubated at 37°C for 30 

minutes with bidirectional mixing. The SMP-LS were separated using a magnetic 

particle concentrator and the supernatant was analysed fluorirnetrically (2.2.13). 

Samples tested by these methods included GBS cells (2.2.2), amylase treated GBS 

cells and the supematants from treated GBS cells (3.2.6). Where enzymes had been 

used to release C5a-ase, a sample of the enzyme was also tested as a control. C5a-

ase activity was considered to be present if the fluorescence in the test samples was 

greater than that seen in the controls. 
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3.3 RESULTS 

3.3.1 Demonstration of GBS C5a-ase activity with an 1251  radioassay 

Recombinant C5a was radiolabelled with Na125! to provide substrate for the C5a-ase 

radioassay. While the labelling reaction was a relatively simple procedure, 

demonstration of radiolabelled rC5a ( 1251-rC5a) proved difficult with little or no 

protein being detected when size-fractionated samples collected during G- 10 

SephadexTM column purification were analysed by SDS-PAGE (figure 3.3). The 

absence of a detectable protein band in these fractions is most likely due to dilution 

factors introduced during column purification, as 1251-rC5a was easily demonstrated 

from unpurified samples of the iodonation reaction mix (figure 3.4). Dialysis may 

have proved a suitable alternative to column purification; however, in this instance it 

offered no advantage over omitting the purification step entirely. All subsequent 

experiments were done using an unpurified sample of the iodonation reaction mix. 

The 1251-rC5a radioassay detected C5a-ase activity in samples containing GBS cells 

and the supernatant of mutanolysin treated GBS (MTG, figure 3.5). The results 

obtained with MTG were confirmed as being due to substances released from GBS in 

that there was no decrease in the size of 1251-rC5a after treatment with 100 tg/rnL 

mutanolysin (figure 3.6). These results suggest that samples containing GBS cells or 

MTG are suitable for detection of C5a-ase activity. 
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Figure 3.3: SDS-PAGE analysis of fractions collected during G-10 SephadexTM 

column purification of 1251-rC5a. 

17300 —* 
6900 - 

1 2 3 4 

u Unincorporated I25j 

17300—* 
6900—* 

 

 

567 8 9 

1 Unincorporated 125j 

Lanes 1-9 show the results obtained with the first radioactive samples collected 
during G-10 SephadexTM Column purification. Arrows on the left indicate the 
position of two bands of the Biorad Kaleidoscope prestained standared (Da). 
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Figure 3.4: SDS-PAGE analysis of unpurified 1251-rC5a. 

Unincorporated Na1251 

1 2 3 

Lanes 1, 2 and 3 contain 1, 2 and 5 jtL respectively of the unpurified recombinant 
C5a iodonation reaction mix. The arrows on the left indicate the position of two 
bands of the Biorad Kaleidoscope prestained standard (Da). Also note the presence 
of a clear band of 1251-rC5a. 
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Figure 3.5: Results obtained with the radioassay for C5a-ase activity. 

A —* AV 
1—B 

2 3 

Lanes 1,2 and 3 show 1251-rC5a treated with PBS, the supernatant of mutanolysin 
treated GBS and GBS cells respectively. The lower intensity of the band in lane 2 
reflects a lower concentration of 1251-rC5a. 

A = The position of 1251-rC5a. 
B = The position of the 1251-rC5a after cleavage of the C-terminal heptapeptide by 
C5a-ase. 
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Figure 3.6: Confirming that 1251-rC5a is not susceptible to mutanolysin. 

1251-rC5a 10 1 

Unincorporated 1251 

1 2 

Lanes 1 and 2 show 1251-rC5a treated with mutanolysin and PBS respectively. 
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Figure 3.7: Demonstration of successful labelling of P6297 and P6941 with AFM. 

1 2 3 

40 • 4 Peptide-dye conjugate 

4 AFM dye 

Non-denaturing PAGE analysis of AFM dye (lane 1), and pools of AFM labelled 
P6941 (lane 2) and P6297 (lane 3). The second smaller band in the lanes 2 and 3 is 
unincorporated dye remaining in the samples after purification. 
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3.3.2 A fluorescently labelled substrate for C5a-ase 

3.3.2.1 Substrate labelled with a thiol reactive dye 

Quantitative analysis of Alexa Fluor®  488 C5  maleimide dye labelled substrate 

(AFM-LS) was not possible at the time this work was done because of problems with 

the institute's fluorimeter. However, qualitative analysis with UV light proved 

sufficient for preliminary study to be done. 

P6297 and P6941 were successfully labelled with AFM, as demonstrated by non-

denaturing PAGE analysis of a pool containing the first 5-7 fluorescent fractions 

collected during G-10 SephadexTM column purification of each substrate (figure 3.7). 

The fluorescence in samples of AFM-LS was not decreased after exposure to SMP, 

suggesting that binding of the substrate to the solid phase was not occurring. To 

confirni this, AFM-LS was reacted with streptavidin in solution and run on a sucrose 

gradient. In the case of P6941 AFM-LS, 18 fractions were collected from the 

sucrose gradient. Fluorescence was detected in fractions 14-18, whereas streptavidin 

was detected by dot blot ELISA in fractions 10-14. Similar results were obtained 

with P6297 AFM-LS. If the biocytin amide-streptavidin reaction had occurred, 

AFM-LS would have migrated with the streptavidin. As this was not the case, these 

results suggested that P6297 and P6941 AFM-LS did not react with streptavidin. It 

is possible that the biocytin amide-streptavidin reaction was prevented by 

conformational changes in the substrate introduced by the AFM thiol modification. 

Failure of AFM-LS to react with streptavidin makes these substrates unsuitable for 

inclusion in a rapid C5a-ase test. 
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3.3.2.2 Substrate labelled with an amine reactive dye 

P6941 had been designed specifically for use with a thiol reactive dye and offered no 

advantage over P6297 when amine reactive dyes were used. Therefore, labelling 

with amine reactive dyes was limited to P6297. 

3.3.2.2.1 Alexa Fluor®  488 carboxylic acid, succinimidyl ester dye (AFS) 

As for AFM-LS, quantitative analysis of AFS labelled substrate (AFS-LS) was not 

possible at the time this work was done because of problems with the institute's 

fluorimeter. Again, a qualitative analysis with UV light proved sufficient for 

preliminary studies to be done. Two distinct bands were seen during G-10 

SephadexTM column purification of AFS-LS. In accordance with the dye 

manufacturer's instructions, the faster band was presumed to contain the labelled 

substrate and no further confirmation of successful labelling was done. The 

fluorescence in samples of AFS-LS exposed to SMP was approximately half of that 

seen in unexposed samples, indicating that binding of the substrate to the solid phase 

had occurred. 

A brief study was done to determine the optimal conditions for binding of AFS-LS to 

streptavidin coated magnetic particles (SMP). Although different buffers and 

temperatures did not affect the reaction, successful binding was dependent upon the 

ratio of SMP to AFS-LS and continual bidirectional mixing during the incubation 

step. Best results were obtained when a pellet of 400 jig of SMP was resuspended 

with 20 jiL of the labelled substrate diluted 1:5-1:20. Continual, bidirectional mixing 

was required during the incubation step to prevent sedimentation of the SMP and 

subsequent decreased binding of the substrate. The incubation time of 30 minutes 

was based upon the SMP manufacturer's recommendations. 
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3.3.2.2.2 Oregon Green®  488 carboxylic acid, succinimidyl ester dye (OG) 

Labelling with OG was done at near neutral pH to restrict incorporation of the dye to 

the terminal amine of the substrate. For OG labelled substrate (OG-LS), fractions 

collected during G- 10 SephadexTM column purification were analysed 

fluorimetrically, by thin layer chromatography (TLC) and on non-denaturing PAGE 

gels. Several peaks were seen when the fluorescence in each fraction was plotted 

against the fraction number (figure 3.8). Two spots were detected by TLC analysis 

of the fractions: the first did not move beyond the origin and the second moved 3 cm 

along the plate. A "dye only" control also moved 3 cm along the plate, indicating 

that fractions with spots remaining at the origin contained OG-LS. For the data 

described in figure 3.8, TLC analysis detected OG-LS in fractions 14-18 and 

unincorporated dye in fractions 22-40. Successful labelling of the substrate was 

further confirmed by non-denaturing PAGE analysis (figure 3.9). The results 

described here are typical of the results that were routinely obtained. In this 

example, fractions 14-18 (figure 3.8) were considered to contain OG-LS and were 

pooled and stored for future use. 

OG-LS was easily bound to SMP, as demonstrated by a 90%  decrease in the 

fluorescence of the substrate solution after exposure to SMP (figure 3.10). All 

further experiments were done with OG-LS as this dye offered several advantages 

over AFS. The AFS labelling kit used sodium bicarbonate to raise the pH of the 

labelling reaction and thus was likely to incorporate dye at internal lysine residues. 

Such labelling was undesirable, as a lysine residue is present at the C5a-ase cleavage 

site. OG was available as an individual reagent, and allowed labelling to be done at 

near neutral pH, ensuring that dye incorporation was limited to the terminal amine. 



Figure 3.8: Fluorimetric analysis of fractions collected during G-10 SephadexTM 

column purification of the OG-LS labelling reaction mix. 
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The first peak reflects labelled substrate and the subsequent peaks indicate 
unincorporated dye. Fluorescence is expressed in arbitrary units. 
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Figure 3.9: Non-denaturing PAGE analysis of fractions collected during G-10 

Sephadex'FM column purification of the OG-LS labelling reaction mix. 

*4 4— OG-LS 

S 
4— Unincorporated dye 

12345 67 

- __ - 1— Unincorporated dye 
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Lanes 1 and 15 show the results of a "dye only" control. Lanes 2-14 show the results 
of fractions 11-23 respectively, from the data described in figure 3.8. 



Figure 3.10: Fluorescence in an OG-LS solution before and after exposure to SMP. 
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These results show the fluorescence in a sample of OG-LS before (A) and after (B) 
exposure to SMP. 



Two approaches were taken when using OG-LS to assay for C5a-ase activity. In the 

first approach, the substrate was incubated with GBS samples in solution at 37°C for 

30 minutes before being bound to the SMP solid phase. This approach proved 

unsuitable in that OG-LS did not bind to SMP efficiently after incubation at 37°C 

(figure 3.11), and hence was likely to produce false-positive test results. In the 

second approach, OG-LS was bound to SMP (SMP-LS) before being treated with 

GBS samples. When GBS cells were tested only background levels of fluorescence 

were detected indicating that substrate cleavage had not occurred (figure 3.12). The 

same result was obtained with several GBS serotypes, and it was concluded that OG-

LS could not be used to demonstrate GBS cell-bound C5a-ase activity under these 

conditions. To overcome this difficulty, mutanolysin was used to release cell-bound 

C5a-ase as results obtained with the 1251-rC5a radioassay had shown it to be suitable. 

Fluorescence was released from SMP-LS by the supernatant of mutanolysin treated 

GBS (MTG); however, fluorescence was also released by samples containing 

mutanolysin only (figure 3.13). This result was confinued with several different 

batches of mutanolysin, and suggests that OG-LS is susceptible to non-specific 

proteolytic action in mutanolysin. GAS C5a-ase retains up to 85% of its activity 

after incubation at 65°C for 30 minutes'99. It was reasoned that GBS C5a-ase would 

also retain its activity based on the similarity of the two enzymes. Samples of MTG 

were heated at 65°C for 30 minutes in an effort to selectively inhibit the unwanted 

mutanolysin activity. This approach was not successful in that GBS C5a-ase was not 

resistant to heating at 65°C (figure 3.14). Addition of 10 jiM PMSF, a protease 

inhibitor, was also tried and found to be unsuitable as it did not suppress the 

unwanted mutanolysin activity. The susceptibility of OG-LS to mutanolysin led to 

alternative methods for releasing C5a-ase being sought. 
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Figure 3.11: Binding of OG-LS to SMP after incubation at 37°C for 30 minutes. 
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Figure 3.12: Fluorescence released from SMP-LS by GBS cells. 
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The binding control shows the amount of fluorescence bound to the SMP-LS, and 
thus the total amount of fluorescence available for release by C5a-ase activity. 
Subsequent columns show the amount of fluorescence that was released from 
SMP-LS by several concentrations of GBS cells. 
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Figure 3.13: Fluorescence released from SMP-LS by samples containing 

mutanolysin. 
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The binding control shows the amount of fluorescence bound to the SMP-LS, and 
thus the total amount of fluorescence available for release by C5a-ase activity. 

Subsequent columns show the amount of fluorescence that was released from 
SMP-LS by a PBS negative control (A), mutanolysin (B) and the supernatant of 
mutanolysin treated GBS (C). 



Figure 3.14: Fluorescence released from SMP-LS by samples containing 

mutanolysin that had been heated to remove non-specific proteolytic activity. 
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The binding control shows the amount of fluorescence bound to the SMP-LS, and 
thus the total amount of fluorescence available for release by C5a-ase activity. 

Subsequent columns show the amount of fluorescence that was released from 
SMP-LS by a PBS negative control (A); mutanolysin, before and after incubation at 
65°C (B and C respectively); and the supernatant of mutanolysin treated GBS, before 
and after incubation at 65°C (D and E respectively). 



3.3.3 Alternative methods for release of C5a-ase 

GBS cells were heated for up to 30 minutes at 65°C to determine whether this 

treatment would release C5a-ase, but no activity was detected in any of the 

supernatants (figure 3.15). The substrate was susceptible to trypsin (figure 3.16) and 

amylase (figure 3.17) making these enzymes unsuitable for use in releasing C5a-ase. 

Amylase was also tested for its ability to expose C5a-ase bound to GBS, but no 

fluorescence was released from SMP-LS by amylase treated cells (figure 3.18). 

Although OG-LS was resistant to lysozyrne, the supematant from lysozyrne treated 

GBS did not release fluorescence from SMP-LS, suggesting that C5a-ase had not 

been released (figure 3.19). Addition of 20mM glycine to the THB used to culture 

GBS did not improve this result. As a suitable method for releasing C5a-ase had not 

been found, and as C5a-ase activity had not been demonstrated from GBS cells, this 

approach to the development of a rapid GBS test was not pursued further. 
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Figure 3.15: Fluorescence released from SMP-LS by the supematants of GBS cells 

heated at 65°C for up to 30 minutes. 
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The binding control shows the amount of fluorescence bound to the SMP-LS, and 
thus the total amount of fluorescence available for release by C5a-ase activity. 
A, B, C, D and E show the amount of fluorescence that was released from SMP-LS 
by the supernatants of GBS cells heated at 65°C for 0, 5,10, 20 and 30 minutes 
respectively. 
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Figure 3.16: Fluorescence released from SMP-LS by samples containing trypsin. 
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The binding control shows the amount of fluorescence bound to the SMP-LS, and 
thus the total amount of fluorescence available for release by C5a-ase activity. 
Subsequent columns show the amount of fluorescence that was released from 
SMP-LS by 0.05% trypsin (A), 0.005% trypsin (B), 0.05% trypsin-EDTA (C) and 
0.005% trypsin-EDTA (D). 
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Figure 3.17: Fluorescence released from SMP-LS by samples containing amylase. 
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The binding control shows the amount of fluorescence bound to the SMP-LS, and 
thus the total amount of fluorescence available for release by C5a-ase activity. 
A, B and C show the amount of fluorescence that was released from SMP-LS by 
0, 0.1 and 0.5 rnglmL amylase respectively. 
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Figure 3.18: Fluorescence released from SMP-LS by amylase treated GBS cells. 
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The binding control shows the amount of fluorescence bound to the SMP-LS, and 
thus the total amount of fluorescence available for release by C5a-ase activity. 
A, B and C show the fluorescence released from SMP-LS by GBS cells treated with 
0, 0.1 and 0.5 mg/mL arnylase respectively. 
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Figure 3.19: Fluorescence released from SMP-LS by samples containing lysozyme. 
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The binding control shows the amount of fluorescence bound to the SMP-LS, and 
thus the total amount of fluorescence available for release by C5a-ase activity. 
Subsequent columns show the amount of fluorescence that was released from 
SMP-LS by lysozyme (A) and the supernatants of lysozyme treated GBS grown in 
THB (B) and THB with 20 mM glycine (C). 
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3.4 DISCUSSION 

The substrate peptides used in this study were based on the C-terminus of the human 

C5a molecule. Such peptides have previously been shown to be susceptible to the 

proteolytic action of C5a-ase277 . Additional cysteine residues were included in 

P6941 to allow incorporation of an increased number of thiol reactive reporter 

molecules. It was hypothesised that by increasing the number of reporter molecules 

per molecule of substrate the overall test sensitivity could be improved. However, 

substrates labelled with the thiol reactive AFM dye did not react with streptavidin 

and therefore were unsuitable for inclusion in this foniiat of a rapid C5a-ase test. 

The lack of reaction between AFM-LS and streptavidin was considered to be due to 

conformational changes in the substrate introduced during thiol modification, and 

therefore was likely to occur with all thiol reactive dyes. Amine reactive dyes were 

used to overcome this difficulty encountered with AFM. 

Amine reactive dyes are incorporated into proteins at the terminal amine and internal 

primary amine residues, for example at the c-group of lysine. The pKa  of terminal 

amines is lower than that of lysinc2°. Selective incorporation of the dye at the 

terminal amine can be achieved by maintaining a near neutral pH during the labelling 

reaction. In this study it was important to restrict labelling to the terminal amine of 

the substrate because a lysine residue is present at the C5a-ase cleavage site. 

Incorporation of reporter molecules at this site was not desirable because it was 

likely to interfere with the susceptibility of the substrate to C5a-ase. Similarly, it was 

important to stop the labelling reaction with hydroxylamine to prevent non-covalent 

incorporation of dye at histidine residues because this amino acid is also present at 

the C5a-ase cleavage site20 . 
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AFS, the amine reactive version of the Alexa Fluor®  488 dye, was used as an 

alternative to AFM. Like AFM, AFS is brighter and more photostable than 

fluoroscein and therefore an attractive candidate for inclusion in a fluorescent GBS 

test. However, at the time this work was done AFS was only available in a kit 

format. This kit was expensive, costing $567 and providing reagents for only three 

labelling reactions. The kit format was also not desirable as it restricted modification 

of the labelling reaction. These limitations were overcome by using the OG dye. 

OG was available as an individual reagent, offering greater flexibility in 

experimental design; was more photostable than fluoroscein280; and was considerably 

cheaper than AFS with enough dye to perform 25 labelling reactions costing $3 13 

For these reasons most of the detailed investigation was done with OG labelled 

substrate. 

Streptavidin coated magnetic particles (SMP) were selected as the solid phase of the 

test because they are simple to use, their concentration is easily modified and they 

can be rapidly removed from solutions with a magnetic particle concentrator. AFS 

and OG labelled substrate were easily bound to SMP; however, decreased binding 

was seen after incubation of the substrates at 37°C for 30 minutes. For this reason 

the labelled substrates could only be used to assay for C5a-ase activity after being 

bound to the SMP. This format was not suitable for demonstration of GBS cell-

bound C5a-ase activity, possibly because of problems associated with steric 

hindrance. To overcome this, mutanolysin was used to release C5a-ase from the 

GBS cell wall. C5a-ase activity has previously been demonstrated in crude extracts 

of GBS cells obtained after 30 minutes incubation with mutano1ysin279: a result 

confirmed in this study with an 1  251-rC5a radioassay. This time frame was 
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sufficiently short for a mutanolysin treatment step to be included in the format of the 

rapid C5a-ase test. Results obtained with the 1251-rC5a radioassay suggested that 

samples containing the supernatants from mutanolysin treated GBS could be used to 

assay for C5a-ase activity. However, OG labelled substrate bound to SMP (SMP-

LS) was susceptible to non-specific proteolytic action of mutanolysin. This 

unexpected result excluded mutanolysin release of cell-bound C5a-ase from 

inclusion in the rapid C5a-ase assay, and hence alternative methods were sought. 

GBS cells were heated in an attempt to release C5a-ase from the cell membrane. 

Stafslien and Cleary'99  showed that samples of GAS C5a-ase retained most of their 

activity after heating at 65°C for 30 minutes. However, in this study no C5a-ase 

activity was detected in the supernatants of heated GBS cells and it is likely that 

higher temperatures would be required to disrupt the cell membrane. Enzymatic 

release of C5a-ase with trypsin, arnylase and lysozyrne was investigated. The 

susceptibility of SMP-LS to trypsin and amylase excluded them from use in this 

fonriat of a rapid C5a-ase test. Trypsin was also not suitable in that a subsequent 

review of the literature revealed a study by Hill et a1282  that showed trypsin would not 

release C5a-ase. Amylase was tested for its ability to hydrolyse the polysaccharides 

in the GBS capsule, and thus allow interaction between cell-bound C5a-ase and 

SMP-LS. No C5a-ase activity was demonstrated from amylase treated GBS. 

Although lysozyme did not release fluorescence from SMP-LS, the enzyme was not 

suitable in that no C5a-ase activity was detected from the supernatant of lysozyme 

treated GBS, suggesting C5a-ase activity had not been released. 

Another possibility is that the substrate used in this study is not susceptible to C5a-

ase. C5a-ase is a highly specific enzyme and its activity may be sensitive to changes 
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in the tertiary and quarternary structure of its substrate277. Cleary et a1277  showed that 

peptides based on the 20 amino acids at the C-terminus of human C5a were 

susceptible to C5a-ase. The peptides used in this study were also based on the last 20 

amino acids of human C5a, but included a biocytin amide tag at the C-terminus and 

fluorescent labels at the N-terminus. The effect of these bulky moieties on the 

susceptibility of the peptide to C5a-ase is unknown. Previous experiments with 

peptides labelled with thiol reactive AFM suggested that confonnational changes 

during thiol modification were enough to prevent interaction between biocytin amide 

and streptavidin. Although incorporation of amine reactive dye into the substrate did 

not prevent the interaction of biocytin arnide and streptavidin, it is not known if 

modification of the peptide with such dyes alters its susceptibility to C5a-ase. This 

remains to be determined by future investigations. 

Future work in developing a rapid test for GBS C5a-ase activity will also need to 

address the specificity and sensitivity of the test system. The specificity of the test 

will need improvement in that C5a-ase is also found in GAS, GCS and GG5283'284  

Specificity for GBS may be achieved by using a substrate molecule that is resistant 

to the action of C5a-ase from GAS, GCS and GGS. C5a molecules from diverse 

animal species show variable susceptibility to C5a-ase from different streptococcal 

species. For example, C5a-ase from GAS will inactivate murine C5a whereas GBS 

C5a-ase will not2X4285.  Specificity for GBS may be achieved by designing substrate 

peptides based on an animal C5a molecule that is not susceptible to GAS, GCS or 

GGS C5a-ase activity. 

The test sensitivity may be improved by increasing the number of amine reactive 

reporters per molecule of substrate. Although this would be difficult to achieve with 
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the peptides used in this study other formats of the substrate may be suitable. For 

example, Dr David Jackson from the University of Melbourne has developed 

technology that can be used to create branched substrate peptides. These peptides 

possess several terminal arnines and as such could be used to increase the number of 

reporter molecules incorporated into the substrate molecule without compromising 

the integrity of the C5a-ase cleavage site. Any work with branched substrate 

peptides will also require investigation of dye quenching when multiple reporter 

molecules are in close vicinity. Further improvement in sensitivity may be achieved 

by using the AFS dye. Recently AFS became available as an individual reagent. 

Although still more expensive than the OG dye, costing $447 for enough dye to do 5 

labelling reactions, it is a much brighter dye28°  and the improvement in test 

sensitivity this provides may override cost considerations. 

The C5a-ase test described here would have provided a simple GBS test capable of 

generating a result within one hour. However, problems associated with release of 

C5a-ase hindered progress in this project, and hence this approach to GBS detection 

was not pursued further. Formation of a C5a-ase test is also likely to be complicated 

by recent discoveries that show that 33% of virulent GBS serotype III isolates 

express a non-functional form of C5aase286.  This suggests that a test for C5a-ase 

activity would not identify a substantial number of virulent GBS isolates. While this 

may preclude C5a-ase as a marker of GBS, the test format may still prove suitable 

for detection of other highly conserved and ubiquitous GBS enzymes. For the 

purposes of this study, development of a GBS C5a-ase assay was not pursued further, 

and an alternative approach based on PCR was successfully taken (chapter 4). 
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Development of a Rapid PCR Test for GBS that 
Detects a Newly Discovered and Highly Conserved Gene 



CHAPTER 4 

Development of a Rapid PCR Test for GBS That Detects a 
Newly Discovered and Highly Conserved Gene 

4.1 INTRODUCTION 

The polymerase chain reaction (PCR) is an extremely sensitive technique 27  that in 

recent years has increasingly been used as a diagnostic tool. Commercial PCR tests 

are currently available for routine detection of several microorganisms including 

Chiamydia trachomatis and Neiserria gonorrhoeae287' 288 . PCR has also been used as 

an alternative to culture in situations where rapid diagnosis is required, for example 

in cases of suspected meningitis and tuberculosis289'290. The advantages of high 

sensitivity and rapid diagnosis make PCR technology an attractive tool in the 

development of tests for intraparturn GBS colonisation. 

The first step in developing a diagnostic PCR test is to identify a target sequence of 

DNA. This sequence must be highly conserved, specific to the organism being 

detected and contain no internal repeats or insertions which could give ambiguous 

results. Recently, researchers at Gesellschaft für Biotechnologische Forschung 

(GBF, Germany) discovered the bsp gene in GBS. This gene appeared to fulfil the 

above criteria and, in collaboration with GBF, has been investigated as the target of a 

rapid GBS PCR. The aim of this work was to develop a highly sensitive and rapid 

bsp PCR test that could be used to detect GBS within 2 hours. 



4.2 MATERIALS AND METHODS 

4.2.1 Primers 

Primers used in this study (table 4.1) were designed using the Baylor College of 

Medicine Search Launcher (http://searchlauncher.bcm.tmc.edu). The primers were 

obtained from either Gibco BRL or GENSET PACIFIC. Dr Peter Fagan (GBF) 

designed the primers used for sequencing. 

Table 4.1: Primers used in the development of a PCR test for the bsp gene. 

Primer Name Sequence 

KerAFi 5' TGGACTGAACAAGGAGGGC 3' 

KerAR2 5' Digoxigenin-CCTTCTCATTCTTATGGTCAGC 3' 

KerAR3 5' CCTTCTCATTCTTATGGTCAGC 3' 

KerAFOH 5' Biotin-GGTATACAGCTGTAACTACTGGGGATGGC 3' 

KerA5'FI* 5' GATGATGAAAAAAGGACAA 3' 

KerARend* 5' GCGACGAATACCGGAATAACTC 3' 

KerA5'F45* 5' CGTCAAGTGTGATTAC117CC 3' 

KerAF5'F3* 5' ATCATTCAATGGTGTTCGTCG 3' 

KerAR17* 5' TTAGCYTTTTCACAGGAATATAGCG 3' 

KerARR4* 5' rl'ACCTAGCAAAACAAAACGACG 3' 

* = Primers designed by Dr Peter Fagan. 



4.2.2 Screening GBS isolates for the bsp gene 

Genornic DNA from GBS isolates in the GBF collection (table 2.1) was screened 

with a bsp PCR developed by Dr Peter Fagan (GBF). The reaction mix contained lx 

colony taq buffer, 0.02 mM dNTPs (Fermentas), 0.25 mM KerA5'Fl, 0.25 mM 

KerARend and 0.01 u/jiL taq DNA polyrnerase (QIAGEN). The cycling conditions 

consisted of an initial denaturing step at 94°C for 4 minutes followed by 35 cycles of 

94°C for 60 seconds, 53°C for 60 seconds and 72°C for 80 seconds. The final 

extension step was done at 72°C for 5 minutes. PCR products were detected by 

agarose gel electrophoresis (2.2. 17). The PCR products were then purified using the 

QiAquick PCR purification kit (2.2.19) and the DNA sequence was determined using 

the primers KerA5'F45, KerAF5'F3, KerARl7 and KerAR-R4 (2.2.23). 

4.2.3 Development of a rapid bsp PCR 

An initial bsp PCR was designed such that less than 2 hours were required for 

cycling. The reaction mix contained 10 mM Tris-Cl pH 8.3, 50 mM potassium 

chloride pH 8.3 (BDH AnalaR'), 2.5 mM magnesium chloride (BDH AnalaR®), 

100 tM dNTPs (Boehringer Mannheirn GrnbH), 0.2 M KerAFI, 0.2 1iM KerAR3 

and 0.01 u/iiL  taq DNA polymerase (Roche). The cycling conditions consisted of an 

initial denaturing step at 95°C for 60 seconds followed by 30 cycles of 95°C for 15 

seconds, 50°C for 20 seconds and 72°C for 30 seconds. A final extension step was 

done at 72°C for 5 minutes. The ramp rate was 3°C/second. PCR products were 

routinely detected by agarose gel electrophoresis (2.2.17). The DNA Detection Test 

Strips were used for rapid detection of PCR product (2.2.18). Where the DNA 

Detection Test Strips were used, the KerAR3 primer was replaced with KerAR2 

(Digoxigenin labelled) to enable product demonstration. 
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4.2.4 Optimisation of the rapid bsp PCR 

The conditions of the bsp PCR were optimised to provide maximum yield. Titration 

was used to determine the optimal concentration of reagents in the PCR reaction mix. 

The optimal annealing temperature was determined using the gradient function of an 

Eppendorf Mastercycler. BSA, ammoniurn sulphate and glycerol were also tested 

for their ability to increase the product yield. The results of these investigations were 

used to formulate a prototype rapid bsp PCR. 

4.2.5 Rapid preparation of template DNA 

Several methods for rapid preparation of template DNA were tested. STET, water 

and skim milk-glucose-glycerol-broth (SMGGB) were used to extract DNA from the 

bacteria by suspending a single GBS colony in 50 jiL of the solution and heating at 

95°C for 10 minutes, with or without an oil overlay. SMGGB was also tested for its 

ability to extract GBS DNA without heating. DNA extraction in 50 mM NaOH was 

done according to the method of Hartas et a1291. Briefly, a single GBS colony was 

suspended in 25-100 iL of 50mM NaOH and incubated at 95°C for 15 minutes. The 

suspension was then neutralised by the addition of 4 jtL of I M Tris-Cl at pH 8.0 for 

every 25 pL of NaOH. The commercially available Lyse-N-GoTM reagent was also 

tested for its ability to extract template DNA (2.2.22). Regardless of the method 

used to extract the DNA, 5 tL of the preparation was used as template in a 50 iL 

PCR. 
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4.3 RESULTS 

4.3.1 The bsp gene is conserved amongst GBS isolates 

PCR with KerA5'F1 and KerARend amplified a 1624 bp product containing the 

1290 bp of the bsp gene. This PCR was used to screen 13 GBS isolates, representing 

serotypes Ia, Ib, II, Ill, IV and V (table 2.1). Similar sized products were obtained 

from all the isolates suggesting the gene is ubiquitous among GBS (figure 4.1). 

DNA sequencing of the PCR products revealed the bsp gene is highly conserved with 

greater than 98% homology between GBS isolates. None of the GBS serotypes 

tested contained internal repeats or insertions in the bsp gene. These results, to be 

submitted to GenBank following acquisition of a patent, confirm that bsp is a 

suitable target for a diagnostic PCR test. 

4.3.2 A prototype rapid bsp PCR 

The PCR used to screen for the bsp gene required too much time to be useful as a test 

for intrapartum GBS colonisation. It was reasoned that by targeting a small segment 

of the gene a faster PCR would be possible. The KerAFi and KerAR3 primers used 

in the rapid bsp PCR were designed to amplify a 112 bp region of the gene beginning 

at position 1127 and finishing at position 1238. This region was selected because it 

allowed the design of suitable primers and is completely conserved amongst isolates 

of GBS serotypes Ia, Ib, II, III, IV and V. Although no serotype VI, VII or VIII 

isolates were available for this study, the results from the strains belonging to 

serotypes Ia-V suggest the bsp gene is ubiquitous to GBS. The suitability of the 

primers was confirmed by amplification of a single band of the desired size from 

genomic DNA of several GBS isolates (figure 4.2). The time required for the rapid 

bsp PCR was 90 minutes, excluding DNA template preparation and PCR product 

detection. 
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Figure 4.1: Screening GBS isolates for the bsp gene. 
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Lanes 1-9 are GBS isolates B159, B28, B172, B272, B160, B161, B165, B166 
and B171 respectively. 

Lanes 1-4 are GBS isolates B29, B30, B32 and B176 respectively. 

M = 1 kb marker. 
N = No template DNA. 
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Figure 4.2: Confirming the suitability of primers used in the rapid bsp PCR. 
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Lanes 1-5 are isolates GBSI, GBS2, GBS4, GBS5 and GBS17 respectively. 

M = Xl74-HinfI marker. 
N = No DNA template. 
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4.3.3 Optimisation of the rapid bsp PCR 

The rapid bsp PCR was optimised to achieve maximum yield, and therefore 

maximum test sensitivity. PCR products were amplified over a broad range of 

annealing temperatures (45-58°C); however, optimum yield was achieved at 50°C 

(figure 4.3). Addition of BSA to 0.1 mg/mL and ammoniurn sulphate to 16 mM 

increased the yield of the PCR, whereas addition of glycerol to 10% had a negative 

effect (figure 4.4). Titration of magnesium chloride revealed products could be 

detected over a range of concentrations (1-5 mM), but maximum yield was achieved 

at 2.5 mM (figure 4.5). Increased yield was also demonstrated at primer 

concentrations of 0.6-0.8 tM (figure 4.6). The PCR was not improved by increased 

concentrations of dNTPs and taq DNA polymerase. These results were used to 

formulate a prototype rapid bsp PCR. In all subsequent investigations the PCR 

reaction mix was as described in 4.2.3, but with 0.1 rng/mL BSA, 16 mM ammonium 

sulphate and primer concentrations of 0.8 1iM. The cycling conditions were 

unchanged except for reduction in the annealing temperature to 50°C. 

4.3.4 Rapid DNA extraction and PCR product detection 

Routine methods for DNA template preparation and detection of PCR product lack 

the simplicity and timeliness required of rapid GBS tests. In this study, PCR 

products were amplified from template DNA rapidly prepared by heating GBS in 

water, NaOH and the Lyse-N-GoTM reagent, but not from template DNA prepared in 

STET or SMGGB (figure 4.7). Heating in water was selected as the standard method 

for rapid template DNA preparation because it was cheaper, easier to perform and as 

efficient as DNA extraction in NaOH or the Lyse-N-Go reagentTM. An oil overlay 

was not included in subsequent investigations because there was no evidence to 

suggest this improved the DNA extraction. The DNA Detection Test Strips were 
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included in the rapid bsp PCR because they are faster and easier to perform than 

agarose gel electrophoresis. This decision was supported by the experiments in 

which PCR products amplified from GBS genomic DNA were detected equally well 

by both methods (figure 4.8). 

Figure 4.3: Determining optimal annealing temperature for the rapid bsp PCR. 

Lanes 1-6 show the PCR products amplified from GBS genomic DNA at annealing 
temperatures of 65°C, 6 1°C, 58°C, 54°C, 50°C and 45°C respectively. 

M = Xl74-HinfI marker. 
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Figure 4.4: Effect of additives on the yield of the rapid bsp PCR. 
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Lanes 1 show the products obtained from a control sample that did not contain 
additives. Lanes 2-8 show the yield of the PCR after addition of BSA; ammonium 
sulphate; glycerol; BSA and ammonium sulphate; BSA and glycerol; ammonium 
sulphate and glycerol; and BSA, ammonium sulphate and glycerol respectively. 

M = X174-HinfI marker. 
N = No template DNA. 
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Figure 4.5: Determining the optimum magnesium chloride concentration for the 

rapid bsp PCR. 
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Lanes 1-9 show the PCR products obtained with magnesium chloride concentrations 
of 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and 5 mM respectively. 

M = X174-Hinfl marker. 
N = No template DNA. 
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Figure 4.6: Determining optimum primer concentration for the rapid bsp PCR. 
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Lanes 1-4 show the yield of the PCR with primer concentrations of 0.2, 0.4, 0.6 and 
0.8 M respectively. 

M = X174-Hinf1 marker. 
N = Negative control. 

109 



b) 

151 

j 

Figure 4.7: PCR products amplified from rapidly extracted template DNA. 

a) L W.- 

311—* 

151 —* 

M N P 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 M 

M N P 1 2 3 4 5 6 7 8 9 10 1112 1314 15 M 

DNA template prepared by heating in water (1-3); water with oil overlay (4-6); 
100 AL NaOH (7-9); 25 iL NaOH (10-12); and STET (13-15). 

DNA template prepared by heating in STET with oil overlay (1-3); SMGGB 
without heating (4-6); SMGGB (7-9); SMGGB with oil overlay (10-12); and 
the Lyse-N-GoTM reagent (13-15). 

M = X174-Hinfl marker. 
N = No template DNA. 
P = GBS genomic DNA. 
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Figure 4.8: Detection of products amplified by the rapid bsp PCR. 
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PCR products detected by agarose gel electrophoresis. 

PCR products detected by the DNA detection strips. 

N = No template DNA. 
M = X174-HinfI marker. 
G = GBS Genomic DNA. 
A = DNA Detection Test Strip control band. The strips contain a band of anti-Dig 

antibodies which acts as an internal control by detecting Dig-labelled PCR 
product or oligonucleotides. 

B = PCR products. The strips contain a band of streptavidin to bind the biotin 
molecule on the hybridisation probe. This ensures that only those PCR products 
capable of hybridising to the biotinylated probe are detected, thus providing a 
high level of specificity. 
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4.3.5 Detection of clinical GBS isolates 

Diagnostic tests for GBS must be able to detect all serotypes. Clinical GBS isolates 

obtained from Mayne Health Western Diagnostic Pathology were serotyped (table 

4.2) and isolates 2, 5, 17,4,41 and 1 were selected as representatives of serotypes Ia, 

Ib, II, III, IV and V respectively. Serotyping was limited to types Ia-V because of 

difficulty in sourcing antisera for types Vl-VIII. It is possible that serotypes VI-VIII 

may account for some of 10 non-typable isolates in this collection. Although no 

clinical data was available regarding the origin of these isolates, these results offer an 

insight into the distribution of GBS serotypes in Darwin and its surrounding areas. 

GBS Genomic DNA from serotypes Ia, Ib, II, III, IV, V and the 10 non-typable 

isolates, was successfully detected by the rapid bsp PCR (figure 4.9). These results, 

in conjunction with the highly conserved nature of the gene, suggest the PCR is 

suitable for detection of all GBS. 

4.3.6 The specificity of the rapid bsp PCR 

A preliminary assessment of the specificity of the rapid bsp PCR was done using 

several streptococcal species and a small collection of bacteria that may be found in 

vaginal flora. No product was detected when DNA preparations from these species 

were tested. The lack of products was not due to inhibition of the PCR, as products 

were obtained from all of these samples after they were spiked with GBS genomic 

DNA (figure 4.10). Although additional specificity studies with a more extensive 

range of organisms are required, these results strongly suggest that the rapid bsp PCR 

is specific for GBS. 
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Table 4.2: Serotypes of the GBS isolates obtained from Mayne Health Western 

Diagnostic Pathology. 

Serotype CBS isolates Number of each 
serotype (%) 

Ia 2, 8, 13, 14, 26, 28, 29, 32, 39, 42, 52, 56 and 58 13 (16.5%) 

lb 5, 37, 49, 77, 77 and 78 5 (6.3%) 

II 17, 18, 21, 23, 36, 44, 45, 46, 54, 60, 70, 72 and 73 13 (16.5%) 

III 4, 7, 15, 19, 20, 22, 25, 27, 30, 31, 33, 34, 38, 43, 

47, 48, 55, 59, 61, 64, 67, 68, and 69 

23 (29.1%) 

IV 41 1(1.2%) 

V 1,3,9, 10, 11, 50, 51, 53, 57, 63,71,75,76 and 79 14(17.7%) 

NT 6, 12, 16, 24, 35, 40, 62, 65, 66 and 74 10 (12.7%) 

rft 79 (100%) 

NT = Isolates that were non-typable. 
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Figure 4.9: Products amplified from GBS serotypes with the rapid bsp PCR. 

M N 1 2 3 4 5 6 7 8 9 10 1112 13 14 1516 M 

Lanes 1-6 show the products amplified from GBS serotypes Ta, Tb, II, III, IV and V 
respectively. Lanes 7-16 show the products amplified from the 10 non-typable GBS 
isolates. 

M = X174-HinfI marker. 
N = No template DNA. 
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Figure 4.10: Determining the specificity of the bsp PCR. 
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Lanes 1-4 show the results obtained with genomic DNA from group A, C and G 
streptococci and an Enterococcus sp. respectively. Lanes 5-8 show the products 
from the same samples with GBS genomic DNA added. 

Lanes 1-6 show the results obtained with genomic DNA from Staphylococcus 
aureus, Staphylococcus epidermidis, Escherichia coli, Kiebsiella pneumoniae, a 
Proteus sp. and Pseudornonas aeruginosa respectively. Lanes 7-12 show 
products from the same samples with genomic DNA from isolate GBS 5 added. 

M = X174-Hinfl marker. 
N = No template DNA. 
P = GBS Genomic DNA. 
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4.3.7 The sensitivity of the rapid bsp PCR 

Laboratory prepared samples containing known concentrations of GBS were tested 

with the rapid bsp PCR to determine the test sensitivity. A minimum of 1 x 10 4  cfu, 

or 5 x 104 cells, was required for PCR products to be demonstrated by agarose gel 

electrophoresis (figure 4.11 a). However, when the DNA Detection Test Strips were 

used to demonstrate PCR products only 1 x 103  and possibly 1 x 102  cfu were 

required (figure 4.1 ib). The intensity of the bands detected from these samples was 

considerably less than in samples containing > 1 x 104  cfu, but still clearly visible. 

These results suggest the DNA Detection Test Strips are more sensitive than agarose 

gel electrophoresis in detecting PCR product amplified from low concentrations of 

template DNA. This further supports inclusion of the DNA Detection Test Strips in 

the rapid bsp PCR. As clinical samples containing <10000 GBS cfu are often 

considered to reflect light co1onisation'7779, the results of this study suggest the 

rapid bsp PCR is sufficiently sensitive to be suitable for intrapartum detection of 

GBS. 
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Figure 4.11: Determining the sensitivity of the rapid hsp PCR with laboratory 

prepared samples. 
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Products detected by agarose gel electrophoresis (a) or with DNA Detection Test 
Strips (b). Lanes 1-6 show the results obtained from samples containing 106,  10 

102  and 10' GBS cfu respectively. 

M = XI74-HinfI marker. 
N = No template DNA. 
P = GBS Genomic DNA. 
A = DNA detection test strip control band. 
B = PCR products. 
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4.4 DISCUSSJON 

The purpose of this study was to develop a highly sensitive PCR test capable of 

detecting GBS within 2 hours. This objective has largely been met with the rapid 

bsp PCR proving to be highly sensitive when tested with laboratory prepared 

samples. Although requiring just under two and a half hours to generate a result, 

more time than originally intended, the test is sufficiently brief to warrant further 

investigation. 

The current format of the test appears to be sound with optimisation studies revealing 

PCR products can be detected over a range of reagent concentrations and annealing 

temperatures. This is an important finding suggesting the test is robust and therefore 

likely to be insensitive to minor experimental variation. Inclusion of BSA in the 

reaction mix may also enhance the durability of the test through its capacity to bind 

PCR inhibitory substances in biological samples292293. The rapid DNA template 

preparation and PCR product detection methods used in the current format of the bsp 

PCR are suitable for inclusion because of their timeliness and simplicity. The 

additional sensitivity achieved with the DNA Detection Test Strips further supports 

their inclusion in the test. 

In future studies the time required for the rapid bsp PCR will need to be reduced. 

This may be achieved by using a thermocycler with a higher ramp rate or by 

decreasing cycle incubation times. However, care will need to be taken to ensure 

that changes to the cycling conditions do not lower the yield of the PCR, and 

therefore cause a loss in overall test sensitivity. 



Opportunities also exist to reduce the time required for PCR product demonstration. 

Currently, the DNA Detection Test Strips require 45 minutes: 5 minutes for product 

denaturation, 30 minutes for hybridisation and 10 minutes for strip development. It 

is possible, however, that the time required for each of these steps can be 

substantially reduced. For example, the time required for denaturation could be 

lowered from 5 minutes to less than 1 minute, as the PCR products are only 112 base 

pairs long. In addition to this, the duration of the hybridisation step may be reduced 

from 30 minutes to 10 minutes as the strip manufacturer suggests this shorter time 

frame may be sufficient. Optimisation of the hybridisation reaction may allow this 

time to be reduced further. The strip manufacturer also suggests 10 minutes be 

allowed for strip development but in this study all positive results, including those 

that were only weakly positive, were clearly visible within three minutes. If 

denaturation can be achieved within 1 minute, hybridisation within 5-10 minutes and 

strip development within 3 minutes, the time required to demonstrate PCR products 

could be reduced to under 15 minutes. Again, future studies will need to confirm 

that such reductions can be made without loss in sensitivity. 

The specificity of the rapid bsp PCR appears to be very high in that all GBS isolates 

tested to date have been detected and no false positive reactions have been observed. 

Although further studies with a more extensive range of vaginal and rectal flora are 

required before definitive conclusions can be drawn, the results of this study are very 

encouraging. 

Similarly, the sensitivity of the test appears to be high but requires further 

confirmation. Theoretically, as little as 1-10 copies of template DNA can be detected 

by PCR  3 '. However, the efficiency of the rapid DNA extraction method used here 
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is low, and thus more copies of template DNA are required before the organism is 

detected. Despite this, the results obtained with this DNA extraction method suggest 

the rapid bsp PCR is sufficiently sensitive for detection of light levels of GBS 

colonisation. Further confirmation is, however, required to determine if similar levels 

of sensitivity are achieved when host cells, body fluids, proteins and other 

microorganisms are present. Testing of clinical samples is also required to determine 

if such substances will be inhibitory to the PCR. A preliminary study to address 

these issues is reported in the next chapter. 
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CHAPTER 5 

Preliminary Validation of the Rapid bsp PCR 

5.1. INTRODUCTION 

In addition to being rapid and highly sensitive, tests designed to detect intraparturn 

GBS colonisation must be able to function in the presence of vaginal and rectal 

secretions. Promising results were obtained when the rapid bsp PCR was used to test 

samples prepared in vitro, yet questions remained regarding the ability of the test to 

detect GBS from clinical samples. Although finding answers to such questions was 

largely beyond the scope of the current project, a preliminary study was undertaken 

as the first stage in validating this new test. The aim of this study was to determine if 

substances present in vaginal swabs would be inhibitory to the PCR and to briefly 

examine the ability of the test to detect GBS from clinical samples. 

5.2. MATERIALS AND METHODS 

5.2.1. Collection of vaginal swabs 

Ethical approval to collect and test vaginal swabs was obtained from the Top End 

Human Research Ethics Committee (TEHREC) and the Northern Territory 

University Human Ethics Committee. Non-pregnant volunteers were sought from 

amongst the Menzies School of Health Research staff during August 2001. Informed 

consent was obtained from all participants before enrolment in the study. In 

accordance with recommendations from TEHREC, an intermediary person recruited 

the volunteers and coded the swabs before delivery to the laboratory. This ensured 

that the laboratory investigator did not know the identity of the study participants. 

121 



Examples of the consent form and plain language statement used in this study can be 

found in appendix B. 

Volunteers were asked to self-collect two swabs from approximately 1 cm inside the 

vaginal introitus when they were not menstruating. The first was a plastic stemmed 

swab that was placed into Stuart's transport media (Interpath Services) and the 

second was a wooden stemmed swab (Interpath Services) that was kept dry. 

Volunteers were asked to keep the swabs at RT and return them within 2 hours of 

collection. Alternatively, the swabs could be kept in a refrigerator and returned 

within 24 hours. Any swabs returned more than 24 hours after collection were to be 

excluded from the study because of potential overgrowth by colifonTns. 

5.2.2. Testing for GBS by culture 

The swab in Stuart's transport media was cultured using standard microbiological 

techniques24'170. Briefly, the swab was used to inoculate a HBA and a CNA plate as 

well as a GBS selective broth. After 24 hours incubation at 37°C in 5% CO2  the 

plates were examined for GBS colonies and the selective broth was subcultured onto 

a CNA plate. The incubation step was repeated and the plates were again examined 

for GBS colonies. The Oxoid Streptococcal Grouping kit was used to confin-n the 

identification of GBS (2.2.4). Light colonisation was defined as isolation of GBS 

only after enrichment in SGE broth. Growth of GBS on either of the directly 

inoculated plates was considered indicative of heavy colonisation'70' 177 
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5.2.3. Testing for GBS by PCR 

The dry swab was used for the PCR to avoid introduction of any potentially 

inhibitory substances from transport media. Material on the dry swab was suspended 

in 500 1iL of deionised water with vigorous mixing. The suspension was heated at 

95°C for 10 minutes and then centrifuged at 16000 x g for 10 minutes at RT. The 

supernatant was discarded and the pellet was resuspended with 10 iL of deionised 

water. 3 tL of this was used as template in a 25 jiL PCR test. A second sample 

containing 3 tL of the DNA template preparation spiked with GBS genornic DNA 

was also tested. The PCR was done as described in 4.3.3 and products were detected 

by agarose gel electrophoresis (2.2.17) and with the DNA Detection Test Strips 

(2.2.18). 

5.3. RESULTS 

Vaginal swabs were provided from 16 volunteers and all swabs were returned within 

24 hours of collection. GBS was isolated from 5 of the 16 swabs (3 1%) and in each 

case the organism was detected only after enrichment in SGE broth, reflecting a light 

level of colonisation. The PCR detected GBS from one of the five culture positive 

swabs, and none of the 11 culture negative specimens. PCR products were detected 

from all samples spiked with GBS genomic DNA indicating that under these 

conditions inhibition of the PCR by substances present in vaginal secretions was not 

occurring (figure 5.1). 

Demonstration of the positive PCR result was limited to the DNA Detection Test 

Strip, and the intensity of the band detected was equivalent to that seen in the 

laboratory prepared sample containing 1 x 10 cfu (see figure 4.1lb). This finding is 

consistent with previous results that showed the DNA Detection Test Strips to be 
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more sensitive than agarose gel electrophoresis in detecting PCR products from 

samples with low concentrations of template DNA (4.3.7). High sensitivity and 

potentially low time requirements support inclusion of the DNA Detection Test 

Strips in a rapid GBS PCR test. 

Figure 5.1: Testing vaginal swabs for inhibition of the rapid bsp PCR. 

311—* - 

151 —* Now 

MNPI2M 

M = X174-HinfI marker. 
N = Negative control. 
P = GBS genomic DNA positive control. 
1 = Test sample. 
2 = Test sample with GBS genomic DNA added. 
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5.4. DISCUSSION 

As no doctors or nurses were associated with this study, volunteers were asked to 

self-collect vaginal swabs. Several studies have shown the majority of women prefer 

self-collection of vaginal swabs, and that such samples are as sensitive as those 

collected by physicians and nur5es294296. The number of volunteers enrolled in this 

study was sufficient to provide preliminary data regarding the suitability of the rapid 

bsp PCR as a diagnostic test for GBS. 

The results of this study are very encouraging. None of the samples tested gave false 

positive PCR results, despite a wide spectrum of vaginal flora being present. This 

finding reinforces results obtained with laboratory prepared samples and suggests the 

test is highly specific for GBS (4.3.6). Substances present in vaginal secretions did 

not inhibit the rapid bsp PCR. Although further work is required to determine if the 

PCR will also be resistant to substances in the rectum and intraparturn vagina, these 

results are very promising. 

The most important finding of this study regards the sensitivity of the PCR. Tests for 

intrapartum GBS colonisation must be able to detect the organism in all colonised 

women. In this study, the PCR failed to detect GBS in 4 of the 5 lightly colonised 

volunteers, indicating that in its current form the test is not suitable as a diagnostic 

tool. However, the test did detect GBS in one of the lightly colonised volunteers, 

suggesting the current sensitivity approaches that required for diagnostic GBS tests. 

It is possible that improved methods of DNA template preparation may be all that is 

required to provide sufficient sensitivity for the rapid bsp PCR to be suitable for 

detection of intraparturn GBS colonisation. Previous results suggested that DNA 

extraction by heating GBS in water was as efficient as extraction in NaOH and a 
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commercially available reagent (4.3.4). These results were obtained with high 

concentrations of GBS and were not complicated by the array of substances present 

in clinical samples. It is possible that DNA extraction in NaOH or commercially 

available reagents would provide a more efficient method for template preparation 

from clinical samples. This remains to be determined in future studies. 
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CHAPTER 6 

General Discussion and Conclusions 

In the absence of a vaccine, current strategies to prevent early-onset GBS disease 

(EOGD) are based on administration of intrapartum antibiotic prophylaxis (TAP). It 

is important that TAP administration is restricted to parturients at risk of delivering 

infants with EOGD to avoid the complications associated with widespread antibiotic 

use. The success of this approach is dependent upon accurate determination of 

intrapartum GBS colonisation. 

Culture is the routine method for identification of GBS, but requires too much time 

to be suitable in the intrapartum setting. Although several rapid GBS tests have been 

developed, most have lacked the sensitivity required to detect light levels of 

colonisation. As stressed in a 1997 US Food and Drug Administration alert, GBS 

tests that fail to identify all colonised mothers can result in lAP therapy being 

withheld, and this in turn has the potential to result in infant death260. Without a 

suitable rapid GBS test, clinicians must rely on the results of antenatal culture or the 

development of risk factors during labour to determine which parturients require 

TAP. While the debate continues about which of these strategies is most suitable, 

both approaches risk unnecessary treatment of parturients that are not GBS carriers, 

and more importantly, may fail to identify mothers that are colonised. To overcome 

these limitations the search for a rapid and accurate GBS test continues. In this 

study, two new GBS tests were developed; one of which shows great promise as a 

future rapid and sensitive diagnostic tool. 
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The first test was designed to detect the GBS surface enzyme C5a peptidase (C5a-

ase); however, the fluorescent substrates developed for this test were susceptible to 

the agents used to release the enzyme from the cell wall. Despite this result, the 

enzymatic test format used in this study remains promising in that it is very easy to 

perfonn, could provide results within 1 hour and is potentially highly sensitive. 

Indeed, Stafslien and Cleary297  recently described a similar test using a green 

fluorescent protein-05a-glutathione-S-transferase fusion protein capable of detecting 

0.8 nM of GAS C5a-ase within 45 minutes. Although this test was designed for 

research purposes, it demonstrates that fluorescently labelled substrate molecules can 

be used to quickly assay for C5a-ase activity. 

Future efforts to develop a rapid GBS C5a-ase test may be complicated by recent 

studies that have shown only 63% of virulent GBS serotype III isolates express a 

functional form of the enzyrne298  . This suggests that a substantial number of virulent 

GBS isolates would not be detected by a test for C5a-ase activity. If tests for C5a-

ase activity fail to identify all GBS isolates it is unlikely they would be suitable for 

intrapartum use. This will need to be considered before pursuing this type of test 

further. If C5a-ase does prove unsuitable as a marker of GBS, the test format 

described here may still be useful for detection of as yet unidentified GBS specific 

enzymes. 

Development of the second test, a PCR for the GBS bsp gene, was successful. 

Although the sensitivity and speed need improvement, the bsp PCR is sufficiently 

promising to be the subject of a patent application. Currently, the test requires two 

and a half hours to obtain a result. This time requirement may be decreased by using 

faster protocols for DNA template preparation, reaction cycling and product 
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detection. The sensitivity of the test is such that as few as 1 x iü GBS cfu are 

detected from laboratory prepared samples. In a preliminary study using vaginal 

swabs, the PCR successfully detected GBS in I of 5 lightly colonised women, 

suggesting that only minor improvements may be required to realise a suitable level 

of sensitivity. Such improvements may be achieved with better DNA template 

preparation methods. The specificity of the test is high and no inhibition of the 

reaction has been seen when substances from vaginal swabs are present. 

In its current fonnat the PCR costs $7.30 per test excluding the cost of swabs, 

equipment, labour and licensing fees. By comparison, the fully patented and 

marketed Amplicor' Chlarnydia test (Roche) costs $13.70 per test excluding the cost 

of swabs, labour and equipment. 

PCR is an attractive tool in the development of GBS tests because of the high level 

of sensitivity it can achieve. The emergence of light cycler technology has allowed 

the development of PCR tests that can detect GBS within 1 hour. For example, a 

recent publication described a highly sensitive GBS PCR test, targeting an 

unspecified gene, that requires at least 100 minutes when using a conventional 

therrnocycler, but less than 45 minutes when a light cycler is used299. These 

attractive qualities of PCR must be balanced against the requirement for trained staff 

and specialist equipment that can be expensive, particularly if a light cycler is 

required. Rapid tests for intrapartum GBS colonisation need to be available 24 hours 

a day. Previous studies have shown that GBS tests requiring trained staff are of 

limited use if the hospital laboratory does not offer a 24 hour service171. As noted by 

Schuchat, the "decreasing staffing levels in clinical laboratories . ..and the round-the-

clock nature of labor and delivery services may represent the ultimate challenges to 
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the rapid detection of group B streptococcus in hospital-based laboratories" 300 

Despite these obstacles, PCR based GBS tests are currently the most promising tools 

for detection of intraparturn colonisation. The usefulness of PCR tests may be 

increased in the future by targeting genes that allow differentiation of virulent and 

avirulent GBS strains. Such tests are likely to substantially reduce the number of 

women requiring lAP against GBS. 

In 2000, Schuchat30°  noted that "Although there is a temptation to claim victory at 

this point, complacency can be dangerous. Of the estimated 2200 newborns in the 

US in whom early-onset disease develops despite the existence of consensus 

guidelines, a substantial proportion represent missed opportunities for prevention". 

The current screening and risk-based approaches to prevention decrease the 

incidence of EOGD, but often result in unnecessary administration of antibiotics to 

mothers that are not-at-risk while failing to identif' those at-risk. Rapid and 

sensitive GBS tests will address these problems by identi'ing at-risk mothers more 

effectively than current strategies. This study has developed a rapid and highly 

specific conventional PCR based test that incorporates the DNA Detection Test 

Strips to substantially reduce product detection time. It is my hope that a more 

sensitive version of the bsp PCR, will prove suitable for intrapartum detection of 

GBS, and thus aid in the prevention of a disease that causes untold distress to so 

many families. 
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Appendix A 

Solutions and Media 



Solutions 

3 x Loading dye 
188mM Tris, pH 6.8 
6% SDS 
2.25% Freshly prepared -mercaptoethanol (Merck-Schchardt) 
30% Glycerol 
0.03% Brornophenol blue (Acros) 

5 x Loading dye 
312.5mM Tris, pH 6.8 
50% Glycerol 
0.05% Brornophenol Blue 

Agarose loading dye 
0.25% Brornophenol Blue 
40 % Sucrose 

Alkaline phosphatase developing solution 
100 mM NaCl ((BDH AnaTaR) 
5 mM MgC12  
100 mM Tris, pH 9.5 

10 x Colony taq buffer 
200mM Tris 
20 mM MgCl2  
250 mM KCI (BDH AnalaR®) 
0.5% Tween20 
I rng/mL Gelatine (BDH Fine Chemicals) 
Adjust to pH 8.3. 

NBT/BCIP developing solution 
225 ig/rnL NBT (Prornega) 
175 .ig/mL BCIP (Prornega) 
Made to volume with alkaline phosphatase developing solution. 

Running buffer for denaturing gel electrophoresis 
3 g/L Tris 
14.4 g/L Glycine (APS Fine Chemicals) 
I g/L SDS 
The pH was adjusted to 8.3 

Running buffer for Non-denaturing gel electrophoresis 
As for running buffer for denaturing gel electrophoresis but with no SDS and at 
pH 8.8. 
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Phosphate buffer 
60 parts 0.2 mM K2HPO4  (May and Baker Laboratory Chemicals) added to 40 parts 
0.2 mM NaH2PO4  ( M&B Pronalys AR) to achieve pH 7.0. 

Phosphate buffered saline (PBS) 
9.55 gIL PBS powder (Gibco BRL) 
The pH was adjusted to pH 7.4 unless stated otherwise in the methods 

Skim milk-glucose-glycerol-broth 
3% Tryptone Soya Broth 

0.5% Glucose (AJAX Chemicals) 
2% Skim milk 
10% Glycerol 

STET 
8% Sucrose 

5% Triton-X (Boehringer Mannheim GmbH) 
50mM EDTA, pH 8.0 
50 mM Tris-CI, pH 8.0 

TAE 
4.84 rng/mL Tris 
0.11% v/v Glacial Acetic Acid (BDH AnalaR®) 
1 mM EDTA 

TAE with ethidium bromide 
As for TAE but with ethidiurn bromide (Boehringer Mannheim GmbH) added to a 
final concentration of 0.3 mg/mL. 

Thin Layer Chromatography buffer 
The Thin Layer Chromatography (TLC) buffer was as suggested by Molecular 

Probes and contained chloroform, acetic acid, methanol (BDH AnalaR)  and water 
ina79:0.2:19.8:l ratio. 

Tris-Cl 
121.1 gIL Tnsbase(Sigma)  
157.6 gIL Trizma-HCl (Sigma®) 

Adjust to the desired pH with HCl. 

Tris-EDTA (TE). 
10mM Tris,pH8.0 

I mM EDTA, pH 8.0 
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Media prepared in-house 

2xYT 
16 rng/mL Tryptone (Oxoid Ltd)) 
10 mg/rnL Yeast Extract (Oxoid Ltd) 
5 rng/mL NaCi 

Hogness modified freezing medium 
3.6 mM K7HPO4  (AJAX Chemicals) 
1.3mM KH2PO4  
2 mM Tn-sodium-citrate (BDH AnalaR®) 
1 mM MgSO4  (AJAX Chemicals) 
4.4% v/v Glycerol 

THY with 20 mM glycine 
36.4 g/L Todd Hewitt Broth 
2 g/L Yeast Extract 
20 mM Glycine 
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Appendix B 

Forms Used to Recruit Volunteers for the 
Vaginal Swab Study 



Plain language statement used to recruit volunteers for 
vaginal swab study 

A SIMPLE AND RAPID TEST FOR GROUP B STREPTOCOCCUS 

Group B streptococcus, (GBS), is a bacteria that causes disease, mostly in newborn 
babies. It is sometimes found in the vagina of normal healthy women, where it does 
not cause disease; however, if a woman has GBS in her vagina when she goes into 
labour, it can be passed on to the baby. The baby can then go on to develop life-
threatening illness. 

We have developed a Polymerase Chain Reaction, or PCR, test that can detect GBS. 
PCR tests work by detecting small pieces of DNA that are unique to the bacteria. 
Our test works very well in the laboratory, but we need to find out if it will work on 
vaginal swabs. Vaginal secretions have a lot of substances in them, and we need to 
know if any of these substances will inhibit our PCR test. 

We are looking for healthy, non-pregnant women to help us with the development of 
our test by donating vaginal swabs. We will ask volunteers to donate two vaginal 
swabs. The swabs will need to be taken just inside the entrance of the vagina, and 
volunteers will be able to collect their own swabs. 

We will test the swabs by culture, the normal way of looking for GBS, and by our 
PCR test. It is okay for non-pregnant women to have GBS in the vagina. Volunteers 
with GBS in their swabs will not need any medical treatment. All results will be kept 
confidential and volunteers will not be identified in the study. All records will be 
destroyed when our study is finished. 

You do not have to join this study, its okay to say no. 

If you have any questions about this research you can contact Dr Heidi Smith-
Vaughan on 89228871 or at heidi@rnenzies.edu.au. If you have any questions or 
complaints about the ethics of this research, please contact the Topend Human 
Research Ethics Committee Secretary, Miss Gabrielle Falls on 89228624. 
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Consent form used when recruiting volunteers for the 
vaginal swab study. 

COLLECTION OF VAGINAL SWABS FOR RESEARCHING A TEST FOR 

GROUP B STREPTOCOCCUS 

I understand that, if I join this study, the vaginal swabs I provide will be used to look 
for the presence of PCR inhibitory substances in vaginal secretions. To do this the 
researchers will need to look for group B streptococcus in my vaginal swabs. It has 
been explained to me that it is normal for women to have group B streptococcus in 
the vagina. 

A subject information sheet explaining the project was given to me and explained to 
me by the project investigator. I understand that if I join this study there will be no 
immediate benefit to me. 

It has been explained to me that volunteers will not be identified in any results from 
this study, and that no information about volunteers will be stored at completion of 
the study. 

I UNDERSTAND THAT I CAN SAY "NO", AND NOT JOIN THIS STUDY. 

I, , agree to donate vaginal swabs for 
the above research. I agree to collect my own vaginal swabs and the procedure for 
doing this has been explained to me. I am not pregnant, and understand that the 
swabs cannot be collected during my period. 

Signed  Date  

Witness_______________  

If you would like a report of the results of this study, please leave your contact 
details in the space provided below. 

OR 

do not wish to join this study. 

Signed   Date  

Witness_______________________________________ 
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