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ABSTRACT

Pre-eclam psia is a hypertensive disorder o f  pregnancy that affects both  the m other and her 

unborn baby. It is the leading cause o f  m aternal and infant m orbidity  & m ortality. The specific 

aetiology o f  pre-eclam psia still rem ains unclear. Research suggests that the prim ary pathology 

o f  preeclam psia is defective placentation w hich may be caused by  m any  factors including 

infectious agents.

A ccordingly, the objective o f  this thesis was to study the viruses, bacteria and fungi p resen t in 

the placental tissues o f  w om en w ith pre-eclam psia and norm otensive p regnant w om en using 

m olecular genetic techniques. P lacental tissue, amniotic fluid, b lood  and urine sam ples w ere 

collected from  55 prim iparous w om en w ith pre-eclam psia and 55 prim iparous norm otensive 

pregnant w om en m atched for age and body mass index at the tim e o f  delivery  by caesarean 

section under stringent aseptic conditions.

The study w as carried out in two phases. In phase 1, a 500bp fragm ent o f  the 16S and 28S 

rR N A  genes w ere am plified and Sanger sequenced for the detection  o f  bacteria and fungi 

respectively. V iral m etagenom ics w as em ployed for the detection o f  viruses. In the presence o f  

m ixed infections, the am plified 16S and 28S rRNA genes w ere cloned and sequenced. In 

addition to the placental tissue sam ples, amniotic fluid, blood and urine sam ples w ere also 

tested for the presence o f  bacteria and fungi. In phase 2 o f  the study the p lacental tissue sam ples 

that w ere positive for bacteria w ere further studied using 16S m etagenom ics technology on  an 

Illum ina M iSeq Next G eneration platform .
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A t the end o f  phase 1, 7(12.7% ) placental tissue sam ples o f  the 55 w om en w ith  preeclam psia 

w ere positive for the presence o f  bacteria  and identified as B acillus cereus  in 1 (14.2% ), 

B acillus circulans  in 1 (14.2% ), Stenotrophom onas  in  1 (14.2% ), P seudoxanthom onas  in 1 

(14.2% ), K lebsiella  pneum onia  in  2 (28.5% ), Bacillus sp. in  4 (57.1% ), L actobacillus iners  in 

1 (14.2% ) and uncultured bacteria  in 3(42.8% ). The detection o f  bacteria  in the placental tissue 

sam ples w ere statistically significant (P=0.006). One (1 .8% ) p lacen ta l tissue  sam ple obtained 

from  a w om an w ith preeclam psia w as positive for the p resence o f  fungi w hich  was identified  

as M alassezia  restricta. H ow ever none (0% ) o f  the w om en w ith  p reeclam psia  w ere positive  for 

the presence o f  viruses. Sim ilarly , none (0% ) o f  the p lacen tal tissue sam ples obtained from  

norm otensive pregnant w om en had  bacteria, fungi or viruses.

In addition, 1(2%) o f  the 48 am niotic fluid samples, 3 (5 .5% ) o f  54 b lood  sam ples and  8 

(14.5% ) o f  the 55 urine sam ples obtained  from  wom en w ith  preeclam psia  w ere positive fo r the 

presence o f  bacteria. N ine (16% ) o f  the 55 urine samples obtained  from  norm otensive pregnant 

w om en had bacteria. A ll am niotic fluid, b lood and urine sam ples ob tained  from  w om en w ith 

preeclam psia  and norm otensive p regnan t w om en were negative fo r the p resence  o f  fungi. At 

the end o f  phase 2, com plete m icrobiom e o f  the 7 placental tissue sam ples w as obtained.

This study confirm s the presence o f  bacteria in the p lacental tissues o f  a subset o f  w om en w ith 

pre-eclam psia and support the ro le o f  bacteria  in the m ulti facto ria l aetio logy  o f  pre-eclam psia.
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A C K N O W LE D G EM EN T

“Life is like an Ocean, it can be calm  or still, rough or rigid, tu rbu len t a t tim es but in the end 

it is alw ays beautifu l.”

The unassum ing but yet huge service carried out by the m edical fraternity , and their sacrifice 

attracted m e to m edicine a t a very  young age. As the years w ent by  and as we reached  the 

gradual ages o f  m aturity, under the guidance o f some great teachers and our parents, w e saw 

the w orld and the reality. It was an age o f  sincerity guided by  p rincip led  people. C ertain books 

and docum ents w e w ere encouraged to read enhanced m y  in terest in m edicine and the m edical 

field. R eading on research fascinated m e, “prevention over cure” m ade m e to choose a pa th  in 

the research field.

W ith  the daw n o f  the N ew  Y ear in  2 0 0 9 ,1 had just returned after com pleting m y M Sc from  the 

U niversity  o f  W estm inster London, a new  chapter turned in m y  life and the opportunity  o f  

realizing m y dream s in follow ing a field o f  research cam e true. Few  w ords m ay never express 

our sincere gratitude to Prof. V ajira  D issanayake for the faith  he displayed, entrusting m e w ith 

one o f  his m ain  and a priority  p ro ject in identifying a com m on cause for preeclam psia. It was 

no easy  journey . Professor V ajira guided us and worked side by  side w ith  us leading from  the 

front to accom plish  our m ission. H is determ ination and dedication to serve saw us through 

m any difficult encounters.

Turbulent tim es w ere there, tim es o f  happiness and d isappointm ent, tim es o f  desperation, but

Prof. V ajira D issanayake and Prof. R ohan Jayasekara stood as p illars and there w as no return

until and otherw ise the m ission w as accom plished, the destination  reached. They never let go

standing firm ly beside you, checking and correcting every  fau lty  step. T he facilitation and

funding provided  by  the H um an G enetics U nit under the guidance o f  Prof. V ajira D issanayake
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and Prof. R ohan Jayasekara to ob tain  the results using latest technology by  u tiliz ing  the m ost 

advanced facilities available at Illum ina Singapore is recorded w ith  appreciation  and gratitude. 

Prof. H em antha Senanayake m ade h im se lf available at all tim es fo r guidance and clarifications, 

sharing his know ledge on preeclam psia  and providing us w ith  invaluable advice. It is w ith  m uch 

sincerity  that I record m y appreciation  to these great Supervisors, great h um an  beings for their 

unw avering confidence and  the strength and support they  extended th roughout the d ifficult 

journey .

It w as not a jo u rn ey  travelled  alone bu t w ith many, w ho contributed  in  num erous w ays. I w ish  

to record  m y appreciation to the D irec to rs’ and the s ta ff  o f  D e Soysa H osp ital for W om en 

C olom bo, Castle Street H ospital fo r w om en, Colombo and the K ethum athi H ospital fo r W om en 

in Panadura fo r granting perm ission  for the recruitm ent o f  patients and provid ing  necessary  

assistance in collection o f  sam ples. R ecruiting patients w as not an  easy task  and  since m ost o f  

the expectant m others in  such circum stances underw ent em ergency caesarean  section it m ade 

the process even m ore difficult. It is w ith heartfelt gratitude that I thank D r. K aluarachchi, Dr. 

S inhabahu, Dr. N ishaharan, Dr. P rabodana, Dr. Anuradha, Dr. C hinthaka, D r. Sew w andhi, Dr. 

Tharidhu, and Dr. K um udu o f  D e Soysa H ospital o f W om en w ho assisted  in  the co llection  o f  

sam ples w ithout a w ord o f  com plaint, in spite o f  certain d ifficu lties it created , but w ith  great 

enthusiasm  as fo r them  too, the cause was a m otivating factor. A  huge w ord  o f  appreciation to 

all the nurses and m idw ives o f  D e Soysa H ospital for the ir assistance w ith  a special w o rd  o f  

thanks to M s. A thapaththu, Ms. N adhee, M s. Am ali and M s. Sanju  also o f  D e Soysa H ospital 

for being  very  supportive, encouraging  and never m issing a sm ile even w hen  they w ere called 

upon  on num erous occasions and m ore often than otherw ise, to call and pass on the m essage o f 

a patien t undergoing an em ergency  caesarean.
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The assistance and support received from the Doctors & the staff of Kethumathi Hospital for 

Women, Panadura is acknowledged with thanks whilst recording a special word of appreciation 

to Dr. Anoma Abeygunawardena, the Director, Kethumathi Hospital for Women, Panadura. 

Dr. Abeygunawardena, took personal interest in the project and was pleasantly appreciative of 

the fact that her hospital has also been selected for research of such nature. She personally 

explained the importance o f this research project to all her staff members and patients by 

visiting each and every ward with me. Dr Anoma I observed as a very compassionate person 

whose priority concern remained the patient’s wellbeing.

1 remember, with utmost sincerity the team at Human Genetics Unit, Faculty of Medicine 

Colombo. My colleagues who stood by me for four and a half years tolerating, encouraging and 

supporting me right through out. Human Genetics Unit will always be a memorable place for 

me where I found great friends, personalities always with words of encouragement and wisdom. 

A special word of thanks to my seniors Dr. Gayani, Dr. Nilakshi, Dr. Kalum & Dr. Chamila for 

the unwavering support guidance and words of advice.

My heartfelt gratitude and thanks to all at Illumina Singapore Pte Ltd for the unstinted support, 

technical guidance and for sharing their immense knowledge with me based on a request made 

by Professor Vajira Dissanayake. A huge acknowledgement of Kahlil, Ana, Aijuna, Ram and 

the informatics team of Illumina for the continuous inspiration, guidance and for sharing their 

professional excellence. My sincere appreciation to Nilaksha Neththikumara of the Department 

of Anataomy who withstood all challenges and provided an immense support in carrying out 

phylogenic analysis under strenuous conditions. Also the teams of ACGRM Laboratory 

Colombo and the Credence Genomics Colombo, is recorded with sincerity.
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The D irector and the s ta ff  o f  the N ational Science Foundation  are also  rem em bered  w ith  

appreciation fo r all their encouragem ent and support. A special w ord  o f  thanks to M s D ilan i for 

all the coordinating  activities carried  out on b eh a lf  o f the D irecto r N ational Science Foundation. 

The R esearch aw ard gran ted  by the  N ational Science F oundation  has assis ted  and supported  

the p ro jec t im m ensely. |\) S  p - /  f  2 - ^ A - 2- f  & S>

A w ord  o f  sincere appreciation  for the RJHDC com m ittee, Dr. Sharm ini G unaw ardena, and  the 

board  for all valuable com m ents, advice, guide lines and  recom m endations to ensure the 

success o f  th is research project.

It w as during  m y  school days that I first heard and read about genetics and D N A . The read ings 

encouraged m e to  study and follow  a path  on m olecular genetics. H ow ever it w as m y  form er 

head o f  the D epartm ent o f  B io techno logy  at Presidency College, U n iversity  o f  B angalore, Dr. 

Seeba M anoj w ho encouraged and developed the desire and the yearn ing  to delve deeper. B eing  

a strict d iscip linarian  she insisted  on  perfection, ensuring the best in  us. L essons she im parted , 

the skills w e acquired and  the values we learnt from  Dr Seeba w ill alw ays rem a in  in our hearts, 

together w ith  h e r w ords o f  inspiration.

The voyage w as no t easy, ride at tim es was rough and the path  obstructive b u t m y paren ts and 

m y sister stood by  me. T hey w ere called  upon on num erous occasions to  d rive  th roughout the 

night at certain  tim es, parked  and aw aiting  at hospitals u n til I co llected  the sam ples and  stored 

them  at F acu lty  cool room . T his is in  spite o f  the fact that they  had  to  be at w o rk  the nex t day. 

E veryone had  to be content w ith  a couple o f  hours sleep on such occasions. F ew  w ords w ill not 

be enough  to reco rd  m y feelings tow ards m y  A m m i, A ppachch i, and N ang i for the sacrifice 

and for supporting  me patiently . T hey  stood by, m otivating and encourag ing  m e at tim es o f  

doubt and uncertainty.
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best friends, Suhashi, Isuri and th e ir fam ilies for the encouragem ent they  extended and  for 

standing by m e at tim es o f  desperation  and dem anding.

W e have reached  the end o f  a chapter w hich  w ould be the beg inn ing  o f  a new  one. A s P ro f  

V ajira D issanayake insists the bo o k  w ould  be closed on ly  the day  p reven tion  or an u ltim ate  

cure is identified  for pre-eclam psia; the day the expectant m others and  bab ies w ould  be beyond  

the reach  o f  such deadly diseases.
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1 IN TR O D U CTIO N

1.1 D efin ition  o f ‘Pre-eclam psia’

The hypertensive disorders o f  p regnancy are conditions associated  w ith  h igh  b lo o d  pressure, 

pro teinuria  and in  certain  cases convulsions during pregnancy. The In ternational Society for 

the Study o f  H ypertension in  P regnancy (ISSH P) defined p re-eclam psia  for research  purposes 

as de novo  occurrence o f hypertension (systolic b lood  pressure (SB P) > 140 m m H g and d iasto lic  

b lood pressure  (D B P) >90 m m H g) on tw o occasions 6 hours apart occurring  a fter 20 w eeks o f  

gestation  in  a prev iously  norm otensive pregnant wom an, w hich returns to no rm al b y  the end o f  

the th ird  m onth  postpartum , in  association w ith proteinuria (>300 m g  in a 24 h o u r co llection  

or >500m g/L  on a spot urine co llection  or >30 m g protein /m m ol creatin ine in  a spot u rine 

co llection  or, failing other m easurem ent, >1+ on dipstick testing) (B row n, 2001, D issanayake 

et al., 2004) not associated w ith  u rinary  tract infection or ruptured m em branes.

T he presence o f  oedem a, w hich was u sed  in  the past as a necessary  feature  for the diagnosis o f  

p re-eclam psia  is no longer being  u sed  and has now  been  rem oved  from  b o th  clin ical and 

research  defin itions as it is not specific to the condition.
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1.2 Im portance o f pre-eclam psia

1.2.1 M orb id ity , m ortality and incid en ce o f  pre-eclam psia  in S ri L anka

Sri Lanka is a sm all country w ith  a land area o f  62700 km 2 and a popu la tion  o f  approxim ately  

20 m illion . The population  o f  fem ales in C olom bo the capital o f  Sri Lanka, is estim ated  to  be  

around 1.2 m illion  and  fem ale literacy  is around 89.7%  (S tatistics, 2005). T he gross national 

incom e p e r capita approxim ates to U S $ 1540. W hilst 1.8% o f  the g ross dom estic  product is 

spent on health  care, the spending on m aternal and child health  rem ains at 0 .23%  (S enanayake 

et al., 2011).

D uring the year 2010, C olom bo has recorded  56,326 live b irths w ith  a p o p u la tion  grow th rate  

o f  1.4 (U N FP A , 2007). P regnancy or the expectant arrival o f  a new  bab y  is an im portan t phase 

o f  life, no t only fo r the m other to  be, b u t also for the w hole fam ily , and  w ill rem ain  a un ique 

event in  any  culture. The m other to  be and  fam ilies rejoice w ith  the g rea test g ift m ank ind  w ou ld  

ever receive. To have hopes dashed and  lost forever due to the  loss o f  a life o f  the m other or 

child  and  in  certain  instances o f  both  as a resu lt o f  com plications that arise during  the  p regnancy  

period  rem ains a m assive concern  fo r the  entire world.

F o r decades, hypertension  during  p regnancy  has been  one o f  the lead ing  causes for m aternal 

deaths in  Sri L anka (Prathapan, 2012). P re-eclam psia  rem ains a v ita l and  a m ore  com plicated  

d isorder no t only due to the deaths associated  w ith  the cond ition  bu t the perm anen t dam age it 

could cause to  certain  cm cial organs o f  the m other.
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P re-eclam psia is no t a stranger o r a recen t d iscovery  in Sri Lanka. A ccord ing  to Senevirathne, 

2009, the first pub lication  on eclam psia  in Sri Lanka appeared in the C eylon  M edical Journal 

in  the year 1891 in  w hich A ttygalle  and  N eli p rov ided  a c lassical descrip tion  on pre-eclam psia/ 

eclam psia, the natural progression  re la ted  to the disease and m anagem ent. M aternal deaths due 

to hypertension  during  the period  1931 to 1935 ranged betw een  57 to 81 .45%  w hich has 

g radually  decreased  to  11.8%  by  1940 due to im provem ents in  an tenatal care (S enevirathne, 

2009).

The m aternal m ortality  rate o f  Sri L anka (F igure 1.1) stood at 33.4 p e r 100,000 live births in  

2008 (S enanayake et al., 2011) and in fan t m ortality  rate stood at 12 p e r 1000 live  births during  

the year 2003 (S tatistics, 2005).

F igu re 1.1 M atern al m ortality  ratio of Sri L an k a 1995-2008

The m aternal m ortality  rate o f  Sri L anka w as h igh  at 61 per 100,000 live b irths in  1995 and has 
decreased  to 33.4 per 100,000 live b irths in 2008. A nnual M aternal M o rta lity  R eview , F am ily  
H ealth  B ureau , C olom bo, Sri L anka (Senanayake et al., 2011)
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H ypertensive d isorders accounted for 10.3%  o f  m aternal deaths in 1997 (F am ily  H ealth  FH B , 

1998). In 2007 m aternal deaths w ere reported  as 7%  (Figure 1.2) against neonata l deaths o f  

24%  (Senanayake et al., 2011).

F igure 1.2 C ausal trends o f  m aternal m ortality in Sri L an k a  1997-2007

PPH , P ost-P artum  H aem orrhage; P IH , Pregnancy Induced H ypertension . In  y ear 2007 the 
Pregnancy  Induced  H ypertension  rem ains the fourth m ost com m on cause o f  m aternal deaths 
accounting  for 7% . A nnual M aternal M ortality  Review , F am ily  H ealth  B ureau , C olom bo, Sri 
Lanka, unpub lished  data (Senanayake et al., 2011)

A  study carried  ou t in 2007 repo rted  that m any  w om en w ith  p re -ec lam p sia  had  severe 

p regnancy  com plications w here, 75 .5%  o f  w om en had systolic b lood  p ressu re  o f  >  160m m H g, 

83.8%  o f  w om en had  diastolic b lood pressure o f  >  1 lOm m Hg and 87%  o f  w o m en  suffered o f  

p ro te inuria  >  3+. The report also  indicated  that 38.3%  o f  w om en delivered  at < 34 w eeks and  

48%  o f  babies b o m  to w om en w ith  p re-eclam psia  w ere sm all for gesta tiona l age. The study 

w hich had  been  carried  out at tw o tertia ry  care hospitals in  Sri L anka had  an  incident o f  one 

m aternal death  and  25%  o f  h igh  prenatal m ortality  rate (D issanayake et al., 2007).
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It is observed  that Sri Lanka has p rogressed  satisfactorily  in m aternal h ealth  care over the years. 

It is believed  that free health care services and free education facilities availab le  in  Sri L anka 

has contributed  im m ensely  tow ards such  achievem ents. H ow ever a substan tia l am ount o f  

p regnancy related  com plications associated  w ith  pre-eclam psia  rem ains yet to be addressed 

and needs to be addressed soon (D issanayake, 2004, Zhang, 2003). P re-ec lam psia  in the 

m eantim e continues to contribute to nearly  50%  o f  m aternal deaths (A ttygalle , 2011).

Early  onset o f  pre-eclam psia  under norm al circum stances is re la ted  to an enhanced  risk  o f  

poten tia lly  fatal com plications such as eclam psia, haem olysis, e levated  liver enzym es and 

placental abruption  (van R ijn  e t al., 2006) and as o f  date p regnancy  induced  hypertension  

rem ains the fourth  com m onest cause fo r m aternal deaths in Sri L anka as in d ica ted  in F igure  

1.2. P re-eclam psia  is responsib le for severe m orbid ity  and m ortality  caused  b y  ‘Ia trogenic  

P rem atu rity ’. The only  know n ‘cu re ’ fo r such adverse conditions rem ains d e liv e ry  o f  the b ab y  

or the p lacenta. M any  babies b o m  to m others w hose pregnancies are co m p lica ted  w ith p re ­

eclam psia undergo  pre-term  delivery  w ith  severe neonatal m o rb id ity  and m ortality  risks 

(Senanayake et al., 2011).

This situation  highlights the need  fo r special care and atten tion  fo r the  m others  and  babies in 

pregnancies com plicated  w ith pre-eclam psia. In a study carried  out in Sri L anka, 34%  o f infants 

reported  to have b een  b o m  to w om en w ith  p re-eclam psia requ ired  specia l care (Jayaw ardana, 

1994). T he Perinatal M ortality  R ate (PM R ) in  Sri L anka accounted  fo r 25%  in 2004  

(D issanayake, 2004) and 24%  in 2011 (S enanayake et al., 2011). This is com paratively  h igh  to 

the PM R  o f  the w est w hich rem ains a t 5%  (Z hang, 2003). U nder these c ircum stances, the 

necessity  to  fu rther reduce the m aternal and neonatal m orb id ity  and  m o rta lity  in Sri L anka
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rem ains a priority. It is a fact that Sri L anka is yet a long w ay aw ay in  reach ing  its goal tow ards 

achieving a single digit m aternal m ortality  rate providing safe m otherhood  to all w om en 

(Prathapan, 2012).

1.2.2 M orb id ity , m ortality and incid en ce o f pre-eclam psia g lobally

“Life is precious in  all context and no  w om an should die g iv ing  life” (U N F P A , 2007). Safe 

m otherhood is a righ t o f  every w om an and  it is unacceptable w hen  p regnancy  k ills. It is indeed  

distressing to note that everyday around 800 w om en w orldw ide die from  p regnancy  and child  

birth  re la ted  com plications (W H O , 2012). E very  year, 10-15 m illion  w om en  suffer from  the 

afterm aths o f  p regnancy  related com plications and pre-eclam psia rem ains one o f  the key  causes 

o f  m aternal death  (U N FPA , 2007). It is estim ated that pre-eclam psia is responsib le  for 50 ,000 

m aternal deaths (W H O , 2011) and 5-7%  o f  all pregnancy com plications w orldw ide  annually  

(Sarsam  et al., 2008, W agner, 2004, Thangaratinam  et al., 2008, G ailla rd  et al., 2011b, 

G hulm iyyah and Sibai, 2012). T hough m any studies exist on the incidence o f  p re-eclam psia , 

assessing the epidem iology o f  the d isease or the incidence o f h y p erten siv e  d isorders o f  

pregnancy rem ains som ew hat d ifficult due to the inadequate standards fo llow ed  (D olea, 2003).

H ow ever the im pact o f  the d isease is fe lt m ore severely  in develop ing  countries in  com parison 

to the developed  countries (A dam u et al., 2003, O sungbade and Ige, 2011 , Igberase and 

Ebeigbe, 2006, Irgens et al., 2001). A  w om an is 7%  m ore likely  to develop  pre-eclam psia  in 

developing countries com pared to  the developed  countries and  ten  m illio n  w om en  develop p re ­

eclam psia each year around the w orld  (P reeclam psia_Foundation, 2013). T he risk  o f  severe 

m orbid ity  associated  w ith hypertension  in p regnancy is estim ated  to  be ten tim es higher than  

the m aternal m ortality  rate (K uklina et al., 2009).
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In the U nited  States pre-eclam psia  is responsib le  for around 6-10%  o f  p regnancy  com plications 

and accounts for 15.9%  o f  m aternal deaths (B ackes et al., 2011). A lso , the  nu m b er o f  w om en 

hosp ita lized  due to pregnancy induced hypertension  including p re -ec lam p sia  is o n  the increase 

in the U nited  S tates day by day  and the m ajority  o f  the cases are assoc ia ted  w ith  severe 

obstetrics m orbidity . A  study carried o u t during  the period 1998- 2006  rev ea ls  th a t w om en 

hosp ita lized  for hypertension  had  a h igher risk  o f  adverse p regnancy  com plica tions com pared  

to the norm otensive  pregnant w om en being  hospitalized  (K uklina  et al., 2009). In A frican, 

L atin  A m erican  and the C aribbean countries it w as responsible for 2 0 -25%  m aternal deaths 

(D uley, 1992). R ecen t reports indicate an incidence rate o f  3 .3%  in A u stra lia  (T horn ton  et al., 

2013). N ig eria  has a prevalence rate be tw een  2 to  16.7% w ith  p re -ec lam psia  b e in g  the m ajo r 

cause o f  m aternal deaths (O sungbade and  Ige, 2011). In N igeria  the r isk  o f  m ate rn al death  due 

to p regnancy  com plications is about 1 in  7 w hilst in Ireland it rem ains at 1 in  48 ,0 0 0  (U N FPA , 

2010 ).

In South A frica , p re-eclam psia  is the second m ajo r cause o f  m aternal deaths and  in U nited  

K ingdom  it is be lieved  to be the fourth  m ost com m on cause (D yer e t al., 2007). A frican  

countries such  as South A frica, Egypt, T anzania , and E th iopia record  a range be tw een  1.8 to 

7 .1%  (M ahaba et al., 2001, O sungbade and  Ige, 2011, K im bally  et al., 2007, T h iam  et al., 2003, 

Teklu  and G aym , 2006). The incidence o f  eclam psia in  the developed  coun tries  o f  N orth  

A m erica and  E urope is estim ated  to be around 5 to 7 cases p e r 10,000 deliveries  w hereas 1 

case p e r 100 pregnancies is recorded in  develop ing  countries (W H O , 2004). G lobally , 10-15%  

o f  direct m aternal deaths are associated  w ith  p re-eclam psia  and eclam psia  (D uley , 2009) and 

there is a fivefo ld  increase in perinatal m ortality  follow ing p re -ec lam p sia  (B row n et al., 2001). 

A ccord ing ly  severe m aternal m orb id ity  associated  w ith p reeclam psia  is no t on ly  restric ted  to
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Sri L anka bu t rem ains a global p rob lem  w hich  aw aits to be add ressed  as a p rio rity  (Zhang, 

2003).

P re-ec lam psia  leads to com plications in  the liver, k idney, b ra in  and c lo tting  system . In addition, 

m aternal com plications have a negative effect on  neonatal health  w ith  an  increasing  risk  o f  

p rem aturity , p o o r g row th  and fetal death . O ver 3 m illion  neonatal deaths are rep o rted  each year 

due to obstetrics com plications (C ousens et al., 2011). 12% o f  bab ies b o m  to  w o m en  w ith  p re ­

eclam psia are sm aller for gestational age (SG A ) and l /5 th o f  them  are p rem atu re . In the U nited  

K ingdom , 6%  o f  babies b o m  to w om en  w ith  pre-eclam psia  die annually . In develop ing  

countries around, 27%  o f  neonatal deaths are caused  by p re -ec lam p sia  and  ec lam p sia  (D uley, 

2009). A s d iscussed , the incidence o f  p re-eclam psia  varies from  co u n try  to  country . I t is 

d ifficu lt to deduce  accurately  the  incidence o f  pre-eclam psia. T his v a ria tio n  m ay  be due  to 

varia tions in d iagnosis and c lin ical m anagem ent o f  the cond ition . It is ev iden t th a t 

ep idem io log ical studies carried  out o ver the years indicates no  red u c tio n  in  th e  inc idence  o f  

p re-ec lam psia  associated  w ith  the overa ll b u rd en  o f life  th rea ten ing  severe  obstetrics 

com plications. T here  are no re liab le  m arkers fo r pred iction  and  de tec tio n  o f  p re -ec lam p sia  and  

early  de livery  p laces the life o f  the  foetus a t a m assive risk (K uk lina  et a l., 2009).
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1.3 P atho-physio logy o f pre-eclam psia

P reeclam psia  is a disease lim ited  to hum an  pregnancies and  its ae tio logy  still rem ains a 

m ystery. P re-ec lam psia  is now  acknow ledged to be a tw o-stage d iso rd er (D issanayake, 2004, 

R oberts, 2000, R edm an  and Sargent, 2005).

Stage 1 - D efective  p lacentation

Stage 2- M aterna l syndrom e characterized  by endothelial dysfunction

1.3.1 D efective  p lacentation

The only  assured  cure  so far know n fo r pre-eclam psia  is te rm ination  o f  the  p reg n an cy  b y  the  

delivery  o f  the p lacen ta  and the foetus. This w ou ld  resolve the adverse  m a te rn a l condition  

w hich  p ers is ted  w ith in  days i f  n o t hours. H ow ever, it is also ev iden t from  observations m ade 

over the years th a t ‘cu re’ depends on  the delivery  o f  the  p lacen ta  ra th e r th an  foetus. 

A ccord ing ly , it is c lear that pa thophysio logy  o f  the  placenta is p rim arily  resp o n sib le  for the 

d isorder ra ther th an  fetal elem ents o f p regnancy  (Jeffcoate, 1966). T he  p lacen ta  is w ell know n 

to p lay  the k ey  ro le  in  the developm ent o f  p re-eclam psia  thus m ak ing  it a d iso rd e r o f  p regnancy  

(C arty, 2011).

D uring norm al p regnancy, cy to trophoblast cells deriving from  the ancho ring  v illi o f  the fetal 

part o f  the p lacen ta  invade the m aternal endom etrium . This p rocess is k n o w n  as in terstitia l 

invasion. A  p o rtio n  o f  these ex tra  v illous trophob last cells atta in  endo thelia l characteristics and  

invades m aternal sp ira l arteries w hich  p rocess is know n as end o v ascu lar invasion . D uring  early  

p regnancy, these trophoblast cells he lp  in m ain tain ing  a hypox ic  u te rin e  env ironm ent 

(P enn ing ton  et al., 2012). T hey even tua lly  substitu te  som e o f  the endo thelia l cells  in  the vessel
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w all and m ake the vesse l w all ‘leaky’, filling  in ter v illous spaces o f  the  p lacen ta  w ith  m aternal 

b lood  as show n in F igure  1.3 (K aufm ann  et al., 2003, H unkapiller and F isher, 2008 , Penning ton  

et al., 2012).

F igu re 1.3 A b n orm al p lacen tation  in  w om en w ith  p re-eclam p sia

W om en w ith  p reeclam psia  have shallow er invasion  o f  spiral arteries and  red u ced  trophoblast 
invasion, resu lting  in an  abnorm al p lacen ta tion  (L am  et al., 2005)
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As illustrated in figure 1.3, invasion o f  the spiral arteries in  w om en w ith  preeclam psia is 

shallow er and these arteries rem ain as sm all calibre resistant vessels w ith  reduced  placental 

perfusion (Lam  et al., 2005) due to the sm aller num ber o f  trophoblast cells p resen t w ithin the 

spiral arterioles, w hich  makes the vessel w all rigid (K hong et al., 1986, A quilina and 

H arrington, 1996). Consequently, reduced trophoblast invasion is an early  event in the 

developm ent o f  pre-eclam psia. It is believed that abnorm al rem odelling  o f  m aternal spiral 

arteries deprives the placenta o f  oxygen and that the consequential hypoxia  generates the 

sym ptom s o f  preeclam psia (K hong et al., 1986, Roberts and Hubei, 2009, Penning ton  et al., 

2012 ).

During norm al pregnancy, trophoblastic invasion is associated w ith  p rom inen t changes in  the 

spiral arteries. The diam eter o f  the  spiral arteries increases four to six tim es. H ow ever, unlike 

norm al pregnancy, such changes do n o t take place or rem ain  considerab ly  low  in w om en 

suffering from  pre-eclam psia. A  40%  reduction in  the spiral arteries w as observed  in w om en 

w ith pre-eclam psia com pared w ith  the norm al pregnant w om en. They m ay take p lace in  o ther 

external decidual vessels but w ould not extend to the inner th ird  o f the  m yom etrium  (Roberts, 

2000, R oberts and Catov, 2008, Lam  et al., 2005). This leads to failed  trophoblastic  invasion 

leading to incom plete rem odelling o f the u terine spiral arteries, causing defective placentation 

resulting in unfavourable obstetric conditions like pre-eclam psia (E nders and B lankenship, 

1997, H arendra et al., 2011, G om ez and Parry, 2009, de G root et al., 2005, H ung et al., 2002, 

G ilbert et al., 2008). Research findings also suggest that infection specific inflam m ation  plays 

a role in trophoblast com plications w hich  leads to defective p lacen ta tion  causing pre­

eclam psia. It is reported  that pre-eclam psia patien ts with an infection had an altered  balance 

betw een proliferation and apoptosis o f  villous trophoblast cells in the p lacental tissues 

(Padm ini, 2011).
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It is ev ident from  past studies that babies b o m  to w om en w ith  early  on set p re-ec lam psia  w ere 

b o m  pre-term  and w ere sm all for gestational age (SGA ) or w ere experienc ing  in tra  uterine 

grow th  reduc tion  (IU G R ) com pared  to the  babies b o m  to w om en w ith  late onset pre-eclam psia . 

A bnorm al p lacen ta tion  leading to reduced  p lacen ta l perfusion w ill lim it the  nu trition  and 

oxygen transported  across and w ill resu lt in  IU G R  and SGA bab ies (R oberts  and  C atov, 2008). 

E ven  though  the pathophysio logy o f  defective p lacen tation  is k n o w n , the  aetio logy 

contributing  to the defective p lacen tation  still rem ains unknow n.

1.3.2 M atern a l syndrom e

The second  stage is the m aternal response  to defective p lacen ta tion  ch arac te rized  by  the 

prim ary  clin ical p ic tu re  o f  hypertension  and pro teinuria  (L am  et al., 2005). A s show n in to 

figure 1.4, reduced  placental perfusion  secondary  to  defective p lacen ta tion  m ay  re su lt in  a state 

know n as ‘ischaem ic p lacen ta ’. This re leases a range o f factors into the  m aternal c ircu lation  

w hich  causes endothelial dysfunction lead ing  to  the  developm ent o f  p re -ec lam p sia  (P enning ton  

et al., 2012, C arty, 2011, Lee et al., 2007, R edm an and Sargent, 2010).
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Uterine placental blood flow

I

Figure 1.4 P lacental ischem ia and hypertension

The decreased u terine blood flow  causes placental ischem ia w hich  leads to  endothelial 
dysfunction during pregnancy leading to preeclam psia. sF ltl, soluble form s like tyrosine kinase 
1; TN F- a , T um or N ecrosis Factor; IL-6, In terleukin  6; A T1-A A , ang io tensin  receptor auto 
antibodies ; PIGF, Placental G row th Factors, V EG F, V ascular Endothelial G row th  Factor

30



T he decreased  u te rin e  b lood flow  causes p lacen ta l ischem ia w hich  increases the  levels o f  

cy tokines, so lub le  form s like tyrosine k in a se -1 leading  to the d ecrease  o f  p lacen ta l grow th 

factors and  v ascu la r endothelial grow th  factors causing endothelial dy sfu n c tio n . This u tero  

p lacental p e rfu sio n  pressure  d irec tly  con tribu tes to the arterial p ressu re  and  p ro te inu ria . T his 

in  tu rn  resu lts  in  a ltered  renal function, increased  to ta l peripheral res is tan ce  and  in tra  u terine 

grow th  res tric tion  w h ich  u ltim ately  leads to  hypertension  causing p re -ec lam p sia  (G ilbert e t al., 

2008).

1.3.3 L in k  b etw een  the two phases

The p lacen ta l in itia ted  ‘to x in s’ such as cy tok ines, an ti-angiogenic facto rs, sy n cy tio tro p h o b last 

m icropartic les (S T N M ) and oxidative stress links the two stages; d e fec tiv e  p lacen ta tio n  and  

m aternal response  (R oberts and  H ubei, 2009, Schipper et al., 2005 , M ay n ard  e t al., 2005 , 

R edm an an d  Sargen t, 2005, M ellem bakken  et al., 2002, R oberts and H ubei, 1999). A lthough  

such  factors are m o s t frequently  considered  as tox ins, this co u ld  be a signal fro m  the fe ta l- 

p lacen tal u n it to  overcom e the nu trition  defic iency  in  the p lacen ta  (R oberts  and  H ubei, 2009).

M aternal m an ifesta tio n  o f p re -ec lam p sia  is th o u g h t to be m ed ia ted  b y  so lu b le  form s like 

tyrosine kinase-1  (sF lt-1 ) and soluble endog lin  (sE ng) (F igure 1.4) w h ich  are the  so lub le  anti 

ang iogen ic  facto rs syn thesized  by the p lacen ta . L am , C. et al suggests th a t h igh  b lo o d  p ressure  

and  p ro te inu ria  characteriz ing  p re-ec lam psia  is due to excess c ircu la ting  so lub le  form s like 

tyrosine k inase. T h is sFlt-1 is an  endogenous an tiang iogen ic  p ro te in  sy n thesized  by  the 

p lacen ta  and  is invo lved  in deac tiva ting  and obstructing  the s ignalling  ac tion  o f  vascu lar 

endothelial g row th  facto r (V E G F ), p lacen ta l g ro w th  factor (PL G F) and  tran sfo rm in g  grow th  

facto r p (T G F ), there  b y  significantly  in c reasin g  the ratio o f  sFlt-1 to  P L G F  resu ltin g  in  po o r
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placental developm en t (L am  et al., 2005, L evine et al., 2004). Loss o f  signals  to the  g lom eru lar 

endo thelium  resu lts in  the b reaking  dow n o f  the renal filtra tion  b a rrie r causing  pro te inuria  

w hich  fina lly  leads to  p lacental ischem ia (P arikh  and  K arum anchi, 2008, M aynard  et al., 2008, 

V enkatesha  et al., 2006, Levine et al., 2006 , L evine et al., 2004).

D efective p lacen ta tio n  m ay increase the  so luble an tiangiogenic fac to rs  in  the  system ic 

c ircu lation  w hich  in  tu rn  w ould  in jure the m aternal blood vessels lead in g  to  hypertension , 

p ro te inuria  and  fina lly  causing dam age to the organs th roughou t th e  b o d y  (P arikh  and 

K arum anchi, 2008 , Z hou  et al., 2008, W u  et al., 2010).

W hilst su rvey ing  the literature, an  in teresting  aspect observed w as that th e  p rev io u s  stud ies too  

provide ev idence  o f  the presence o f  infectious agents as a facto r link ing  the  tw o  s tages o f  p re ­

eclam psia. It is su spected  that an  in fectious agent o r agents m ay  be  resp o n sib le  fo r the  activated  

b lood  com ponen ts, excess sycy tio trophob last (STB M ) fragm ents, ac tiv a tin g  im m une cells, 

transfo rm ing  ox id ized  lipids o r excess in flam m atory  cy tokines (R oberts  and  H ubei, 2009). 

P lacental oxygen  deregu lation  (ox idative  stress as an im balance o f  p ro  and  an ti-ox idative  

factors), abnorm al trophoblast invasion , inappropriate  m aternal v a scu la r dam age and 

anom alous m aternal-fe ta l im m une in teractions are expected to  cause en d o th e lia l dysfunction  

(P enn ing ton  et al., 2012).
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1.4 A etio logy  contributing to defective p lacentation

Even though  the pathophysio logy  o f  p re-eclam psia  is know n, the ae tio lo g y  con tribu ting  to the 

defective p lacen ta tion  rem ains unknow n. G enetics, environm ental factors, social factors, and 

association  w ith  infections are be lieved  to influence defective p lacen ta tio n  and  m aternal 

response (R asm u ssen  and  Irgens, 2008, R asm ussen  et al., 2000, R oberts  and C atov , 2008, 

Parikh  and  K arum anch i, 2008).

F igu re 1.5 A etio logy  con trib u tin g  to defective p lacen ta tion

G enetic factors, im m unological factors, ang io tensin  receptor au toan tibod ies and  infections 
m ay  cause p lacen ta l dysfunction  leading  to  hypertension , p ro te inuria  and  g row th  restrictions 
(P arikh  and  K arum anch i, 2008)
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As show n in Figure 1.5, it is believed that angiotensin receptor au toantibodies (A T i-A A s), 

oxidative stress, genetic factors or an infectious agent (infection) m ay  cause placental 

dysfunction leading to the release o f antiangiogenic factors (sFlt-1 and sEng) and other 

inflam m atory  m ediators developing pre-eclam psia (Parikh and K arum anchi, 2008, Carty, 

2011).

As indicated  in  Figure 1.6, the causes o f  abnorm al placentation and causes for the  increasing 

o f  anti-angiogenic factor still rem ains uncertain. Finding answ ers to these questions w ould  be 

the key to so lv ing  the m ystery o f  pre-eclam psia. D ifferent hypotheses put fo rw ard  b y  scien tists’ 

states that genetic factor, im m unological factor or som e other factor could  be the o rig in  o f  the 

disease w hich  m ay  cause either abnorm al placentation or an increase in an ti-ang iogen ic  factors.
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G enetic factor Im m unological fac to r other factors

*

D efective p lacen tation

s F l t - l f  PIGF ^  V EG F |
i

Placental hypoxia

1

s F l t - l |  PIGF ^  V EG F |

l

A nti-ang iogen ic  state, E ndothelial dysfunction

H ypothesis 

“► K now n

F igure 1.6 A etio logy  contributing to th e pathogenesis o f pre-eclam psia

Defective p lacen tation  causes endothelial dysfunction  leading to preeclam psia. G enetic  factors, 
im m unological factors m ay  cause defective p lacen tation  o r anti angiogenic state leading to 
placental hypoxia. s F lt l ,  so luble Form s like tyrosine k inase 1; PIGF, P lacental G row th  Factors, 
VEGF, V ascular E ndothelia l G row th Factor (B dolah et al., 2005)
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1.5 Evidence suggesting the association of infectious agents with pre­

eclampsia

Previous research studies imply that there is a statistically significant relationship between 

maternal infections and pre-eclampsia (odds ratio (OR) 2.1; 95% Confidence interval (Cl) of 

1.6-2.7) (Rustveld et al., 2008). The meta- analysis carried out on 16 studies report that women 

with either viral or bacterial infections had a twofold increased risk o f developing pre­

eclampsia compared to pregnant women without an infection (Rustveld et al., 2008).

Numerous studies demonstrated an elevated immune response in women with pre-eclampsia 

and an increase in the inflammatory cytokines such as prostglandin E2 (PGE2), tumor necrosis 

factor (TNF-a), interleukin 1 (IL-1), interleukin 6 (IL-6), soluble phospholipids A2, activated 

clotting factor and complement pathways as well as C- reactive protein (CRP) (Rustveld et al., 

2008, Sacks et al., 1998, Rinehart et al., 1999, Visser and Wallenburg, 1999, Sanchez et al., 

2000, Amory et al., 2001, Benyo et al., 2001, Luppi et al., 2002, Paternoster et al., 2006, Eiland 

et al., 2012, Djurovic et al., 2002, Kronborg et al., 2011, Lynch et al., 2010). Besides, other 

inflammatory response markers such as calprotectin, neopterine and some acute phase proteins 

such as ferritin, C- reactive protein, fibrinogen also would increase due to infections occurring 

before or during pregnancy elevating the risk o f  pre-eclampsia (Holthe et al., 2005, Kaleli et 

al., 2005, Lopez-Jaramillo et al., 2001). In line with the above observation, some studies have 

shown a profusion o f soluble markers o f neutrophil activation in pre-eclampsia suggesting the 

role ofinfection in association with pre-eclampsia (Eiland et al., 2012, Shamshirsaz et al., 2012, 

Szarka et al., 2010, Sharma et al., 2007, Teran et al., 2001). In addition, remarkable activation 

of blood leukocytes (granulocytes and monocytes) were observed in women with pre­

eclampsia compared to healthy pregnant women (Redman and Sargent, 2003).
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Long-range u terop lacen ta l hypoxem ia m ay induce inflam m atory  changes in the p lacen ta  with 

the release o f  in flam m atory  chem okines, s tim ulates fetal neutrophils and  m onocytes, w h ich  in 

turn, m ay fu rther release inflam m atory  m ediators. This w ould  create a v ic ious circle, leading 

to increased endothelial cell activation (M ellem bakken  et al., 2001). This w as observed  in a 

study carried  on venous cord  blood co llected  from  36 neonates b o m  afte r uncom plicated  

pregnancy and 35 neonates bom  pre-term  to w om en  w ith  severe p re-eclam psia . N eonates bom  

to w om en w ith  p re-eclam psia  had an increased  expression  o f  CD 15s (P 50 .003), C D 49d/C D 29 

(P50.01/0 .005), and CD31 (P50.007) on neutrophils and CD15s (P, 0 .001), C D l l c  (P50.009) 

and C D 54 (P 50.001) on m onocytes (M ellem bakken  et al., 2001).

Subsequently, it w as no ticed  that the system ic inflam m atory  response turns ou t to be rad ically  

high in w om en  w ith  pre-eclam psia  com pared  to  norm otensive w om en and th a t led  to the  b e lie f 

that infection  m ig h t be associated  w ith  the aetio logy  o f  pre-eclam psia  b y  increasing  the 

u teroplacental a therosis and  by am plify ing  the m aternal system ic in flam m atory  response 

(Villar, 2008 , R edm an  and  Sargent, 2005, H errera  e t al., 2001, von  D adelszen  and M agee, 

2002).

Research carried  out b y  V on  D adelszen  dem onstrated  that w om en  w ith  early  onset p re ­

eclam psia had  e levated  am ounts o f  IgG  to C. p n eu m o n ia e  (von D adelszen  and  M agee, 2002). 

The results w ere  rep licated  in  another study w here, sem m  sam ples tested  o n  37 w om en  w ith 

pre-eclam psia and  37 norm otensive w om en ind ica ted  that w om en w ith  h igh  titres o f  IgG  to C. 

pneum oniae  h ad  three tim es the risk  o f  develop ing  pre-eclam psia  com pared  to the 

norm otensive group (H eine, 2003).

37



A lthough a sim ila r study  carried out b y  G oulis et al w as no t able to  re la te  an  association  o f  C. 

pneum oniae  w ith  p re-eclam psia, antibodies de tec ted  against C. p n eu m o n ia e  w ere  significantly  

higher (p< 0 .003) in  w om en  w ith p re-eclam psia  com pared  to norm otensive  w o m en  (G oulis et 

al., 2005). W ith  the  ev idence  o f  past research  it is suggested  that p re -ec lam p sia  is associated  

with a chronic in fec tion  ra ther than  an  acute in fec tion  or re-in fec tion  (H eine , 2003, G oulis et 

al., 2005).

Xie, F. rep o rted  tha t in fec tion  w ith  C. p n eu m o n ia e  and  C ytom egalo  v irus w ou ld  trig g er the 

m aternal in flam m ation  response and consequently  w ou ld  lead to  the d ev e lo p m en t o f  p re ­

eclam psia (X ie, 2010). C. pneu m o n ia e  is considered  a bacterial agen t responsib le  fo r hum an 

respiratory trac t in fec tion  that contributes to the pathogenesis o f  a therosc le rosis  (X ie, 2010). 

L iterature availab le  on the subject also supports the v iew  that p re-eclam psia  an d  atherosclerosis 

share a com m on  pathophysio logy  and  are assoc ia ted  w ith  sim ilar r isk  factors (R oberts, 2000). 

In addition, w o m en  w ith  a h istory  o f  p re -ec lam psia  have an increased  ten d en cy  to  develop 

atherosclerosis in  the fu tu re  com pared  w ith  norm otensive  w om en (H au k k am aa  et al., 2009, 

Aral et al., 2006).

In another s tudy  it w as reported  that C hlam ydia  p n eu m o n ia e  in fection  can  reduce  trophoblast 

invasion o f  the u terine  w all and is associated  w ith  pre-eclam psia  (G om ez and  Parry , 2009). It 

was also repo rted  tha t trophoblast cell v iab ility  and  invasion  w ere d ecreased  after an infection 

(P<0.05) in  w o m en  w ith  p re-eclam psia  (G om ez and  Parry , 2009). T hus the above  studies im ply 

that there is a considerab le  association  o f  in fec tious agen ts w ith p re -ec lam p sia  w h ich  brings 

out the need  fo r fu rther research.
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Adding to th ese  findings, a study carried  o u t by  T odros et al using  a coho rt o f  417  pregnant 

w om en trea ted  w ith  sp iram ycin  against T oxoplasm a g o n d ii and 353 low  risk  w om en  w ho did 

not take any  an tib io tic  du ring  pregnancy, ind ica ted  tha t w om en trea ted  w ith  sp iram ycin  during 

pregnancy had  a  low er risk  o f  developing p reg n an cy  induced hypertension  and p reeclam psia  

possibly by  p rev en ting  the occurrence o f  an in fec tion  tha t could com plicate  th e  p regnancy . The 

odds o f  develop ing  the d isease w ere sign ifican tly  low er in  the treated  w om en  (O R = 0 .092, 95%  

Cl 0 .021, 0 .399; P  <  0 .001) (Todros e t al., 2006). F u rther to this, an tib io tic  p rophy lax is  was 

also found to reduce  the risk  o f  p re-eclam psia  in  prim igrav idae w om en w ith  a h isto ry  o f  u rinary  

tract in fec tion  (M itten d o rf et al., 1996, von  D adelszen  and M agee, 2002).

In a re tro spective  study  carried  out on  13852 p regnan t wom en, w om en  w ith  u rin a ry  tract 

infection had  a  fourfo ld  risk  o f  develop ing  p re-ec lam psia  com pared to the  norm al p regnan t 

w om en ((p< 0 .001 )(O R  4.2,95%  C l 1.1-5.1)) (H su and W itter, 1995). In an o th er two 

prospective stud ies, w om en  w ith p re-ec lam psia  w ere detected positive  fo r the  p resence  o f 

U reaplasm a urea ly ticum  and  G ardnerella  vaginalis. It is interesting to no te  th a t w om en  who 

were d iagnosed  positive  fo r bacteriu ria  had a 3 fold increased  risk  o f  develop ing  p re-eclam psia  

(p=0.02) (G ilb e rt et a l., 1986). A  sim ilar s tu d y  carried  out by  H ill in  the sam e year reported  

that asym ptom atic  bacte ria  (>100,000 co lon ies/m l) w ere m ore p reva len t in  w om en  w ith  pre­

eclam psia. O u t o f  100 w om en  w ith  p re -ec lam psia  recru ited  to the study, 19%  had  bacteriu ria  

(Hill et al., 1986). Further, another study carried  out by  M ittendo rf on 386 cases o f  w om en 

with p re-ec lam psia  and 2355 controls o f  no rm otensive  w om en ind icated  a fivefo ld  risk  o f  

developing p re -ec lam psia  w hen w om en  w ere suffering  from  urinary  trac t in fec tion  (M itten d o rf 

et al., 1996).
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Further studies provide evidence o f  the assoc iation  o f  periodontal d iseases w ith  pre-eclam psia. 

In a study carried  out by  Canakei et al, o f  a  p o p u la tion  o f  41 cases and 41 m atched  controls 

46.3%  o f  w om en w ith  pre-eclam psia w ere positive  for periodontal bacte ria  com pared  to the 

21.9%  in the con tro l group. R isk for p re-ec lam psia  associated w ith  periodontitis  w as 3 fold 

(OR 3.5; 95%  C l 1.1-9.3) (C anakei, 2004). S im ilar to th is study ano ther s tudy  carried  out on a 

larger sam ple o f  763 cases and controls confirm ed  that periodontal d isease increased  the risk 

o f p re-eclam psia  by  tw o  folds (O R  2.4; 95%  C l 1.1-5.3) (Boggess e t al., 2003). A ccordingly , 

it is assum ed th a t periodontal infection is associated  w ith  endothelial dam age w hich  resu lts  in 

pre-eclam psia (Shub et al., 2006, X iong  et al., 2006).

There is increasing  evidence to suggest th a t periodontal disease is associated  w ith  severe 

m aternal com plications w hich m ay resu lt due to p o o r m aternal oral health  (P arah itiyaw a et al., 

2009, L opez et al., 2005, Lopez et al., 2002 , K leb an o ff and Searle, 2006 , T arannum  and 

Faizuddin, 2007). This could be due to the  up regu la tion  o f  levels o f  cy tok ines and  other 

inflam m ation m odulato rs as a resu lt o f  in fec tion  (Parahitiyaw a et al., 2009). S im ilar results 

were revealed  b y  C ontreras et al, w here chronic periodontitis w ere d iagnosed  am ong 63.8%  

pre-eclam ptic w om en com pared to the 36.6%  o f  norm otensive w om en. In addition, 

Porphyrom onas g ing iva lis  (OR 1.8; 9 5 % C I1 .1-2.8), T annerella forsy th ia  (O R  1.8; 9 5 % C I1 .1 - 

3.0), and E ikenella  corrodens  (O R  1.8; 9 5 % C I1 .1-2.8) were also  detected  from  sam ples 

obtained from  w om en w ith  p re-eclam psia  (C ontreras, 2006). This fu rth er supports the 

association o f  infectious agents w ith  p re-eclam psia .

A sim ilar study  carried  out on 40 w om en w ith  pre-eclam psia  and 27 no rm otensive  w om en 

indicated that the  trophoblast cells from  m ultiparous w om en w ith p re-ec lam psia  had  six tim es
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the risk  o f  be ing  in fected  w ith  A den o -asso cia ted  virus-2 (A A V -2) (O R  6.0; P=0.04). 

A ccord ing ly  the study suggests that A A V  v irus m ay  destroy  the trophob last cells and  w ould 

cause an  abnorm al invasion  in the m aternal spiral a rte ry  (A rechavaleta-V elasco  et al., 2006).

R esearch find ings also  suggest that in fec tion  specific  inflam m ation  p lays a ro le  in trophoblast 

com plications w hich  leads to defective p lacen ta tio n  causing pre-eclam psia . It w as no ted  that 

p re-eclam psia  pa tien ts  w ith  an in fec tion  h a d  an altered  balance be tw een  p ro lifera tion  and 

apoptosis o f  v illous trophoblast cells in  the p lacen ta l tissues (P adm in i, 2011), and  that 

trophoblast cell v iab ility  and invasion  is d ecreased  after the in fec tion  in  w om en  w ith  p re­

eclam psia (P < 0 .05) (G om ez and Parry , 2009). T hus the above studies im p ly  th a t there  is a 

considerable association  o f  infectious agents w ith  pre-eclam psia  w hich  h ig h lig h ts  the  need  for 

further research , especially  at the fe ta l-m aternal in terface  in the p lacen ta .

R ecent investigations suggest that in fec tious agents d irectly  a ffect the arteria l w all w hich 

destroy the cy to -trophob last cells (A rechavale ta-V elasco  et al., 2006) and  causes endothelial 

injury and dysfu n c tio n  (R edm an et al., 1999, Sacks et al., 1998). T his fu rther causes atherosis 

and local in flam m ation  w hich leads to  u terop lacen ta l ischem ia. Such  m echan ism s m ay  explain 

the w ay  m aternal in fec tion  is associated  w ith  c lin ical m anifestations and the  aetio logy  o f  p re­

eclam psia. A dd ing  to this, recent investigations fu rther dem onstrates th a t in flam m ation  and 

im m une m echan ism s triggered  by  in fec tious agents cou ld  be the orig in  o f  the pathogenesis o f  

p re-eclam psia  (X ie, 2010, R ustveld  e t al., 2008).
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A study  carried  out b y  P onzetto  et al suggested  th a t H elico b a c ter  p y lo r i  an d  stra ins carrying 

the cy to to x in -asso c ia ted  antigen (C agA  gene), m ay  add to the  in flam m ato ry  m echan ism s 

im plicated  in  the  pathogenesis o f  p re-eclam psia . H. p y lo r i  sero -positiv ity  freq u en cy  w as h igher 

in w om en  w ith  p re-eclam psia  (51 .1% ) co m pared  to  w om en  w ith  u n co m p lica ted  p regnancy  

(31.9% ) (O R , 2 .668; 95%  C l, 1.084-6.566; P  =  0 .033). T he varia tion  w as ev en  h ig h e r fo r C agA  

sero -positiv ity  (80 .9  and  14.9%, respec tive ly ) (O R , 26.035; 95%  C l, 8 .1 9 3 -8 2 .7 2 9 ; P <  0.001) 

(Ponzetto  e t al., 2006).

In a s im ila r s tu d y  carried  out in recen t years, d irec t a tten tion  to the  fact th a t 85 .7%  o f  w om en 

w ith  p re -ec lam p sia  w ere  significantly  sero -positive  fo r H. p y lo ri co m p ared  to  h ea lth y  p regnan t 

w om en (42 .9% , P  <  0.001). This s tu d y  con firm ed  that p e rs is ten t and  v iru len t H. 

p y lo ri in fec tions cause or adds to the p a th o -p h y sio lo g y  o f  p re-eclam psia  co m p lica ted  w ith  fetal 

grow th  re s tric tio n  (C ardaropoli e t al., 2011).

O bservations m ade  over the years on  the occu rrence  o f  p re -ec lam psia  reco g n ized  a seasonal 

pa tte rn  o f  p re -ec lam p sia  sim ilar to d iseases like parvov irus and  m alaria . It is su rp rising  to 

d iscover th a t the  occurrence  o f  p re -ec lam p sia  co incide  w ith  the seasonal v a ria tio n s  o f  m alarial 

transm ission  (A rechavale ta-V elasco  et al., 2002 , B rab in  and Johnson , 2 0 0 5 ) w ith  a 5 .4  fold 

increase o f  r isk  o f  m aternal deaths from  p re -ec lam p sia  during such  seasons (A nya, 2004).

A n anim al m o d e l o f  p re-eclam psia  d ev eloped  by  in troducing  low  doses o f  b acte ria l endotox in  

to p regnan t m ice  in  the ir m iddle g esta tio n  dev e lo p ed  c lin ical sy m p to m s s im ila r to  pre-
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eclam psia. T he m ice experienced elevated b lo o d  pressu re , u rinary  a lbum in  secretion , platelet 

coagulopathy  and  h istopathological alterations to k idney  and p lacen ta  (P onzetto  et al., 2006).

N otw ithstand ing  the fact that not m any studies have b een  carried ou t on  this line, a study  carried 

out at V irg in ia  C om m onw ealth  U niversity  U SA , reports  an  association  o f  S n ea th ia  am n ii w ith 

pre-eclam psia  and  o ther pregnancy rela ted  com plications. Sneath ia  am nii is a po ten tia l bacteria 

o f the fem ale rep roductive  tract o f  w hich v ery  little is know n so far (H arw ich  et al., 2012). Just 

a couple o f  years back , Lactobacillus iners, U reaplasm a /  Snea th is  lep to trich ia  and 

Streptococcus  sp. w ere identified in  the am niotic  cav ity  by using the la te st 16S rR N A  gene 

am plification and  sequencing  (D iG iulio et al., 2010).

It is in teresting  to note that intake o f  foods rich in  probiotics reduce  p regnancy  related 

com plications associated  w ith pre-eclam psia. A  cohort study carried  out on 33 ,399 N orw egian  

prim iparous w om en  in  the years 2002 to 2008 reports that p rob io tic  m ilk  p roducts has an 

association w ith  reduced  risk  o f  pre-eclam psia . This could  be due to  the fac t that probiotics 

m odulate gastro in testina l health  by  suppressing  pa thogen ic  bacteria  (B ran tsae te r et al., 2011).

These stud ies fu rther supports the position  tha t m aternal im m une system  and  the underly ing 

inflam m atory  level p lays an  im portant role in  the pathogenesis o f  p re -ec lam p sia  by  providing 

evidence sign ify ing  the association o f  m aternal infections w ith  the increasing  risk  o f  pre­

eclam psia (B ran tsae ter et al., 2011).
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In a study carried  out b y  B arak et al in  Israel, p lacental tissue sam ples ob tained  from  a group 

o f w om en w ith  p re-eclam psia  and a group o f  m atched controls w ere exam ined  for infectious 

agents. P lacen tal tissue sam ples w ere collected  at the tim e o f  caesarean section  to  avoid  vaginal 

and cervical con tam ination . Sam ples w ere exam ined  for infectious agents using  traditional 

culture m ethods and rea l tim e polym erase chain  reaction  (qR T-PC R ) m ethod. 50%  (8 out o f 

16) p lacen tal specim ens from  w om en w ith p re-eclam psia  were positive for periodon ta l bacteria 

com pared to  14.3%  (2 ou t o f  14) o f  the controls (p <  0.0055). R esults w ere statistically  

significant in  the  pre—eclam psia group for a ll the pathogenic bacteria (B arak, 2007). This study 

supports the ro le  o f  p lacen ta l infection in  association  w ith  pre-eclam psia.

From  the rev iew  o f  scien tific  literature, it is evident that there is a sign ifican t association  o f 

infectious agen ts w ith  pre-eclam psia. H ow ever, num erous studies detected  vary ing  species o f  

infectious agen ts created  controversies on the exact organism (s) responsib le  for the clinical 

m anifestation o f  pre-eclam psia . A ccordingly , X ie reports that p re-eclam psia  is re la ted  more 

closely w ith to ta l ‘infectious b u rd en ’, than  to a specific infectious agent itse lf  (X ie, 2010, 

M agee and v o n  D adelszen , 2007).

In addition, the  literature  supports the view  that a single infectious event w ou ld  be sufficient to 

trigger the in flam m ato ry  response tha t w ould  lead to pre-eclam psia (V on D adelszen , 2000, von 

D adelszen and  M agee, 2002). The above literature strongly  suggests that in fection  m ay  play  a 

key ro le  in th e  aetio logy  o f  pre-eclam psia. U nder such circum stances m ore  studies w ould  be 

essential to  fu rth er confirm  the relationship  betw een  pre-eclam psia and infectious agents. Once 

the re la tionsh ip  is confirm ed, new  in terventions on  prevention w ith  non-tera togen ic  anti­

m icrobial trea tm en t cou ld  follow  (Todros, 2007).
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Accordingly, the current study was based  on the hypothesis that p re-eclam psia  is caused  by 

one or m ore infectious organism s present in  the p lacenta, with a p redom inan t organism  

triggering the condition. It is no t possible to ob tain  the p lacen ta  at early gesta tion  due to eth ical 

and technical reasons. The alternative therefore w as to exam ine the p lacenta  o f  w om en w ith 

preeclam psia, harvested  at the tim e o f  delivery  using  culture independent m ethods. Such 

methods w ould  enable one to detect traces o f  infectious agents left behind  alm ost after nine 

months o f  pregnancy. 16S rR N A  gene sequencing, on Sanger and next generation  sequencing 

platforms (m etagenom ics) are the h igh ly  sensitive genetic techniques that have  only  now  

become available. T herefore this study w as a im ed  at detecting and identify ing  the v iruses, 

bacteria and fungi p resen t in the placental tissues o f  w om en w ith p reeclam psia  and a control 

group o f norm otensive p regnan t w om en.
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1.6 M etagenom ics used for the detection  and identification  o f  ‘Infectious

A gen ts’

The use o f  m olecu lar genetics techniques fo r the detection  and  iden tifica tion  o f  infectious 

agents has becom e increasingly  popular during  the past decade. The techn ique in  com parison 

to the conventional culture and m icroscopy m ethods provides h igh  sensitiv ity , specification, 

reproducibility  and  ease o f  perform ance in  detection  and identification o f  infectious agents 

(Pfaller, 2001).

W e therefore p ropose  to screen p lacental tissue  sam ples o f  w om en w ith  p re -ec lam psia  for the 

presence o f  v iruses, bacteria  and fungi u sing  m etagenom ic techn iques. U n d er 16S 

M etagenom ics, bacte ria  w ill be iden tified  from  clin ical specim ens by am plifica tion  and 

sequencing o f  the  16S ribosom al R N A  gene. The resu lting  sequences are com pared  against the 

sequences o f  all bacte ria  available in the G enB ank  database (Petti e t al., 2005 , S iqueira  et al., 

2002, Janda and  A bbott, 2007, D rancourt e t al., 2004, Jordan and D urso, 2000, M illa r et al., 

1996, K nox et al., 1998, Harris and H artley, 2003, W hitelaw  et al., 2002, D iem ert et al., 2002).

28S M etagenom ics is perform ed for the iden tification  o f  fungi (Ferrer, 2001 , E m bong , 2008, 

Viela, 2005, B o m em an  2000, V oigt, 1999). S im ilar to 16S M etagenom ics, the 28S ribosom al 

RNA gene o f  fungi w ill be  am plified, sequenced  and  com pared against the sequences o f  all 

fungi p resen t in  the G enB ank  database. V iruses w ill be  identified  using  v ira l m etagenom ics. 

Viral D N A  w ill be liga ted  onto a vector d igested  w ith  restriction enzym es, transfo rm ed  into 

com petent cells and  w ill be  selected th rough b lue  and  w hite colony selection . W h ite  colonies 

are p icked up, sequenced  and are analysed  u sing  B L A ST  tool (F inkbeiner, 2008, B reitbart, 

2005, D elw art, 2009, Edw ards, 2005).
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1.6.1 16S rR N A  gene for the detection o f  b acteria

1.6.1.1 In trodu ction  to 1 6S  rRNA g en e  sequ en cin g

M olecular d iagnostic  techniques such as po lym erase  chain  reaction  (PC R ) has p ro v ed  to be 

more effective in  iden tify ing  uncultured  m icro -o rgan ism s com pared  to c lin ical d iagnostic  

techniques (F redricks et al., 2007). A s o f  20th N ovem ber 2013, the com plete  genom e sequences 

o f 4509 bacteria , 600 fungi and 3810 v iruses is p resen t in  G enB ank database  (S idd iqu i, 2007). 

The record  covers all k now n  bacteria, fungi and  v iruses, facilitating  the p ossib ility  o f  screening 

all kinds o f  c lin ical specim ens for all know n bacteria , fungi and viruses.

The conventional m ode o f  detection and iden tifica tion  is based on  gram  stain ing , cu ltu res on 

various m ed ia  and  identification  is based  on phenotypic observations. H ow ever, these 

conventional techn iques usually  p rov ide  negative resu lts w hen a patien t is on  an tib io tics, the 

sam ple is old o r no t kep t under proper storage conditions. Certain bacte ria  need  specific  grow th 

conditions and  nu trition . Such bacteria  fail to  grow  on regu lar g row th  m ed ia  and resu lting  in 

the possib ility  o f  “ false negative” results w h ich  cou ld  lead to m isd iagnosis and  incorrect 

treatm ent.

B road-range 16S ribosom al R N A  gene am plification  b y  P C R  (16Sr R N A  P C R  test) is u sed  for 

the detection  and  iden tification  o f  bacteria l agents from  clin ical specim ens o f  patients 

suspected o f  h av ing  acqu ired  an infection. T he techn ique works w ith  op tim al sensitiv ity  and 

provides specific  resu lts  for patients on  antib io tics (R am pin i et al., 2011). B acteria l 16S rR N A  

contains h igh ly  conserved  nucleotide reg ions com m on  to all bacteria l species and  variable 

nucleotide reg ions un ique  at species level. W ith  the use o f  un iversal p rim ers  p artia l or the
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com plete 16S rR N A  gene is am plified  and the bac te ria  p resen t in the  c lin ical sp ec im en  or an 

environm ental sam ple is easily  identified.

The am plified  16S ribosom al R N A  w as sequenced  e ither by  cap illa ry  o r nex t generation  

sequencing. T h e  sequences obtained was b la s ted  against all bacteria l sequences p resen t in 

online bacteria l da tabases such as G enB ank , R ibosom al, G reengenes databases facilita ting  

specific iden tifica tion  o f  the bacteria  p resen t in  the respective sam ple (D rancourt et al., 2004, 

Janda and  A bbo tt, 2007 , Jordan  and D urso , 2000). T he approach  is ex trem ely  usefu l in 

d istinguish ing  new  sequences o f  fo rm erly  uncharacterized  bac te ria  and  has enab led  the 

identification  o f  m any  n ew  strains w ith in  th e  last few  years. 16S rR N A  gene sequences play 

an im portan t and  m ajo r ro le  in d iscovering  bacteria l phy logeny  and  tax o n o m y  due to its 

presence in m o re  o r less all bacteria  (Janda an d  A bbott, 2007). The p ro p ertie s  o f  the gene have 

not undergone  any  m a jo r evolu tionary  changes and had  rem ained  unaltered  o v er the  years. 16S 

ribosom al R N A  gene is  approx im ate ly  1500bp and is adequate enough  to ob ta in  the required  

inform ation  fo r research  and  study purposes.

A nother m ajo r strik ing  feature o f  16S rR N A  gene sequencing  is its cap ab ility  o f  iden tify ing  an 

organism  up  to  genus and species level, ev en  w hen  it does not fit any  p o ssib le  b iochem ical 

profile. 16S rR N A  gene sequencing is an  approach  w idely  u sed  as an  a lternative  w hen 

conventional b io ch em ica l profiling  and  cu ltu re  based  techniques fail to id en tify  a particu lar 

strain.
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It is evident from  research  studies tha t the said  techn ique  has the cap ab ility  to d e tec t and 

identify non-v iab le  organism s w hich rem ain  u n d e tec ted  under trad itiona l m ethods. The 

approach is also  usefu l fo r the iden tifica tion  o f  slow  grow ing fastid ious o rgan ism s w here 

traditional iso la tion  m ethods experience d ifficu lties. The trad itional techn iques are tim e 

consum ing and  grow th  o f  bacteria m ay  take days (D rancourt et al., 2000). H ow ever, 16S rR N A  

PCR test and sequencing  enables the iden tifica tion  o f  bacteria  w ith in  a few  hours. H ence  16S 

rRNA based  testing  surpasses the conventional m ethods so far used  (Janda an d  A bbo tt, 2007). 

Previous studies revealed  that 16S rR N A  gene sequencing  is capab le  o f  de tec ting  90%  o f 

organism s up  to  genus level, 65-83%  up to  species level and only  1-14%  iso la tes rem ained  

unidentified u sing  the 16S M etagenom ics techn ique (Janda and A bbott, 2007 , D rancourt et al., 

2000).

U niversal d is tribu tion  o f  16S rR N A  gene w ith in  the bacterial popu la tion  p lays a sign ifican t 

role in the m o lecu lar iden tification  o f  the o rgan ism  (V etrovsky and  B ald rian , 2013). The 

presence o f  species specific  variable reg ions in  the 16S ribosom al R N A  gene o f  b ac te ria  helps 

in the specific iden tifica tion  and dem arcation  (D rancourt et al., 2000). It has b een  ev iden t over 

the years th a t conventional techniques in  iden tify ing  bacteria m ost o ften  fa iled  due to 

inadequate know ledge on grow th req u irem en t o f  the  isolates, faults in  m orpholog ica l 

identification and  fa ilu re  o f  gram  staining. In  add ition , the  viable state o f  o rgan ism s p lay  a vital 

role in culture based  conventional m ethods o f  iden tification . 16S rR N A  gene b ased  technology  

provides a so lu tion  to such  difficulties and has been  show n to be an  exce llen t p e rfo rm er in 

identifying o v e r 90%  o f  bacteria w ith in  a la rger popu la tion  o f  p h en o ty p ica lly  un iden tified  

bacteria (D rancourt et al., 2000).
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1.6.1.2 16S  ribosom al R ibo-N ucleic  A c id  (1 6 S  rR N A ) g en e

R ibosom al R ibo-N ucleic  A cid (rR N A ) is the  R N A  constituent o f  the ribosom e w hich  p lays a 

vital ro le  in p ro te in  synthesis in all living beings. T he size o f  p rokaryotic  ribosom e is 70S (S 

represents Svedberg  units) w hich is m ade up  o f  a  large sub unit o f  50S and  a sm all subun it o f 

30S. 5S ribosom al R N A  and  23S ribosom al R N A  are com ponents o f  the 50S large su b u n it and 

the 16S ribosom al R N A  is the com ponent o f  the 30S sm all subunit o f  the ribosom e. M uch 

attention is focused  on  the 16S rR N A  gene w hich  has rem ained the gene o f  ch o ice  for 

sequencing and  reconstructing  phylogenies fo r num erous reasons. It needs to  be m en tio n ed  that 

all credits perta in ing  to th is am azing technolog ica l d iscovery belongs to  C arl W o ese  and 

George E. Fox (F ox  et al., 1977, W oese and Fox , 1977). A s m entioned  p rev iously  it is a h ighly  

conserved gene w hich  has not undergone an y  m ajo r evolu tionary  changes over the years. The 

m inor changes tha t have  taken place offers an  ind ication  as to how  closely  or d is tan tly  the 

diverse organ ism s are associated.

This gene w h ich  is 1.5 kb in  size is m ade up  o f  bo th  conserved and variab le  reg ions w ith  inter 

specific po lym orph ism s capable o f  d istingu ish ing  betw een  species (C larridge, 2004). As 

illustrated in F igure  1.7, the 16S rR N A  gene has 9 variab le  regions w here  partia l sequencing  

o f 3 consecu tively  variab le  regions is considered  the m ost useful approach. C om binations o f  

V7, V 8, V 9 and  V I ,  V 2 , V3 are considered  to  be the m ost sensitive and  specific  fo r the 

detection and iden tifica tion  o f  bacteria  up to  species level (Cai et al., 2003).
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F igu re 1.7 16S rR N A  gene and  seq u en cin g  prim er location s

16S rR N A  gene  is un ique  to all bacte ria  and  is 1542bp in  length w ith  9 variab le  reg ions

The variab le  reg ions w ith in  the 16S rR N A  gene are subjected  to  varia tions w h ich  p ro v id e  the 

necessary  d iversifica tion  essential for d ifferen tia l classification. The conserved  reg ions are also 

equally im portan t as they  assist in design ing  o f  suitable prim ers and  h y b rid iza tion  o f  probes 

even at d ifferen t taxonom ic  levels (V etrovsky  and  B aldrian , 2013).

1.6.1.3 P re-eclam psia  stu d ies carried  ou t u sin g  16S  rR N A  sequ en cin g  tech n ology

Previous stud ies using  conventional m ethods suggest an  association  o f  in fec tions w ith  p re­

eclam psia (D iG iu lio  et al., 2010). A  study carried  out in  U SA  in 2010 rem ains the on ly  study 

to date w hich  h as em ployed  16S gene am plifica tion  to investigate the m icrob ia l invasion  o f  the 

am niotic cav ity  in  p re-eclam psia  (D iG iulio  et al., 2010). A ccord ing ly  the cu rren t s tudy  rem ains 

the only  study  tha t u sed  16S m etagenom ic techn ique to detect and iden tify  b ac te ria  in  the 

placental tissues o f  w o m en  w ith pre-eclam psia .
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In the study  carried  out b y  D iG iulio  e t al, th e  d e tec tio n  ra te  o f  b ac te ria  b y  cu ltu rin g  w as 1.6% 

(1/62) and  b y  P C R  8%  (5/62). The co m b in a tio n  o f  cu lture  and m o lecu la r genetics  gave a 

detection ra te  o f  bacte ria  at 9.6%  (6/62). R esp ira to ry  an d  food borne  in fec tious agen ts such  as 

U reaplasm a p a rvu m , E scherich ia  coli, L is te r ia  m onocytogens  and  S trep to co ccu s  species w ere 

detected in  th e  am nio tic  cav ity  o f  w om en  w ith  p re-ec lam psia , w hich  suggests  an  asso c ia tio n  o f  

pre-eclam psia  w ith  food  borne & resp ira to ry  b ac te ria / in fectious agen ts (D iG iu lio  et al., 2010).

1.6.2 28S  rR N A  gene for the detection  o f  fu n g i

1.6.2.1 In tro d u c tio n  to 2 8 S  rRN A g e n e  seq u en cin g

A m plifica tion  o f  28S ribosom al R N A  gene fo r the  de tec tion  o f  fung i is a n o v e l tech n iq u e  that 

has becom e in c reasin g ly  popu lar in  the p ast few  years. Q u ick  d e tec tio n  an d  precise  

identification  o f  fungal agen ts is an u tm o st n ecessity  fo r a p rec ise  an tifu n g a l th erapy  (K ho t et 

al., 2009b). T h e  conven tional cu ltu re-based  and  h isto log ical analyses o ften  resu lts  in  poor 

d iagnostic sen sitiv ity  and  fails to d ifferen tia te  b e tw een  fungal species  and  v e ry  o ften  rem ains 

undetected  (Y eo  and  W ong , 2002, K h o t et a l., 2009b).

28S m etagenom ics fo r the  detection  o f  fungal agen ts is the m ost rap id , sensitive  and  accurate 

d iagnostic approach . T he  28S m etagenom ics is b ased  on  the p rinc ip le  tha t th e  28S ribosom al 

R N A  gene has con serv ed  regions for d esign ing  b ro ad -ran g e  prim ers and a lso  v a riab le  regions 

for the d iffe ren tia tio n  o f  fungal species. T he  5 ’ end  o f  the large subun it w h ich  is th e  D 1-D 2 

hyper-variab le  reg io n  in  the  28S rR N A  g ene  is m o s t o ften  targeted  fo r th e  id en tifica tio n  o f 

hum an fungal agen ts (E vertsson  et al., 2000 , H in rik so n  et al., 2005 , K u rtzm an  and  R obnett,
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1997, R akem an et al., 2005, V ollm er et al., 2008, P u tignan i et al., 2008, K h o t and Fredricks, 

2009a, K hot e t al., 2009b).

1.6.2.2 2 8 S  rib o so m a l R ib o  N ucleic  A c id  (2 8 S  rR N A ) gen e

Figure 1-8 28S rR N A  gene o f fungi

28S rR N A  gene is un ique  to all fungi and is 4kbp  in size. H ow ever, D l ,  D 2, D3 reg ions are the 
m ost variable reg ions and  is sufficient for species level identification

The 18S rR N A  gene is 1995bp in length  w h ils t the 28S rR N A  gene varies in  length  from  3948 

to 3976bp (S tage  and E ickbush, 2007). M ost studies carried out so far o n ly  u tilized  the first 

600-900 bases from  the large sub u n it o f  28S  rR N A  gene, w hich  inc ludes three divergent 

dom ains ( D l ,  D 2, and  D 3) that are the m ost variab le  reg ion  w ith in  the en tire  gene. There is 

nearly a  2900bp  variab le  region beyond  the  D 2 reg ion  w hich still rem ains unexploited . 

Therefore am plify ing  a  reg ion  beyond  the D 1-D2 reg io n  under p resen t c ircum stances m ay  be 

less useful fo r species identification  (K hot e t al., 2009b).

The 28S ribosom al R N A  o f  fungi is about 4kbp in  size and therefore , the  w hole  genom e

sequencing o f  the 28S  rR N A  is ex trem ely  costly  and  laborious (Park , 2002). H ow ever,
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amplifying the D l -  D 2 variab le region is su ffic ien t fo r the iden tification  o f  fung i at species 

level from  clin ical sam ples (Park, 2002, K hot and  F redricks, 2009a, K h o t et a l., 2009b) and 

can be considered  the b est available diagnostic to o l for the  identification  o f  fungi.

M any studies use  P C R  prim ers NL1 and N L 4 ta rge ting  the D l and D2 dom ains to  am plify  the 

partial 28S rR N A  gene o f  fungi (Park, 2002, C ano  et al., 2004, G am er e t al., 2010 , L achance 

et al., 2003). A  B L A S T  search is p erfo rm ed  to determ ine the sp ec ific ity  o f  species 

identification. T he d e tec tion  o f  fungi by  28S m etagenom ics has been described  as an  im portan t 

tool in the early  d iagnosis  o f  fungal infections. T h e  com plete  sequences o f  the 28S  rR N A  and 

a large num ber o f  p a rtia l 28 S rR N A  sequences fo r several fungal species have  b e in g  pub lished  

in G enBank database (V ollm er et al., 2008). A s at 20thN ovem ber 2013, there  are 600 w hole  

genome o f  fungal species available at the N C B I G enB ank  database (S idd iqu i, 2007). In the 

present study  the 28S  m etagenom ics is u sed  by  am plify ing  a region w ith in  the D 1-D 2  variab le  

region o f  the 28S rR N A  gene for the detection o f  fungi in  the heterogeneous h u m an  clin ical 

specimens.

1 .6 .2 3  P re-eclam psia  stu d ies carried  ou t using  2 8 S  rR N A  g en e  sequ en cin g

Studies carried  to  determ ine the association  o f  fungal infections w ith  p re-ec lam p sia  is 

inadequate. C onsequently , the current study w ill be the first study carried  o u t using  28S 

m etagenom ics to  investigate  the association o f  fung i p resen t in  the p lacen ta l tissues o f  w om en  

with pre-eclam psia.
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1.6.3 S an ger/ C a p illa ry  sequencing

Positive P C R  p roducts  confirm ed  for 16S/28S rR N A  gene w ere sub jec ted  to  ‘au tom ated  

sequencing’. This enab led  the identification  o f  the  o rgan ism  present in  the  am p lified  p o sitive  

samples. A u to m ated  D N A  sequencing allow s th e  determ ination  o f  the  exac t nuc le ic  acids 

(order o f  A den ine, C ytosine, Thym ine and  G uan ine) in  a D N A  m olecule o r the  am p lified  gene 

o f interest. The m a in  p rinc ip le  behind  the au tom ated  sequencing w as the ‘S anger C hain  

T erm ination’ chem istry . T his w as carried  out u s in g  the P C R  product as th e  tem p la te  in  a  cycle 

sequencing reac tio n  w h ich  facilitates the in teg ra tio n  o f  fluorescence lab e lled  d id eo x y  

nucleotides (ddN T P s) in to  the sequencing  p ro d u c t w h ich  w as detec ted  by  sem i-au to m ated  

capillary e lec trophoresis . T his m ethod w ould  read  up to 700-1000bp o f  a  D N A  seg m en t 

(W allis, 2011).

Before the cycle  seq u enc ing  reaction  w as p rep ared  it is necessary  to have  a p u rified  P C R  

product. T h is w as done  w ith  the treatm ent o f  E xo-S A P  cleanup  process. E x o n uclease  1 (E x o l)  

was used  to rem o v e  the excess prim ers in the P C R  m ix tu re  and Shrim p A lk a lin e  P hosphatase  

(SAP) w as u sed  to  rem ove  the additional deoxy  n u c leo tide  tri phosphate  (dN T Ps). C ycle 

sequencing w as carried  out w ith  the A B I P R IS M  B ig  D ye®  term inator v3.1 cy c le  sequencing  

kit (A pplied B iosystem s, U SA ). The k it con ta in ed  fluo rescen t dye—tag g ed  te rm in a to rs  w h ich  

were four dN T P s each  labelled  w ith  a fluo rescen t tag. T he m ain  p rincip le  o f  th is  k it w as b ased  

on the S an g e r’s ch a in  te rm in a tio n  d ideoxy  n uc leo tide  m eth o d  o f  sequencing  th eo ry  (S an g er et 

ah, 1977). A t the en d  o f  the  cycle sequencing reac tio n  P C R  products o f  v ary ing  sizes te rm inate  

by adding a fluo rescen tly  labelled  ddN TP. This w o u ld  be  read  au tom atica lly  b y  the cap illa ry  

electrophoresis in  the A B I P R IS M  3130 B ig  B y e®  G enetic  A nalyzer (A p p lied  B iosystem s, 

USA) and w ou ld  resu lt in  a coloured e lec trophorogram .
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1.6.4 P C R  p rod u ct p rop erties for th erm o-stab le  D N A  polym erase

The therm o-stab le  D N A  po lym erase used  fo r P C R  has a g rea t effect on  the  c lon ing  experim ent. 

It is because not all therm o-stab le  po lym erases p roduce  the PC R  fragm ent w ith  3 ’A -ta iled . 

Some p roofread ing  po lym erases such as P fu  D N A  po lym erase , Pwo  D N A  p o lym erase  and  Tli 

DNA polym erase  p roduce  b lu n t-en d ed  PC R  fragm ents. T he A  tailed  insert D N A  fragm en t 

would d irectly  lig a ted  to the  T  tailed p lasm id  v ec to r w ith  the action o f  T 4  D N A  ligase to be 

recom bined. H o w ev er as indicated  in the figure 1.9 G o Taq® D N A  po lym erase , A m pli Taq® 

polym erase, Tfl &  T th  D N A  polym erases p roduces 3 ’A  overhang P C R  fragm ents (P rom ega, 

2010). T herefore  a ll am plifications carried  out using  po lym erase chain  reactio n  p erfo rm ed  

prior to the c lon ing  ex p erim en t w ere carried  ou t u s in g  G o Taq® D N A  po ly m erases  (P rom ega, 

USA).

Figure 1.9 C om p arison  o f  P C R  product p rop erties for  therm o stab le  D N A  p o lym erases

Characteristic

Thermostable DNA Polymerase

GoTaq®/
T a q /

AmpliTaq®
Tfl Tth

Yrent*
(HO

Deep
Vent® Pfu P u v

Resulting DNA ends 3'A 3'A 3'A Blunt Blunt Blunt Blunt

5'—>3' exonuclease activity Yes Yes Yes No No No No

3'-+5' exonuclease activity No No No Yes Yes Yes Yes

(P rom ega, 2 0 1 0 )
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1.6.5 C lon in g  o f  target D N A  using pG E M  T  vector

W hen am plified  P C R  p ro d u c t results in a d is to rted  electrophorogram  due  to a  m ix ed  in fec tion  

it is no t possib le  to  iden tify  the bacteria p resen t in  the sam ple. In such instances the am plified  

16S rR N A  gene needs to be  cloned. B y sequencing  ind iv idual colonies it w o u ld  be p o ssib le  to 

identify the d ifferen t b acte ria  present in  the  sam ple. T his approach  w as one o f  the  m ost flex ib le  

and effective w ays o f  screen ing  for bacteria  u s in g  the m eta-genom ics lib rary  w hich  has the 

sequencing da ta  fo r a lm ost all bacteria  (W exler and Johnston , 2010 , H andelsm an , 2004, 

W ooley et al., 2010).

A fter the p u rifica tio n  o f  the  am plified  D N A , it w as c loned  in to  a pGEM ®- T  vecto r. C lon ing  is 

a laboratory p ro ced u re  to  p roduce sim ilar copies o f  D N A  fragm ents. T he pG EM ® - T v ec to r is 

a linearized v ec to r and has single 3 ’ term inal thym id ine  at b o th  ends. T he  P C R  p ro d u c t liga tes 

to the T- overhangs at the insertion  site and  p reven ts  the re -c ircu larization  o f  the  vector. T he T 

over hangs at the insertion  site facilitate an  e ffic ien t liga tion  o f the P C R  p ro d u c t (P rom ega, 

2010). P ro m eg a ’s pG EM ® -T V ector system s are designed  fo r m o st general c lon ing  

applications. T he pG EM ® -T V ector is a h igh -co p y  nu m b er p lasm id  w hich  has T7 and  SP6 

RNA po lym erase  p rom oters  flanking the m ultip le  c loning  region. T he  p rom oters  he lp  to  

sequence the insert as w ell as fo r in vitro  tran scrip tio n  o f  b o th  sense and  an ti-sense  R N A s. T he 

m ultiple clon ing  reg ion  o f  the  vector is p resen t w ith in  the a-pep tide  cod ing  reg ion  o f  the 

enzyme 0 -ga lac to sidase  to  facilita te  the b lue /w h ite  screening . A  varie ty  o f  res tric tio n  sites are 

available w ith in  the  vecto r fo r sub cloning, and con tains a B stZ  I res tric tio n  site  fo r the re lease  

o f a cloned in sert b y  sing le  restriction d igestion  (B asse tti, 2002).
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The pGEM® - T v ec to r w as developed from  the pGEM ® - 5Zf(+) vector (G enB ank®  A ccessio n  

N o.X 65308) and w as p roduced  by linearizing the  pGEM ® - 5Zf(+) v ecto r w ith  E coR V  at base 

51 and adding a T  to  bo th  3 ’ ends as indicated  in  F igure 1.11. The E coR V  site w ould  n o t be 

recovered upon  liga tion  o f  the vector and insert (P rom ega, 2010). F igure  1.10 indicates the 

pGEM® - T vecto r m ap  and  sequence reference po in ts. T hus inserts can be sequenced  using  the 

SP6 p rom oter prim er, T7 p rom oter p rim er, PU C /M 13 forw ard  and reverse  p rim ers (P rom ega, 

2010).

T7 Trarisefstrtion S ian

5 * .  _ TG 7A A  TACGA C 7C A C  TATAG G G C G A  ATTGG G C C C G  A C G T C  GCATG C T C C C  G G O Q G  
3T . AC A T7 A -G C T  G A G T G  ATATC C C G C T  7A A C C  C G G G C  T O C  A G  C G 'A C  G A G G G  C C G G C

T7 TVe****** 1--------------J t ......... I 1..... ........1 I__________ 1
Apai Aasll Spftl a s ta

C C A TG  G C C G C  C Z iG A T T S '/^ .^ .^ ,___ A  ATCAC TAGTG C G G C C  G C C TG  C A G G T  C G A C C  ATATG
G G TA C  C G G C G  C C C 'A  V E ’TTA G TG  ATCAC G C C G G  C G G A C  G T O C A  G C TG G  TATAC
[_ 11  1 1 11 | 1 1 1 11 3 1 1

t o l  &acll Not!
s s ta

J p« i Sad 'io o l

SP(b Tiaf’scnssstori Ssart

GGAGA G C 'C C  C A A O G  C G TT G  G ATQ C ATAGC T T G A G  TATTC TATAG TGTCA C C 'A A  AT . . 3T 
C C T C *  C G A G G  G T TG C  G C A A C  CTACG  TATCG A A C TC  ATAAG ATATC A C A G * G G A TT TA . . . S'

1---------1 I.........^ „„_____ !i____ 1 S F T j pYO rO Q tef
Sael Bsixi Nsfl

Figure 1.10 T h e  p rom oter  and m ultiple c lon in g  seq uence o f the p G E M ® -T  vector

The top strand corresponds to the R N A  syn thesized  b y  T7 R N A  polym erase. T he  bo ttom  
strand corresponds to  the R N A  synthesized by  SP6 R N A  polym erase (P rom ega, 2010)
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F igu re  1.11 p G E M ® - T vector  m ap and seq u en ce referen ce p o in ts

pG EM - T is a  p la sm id  v ec to r o f  3000bp in  size. I t has A m p r and  lac Z genes. It w as  developed  
from  the pGEM ® - 5Z f(+ ) vector. pG E M - T v ec to r is com patib le  w ith  m an y  restric tion  
enzym es. T7 and  SP 6 p rim ers  w ill facilitate the seq u en c in g  o f  the insert D N A  (P rom ega, 2010)

1.6.5.1 S creen in g  tra n sfo rm a n ts  fo r  in serts  by b lu e  a n d  w h ite  selection

O nce the ta rge t in se rt gets successfu lly  c loned  in  to pGEM ®- T v ec to r it w o u ld  d isrup t the 

coding sequence o f  P -galactosidase and hence th e  recom bined  clones cou ld  be  iden tified  by  

colour screen ing  on  the ind ica to r p lates. T he co lon ies w ith  the insert p roduces w hite  co lour 

colonies and the b lu e  co lon ies are colonies w ith o u t the insert. O ccasionally  b lu e  co lon ies too 

m ay  contain the ta rg e t in sert i f  it had  c loned  in  fram e  w ith  the lacZ. gene. H o w ev er, w ith  longer 

incubation tim e b lu e  co lour deepens and can  be eas ily  d ifferentia ted .

The pGEM®- T  v ec to rs  are h igh  copy n u m b er v ecto rs  con ta in ing  T7 and SP 6 R N A  po lym erase  

prom oters flank ing  a  m u ltip le  cloning reg ion  w ith in  the a -p ep tid e  coding reg io n  o f  the enzym e 

P-galactosidase. T h e  enzym e P-galactosidase is a p ro d u c t o f  the b ac te ria l lacZ. gene. It is
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separated on to tw o  dom ains know n as a -frag m en t and the co-fragment. T hese  tw o  dom ains act 

together to form  the functional P-galactosidase. U sually  the co-fragment is expressed  b y  the E. 

coli host strain  and  the a-fragm ent is prov ided  b y  the cloning  vector. O nce in tac t in fram e, the 

a-fragm ent w ill in teract w ith  the host strain  co-fragment and  create function ing  P-galactosidase 

know n as ‘a - com plem en ta tion ’.

Bacteria capable o f  producing  functional P-galactosidase w ould cleave the substrate  X - G al (5- 

brom o-4-chloro-3-indoly l-P-D -galactopyranoside) creating blue colonies w h en  g row n  on  an 

indicator p la te  con tain ing  IPTG /X -G al (P rom ega, 2013a). H ow ever w hen  the sequence o f 

interest (Insert D N A  fragm ent) was inserted  w ith in  this region, inactivation  o f  the a -pep tide  

prevented ‘a -co m p lem en ta tio n ’ and produced  w h ite  colonies. This fac ilita ted  th e  identification  

o f recom binants b y  b lue/w hite  screening on ind ica to r plates (Prom ega, 2010).
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1.6.6 V ira l M etagen om ics technique

1.6.3.1 In trodu ction  to  v ira l m etagenom ics tech n iqu e

The detection  o f  new  v iruses often becom es h in d ered  b y  difficulties in  am p lify ing  them  in  cell 

culture, due to lim ita tions in an tigen ic/sero log ic  cross reactiv ity  or the  lack  o f  nuc le ic  acid  

hybrid ization to k now n  v ira l sequences (D elw art, 2007). 99%  o f  v ira l in fec tious agen ts  are 

uncultivable and canno t be  detected using  conven tional m ethods (R iesenfeld  et al., 2004, A n g ly  

et al., 2009). In ad d ition  there  isn ’t a single gene (un iversa l gene) that is co m m o n  to all v iru ses 

due to the h ig h er lev el o f  genetic  m odifications v iruses undergo . Thus the  to ta l u n cu ltu red  v ira l 

diversity cannot be  m on ito red  using approaches corresponding  to  rib o so m al D N A  p ro filing  

(Edw ards, 2005).

In the la test m etagenom ic  studies, v ira l partic les  from  uncu ltu red  env ironm en ta l and c lin ica l 

sam ples have  b een  p u rified  and their nucleic  acids random ly  am plified p rio r to sub  c lon ing  and 

sequencing. B o th  recogn ized  and novel v iruses w ere then  identified  by  co m p arin g  the 

sequences to the v ira l sequences present in  pub lic  sequence databases (D elw art, 2007). T here  

are 3810 v ira l w h o le  genom e sequences cu rren tly  availab le  at the N C B I G enB ank  da tabase  

(Siddiqui, 2007).

Viral M etagenom ics techn ique for the c lassifica tion  o f  viruses have  b een  u sed  for 

environm ental sam ples such  as seaw ater, near shore sedim ents, soil and  c lin ica l specim ens 

such as faeces, serum , p lasm a  and resp ira to ry  secre tions. This has co n tribu ted  ex ten siv e ly  to  

the understand ing  o f  v ira l d iversity  (D elw art, 2007). V ira l m etagenom ics has opened  u p  the 

doors for the  de tec tio n  and  identification  o f  v iru ses  from  natural hab ita ts  and  b io lo g ica l

61



samples in d ep en d en t o f  P C R  am plification  and a llow s an  unb iased  c lass ifica tio n  o f  v iru ses. 

Viral M etagenom ics is a po w erfu l tool tha t can b e  in co rp o ra ted  into the m ed ica l sec to r to  s tu d y  

uncultured v iru ses from  b io log ica l sam ples w here  o rd inary  P C R  assays fail to d e tec t v iru ses 

(Svraka e t al., 2010).

C onventional m eth o d s o f  v ira l d iagnostics use p rim ers  ta rge ting  the am plifica tio n  o f  the  m ore 

likely v iral g roups th a t m ay  be p resen t in  the sam ple. T he  technique is capab le  o f  d e tec tin g  

only a lready  k n o w n  v ira l types and the p resence  o f  a new  v ira l strain rem ains u n d e tec ted . T he  

most p rom inen t ch arac te r o f  a virus is the rap id  ra te  it undergoes m u ta tions an d  its a b ility  to 

form new  v iruses in  com p ariso n  to o ther o rgan ism s (S an juan  et al., 2010). V iru ses, p a rticu la rly  

RNA viruses, m u ta te  a t a v e ry  h igh  ra te  p e r genom e p er rep lication  (R egoes et a l., 2013 , D rak e  

and H olland, 1999). T here is therefore a c lear n eed  fo r h av in g  a m ore p rec ise  tech n iq u e  w h ich  

can characterize a ll o r any k in d  o f  v iruses p re sen t in  the  sam ple  even w h en  they  are  p rev io u s ly  

unrecognized.

Viral M etagenom ics is the answ er for the d e tec tion  and  the iden tifica tion  o f  v iru ses  w ith  a 

tendency fo r h ig h e r ra te  o f  m utations to form  new  strains. T he approach fo cu sed  on  sequence- 

independent am p lifica tio n  (w hole genom e am plifica tion ), sub c loning  and  seq u en c in g  o f  

purified v ira l n u c le ic  acids fo llow ed by  B L A S T  search  fo r sim ilar sequences to  id en tify  the 

specific v iru ses fro m  an  env ironm enta l sam ple o r fresh  b io log ica l sam ple, is k n o w n  as ‘V ira l 

M etagenom ics’ (D elw art, 2007). V iruses ex trac ted  from  hum an  or an  an im al h o s t is o ften  

limited b y  th e  am o u n t o f  v ira l D N A  available. T h e  p ro p ertie s  o f  Ph iX 29 p o ly m erase  m a k e  it 

possible to  am p lify  the  en tire  hum an genom e, s tarting  from  as little as 10 cells, u n til 20—3 0m g
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o f DNA are iso therm ally  produced. U se o f  P hiX 29 D N A  polym erase based  am plifica tion  for 

viral d iscovery  is becom ing  increasingly  popu lar now  a days (D elw art, 2007).

The Illustra™  G enom iP hi™  V 2 and H Y  D N A  am plifica tion  kits are the latest additions to the 

Phi 29 D N A  po lym erase  fam ily  o f  products from  G E H ealthcare. G enom iP h i V 2 D N A  

am plification kit y ields 4 —7 pg  o f  representative genom ic D N A  (gDNA) in  1.5 h  from  1—10 ng 

o f  input genom ic D N A  (K um ar, 2007). F o r b e tte r identification  efficiency la rg er am ount o f  

viral nucleic acids and  less background p rokaryo tic  and eukaryotic nucleic acids is an essen tial 

requisite. M ost researchers recom m end the rem oval o f  background host D N A  con tam inations 

by filtration using  filters w ith  pore size as sm all as 35nm . A lternatively  trea tm en t w ith  

DNAase 1 and  R N A ase 1 rem oves naked D N A  an d  R N A  leaving behind the v ira l D N A  w ith in  

the viral capsids (D elw art, 2007). The purified  v ira l D N A  w ould  be w hole genom e am plified , 

digested w ith  restric tion  enzym es, sub cloned and  sequenced. By B LA ST option  availab le  at 

the N C B I database F A S T A  sequences obtained  is aligned  to  m atch w ith  the v ira l sequences 

available at the G enB ank  database. A s v ira l m etagenom ics is an em erging fie ld  w ith  a h igh  

scope o f detection  and  identification capabilities o f  v iruses from  clin ical specim ens it is the 

m ethodology adop ted  in th is research project.

1.6.3.2 S tu d ies o f  p re-ec la m p sia  carried  o u t usin g  v ira l m etagenom ics

To our know ledge, no study  has been carried o u t to detect and iden tify  v iruses p resen t in 

biological sam ples o f  w om en  w ith  pre-eclam psia  using  v ira l m etagenom ics. A ccord ing ly , the  

current research  p ro jec t rem ains the first s tudy  to  em ploy  viral m etagenom ics to detec t and 

identify v iruses in  the p lacen ta l tissues o f  w om en  w ith  pre-eclam psia.
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1.6.7 M etagen om ics u sin g  Sanger seq u en cin g

The science o f  m etag en o m ics  is a recent d isco v ery  and  has facilitated the  investig a tio n  o f  

m icrobes in  the ir n a tu ra l env ironm ent itself. It is a  d isc ip line  that enables th e  genom ic  study  o f  

uncultured m ic ro o rg an ism s u sin g  m olecular genetic  techn iques. M etagenom ics is the m icrob ia l 

analysis tool w ith  the  b est reso lu tion  and analyse genom ic  D N A  from  a w ho le  com m unity  

(Prathapan, 2012, A ttyga lle , 2011). U nderstand ing  the m icrob ia l d iversity  and  func tion  in  a 

com m unity can  lead  to  the  d iscovery  o f  novel m o lecu les for therapeutics and  b io tech n o lo g y  

applications.

To protect hum an  h ea lth  it is necessary  to  develop  and  use m ethods w hich  detect all m icrobes 

present in a specific  env ironm ent. M etagenom ics have opened  up the doors to  study  the 

m icrobiom e in  b io lo g ica l specim ens. M icrob iom e is the to ta lity  o f  m icrobes, th e ir  genetic  

elem ents (genom es) &  env ironm enta l in teractions in  a p a rticu la r environm ent. A d v an cem en ts  

in sequencing tech n o lo g y  have enabled the availab ility  o f  the w hole genom e sequences o f  a 

m ajority o f  c lin ica lly  re lev an t m icro-organ ism s. T h is b ro u g h t o ther decisive aspects to  the fie ld  

o f  m etagenom ics b y  d isco v erin g  a vast m ajo rity  o f  m icroorganism s w h ich  h ad  p rev io u sly  

rem ained u n n o ticed  (R iesen fe ld  et al., 2004, W H O , 2012).

M etagenom ics b ased  on  S anger sequencing is a m ethod  adapted  p rio r to  n ex t genera tion  

sequencing era. It is tim e consum ing, due to the  m any  steps involved, quite arduous and  

expensive. S anger sequenc ing , results in n o n -quan tita tive  lim ited  am ount o f  data  co m p ared  to 

next generation  sequ en c in g  (L iu  et al., 2012). M etag en o m ics  based on  S anger sequenc ing  

requires the sub  c lon ing  o f  the  P C R  am plified  tem p la te , sub cloning, p ick in g  up  co lon ies w ith  

the insert, sub cu ltu ring  and  sequencing the c lones using  capillary  e lec trophoresis  (S an g er
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sequencing) to iden tify  bacteria , fungi and  v iruses p resen t in the b io log ical sam ples o f  w om en  

with p re-eclam psia .

F igu re 1.12 M etagenom ics b ased  on S an ger sequencing

M etagenom ics b ased  on S anger sequencing  invo lves the am plification  o f  16S rR N A  gene 
followed b y  c lon ing  and  S anger sequencing th e  ind iv idua l colonies fo r the id en tifica tio n  o f  
bacteria.

By cloning 10 co lon ies p e r sam ple, ob ta in ing  a full p icture o f  the b acte ria l p o p u la tion  

(m icrobiom e) p resen t in the  particu lar sam ple w o u ld  n o t be a possib ility . In con trast the  nex t 

generation sequencing  techn ique has overcom e these  lim itations and analyses h ig h  th rough  pu t 

data. It can  id en tify  bacte ria  in  a m ixed p o p u la tio n  w ithou t the need fo r c lon ing  or cu lturing . 

Therefor it is a co nven ien t, econom ical, fast an d  accurate  technique (Illum ina , 2012b). N ex t 

generation sequencing  techn ique is the la test ad d itio n  to the  field o f  m etagenom ics.
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1.7 M etagenom ics u sing  N ext G eneration  Sequencing

1.7.1 In trod u ction  to N ext G en eration  S eq u en cin g

During the past few  d ecades nove l techn iques h av e  been  discovered to decip h er the  genetic  

code. Sanger sequenc ing  p lay ed  a v ital ro le  in  genetic diagnostics and  w as b eh ind  the 

successful co m p le tio n  o f  the h um an  genom e pro ject. The Sanger sequencing m ethod  is capable 

o f reading short D N A  sequences o f  about 1000 bp  (Z hang et al., 2011).

The autom ated S an g er seq u en c in g  also k now n  as cap illary  sequencing is co nsidered  the ‘first- 

generation sequencing  te ch n o lo g y ’. T he n ew er m ethods are  referred to  as ‘N ex t G enera tion  

Sequencing (N G S ) te ch n o lo g y ’ w hich  has tak en  the sequencing technique to  a new  level 

(M etzker, 2009). It is a rap id  techn ique com paratively  inexpensive and  generates  an  am ple 

amount o f  sequencing  data (Illum ina, 2012b , M etzker, 2009). Its ability  to sequence  the w ho le  

genome o f  m an y  a llied  o rgan ism s facilita tes the execu tion  o f  com parative and evo lu tionary  

studies, u n im ag in ed  a  few  years  b ack  (M etzker, 2009). T he technique leads to  the  roo ts o f  

many genetic d iso rders  and  w ill help in  u n d ers tan d in g  the underly ing  genetic  m akeup  o f  m any  

diseases such as p re -ec lam p sia .

The daw n o f  N G S  tech n o lo g y  5 years b ack  revo lu tion ized  the field o f  genetics b y  p rov id ing  

considerable am ounts  o f  genetic  inform ation . T his has led  to  m any sign ifican t d iscoveries and 

advancem ents in the  fields o f  m olecu lar d iagnostics  o f  hum an d iseases, ag ricu ltu re  and 

evolutionary sciences (Illum ina , 2012b). N ex t g enera tion  sequencing tech n o lo g y  sequen tia lly  

identify the nuc leo tid e  b ases o f  sm all fragm ents o f  D N A  and  allows rap id  sequencing  o f  large 

sections o f  D N A  co v ering  the  entire genom e. T h is  cutting-edge instrum ent is capab le  o f
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generating h u n dreds o f  g iga-bases o f  genetic  d a ta  from  a single seq u en c in g  ru n  (Illum ina , 

2012b).

In the nex t g en era tio n  sequencing  techno logy  a  single genom ic D N A  (gD N A ) is fragm ented  

into a lib rary  o f  sm all segm ents. This lib rary  is th en  consisten tly  and  accu ra te ly  seq u en ced  in 

m illions o f  para lle l reactions. The new ly  id en tified  strings o f  b ases  ca lled  reads, are 

autom atically  b la s ted  again st a know n re fe ren ce  genom e to find the com plete  m icrob iom e. In 

the absence o f  a re fe rence  genom e it is co n sid ered  a n o v e l strain  and  is k n o w n  as de novo  

sequencing. In teresting ly , the full set o f  a lig n ed  reads reveal the com plete  seq u en ce  o f  each  

chrom osom e o f  the  genom ic D N A  (Illum ina, 2012b).

NGS techno logy  is h igh ly  scalable and can  be u se d  to  generate  h igh th ro u g h p u t da ta  fo r la rger 

genom es and  lo w er ou tpu t volum es fo r ta rg e ted  studies or sm aller genom es. T he sca lab ility  

access the o p p o rtu n ity  o f  sequencing  sm all b ac te ria l/v ira l genom es o r specific  reg ions like 

exom es. In  add ition , m ultip lex ing  allow s large  sam ple num bers to  be s im u ltaneously  

sequenced during  a single experim ental run. T h is  is ach ieved  by “b a rco d e” sequences th a t are 

added to each  sam ple  to  d ifferentiate  b e tw een  th e  sam ples fo r data analysis  (Illum ina , 2 0 1 2b), 

as illustra ted  in F igu re  1.13 below .
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F igu re  1.13 S am p le  m u ltip lex in g  w ith  the help  o f  ‘B arcode seq u en c in g ’

"wo rep resen ta tiv e  D N A  fragm ents from  tw o  un ique  sam ples, each  a ttach ed  to  a specific  
>arcode seq u en ce  th a t iden tifies the sam ple  fro m  w h ich  it orig inated . L ib raries  fo r each  sam ple  
re poo led  and  seq u en ced  in  parallel. E ach  n ew  read  con tains both  the frag m en t sequence  and 
ts sam ple id en tify in g  barcode  (Illum ina, 2012b)

o p rocess h u n d red s  o f  am p licon  using  S an g er seq u en c in g  requires severa l w eeks or m on ths 

aider n o rm al c ircum stances. In  contrast, the sam e n u m b er o f  sam ples cou ld  be  seq uenced  in  a 

natter o f  h o u rs an d  can  com pletely  be  an a ly sed  w ith in  tw o  days u s in g  the N G S  techn ique  

Illum ina, 2012b). A n o th e r im portan t ap p lica tio n  o f  n ex t generation  seq u en c in g  is its ab ility  to 

dentify b ac te ria  up  to species level even  in  the  p resen ce  o f  a m ixed in fec tion . T h is  m eth o d  is 

widely u sed  to s tu d y  p hy logeny , taxonom y  an d  to  evalua te  bacterial d iv e rs ity  in  a n u m b e r o f  

iifferent env ironm en ts . T he  technique g ives o u t com ple te  m icrob iom e o f  sam ples th a t are 

fherw ise  d ifficu lt o r im p o ssib le  to analyse  (Illu m in a , 2012b , M ardis, 2008).
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1.7.2 16S Metagenomics using Next Generation Sequencing

Meta-genomics stratagem is based on whole genome shot gun sequencing of nucleic acids 

purified from an environmental or clinical specimen. Over the past 10 years inetagenomic 

shotgun sequencing has gradually shitted from classical Sanger sequencing technology to NCiS 

(Thomas et al, 2012). Accordingly, the current trend of bacterial metagenomics technique is 

the amplification of whole genome of the 16S ribosomal RNA gene of bacteria by PCR 

followed by massively parallel sequencing using NCiS technology (Petrosino et al., 2009, 

Jones, 2009, Barzon et al., 2012).

‘Metagenomics’ is the study of ‘metagenome’s or genetic materials isolated from microbial 

communities within their natural habitat itself. As mentioned previously, metagenomics 

depends on prokaryotic 16S ribosomal RNA gene which is approximately 1500bp with nine 

scattered conserved and variable regions within the gene. This facilitates sequencing and 

phylogenic classification up to species level for mixed microbial populations (Illumina, 2013b).

Genetic studies of microbial communities using 16S metagenomics NGS has led to a broader 

understanding of human health, disease susceptibilities, pathophysiology of infectious and 

immune mediated diseases (Petrosino et al, 2009). The most important aspect of these 

platforms is the ability to determine the complete genetic makeup from a single DNA fragment 

of a library that is segregated on chips, eliminating the need for cloning or culturing prior to 

sequencing (Nowrousian, 2010, Barzon et al, 2012).
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The use o f  nex t-generation  sequencing technique for m etagenom ics results in receiv ing  a large 

amount o f sequence data w hich are derived from  num erous environm ents, such  as soil, ocean 

water and the hum an body. A nalysis o f  such data has opened up a corridor into the vast 

taxonomic and functional d iversity  o f  environm ental m icrobial com m unities. The com bination  

of DNA, m R N A  and pro tein  based studies o f  m icrobial com m unities p resen t in d ifferent 

environments is the w ay to interpret the structure, function  and re la tion  o f  m icrobial 

communities w ith in  an environm ent (S im on and D aniel, 2011).

Recent studies report that m etagenom ic analysis is the key  to d iscover m ixed infections. W ith  

the increasing read lengths and decreasing cost, the latest bench  top sequencers like ‘N ext 

Generation Personal G en o m e’ m achines m ight finally  be  used in routine d iagnostic laboratories 

(Junemann et al., 2012). Ion T orren t and Illum ina personal genom e m achines facilitate 16S 

m etagenomics to  d iscover m any  bacteria from  a heterogeneous clinical specim en w ith the 

finest resolution (Junem ann et al., 2012, W hiteley  et al., 2012, C laesson et al., 2010, Thom as 

et al., 2012).

The introduction o f  nex t-generation  sequencing platform s such as the R oche 454 sequencer, 

the SOLiD system  o f  A pplied  B io-system s and the G enom e A nalyser o f  Illum ina had  greatly  

influenced m etagenom ic research  and has resulted  in  m any studies exploring the taxonom ic 

and functional b iod iversity  in countless ecosystem s (S im on and D aniel, 2011). In  the future, 

16S m etagenom ics could  be used  as a finger prin ting m ethod  to describe m icrobial com m unity  

profiles (Thom as et al., 2012).
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However, according to  S im on and D aniel, a com plication  tha t exist w ith  the m etagenom ic 

technique is tha t certain  sequences m ay rem ain  un iden tified  due to the lack  o f  a reference 

sequence in the G enB ank  database (S im on and D aniel, 2011). H ow ever it is u n like ly  that the 

lim itation w ill be a p rob lem  for long w ith  the rap id  developm ent observed in  the field  o f  

m etagenom ics. A lready  sequences o f  16S rR N A  gene along w ith  its variab le and conserved  

regions have been  determ ined  fo r a  larger num ber o f  organism s. These sequences are available 

in m ultiple databases such  as ‘N C B I G enbank’, ‘G reengenes’ and ‘R ibosom al D atabase 

Project’ (Illum ina, 2013b). L iterature suggests that there  are no  other studies conducted  in the 

lines o f  the current research  pro ject. This w ill be  the first tim e bacterial m etagenom ics using  

Illum ina M iSeq nex t generation  sequencing techn ique w ill be conducted for the detec tion  and 

identification o f  infectious bacteria  in  association  w ith  pre-eclam psia.

1.7.3 Illum ina M iSeq  person al sequencing system

Illum ina M iSeq personal sequencing  system  is one o f  the  m ost accurate and easy  to  use  bench  

top genetic analysers. T he  optim ized  sam ple p reparation  kit, push button sequencing  and 

autom ated data analysis has m ade it possib le  to  sequence a sam ple w ithin tw o days. W ith  the 

availability o f  ‘B ase S p ace ’ op tion  it is possib le  to store, analyse and share data  w ithou t the 

need o f additional hardw are m aking  it very  cost effective and simple. M iSeq  sequencing  

workflow consists o f  four m ain  steps;

■ L ibrary P repara tion

■ Cluster G eneration

■ Sequencing

■ Data A nalysis
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Sample p rep a ra tio n  is c ritica l for successfu l sequenc ing ; therefore th e  a im  o f  the sam ple 

preparation step  is to ob ta in  nucleic acid  fragm en ts  w ith  adapters a ttached  on  bo th  ends as 

shown in F igu re  1 . 1 4  below

F igure 1 .14 D u a l ind ex lib rary

T arg e t D N A  insert flanked w ith  tw o  indexes (adap ters) (Illum ina, 2013b)

Sam ples are  p rep ared  u sin g  the ‘N ex tera  sam ple  p repara tion  k it’ w h ich  uses transposom es to 

fragm ent the  D N A  and  to add  adapters. T h is k it does no t requ ire  separa te  fragm enta tion  and  is 

tagged w ith  enzy m e m ix as show n in F igure  1.15.

F igu re 1.15 N extera  sam p le  p rep ara tion  w ork flow

A ) N ex tera  transposom es w ith  adapters
B) T ag m en ta tio n  to  fragm ent and  add adap to rs
C) L im ited  cycle P C R  to add seq u en c in g  p rim er sequences and  ind ices (Illum ina , 

2013b)
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Figure 1.16 below  illustrates the m echanism  o f  c luster generation, bridge am plifica tion  & 

sequencing invo lved  in Illum ina M iSeq nex t generation  sequencing platform .
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R c v a r x c  S t r a n d  C l« a v a g e B l o c k i n g

(Illum ina, 2013  a)

Figure 1.16 M echan ism  o f cluster generation , bridge am plification & sequencing

The DNA insert flanked w ith  adapters are then subjected  to cluster generation  fo llow ed by 
bridge am plification and w ill be sequenced by  synthesis m echanism  (Illum ina, 2013a)

As m entioned before  ‘cluster generation’ is the second step in  the M iSeq sequencing w orkflow . 

As illustrated in F igure 1.16, the single D N A  m olecule w ill be binding to the surface o f  Illum ina 

MiSeq chip and w ould  be am plified on the surface by getting  hybridized to the p rim er lawn. 

Bound libraries then  w ould beg in  extending by polym erases. It is fascinating to observe the 

random b inding  o f  the individual m olecules to the flow  cell.

Next, the double stranded D N A  m olecule w ill be denatured  and the orig inal tem plate w ill be 

washed aw ay. The new ly  synthesized strand w ould  then get covalently attached  to the flow  cell 

surface. Follow ing this, the single stranded m olecu les flip over and form  a bridge by
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hybridizing to the adjacent complement primers. The hybridized primer is then extended by 

polym erases and the double stranded bridge is formed. At this stage the bridge amplification 

cycle would be repeated until multiple bridges are formed.

Later the double stranded bridge is denatured and results in two copies of covalently bound 

single stranded templates. Next the reverse strands would be cleaved and washed away leaving 

a cluster with only the forw ard strand. Then free 3’ ends are blocked to prevent unwanted DN A 

priming. Following this sequencing, primers are hybridized to adapter sequence. Finally this 

leads to the concept of sequencing by synthesis. This is the third step of the MiSeq sequencer 

workflow. This approach is also known as ‘paired end sequencing’ (Illumina, 2013a). The final 

step in the MiSeq workflow is to analyse the data. MiSeq reporter software (MRS) available 

on the MiSeq personal sequencer itself is able to align and assemble sequences to deliver results 

up to genus level (Illumina, 2013a).
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1.7.4 Other N ext G en era tion  Sequencing platform s

The platforms fo r m assiv e ly  parallel DNA sequencing are in dem and today due to its p rom ising  

nature. The R oche/454  FL X , the  Illum ina/Solexa G enom e A nalyser and the A pplied  B iosystem  

SOLiD™ system  w ere  the first to  be introduced to the m arket. In add ition  the H elicos 

Heliscope™  and Pacific B iosciences SM RT instrum ents (M ardis, 2008) w ere also b rought in. 

Table 1.1 gives an accoun t o f  these platform s.

The pace at w h ich  the changes are taking p lace in this field is quite rapid, w ith  the techno logy  

being im proved each year and new  platform s are being introduced w ith  sign ifican t 

modifications. In  2011 , ano ther three m ajor new  sequencing platform s w ere released: Ion 

Torrent’s PG M , Pacific  B io sc ien ces’ RS and the Illum ina M iSeq (Quail et al., 2012). A ll such 

improved sequencers have the  capability to generate m assive am ounts o f  inform ative 

sequencing data. H ow ever, k ey  differences do exist betw een the quality  o f  data  and the 

applications it supports (Q uail et al., 2012).
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cŷ

£

Q>
duo 
cd -*—» 
tu

o
cn

•S
Ĉ3
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The Ion T orrent P G M  uses sem ico n d u c to r tech n o lo g y  to d e tec t the re lease  o f  p ro to n s  w ith  the 

incorporation o f  n u c leo tid es  during  the D N A  syn thesis. D N A  fragm ents w ith  sp ec ific  ad ap te r 

sequences are linked  and  c lo n a lly  am plified  b y  em u ls io n  P C R  on the surface o f  a 3 -m icro n  

diam eter beads, k n o w n  as Ion  Sphere Particles (Q uail et al., 2012). T he tem p la te  beads are 

loaded into p ro ton  sensing  w ells  that are fab rica ted  on  a silicon  w afer and seq u en c in g  is p rim ed  

from the specific  lo cation  in  the  adap ter sequence. E ach  o f  the fou r bases is in troduced  

sequentially (Q uail e t a l., 2012).

The sequencing tech n o lo g y  is led  b y  Illum ina  today  w ith  the ir ‘sequencing  b y  sy n th es is ’ 

approach, u tiliz ing  flu o rescen tly  labelled  ‘reversib le  te rm in a to r’ n u c leo tides o n  c lo n a lly  

am plified D N A  fragm en ts  re s tra in ed  on  an  acry lam ide  coating  on the su rface  o f  a g lass flow  

cell (Q uail et al., 2012). T he  Illu m in a  G enom e A n a ly se r and m ore  recen tly  th e  H iS eq  2000  sets 

the standard fo r h ig h  th ro u g h p u t m assive ly  para lle l sequencing . A d d in g  to  th is  in  2011 , 

Illum ina also re leased  a lo w er th roughpu t fast tu rn aro u n d  instrum ent; the  M iS eq , d irec ted  at 

sm all scale labora to ries  and  th e  fie ld  o f  c lin ical d iagnostics (Q uail et al., 2012).

The M iSeq records the  h ig h est th roughpu t p e r run  (1 .6  G b/run , 60 M b/h) and  low est erro r rates. 

The 454 GS Ju n io r p ro d u ced  the  longest reads (up to 600 bases) and  m o st con tiguous 

assem blies b u t had  th e  low est th roughpu t (70 M b/run , 9 M b /h ) (L om an et al., 2012). R u n  in 

lOObp m ode, the Ion  T o rren t P G M  has the h ighest th ro u g h p u t (80—100 M b /h ) w h ile  th e  M iS eq  

has the h ighest accu racy  (L o m an  e t al., 2012).
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Table 1.2 and Figure 1.17 give a b r ie f  com parison be tw een  Illum ina M iSeq bench top genetic  

analyser and Ion T orren t personal genom e m achine. A ccord ing ly , M iSeq uses the ‘reversib le  

terminator sequencing by  sy n th es is ’ technology and  Ion T orren t uses the ‘sem ico n d u c to r’ 

mechanisms.

a) Illu m in a  M iS eq b) Io n  T orren t P G M

Figure 1.17 C om parison  b etw een  Illum ina M iSeq and Ion T orren t PG M

Illum ina M iSeq em ployees the ‘reversib le term inator sequencing  by syn th esis’ m echan ism  
whereas the Ion  T orren t PG M  uses ‘sem iconductor’ m echan ism s, p icture source: (Illum ina, 
2013a, BGI, 2014).
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Table 1 .2  C om parison b etw een  Illum ina M iSeq  and  Ion T orrent PG M

PG M M iSeq

Out Put 10 M B—100 M B 120 M B—1.5 GB

Read length - 2 0 0  bp U p to 2 x 150 bp

Sequence tim e 2 h  for 1 x 200 bp 3 h for 1 x 36 single read

27 h  for 2 x 150 bp p a ir  
end  read

Sample preparation  tim e 8 sam ples in para lle l in  less 
th an  6 h

A s fast as 2h, b y  15 
m inutes hands on tim e

Sequencing m ethod Sem iconductor technology 
w ith  a sim ple sequencing 
chem istry

Sequencing b y  syn thesis 
(SBS)

Potential for developm ent V arious param eters

(R ead length, cycle tim e, 
accuracy, etc.)

L im ited  factors, m ajo r 
concentrate in  flow  cell 
surface size, insert sizes, 
and  how  to  p ack  c lu ster in  
tigh ter

Input am ount flg ng  (N extera)

Data analysis O ff instrum ent O n instrum ent

M B, M ega bite; GB, G iga  b ite; bp , base pairs; h, hours; pg, m icro  gram; ng, nanogram

(L iu  e t  a l., 2 0 1 2 )
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1.7.5 Pre-eclam psia  stud ies carried out using M etagen om ics N G S

There are no p re-eclam psia  studies carried  out using  m etagenom ics next g enera tion  

sequencing. As a resu lt the research  project d iscussed  in th is thesis rem ains the first study  

carried out to detect and  iden tify  infectious agents p resen t in  the  p lacental tissue sam ples o f  

women w ith  p re-eclam psia  using  m etagenom ics nex t generation  sequencing technique. 

Accordingly, m etagenom ics analysis was carried  out on  55 p lacen ta l tissue sam ples o f  w om en 

with pre-eclam psia and  55 norm otensive w om en usin g  the Illum ina  M iSeq Personal G enom e 

Sequencer.
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1.8 O bjectives

1.8.1 G en eral O bjectives

The objective o f  th is research  p ro jec t w as to study  the  v iruses, bacteria  and  fungi p resen t in  the 

placental tissues o f  w o m en  w ith  p reeclam psia  an d  norm otensive  p regnan t w o m en  using  

m olecular genetic  techn iques.

1.8.2 Specific  O bjectives  

Phase 1 o f  the study

■ To ex tract the  m ic ro b ia l D N A  from  the respec tive  p a tien t sam ples.

■ To am plify  the 16S rR N A  gene o f  bacteria , 28S rR N A  gene o f  fungi an d  the w ho le  

genom e o f  v iruses p re sen t in the p lacen tal tissue  sam ples

■ To iden tify  the  in fec tive  organism (s) responsib le  fo r the  cause o f  p re -ec lam p sia  u sing  

clon ing  based  Sanger sequencing.

■ To find  w hether there  is an  association  b e tw een  p re-ec lam psia  and  in fec tious agents 

Phase 2 o f  the study

■ To carry  out bacteria l m etagenom ics nex t g en era tio n  sequencing  on  the p lacen ta l tissue  

sam ples ob ta ined  from  the 55 w om en  w ith p re -ec lam p sia

■ To carry  out bacteria l m etagenom ics next g en era tio n  sequencing  on  the p lacen ta l tissue 

sam ples ob ta ined  from  the 55 norm otensive w om en

■ To detec t and  id en tify  the bacteria  fu rther in  o rder to  find  the association  o f  b acte ria  

w ith  p re-eclam psia .

■ To com pare  the tw o la te s t m etagenom ics ap p roaches; w h ich  is the ‘ 16S M etagenom ics 

N ex t G en  S eq u en c in g ’ m ethodo logy  and  th e  ‘P C R  Independent M etag en o m ics  N ex t 

G en S eq u en cin g ’ m ethodology.
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2 M E T H O D O L O G Y

2.1 Study design

This was a  case con tro l s tudy  w here 55 w om en w ith  p re-eclam psia  and  55 no rm otensive  

pregnant w om en  m atched  for age, B ody M ass Index (B M I) and  parity  delivering  v ia  caesarean  

section w ere recru ited  fo r the study. Taking  into considera tion  the possib ility  tha t p a s t obstetric  

history as w ell as labou r m ay  have an e ffect on r isk  o f  infection; this study  w as confined  to 

prim iparous w om en w ith  p reeclam psia  and  to p rim iparous controls tha t u n derw en t e lective 

caesarean sec tion  p rio r  to  go ing  in to labour spontaneously  o r induction o f  labour. T he  study  

was carried out in tw o  phases; in phase 1 th e  sam ples w ere screened  for the p resence  o f  b ac te ria  

and fungi b y  P C R  fo r the 16S rR N A  and 28S rR N A  gene. V ira l M etagenom ics w as perfo rm ed  

for the identification  o f  v iruses. In  phase 2 , the sam ples w hich  w ere positive  for the 16S rR N A  

gene w ere sub jec ted  b y  nex t generation  sequencing  on  an Illum ina  M iSeq p latfo rm .

2.2 Ethical considerations

Ethical clearance w as ob ta ined  fo r this study  from  the  E thics R eview  C om m ittee o f  the F acu lty  

o f M edicine, U n iversity  o f  C olom bo and the research  p ro jec t conform ed to  the p rov isions o f  

the D eclaration o f  H elsinki. A t a ll tim es p rivacy  and  confiden tia lity  o f  the partic ipan ts w as 

m aintained. W ritten  in form ed  consen t w as a tta ined  from  the  participants enab ling  them  to 

make the decision  p erso n a lly  w ithou t any  influence. T he data  collection book le t w as designed  

to ensure con fiden tia lity  o f  the  in fo rm ation  gathered. B oth  participants w ere g iv en  a  code 

(subject study num ber) and  the personal details o f  th e  partic ipan ts  w ere kep t separa te  from  the 

data sheet u n d e r lock  and  key. T he  data base and th e  com p u te r contain ing the da ta  base  w as 

password pro tected .
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This study w as carried  out to  ascertain  w hether th e re  w as an  association  b e tw een  in fec tious 

agents w ith p re-eciam psia . T he  findings o f  th is study  w ould  b en efit the sub jects an d  a lso  o th er 

pregnant w om en in the fu ture. V olun teer partic ipan ts w ere g iven  the lib e rty  to  qu estio n  the 

investigators about the  tests, p rocedures and  o ther requ ired  in fo rm ation  and  w ere g iven  the 

contact num bers o f  the investigato rs  in case they n eed ed  to c la rify  any d oub ts  ab ou t the study. 

As the study w as open  to  all e thn ic  groups in  Sri L anka, consen t form s and  in fo rm ation  sheets 

were printed and w ere m ade availab le in S inhala, T am il and  E nglish  so tha t the partic ipan ts  

could choose the language o f  th e ir choice.

All volunteers w ere lite ra te  enough  to read  and  understand  th e  in fo rm ation  sheet an d  sign  the 

consent form. I f  the p a rtic ip an ts  had  any questions about the study  they  w ere  free to ask  the 

investigator and  w ere  answ ered  before  consenting. A ny  w o m an  was free to w ith d raw  h e r 

consent at any tim e, w ith  no  p en a lty  or effect on m ed ical care o r loss o f  b en efit rece iv ed  from  

the hospital. T his study  has a socia l and scientific v a lid ity  as it w ould  help  to un d ers tan d  the 

role o f  infectious agents in assoc ia tion  w ith  p reeclam psia. T h is  w ill be  h e lp fu l fo r  im proved  

clinical m anagem ent o f  pa tien ts  w ith  preeclam psia. T he stu d y  used  m ore advanced  m o lecu lar 

genetic techniques w ith  h ig h er accuracy  to  ensure the  sc ien tific  validity.
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2.3 D efinition o f  Pre-eclam psia

The International S ociety  fo r the Study o f  H ypertension  in P regnancy (IS S H P ) defines p re ­

eclampsia as de novo  h y pertension  (systolic b lood  pressu re  (S B P ) o f  >  140 m m H g and  d iasto lic  

blood pressure (D B P) o f  >  90m m H g) subsequent to 20 w eeks o f  gesta tion  in an earlie r 

norm otensive p regnan t w om an, w hich  proceeds b ack  to no rm al by  the end  o f  the th ird  m o n th  

postpartum, in  association  w ith  p ro teinuria  o f  >  300 m g pro tein /day  on  a 24 h o u r u rin e  

collection (B row n e t al., 2001).

In the recru itm ent hosp ita ls  w here th is study w as conducted , the ‘U rine P ro te in  H eat 

Coagulation T es t’ (H C T ) w as perform ed  by  the n u rse  or the m idw ives. D issanayake  et al h ad  

validated the detec tion  o f  p ro te inu ria  using  the H C T , and confirm ed a cut o f f  o f  >  1+ as b e ing  

equivalent to > 300m g p ro te in /d ay  (D issanayake e t al., 2004). A s such p re-ec lam psia  fo r the 

purpose o f this study  w as defined  as de novo  hypertension  (systo lic  b lood p ressu re  (S B P ) o f  > 

140 m m Hg and d iasto lic  b lo o d  p ressure  (D B P) o f  >  90m m H g) subsequent to 20 w eeks o f  

gestation in an  earlier no rm otensive  p regnan t w om an, w hich  proceeds b ack  to no rm al b y  the 

end o f the th ird  m onth  postpartum , in association  w ith  > 1 +  pro teinuria  detected  th rough  the  

urine protein hea t coagu la tion  test (HCT).
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2.4 R ecruitm ent o f subjects

2.4.1 R ecru itm en t o f  w om en  w ith  pre-eclam psia  (cases)

This study w as conducted  in prim iparous (PiCo) w om en  w ith  no know n risk  factors for p re ­

eclampsia. T hese patien ts w ere  recruited  from  the D e Soysa H osp ital for W om en and  the C astle  

Street H ospital for W om en, C olom bo and also from  K ethum ath i H ospital, Panadura  during  the 

period January  2010 to June  2011. The protocols u sed  fo r the patien t m anagem ent in the 

recruiting hospitals w ere s im ila r in term s o f  access to drugs, investigations and o ther facilities. 

W ritten in form ed  consen t w as obtained  from  all partic ipan ts.

Strict inclusion  and exclusion  criteria  w ere considered  before recru iting  the partic ipan ts to the 

study. M edical data o f  pa tien ts entered in the an tenatal clinic card , adm ission card and  in  pa tien t 

records w ere ex tracted  and considered  before recru iting  the pa tien t to the study. A ll vo lun teers 

recruited fo r the study w ere  questioned  personally  to  obtain  past m edical data. Inclusion  criteria  

for the selection  o f  cases w ere w om en  w ith  pre-eclam psia  (w om en  w ith new  onset hypertension  

o f systolic and  d iasto lic  b lood  pressure o f  >  140/90m m H g and  Proteinuria o f  > 1+ on  H C T) 

undergoing delivery  th rough  caesarean  section.

Vaginal delivery , forceps an d  vacuum  assisted  vag inal delivery , ischem ic heart d isease, 

cerebrovascular accidents, in su lin  or non-insulin  dependen t diabetes m ellitus, B ody  M ass 

Index >  30 k g /m 2 based  on he ig h t and w eight m easured  at the antenatal booking  v is it o r p o s t­

partum  in case o f  in booked  pregnancies, m ultiple gesta tion , gestational d iabetes in  the current 

pregnancy, connective  tissue  d isorder, long term  stero id  uses, endocrine d isorders and  va lvu lar 

heart disease w ere the exclusion  criteria for recru itm en t o f  pa tien ts to the study. In  addition,
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obstetric conditions that confer an increased  risk  o f  infection  (i.e. p rem ature  rup tu re  o f  

membranes, p reterm  labour and  w om en w ith  any know n infection) w ere also considered  as 

exclusion criteria.

Severe m aternal m orb id ity  w as defined as of: systo lic  b lood  pressure (SB P >  160m m H g); 

diastolic b lood  pressure  (D B P >110 m m H g); p ro te inuria  >  3+ on H C T  ( > 150 m g/dL ); 

throm bocytopenia ( <  lOOx 109/  L); im paired  liver function  (A spartate am inotransferase  (A ST ) 

and A lanine am inotrasnferase  (A LT) >  70 U/L); renal failure requiring dialysis; p lacen tal 

abruption and eclam psia  (D issanayake et al., 2007). E arly  onset preeclam psia w as defined  as 

the disease onset at <  34 w eeks o f  gestation. A ll these c lin ical features are associated  w ith  

maternal m orb id ity  and  m ortality . Severe p renatal m orb id ity  w as defined as: delivery  at <  34 

weeks o f  gesta tion  and  b irth  w eigh t < 2kg (D issanayake et al., 2007, D issanayake et ah, 2004).

2.4.2 R ecru itm en t o f  n orm oten sive pregnant w om en (controls)

Recruitm ent o f  norm otensive  pregnant w om en w as carried  out sim ultaneously  w ith  the  

recruitm ent o f  w om en w ith  p re-eclam psia  from  January  2010 to June 2011. The norm otensive  

women w ere m atched  for parity , age and B ody  M ass Index (B M I) from  the sam e recru iting  

hospitals as above (D e Soysa H ospital for W om en, the C astle  Street H ospital fo r W om en, 

Colombo and the K ethum athi H ospital, Panadura).

N orm otensive pregnan t w om en  undergoing  delivery  th rough  caesarean  section  due to 

medically uncom plicated  reasons w ere referred  to th e  study. S im ilar to the exclusion  criteria  

o f selecting cases; vaginal delivery , forceps and vacuum  assisted  vaginal delivery , ischem ic
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heart disease, cereb rovascu lar accidents, insu lin  o r  non-insu lin  dependent d iabetes m ellitus, 

Body M ass Index >  30 k g /m 2 based  on heigh t and  w eigh t m easured at the an tenatal book ing  

visit or post-partum  in  case o f  in  booked p regnancies, m ultip le  gestation, gesta tional d iabetes 

in the current p regnancy , connective tissue disorder, long term  steroid  uses, endocrine d isorders 

and valvular heart d isease w ere the exclusion  c rite ria  for the recruitm ent o f  con tro ls to the 

study. In addition  norm otensive  pregnan t w om en w ith  p regnancy  com plications, in tra  u terine  

growth restrictions, p re -te rm  delivery  (that is before 37 w eeks and having a baby  w ith  low  b irth  

weight o f  <  2kg), p rem atu re  rup tu re  o f  m em branes and  p re term  labour w ere also excluded  from  

the study. I f  this in itia l inc lusion  and exclusion  c rite ria  w ere m et then they  w ere screened  fo r 

parity, age and B M I to  ensure  tha t the w om en in the contro l group m atched  the w om en  w ith  

pre-eclam psia recru ited  to  the study.

Accordingly, 55 norm otensive  non  pro teinuric  p regnan t w om en  m atched fo r parity , age and  

BMI were selected  as controls. W om en  w ith  p re-eclam psia  and  norm otensive p regnan t w om en  

recruited to the study w ere com pared  on a da ily  basis  to ensure recruitm ent o f  p ro p er m atched  

cases and controls. O n ly  w om en  undergoing  caesarean  section  w ere selected  w hile  recru iting  

women w ith p re-eclam psia  (cases) and norm otensive p regnan t w om en (controls). A ll vo lun tary  

participants (cases and  contro ls) recm itm en t data w ere  en tered  in  to a database fo r statistical 

analysis m ain tain ing  the confiden tia lity  and  p rivacy  o f  the subjects.
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2.4.3 C om paring tw o coh ort studies

A sim ilar study  was carried  out in the p e riod  o f  2001- 2003 b y  D issanayake et al, w here  180 

nulliparous w om en w ith  p re-eclam psia  and 180 nu lliparous norm otensive p regnan t w om en  w ere 

recruited for a study in to  genetics o f  pre-eclam psia (D issan ay ak e  et al., 2007). Sam e inc lusion  and 

exclusion criteria  w ere  fo llow ed  in both  the studies b u t the p resen t study w as lim ited  to w om en  

with pre-eclam psia w ho  delivered  only  th rough  caesarean  section .

The study carried  ou t in  2001 -2003 recru ited  nu lliparous w o m en  (w om en w ho have  never g iven  

birth and w ere in th e ir  first p regnancy) and sim ilarly  the cu rren t study w as also carried  ou t on  

prim iparous w om en  (w om en  w ho w ere in  the ir first p regnancy ). The study  b y  D issanayake  et al 

was carried out at D e Soysa M atern ity  H ospital, C o lom bo  and  C astle S treet H osp ita l fo r W om en , 

Colombo. T he curren t study  w as carried out at th e  D e S oysa  M atern ity  H ospital, C astle S tree t 

Hospital for W om en, C o lom bo  and K ethum athi M ate rn ity  H osp ita l in  Panadura. A ll hosp ita ls  at 

which these w om en  w ere recru ited  are governm ent hosp ita ls  fo llow ing the sam e standard  

procedures in d iagnosing  and  m anaging  w om en w ith  p re-eclam psia .

These two cohorts (w om en w ith  p re-eclam psia  as case  g roup  and  norm otensive p regnan t w o m en  

as control g roup) recru ited  m ain ta in ing  sam e inclusion  and  exclusion  criteria from  sim ilar hosp ita ls 

is analysed and com pared  in  th is  thesis.
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2.5 Sam ple size calcu lation

Sample size w as calcu la ted  according to a  p rev ious resea rch  study th a t repo rted  on  the 

association o f  infectious agents found in  p lacen ta l tissues ob ta ined  from  w om en  w ith  p re ­

eclam psia and  norm al p reg n an t w om en (B arak, 2007). B ased  on  this report the sam ple size w as 

calculated using  the 'sam ple size  calcu lation  for m atch ed  case control s tud ies ' func tion  o f  the 

“Stats D irec t” statistical so ftw are package. G iven  th a t the p robab ility  o f  exposure  o f  con tro ls 

was 0.15 and  the increased  risk  associated  w ith  the p resen ce  o f  infectious agents in  the  p lacen ta  

(odds ratio) w as 3 .5 , 55 cases and  55 m atched  con tro ls w o u ld  be requ ired  to  have  80%  

probability  o f  de tec ting  a rea l effect and 5%  probab ility  o f  accep ting  the  nu ll hypo thesis  b y  

chance.

2.6 Sam ple collection

The follow ing sam ples w ere  co llected  from  b o th  the  w om en  w ith  p reeclam psia  and  

norm otensive p reg n an t w o m en  recru ited  to  the study. S tringen t aseptic m easures w ere  fo llow ed  

throughout the co llection  and  analysis o f  the sam ples to  p rev en t contam ination.

i. P lacen tal tissue

A fter the delivery  o f  the bab y  the p lacen ta  w as d e livered  an d  p laced  on  a sterile  tray. A  sm all 

piece o f  the p lacen ta l tissue (co ty ledon  close to  the in sertion  o f  the  um bilicus) w as im m ed ia te ly  

dissected b y  the  su rgeon  and  w as p laced  in  a s terile  in su la ted  con tainer on ice. This w as 

im m ediately  transferred  to  the  laborato ry  and was s to red  in  th e  -80°C  freezer.

ii. A m nio tic  F lu id

A pproxim ately  5 -10m l o f  am nio tic  fluid w as co llected  in to  a sterile con tainer at the tim e o f  

m aking the caesarean  section  incision.
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iii. B lood

3ml o f  venous b lood  w as co llec ted  into a 5m l heparin  tube at the  tim e o f  cannu la tion  fo r the 

caesarean section.

iv. Urine

10ml o f  urine w as co llec ted  o n  to  sterile containers a t the  tim e  o f  ca theteriza tion  for the 

caesarean section.

2.7 Sam ple tran sportation  and storage

D issected p lacen ta l tissue  sam ple, am niotic  fluid, u rine  and  b lo o d  sam ples co llected  a t the tim e 

o f delivery w ere  im m ed ia te ly  tran spo rted  w ith in  1 5 - 3 0  m inu tes to  the H um an  G enetics U nit 

at the Faculty  o f  M edic ine , U n iv ers ity  o f  C olom bo in  an  in su la ted  container w ith  ice. They 

were stored in  the  -80°C  freezer in  a labelled  sterile container.
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PH A SE  1

2.8 D etection  o f  bacteria  from  the p lacen ta l tissu e sam ples

2.8.1 D N A  extraction

Phase 1 b egan  w ith  the ex trac tion  o f  D N A  from  the p lacen ta l tissue sam ples o b ta ined  from  

wom en w ith  p re -ec lam p sia  and  norm otensive  p reg n an t w o m en  using  QIAam p®  D N A  M IN I k it 

(QIA G EN  L td, U SA ). T his k it p rov ided  a fast and  easy  m eth o d  for p u rifica tion  o f  to ta l D N A  

(e.g., genom ic, v ira l, m itochondria l) from  w hole b lood, p lasm a, serum , buffy  coat, bone  

m arrow, o ther b o d y  flu ids, lym phocytes, cu ltu red  cells, tissues and  forensic specim ens 

(Q IA G EN, 2010). 25m g  o f  the  p lacental tissue w as excised  in to  sm all p ieces w ith  the use  o f  a 

sterile blade and  tran sferred  in to  a sterile 1.5m l m ic ro -cen trifuge  tube (U sually  lm g  o f  tissue 

w ould yield  app rox im ate ly  0 .2 -1 .2 p g  o f  D N A ). 180p l o f  T issue  Lysis b u ffe r (A T L ) w as added  

for com plete lysis o f  the tissue. 20ju.l o f  p ro te inase  K  w as added, m ixed  b y  v o rtex in g  and  

incubated in  a shak ing  w ater b a th  a t 56°C till the tissue  w as com pletely  lysed . M icro -cen trifuge  

tubes w ere b rie fly  cen trifu g ed  to  rem ove drops from  the in s id e  o f  the lid. 2 0 0 p l C ell L ysis 

buffer (A L) w as ad ded  and  m ix ed  by  pulse  vo rtex ing  fo r 15seconds and incubated  at 70°C  fo r 

10 min. T o th is  sam ple  2 0 0 p l o f  96-100%  ethanol w as added  and con ten ts  m ix ed  b y  pu lse  

vortexing.

This m ixture w as carefu lly  tran sferred  to a Q IA am p M in i sp in  co lum n w ith o u t w etting  the rim  

and centrifuged  at 8000rpm  fo r 1 m in. The filtrate  w as d iscarded  and the m in i sp in  co lum n 

placed in a fresh  co llec tio n  tube. To this, 5 0 0 p l W ash  b u ffe r (A W 1) w as ad d ed  and cen trifuged  

for 8000rpm  fo r 1 m in . Subsequently , 5 0 0 p l o f  b u ffe r A W 2 w as added  and  cen trifu g ed  at 

14,000 rpm  fo r 3 m in . F inally , the spin co lum ns w ere p laced  in  a sterile 1.5 m l m ic ro -cen trifuge  

tube and 2 0 0 u l bu ffe r A E  (lO m M  Tris.C l; 0 .5m M  E D T A ; p H  9.0) added. A fte r incubating  fo r
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5 minutes it w as cen trifuged  at 8000 rpm  fo r 1 m in and  the p u rif ied  D N A  sto red  a t -20°C . T he 

expected y ie ld  from  25m g  o f  tissue w ould  be ap p ro x im a te ly  10-30pg o f  D N A  (Q IA G E N , 

2010).

2.8.2 P olym erase C h ain  R eaction  (PC R )

For the detection  o f  bacte ria , 16S rR N A  gene o f  b ac te ria  w as am plified  u s in g  the ‘P o lym erase  

Chain R eac tio n ’ (P C R ) m ethod . The po lym erase chain  reactio n  am plifies a sing le  or a few  

copies o f  a fragm ent o f  D N A  in to  thousands and m illions o f  copies. The m ethod  com prises o f  

repeated heating  coo ling  cycles carried  out on  a th e rm o -cy c le r and was a m ethod  in itia ted  b y  

Dr. K ary M ulis in 1983 (L ynch  and  B row n, 1990, Saiki et a l., 1988, Saiki e t al., 1985, C oates 

et al., 1991). A m plify ing  the 16S rR N A  gene an d  analysing  its sequence is th e  basis  for 

bacterial iden tifica tion . T his m eth o d  u sed  a set o f  un iversa l p rim ers 16S rR N A  B S F 8/20  ( 5 ’- 

A G A  G TT T G A  T C C  T G G  C T C  A G  -3 ’) and  16S rR N A  B S R 5 14/18 (5 ’- A T T  A C C  G C G  

GCCT G C T  G G C  -3 ’) to am p lify  the 16S rR N A  gene o f  bacteria . This w ill resu lt in  a  511 bp  

band w hen ru n  on a  1.5%  A garose  gel.

Thus, for 5 p i o f  the 5x  P C R  reac tio n  b u ffer (lO m M  T ris-H C l, 50m M  KC1, 1,5m M  M g C h , pFI 

8.5, 20°C ) 1 .5p l o f  25m M  M g C l2, 1.25pl o f  2m M  d N T P ’ s (dA T P, dG TP, dT T P  and dC T P) 

was added. 0 .3 p l o f  each  5 0 p M  forw ard  and  reverse  16s rR N A  prim ers (15pm ol) and  0 .2 p l 

(1U) o f  Go T aq  D N A  p o ly m erase  (P rom ega, U SA ) w as added  to  the above m ix tu re  a long  w ith  

3 pi o f  pu rified  D N A . V olum e o f  the PC R  m ix ture  w as ad ju sted  to 2 5 p l u sing  d istilled  w a ter 

(dH20 ) .
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The previously  nam ed reaction  m ixtures w ere p laced  inside the A B I 2720  th e rm o -cy c le r 

(Applied B io-S ystem s, L ife T echnologies U SA ). In itial denaturation  o f  the genom e w as set at 

95°C for 5 m inutes, then  40 cycles o f  repeated  heat denatu ration  o f  30s at 94°C , annealing  o f  

the prim ers a t 61.5°C  for 30seconsd  w ith  the ex tention  tak ing  place at 72°C  fo r 30 s. T h is 

reaction w as concluded  w ith  a final extention at 72°C  for 10 m inutes and w as he ld  a t 4°C . T he 

presence o f  bacte ria  w as confirm ed  by the presence o f  the am plified  16S rR N A  gene de tec ted  

by agarose gel e lectrophoresis.

2.8.3 A garose  gel e lectrop h oresis

This is the standard  techn ique u sed  to separate and detect the am plified nucleic  ac id  p ro d u c t 

(Barril, 2012, Sam brook, 2001). G el tray  w as sealed from  either sides u s in g  tape to  m ake a 

mould.

0.50g o f m o lecu lar b io lo g y  g rade  ‘A garose’ (H elena B ioSciences, U K ) w as m easu red  u sing  a 

digital w eigh ing  scale and  w as added to a conical flask. To m ake a 2%  gel 25m l o f  lx  T ris 

Borate E thy lene  di am ine te tra  acetic acid buffer (T B E ) w as added to th e  agarose pow der. 

Agarose w as d isso lved  in T B E  buffer b y  heating it fo r 1 m in  in  a m icrow ave and  0 .5 p g /m l o f  

Ethidium b rom ide w as added. T he hot gel m ixture w as then  poured  into the casting  tray  w ith  a 

comb o f  the  p rec ise  num ber o f  w ells and kep t aside to set in to  a gel. O nce the gel w as set, 

combs w ere rem oved  and the  gel p laced  inside the gel electrophoresis apparatus w ith  lx  T B E  

buffer. The gel w as p laced  0 .5 -1m m  above the casting  tray  to m ake sure the w ell w as fo rm ed  

properly (S am brook , 2001).
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8)0.1 o f the PC R  product m ixed  w ith 2 p l o f  6x loading  dye (15%  W /v Ficoll, 0 .255 (w /v) 

brom ophenolblue, and  0 .25%  (w /v) xylene cyanol) and  loaded onto the gel. 1 pi o f  6x  loading 

dye mixed w ith  lp l  o f  the m arker D N A  (ladder) was loaded on to  the first w ell o f  the gel. D N A  

markers are available in  d ifferen t sizes and could be purchased  com m ercially  as p e r the need. 

A lOObp ladder (P rom ega, U SA ) was used  as the expected  am plified p roduct size w as 

approxim ately 500bp. A  positive  and a negative control sam ples were also run  along w ith  the 

experim ental sam ples.

After loading the gel, a vo ltage  o f  60V  (l-8 V /cm ) w as applied. W hen the voltage w as applied 

the negatively charged D N A  m olecules m igrated tow ards the anode. Sm aller fragm ents o f  

DNA m oved faster com pared  to  the larger fragm ents and this enabled a size separation  o f  the 

DNA m olecule. D epending  on  the concentration o f  the gel (G el percentage) and the am ount o f  

voltage applied  the D N A  m ig ra tio n  rate and reso lu tion  w ould  vary. A fter 30 m inutes, the gel 

was observed under an  U V  trans-illum inator. The added E th id ium  brom ide in tercalated  w ith  

the DNA particles and  fluorescence was detected under U V  light. This aids in  v isualizing  the 

separated D N A  fragm ents as p e r their sizes (D issanayake, 2004). A ccordingly  a 500bp band  

was detected confirm ing the am plification  o f  16S rR N A  gene w hich indicated  the presence o f  

bacteria. G el w as p ictu red  by  the  gel docum entation system  and was saved fo r fu ture analysis.
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2.8.4 A utom ated seq u en cin g

Exo- SAP purification  w as carried  out b y  adding l p l  o f  lOx buffer Exo 1, 1 p i o f  1 Ox b u ffe r 

SAP, lp l  o f  the SAP enzym e and  0 .25p l o f  E x o l enzym e (Ferm entas, L ife Sciences, U SA ) to 

the 5pl o f PC R  product. dFLO w as added to m ake the vo lum e to 1 Opl and the enzym atic  reactio n  

was allowed to  take p lace  at 37°C  for 15 m inutes in  the therm o cycler (2720 A p p lied  b io ­

system, USA). This reactio n  w as inactivated  a t 80°C  for 15 m inu tes and w as held  at 4°C  befo re  

commencing the cycle sequencing  reaction.

Cycle sequencing m ix tu re  w as p repared  b y  adding 2 p l o f  5x  buffer, lp l  o f  the 12 .5pM  16S 

BSF prim ers and 0 .8 p l o f  cycle  sequencing  m ix  supp lied  b y  the Big D ye®  te rm ina tion  v3.1 

cycle sequencing k it (A pp lied  b io -system s, U SA ). 3 p i o f  the Exo-SA P purified  P C R  p ro d u c t 

was added and the reac tio n  vo lu m e w as ad justed  to  lO pl w ith  dFhO. This reaction  w as carried  

out on ice in  a dark  labo ra to ry  setting  as the  cycle sequencing  m ix is ligh t sensitive. T he 

prepared reaction  w as sub jec ted  to  in itial denaturing  at 96°C fo r 1 m inute fo llow ed  b y  25 cycles 

o f  denaturing at 96°C  for 30 seconds, annealing tem peratu re  at 50°C fo r 15 seconds and  

extension at 60°C  fo r 4 m inu tes. Cycle sequencing  w as com pleted  w ith  a final ex tension  at 

28°C for 1 m inute and  w as h e ld  a t 4°C  in  the therm o cycler.

N ext step w as to clean the  cycle  sequencing  reaction  w ith  the he lp  o f  Just-a-P late™  sequencing  

reaction clean up k it fo r B ig  Dye® T erm inato r k it (A Z C O  B io tech , Inc.). A ccord ing ly , the cycle 

sequencing p roduct ob ta ined  w as thoroughly  m ixed  w ith  2 p i o f  binding b u ffe r supp lied  b y  the  

sequencing reaction  c lean  up  k it above and  2 5 .5 p l o f  100%  ethanol. T his w as sub jec ted  to 

centrifugation at 13000 rpm  fo r 20  m inutes at 4°C  in  a m icro-centrifuge. C onten ts w ere  p ip e tted  

out w ithout touch ing  the  w all o f  the  tube and  w ere k ep t to a ir d ry  in dark conditions. T he d ried
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tubes were w ashed  w ith  4 0 p l o f  70%  ethanol and w ere  p laced  on  a dry b lo ck  set at 6 5 °C fo r 5 

minutes. The p u rified  sequencing  products w ere e lu ted  in  10.3 p i o f  H i- D i™  fo rm am id e  

(Applied B io -system s L ife T echno log ies, U SA ). T he contents w ere cen trifuged  at 13000 rp m  

for 15 m inutes a t 4°C , den a tu red  at 95 °C for 5 m in  and  w ere p laced  in -20°C  p rio r to  au to m ated  

sequencing. A ll steps w ere carried  out in  dark  conditions.

2.8.5 A nalysis o f  ‘E lectro p h o ro g ra m ’

After the com ple tion  o f  the au tom ated  sequencing  process, the  nex t step w as to analy se  the 

resulting elec trophorogram . T h e  sequence w as analysed  w ith  the help o f  B io  E d it 7 .5 .0 .3  

software and  w as cop ied  in to  a F A S T A  form at. F A S T A  sequence obtained  w as B L A S T  ag a in st 

the m icrobial genom e da tabase  availab le  at the  N C B I w ebsite. T his facilita ted  the  iden tifica tio n  

of the bacteria  p resen t in  the  sam ple. H ow ever, i f  the electrophorogram  appears d is to rted  

‘multiple overlapp ing  n u c leo tid e  peaks in the e lec trophorogram  show ing d isto rted  seq u e n c e ’, 

such an e lec trophorog ram  can  o n ly  be due to  the p resence  o f  d ifferent sequences g en era ted  

from m ultiple o rgan ism s. In  su ch  a situation  the  P C R  am plifica tion  o f  the 16S rR N A  gene w as 

cloned and sequenced .

2.8.6 C loning E xp erim en t

2.8.6.1 Gel p u r if ic a tio n  o f  th e  P C R  p ro d u c t

First step p rio r to  c lon ing  is the  gel pu rifica tion  o f  the  P C R  product. A ccord ing ly , all sam ples 

which gave positive  resu lts  w ere  sub jected  to  a repeat P C R  to  am plify  the  16S rR N A  genes 

common to all bacteria . P C R  am plified  products w ere  then  gel p u rified  u sin g  W iza rd ®  SV  G el 

and PCR C lean-U p  S ystem  (P rom ega, U SA ). 5 0 p l o f  P C R  am plifica tion  reac tio n  w as lo ad ed
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on to a 1% gel and w as a llow ed  to  run  on a gel e lec trophoresis  apparatus. O nce the  desired  

band which is 500bp, w as p ro p erly  separated it w as excised  from  the gel and w as p laced  in  a 

1.5 ml m icro cen trifuge tube .U V  protecting  g lasses a long  w ith  the facem ask was w orn  w hile  

excising the band  from  the gel. E xposure o f  U ltra  v io le t ligh t ought to be curta iled  as far as 

possible in o rder to reduce  the form ation  o f  pyrim id ine  dim ers.

10pl o f  m em brane b ind ing  so lu tion  supplied  w ith  th e  W izard®  SV Gel and  P C R  C lean-U p 

System (Prom ega, U S A ) w as ad d ed  to p er lOm g o f  gel slice. I t w as vortexed  and incubated  at 

60°C until the gel slice w as com pletely  dissolved. T he  d isso lved  gel m ixture was transferred  

on to the SV m ini co lum n and incubated  at room  tem peratu re  fo r 1 m inute. It w as cen trifuged  

at 14,000 rpm  for 1 m inu te  and  the  flow  th rough w as d iscarded . 700pl o f  m em brane w ash  

solution w as added and  cen trifuged  at 14000 rpm  fo r 1 m inute. This w ashing step w as repeated  

with 500pl o f  m em brane w ash  so lu tion  w hich  has p re -ad d ed  95%  ethanol. A fter cen trifug ing  

for 5 m inutes at 14000 rpm  the m in i colum n w as p laced  at ro o m  tem perature for 5 m inu tes to 

evaporate any  rem ain ing  ethanol. F inally , purified  D N A  w as elu ted  in  5 0 p l o f  nuclease  free 

water by  cen trifugation  at 14000 rp m  for 1 m inute. E lu ted  p u rified  D N A  w as stored  in a -20°C  

freezer till the  com m encem ent o f  cloning experim ents.

2.8.6.2 C loning the ta rget D N A  u s in g p G E M - T® vec to r

Gel purified D N A  p ro d u c t w as c loned using  pG E M - T® v ec to r in  accordance w ith  the  u ser 

manual (P rom ega, 2010) and the  procedure fo llow ed  is d escribed  in this section. T he pG E M - 

T® vector and  contro l in sert D N A  tubes w ere b rie fly  cen trifuged  to collect the contents at the  

bottom  o f  the  tubes. 2x  liga tion  buffer w ere v o rtex ed  v igorously  before  each use. T he
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experiment w as carried  ou t in 0 .5m l tubes know n to h av e  low  D N A -bind ing  capacity . L igation  

reactions w ere set up as illu stra ted  in Table 2.1 below ;

Table 2.1 L igation  reaction

Reaction C om ponent

Standard
reaction

0*1)

P ositive
control

(p l)

B ack grou n d
control

(pl)

2X Rapid L igation  B uffer, T4 D N A  
Ligase

5 5 5

pGEM®- T vecto r (50ng) 1 1 1

PCR product 3* - -

Control Insert D N A - 2 -

T4 DNA L igase (3 W eiss u n its /p l) 1 1 1

Nuclease free w ater to  a final vo lum e o f 10 10 10

The prepared reaction  m ix ture  w as m ixed  b y  p ipe tting  and w as incubated  at room  tem peratu re  

for 1 hour fo llow ed by  incubation  at 4°C  overnight. O n ly  T4 D N A  ligase supp lied  w ith  the kit 

was used to avo id  exonuclease activ ity  tha t m ay  rem ove the term inal deoxy thym id ines and 

may degrade the T over hangs on  the  vector. Since 2 x  R apid  L igation  B uffer con tained  A TP, 

which degrades during  tem peratu re  fluctuations, single use  a liquo ts o f  the bu ffe r w ere p repared  

prior to the com m encem ent o f  the  ligation  procedure. L ig atio n  reactions using  this bu ffe r w ere 

incubated overn ight to p ro duce  the m axim um  n u m b er o f  transform ants and  increase the 

number o f  colonies a fte r transfo rm ation  (P rom ega, 2010).

99



2 .8 .63  Transform ing the recom bin edpG E M ® -T  vec to r  in to  com peten t cells JM 109  

Next step fo llow ing ligation  w as the transform ation  o f  recom binan t vector into the com peten t 

cells. H igh effic iency  JM 109 com petent cells (> lx lO sc fu /p g  DNA) w ere u sed  fo r the 

transform ation reaction. T hese cells w ere p rovided  w ith  the pGEM ®-T vecto r kit II (P rom ega, 

USA). The genotype o f  JM 109 is r e c A l, e n d A l ,  g y rA 9 6 , thi, h s d R l l  (rK -,m K +), r e lA l ,  

supB44, A {lac-proA B ), [F, traD 36, p ro A B ,  /acIqZA M 15] (M essing et al., 1981, P rom ega, 

2010).

Before the transform ing  experim ent com m enced p la tes w ith  am picillin /IP T G /X -G al w ere 

prepared w ith  the com m ercially  available im M edia™  A m p Blue (Inv itrogen™ , L ife 

Technologies, U SA ). P repared  p lates w ere equ ilib rated  to ro o m  tem perature. Tubes con tain ing  

the ligation reactions w ere centrifuged  to co llect the contents a t the bottom . 2 p i each o f  liga tion  

reaction w as added to a  sterile 1.5ml m icro  centrifuge tube on  ice. A no ther tube w ith  O .lng  

uncut p lasm id  w ere p repared  and  kept on  ice fo r the determ ination  o f  the transfo rm ation  

efficiency o f  th e  com peten t cells. JM 109 H igh effic iency  com peten t cells w ere p laced  in  an ice 

bath until ju s t  thaw ed. T he cells w ere m ixed b y  gen tly  flick ing  the tubes and avoid ing  excessive 

pipetting since the com peten t cells are ex trem ely  fragile.

50pl o f  cells w ere th en  transferred  into each p repared  tube and  100pi com petent cells added to 

the tube containing the O .lng uncu t plasm id. The tubes w ere gen tly  flicked  to m ix  and w ere 

placed on ice  for 20 m inutes. C ells w ere heat shocked  for 45 -50  seconds in  a w ater b a th  exactly  

at 42°C w ithou t shaking  and im m ediately  rep laced  on ice fo r 2 m inutes. 9 5 0 p l o f  room  

tem perature ‘Super O ptim al b ro th  w ith  C atabo lite  rep re ss io n ’ m edium  (S .O .C  m edium )
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(Invitrogen™ , Life T echnolog ies, U SA ) w as added to  the tubes contain ing cells transfo rm ed  

with ligation reactions and  9 0 0 p i to the tube con tain ing  cells transform ed  w ith  uncu t p lasm id .

Tubes w ere incubated  at 37°C  fo r 1.5 hours, shaking  approx im ate ly  at 150 rpm . lOOpl o f  the  

transform ed cultures w ere cultured on to  dup licate  L B /am picillin /IP T G /X -G al plates. 

Transform ed contro l w as p la ted  in  a 1:10 d ilu tion  on  S.O .C . M edium . P lates w ere incubated  at 

37°C overnight to ob tain  b lue and  w hite colonies. W hite  colonies contained  the insert o f  

interest and w ould  ap pear approxim ately  1m m  in d iam eter (P rom ega, 2010).

2.8.6.4 Transform ation  effic ien cy  calcu lation

After 100p i o f  com peten t cells w ere transform ed  w ith  O .lng  o f  uncut p lasm id  D N A , the  

transform ation reaction  w as added  to 9 0 0p l o f  S .O .C . m ed ium  (O .lngD N A /m l). F rom  tha t 

volume, a 1:10 d ilu tion  w ith  S .O .C . m edium  (O .O lngD N A /m l) w as m ade and  lOOpl w as p la te  

onto two p lates (0.001 ngDNA/LOOpl). The transfo rm ation  effic iency  w as calcu la ted  for the 

JM 109 com petent cells  as fo llow s;

Transform ation effic iency  =  N um ber o f  co lo n y  fo rm ing  units
0 .00  ln g
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2.8.6.5 Sub cu ltu rin g

After carefully  selecting  the w hite  colonies w ith  the  insert it w as necessary  to  subcu ltu re  the 

clones for fu rth er analysis and fo r the preparation o f  p lasm ids. L uria-B ertan i broth  (LB) w as 

prepared b y  d isso lv ing  2 .5g  o f  LB  pow der (S IG M A -A L D R IC H , U SA ) in  100 m l o f  dKhO. 

Am picillin pow der (S IG M A -A L D R IC H , U SA ) w as added  to  m ake a concen tra tion  o f  

125pg/ml. A pprox im ate ly  around  10 selected  w hite co lonies w ere  num bered  and w ere first 

touched on to  L B /X -G al/IP T G /am p plate and  then sub-cu ltu red  on  to tube con tain ing  6 00p l 

LB bro th /am picillin . LB b ro th  p rovided  the nu trition  m ed iu m  needed fo r bacte ria l grow th. 

Since the p lasm id  v ec to r pG EM ® -T contains A m pr gene (A m picillin  resistan t gene), the 

recom bined bacte ria  w ou ld  be  resistan t to A m picillin . T herefo re  the A m picillin  added  to  LB 

broth w ould  allow  on ly  the b ac te ria  o f in terest to g row  and  p reven t the g row th  o f  other. T he 

sub-cultured p la te  and the tubes w ere incubated  overn igh t at 37°C  in a  shak ing  incubato r set 

up to shake ho rizo n ta lly  at 150 rpm . A fter overn igh t incubation  the c lear LB b ro th  w ith  

ampicillin had  a m isty  appearance  indicating the grow th  o f  the recom bined  bacteria  con tain ing  

the target insert. Sub-cu ltu red  p la te  was stored  for fu tu re  analysis.

2.8.6.6 Iso la tio n  o f  ‘P la sm id  D N A  ’fro m  the recom bin ed  bacteria

Plasmids D N A  from  the sub cu ltu red  recom bined  bacte ria l cells w ere iso lated  using  Pure Y ie ld  

™ Plasm id M in i-p rep  System  (Prom ega, U SA ). T h is k it p ro v id ed  a rap id  m ethod  to  purify  

plasm id D N A  using  silica m em brane colum ns (P rom ega, 2009). The kit con tained  endo-tox in  

removal w ash ing  so lu tion  w hich  rem oved im purities such  as pro teins, R N A  and endo-tox in  

contam inants and  a llow ed  the  isolation o f  pu rified  h ig h ly  concen tra ted  p lasm id  D N A  

(Promega, 2009).
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Neutralization so lu tion  (N SC ) w as stored at 4-8°C  and  the rest o f  the kit con ten t w as stored at 

room tem perature. The Cell Lysis B uffer (C LC ) w as incubated  at 35°C for 30 m inutes and was 

mixed by inverting before  use. The C olum n w ash so lu tion  w as diluted w ith  95%  ethanol in 

accordance to user instructions in the kit m anual. 100pl o f  the C LC  which is b lue  in co lour was 

added to the 600pl o f  sub-cu ltu red  cells and w as m ixed  b y  inverting  the tubes 6 tim es. 350pl 

o f cold N SC w as added m ixed  thoroughly  by  inverting. This turned  the m ixture from  blue to 

yellow colour.

The reaction m ixture w as centrifuged  at m axim um  speed at 14000 rpm  in  a  m icro-centrifuge 

for 3 m inutes and  the  supernatan t (~900iil) w as transferred  to  a Pure Y ield™  m ini-colum n 

without d isturb ing  the cell pellet. The m ini-colum n was p laced  in a co llection  tube and 

centrifuged at 14000rpm  for 15 seconds. The flow -through w as discarded and  the m ini-colum n 

placed in the sam e co llection  tube. To this, 200p l o f  endo-toxin  rem oval w ash (ERB ) w as 

added and centrifuged  at a 14000 rpm  speed for 15 seconds. 4 0 0 p l o f  co lum n w ash  solution 

was added and centrifuged  at 14000 rpm  speed for 30 seconds. F inally, the m in i-co lum n was 

placed in a sterile 1.5m l m icro-centrifiige tube and 3 0 p l o f  E lu tion  buffer added to elude the 

plasm id D N A  out. E lu ted  p lasm id  D N A  w as stored in  -20°C  freezer until it w as used  fo r further 

analysis.
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2.8.6.7 Colony PC R

Colony PCR w as carried  out to ensure the isolated p lasm ids contained the target insert o f  

interest by am plify ing a  po rtion  o f  the insert. C olony PC R  w as perform ed w ith  bo th  insert 

specific prim ers and v ec to r specific  prim ers to screen for the recom binant p lasm ids. T he insert 

specific universal p rim ers 16S rR N A  BSF8/20 (5 ’- A G A  G TT T G A  TCC T G G  C TC  A G  -3 ’) 

and 16S rR N A  B S F 5 14/18 (5 ’- A T T  ACC G C G  G C C T  G C T G G C  -3 ’) w as used  to am plify  

the inserted D N A  fragm ent. T his resulted in a 511bp band  w hen  run on a 1.5%  A garose gel 

indicating a successful iso lation  o f  the p lasm id  D N A  w ith  the target D N A  insert.

Similarly vector specific  p rim ers, T7 sequencing p rim er (5 ’- T A A -T A C -G A C -T C A -C T A - 

TA G -G G -3’) and Sp6 sequencing  prim er (5 ’- A T T -T A G -G T G -A C A -C T A -T A G -3’) w ere 

used to am plify a po rtio n  o f  the p lasm id  to ensure tha t the insert w as present. Thus, fo r 5 p i o f  

the 5x PCR reaction b u ffer (lO m M  Tris-H Cl, 50m M  KC1, 1.5m M  M gCl2, pH  8.5, 20°C ) 1.5pl 

o f  25mM M gC l2, 1 .25pl 2m M  d N T P ’ s (dA TP, dG TP, dTTP and dCTP) w as added. 0 .6p l o f  

each 25pM  T7 forw ard  p rim er and  SP6 reverse p rim er (15pm ol) and 0 .5p l (1U ) o f  G o Taq 

DNA polym erase (P rom ega, U S A ) was added to the above m ix ture  along w ith  2 p i o f  purified  

plasm id DNA. V olum e o f  the P C R  m ix w as adjusted to 50p l w ith  dHzO.

The above reaction  m ix tures w ere placed on  the A B I 2720 therm o-cycler (A pplied  B io­

Systems, Life T echnolog ies U SA ). Initial denaturation  o f  the genom e w as set at 94°C  for 2 

minutes, then 35 cycles o f  repeated  heat denaturation o f  30s at 94°C , annealing o f  the prim ers 

at 55°C for 1 m inute w ith  ex tension  taking place at 72°C  for 2.5 m inutes. T his reaction  w as 

concluded w ith a final ex tension  at 72°C for 10 m inutes and w as held  at 4°C . The presence  o f  

bacteria was confirm ed b y  the presence o f  the am plified  inserted  D N A  fragm ent (w hich  is the
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16S rRNA gene) de tec ted  b y  manning on a 1% A garose gel w hich  results in  tw o bands; one 

band at 500bp m ark  and  the o th er band at 650bp m ark  (p rim er and  the insert).

2.8.6.8 B stZ l restriction  d igestion

B stZ l restriction enzym e d igestion  was perform ed for th e  p lasm ids p rio r to  sequencing  to  

verifying w hether the insert w as p resent in  the p lasm id  purified . The B stZ l restric tion  enzym e 

digestion w as carried  ou t by  add ing  0 .2p l o f  lO pg /p l o f  A cety la ted  B SA  to 2 p l o f  10X R E  

buffer. To this m ix ture  l p l  o f  lp g /p l  concentrated p lasm id  D N A  and 0 .5 p l o f  lO u /p l B stZ l 

restriction enzym e w as added. 16.3|li1 o f  dHzO was added to m ake up the fina l vo lum e to 2 0 p l 

and mixed gently  b y  p ipetting . This reaction  m ixture w as b riefly  centrifuged  in  a m ic ro ­

centrifuge and incubated  at 50°C  for 3 hours. The reaction  w as inactivated  at 65°C  for 15 

minutes. The reaction  p roducts w ere then exam ined b y  runn ing  on  an agarose gel w h ich  w ou ld  

give a band approx im ate ly  a t 500-600bp indicating the p resence  o f  the insert. U ncu t p lasm ids 

were used as the experim en tal control.

2.8.6.9 A u tom ated  seq u en cin g  o f  p lasm ids

Sequencing o f  p lasm ids w as carried  out using autom ated  sequencing. In sum m ary, the  10 w hite  

colonies carefully  se lec ted  from  the blue/w hite screening w ere sub-cultured and  p lasm id  D N A  

isolated. The p lasm id  D N A  confirm ed  for the presence o f  the insert D N A  w as sub jected  to  

automated sequencing. A ccord ing ly , 5-10 plasm id D N A  detec ted  positive fo r the p resence  o f  

bacteria w ere sequenced . The F A S T A  sequence o f  the  resu lting  sequences w as B L A S T  against 

the NCBI genbank.
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2.9 D etection o f  fungi from  the p lacental tissue sam ples

2.9.1 A m plification  o f  the 28S  rRNA gene

DNA was ex tracted  from  the p lacen tal tissue sam ples using the Q IA am p D N A  ex trac tio n  k it 

(QIAGEN, U SA ). NL1 (5 ’ G C A  TA T C A A  TA A  G C G  G A G  GAA A A G -3 ’) and  N L 4  (5 ’- 

GGT CCG  T G T  TTC  A A G  A C G  G -3 ’) w ere used as the forw ard  and reverse un iversa l fungal 

primer pair to am plify  the 28S rR N A  gene o f  fungi (V oig t et al., 1999, C hen et al., 2003 , R osen  

and Lim, 2012, H urley , 2007, Y unianto , 2012). 1 .5pl o f  25m M  M gC l2, 1 .25pl o f  2 m M  d N T P ’ 

s (dATP, dG T P, dT T P and dC T P ) was added to 5 p i o f  the 5x  PC R  reaction  bu ffe r (lO m M  

Tris-HCl, 50m M  KC1, 1.5m M  M g C h , pH  8.5, 20°C). 0 .3 p l o f  each 50pM  forw ard and  reverse  

NL1 and N L 4 prim ers (15pm ol) w ere added to the m ixture along w ith 0 .2 p l (1U ) o f  Go T aq  

DNA polym erase (P rom ega, U SA ). F inally  3 p l o f  pu rified  D N A  w as added and  the vo lu m e o f  

the PC R  m ix  w as ad justed  to 25 p i w ith the help  o f  CIH2O. T he above reaction  m ix tures w ere  

placed inside the  A B I 2720 therm o-cycler (A pplied  B io-System s, Life T echno log ies U SA ). 

Initial denaturation  o f  the  genom e w as set at 95°C fo r 5 m inutes, then 40 cycles o f  rep eated  

heat denaturation o f  30s at 94°C , annealing o f  the p rim ers at 61 .5°C  for 30s w ith  the  ex ten tion  

taking place at 72°C  for 30s. T h is  reaction w as concluded w ith  a final ex ten tion  at 72°C  for 10 

minutes and w as held  a t 4°C . T he presence o f  fungi w as confirm ed b y  the  p resence o f  the 

amplified 28S rR N A  gene d e tec ted  b y  gel electrophoresis.

2.9.2 G el electroph oresis to  detect the 28S rR N A  gene

The product obtained  from  the 28S rR N A  gene am plification  w as sub jec ted  to gel 

electrophoresis using  a 1.5%  A garose  gel. This gel w as m ade using  0.38g o f  agarose d isso lved  

with 25ml o f  IX  TB E buffer to p p ed  up w ith 5p l o f  e th id ium  brom ide. O nce the gel w as set at 

room tem perature it w as d ipped  in  IX  TB E buffer and  8 pi from  the PC R  product w as lo ad ed
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with 2pl o f  loading  dye a long  w ith  a lOObp D N A  ladder. G el w as then  sub jec ted  to a vo ltage  

o f 65V for 30 m inu tes in  a g e l electrophoresis apparatus. W hen  v isualized  un d er U V  ligh t a 

band at 550bp ind ica ted  the p resence  o f  28S rR N A  gene. T h is signified  the p resence  o f  fung i 

in the p lacen tal tissue  sam ple. T he sam ples resu lting  in a ban d  at 550bp w as considered  positive  

for the p resence o f  fung i and  the sam ples w here th e  band  w as absent w ere considered  negative.

2.9.3 A u tom ated  seq u en c in g  and analysis o f  electrop h orogram

The PC R  product w as p u rified  w ith  the treatm ent o f  E xo-S A P  cleanup process. E xonu c lease  1 

(E xol) w as used  to rem ove  the excess prim ers in  the P C R  m ixture and  Shrim p A lka line  

Phosphatase (SA P) w as u sed  to rem ove the add itional deoxy  nucleotide tri p hosphate  (dN T P s). 

5 pi o f P C R  product w as m ix ed  w ith  1 p i o f  lOx bu ffe r Exo 1, 1 p i o f  1 Ox buffer SA P , 1 p i o f  the 

SAP enzym e and 0 .2 5 p l o f  E x o l enzym e (F erm entas, L ife Sciences, U SA ). dFhO w as added  

to make the vo lum e to  lO pl and  the enzym atic  reaction  w as allow ed to take p laced  at 37°C  fo r 

15 m inutes in  the therm o  cy c le r (2720 A pp lied  b io -system , U SA ). This reaction  w as in activa ted  

at 80°C for 15 m inu tes and  w as held  at 4°C  before  com m encing  the cycle sequencing  reaction .

Cycle sequencing  w as carried  ou t w ith  the  A B I PR ISM  B ig  D ye®  te rm in a to r v3.1 cycle 

sequencing k it (A pp lied  B iosystem s, U SA ). A cco rd in g ly  cycle sequencing  m ix tu re  w as 

prepared b y  add ing  2 p l o f  5x  buffer, 1 p i o f  the 12 .5pM  N L1 forw ard  p rim er and 0 .8 p l o f  cycle 

sequencing m ix  supp lied  b y  the  B ig  D ye®  term ina tion  v3.1 cycle sequencing  k it (A pp lied  b io ­

systems, U SA ). 3 p l o f  the E x o-S A P  purified  P C R  p ro d u c t w as added and  th e  reac tio n  vo lum e 

was adjusted to  1 Opl w ith  d th O . This reaction  w as carried  ou t on  ice in a dark  labora to ry  setting  

as the cycle sequencing  m ix  w as light sensitive. T he  p rep ared  reaction w as sub jec ted  to  in itia l 

denaturing at 96°C  fo r 1 m in u te  fo llow ed b y  25 cycles  o f  denaturing  at 96°C  fo r 30 seconds,

107



annealing tem perature at 50°C  for 15 seconds an d  ex tension  at 60°C fo r 4 m inutes. C ycle 

sequencing w as com pleted  w ith  a final ex tension  at 28°C  for 1 m inute and  w as he ld  a t 4°C  in  

the thermo cycler.

Cycle sequencing reaction  w as cleaned up w ith  the help  o f  Just-a-P late™  S equencing  R eaction  

Clean Up k it for B ig Dye® T erm inato r clean  up  (A Z C O  B io tech , Inc.). A ccord ing ly , the cycle 

sequencing product ob ta ined  w as thoroughly  m ixed  w ith  2 p l o f  binding bu ffe r supp lied  by  the  

sequencing reaction c lean  up  k it above and 25 .5p i o f  100%  ethanol. T his w as sub jec ted  to 

centrifugation at 13000 rpm  fo r 20 m inutes at 4°C  in  a m icro-centrifuge. C onten ts w ere  p ipe tted  

out without touching  the w all o f  the tube and kept to  air dry in  the dark. T he dried  tubes w ere 

washed w ith 4 0 p l o f  70%  ethanol and p laced  on a  dry  b lock  set at 65°C fo r 5 m inutes. T he 

purified sequencing p roducts  w ere e lu ted  in  10 .3pl o f  H i- D i™  form am ide (A pp lied  B io ­

systems Life T echnolog ies, U SA ). The con ten t w as vortexed  and  centrifuge at 13000 rpm  fo r 

15 minutes at 4°C  and denatured  at 95°C fo r 5 m in. T his w as im m ediately  tran sferred  to  -20°C  

for about 5 m inutes. A ll steps w ere carried  ou t in th e  dark.

2.9.4 A nalysis o f  electroph orogram

The sequence given in  the e lec trophorogram  w as analysed  w ith  the help o f  B io E d it 7 .5 .0 .3  

software and w as cop ied  in to  a FA STA  form at. T he F A S T A  sequence ob ta ined  w as B L A S T  

against the m icrob ia l genom e database availab le  at the N C B I w ebsite  

(http ://w w w .ncbi.n lm .nih .gov/) w hich facilita ted  th e  iden tifica tion  o f the fung i p resen t in  the  

sample. H ow ever the electrophorogram  w hich  appeared  d isto rted  indicated  the p resen ce  o f  

mixed organism s. S uch  sam ples w ere re-P C R , c loned  and  sequenced.
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2.9.5 C loning experim en t

The samples suspected  o f  h av ing  m ixed  infections w ere  c loned  and  sequenced. P C R  am plified  

products w ere then  gel p u rified  using  W izard®  SV G el and  P C R  C lean-U p System  (P rom ega, 

USA) as explained  in  sec tion  2 .8.6. The purified  D N A  seg m en t w as c loned  in  to pGEM ® - T 

vector.

2.9.5.1 C loning in to pG E M ® - T  vector

The purified p ro d u c t w as liga ted  to  the pGEM ®- T  v ec to r in  accordance to  the u se r m anual 

(Prom ega, 2010). pGEM ® - T v ec to r and contro l in sert D N A  tubes w ere b rie fly  cen trifuged  to  

collect the contents a t the b o tto m  o f  the tubes. 2X  lig a tio n  bu ffe r w ere vortexed  v ig o ro u sly  a t 

about 2500 rpm  before  each  use. T he experim en t w as carried  o u t in  0.5m l tubes k n o w n  to  have  

low  D N A -binding capacity . L ig atio n  reactions w ere set up  as illustra ted  in  T able 2.1 in  sec tion  

2.8.6.2. The p repared  reac tio n  m ix ture  w as m ix ed  b y  p ip e ttin g  and incubated  at ro o m  

tem perature for 1 h o u r  fo llow ed  b y  incubation  o v ern igh t to  produce m ax im um  n u m b er o f  

transform ants (P rom ega, 2010).

2.9.5.3 T ransform ing in to  co m p eten t cells JM 109  & B L U E /W H IT E  selection  

The next step fo llow ing  lig a tio n  w as the tran sfo rm atio n  o f  recom binan t v ec to r in to  the 

com petent cells. H igh  e ffic ien cy  JM 109 com peten t cells ( > l x l 0 8cfu/(a.g D N A ) w ere  used  fo r 

the transform ation reaction . T hese  cells w ere p ro v id ed  w ith  the pGEM ® -T v ec to r k it II 

(Prom ega, U SA ).
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LB plates w ith  am p ic illin /IP T G /X -G al (im M edia™  A m pB lue In v itro g en IM, L ife 

Technologies, U SA ) w ere  p repared  and w ere equ ilib rated  to room  tem perature. T he tubes 

containing the liga tion  reactio n s  w ere centrifuged  at 13000rpm  for 30s and the con ten ts  

collected at the bo ttom . 2 p l o f  each ligation reaction w as added to a sterile 1.5m l m icro  

centrifuge tube on ice. A n o th e r tube w ith 0.1 ng  uncu t p lasm id  w ere prepared  and kep t on ice 

for the de term ination  o f  the  transform ation  efficiency  o f  the com petent cells. JM 109  H igh 

efficiency com peten t cells  w ere  p laced  in an ice bath  until ju s t thawed. The cells w ere  m ixed  

by gently flick ing  the tu b es  and  excessive p ipetting  w as avo ided  since the com peten t cells are 

extremely fragile.

50gl o f com peten t cells  w ere added  in to each tube contain ing  2 g l ligated product and  lOOpl 

o f com petent cells w ere  ad d ed  to the tube contain ing  O .lng  uncut plasm id. G ently  flicked  the 

tubes to m ix and  p laced  them  o n  ice for 20 m inutes. C ells w ere heat shocked for 4 5 -50  seconds 

in a water bath  ex ac tly  at 42°C  w ithou t shaking and  im m ediately  returned the tubes to ice fo r 

2 minutes. 9 5 0 g l o f  S .O .C  m edium  (Invitrogen™ , Life Technologies, U SA ) at room  

temperature w as added  to  the tubes contain ing cells transform ed w ith ligation  reactions and 

900pl to the tube co n ta in in g  cells  transform ed w ith  uncut plasm id. Tubes w ere incubated  at 

37°C for l.S h o u rs  w ith  sh ak in g  approxim ately  at 150 rpm . I0 0 p l o f  the transform ed  cu ltu res 

were cultured on to  d u p lica te  L B /am picillin /IPT G /X -G al plates. T ransform ed con tro l w as 

plated w ith a 1:10 d ilu tio n  w ith  S.O .C . M edium  (Inv itrogen , USA). Plates w ere incubated  at 

37°C overnight to o b ta in  b lue an d  w hite colonies (P rom ega, 2010). The co lon ies w ith  the insert 

produced w hite  co lo u r co lon ies.
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2.9.5.4 Sub cu ltu rin g

A pproxim ately around  10 selec ted  w hite colonies w ere  num bered  and first touched  on  to  X - 

Gal/IPTG p la te  and then  sub-cu ltu red  on  to tubes con tain ing  600pl LB bro th /am picillin . 

Preparation o f  L uria-B ertan i b ro th  (LB) w ith  am p ic illin  is explained  in section  2.8 .6 .5 . T he 

sub-cultured p late  and  tubes w ere incubated  overn igh t a t 37°C  in  a shaking incubato r set up at 

150 rpm. A fte r overn igh t incubation  the c lear LB b ro th  w ith  am pic illin  had  a m isty  appearance 

indicating the grow th  o f  the recom bined  bacte ria  con tain ing  the target inserts. The sub-cu ltu red  

plate was sto red  for fu ture analysis.

2.9.5.5 Iso la tion  o f  ‘P la sm id  D N A  ’fro m  th e  reco m b in ed  bacteria

Plasm id D N A  from  the  sub -cu ltu red  recom bined  b acte ria l cells w as iso lated  using Pure Y ie ld  

™  Plasm id M in i-p rep  S ystem  (P rom ega, U SA ). N eu tra liza tio n  solution (N SC ) w as sto red  at 

4-8°C and the  rest o f  the k it co n ten t w as sto red  a t ro o m  tem peratu re. The Cell L ysis B uffer 

(CLC) was incubated  at 35°C  fo r 30 m inutes and  m ix ed  b y  inverting  before used. T he C o lum n 

W ash Solu tion  w as d ilu ted  w ith  95%  E thano l in accordance  to user instructions in  the k it 

manual. lOOpl o f  the C ell L ysis B uffer (blue in  colour) w as added  to the 6 0 0 p l o f  sub-cu ltu red  

cells and m ix ed  by inverting  the  tubes 6 tim es. 35 0 u l o f  co ld  N eutralizing  S olu tion  w as added  

and was m ixed  thorough ly  b y  inverting. T his tu rned  the m ix tu re  from  blue to  yellow  colour.

The reaction m ix tu re  w as cen trifuged  at 14000 rpm  in  a m icro -cen trifuge  fo r 3 m inu tes and the 

supernatant transferred  (~ 9 0 0 p i) to  a Pure  Y ie ld ™  m in i-co lu m n  w ithout d istu rb ing  the cell 

pellet. The m in i-co lu m n  w as p laced  on a co llection  tube  and  centrifuged at 14000 rp m  fo r 15 

seconds. T he flow -th rough  w as discarded  and  the  m in i-co lu m n  was p laced  in  the sam e 

collection tube. To th is 2 0 0 jli1 o f  E ndo-tox in  R em o v al W ash  (E R B ) was added  and cen trifuged  

at 14000rpm  fo r 15seconds. 4 0 0 p l o f  C o lum n  W ash  so lu tion  w as added and  was cen trifuged
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at 14000rpm for 30 seconds. Finally, the m in i-co lum n  w as p laced  in a sterile  1.5m l m ic ro ­

centrifuge tube and 3 0 p l o f  E lu tion  buffer added to e lude  the p lasm id  D N A  out. E lu ted  p lasm id  

DNA was sto red  in -20°C  freezer until used  fo r fu rth er analysis.

2.9.5.6 Colony P C R

Colony PC R  was carried  out to ensure the p lasm ids iso la ted  contained the target insert o f  

interest by am plify ing  a p o rtio n  o f  the insert. C o lony  P C R  w as perform ed  w ith bo th  insert 

specific prim ers and v ec to r specific  prim ers to  screen  for the recom binan t p lasm ids. The insert 

specific fungi un iversal p rim ers NL1 (5 ’-G C A  T A T  C A A  T A A  G CG  G A G  G A A  A A G -3 ’) 

and NL4 (5 ’- G G T C C G  T G T  T T C  A A G  A C G  G -3 ’) w as u sed  to am plify the inserted  D N A  

fragment. T his resu lted  in  a round  550 bp  band  w hen  run  on  a 1.5% A garose gel ind ica ting  a 

successful iso lation  o f  the p lasm id  D N A  w ith  the ta rg e t D N A  insert.

Similarly v ecto r specific  p rim ers, T7 sequencing p rim er (5 ’- T A A -T A C -G A C -T C A -C T A - 

TA G -G G -3’) and Sp6 sequencing  p rim er (5 ’- A T T -T A G -G T G -A C A -C T A -T A G -3’) w ere 

used to am plify  a portion  o f  the p lasm id  to ensure tha t the in sert w as present. A ccord ing ly , for 

5 pi o f the 5x P C R  reac tio n  bu ffe r (lO m M  T ris-H C l, 50m M  KC1, 1.5mM  M g C h , pH  8.5, 20°C ) 

1.5pi o f 25m M  M g C h  and 1 .25pl 2m M  d N T P ’ s (dA T P, dG T P , dTTP and dC TP) w as added. 

0.6pl o f each 2 5 p M  T7 forw ard  p rim er and  SP6 reverse  p rim er (15pm ol) and  0 .5 p l (1U ) o f  Go 

Taq DNA po lym erase  (P rom ega, U SA ) w as added  to  the above m ixture a long w ith  2 p l o f  

purified p lasm id  D N A . T he v o lu m e o f  the P C R  m ix  w as ad justed  to 50p l w ith  dHaO.
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The above reaction  m ix tu res w ere  p laced  inside th e  A B I 2720  th e rm o -cy c ler (A p p lied  B io ­

Systems, L ife T echno log ies U S A ). Initial denatu ration  o f  the  genom e w as set at 94°C  for 2 

minutes, then  35 cycles o f  rep ea ted  heat denatu ration  o f  30s at 94°C , annea ling  o f  the  p rim ers 

at 55°C for 1 m inu te  w ith  ex tension  taking place a t 72°C  fo r 2.5 m inutes. T his reactio n  w as 

concluded w ith  a final ex tension  at 72°C for 10 m inu tes and  w as held  at 4°C . The p resence o f  

fungi was confirm ed  b y  the p resence  o f  the am p lified  in serted  D N A  fragm en t (w h ich  is the 

28S rRN A  gene) de tec ted  b y  runn ing  on a 1% A garose  gel w h ich  resu lts  in  tw o bands; one 

band at around 550bp m ark  an d  the other ban d  at ~  600bp  m ark  (prim er and  the insert). B s tZ l 

restriction enzym e d ig estio n  w as also perform ed  for the p lasm ids p rio r to sequencing .

2.9.5.7 S equ en cin g  o f  p la sm id s  f o r  the iden tifica tion  o f  fu n g i

Sequencing o f  p lasm ids w as carried  out using  au tom ated  sequencing . In sum m ary  the  10 w hite  

colonies carefu lly  se lec ted  from  the b lue/w hite  screening  w ere  sub-cu ltu red  and  p lasm id  D N A  

was isolated. T he p lasm ids D N A  confirm ed for the p resence  o f  the insert D N A  w as sub jec ted  

to autom ated sequencing . A ccord ing ly , 5-10 p lasm id  D N A  w as sequenced  from  each  sam ple 

detected positive  fo r the  p resence  o f  fungus/fungi. T h e  F A S T  A  sequence w as B L A S T  against 

the N CBI gen  bank  to  iden tify  the  fungi present.
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2.10 D etection o f v iruses from  the p lacental tissue sam ples

2.10.1 E xtraction  o f  v ira l D N A

Viral D NA w as ex trac ted  from  the p lacental tissue sam ples u s in g  the Q IA am p D N A  m ini k it 

in accordance to  the u se r  m anual supplied  w ith  the k it (QLAGEN, 2010). lg  o f  frozen  p lacen ta l 

tissue sam ple excised  from  the orig inal p lacental tissue  sam ples w ere kept a t room  tem peratu re  

for 10 m inutes to thaw . P lacen ta l tissue dissolves to  give p lacen ta l b lood  w hen  kep t at room  

tem perature fo r som e tim e. 1m l o f  p lacental b lood w as taken  in to  a sterile d isposab le  syringe 

and filtered th rough  sterile  M illex-G P  disposable 0 .22 pm  pore  size y-irrad iated  syringe filters 

(SIGM A, U SA ). T o 200  p i o f  filtered  placental b lood , 2 0 p l o f  p ro teinase K  and 2 0 0 p l buffer 

AL was added. This m ix tu re  w as m ixed  by  pulse vortex ing  fo r 15s and incubated  at 56°C  fo r 

10 min. 2 0 0 p l o f  96-100%  ethano l was added to this sam ple m ix tu re  w hich w as m ixed  b y  pu lse  

vortexing.

This m ixture w as carefu lly  transferred  to a  Q IA am p M in i sp in  co lum n w ithou t w etting  the rim  

and centrifuged  at 8000rpm  fo r 1 m in. The filtrate w as d iscarded  and the m in i sp in  co lum n 

placed in a fresh  co llection  tube. To th is 500pl b u ffe r A W 1 w as added and  cen trifuged  at 

8000rpm fo r 1 m in. S im ilarly , 5 0 0 p l o f  bu ffer A W 2 w as added  and  centrifuged  at 14,000 rpm  

for 3 m in. F inally , the  sp in  co lum ns w ere placed in  a  sterile  1.5 m l m icro-cen trifuge  tube and  

50pl buffer A E  (lO m M  T ris.C l; 0 .5m M  ED TA ; p H  9.0) w as added. A fte r incubating  for 5 

minutes it w as cen trifuged  at 8000 rpm  for 1 m in  and  the p u rified  D N A  w as stored  at -20°C  

(QIAGEN, 2010).
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2.10.2 C ontrol exp erim en t to confirm  the absence o f  b acteria l/fu ngal D N A

After extracting the v ira l D N A  it was necessary  to m ake sure th a t the ex tracted  v ira l D N A  d id  

not have any takeover p roducts  o f  bacteria  o r fungi. E ven  though  the sam ples w ere sub jected  

to filtration through 0 .2 2 p m  filters restricting the passage  o f  bacteria , fungi and h u m an  D N A  

it would have p erm itted  the sm aller bacterial, fungal D N A  fragm ents to pass th rough . S ince 

the next step w as to carry  o u t w hole genom e am plification , having carry -over p roducts o f  

bacteria, fungi w ould  h inder the  detection  o f  viruses. T herefore , p rio r to the com m encem en t o f  

whole genom e am plification , a ll v ira l D N A  sam ples w ere P C R  am plified  to  detec t th e  p resence  

o f 16S rR N A  and 28S rR N A  genes to confirm  the absence o f  bacteria  and  fungi in  the  D N A  

purified for viruses.

2.10.3 W hole genom e am p lification

Extracted viral D N A  w as th en  subjected to w ho le  genom e am plification  u sing  Illustra  

G enom iPhi™  V 2 D N A  A m plifica tion  k it (GE H ealthcare , U K ). G enom iP h i™  V 2 D N A  

A m plification k it has been  op tim ized  for w hole genom e am plification  from  at leas t lOng o f  

high quality genom ic D N A  tem plate. This k it con tained  sam ple buffer (g reen  cap), reac tion  

buffer (blue cap), enzym e m ix  (yellow  cap) and con tro l D N A  lam bda, lO ng/p l. T yp ica l D N A  

yield from a G enom iP h i™  V 2 D N A  A m plification  k it w as estim ated  to  be  a round  4-7  pg  p e r 

20 p i reaction w hen  started  w ith  lOng o f  purified D N A . F igure  2.1 dem onstrates an  overv iew  

o f whole genom e am plifica tion  b y  isotherm al strand d isp lacem ent using the G enom iP h i™  V 2 

D NA A m plification kit.
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+  dNTPs +

Phi29 DNA Random Input DNA
polymer* te hexarrw  prim m

Figure 2.1 O verview  o f the G enom i PhiT M  V 2 D N A  A m plification  k it proced ure

Phi29 D N A  polym erase, random  hexam er prim ers and  dN T P s added to the input D N A  and 
whole genom e is am plified  by  isotherm al strand  d isp lacem ent m echanism  using  the  
G enom iPhi™  V 2 D N A  A m plifica tion  k it (G E H ealthcare, 2006)

lp l Viral D N A  w as m ixed  w ith  9p l sam ple buffer and p laced  in the 2720 therm al cycler 

(Applied B io-system s, U SA ) and  heated to 95°C  for 3 m inutes. This was cooled to  4°C  on ice. 

It was very im portan t to m ain ta in  precise tim ings as heating  the D N A  for longer than  3 m inutes 

or at higher tem peratures w ould  dam age it. To the coo led  m ixture, 9ju.l o f  reaction  buffer and 

lp l o f  enzym e m ixture w as added. This m ixture w as m ain ta ined  at < 4°C , as tem peratures > 

4°C would resu lt in am plifica tion  o f  unw anted D N A . F ina lly  the m ixture was incubated  at 

30°C for 1.5 hours and  w as inactivated  at 65°C for 10 m inutes (G E H ealthcare, 2006).
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2.10.4 EcoRI restriction enzym e digestion

The amplified D N A  w as then  restric tion  enzym e d igested  using  12ul/pl concentrated  E coR I 

(Promega, USA). 2 p l o f  10X R E b u ffer was added  to a  sterile  0 .2m l PCR tube and for this 

0.2pl o f A cetylated BSA , lO pg /p l w as added, lp l  o f  D N A  w as added  to this m ixture along 

with 0.5pl o f  E coR I restric tion  enzym es and the final vo lum e w as m ade up to 20jal by  adding 

dTEO. This m ixture w as subjected  to 4h  o f incubation at 37°C  and  w as inactivated at 65°C  for 

15 minutes. E coR I restric tion  enzym e cut the genom e b y  leav ing  A ’ overhangs therefore 

introducing A ’ overhangs w ere no t necessary. T hus the  restric tion  enzym e d igested  p roduct 

can be directly used for the cloning  experim ent.

2.10.5 Cloning experim ent

2.10.5.1 Ligation into pG E M ® - T  vector

The above product from  2 .10 .4  w as ligated in to pGEM®- T  vector.

1.10.5.2 Transform ation in to  com peten t cells JM 109

The recom bined vecto r w as transfo rm ed  in  to JM 109 com peten t cells and w as p lated  in  LB 

plates with X -gal/IPTG /am p. A fte r overnight incubation  at 37°C  these plates w ere observed  

for white and blue colonies.

2.10.5.3 B lue & W hite selection

After overnight incubation  LB plates w ith  X -gal/LPTG /am p resu lts  in  blue and w hite  colonies. 

White colonies indicated  the p resence o f  viral D N A  recom bined  in  to  the pGEM ®- T vector.
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2.10.5.4 P lasm id p repara tion

Ten white colonies (contain ing v ira l D N A  recom bined  in to  vector) were selected  and sub­

cultured in LB broth  w ith 125pl/m l am picillin. This w as incubated  at 37°C overnight. P lasm ids 

were prepared from  the sub-cu ltu red  w hite colonies using  Y ield™  Plasm id M ini-prep  System  

(Promega, USA).

2.10.5.6 Single enzym e d igestion  w ith  the enzym e ‘B s tZ l restriction  en zym e’

Plasmids were restriction  enzym e digested w ith  the enzym e B stZ l restric tion  enzym e to 

confirm the presence o f  v iral genom e. R efer section 2.8.6.13 for B stZ l test procedures.

2.10.5.7 Sequencing o fp la sm id s  f o r  the detection  o f  viruses

Sequencing o f  plasm ids w as carried  out using  the sam e pro tocol follow ed in  section 2.8.4 

automated sequencing. In  sum m ary, 10 w hite colonies, carefully  selected  fo llow ing blue/w hite 

screening w ere sub-cultured and p lasm id  D N A  w as isolated. The plasm id D N A  confirm ed for 

the presence o f  the insert D N A  w as subjected to au tom ated  sequencing. A ccordingly , p lasm id 

DNA prepared from  ten w hite  co lonies w as sequenced for each v ira l D N A  sam ple. The FA STA  

sequence was B LA ST against the N C B I gen bank available for all available v iruses to identify  

the virus present in  the sam ple.
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2.11 Detection o f  bacteria & fungi from  am niotic flu id  sam ples

Since the m olecular genetic m ethods for the detection  o f  bac te ria  in  section 2.8 concluded  w ith 

positive findings for the presence o f  bacteria  and fungi, it  w as decided  to study further the other 

biological sam ples obtained from  the  sam e cases and  con tro l w om en  for the p resence o f  

bacteria and fungi. For th a t reason  D N A  was extracted  from  the am niotic  flu id  sam ples using 

the QIAamp D N A  m ini k it (Q iagen, USA).

The 5 -10ml o f  am niotic flu id  co llected  at the tim e o f  de livery  u n d e r aseptic conditions w as 

centrifuged at 8000 rpm  fo r 10 m inu tes. The supernatant w as d iscarded  and the pelle t u sed  for 

the extraction o f  D N A  in  accordance w ith  the u ser m anual. T o  2 0 0 p i o f  concentrated  am niotic  

fluid, 20pl o f p ro teinase K  and 200,ul buffer A L  w as added. This m ix ture  w as m ixed  b y  pulse 

vortexing for 15seconds and  w as incubated  at 56°C  for 10 m in. 2 0 0 p l o f  96-100%  ethanol was 

added to this sam ple m ixture  and  w as m ixed b y  pulse vortex ing .

This m ixture w as carefu lly  transferred  to a Q IA am p M ini sp in  co lum n  w ithout w etting  the  rim  

and was centrifuged at 8000rpm  fo r 1 min. The filtrate w as d iscarded  and the m in i sp in  co lum n 

placed in  a fresh  co llection  tube. To this, 500pl buffer A W 1 w as added and  cen trifuged  for 

SOOOrpm for 1 m in. Sim ilarly , 5 0 0 p l o f  buffer A W 2 w as added  an d  centrifuged  at 14,000 rpm  

for 3 min. Finally, sp in  co lum ns w ere p laced in  a sterile  1.5 m l m icro -cen trifuge  tube and  200jul 

buffer A E (lO m M  Tris.C l; 0 .5m M  ED TA ; pH  9.0) was added. A fte r incubating for 5 m inutes 

it was centrifuged at 8000 rpm  fo r 1 m in and the p u rified  D N A  sto red  at -20°C  (Q IA G E N , 

2010).
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16S rRN A  gene w as am plified  using  polym erase chain reaction as described in section 2.8.2 

to detect the presence  o f  bacteria . A fte r running on a gel the sam ples w hich resulted  in a 500bp 

band indicating the p resence o f  bacterial 16S rRN A  gene unique to all species w ere then  

subjected to au tom ated  sequencing  and were BLAST against the N C B I G enBank database to 

identify the bacteria  p resen t in  the sample. As described in section 2.8.5, after analysing  the 

electrophorogram  the sam ples indicating  m ixed infection was c loned and further studied.

Likewise the ex tracted  D N A  from  am niotic fluid sam ples was further am plified to detect the 

presence o f  28S rR N A  gene com m on to all fungi as described in section 2.9. The sam ples 

resulting in a 550bp b an d  indicating  the presence o f  fungi w as subjected to au tom ated  

sequencing.
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2.12 Detection of bacteria & fungi from blood samples

DNA was extracted from the blood samples using the QIAamp DNA mini kit according to the 

blood and body fluid protocol (Qiagen, USA). 20pl o f proteinase K was added to 200pl o f 

blood and to this 200pl buffer AL was added. DNA was extracted from blood samples as 

described in section 2.11.

The 16S rRNA gene was amplified using PCR as described in section 2.8.2 to detect bacteria. 

After running on a gel the samples which resulted in a 500bp band indicating the presence o f 

bacterial 16S rRNA gene unique to all species were subjected to automated sequencing and 

were BLAST against the NCBI GenBank database to identify the bacteria present in the 

sample. As described in 2.8.5, after analysing the electrophorogram, the samples indicating 

mixed infection were cloned and individual colonies studied further.

Similarly the extracted DNA from blood samples was further amplified to detect the presence 

of 28S rRNA gene common to all fungi as described in section 2.9. The samples resulting in a 

550bp band indicating the presence o f fungi was subjected to automated sequencing.
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2.13 Detection o f  b acteria  &  fungi from  urine sam ples

The 5-10ml o fu n n e  co llec ted  u n d e r aseptic conditions a t the tim e o f  delivery w as cen trifuged  

at 8000 rpm  for 10 m inu tes. T he supernatan t w as d iscarded and the pellet used for the ex trac tion  

of DNA in accordance w ith  the Q IA am p D N A  m ini k it (Q iagen, U SA ) user m anual. T o  2 0 0 p l 

of concentrated u rine 20p.l o f  p ro te in ase  K  and 200pl buffer A L w as added. The D N A  ex tracted  

from urine sam ples w ere  a lso  te sted  for the presence o f  bacteria  and  fungi by the am plifica tion  

o f 16S and 28S rR N A  gene. T he positive sam ples w ere cloned, sequenced  and iden tified  b y  

blasting to the G enB ank  da tabase  available at the N C B I w ebsite.
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PH A SE  2

2.14 16S M etagenom ics N ext G eneration Sequencing

In phase 2, placental tissue  sam ples obtained from  55 w om en  w ith  p re-eclam psia  and 55 

normotensive w om en w ere  fu rther analysed on  an Illum ina M iS eq  nex t generation  sequencing  

platform for the detection  and  identification  o f  bacteria . T he first step in 16S m etagenom ics 

was to amplify the hyper variab le  reg ions o f  the 16S ribosom al R N A  gene o f  bacte ria  b y  PCR. 

The whole 16S rR N A  gene w hich  is 1542bp in  length  is am plified  by P C R  using  un iversal 

primers; BSF8/20 as the fo rw ard  p rim er and B S R 1 5 14/20 as the  reverse p rim er (C ai et al., 

2003). The 16S m etagenom ics is know n as bacteria l m etagenom ics due to its great ab ility  to 

detect and identify bacteria  w ith  the h ighest sensitiv ity  and  specificity .

2.14.1 DNA extraction

DNA was extracted from  the p lacen ta l tissue sam ples o f  the  55 w om en  w ith p re -ec lam psia  and 

55 normotensive w om en using  QLAamp D N A  m ini k it (Q iagen, U SA ) in  accordance  to the 

‘Tissue protocol’ o f  the u ser m anual supplied w ith  the kit. A ll ex tracted  D N A  w as sto red  at - 

20°C. The detailed D N A  ex traction  procedures by  m eans o f  Q iagen  QLAamp D N A  m in i k it is 

described in section 2.8.1.
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2.14.2 16S rR N A  w hole gene am plification using PC R

A set o f  universal p rim ers 16S rR N A  BSF8/20 (5 ’- A G A  G TT T G A  TCC TG G  CTC A G  -3 ’) 

and 16S rRN A  B S F 1541/20  (5 ’- A A G  GAG G TG  A TC C A G  C C G  C A -3’) was used  to am plify  

the com plete 16S ribosom al R N A  gene unique to all bacteria.

To 5 p i o f  the 5x PC R  reactio n  bu ffe r (lOm M  Tris-H Cl, 50m M  KC1, 1.5mM M g C h , pH  8.5, 

20°C) 1.5pi o f  25m M  M g C l2 and  1.25pl 2m M  dN T P’ s (dA TP, dG TP, dTTP and dC T P) w as 

added. 0 .3p l o f  each 5 0 p M  forw ard  and reverse prim ers (15pm ol) and 0 .2pl (1U ) o f  G o T aq 

DNA polym erase (P rom ega, U SA ) w as added to prepare the P C R  m aster m ix. 3 p i o f  pu rified  

DNA w ere finally  added to the m aste r m ix and the final volum e w as m ade to 2 5 p i using  dH iO . 

The 16S rR N A  gene w as am plified  by  PC R  in an A B I 2720 therm o-cycler (A pp lied  B io ­

Systems, L ife T echnolog ies U SA ). Initial denaturation o f  the genom e was set a t 95°C  fo r 5 

minutes, then 35 cycles o f  rep ea ted  heat denaturation at 94°C for 30s, annealing o f  the p rim ers 

were set at 61 .5°C  for 30s and the  extension taking place for 60s at 72°C. T he reaction  w as 

completed w ith  the final ex tension  at 72°C for 12 m inutes and w as held  at 4°C . The presence  

of bacteria w as confirm ed  b y  the presence o f  the 1500bp band detected  by gel e lectrophoresis.

2.14.3 P u rification  o f  am p lified  D N A  tem plate

Equal volum e o f  m em brane b ind ing  solution supplied w ith  the W izard®  SV  gel and  P C R  

clean-up system  (P rom ega, U SA ) and  the PC R  product w as added to a sterile 1.5ml tube. This 

mixture was transferred  on  to  SV  m ini colum n supplied w ith  the kit and incubated  at room  

tem perature for 1 m inute. It w as centrifuged at 14,000 rpm  for 1 m inute and the resu lting  flow  

through w as d iscarded. 7 0 0 p l o f  m em brane w ash solution was then  added and cen trifuged  for 

14000 rpm  for 1 m inute. The co lum n was repeatedly w ashed w ith  500pi o f  m em brane  w ash

124



solution w hich has pre added  95%  ethanol. A fte r cen trifu g in g  fo r 5 m inutes at 14000 rpm , the 

mini colum n w as p laced  at room  tem perature fo r 5 m in u tes  to  evaporate  any rem ain ing  ethanol. 

50pl o f  nuclease free w a te r w as added  and left a t ro o m  tem p era tu re  for 1 m inu te . The pu rified  

DNA was then e lu ted  b y  cen trifug ing  at 14000 rpm  fo r 1 m inu te . T he purified  D N A  e lu ted  w as 

stored in a -20°C  freezer un til sequenced  by  nex t gen era tio n  sequencing  technology.

2.14.4 M etagenom ics N G S  u sin g  N extera X T  D N A  sam p le  p rep aration  k it

2.14.4.1 Q uantification  o f  the D N A  library

DN A  is fragm ented u s in g  enzym es in the N ex tera  X T  D N A  sam ple p reparation  kit. The 

ultim ate success o f  the assay  s tro n g ly  depends on the q u a lity  an d  quantity  o f  the  inpu t D N A . 

A ccordingly p rio r to u s in g  the N ex tera  X T D N A  sam ple p rep ara tio n  kit, the am ount o f  D N A  

in the sam ples w ere q u an tified  u s in g  the Q ubit®  dsD N A  B R  assay  system  (Inv itrogen , 2011).

The Q ubit®  dsD N A  B R  assay  k it w as u sed  w ith  the  Q ubit®  2.0 F luorom eter fo r the 

quantification o f  D N A . Q ubit®  w ork ing  so lu tion  w as m ad e  by  d ilu ting  the Q ubit®  dsD N A  B R  

reagent 1:200 in Q ubit®  dsD N A  B R  buffer. IOju.1 o f  each  Q ubit®  standard  w as added  to  190pl 

o f  Q ubit®  w ork ing  so lu tion  to m ake  up the final vo lum e to  200(iil, and was m ix ed  by  vo rtex ing  

for 2-3 seconds. 5 p l o f  sam ple  w as added to 195p.l o f  Q ub it®  w o rk in g  so lu tion  and  w as m ixed  

by vortexing fo r 2-3 seconds. A ll tubes w ere incu b ated  a t ro o m  tem perature  fo r 2 m inutes. 

‘D N A ’ was selected  on  the hom e screen  o f  the Q ub it®  2 .0  F lu o ro m eter and the ‘d sD N A  B road  

range’ w as selected  as the  assay  type. The ‘new  ca lib ra tio n ’ o p tion  w as selected  on the s tandard  

screen. The tube con tain ing  S tandard  #1 w as inserted  in to  the Q ub it®  2.0 F luorom eter and  w as 

‘read ’. N ext, the tube co n ta in ing  S tandard  #2 w as in se rted  in to  the Q ubit®  2 .0  F lu o rom eter
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and was read. S im ilarly , the concen tra tion  o f  the  rest o f  the sam ples w as m easu red  in  pg /m l. 

This value corresponds to  the concen tra tion  a fte r the sam ples w ere  d ilu ted  in  the  a ssay  tube. 

The Qubit® 2.0 F luo rom eter calcu lates the o rig inal sam p le  concen tra tion  based  on  the 

measured assay concen tra tion  (Inv itrogen , 2011).

2.14.4.2 Tagm entation o f  g en o m ic  D N A

The input D N A  w as ‘ta g m e n ted ’ (tagged  and  fragm en ted ) b y  th e  N ex tera  X T  ‘tran sp o so m es’. 

The N extera X T  transposom e sim u ltaneously  fragm en ted  the in p u t D N A  and  added  adap ter 

sequences to the ends. A m p lico n  T agm ent M ix  (A T M ), T ag m en t D N A  b u ffer (T D ) sup p lied  

w ith the N extera X T  k it and  inpu t D N A  w as rem oved  fro m  -20°C  storage and  a llo w ed  to  thaw  

on ice while the N eu tra lize  T ag m en t B uffer (N T ) w as k ep t at ro o m  tem peratu re. W h en  there  

were signs o f  p rec ip ita tio n  in  the  N T  buffer, it w as n ecessa ry  to  v o rtex  at abou t 2500 rp m  u n til 

all particles w ere re -suspended .

All reagents w ere  adequate ly  m ix ed  b y  gen tly  inverting  the  tu bes 3-5 tim es fo llow ed  b y  a b r ie f  

spin in a m icro-cen trifuge . A  new  96 T C Y  p la te  w as lab e lled  as N T A  (N ex te ra  X T T ag m en t 

A m plicon Plate). 10pl o f  TD  b u ffe r w as added to  each  w e ll to  be  u sed  in th is a ssay  by  ch ang ing  

tips betw een sam ples. 5 p l o f  inpu t D N A  at 0 .2 n g /g l w as added  to  each  sam ple w e ll o f  the N T A  

plate. 5gl o f  A T M  w as added  to  th e  w ells con tain ing  in p u t D N A  and TD  b u ffe r  and  u sin g  a 

m ulti-channel p ipette  m ix ed  b y  gen tle  p ipe tting  5 tim es  up  an d  dow n. T he N T A  p la te  w as 

covered w ith a m icro  sea l ‘B ’ and  centrifuged  at 280xg  at 20°C  fo r 1 m inute . T he N T A  p la te  

was placed in a therm o cycler and  the  fo llow ing  p ro g ram m e w as ru n ; 55°C  fo r 5 m in u tes  and 

holding at 10°C. O nce the sam ples reached  10°C, con ten ts  in  th e  N T A  plates w ere  im m ed ia te ly  

neutralized (U lum ina, 2012a).
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2.14.4.3 N eutralize N T  A

The micro seal ‘B ’ was carefu lly  rem oved and 5 p i o f  N T  bu ffer w as added to each w ell o f  the 

NTA plate by  changing tips in betw een sam ples, and  gently  m ixed  using a m ulti-channel 

pipette. The N TA  plate w as again  covered b y  the m icro  seal ‘B ’ and centrifuged at 280xg  at 

20°C for 1 m inute. The N TA  plate  w as placed at room  tem peratu re  fo r 5 m inutes and proceeded  

to the PCR am plification step (Illum ina, 2012a).

2.14.4.4. PCR A m plifica tion

Nextera PCR M aster M ix  (N PM ) and the index prim ers w ere rem oved  from  the freezer and 

thawed at room  tem perature. A fte r all reagents w ere com pletely  thaw ed, the tubes w ere m ixed  

gently and the tubes b riefly  cen trifuged  14000 rpm  fo r 30s in  a m icro  centrifuge. Index 1 (i7) 

primers with the orange cap w ere arranged horizon tally  according  to the order so that N 701 

was in colum n 1 and N 706  w as in  colum n 6. Index 2 (i5) p rim ers w ith the w hite  cap w ere 

arranged vertically according  to the  order, in such a w ay  that S 5 0 1 w as in row  A  and S504 was 

in row B (figure 2.2).
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A  Ind ex  p r im e r  1 (i7) (o ra n g e  caps) 
B Index  p r im e r  2 (d ) (w h ite  caps) 
C M API p late

F igure 2.2 T ruSeq Index P late A rrangem ents

TrueSeq Index Plate fix ture is a p latform  available to  place the N TA  plate along w ith  the tw o 
index prim ers, for easy  hand ling  and processing o f  sam ples (Illum ina, 2012a)

The ‘NTA p la te ’ w as p laced  in  the ‘True Seq Index P late F ix tu re’ p la tfo rm  as illustra ted  in 

figure 2.2. 15pl N PM  w as added  to  each w ell o f  the N T A  plate. U sing a m ultichannel p ipette, 

5pl o f the index 2 (i5) prim ers w ith  the w hite caps w ere added to each co lum n o f  the N T A  

plate. 5pi o f  index  l( i7 )  prim ers w ith  the orange caps w ere also added to each row  o f  the N T A  

plate. To avoid index cross contam ination, the orig inal w hite and orange caps w ere d iscarded  

and were replaced w ith  a set o f  new  w hite and orange caps prov ided  w ith the kit. The plate  w as 

sealed using the m icro seal ‘A ’ using  a rubber ro ller and  w as centrifuged at 280 x  g at 20°C  for 

1 minute.
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A fter the centrifugation step, D N A  was am plified  using  the fo llow ing program m e by  placing 

the NTA plate inside the therm o-cycler (Illum ina, 2012a).

■ 72°C for 3 m inutes

■ 95°C for 30 seconds

■ 95°C for 10 seconds

■ 55°C for 30 seconds

■ 72°C for 30 seconds

■ 72°C for 5 m inutes

■ Hold at 10°C

12 cycles

2.14.4.5 PCR clean up

PC R  clean-up and the purifica tion  o f  the D N A  library w as carried  out using  the A M P ure X P 

beads kit. This step rem oves v e ry  short lib rary  fragm ents from  the population. A  new  M ID I 

plate was labelled as ‘C lean A m plified  P la te ’ (C A A ). C onsequently  the N T A  plate  w as 

centrifuged at 280 x g  fo r 1 m inu te  at 20°C  and 50ju.l o f  the P C R  product from  the N T A  plate 

was transferred to the C A A  plate. N ext the A M Pure X P  beads w ere vortexed at 2500 rpm  for 

30 seconds to ensure tha t the beads w ere evenly  dispersed. A ppropriate  volum e o f  beads was 

then added to a trough and  3 0p l transferred  to each w ell o f  the C A A  plate. 60p.l o f  1,8x A M Pure 

X P was used in order to  obtain  a 300-500bp am plicon size.

The above reaction w as gently  m ixed  by pipetting  up  and dow n 10 times and incubated  for 5 

minutes at room  tem perature  w ithou t shaking. The p late  w as p laced  on a m agnetic  s tand  for 2 

minutes. The supernatan t w as rem oved and d iscarded  w hile leaving the C A A  plate  on the 

magnetic stand. W hile p ipetting  i f  any  beads acciden tally  en tered  the tip, it w as d ispensed  back  

to the plate w hich  w as left on  the m agnetic stand fo r 2 m inutes un til the supernatan t cleared.
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The beads were w ashed by  add ing  200p l o f  freshly  p rep ared  80%  ethanol to each sam ple on 

the plate and w ere incubated  fo r 30 seconds on  the m agnetic  stand. The supernatan t was 

carefully rem oved and d iscarded . T he w ashing step w as repeated  tw ice again  b y  adding  200p l 

of freshly prepared  80%  ethanol to  each sam ple w ell and  the p la te  incubated for 30 seconds on 

the magnetic s tand  as before. T he  supernatant and excess e thano l w as rem oved  using  a P20 

multichannel p ipette.

The beads w ere air dried  for 15 m inutes w hile leaving  the C A A  plate  on the m agnetic  stand. 

The CAA plate w as then  rem oved  from  the m agnetic  s tand  and  5 2 .5 p l o f  re -suspension  buffer 

(RSB) added to each w ell. T his w as gently  m ixed  b y  p ipe tting  up  and dow n  10 tim es and 

incubated for 2 m inutes at room  tem perature. A gain  the  p late  w as p laced  on the  m agnetic  stand 

for 2 m inutes till the supernatan t w as cleared. A no ther new  T C Y  plate w as nam ed  as CA N  

(Clean A m plified N T A  plate) and  50|ul o f  the supernatan t from  the  CA A  p la te  w as carefu lly  

transferred on to the C A N  plate (Illum ina, 2012a).

2.14.4.6 L ibrary norm aliza tion

This process norm alizes the lib rary  to  ensure m ore identical lib rary  rep resen ta tion  in the pooled  

samples. A ccordingly, LNB1 (L ib rary  N orm alization  B eads 1) w ere v igorously  vo rtexed  at 

2500 rpm for at least 1 m inu te  to  ensure the beads w ere  w ell re-suspended  and  no p e lle t was 

found at the bo ttom  o f  the  tube. A  new  M ID I p la te  w as labelled  as LN P (L ibrary  N orm alization  

Plate). Using a P20 m ultichannel p ipette  and fine tips, 20  p i o f  the supernatant from  the CA N  

plate was transferred  on  to the LN P plate. F o r the 7 sam ples, 360pl o f  LNA1 (L ibrary  

Normalization A dditives 1) w as added  and m ixed  by p ipe tting  u p  and  dow n 15-20 tim es until 

properly suspended.
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66.6pl o f LNB1 w as transferred  to the tubes contain ing  LNA1 and  m ixed  by inverting  for 15­

20 minutes. 45 p i o f  the resu lting  L N A 1 /L N B 1 bead  m ix  w as added  to  the LN P p la te  con tain ing  

the libraries. C hanging tips in be tw een  sam ples w as not considered  necessary  a t this stage. The 

LNP plate was sealed  b y  a m icro seal ‘B ’ and  p laced  on  a m icro  p la te  shaker at 1800 rpm  for 

30 minutes. A fterw ards th is it w as p laced  on  a  m agnetic  s tand  fo r 2 m inu tes to c lear the 

supernatant. W ith  the help  o f  a m ultichannel p ipette  80jul o f  the  supernatant w as carefu lly  

pipetted out and d iscarded  from  the LN P plate  w hilst the p late  rem ained  on the m agnetic  stand.

The LNP plate w as then  rem oved  from  the m agnetic  s tan d  and the beads w ere w ashed  w ith  

LNW1 (Library N orm alization  W ash  1) by  adding 4 5 p i o f  LN W 1 to each sam ple w ell and 

were sealed w ith a m icro  seal ‘B ’. This LN P p la te  was fu rther p laced  on a m icro  p la te  shaker 

at 1800 rpm for 5 m inutes and  p laced  back  on  a m agnetic  s tand  for 2 m inu tes. O nce the 

supernatant that appeared  c leared  it w as p ipetted  out and  d iscarded . The w ash ing  step w ith 

LNW1 was repeated.

The LNP plate w as then  rem oved  from  the m agnetic  s tand  and  3 0 p l o f  0 .1N  N aO H  added  to 

each well to elute the sam ples. T he p late  w as sealed u sin g  the m icro  seal ‘B \  The L N P  plate  

was then placed on a m icro  p la te  shaker at 1800 rp m  for 5 m inu tes un til com pletely  re ­

suspended. M eanw hile, SG P (S toraG e Plate) barcode s ticker w as pasted  on a n ew  96 w ell P C R  

plate. 30pl o f  LNS1 (L ib rary  N orm alization  Storage B uffer 1) w as added to each  w ell to be 

used in the G SP plate. T he LN P p la te  was p laced  on a  m agnetic  stand  for 2 m inu tes un til the 

supernatant cleared. 3 0 p l o f  the supernatan t w as transferred  from  the LN P p la te  to the  G SP 

plate which w as sealed  w ith  m icro  seal ‘B \  This p late w as cen trifuged  at 1000 x  g for 1 m inu te  

(Illumina, 2012a).
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2.14.4.7 Library pooling fo r  M iSeq sequencing

For cluster generation and sequencing, equal volumes o f  normalized libraries were combined, 

diluted in hybridization buffer and heat denatured prior to M iSeq sequencing. To do so, a heat 

block suitable for 1.5ml tubes was adjusted to 96°C. M iSeq reagent cartridge was removed 

from the freezer and allowed to thaw at room temperature. An ice bucket was prepared in the 

proportion of 3:1 ice to water.

The GSP plate was centrifuged at lOOOxg for 1 minute at 20°C for condensation. Using a P200 

multichannel pipette, 5 pi o f each library to be sequenced was transferred from the plate, 

column by column, to a PCR eight tube strip. A fresh 1.5ml tube was labelled as PAL (Pooled 

Amplicon Library). The contents o f  the PCR eight tube strips was combined and transferred to 

the PAL tube and mixed well. Another fresh 1.5ml tube was labelled as DAL (Diluted 

Amplicon Library). 588pl o f Hybridization buffer (HT1) was added to DAL tube. 13pl o f PAL 

was transferred from PAL to the DAL tube containing HT1. The DAL tube was vortexed at 

high speed at 2500 rpm and incubated at 96°C for 2 minutes. A fter incubation, the DAL tube 

was inverted 1 -2 times and immediately placed on ice for 5 minutes. The DAL was then loaded 

onto the ‘Load Samples’ reservoir in the ‘MiSeq reagent cartridge’ and sequenced in the 

lllumina MiSeq Bench-top Genetic Analyser (Illumina, 2012a). The quality o f the library pool 

was further confirmed with the help o f ‘Agilent High Sensitivity DNA k it’.
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2.14.4.8 Q uality ch eck  o f  lib ra ry  p o o l  u sin g  A g ile n t H ig h  S en s itiv ity  D N A  k it  

Quality o f  the lib ra ry  p o o l w as ch eck ed  using  A g ilen t H igh  S ensitiv ity  D N A  k it (A g ilen t 

Technologies, G erm any). T he  h ig h  sensitiv ity  D N A  dye co n cen tra te  and  h igh  sensitiv ity  D N A  

gel m atrix w ere a llow ed  to  eq u ilib ra te  to  room  tem peratu re  fo r 30  m inutes. T he  gel dye  m ix  

was prepared b y  add ing  15 p i o f  h ig h  sensitiv ity  D N A  d ye  concen tra te  to the h ig h  sensitiv ity  

DNA gel m atrix v ia l. T he so lu tio n  w as transferred  to  the sp in  filte r an d  w as cen trifuged  at 2240 

x g for 10 m inutes, s to red  a t 4°C .

Next step w as to  load  th e  gel dye  m ix  onto  th e  chip. A cco rd in g ly , the gel dy e  m ix  w as 

equilibrated to  ro o m  tem p era tu re  fo r 30 m inu tes and a n ew  h ig h  sensitiv ity  D N A  ch ip  w as 

placed on the p rim in g  station . 9 p l o f  gel dye m ix  added  on to  the w ell-m ark ed  as ‘ ® ’ o n  the 

chip. The p lunger w as p o s itio n ed  at 1ml and the p rim ing  ch ip  s ta tio n  w as c losed . T h en  the 

plunger was p re ssed  un til it w as h e ld  b y  the chip. A fte r 60s the ch ip  w as re leased  and a fte r  5s 

the plunger w as slow ly  p u lled  b ack  to  the 1m l position . T h e  ch ip  p rim ing  sta tion  w as opened  

and 9pl o f  gel dye m ix  w as p ip e tted  in to  the w ells  m arked  as

5 pi m arker g reen  w as p ip e tted  in to  all sam ples an d  ladder w ells. T h en  1 p i o f  D N A  lad d e r in  

yellow was added  to  the w e ll-m ark ed  as 1 p i o f  the  sam ple  w as added to  the  w ells  an d  1 

pi of m arker w as added  to  the  u n u sed  w ells. T he  chip w as p laced  h o rizon ta lly  in  the ad ap te r 

and vortexed at 2500  rp m  fo r 1 m in . This chip  w as ru n  on  the  A g ilen t 2100  B io -an a ly zer 

(Agilent T echnologies, G erm any) to  m easure  the qu an lity  o f  D N A  library.
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2.14.4.9 Sequence an a lysis  u sin g  ‘M iS eq  R e p o r te r ’ so ftw a re

Sequences w ere analysed  using  the ‘M iS eq  R ep o rte r’ an a ly sis  so ftw are  w hich  is availab le  in 

the Illum ina M iS eq  G enetic  A nalyser. The c lassifica tion  resu lts  u p  to  the ‘G e n u s ’ level and 

will provide the num bers and  p ercen tages o f  the to ta l m ic ro b io m e  o f  all sam ples poo led . The 

results were v iew ed over the  on line  too l option called  ‘B A S E  S P A C E ’.

2.14.4.9 Species leve l a n a lys is  u sin g  o ther m etagen om ics an a lys is  so ftw a re ’s  

The M iSeq reporter so ftw are  ava ilab le  w ith in  the  M iS eq  G enetic  S equencer is d esigned  to 

classify only up  to genus level. T herefore , o ther m etag en o m ics  analysis so ftw a re ’s such  as 

‘GALAXY P R O JE C T ’ an d  ‘M O T H U R ’ w ere u sed  to c lass ify  the sam ples up  to species level. 

GALAXY P R O JE C T  (h ttp ://g a lax y p ro jec t.o rg /) and M O T H U R  (h ttp ://w w w .m o th u r.o rg /) 

used in this research  p ro jec t fo r th e  species level c lassifica tion  is an  open , w eb b ased  p la tfo rm  

(Jones et al., 2009, P reec lam psia  F oundation , 2013). Species level c lassification  w as carried  

out using the M othu r so ftw are  (o p en  source from  the U n iv e rs ity  o f  M ich igan) w h ich  a llow ed  

the identification at species level. T h is softw are seeks th e  c lo sest tem pla te  fo r each  cand idate  

using km er searching and  k -n ea res t neighbor consensus ap p ro ach  as search  m ethod . 

N eedlem an-W unsch a lignm en t m e th o d  is u sed  fo r a lign ing  the tem p la tes  to th e  G reenG enes, 

NCBI T axonom y (B acteria) and  S IL V A  (B acteria) da tabases to  id en tify  the b a c te ria  up  to  the 

species level.
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2.15 16S Independent Metagenomics Next Generation Sequencing

2.15.1 DNA extraction

The aim of the phase 2 study was to detect and identify bacteria from  placental tissues u tilising  

both 16S metagenomics and 16S independent metagenomics. W hat is characterised by  16S 

independent metagenomics is the whole genome m etagenom ics without the use o f  16S 

universal primers to amplify the bacteria. The only way to perform  16S independent 

metagenomics is to amplify the whole genome of bacteria. Therefore it is necessary to m ake 

sure that only bacterial DNA is extracted from the sample.

Accordingly, the DNA was extracted from the placental tissue sam ples using ‘M olY sis B a s ic ’ 

kit from the Molzym GmbH & Co.KG, Germany. As m entioned above, m olecular analysis o f  

infectious bacteria in clinical samples could be severely disturbed by  high background o f  host 

DNA. MolYsis Basic removes the background of host DNA and thereby increases the 

efficiency of the molecular analysis o f bacteria from the hum an placental tissue sam ple.

MolYsis Basic enables the preparation of bacterial DNA from the hum an samples in  tw o steps, 

i) By the addition o f chaotropic buffer which lyses the host cells and leaves the bacteria l cells 

unaffected. Buffer CM supplied with the kit is a chaotropic buffer and would lyse the hum an  

cells, ii) The DNA released from host cells will be degraded by  M olzym e’s chaotrope-resistan t 

MolDNase A. Thereafter, bacterial cells will be treated w ith BugLysis reagent to degrade the 

cell walls of gram negative and gram positive bacteria. The D N A  obtained w ill be fu rther 

purified using the QIAamp DNA mini kit o f Qiagen (M OLZYM , 2011).
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The isolation o f bacterial DNA from the placental tissues was perform ed according to the user 

manual supplied with the MolYsis Basic kit o f Molzyme, Germany. Based on such guide lines, 

200pl of placental blood was pipetted into a sterile 2ml tube and 50pl o f buffer CM (supplied 

with the kit) was added to the tube. M ixed by vortexing at full speed at 2500 rpm for lOseconds 

and was allowed to stand on the bench at room temperature for 5 minutes.

50pl buffer DB1 and 10pl MolDNaseA was added to the lysate which was vortexed at 2500 

rpm immediately for lOseconds. This was allowed to stand for 15 minutes at room temperature. 

The step ensures the degradation o f  human DNA. The bacterial cells were then harvested by 

centrifuging in a bench top micro centrifuge at >13,000 rpm for 5 minutes. The supernatant 

was carefully removed by pipetting.

To this 80fil of buffer RL was added and the pellet re-suspended by pipetting in and out. This 

was further vortexed at 2500 rpm for 10s to homogenize. Finally 20pl o f Bug-Lysis solution 

was added and vortexed at 2500 rpm  for 10s and further incubated at 37°C for 30 minutes at 

100 rpm to degrade the bacterial cell wall. 100 pi o f buffer RL was added to re-suspend the 

bacterial DNA. Then the Bacterial DNA was isolated and purified using the QIAmp DNA mini 

kit (Qiagen, USA) as described previously in section 2.8.1.
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2.15.2 Q uantification o f  D N A

Isolated bacterial D N A  w as quan tified  using Q ubit®  dsD N A  B R  assay  system  as exp lained  in 

section 2.14.4.1. The resu lts w ere further confirm ed  by perfo rm ing  16S rR N A  gene 

amplification PC R  assay  to am plify  the 16S ribosom al R N A  gene o f  bacte ria  p resen t in the 

sample.

2.15.3 Next G eneration  S eq u en cin g

The confirmed bacterial D N A  w as to  be processed  b y  N ex t G enera tion  S equencing  using 

Illumina M iSeq G enetic A nalyser. H ow ever, the  bacteria l D N A  isolated  from  the above 

m ethod using M olY sis k it w as n o t adequate to be sequenced  on  a N G S platform . A ccord ing ly , 

the best possible m ethod to carry  o u t m etagenom ics nex t generation  sequencing  w as to  fo llow  

the 16S M etagenom ics approach  in w hich  the w hole gen e  o f  16S ribosom al R N A  gene was 

amplified and sequenced  using  n ex t generation  sequencing.

137



2.16 Quality control considerations

From the very first day the  research  p ro ject com m enced , p rio rity  w as given to  the  quality  and 

validity o f the experim ent. A s a quality  control p recau tion , s terility  was m ain ta ined  righ t 

throughout the research p ro jec t and  aseptic techniques w ere  fo llow ed  at all tim es. A ll sam ples 

were collected at the tim e  o f  caesarean  section  under stringen t aseptic m easures w ith  the 

extensive support o f  experienced  doctors and nurses. S am ples w ere stored in s terile  containers 

and were im m ediately transpo rted  to  the laboratory  and w ere  s to red  in  -80°C.

All pre-polym erase chain  reaction  (pre-P C R ) experim ents w ere carried  out inside a  class II b io ­

safety cabinet using  b arrie r tips w h ich  w ere U V  sterilized  p rio r to  use. A ll tips and  g lassw are 

taken for the experim ent w ere sterilized  using  an  autoclave. T o  ensure the accuracy  o f  the 

results, the PC R  experim ents w ere carried  out in  batches o f  5-10, along  w ith a  positive  contro l 

and a negative control. The p o sitiv e  control w as p re-tested  and  proven  to be  positive . The 

negative control w as ddhhO . In case o f  detecting an u n w an ted  b an d  in  the negative  con tro l it 

was considered a con tam ination  and  the w hole experim en t b a tch  was repeated . P ositive  

samples were repeated  tw ice for confirm ation  p rio r to reporting . C olony P C R  w as perfo rm ed  

to ensure the gene inserted  in  to the  vector w as the  ta rge t D N A  o f  in terest w h ich  w as fu rther 

confirmed through restric tion  enzym e digestion. This w o u ld  con firm  that the co lony  sequenced  

contained the target 16S /28S  rR N A  insert o f  interest. A fte r the  v ira l D N A  p urifica tion  16S/28S 

rRNA genes w ere am plified  b y  P C R  as an in ternal experim en t to  ensure there  w as no  carry ­

over o f  bacterial o r fungal gene fragm ents. A ll con tam inated  g loves, m asks, tissue  papers, tips, 

tubes, plastic w are w ere d isposed  p e r laboratory  safety  gu idelines.

138



3 RESULTS

3.1 Study population

3.1.1 R ecruitm ent o f cases and controls

Out o f  the 228 w om en re ferred  to the  study 55 w om en m eeting  the inclusion  crite ria  w ere 

recruited as cases. E ven  i f  one o r m ore exclusion  criteria  w ere p resen t they  w ere 

excluded/withdrawn from  the study. Table 3.1 p rovides a  sum m ary  o f  the p a tien ts  w ho  w ere 

referred but no t recru ited  to the study. The m ain  reasons for w om en  w ith  p re -ec lam psia  being 

excluded or w ithdraw n from  the study  was that they w ere m ultiparous and n o t m eeting  the 

proteinuria criteria. A ll w om en  w ho  volunteered  for the study  w ere recru ited  p rio r to the 

delivery and sam ples w ere collected  at the tim e o f  delivery  v ia  caesarean  section  aseptically .
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Table 3.1 Sum m ary o f th e w om en  w h o  w ere referred  b u t not recru ited  to the stud y

N o (% )

T ota l referred 228

R easons for exclu sion

G estation d iabetes 1 (0.4)

C hronic  hypertension 1 (0.4)

T w in  delivery 1 (0.4)

Fetal abnorm alities 2 (0.8)

B oth gesta tion  d iabetes &  failed p ro teinuria 2 (0.8)

N orm al delivery 2 (0.8)

U n  m atched  as case /con tro l 6 (2.6)

U nable  to ob ta in  sam ples 9 (3.9)

F ailed  p ro te inu ria  c rite ria 20 (8.7)

M ultiparous 74 (32.4)

T ota l recru ited 55 (C ases)

55 (C ontrols)
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Indications for the 55 norm otensive  pregnant w om en to undergo  caesarean sec tion  are 

indicated in the table below . A ccordingly , all norm otensive p regnan t w om en  underw en t 

caesarean section due to  m ed ically  uncom plicated  reasons such as p rim i-breech , m aternal 

request, subfertility, large baby, head  not engaged, un favourab le  cervix, fetal d istress and  

presence o f fibroids.

Table 3.2 Indication for caesarean  section for the 55 norm oten sive p regnant w om en

Indication  for caesarean  section N o (% )

B reech 21 (38.1)

M atern al R eq u est 14 (25.4)

Subfertility 6 (10.9)

L arge baby 5 (9.0)

U nfavou rab le  cervix 4 (7.2)

Fetal d istress 2 (3.6)

H ead not engaged 2 (3.6)

F ibroids 1 (1 .8)

T otal 55
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3.1.2 Racial distribution of both cases and controls

As indicated in figure 3.1 both women with pre-eclampsia and normotensive pregnant women 

share a similar racial distribution. Demographic distribution o f women with pre-eclampsia and 

the normotensive pregnant women recruited for the study is detailed below.

Distribution by ethinidty of the 
case group

Distribution by ethinicity of the 
control group

■ Sinhala 

Tamil

■ Muslim

■ Sinhala 

Tam il

■ Muslim

Figure 3.1 Racial distribution of controls recruited to the study

Distribution o f ethnicity o f women recruited to the study in both case and control groups were 
very much similar. Where 90% o f women with pre-eclamsia recruited to the study was Sinhala, 
2% Tamil and 8% Muslim. In the control group, 89% o f  women recruited were Sinhala, 2% 
Tamil and 9% were Muslim.
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3.1.3 Phenotypic features of cases and controls on their first prenatal visit

Both women with pre-eclampsia and normotensive pregnant women were primiparous. None 

of them had ever smoked. As shown in table 3.3, there was no significant difference between 

the two groups o f women recruited for the study at the time o f antenatal booking. The mean 

age for the cases was 27.5 and controls were 28.0. The mean body mass index for the case 

group was 22.2 and the matched control group had a mean body mass index o f 22.8. 

Accordingly, Pre-eclampsia case group and the normotensive control group were matched for 

maternal age and body mass index (BMI). At the first antenatal visit both women with pre­

eclampsia and normotensive pregnant women had blood pressure in the normal range and had 

no evidence of proteinuria.

Table 3.3 Comparison o f the phenotypic features of both cases and controls

Women with 
Pre-eclampsia 

(n=55)

Normotensive
women
(n=55)

p- value

Mean Age (SD) 27.5 (5.4) 28.0 (5.3) 1.000

Mean body mass indexJ 
(kg/m2)

(SD) 22.2 (3.1) 22.8 (3.0) 0.607

Gestation (weeks)f M(iqr) 9.4 (8.0-13.6) 8.4 (7.4-13.0) 0.512

Blood pressure

Mean Systolic (mmHg) (SD) 110.2 (10.4) 111.8(8.1) 0.521

Mean Diastolic (mmHg) (SD) 73.1 (7.8) 72.7 (5.6) 0.188

M (iqr), median (interquartile range); SD, standard deviation, f 7 pregnancies were booked after 20 weeks o f  
gestation, t  The weight and height were measured after 20 weeks in un-booked women.

143



3.1.4 C om parison o f th e dem ograph ic characters o f  cases and  controls

The disease aetio logy m ay  p lay  a significant ro le  in the  d isease  d iagnosis and m anagem ent. 

Characteristics o f  w om en w ith  p re-eclam psia (case group) at d e liv e ry  is sum m arised  in  tab le  

3.4. The m ean gesta tional age at delivery  was 36.0, w here  36 (65 .4% ) w om en de livered  p re ­

term (before 37 w eeks o f  gesta tion ) and  18 (32 .7% ) o f  w o m en  de livered  before 34  w eeks.

Table 3.4 C om parison o f  the gestational ages at the tim e o f  d elivery

W om en w ith  p re­
eclam psia

N orm oten sive  
p regnant w om en

Gestation at delivery  
(weeks)

M (iq r) 36.0  (33 .0-37 .2) 38.2 (38 .0-38 .5)

Before 34 w eeks n  (% ) 18 (32.7% ) 0

34 to 36.6 w eeks n (% ) 18 (32.7% ) 0

Before 37 w eeks 
(Pre-term delivery)

n  (% ) 36 (65.4% ) 0

After 37 w eeks 
(Delivery at T erm )

n (% ) 19 (34 .5% ) 55 (100% )

M (iqr), m edian (in terquartile  range); n  (% ), num ber (percen tage)
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As discussed in chapter 1, pre-eclampsia is liable for severe complications and is a life 

threatening condition. Figure 3.2 indicates that even though all normotensive pregnant w om en 

delivered at term (after the 37 weeks of gestation), more than 65.4% of women w ith p re­

eclampsia delivered pre-term before 37 weeks of gestation. The median gestation age at 

delivery for the normotensive pregnant women remained at 38.0 (38.0-38.5). All deliveries 

related to normotensive women were uncomplicated compared to the women w ith pre­

eclampsia.

■ Controls

■  Cases

Gestation (weeks)

Figure 3.2 Gestation at delivery for the cases and controls

More than half o f  women with preeclampsia (cases) had preterm deliveries, where som e o f 
them even delivered as early as 27.5 weeks. All normotensive pregnant women (controls) 
delivered at term after 37 weeks o f gestation.
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Table 3.5 Complications observed in women with pre-eclam psia

Complications Early on set 
(<34 weeks)

(n = 18)
No (%)

Late onset 
(>  35 weeks) 

( n = 37) 
No (% )

p-value

PE

n = 55 
No (% )

SBP >  160mmHg 13 (72.2) 17 (45.9) 0.068 30 (54.5)

DBP > 1 1  OmmHg 7 (38.8) 10(27.0) 0.381 17 (30.9)

Proteinuria (>3+H CT) 12 (66.6) 16(43.2) 0.107 28 (50.9)

Renal impairment 
requiring dialysis

1 (5.5) 1 (2.7) 0.572 2 (3.6)

Thrombo c ytop eni a 
(<100xl09 /L)

1 (5.5) 4 (10 .8 ) 0.534 5 (9.0)

Elevated liver enzyme 1 (5.5) 4 (10.8) 0.534 5 (9.0)

(AST and/or ALT 
>  70 U/L)

Developed Eclampsia 5 (27.7) 3(8 .1 ) 0.054 8 (14.5)

Developed HELLP 
syndrome

1 (5.5) 1 (2 .7 ) 0.194 2 (3.6)

EM/LSCS 15 (83.3) 17(45.9) 0.008 32 (58.1)

Admitted to Intensive 
care unit

8 (44.4) 5 (13.5) 0.011 13 (23.6)

Maternal death 0 0 - 0

SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate aminotransaminase; ALT, alanine 
aminotransaminase;HCT, the urine protein heat coagulation test.
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Table 3.5 com pares the com plica tions observed in  w o m en  w ith  ea rly  onset and  late onset o f  

pre-eclampsia. It is ev iden t tha t w om en  w ith early  onset p re -ec lam p sia  have a  h ig h er r isk  o f  

developing p regnancy  com plications com pared to the  w o m en  w ith  late  onset p re-eclam psia . 18 

of the 55 (32.7% ) w o m en  w ith  preeclam psia  in our study  p o p u la tio n  developed early  onset p re ­

eclampsia. U nder these c ircum stances it is apparent that, e a rly  on set p re -eclam psia  needs to  be 

carefully observed as it m ay  lead  to  severe m aternal and  p e rin a ta l m orb id ity  and  m ortality .

As shown in tab le 3.5, 13 o f  18 (72.2% ) w om en w ith  early  o n se t p re-ec lam psia  developed  

severe systolic b lo o d  p ressu re  o f  >  160m m H g and 12 (66 .6% ) developed  p ro te inuria  o f  >  3+ 

HCT. In this group , w om en  w ith  early  onset p re -ec lam psia  w ere  70%  vulnerable to  the risk  o f  

developing a severe  fo rm  o f  the d isease. Furtherm ore w om en  w ith  early  onset p re -ec lam psia  

were three tim es m ore  like ly  to  develop  eclam psia com pared  to the  w om en w ith  la te  onset p re ­

eclampsia (P= 0 .05). 15 ou t o f  the  18 (83.3% ) w o m en  w ith  early  onset p re -ec lam p sia  

underwent em ergency  caesarean  sections (P= 0.008).

In summary, 30 (54 .5% ) o f  55 w o m en  w ith p re-eclam psia  h ad  >  160m m H g, 17 (30 .9% ) had  >  

1 lOmmHg and 28 (50 .9% ) p ro te inuria . 32 (58.1% ) o f  55 w o m en  w ith  p re-eclam psia  underw en t 

EM/LSCS. H ow ever, a ll n o rm o tensive  pregnant w om en  u n d e rw en t E L /L SC S and h ad  no 

pregnancy com plications.
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Table 3.6 illustrates the rising blood pressure o f  women with pre-eclampsia. W hen considering the 

highest recorded blood pressure o f  women with pre-eclampsia for the study, 52 (94.5%; n=55) had 

a > 30mmHg rise in SBP, 35 (63.6 %; n=55) had a > 25 mmHg rise in DBP and 55 (100 %; n=55) 

had a > 15mmHg rise in DBP pressure. In addition, 5 (9%) women with pre-eclampsia had a SBP 

rise of > 70mmHg and 4 (7%) had a >80mmHg rise. M oreover, more than h a lf the population 

(56%) of women with pre-eclam psia were having a rising diastolic blood pressure o f  >  30m m Hg 

and one fourth o f the population (27% ) were experiencing an enhanced rate o f >40mmHg. 3 (5.4% ) 

were observed with a rise in diastolic blood pressure o f > 50mmHg.
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Table 3.6 Rising blood pressure of women with pre-eclampsia

RISING BLOOD PRESSURE (N=55)

SBP (mmHg) DBP (mmHg)

>30 >50 >60 >70 >80 >15 >25 >30 >40 >50

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

52 (94.5) 28 (50.9) 12(21.8) 5 (9.0) 4(7.2) 55 (100) 35 (63.6) 31(56.3) 15 (27.2) 3 (5.4)
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As summarized in table 3.7 the median (iqr) for gestational age at delivery was 31.2 (30.15­

32.6) and 37 (36.1-38.0) for women with late on set pre-eclampsia. Mean birth weight for the 

women with early onset pre-eclampsia was 1.27 and 2.4 for the late onset pre-eclampsia (Table 

3.7). 16 (88.8%) babies bom  to women with early onset pre-eclam psia were admitted to either 

the neonatal intensive care unit (NICU) or the prenatal baby unit (PBU). All babies bom  to 

normotensive pregnant women had a birth weight more than 2kg and were healthy.

Table 3.7 Prenatal morbidity and mortality of babies born to women with pre-eclam psia

Complications Early on set 
(<34 weeks) 

(n = 18) 
No (% )

Late onset 
(>35weeks) 

( n = 37) 
No (%)

P value W omen with  
preeclam psia  

(n= 55)
No (% )

Gestation at 
delivery ( weeks)

M
(iqr)

31.2

(30.15-32.6)

37.0

(36.1-38.0)

36.0

(33.0-37.2)

Mean birth weight 
(kg)

(SD) 1.27 (0.40) 2.4 (0.71) 2.0 (0.83)

Birth weight less 
than 2 kg

n
(%)

17 (94.0) 10 (27.0) 0.0001 27 (49.0)

Birth weight 
between

n
(%)

14 (77.7) 3 (8 .1 ) 0.0001 17 (30.9)

1-1-5kg

Birth weight less 
than 1 kg

n
(%)

3 (16.6) 0 0.011 3 (5.4)

Admitted to 
NICU/PBU

n
(%)

16 (88.8) 13 (35.1) 0.0001 29 (52.7)

Prenatal losses n
(%)

3 (16.6) 0 0.0001 3 (5.4)
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Table 3.8 Phenotypic characters of women delivered pre-term at < 30 weeks

P10 P13 P21 P26 P31 P34

Age 26 33 38 19 33 27

BMI 29 27 26 19 18 19

BP(mmHg) at 120/70 120/80 120/80 110/70 120/80 120/80

ANC

Albumin at ANC nil nil nil nil nil nil

Gestation at 30 30 30 30 27 29

delivery (weeks)

BP(mmHg) at 150/90 180/100 150/100 140/100 180/110 160/100

delivery

Albumin at 3+ 3+ 2+ 3+ 3+ 2+

delivery

Weight of baby at 1.100 1.100 1.100 0.480 0.810 1.000

birth (kg)

Live birth yes yes yes yes yes yes

Survive till 
discharge

N eonatal
death

yes yes N eonatal
death

yes N eonata l
d ea th

ANC; Antenatal Clinic, BP; B lood pressure, P10, P13, P21, P26, P 3 1, P34 are screening num ber allocated fo r the 
samples in the case groups.
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Table 3.8 summarizes the phenotypic characters o f  w om en w ith  p re -ec lam psia  d e liv e re d  p r e ­

term at < 30 weeks. 6 w om en w ith early onset p re-eclam psia developed  the severe  fo rm  o f  th e  

disease and had no alternative but to undergo delivery v ia  caesarean  section  b e fo re  th e  3 0 th 

weeks o f gestation. A s illustrated in  table 3.8, all babies b o m  to  the 6 w om en  w ere h a v in g  v e ry  

low birth weights and sadly, one o f  them  just w eighed 480g. E arly  onset p re -ec lam p sia  re su lts  

in intra uterine grow th restriction (IUGR), low fetal m ovem ent (F M ) and p re te rm  d e liv e ry . 

Thus, it can be stated that there’s a significant risk  o f  low  b irth  w e ig h t babies to  be  b o m  to  

women with pre-eclam psia and carries a higher risk  o f p rena ta l death  associated  w ith  p re te rm  

delivery in women w ith early  onset pre-eclam psia (P  = 0 .0001). 3 (5 .4% ) neonata l d e a th s  w e re  

recorded from the case group (w om en with pre-eclam psia). T he phenotyp ic  data  o b ta in e d  f ro m  

the study, further em phasises and confirms pre-eclam psia is associated  w ith  sev ere  m a te rn a l 

and prenatal m orbidity and m ortality.

Table 3.9 summarizes the phenotypic data o f  w om en w ith  p re-eclam psia  re c ru ite d  to  the  

current study (2010-2011) w ith  that o f  a similar cohort recru ited  in  2001-2003.
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Table 3.9 Com parison o f  data  betw een  the p eriod s 2001-2003  and  2010-2011

C om plications D u rin g  2010-2011 D uring 2001-2003

n=55; n (% ) n=180; n (% )

SBP >  160m m H g 30 (54.5) 136 (75.5)

DBP >  llO m m H g 17 (30.9) 151 (83.8)

Proteinuria (> 3 + H C T ) 28 (50.9) 156 (86.6)

Renal im pairm ent requ iring  dialysis 2 (3.6) 4 (2.2)

Throm bocytopenia (< 1 0 0 x l0 9 /L ) 5 (9.0) 23 (1 2 .7 )

Elevated liver enzym e 5 (9.0) 19 (10.5)

(AST and/or A L T  >  70 U /L)

Developed eclam psia 8 (14.5) 16 (8.8)

Admitted to In tensive care  un it 13 (23.6) N o data

M aternal death 0 1 (1.3)

M ean birth w eight

(kg) (SD) E arly  onset PE 1.27 (0 .40) 1.13 (0.48)

Late onset PE 2.4 (0.71) 2.32 (0.58)

Birth weight below  2 kg 27 (49.0) N o data

Birth weight below  1 kg 3 (5.4) N o  data

Admitted to N IC U /P B U 29 (52.7) N o  data

Perinatal losses 3 (5.4) 45 (25)

SBP, systolic b lood  p ressure ; D B P, d iasto lic  b lood  p ressure ; A S T , 
aminotransaminase; H C T , the u rine  p ro te in  hea t coagulation  test.

asparta te  am ino transam inase; A L T , a lan ine
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RESULTS- PHASE 1

3.2 The Metagenomics Analysis

3.2.1 Results of bacterial metagenomics- Placental tissue samples

As illustrated in figure 3.3 a 500bp band on the agarose gel indicates the presence o f  16S rRNA 

gene, giving positive results for the presence o f bacteria.

lOObp
ladder +ve +V -ve

500bp

Figure 3.3 Gel picture of 16S rRNA PCR assay

500bp band on the agarose gel indicates the presence o f 16S rRNA gene, giving positive results 
for the presence o f bacteria.

16S rRNA PCR test carried out to detect the presence o f  bacteria in placental tissue samples 

obtained from women with pre-eclampsia resulted in 7 (12.7%) positives. The 16S ribosomal 

RNA was detected in 7 samples and gave a 500bp band (as illustrated in figure 3.3) when 

visualized on an agarose gel. None o f the control group (normotensive women) was positive 

for the presence o f bacteria. The 7 positive samples were then sequenced using Sanger 

sequencing method. Figure 3.4 is an electrophorogram with clear peaks indicates a presence o f 

a single bacterium and facilitate easy identification o f  the bacterium present. M ultiple 

overlapping nucleotide peaks in the electrophorogram as in figure 3.5 indicates the presence of
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mixed infection. Accordingly, 6 (85.7%) o f the seven positive samples were indicating the 

presence of mixed infection.

Figure 3.4 Clear Electrophorogram

Electrophorogram with clear peaks indicates a presence o f single bacterium and facilitate easy 

identification o f the bacterium present.

Figure 3.5 Distorted Electrophorogram

Multiple overlapping nucleotide peaks in the electrophorogram indicates the presence o f mixed 

infection.
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The 16S rRNA gene o f the samples which had mixed infections was cloned in to pGEM -T and 

was transformed in to competent JM109 cells. White colonies are colonies with the 16S rRNA 

gene o f interest as shown in figure 3.6 below.

W hite colony with the insert

Blue colony without the insert

Figure 3.6 ‘Blue and W hite’ colony plate

White colonies are colonies with the target insert. Blue and white colony plate helps in 
identifying the colony carrying the target insert DNA.

156



Transformation E ffic ien cy  w as calcu lated  as below :

Transformation effic iency  = N um ber o f  colony fo rm ing  units
O.OOlng

Average colony form ing un its  =  250+170 = 2 1 0 c f u
2

Transformation effic iency  =  210cfu =  2 x l0 5 cfu/ng = 2 x l0 8 cfu /pg  D N A

O.OOlng

Accordingly, the JM 109 com peten t cells used for the transform ation  step in the c lo n in g  

experiment was having a com petency  o f  2 x l0 8cfii/pg D N A .

Insert + primers (~ 600bp)

16S rRNA gene insert (~  500bp) 

Ladder (lk b )

Ladder (100 bp)

Figure 3.7 G el p icture o f  th e co lon y  PC R  product

Band at 500bp indicates the p lasm id  prepared contains the insert o f  interest (500bp). B an d  at 
600bp indicates the insert am plified  w ith the T7 and SP6 prim ers. This gel suggests a su ccessfu l 
cloning o f the insert D N A .
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"he gel picture in figure 3.7 illustrates result o f a colony PCR performed to confirm the 

,resence of 16S rRNA gene o f insert in the white colonies selected.

"he samples confirmed by colony PCR was Sanger sequenced and the following results were 

.btained. The bacteria identified from women with pre-eclam psia were Bacillus cereus in 1 

.ample (14.2%); Bacillus circulans in 1 sample (14.2%); Klebsiella pneumonia in 2 samples 

28.5%); Lactobacillus iners in 1 sample (14.2%); Bacillus sp. in 4 samples (57.1%); 

^ermicutes in 6 sample (85.7%); Proteobacterium  in 1 sample (14.2%); Uncultured bacteria 

n 3  samples (42.8%). M ultiple infections were found in 6 (85.7% ) samples.
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Table 3.10 Bacteria identified  from  the p lacental tissues o f  w om en  w ith  pre-eclam psia

W om en w ith  P reeclam p sia R esu lts

Screen in g num ber B a cter ia  Identified

P9 ■ B a cillu s  cereus

P23 ■ B a cillu s  species

■ S ten o tro p h o m o n a s

■ P seu d o xan thom onas

P26 ■ K leb sie lla  p n eu m o n ia e

■ P ro teo b a cter iu m

■ U ncu ltu red  bacte ria

P30 ■ B a cillu s  species

■ B a cillu s  c ircu lans

■ B a cillu s  therm oam ylovorans

■ A n o xyb a cillu s  fla v ith erm a s

■ K leb sie lla  pneum on iae

P 34 ■ U n cu ltu red  bacteria*

P36 ■ B a cillu s  species

■ A n o xyb a c illu s  fla v ith erm u s

P54 ■ U n cu ltu red  bacte ria

■ F erm i cutes

■ L a c to b a c illu s  iners

*Sam ple num ber P34  fa iled  to  iden tify  the b ac te ria  up to  g en u s  level. R efe r annexures 7.1 for the 

B LA ST rep o rts  o f  th e  o rgan ism s identified.
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3.2.2 Results o f fungal m etagenom ics- P lacental tissue sam ples

Only 1 (1.8%) sample, patien t screening no P5, was detected  positive  for the presence o f  fung i 

in women with pre-eclam psia. H ow ever, none o f  the no rm otensive  w om en w as d e tec ted  

positive for the presence o f  fungi. The fungi identified  u sing  fungal m etagenom ics w as 

'M alassezia restricta ’ strain. N one o f  the norm otensive w om en w ere positive for the  p resen ce  

of fungi.

3.2.3 Results o f v ira l m etagenom ics- P lacental tissue sam ples

None o f  the samples, from  bo th  cases and controls w ere detec ted  positive  for the p resence  o f  

viruses.

3.2.4 Results o f bacterial/ fungal m etagenom ics- A m niotic  flu id  sam ples

1 (2.0%) sample out o f  the 48 am niotic  fluid sam ples o f  w om en  w ith  pre-eclam psia  w as 

detected positive for the presence o f  bacteria. H ow ever, there w ere no  fungi detected in  w o m en  

with pre-eclampsia. In  addition, none o f  the norm otensive w om en  w ere detected p o sitiv e  fo r 

the presence o f bacteria or fungi. The sam ple detected positive  for the presence o f  b ac te ria  in  

women with pre-eclam psia w as the am niotic fluid sam ple w ith  the screening n u m b er P9 and  

the bacteria was identified as B acillus cereus.

160



3.2.5 Results o f b acter ia l/fu n ga l m etagen om ics- B lood  sam p les

3 (5.5%) samples from  the w o m en  w ith  p re-ec lam psia  w ere p o s itiv e  fo r the presence o f  bacteria  

but none were detected  p o sitiv e  for fungi. S im ilar to  the p rev io u s  resu lts, none o f  the b lood  

samples obtained from  norm otensive  w om en  w ere d e tec ted  p o s itiv e  fo r the presence o f  bacteria  

or fungi. The bacteria  iden tified  in  the b lood sam ples o f  w o m en  w ith  pre-eclam psia is 

illustrated in Table 3.11 below .

Table 3.11 Bacteria id en tified  from  th e b lood  sam ples o f  w om en  w ith  pre-eclam psia

W om en w ith  P reec lam p sia R esu lts

Screening n u m b er B acter ia  Id en tified

P7 ■ R eyra n e lla  sp.

■ U ncu ltu red  p ro teobacte rium

P8 ■ R eyra n e lla  sp.

P10 ■ R alsto n ia  p ic k e tti
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3.2.6 R esults o f bacteria /fun gi m etagenom ics- U rine sam p les

None o f  the case group nor the contro l group w om en w ere d e tec ted  positive  for the  p resence  

of fungi. H ow ever, 8 (14 .5% ) w om en  w ith  pre-eclam psia an d  9 (16% ) norm otensive p regnan t 

women w ere detected positive  fo r the presence o f  bacteria. T ab le  3.12 sum m arizes the bacteria  

identified from  the urine sam ples o f  these women.

Table 3.12 Bacteria identified  from  the urine sam ples

W om en with  

pre-eclam psia

B acteria  identified  N orm oten sive  B acteria identified

w om en

P3 L actobacillus gasseri N3 U ncultu red  bacteria

P l l U ncultured  bacteria N21 U ncultu red  bacteria

P13 U ncultu red  bacte ria N 24 P revo te lla  bivia

P18 Veillonella m ontpellierensis N33 U ncultu red  bacteria

P21 L actobacillus crip tus N 37 U ncultu red  bacteria

P37 Veillonella m ontpellierensis N42 B a cillu s  sp.

P46 Veillonella m ontpellierensis N 48 L actobacillus sp.

P50 U ncultured  bacteria N 50 A topob ium  vaginae

N 54 Streptococcus aga lactiae
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3.2.7 P hase 1 results in  su m m ary

At the end o f  phase 1 o f  the  cu rren t study, p lacen ta  o f  7 (1 2 .7 % ) o f  55 w om en w ith  p re ­

eclampsia w ere positive for bacteria . F igures 3.8, 3.9, 3 .10, 3 .11 , 3 .12  illu stra te  the ph y lo g en ic  

trees o f  bacteria  iden tified  in  the  p lacen ta l tissue sam ples o f  w o m en  w ith  p re-eclam psia . 1 

(1.8%) w as positive fo r fungi and  n o n e  (0% ) w ere po sitiv e  fo r v iru ses. N one (0% ) o f  the 

norm otensive pregnant w om en  sam ples w ere positive  fo r th e  p re sen ce  o f  bacteria , fung i o r 

viruses.

Other b io logical sam ples o b ta ined  from  these p lacen ta  d u ring  d e liv e ry  v ia  caesarean  sec tion  

were fu rther tested u sin g  16S/28S m etagenom ics fo r the  d e tec tio n  o f  b ac te ria  and fung i. 1(2% ) 

of the 48 am niotic flu id  sam ples o f  w o m en  w ith p re -ec lam p sia  w ere  p o sitive  fo r b ac te ria  b u t 

none w ere positive fo r fungi. N o n e  (0% ) o f  the n o rm o ten siv e  w o m en  sam ples w ere  p o sitive  

for the presence o f  bacteria , fu n g i o r v iruses. 3 (5 .5% ) o f  th e  54  b lo o d  sam ples o f  w o m en  w ith  

pre-eclam psia w ere p o sitive  fo r b ac te ria  but fungi w ere n o t de tec ted . N one (0% ) o f  the 

norm otensive w om en b lo o d  sam ples w ere  positive fo r b ac te ria , fung i o r v iruses. 8 (14 .5% ) o f  

the urine sam ples ob tained  fro m  w o m en  w ith  p re -ec lam psia  an d  9 (16% ) o f  the u rin e  sam ples 

obtained from  norm otensive w om en  w ere  positive fo r bacte ria . H o w ev er, none o f  the  cases o r 

control sam ples w as po sitiv e  fo r fungi.

The table 3.13 illustra tes the  b ac te ria  identified  from  the b io lo g ic a l sam ples o f  w o m en  w ith  

pre-eclam psia and n o rm otensive  p reg n an t w om en. A cco rd in g ly , ev en  though  am nio tic  flu id , 

blood, u rine  gave p re lim in ary  ev idence  fo r the p resence  o f  b ac te ria , o n ly  the b ac te ria  p resen t 

in p lacental tissues w ere  s ta tistica lly  significant (P = 0 .0 0 6 ). In  v iew  o f  the  above, it  can  be 

safely concluded tha t a t the end  o f  p h ase  1, p re lim inary  ev id en ce  is availab le  on the p resen ce
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of bacteria in the p lacen ta l tissues o f  w o m en  w ith p re -ec lam p sia . P lacen ta l bacte ria  m ay  p la y  

a significant role in the m u ltifac to ria l aetio logy  o f  p re -ec lam p sia . T h is  is further an aly sed  by  

novel m etagenom ics using  n ex t g enera tion  sequencing  in p h ase  2 o f  th e  study. T ab le  3 .14 , 

illustrates the fungi iden tified  from  the b io log ical sam ples o f  w o m en  w ith  p re-ec lam psia . O n ly  

1 sam ple w as positive from  the  p lacen ta l tissue sam ples a n d  w as id en tified  as M a la ssez ia  

restricta  strain, w hich can  be ignored  as it is considered  a n o rm a l co m m en sa l on skin. T h is w ill 

be d iscussed in detail in  chap ter 4, D iscussion . T able  3.15, su m m arizes  the  bacteria  id en tified  

in the biological sam ples o f  w o m en  w ith  p re-ec lam psia  and n o rm o ten s iv e  w om en.
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R E SU L T S-PH A SE  2

3.3 The M etagenom ics A nalysis

3.3.1 Bacterial identification  using 16S M etagenom ics N G S

3.3.1.1 Results o f  w hole g en e  am plification  o f  16S  rRN A  g e n e

1500bp (16S  rR N A  w hole gene)

Figure 3.13 G el p ictu re visualiz ing  the w hole  gen om e o f  16S rRNA gene

Band at 1500bp indicates the w hole genom e am plification o f  the 16S rR N A  gene o f  bacteria.

The am plification o f  the w hole genom e o f  the 16S ribosom al R N A  gene gave a 1500bp band  

when run on a 1.5% agarose gel as indicated in F igure  3 .13 . Seven (12.7% ) p lacental tissue 

samples w hich becam e positive  w ith  the 16S partial gene am plifica tion  were re-detected  for 

the presence o f  bacteria  using  the 16S w hole genom e am plification . N one  in the contro l group 

(normotensive w om en) resu lted  in a positive even w ith the  w ho le  genom e am plification. 

Accordingly, the 7 sam ples w hich  w as analysed using  S anger sequencing  were further analysed 

using the 16S m etagenom ics nex t generation  sequencing techno logy .
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3.3.1.2 M etagenom ics results by  ‘I llu m in a  M iSeq R eporter

Sam ple P9

■ Bacillus Anaerobacillus ■ Staphylococcus ■ M arinibacillus

■ H alobacillus ■ Propionibacterium  ■ Listeria

F igure 3 .14  G enus level classification o f  sam ple P9

Sam ple 23

Bacillus Anaerobacillus ■ Pseudoxanthom onas  ■ Staphylococcus

■ H ydrogenophilus ■ Schlegelella  ■ A noxybacillus

F igure 3 .15 G enus level classification  o f  sam ple P23
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Sample 26

■ Nocardiopsis Escherichia ■ Shigella ■ Prauseria ■ Salmonella ■ Yersinia ■ Klebsiella

Figure 3.16 Genus level classification of sample P26

Figure 3.17 Genus level classification o f sam ple P30
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Sam ple 34

■ Hydrogenophilus
■ Geobacillus
■ Propionibacterium

Anoxybacillus 
■ Schlegelella 

Bacillus

■ Pseudoxanthomonas
■ Methylobacterium
■ Delftia

Figure 3.18 G enus level classification o f  sam ple P34

■ Bacillus

■ Listeria

Sam ple 36

Anaerobacillus 

■ Natronobacillus

■ M arinibacillus

■ Viridibacillus

■ Halobacillus 

Planomicrobium

Figure 3.19 G enus level classification o f  sam ple P36
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S am p le 54

■ Lactobacillus A topobium  uA erococcus  ■ D ia l is ter
■ Schlegelella ■ H ydrogenophilus Listeria  * Laribacter

■ Anoxybacillus
■ Pediococcus

F igure 3 .20  G enus level c lassification  o f  sam ple P54

Prior to perform ing nex t generation  sequencing, the quality  o f  the lib rary  pool o f  the 7 p lacental 

tissue sam ples were confim ed  by  A gilen t H igh Sensitiv ity  D N A  k it as explained in  section

2.14.4.8 (A gilent T echnologies, G erm any) and the te s t rep o rt is g iven  in annexures 7.2. The 

above pie charts illustrates the nex t generation  sequening  resu lts  ob tained  using the Illum ina 

MiSeq, giving the com plete m icrob iom e up to genus level o f  the 7 p lacental tissue sam ples o f  

women w ith pre-eclam psia.
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P9
B a c illu s  96.19%
A n a e ro b a c illu s  1.49%
S ta p h y lo c o c c u s  0.87%
M a rin ib a c illu s  0.57%
H a lo b a c il lu s  0.42%
P r o p io n ib a c te r iu m  0.24%
L is te r ia  0.23%

P23
B acillu s
A n a e ro b a c illu s
P seu d o x a n th o m o n a s
S ta p h y lo c o c c u s
H y d ro g e n o p h ilu s
S h le g e le lla
A n o x y b a c illu s

92.91%
1.86%
1.29%
1. 10%
1.04%
0.98%
0.82%

P26
N o c a r d io p s is
E sch er ich ia
S h ig e lla
P r a s e r ia
S a lm o n e lla
Y ersin ia
K le b s ie lla

44.46%
17.91%
17.05%
13.69%
5.77%
0.71%
0.41%

P30
B a cillu s  96.17%
A  n a e r o b a c illu s  2.01%
M a rin ib a c illu s  0.71 %
H a lo b a c il lu s  0.67%
L is te r ia  0.43%

P34
H y d ro g e n o p h ilu s
A n o x yb a c illu s
P seu d o x a n th o m o n a s
G e o b a c illu s
S h leg e lla
M e th y lo b a c te r iu m
B acillu s
D e lfia

27.38%
21.24%
12.62%
9.94%
9.52%
2.71%
2 .68%
1.83%

P36
B acillu s  
A n a e r o b a c illu s  
M a rin ib a c illu s  
H a lo b a c illu s  
L is te r ia
N a tro n o b a c illu s  
V a rid ib a c illu s  
P la n om  ic ro b iu m

95.52% 
2.29% 
0.73% 
0 .68%  
0.45% 
0.32% 
0 .21 %  
0.11%

P54
L a c to b a c illu s
A a to p o b iu m
A e ro c o c c u s
D ia lis te r
A n o x yb a c illu s
S c h le g e lla
H y d ro g e n o p h ilu s
L is te r ia
L a r ib a c te r
P e d io c o c c u s

87.27%
4.72%
2.82%
1.57%
0.73%
0.72%
0.72%
0.67%
0.51%
0.26%

Figure 3.21 Genus level classification o f bacteria w ith percentage
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Figure 3.22 Phylum  level c lassification
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F ig u re  3.23 Fam ily level c lassifica tion
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Figure 3.22 illustrates the phylum level classification o f  the 7 samples according to the MiSeq 

reporter analysis. Accordingly, from the phylum level classification it can be easily observed 

that sample P9 and P36 is rich in Phylum Fermicutes. Sample P23 has Fermicutes and a small 

number o f bacteria belonging to phylum Proteobacterium. P26 has bacteria belonging to 

phylum Actinobacteria and Proteobacterium. P34 has bacteria from phylum Fermicutes and 

Proteobacterium. Sample 54 contains bacteria belonging to phylum Fermicutes and fewer 

numbers o f  bacteria belonging to phylum Proteobacterium and Actinobacteria. Similarly, 

figure 3.23 illustrates the family level classification o f the 7 samples analysed by next 

generation sequencing. As illustrated in the above bar chart, sample P9, P23, P30, P34 & P36 

contains bacteria belonging to the family Bacillaceae. Sample P26 contains Enterobacteriaceae 

and Nocardiopsaceae whilst the sample P54 contains Lactobacillus. Apart from these, sample 

no P23 contains fewer numbers o f bacteria belonging to the family Enterobacteriaceae. 

According to species level classification (figure 3.24) Bacillus cereus is more abundant in 

samples P9, P23, P30, P36 and sample 54 has Lactobacillus iners.

m i
Sample 1 Sample 2 Sample 3 Sample 4 Sam ple 5 Sample 6 Sample 7

■ Unclassified bacillus alcalophilus ■ bacillus cereus
■ bacillus funiculus ■ brevibacillus brevis ■ clostridium cellulolyticum
■ lactobacillus brevis lactobacillus iners ■ lactobacillus reuteri
■ lactobacillus ruminis

Figure 3.24 Species level classification
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Species Level Identification- using M othur software

P9

Bacillus cereus 99.68%

Bacillus fun icu lus  0.17%

S. paucimobilis 0.08%

B. alcalophilus 0.07%

P23

Bacillus cereus 98.82%

Bacillus funiculus 0.34%

D. aeronauticum 0.18%

B. alcolophilus 0.16%

Brevibacillus brevis 0.12%

Bacillus coagulans 0.09%

Clostridium cellulolyticum 0.08%

Lactobacillus kimchi 0.06%

Lactobacillus ruminis 0.05%

Caloramator indicus 0.04%

Varivorax paradoxus 0.04%

Prevotella Shahii 0.03%

P26

Not classified up to species level

P30

Bacillus cereus 99.79%

Bacillus funiculus 0.09%

Clostridium cellulyticum 0.08%

Prevotella shahii 0.04%
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P 34

N o t c lassified  up to species level

P 36

B acillu s  cereus 99.79%

B acillus fu n ic u lu s 0.09%

C lostrid ium  cellulolyticum 0.08%

L actobacillus  rum inis 0.04%

P revo te lla  shahii 0.03%

P 54

L actobacillus iners 91 .86%

L actobacillu s  reu teri 0 .72%

L actobacillu s  brevis 0.43%

L actobacillu s  acidipiscic 0.40%

L actobacillus  k im chi 0.13%

C lostrid ium  cellulotyicum 0.11%

C ollinsella  s tercoris 0.10%

C lostridum  form ioace ticum 0.07%

B acillu s  a lco lophilus 0.06%

B a cillu s  cereus 0.04%

C aloram ator indicus 0.04%

L is te r ia  m onocytogenes 0.04%

F ig u re  3 .25 Q u a n tita tiv e  d a ta  o b ta in e d  a t  species level

The total num ber o f  reads and  percentage o f  each b ac te ria  p resen t in the sam ples up to species 
level. Next generation  sequencing  m akes availab le  fo r quantitative data (read  count and 
percentages) o f  each species p resen t in the sam ple.
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3.3.1.3 D em ograph ic ch aracteristics o f  w om en  w ith p re-ec la m p sia  p o sitive  f o r  bacteria  

Table 3.16 D em ograp hic characteristics o f  the seven w om en w ith  pre-eclam psia

P09 P23 P26 P30 P34 P36 P54

Age 28 25 19 34 27 26 32

BMI 21 24 19 20 19 23 27

BP(m m Hg) at 
ANC

100/60 120/70 110/70 100/70 120/80 100/80 90/60

Album in at A N C nil nil nil nil nil n il nil

Ethnicity S inhala Tam il S inhala T am il S inhala S inhala S inhala

M others
O ccupation

H ouse
W ife

H ouse
W ife

H ouse
W ife

Pharm acy
A ssistan t

H ouse
W ife

T each ing H ouse
W ife

Known
Illness/STD /U TI

N o No M ild
C ough

N o M ild
C ough

N o N o

BP(m m Hg) at 
delivery

140/90 150/100 140/100 140/90 160/100 150/100 150/100

A lbum in at 
delivery

3+ 2+ 3+ 3+ 2+ 3+ 1 +

Rise in B P from  
ANC to delivery

40/30 30/30 30/30 40/20 40/20 50/20 60/40

Late V s E arly  
Onset PE

Late
36.0

Late
35.0

E arly
30.1

L ate
38.0

E arly
29.4

L ate
35.2

E arly
31.5

Gestation at 
delivery

36.0 35.0 30.0 38.3 29.4 35.3 36.5

Indications fo r 
LSCS

PE PE PE
IU G R  
Low  P it

PE Severe
PE

PE PE
IU G R

W eight o f  baby  at 
birth (kg)

2 .600 1.945 0.480 2.150 1.000 2.318 1.670

N eonatal D eath N eon ata l
D eath '

N eonatal
D eath

”

Demographic characters o f  the seven  w ith  p reeclam psia  illustrated . BM I; B ody  M ass Index, 
BP; Blood p ressure , A N C ; A ntenatal C lin ic , STD ; Sexually  T ransm itted  D iseases, UTI; 
Urinary Tract Infection, PE; Preeclam psia, LSC S; L ow e S egm ent C aesarean  section.
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As shown in T able 3 .16, the 7 w om en w ith  p re -ec lam psia  w ho  detected  p o sitiv e  fo r the 

presence o f  bacte ria  w ere  be tw een  19-32 years o f  age w ith  the  B M I be tw een  th e  ranges o f  19­

27. None o f  these w om en  had ev er sm oked and had n o  know n infectious d iseases o r repo rted  

any serious illness during  the p regnancy  o ther than  being pre-eclam ptic. A ll w o m en  w ere 

reported to have had  norm al b lood  pressure a t the an tenatal book ing  and  h ad  no  signs o f  

albumin. H ow ever, all 7 w ere d iagnosed  o f  p re-ec lam psia  w ith  systolic b lo o d  p re ssu re  m ore 

than 140m m Hg and  d iasto lic  b lo o d  pressure m ore than  90 m m H g and con tain ing  a lb u m in  m ore 

than 300m g p er day. P a tien t w ith  the screening num ber P54 had  a 60/40m m H g rise  in  h e r  b lood  

pressure and the rest h ad  m ore than  30/30m m H g rise in  the ir b lood  pressure  fro m  A N C  book ing  

date to the date o f  delivery.

Except for the  patien t w ith  the screening  num ber P30, all six  o f  them  delivered  p re -te rm  and 

four o f  them  (P36, P34, P26 & P9) h ad  em ergency caesarean  sections. H ow ever, p a tien ts  P26 

& P34 had pre  term  delivery  befo re  30 w eeks and  had  serious p regnancy  co m plica tions due to 

pre-eclampsia. F oetus o f  these tw o w om en suffered  from  in tra  uterine g ro w th  restric tion  

(IUGR) and low  fetal m o vem en t (FM ) and h ad  to  be delivered  im m ediately . T h e  b ab y  b o m  to 

the w om an w ith  screen ing  n u m b er P 26  w eighed 480g at b irth  and baby  o f  P34 p a tien t w as ju s t 

lkg. Both these bab ies d ied  w ith in  a few days’ o f  b irth  due to pre-m aturity . P atien ts P 23 , P26, 

P34 & P54 all had  bab ies w ith  b irth  w eight less th an  2kg. T ab le  3.17 b e lo w  illu stra tes the 

bacteria iden tified  in these  7 w om en  in both  phase 1 and  phase 2 o f  the study.
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Table 3.17 B acteria  iden tified  in the p lacental tissu es o f  7 w om en  w ith  p re-ecla m p sia

# P h ase 1 P h ase  2

P9 B acillus cereus B a cillu s  cereus  
A na ero b a cillu s  
S taphylococcus  
L is te r ia

P23 B acillu s  sp. B acillu s  cereus  
A n a erobacillu s  
S taphylococcus  
A n oxybacillu s  
V ariovorax paradoxus  
P revo te lla  shahii

P26 K lebsie lla  p n eum on iae  
P ro teobacterium

N o ca r  d iops is
E scherich ia
Sh igella
Sa lm onella
Yersinia
K lebsie lla
Variovorax p aradoxus

P30 B acillus sp.
B acillu s  circu lans  
A noxybacillu s  fla v ith erm u s

B acillus cereus  
A n a erobacillu s  
L isteria
P revo te lla  shah ii

P34 U ncultu red  bacteria A n oxybacillu s
G eobacillus

P36 B acillus sp.
A noxybacillu s  fla v ith erm u s

B acillu s  cereus  
A naerobacillu s  
L isteria
P revo te lla  shahii

P54 U ncultu red  bacteria D ia lis ter  
A n o xybacillu s  
L isteria  
L a rib a c te r  
P. endodonta lis

185



3.3.2 Bacterial id en tification  using 16S In d ep en d en t M etagenom ics N G S

Bacterial detection and  iden tification  using the 16S in d ependen t m etagenom ics w as carried  out 

by purifying the bacteria l D N A  b y  rem oving hum an  h o st D N A  contam inant using  the M olY sis 

Bacterial Basic k it o f  M olzem , G erm any. H ow ever, it w as n o t possible to get substan tia l 

amounts o f  bacterial D N A  through this m ethod. M o st o f  the bacteria p resen t in the  sam ples 

were lost during the p rocess o f  rem oving  hum an  D N A . It is necessary  to rem ove h um an  D N A  

contamination to carry  out 16S independent m etagenom ics, w hich  uses the  w hole  genom e 

amplification. D ue to th is  status the 16S independent m etagenom ics test is no t su itab le  fo r the 

detection o f  bacteria  from  a hum an  sam ple as the p resence  o f  a large background  o f  hum an  

DNA would h inder the iden tification  o f bacteria . As exp lained  our attem pts fo r the u se  o f  16S 

independent m etagenom ics m ethod  to identify  bac te ria  from  hum an  sam ple w as not successfu l.

3.3.3 Interpretation o f R esults

The results obtained p rov ide  p re lim inary  evidence fo r the p resence o f  infectious agents causing  

gastroenteritis, resp ira to ry  infections and periodon ta l d iseases in association w ith  p re­

eclampsia. The resu lts  o f  phase 1 & 2 o f  th e  study indicated  a significant association  o f  

placental bacteria  w ith  p re-eclam psia.
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4 DISCUSSION

4.1 Phenotypic analysis o f  the study p opu lation

4.1.1 Study p op u lation

The study w as carried  out on 55 prim iparous w om en  w ith  p re-ec lam psia  (case  g roup) and 55 

primiparous norm otensive  p regnan t w om en (con tro l group). T he w om en w ith  p re -ec lam p sia  w ere 

matched for age and b o d y  m ass index (B M I) w ith the  con tro l group. A s in d ica ted  in table 3.3, 

m ean age o f  w om en w ith  p re-eclam psia  w as 27.5 an d  the m ean  age o f  the  n o rm o ten s iv e  p regnan t 

women was 28. W hilst the  m ean  B M I in w om en  w ith  p re-ec lam psia  w as 22 .2 , the  m ean  B M I in 

the control group w as 22.8. T h is signifies the cases and con tro ls rec ru ited  to the  study  w ere 

properly m atched. S tric t defined  inclusion  and  exclusion  crite ria  w ere fo llo w ed  th ro u g h o u t the 

patient recruitm ent an d  all sam ples w ere co llected  a t the tim e o f  caesarean  sec tion , u nder stric t 

aseptic conditions.

It was ascertained tha t w om en  o f  the study po p u la tio n  w ith  p re-eclam psia  faced  severe  p regnancy  

complications in  com parison  to  the norm otensive p regnan t w om en. A t the firs t an tena ta l booking , 

both case and con tro l g roup  o f  w om en rem ained  w ith  norm al b lood  p ressu re  w ith  no  signs o f  

proteinuria. H ow ever, as the p regnancy  advanced  the  w om en  w ith  p re -ec lam p sia  developed  

hypertension w ith  systo lic  b lood  pressure o f  >  140m m H g, d iasto lic  b lood p ressu re  o f  >  90m m H g 

and having p ro te inu ria  o f  m ore than  300m g p er day. 30 (54 .5% ) out o f  the  55 w o m en  w ith  p re ­

eclampsia developed  severe  systo lic  b lood pressure , 17 (30 .9% ) developed severe  d iasto lic  b lood  

pressure and 28 (50 .9% ) o f  them  developed severe p ro te inuria .
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Furthermore, 36 (65 .4% ) o f  55 w om en w ith  p re -ec lam psia  delivered  p reterm , h ad  b ab ies  w ith  in tra  

uterine growth restric ted  (IU G R ), low  fetal m ovem ent and gave b irth  to b ab ies  w ith  v e ry  low  b irth  

weight. All no rm otensive  w om en  in contrast had  uncom plica ted  p regnancies an d  underw en t 

delivery through caesarean  sec tion  due to obstetrics conditions such as m a te rn a l request, p rim i- 

breech, head no t engaged  and unfavourab le  cervix.

A study carried out d u ring  the p e rio d  1994-2003 w ith  364 cases w ith  p re -ec lam psia  an d  249 contro l 

women had reported  th a t p re-eclam psia  is associated  w ith  h igh  m aternal co m p lica tio n s, h igh  rate 

of IUGR and low  b irth  w eigh ts (L iu  et al., 2008). A no ther com plication  re la ted  to  severe  p re ­

eclampsia is the occurrence  o f  H EL LP syndrom e. In  the cu rren t study 2 (3 .6% ) w o m en  w ith  p re ­

eclampsia developed  H E L L P syndrom e. H ow ever, the incidence o f  H E L L P  syndrom e in  the 

current study is m uch  less com pared  to an incidence o f  6 .4%  reported  in a s tu d y  carried  ou t in  2006  

(Demir et al., 2006).

A study carried out b y  (Jesm in , 2011), reported  that 64%  o f  w om en  w ith  p re -ec lam p sia  delivered  

pre-term w hilst 48%  o f  bab ies b o m  to these w om en  w ere  o f  low  b irth  w eight. T h is s tu d y  reported  

a prenatal m ortality  ra te  o f  8% . It is fascinating to no te  the ra te  o f  com plications rep o rted  in  the 

study carried o u t by  (Jesm in , 2011) has a c lose sim ilarity  to the  rate  o f  co m plica tions reco rded  in 

the current study.
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4.1.2 Maternal morbidity and mortality

Pre-eclampsia is associated with severe maternal and fetal morbidity and m ortality (Sarsam et 

al., 2008, Wagner, 2004, Thangaratinam et al., 2008, Gaillard et al., 2011b, Ghulmiyyah and 

Sibai, 2012, Dissanayake et al., 2007). Severe maternal morbidity was defined as systolic 

blood pressure o f (SBP > 160mmHg), diastolic blood pressure o f (DBP >110 mmHg), 

proteinuria o f > 3+ on HCT ( > 150mg/dl), thrombocytopenia o f  ( < lOOx 109/1), impaired liver 

function (aspartate aminotransferase (AST) and alanine aminotransferase (ALT) o f > 70 U/L), 

renal failure requiring dialysis, placental abruption and eclampsia (Dissanayake et al., 2007).

All these clinical features are associated with maternal morbidity and mortality. M ore than half 

of the women in the case group were diagnosed with severe pre-eclampsia and developed most 

of the above morbidities. Research carried out over the years have given clear evidence that 

early onset pre-eclampsia is more severe than late onset pre-eclampsia (Steegers et al., 2010, 

Dissanayake et al., 2007). It is evident that the babies bom  to women with early onset pre­

eclampsia carries a higher risk o f  being bom  premature and to possess low birth weight. 17 

(94%) of women with early onset pre-eclampsia gave birth to babies with a birth weight below 

2kg. 14 (77.7%) had babies with birth weights between 1 to 1.5kg and 3 (16.6% ) had babies 

with a birth weight less than 1 kg. Accordingly it is evident that babies bom  to women with 

early onset pre-eclampsia had m any prenatal complications in comparison to late onset pre­

eclampsia (P < 0.0001). The overall risk factor for women with pre-eclampsia to give birth to 

babies with a birth weight less than 2kg is almost 50%.
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4.1.3 Rise in blood pressure

The rise in blood pressure is defined as a rise in systolic pressure o f >30mmHg or rise in diastolic 

pressure of >15mmHg above the blood pressure recorded at the first antenatal booking (James and 

Nelson-Piercy, 2004). Literature suggests that the rise in blood pressure from a pre-pregnancy or 

an early pregnancy value (SBP o f > 30mmHg and /or DBP o f > 15 mmHg) would be more accurate 

than just considering a threshold value as > 140/90 mmHg in defining pregnancy induced 

hypertension (Australasian-society, 1993, National-high-blood-pressure-educational-programme, 

1990, Dissanayake et al., 2007, Redman and Jefferies, 1988, Gaillard et al., 2011a).

Applying the standard definition proposed by the ISSHP or the use o f rise in  blood pressure in 

diagnosing pre-eclampsia is presently under much debate with many controversial views being 

expressed. W hilst some restrict themselves to the standard definition proposed by the ISSHP, 

certain arguments prevail that a rapid rise in systolic blood pressure of more than 30 mmHg or 

diastolic blood pressure o f more than 15 mmHg should be taken into account in diagnosing 

preeclampsia (Mustafa et al., 2012).

Duley et al recommends the use o f  the standard definition in the diagnosis o f  pre-eclampsia (as 

mentioned in section 1.1) (Duley et al., 2006). National Institute for Health Services and Clinical 

Excellence also follows the standard definition put forward by the ISSHP in diagnosing pre­

eclampsia (NICE, 2011). However, the British Hypertension Society recommends the use o f either 

the rising blood pressure o f > 15mmHg diastolic or >  30mmHg systolic from early pregnancy or 

diastolic blood pressure >  90mmHg on 2 occasions 4h apart or a diastolic blood pressure o f 

>1 lOmmHg on one occasion with 1+ proteinuria as an indication for referral and as the criterion 

for diagnosis o f pre-eclampsia (Williams et al., 2004a, W illiams et al., 2004b). After observing the
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rise in blood pressure as recorded  in the curren t study, a  suggestion  is m ade to  use b o th  the rising  

blood pressure as w ell as the standard  defin ition  o f  IS SH P in  d iagnosing p re-ec lam psia .

Rising blood pressure is a significant factor associated  w ith  severity  o f  the d isease  and  needs 

to be taken into careful consideration  to ensure a p roper m anagem ent o f  the d isease. T he very  

first pre-eclam psia pa tien t recru ited  to the current s tudy  w as a young w om an  o f  27 years old 

with a BMI o f  18.0 recorded  at the antenatal book ing  date. She had  systolic and  d iasto lic  b lood 

pressure o f  90/60m m H g on h er first antenatal v isit and  had no signs o f  p ro te inuria . H ow ever, 

at 31 weeks o f  gesta tion  she w as diagnosed o f  p re-ec lam psia  w ith  a b lo o d  p ressu re  o f  

140/90mmHg and w ith in  4 days, h er b lood pressure  rose to 170/1 lOm m Hg w ith  3+  album in. 

She had SGOT level o f  47u/l, S G P T  o f  24 u/1, p la te le ts  o f  130,000/m m 3 and she developed  fits.

Emergency caesarean  section  w as perform ed and th e  baby w as delivered  at 31 .4  w eeks o f  

gestation w ith a b irth  w eigh t o f  980g. This pa tien t developed  eclam psia and  w as adm itted  to 

the ICU and h er baby  w as adm itted  to N IC U  due to  prem aturity . H ow ever, in  this instance, 

there was a rise in b lood  pressure  o f  80/50m m H g b y  the tim e she delivered  the baby. This 

resulted in life th rea ten ing  condition  for bo th  th e  m o ther and the baby. W hen she w as d iagnosed  

with mild pre-eclam psia  having  a  blood pressure  o f  140/90m m H g, the rise in  b lo o d  pressure 

was 50/30mmHg. I f  an  early  in tervention w as m ade, it w ould  have been p o ssib le  to  p reven t 

the mother developing  in to fits and w ould have  p reven ted  h er from  developing  eclam psia.

Under these circum stances, it is necessary  to consider a threshold  value depending  on  the rising 

blood pressure rather than  considering a cu t o ff  va lue  as 140/90m m H g. It is reported  that
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systolic and diastolic blood pressure changes from second to third trimester is positively 

associated with the risks o f pregnancy induced hypertension and preeclampsia (Gaillard et al., 

2011a). The National High Blood Pressure Education Programme consensus report (NHBPEP, 

2000), stresses the position that patients with blood pressure below 140/90 m m H g but have 

experienced a rise in systolic blood pressure o f  30mmHg or rise in diastolic blood pressure o f 

15mmHg should be managed as high-risk patients for pre-eclampsia (Lindheimer et al., 2010). 

Leaving an expectant m other to reach the threshold value o f 140mmHg may risk the lives o f 

two due to severe maternal and neonatal complications. Early diagnosis and treatm ent no doubt 

will reduce the maternal and prenatal morbidity and mortality associated with pre-eclampsia.

4.1.4 Comparing two cohort studies

This is the first time, two similar cohorts (women with pre-eclampsia as case group and 

normotensive pregnant women as control group) were recruited maintaining same inclusion and 

exclusion criteria from similar hospitals were analysed and compared in a Sri Lankan population.

Table 3.9 compares the phenotypic data o f women with pre-eclampsia recruited between the 

periods of 2001-2003 and 2010-2011. The mean age o f women with pre-eclampsia recruited 

to the study carried out by Dissanayake et al was 27.1 and the current study was 27.5. The 

mean BMI o f the pre-eclamptic women recruited to the study carried out by Dissanayake et al 

was 21.0 and was 22.0 in the current study. The m ean systolic blood pressure o f the women 

with pre-eclampsia in the 2001-2003 study was 111.7 in comparison to 110.0 in the current 

study. Diastolic blood pressure was 71.7 in the study carried out in 2001-2003 and was recorded 

as 73.0 in the present study carried out in 2011-2013. This signifies that both studies even 

though a decade apart, were performed within a similar study population.
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T he m edian gesta tion  age at delivery  for the w o m en  w ith  p re-ec lam psia  w as 35 (32-38) and  36 

(33-37) in the tw o stud ies respectively . A s illu s tra ted  in  tab le  3.9, during  the  p eriods o f  2010 

to 2011 it w as observed  tha t 30 o f  55 (54 .5% ) w o m e n  h ad  systo lic  b lood  p ressu re  o f  > 160 

m m H g w hile in 2001 to  2003 it was 136 o f  180 (75 .5% ). 17 o f  55 (30 .9% ) w o m en  suffered  

from  severe d iasto lic  b lood  pressure o f  >  110 m m H g  d u rin g  2010-2011 , w h ils t 151 o f  180 

(83.3% ) during  the period  o f  2001-2003. P ro te in u ria  >  3+  H C T  was reco rded  in 28 (50.9% ) 

w om en  during  the  period  o f  2010-2011 and 156 o f  180 (86.6% ) during  2001- 2003. 

A ccordingly  a  g radua l reduc tion  w as ob serv ed  (be tw een  30-50% ) in  the p regnancy  

com plications assoc iated  w ith  p re-eclam psia  over th e  p ast 7 -10  year period.

T here  w ere 106 (58 .9% ) m ale  babies b o m  during  th e  s tudy  carried  out in  2001-2003  and 27 

(49% ) in the s tudy  carried  ou t in  2010-2011. In  co n seq u en t th is indicates the  b a b y ’s gen d er has 

n o  influence on  the occurrence  o f  the d isease in  w o m en  w ith  pre-eclam psia .

T here  is a considerab le  im provem ent in  m aternal life  expec tancy  w ith one m aternal loss in  the 

study  carried in  2001 -2003 to no  m aternal deaths reco rd ed  in  the  current study. In  add ition , as 

observed b y  the  low  rate o f  com plications than  in  the  earlie r study  the obstetric ians seem s to 

be  more inc lined  to in tervene early  w hen m an ag in g  w om en  w ith  p re-eclam psia . F o r the ra te  o f  

m aternal and  p ren a ta l com plications to  decrease  early  in terven tion  and im p ro v em en t in the 

m edical care m ay  h av e  p lay ed  a v ital role. A w aren ess  im parted  to the patien ts during  the ir 

antenatal v isits and  being  educated  by  the h ea lth  p ro fessionals  on the im portance  o f  early  

d iagnosis and  trea tm en t cou ld  be the m ain  reason  b eh in d  the  low  rate o f  com plications recorded  

in  this study in  com parison  to  the previous study.
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As reported by  D issanayake et al, 2007, 16 (8 .9% ) ou t o f  180 w om en developed eclam psia  in  

2001-2003 (D issanayake et al., 2007). W here as in  the  curren t study conducted  in 2010-2011 

there were 8 (14.5% ) out o f  55 w om en w ho developed  eclam psia. A ccording to  recen t literature 

even today, 12% o f  all m aternal deaths are caused  b y  eclam psia  (G hulm iyyah and Sibai, 2012). 

A rise in the n u m b er o f  eclam psia  patient cou ld  resu lt in a negative  im pact on  the m anagem ent 

and treatm ent o f  pre-eclam psia . This brings ou t the need  for train ing and educating  the health  

workers on  the p ro p er m anagem ent and trea tm en t o f  pre-eclam psia. F urtherm ore, the 

maintenance o f  p ro p er standards in  diagnosing o f  p re-eclam psia  and a better understand ing  o f  

the disease aetio logy  m ay  p lay  a significant ro le  in  m anaging  w om en w ith  p re-eclam psia .

The rise in  the num ber o f  w om en  who suffered from  severe pregnancy com plications due to 

pre-eclam psia m ay  indicate that delaying in tervention  until b lood p ressu re  reach ing  the 

threshold value o f  140/90m m H g m ay resu lt in adverse effects on p regnan t w om en. B y  

analysing the resu lts o f  bo th  the studies (study during  2001-2003 and 2010-2011) it can be 

recom m ended that b o th  the threshold  value and the  rise in  b lood  pressure levels need  to  be 

taken into account w hen  treating  patients (D issanayake et al., 2007, W illiam s et al., 2004a, 

Williams et al., 2004b , G aillard  et al., 201 la ).

W hen com paring the  tw o studies, a reduction in the m aternal and  fetal m ortality  ra tes over the  

years could be  observed. G hulm iyyah and Sibai in  2012 repo rt that the num ber o f  m aternal 

deaths have fa llen  p rog ressively  during recen t years though pre-eclam psia rem ains the m ain  

cause o f m aternal deaths. P re-eclam psia continues to  rem ain  a life threatening condition  to b o th  

the pregnant w om an  and her unborn  baby.
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As shown in table 3.9, in the current study there were 13 women with pre-eclampsia (23.6%) 

being admitted to intensive care unit (P  < 0.001). 29 babies (52.7%) were admitted to neonatal 

intensive care unit or prenatal baby units as most o f  them  (n=26, 86.6%) were bom  premature 

(P  < 0.001). In the study carried during 2001 to 2003, 69 out o f  180 women (38.3%) with pre­

eclampsia had preterm delivery before 34 weeks and sim ilarly 18 out o f  55 (32.7%) preterm 

deliveries before 34 weeks were recorded in the study during 2001-2003.

However, in both the studies mean birth weight o f  babies bom  to women with pre-eclampsia 

appeared to be the same. In the current study the m ean birth weight o f babies bom  to early 

onset pre-eclampsia was 1.27 and late on set pre-eclampsia remained at 2.4, similarly, in the 

study carried out by Dissanayake et al the mean birth weight o f  babies bom  to women with 

early onset pre-eclampsia was 1.13 and 2.3 for late onset pre-eclampsia. As illustrated in the 

Table 3.9, 27 (49%) o f women with pre-eclampsia in the study carried out in 2010-2011 

delivered babies with a birth weight below 2kg and one o f them delivered a baby with a birth 

weight of 480g. This emphasises the position that a significant rate of complications associated 

with pre-eclampsia continues to prevail.

Even though num ber o f  women undergoing preterm delivery has improved over the years, it 

yet remains a matter o f  concern which requires serious attention. In contrast to the women with 

pre eclampsia, all normotensive women in both the studies were delivered at term and the 

circumstances under which caesarean section was perform ed remains maternal requests, breech 

position, transverse lie, head not engaged and unfavourable cervix. A ll babies bom to 

normotensive pregnant women in both studies had a birth weight > 2kg and none o f them 

required intensive care treatment.
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As reported in the study conducted during 2001-2003, the neonatal intensive care unit (NICU) 

at the Castle Street Hospital for Women had 15 functioning cots with incubators and four cots 

with ventilators (Dissanayake et al., 2007). However after a 7-10 year period and at the time 

the current study was undertaken only 13 functioning cots with incubators and four cots with 

ventilators were available at this particular hospital. Limitations o f facilities available at the 

treatment hospitals could adversely affect the prenatal mortality rate. During instances where 

the mother’s condition is deteriorating and an emergency caesarean section is required, 

availability o f cots and required facilities would be a deciding factor and remains a matter 

between life and death.

In contrast to 45 out o f  180 (25%) prenatal losses reported in 2001-2003, only 3 out o f  55 (5%) 

prenatal losses were recorded in the current study (Table 3.9). The reduction in both maternal 

and fetal death rates m ay be due to the improvements in the medical sector in Sri Lanka, where 

medical doctors and nursing staff has undergone comprehensive training and education on 

early diagnosis o f pre-eclampsia. Proper management o f pre-eclampsia provides an opportunity 

to avoid pre-term delivery which caused pre-mature births and prenatal loses. Even though the 

overall prenatal mortality was recorded to be 5% in the current study, all 3 deaths recorded 

were from women with early onset pre-eclampsia. In other words pre-eclampsia was 

responsible for 16.6% (3 o f 18) prenatal deaths in women with early onset pre-eclampsia (P <

0.0001) (Table 3.7). The 5% prenatal death rate is similar to the PNMR in association with pre­

eclampsia in western countries (Zhang, 2003, Baldwin et al., 2001). A gradual decrease in 

prenatal deaths from 25% in 2001 to 5% in 2011 could be observed (Dissanayake et al., 2007). 

Notwithstanding the fact that conditions are improving compared to the past, a significant 

number of fetal mortality and maternal morbidity continues to affect the society we live in.
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4.2 Molecular Genetic Techniques

4.2.1 Technique used in phase 1 and phase 2

16S and 28S metagenomic tests are among the latest methods that are becom ing increasingly 

popular for the detection of infectious agents and for the phenotypic characterisation o f bacteria 

and fungi (Amann et al., 2000, Eickbush and Eickbush, 2007). Amplification o f 16S rRNA 

gene allows the detection o f both viable and dead cells. The method is exceptionally sensitive 

and capable o f  detecting microorganisms which under normal conditions were culture negative 

due to antibiotic treatment, giving them a distinctive advantage over traditional culture based 

methods (Kemp et al., 2005, Jalava et al., 2001).

16S rRNA gene is 1542bp long (Janda and Abbott, 2007). However sequencing a 500-700bp 

fragment is sufficient for bacterial identification. The 16S rRNA gene consists o f  nine variable 

regions. A significant difference between the techniques used in phase 1 and phase 2, is that in 

phase 1 only partial 16S rRNA gene was amplified, whereas in phase 2 whole 16S rRN A  gene 

was amplified. BSF 8/20 and BSR 534/18 primers (Cai et al., 2003) were used in phase 1 and 

a 500bp fragment o f  the V I, V2, V3 regions of the 16S rRNA gene was am plified for the 

identification o f bacteria to species level. In phase 2, the whole genome o f 16S rRNA gene was 

amplified via the 16S BSF 8/20 and 16S BSR 1541/20 primers which amplified all 9 variable 

regions (Whiteley et al., 2012).

The medical field took a new direction with the discovery o f the structure o f  DNA by W atson 

and Crick in 1953 (W atson and Crick, 1953). Subsequently, in 1977 Fredrick Sanger 

introduced the DNA sequencing method using chain terminating inhibitors, which no doubt
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revolutionized the fie ld  o f  genetics (Sanger et al., 1977). W hat got un d erw ay  in  1977 as 

‘Genomics’ has today  ex tended  to ‘M etagenom ics’, sim plify ing  the iden tifica tion  o f  m icrobes 

in their natural env ironm ent (W hiteley  et al., 2012, Thom as et al., 2012, S im on  and  D aniel, 

2011, Illumina, 2012b).

In phase 1 o f  the  p resen t study, 16S m etagenom ics based  on  Sanger sequencing  w as used  to 

identify the bacteria  p re sen t in  the placental tissue sam ples. A fter am plification , the partia l 16S 

rRNA gene w as sequenced  b y  Sanger sequencing also  know n as capillary  sequencing . 500bp 

portion o f  the 16S rR N A  gene w as cloned and sequenced for the identification  o f  bacte ria  from  

a mixed population . In  2010, at the tim e the subject study com m enced, 16S m etagenom ics 

based on Sanger sequencing  w as an  area no t prev iously  explored in Sri Lanka.

M etagenomic sequencing , u n til recent tim es w as carried ou t using S anger sequencing  

(Petrosino et al., 2009). For a m edically  m eaningful m icrobial identification, it  is im pera tive  to 

identify bacteria  up  to genus o r species level. H ow ever in certain  instances, S anger based  

metagenomics fails to  iden tify  the less frequent organism s from  a m ixed pop u la tio n  due to the 

low coverage o f  capillary / S anger sequencing (Petrosino et al., 2009).

Next generation sequencing , a technique in troduced ju s t a few  years b a ck  has overcom e 

limitations experienced  in  the  past and has d isp layed  a capability  to generate  a com plete 

classification o f  the to ta l m icrob iom e present in  a particu lar sam ple (M ende et al., 2012 , K unin  

et al., 2008, P etrosino  et al., 2009). A ccordingly, under phase  2 o f  the sub ject study  16S
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metagenomics was employed via next generation sequencing technology. The process 

facilitated the identification o f all bacteria that were present in the sample.

Two acknowledged approaches are available for the metagenomic next generation sequencing, 

adapted for the identification o f infectious agents. The first approach is the use o f  16S 

metagenomics where the 16S rRNA gene is amplified and sequenced. The second approach is 

the 16S independent metagenomics, where the whole genome o f bacteria is am plified and 

sequenced (Petrosino et al., 2009, Whiteley et al., 2012). The second approach is the most 

suitable for environmental samples whilst the first approach remains the best for biological 

samples rich in human DNA with lower number o f bacterial cells.
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4.3 Association o f Infectious A gents w ith  Pre-eclam psia

4.3.1 Infectious agents identified  in phase 1

The subject study provides evidence o f  the presence o f  bacteria  in the p lacen ta l tissues o f  

women with pre-eclam psia  signifying a logical relevance to the association o f  in fectious agents 

in the m ultifactorial aetio logy o f  pre-eclam psia. A ll subjects recruited fo r the study  w ere 

primiparous and underw ent elective caesarean section. A ll sam ples w ere co llected  soon after 

delivery follow ing stringent aseptic conditions. Such steps w ere taken to avo id  every  possib le 

microbial contam ination and for the d im inution o f  any errors. N one o f  the w om en  w ith  p re ­

eclampsia or the controls recru ited  for the study experienced labour o r  u n d erw en t labour 

induction. Such circum stances elim inated the risk o f  bacterial contam ination  during  labour.

As mentioned in section 3.2.7, at the end o f  phase 1 o f  the subject research p ro jec t, from  the 

placental tissue sam ples obtained from  55 w om en w ith  pre-eclam psia, 7(12.7% ) w om en  w ere 

positive for the presence o f  bacteria  fP=0.006). 1(1.8% ) w as detected positive  for the presence 

of fungi and none (0% ) w ere detected positive for the presence o f  viruses. N one (0% ) o f  the 

normotensive w om en sam ples w ere detected  positive fo r the presence o f  bacteria , fungi o r 

viruses.

It is exciting to deliberate on the role o f  the infectious agents identified in  the s tudy  on the 

development o f  pre-eclam psia. The fungus strain  identified w as M alassezia  restricta. It is a 

commensal o f  norm al skin flora and d an d ru ff (A shbee, 2007) and is a possib le  contam inant in­

spite o f taking stringent aseptic conditions and this dow n plays its significance. Therefore at
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the end of phase 1, it was concluded that fungi and viruses are not associated with the aetiology 

of pre-eclampsia.

Based on information gathered in phase 1 o f the study it is discerned, Bacillus sp. (57.1 %) was 

the most abundant (present in sample P9, P23, P30 & P36) and Bacillus cereus was present in 

1 sample (14.2%) P9. It is a gram positive, spore forming rod shaped bacteria associated with 

tissue destruction and reactive exoenzyme production. The protein enterotoxin produced by 

Bacillus cereus causes diarrhoea and food poisoning (Bottone, 2010, Didelot et al., 2009). 

Bacillus circulans was present in 1 sample (14.2%) P30 and similar to Bacillus cereus is known 

to cause diarrhoea and has a history of urinary tract infection (Alebouyeh et al., 2011). Bacillus 

circulans also displays certain similarities to Bacillus cereus and is also a gram positive, spore 

forming rod belonging to the phylum fermicutes.

Klebsiella pneumonia  belongs to the phylum proteobacterium and is a gram negative 

bacterium, which is also reported to cause pneumonia. It was also reported that K. pneumonia  

is responsible for early pregnancy loss and neonatal deaths. K. pneumonia was detected in 

sample P26 and is believed to be responsible for premature rupture of membranes (Torabi et 

al., 2008, Omwandho et al., 2006).

Stenotrophomonas was also identified in sample no P23. It is a gram negative bacterium 

belonging to the phylum proteobacterium and is responsible for pneumonia and urinary tract 

infection. Anoxybacillus flavitherm us was detected in sample P30. Although generally 

considered non-pathogenic, lately, it has been discovered to be a contaminant o f dairy products
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and to be responsible for food spoilage (Burgess et al., 2010). The bacteria identified in 6 

samples (85.7%) belonged to the phylum fermicutes and only 3 samples (42.8% ) had bacteria 

belonging to phylum proteobacterium. 4 women out o f the 7 when inquired stated that they 

experienced a mild cough during the pregnancy. However, surprisingly none o f  these women 

detected positive neither complained o f having any gastro-intestinal symptoms for infection.

4.3.2 Infectious agents identified in other biological samples

A t the end of phase 1, there were positive indications o f the presence of bacteria and fungi in 

the placental tissue samples collected from women w ith pre-eclampsia. Accordingly the study 

was further extended to cover the other biological samples (blood, urine and amniotic fluid) 

collected at the same time placental tissues were obtained for the study. Only sample P9 was 

positive for the presence o f bacteria in the amniotic fluid samples and was found to be Bacllus 

cereus. A noteworthy fact o f  this result was the observation that the placental tissue sample 

obtained from the same patient carried Bacllus cereus. This signifies the possibility o f  bacteria 

{Bacllus cereus) which was present in the placental tissue sample entering the amniotic cavity.

Even though 7 placental tissue samples were positive for the presence o f bacteria, only in one 

patient the bacteria was found to have invaded the amniotic fluid. Similarly, a study carried out 

in the USA for the detection o f microbial invasion o f the amniotic cavity (MIAC) in women 

with preeclampsia found that the prevalence o f  M IAC in preeclampsia is low and suggests that 

intra-amniotic infection plays only a limited role in preeclampsia (DiGiulio et al., 2010). 

Although there were preliminery evidence for the placental bacteria to be associated with pre­

eclampsia (P=0.006), the presence of bacteria in the amniotic fluid were not significant in 

women with pre-eclampsia (P= 0.332) (Table 3.13).
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3 blood samples (P7, P8, P10 ) were positive for the presence of bacteria (Table 3.11). 

Reyranella massiliensis was detected both in samples P7 & P8. Reyranela was recently found 

to be a bacterium isolated in freshwater and is thought to be non pathogenic (Pagnier et al., 

2012). Ralstonia picketti detected in sample P10 is a part o f the commensal flora o f  the oral 

cavity and upper respiratory tract. Infection in healthy individuals is extremely rare but could 

act as an infectious agent in immunocompromised patients (Stelzmueller et al., 2006). Further, 

Dungan Roberts in 2011, reports that Ralstonia picketti causes life threatening infections in 

immunocompromised patients (Dungan, 2012). The baby bom  to the woman detected with 

Ralstonia picketti died after a few days o f birth due to prematurity and failure o f  lungs indicates 

a possible association infection with Ralstonia picketti.

Bacteria were also detected in urine samples o f 8 (14.5%) women with pre-eclam psia and 9 

(16%) normotensive pregnant women. Lactobacillus gasseri, Lactobacilus crispatus and 

Veillonella montpellieresis was found in the urine samples o f women with pre-eclampsia and 

Prevotella bivia, Atopobium vaginae and Streptococcus agalactiae were discovered in urine 

samples of normotensive pregnant women. All these bacteria discovered in urine were normal 

flora present in female vagina and are non pathogenic. The presence o f bacteria in the urine 

samples o f women with pre-eclampsia were also statistically non significant (P=0.960). The 

phase 1 o f the study provided preliminary evidence o f the presence o f placental bacteria in 

association with pre-eclampsia and the association was statistically significant (P= 0.006).
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4.3.3 Infectious agents identified in phase 2

As mentioned in the previous section, at the end o f phase 1, there was preliminary evidence o f  

a significant association o f placental bacteria with pre-eclampsia. However, using Sanger 

sequencing, it was not possible to get a complete classification o f the total microbiome present 

in the sample. Also, in sample P34 bacteria could not be identified even up to genus level. 

Accordingly in phase 2 of the study the whole 16S ribosomal RNA was amplified and was 

sequenced on an Illumina MiSeq next generation sequencing platform. As shown in section 

3.3.2, the results obtained in phase 2 were very similar to phase 1 but more specific. Similar to 

phase 1, Bacillus cereus was detected in samples P9, P23, P30 & P36 in phase 2 as well. As 

already stated Bacillus cereus was found to be associated with diarrhoea, food poisoning, 

pneumonia and lung infections (Didelot et al., 2009, Bottone, 2010). Samples P9, P23 was 

identified with trace amounts o f  Staphylococcus and samples P9, P30, P54 had Listeria. Both 

Listeria and Staphylococcus are believed to cause food borne infections (Argudin et al., 2010, 

Hennekinne et al., 2010, Arakawa et al,, 2008).

Sample P26 was detected with Escherichia, Shigella, Salmonella which are bacteria known to 

cause food poisoning (Edwards, 1999, Saito et al., 2005). In addition, Nocardiopsis and trace 

amounts of Klebsiella pneumonia  which cause respiratory infections (Ko et al., 2002) were 

also detected in sample P26. However, the baby bom  to this patient (P26) died as a result o f 

prematurity and non-development of lungs. In addition evidence does exist to suggest an 

association o f Staphylococcus and Klebsiella species in periodontitis (Fritschi et al., 2008, 

Kumar et al., 2005, Baehni and Guggenheim, 1996, Consuegra et al., 2011). Poor oral hygiene 

and periodontal disease may promote oropharyngeal colonization o f potential respiratory 

bacteria such as Klebsiella pneumoniae (Scannapieco and Mylotte, 1996).
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The samples P9, P23 and P30 was detected with Anaerobacillus a bacteria believed to cause 

periodontal diseases (Loesche, 1991, Booth et al., 2004, Lovegrove, 2004) and in sample P54, 

Dialister was discovered, a bacteria recently discovered and known to cause periodontitis 

(Contreras et al., 2000, Doan et al., 2000). Literature points out that poor oral sanitation results 

in periodontitis and allows the colonization o f respiratory bacteria increasing the risk o f 

developing pneumonia and associated lung infections (Scannapieco and M ylotte, 1996).

Although infectious agents responsible for gastroenteritis, respiratory and periodontal 

infections were discovered from the group o f women with pre-eclampsia, it is compelling to 

note that none o f these women complained o f diarrhoea or any other major ailment. However, 

4 out of the 7 women complained of a mild cough during pregnancy. A possible cause could 

be that in spite o f the fact that bacteria like Bacillus cereus, Salmonella, K lebsiella  were 

present, to develop symptoms a significant number o f bacterial cells are involved. Many o f  

these infections caused by foodbome bacteria m ay be asymptomatic. M ore often acute 

gastroenteritis is mild and may go unnoticed.

Gastroenteritis in humans may vary depending on the serotype, the strain and the dose o f 

bacterial cells. For an example, an oral dose o f at least 105 Salmonella typhi cells are required 

to cause typhoid and 109 Salmonella cells to cause symptoms o f toxic infections (Todar, 2008). 

Accordingly, it could be argued that most o f  the Salmonella  infections are asymptomatic and 

may go unnoticed (Jertbom  et al., 1990). This may explain the reason seven women detected 

positive for the presence o f infectious agents never complained of an infection during their 

pregnancy.
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Staphylococcal enterotoxemia caused by Staphylococcus aureus is reported to be related to 

pre-eclampsia (BGI, 2014). A study carried out in 2010 in Canada reports that Salmonella  has 

the ability to localize into deeper layers o f  the placental tissue. The nature o f  inflammation 

triggered by the infectious agents strongly affects the abnormal placentation and host survival 

(Chattopadhyay et al., 2010). Chattopadhyay further states that Salmonella species causes 

trans-placental fetal infections which may lead to pregnancy complications such as preterm 

labour and preeclampsia.

In a study carried out in India an increased incidences o f pre-eclamptic toxaemia (PET) [RR 

3.79, 95% Cl 1.80-7.97] was detected in women with asymptomatic bacteriuria. Escherichia  

coli, Staphylococcus aureus and Klebsiella sp. were among the organisms identified and the 

study concluded if urinary tract infection was detected in late pregnancy it might lead to various 

maternal and neonatal complications like pre-eclampsia, pre-term labour, premature rupture o f 

membrane, intra uterine growth restriction and low birth weight (Jain et al., 2013).

The current study discovered traces of periodontal bacteria in samples with screening n o ’s P23, 

P26, P30, P36, and P54. As indicated Anaerobacillus, Variovorax paradoxus, Prevotella 

shahii, Porphyromonas endodontalis and Dialister were among the periodontal bacteria 

discovered from the placental tissue samples in the 7 women with pre-eclampsia.

Many recent studies suggest a positive association o f periodontitis and pregnancy 

complications. Contreras reported that chronic periodontal disease and the presence o f 

Porphyromonas gingivalis, Tannerella forsythensis, and Eikenella corrodens had a significant
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association in women with pre-eclampsia (Contreras, 2006). Porphyromonas species was also 

identified in sample no 54 o f the current study and all 7 samples o f  women with pre-eclampsia 

were positive for periodontal bacteria. The discovery demonstrates that in spite o f the fact that 

the presence was in trace amounts, periodontal bacteria may play a role in the disease aetiology 

of pre-eclampsia (Jamieson et al., 2009, Sakamoto et ah, 2004, Lombardo Bedran et al., 2012, 

Ghayoumi et al., 2002). Contreras argues that oral bacteria may enter the m aternal and fetal 

blood circulation that would trigger placental inflammation which eventually causes abnormal 

placentation and the clinical manifestations o f preeclampsia (Contreras, 2006). It is further 

emphasised that periodontal disease in pre-eclampsia exerts a vascular stress to the mother, 

placenta, and foetus. Periodontal disease may increase the endotoxin, inflammatory cytokines 

and oxidative stressors at maternal and fetal interface in pregnant women (Contreras, 2006). 

Such conditions would unequivocally lead to pregnancy complications such as pre-eclampsia. 

Some of the recent case control studies point out the association o f periodontal bacteria in the 

aetiology o f pre-eclampsia. Two studies independently carried out in Korea and Netherlands 

have discovered periodontal bacteria to be associated with severe pre-eclam psia (Ha et al., 

2011, Kunnen et al., 2007). These studies indicate a possible link o f periodontal bacteria with 

pre-eclampsia.

Two hypotheses have been described in explaining the disease mechanism pertaining to 

periodontitis and pre-eclampsia. The first hypothesis suggests that periodontal disease affects 

the maternal and fetal immune responses systemically. The second that oral bacteria may enter 

maternal blood circulation and could directly enter the placental bed, causing localized 

inflammation and adverse pregnancy outcome in  the presence or absence o f  clinical 

periodontitis. The study further emphasises that even the commensal species o f oral cavity 

could be associated with pre-eclampsia upon oral-uterine transmission (Han, 2011).
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Figure 4.1 Possible path w ays associating  period on ta l d isease &  pregnancy com p lica tion s
Foetal exposure to periodon ta l pathogens m ay increase in flam m ato ry  response in  the p lacen ta  
leading to abnorm al p lacen ta tion  causing  preeclam psia  (M adianos et al., 2013)

Figure 4.1, illustrates a  possib le  b iological pa thw ay  associating  periodontal d isease and 

pregnancy com plications. M adianos et al suggests that foetal exposure to periodon ta l bacteria  

and/or their by-products (toxins) w ill result in increased  in flam m ato ry  response in  the p lacen ta , 

which leads to tissue dam age and abnorm al p lacen tation . T his im pairs the  nu trition  

transportation to the  p lacen ta  and to the foetus. A lso the  increased  in flam m atory  facto rs could 

result in increasing m aternal b lood  pressure causing  p re -ec lam p sia  (M adianos et al., 2013).

The literature availab le  suggests that periodontal b ac te ria  p lay  a s ign ifican t ro le  in  the 

multifactorial aetio logy  o f  p re-eclam psia  (M adianos et a l., 2013, B oggess et al., 2003 , C anakei, 

2004, Canakei et al., 2004, C anakei et al., 2007, C on treras, 2006 , C ontreras et al., 2000, 

Kunnen et al., 2007, K u nnen  et al., 2010). M any  stud ies inc lud ing  the study d iscu ssed  in  this
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thesis reported that com m ensal species o f  oral cav ity  and p eriodon titis  bacteria  co u ld  increase 

the risk o f  pre-eclam psia due to o ral-u terine transm ission  (H an , 2011, C ontreras, 2006 , C anakci 

et al., 2007).

Apart from  the curren t study , the s tudy  carried out by  B arak  et al rem ains the o n ly  o th er s tudy  

carried out on p lacen ta l tissu e  sam ples o f  w om en w ith  p re -ec lam psia  and  norm otensive  w om en 

which tested fo r the  p resence  o f  bacteria. B arak  et al found  periodontal b ac te ria  su ch  as 

Porphyrom onas sp. & P revo te lla  sp, suggesting a  possib le  con tribu tion  o f  perio p a th o g en ic  

bacteria to  the d isease aetio logy  o f  p re-eclam psia  (B arak  et al., 2007). S im ilar to  the  findings 

of Barak, the cu rren t study also d iscovered  trace am ounts o f  P orphyrom onas  sp. &  P revo te lla  

sp. in w om en w ith  pre-eclam psia .

Along w ith the in fectious agents causing periodontitis, in fectious agents re sp o n sib le  for 

respiratory and food  borne  in fec tions w ere also d iscovered  in  the current study. A cco rd ing ly  

and after scru tin iz ing  literature and  o ther study findings, a hypo thesis  could b e  arrived  a t that 

the presence o f  bacte ria  and  b acte ria l endotoxins in  the system ic c ircu lation  m a y  induce  p ro ­

inflam m atory cy tok ine p ro d u c tio n  (Scannapieco, 2004). The ac tivation  o f  in flam m ato ry  cells 

may resu lt in endo thelia l dysfunction  (Faas and Schuiling , 2001, R edm an and Sargen t, 2005, 

Roberts and G am m ill, 2005, K unnen  et al., 2010). P ast research  reveals an  increased  

inflam m atory responses during  pre-eclam psia  com pared  to norm al p regnancy  (K u n n en  e t al., 

2010). It is be lieved  tha t alterations in  inflam m atory  responses and  endothelial dysfunction  

results in the underly ing  aetio logy  o f  pre-eclam psia  (K unnen  et al., 2010, Sargent et al., 2006).
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4.3.4 Antibiotic treatment

Untreated infections pose a great risk to both the m other and her unborn baby. Treatment at an 

early stage may prevent the adverse pregnancy sequels. Even so, m any pregnant women fear 

taking antibiotics due to possible harmful effect some antibiotics have on the foetus. W ith the 

advancement in the field o f pharmaceuticals many non-teratogenic antibiotics have been 

introduced that are safe for the foetus, taken under proper medical guidance and advice 

(Mylonas, 2011).

The oldest and the safest antibiotic known so far is penicillin. It lyses the bacterial cell wall 

and cross the placental barrier. At therapeutic doses, penicillin is nontoxic to humans and poses 

no teratogenic effect (Mylonas, 2011). (3-lactam antibiotics such as penicillin & 

cephalosporines inhibit all strains o f Bacillus. However Klebsiella pneumoniae varies in 

susceptibility.

Amoxicillin is used against Anaerobacillus and Listeria  whilst for the treatment o f  Shigella  

ampicillin is used (Bhattacharya and Sur, 2003). Penicillin, amoxicillin and cephalosporin are 

harmless to the unborn child if  the correct dose is administered (Mylonas, 2011). Penicillin, 

Ampicillin, Amoxicillin are recommended for periodontal bacteria like porphyromonas sp. & 

Prevotella sp. In severe cases a combination o f amoxicillin and metronidazole is recommended 

(Kapoor et al., 2012). Further, Amoxicillin is also recommended for the treatment o f  D ialister 

sp. (Morio et al., 2007).
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Accordingly, (3-lactam antibiotics such as penicillin & cephalosporin’s can be considered the 

best choice o f antibiotics in treating infections in women with pre-eclampsia. Early detection 

and treatment o f  an infection may prevent the adverse pregnancy complications faced by 

women with pre-eclampsia. A randomized trial is required to justify  antibiotic treatm ent as a 

preventive strategy in clinical management o f pregnancy related complications (Todros et al., 

2006). It is important to carry out research on this aspect and test antibiotics on animal models 

to observe the effect o f  antibiotics on the disease progression o f pre-eclampsia.
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4.3.5 Im proved san ita tion /p erson a l hygiene and the reduction o f pre-eclam psia

Bacteria causing gastroen teritis, respiratory infections and periodontitis w ere am ong the 

bacteria discovered from  p lacen ta l tissue samples. In the current study this supports the ro le  o f  

bacteria in the m u ltifac to ria l aetio logy  o f preeclam psia to  a greater degree. A ccord ing ly  poor 

oral sanitation increases th e  occurrence o f periodontitis, a local chronic bacterial in fec tion  in 

the oral cavity. T h is m ay  contribute  to endothelial dysfunction increasing the risk  o f  

preeclampsia (C ousens e t al., 2011). A dding to the disease burden Scannapieco and M ylo tte  

also reports tha t p o o r oral hyg iene  allows the colonization o f  respiratory  pa thogens 

(Scannapieco and  M y lo tte , 1996). This brings out the need for educating the p regnan t w om en  

on good personal hyg iene  p ractices and the im portance o f  m aintaining cleanliness at all tim es. 

A cross sectional s tudy  th a t w as carried out on 1350 subjects revealed tha t there w as a 

significant reduction  in  p e riodon titis  w ith im proved socioeconom ic levels (H eine e t al., 2003).

Literature suggests tha t p reeclam psia  is a disease com m on to developing countries and 

countries w ith low  socioeconom ic  level (O sungbade and Ige, 2011). This indicates that fac to rs 

such as socioeconom ic status, psychosocial factor and life style m ay also have an  effect on  the 

development o f  p reeclam psia . Socio economic condition and female education are few  

essential factors go v ern in g  w o m en ’s health (de G root e t al., 2005).

A study carried o u t b y  S ilva  et al using 3547 pregnant w om en found that w om en w ith  low  

educational levels w ere  m ore likely  to develop preeclam psia (odds ratio 5.12; 95%  C l 

2.20,11.93) than  w o m en  w ith  good educational level (S ilva et al., 2008). This study s trong ly  

pointed out tha t low  m aternal socioeconom ic status is a strong risk factor fo r p reeclam psia  

(Silva et al., 2008). S im ilarly , a study  carried out by L indquist e t al found that com pared to the
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women with h igher professional socioeconom ic level, unem ployed  w om en w ere  at a h igher 

risk o f  severe m aternal m orb id ity  (L indquist et al., 2013). It is reported  tha t socioeconom ic 

status is associated w ith  health  problem s such as low  b irth  w eigh t and  hypertension  (Z hang et 

al., 2003). Low socio econom ic status is associated  w ith  p oo r personal hyg ien ic  levels, poor 

environmental conditions and is responsible fo r the burden  o f  m orb id ity  and  m ortality  

associated w ith the rap id  spread o f  infections (S eneviratne and R ajapaksa, 2000, Z hang et al., 

2003).

Unsafe water, contam inated  food and  poor personal san itation  p ractices o f  food  handlers m ay 

critically contribute to the transm ission  o f  infectious agents causing  gastroen teritis and  other 

serious repercussions (M orris, 2013). Sanitation is a cornerstone o f  public hea lth  (N H B PEP, 

2000). Im provem ents to  w ater quality , clean environm ents, healthy  food and in troduction  o f 

clean toilets m ay in  tu rn  lead to a rap id  decline in  transm itting  diseases by reduced  exposure to 

infectious agents. A ccordingly , sim ple rem edies such as w ash ing  hands w ith a  p ro p er sanitizer, 

maintaining good oral and  body health  m ay be  able to  decrease the  incidence o f  preeclam psia  

to a greater extend.

Prevention is be tte r than  cure; as this fam ous id iom  po in ts  out, to  prevent and to low er the risk  

of preeclam psia w e recom m end  that m aternal hyg iene  and personal san itation  practices are 

improved and m ain ta ined  at all tim es.
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4.4 L im itations and future directions

One lim itation o f  this study  is the tim e at w hich the p lacen tal tissue sam ples w ere collected. 

Even though pre-eclam psia  is a condition w hich has its o rig in  in defective p lacen ta tion  in  early  

pregnancy, the p lacen tal tissue sam ples w ere obtained at the tim e o f  delivery  a  few  m onths 

later due to ethical and technical reasons. The criteria therefore create the p o ssib ility  o f  other 

bacteria being cleared  from  the placental bed w ith the tim e duration. It is a  k now n  fact that 

certain bacteria have a tendency  to pass out over a tim e lapse and w hat w e re p o rt m ay  be an 

underestimation. This cou ld  be another reason for detecting only  trace am ounts o f  certain 

bacteria. H ow ever, there is no o ther m eans o f  collecting placental tissue sam ples o ther than  at 

the time o f delivery.

The study prov ides ev idence o f  the presence o f  infectious agents/ bacteria in  assoc ia tion  w ith 

pre-eclampsia. U nder such  circum stances a possib ility  exists for the non  teratogenic an tib io tics 

to reduce the risk  o f  develop ing  pre-eclam psia. D ue to  the detrim ental effect certa in  antib io tics 

causes to the foetus it is no t possib le  to test it d irectly on  p regnant w om en. C o nsequen tly  it is 

possible to test the  influence o f  different antibiotics on pre-eclam psia  using an  an im al m odel. 

Mouse is an  excellen t m odel for such experim ents as it shares m any  sim ilarities to the hum an 

genome. A lso clinical m anifestations associated w ith pre-eclam psia  or any o ther d isease could 

be artificially developed  in  a  m ouse.

214



5 CONCLUSIONS

Pre-eclampsia is associated  w ith  severe m aternal and  fetal m orb id ity  and m ortality . G ood 

antenatal care, early  d iagnosis, appropriate patien t m anagem ent w ith  tim ely  de liv e ry  o f  the 

baby may reduce the undesirab le  conditions associated w ith  pre-eclam psia. W ith  h igh  m aternal 

and fetal morbidity and m orta lity  associated w ith  pre-eclam psia, it is necessary  to  find  m arkers 

for early detection and encourage research o f  new  therapies.

The main focus o f  this research  p ro jec t was to com paratively  study  the v iruses, bacte ria  and 

fungi present in the p lacen ta l tissues o f  w om en w ith pre-eclam psia  and norm otensive  w om en 

using molecular genetic  techniques. To our know ledge, this is the first study to u se  the  latest 

next generation sequencing  technology  to detect and  identify  infectious agen ts p re sen t in 

placental tissues o f  w om en  w ith  pre-eclam psia. The study  w as im plem ented in  tw o  phases.

Phase 1 employed 16S, 28S and viral m etagenom ics using  S anger sequencing to de tec t and 

identify bacteria, fungi &  viruses present in the b io log ical sam ples o f  w o m en  w ith  p re ­

eclampsia and norm otensive p regnan t wom en. A t the end  o f  phase 1, seven (12 .7% ) w om en 

with pre-eclampsia w ere detec ted  positive for the presence o f  bacteria. One (1 .8% ) w as positive  

for fungi and none (0% ) w ere positive  for v iruses from  the p lacental tissue sam ples ob tained  

from 55 women w ith p re-eclam psia . N one (0% ) o f  the  norm otensive w om en sam ples w ere 

positive for bacteria, fung i or v iruses. D etection o f  bacteria  in  the p lacental tissue sam ples w ere 

statistically significant (P=0.006). A ccordingly, phase 1 o f  this study  concluded by  p rov id ing  

statistically significant association  o f  bacteria in p lacen tal tissue o f  w om en w ith  pre-eclam psia.
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In phase 2 o f the study 16S m etagenom ics w as perfo rm ed  under next genera tion  sequencing  

for the detection and identification  o f  bacteria. C onsequently  the w hole  16S rib o so m al R N A  

gene (1500bp) w as am plified  and  w as sequenced on an  Illum ina M iSeq personal genom e 

sequencer. This study stands as the first o f  its k ind  in Sri L anka to em ploy  16S m etagenom ics 

next generation sequencing  for the detection and  identification  o f  bacteria. A t the  end o f  phase 

2, in detail classification o f  the com plete m icrobiom e present in the 7 p o s itiv e  sam ples o f  

women with pre-eclam psia  w as obtained  along w ith  the percentages o f  each b acte rium  th a t w as 

present. Based on results achieved, bacteria responsib le for gastroenteritis, re sp ira to ry  and 

periodontal infection w ere identified.

It is hypothesized that the  p resence o f  bacteria  and bacterial endotoxins in  the system ic 

circulation m ay  induce p ro-in flam m atory  cytokines and  activation  o f  in flam m atory  cells. The 

condition w ould further triggers the up-regulation o f  sF L T l (soluble form s like ty rosine  k inase 

1), directly influencing the reduction  o f  p lacental grow th factor (PIG F) and  vascu lar 

endothelial grow th fac to r (V E G F) resulting in  an anti angiogenic state causing  p lacen ta l 

hypoxia, which u ltim ate ly  w ou ld  lead  to endothelial dysfunction  and abnorm al p lacen ta tion  

that will im pair the transporta tion  o f  nutrition and  oxygen, causing  an increase in  m aternal 

blood pressure leading to  pre-eclam psia.

In conclusion, this study confirm s the presence o f  bacteria  in  the  placental tissu es  o f  a subset 

of women w ith p re-eclam psia  and support the ro le  o f  bacteria  in  the  m ulti facto ria l aetio logy  

of pre-eclampsia.
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7 ANNEXURES

7.1 BLAST R E P O R T S
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G A T C G G C C A C A C T G G G A C T G A G A C A C G G C C C A G A C T C C T A C G G G A G G C A G C A G T A G G G A A T C T T C C G C A A T G G A C G A A A G T
C T G A C G G A G C A A C G C C G C G T G A G T G A T G A A G G C T T T C G G G T C G T A A A A C T C T G T T G T T A G G G A A G A A C A A G T G C T A G T T G A A
T A A G C T G G C A C C T T G A C G G T A C C T A A C C A G A A A G C C A C G G C

BLAST report o f  sam p le  09

Placental tissu e  09

RID M9PFH27WQ1R (Expires on 04-10 13:26 pm) 
Query ID k»|73931 

Description N o n e 
Molecule type nucle ic  acid 
Query Length 5 02

O th e r re p o r ts : >  S

S  Graphic Summary

Database Name n r
D escription  N u c le o tid e  c o lle c tio n  (n t)  

P ro g ra m  BLASTN 2.2.29-*- t> C ita tio n

Distribution of 100 Blast Ffits on the Query Sequence y
Mouse-over to show defline and scores click to show alignments__________

Color key fo r  alignm ent s c o re s
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placental tissue- P 23 (a)

*....................................................................................................... ................ .. • *« c  r,

Kasta seq

TAGCGGCQGACGGGTGAGTAACACGTGGGCAACCTGCCCGTAAGACCGGGATAACTTCGGQAAACC0GAQ< J AATACCGC ;a
TAACACCGAAGACCGCATGGTCI I IGGTTGAAAGGCGGCTTTGGCTGTCACTTACGGATGGCK C C OCCKK (K'A I I AGCTAGI
rOGTOAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGOTGATCOGCCACACTGGGACTGAGACAOOOC'

COAAGA
AGGTCTTCGGATTGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCG AAG AGGGCGG1 ACCGTGACOCil AOCTAAt CiA 
GAAAGCCACGGCT a a c t  ACGTG

BLAST report o f  sam ple 23a
23

IUD M Q M flJX fQ IR  (E*P«r** on  0 4 -1 0  1 3 :3 « pm )

Qm v v  ID  Ml 11158’
Non*

WoNcwU  typo nu d # <  »od

OttMr r«portl rra io n o m y  rap ottsl FDistanc* t l M  of r—

P rogram  (L A S T*  J  J  3P* P
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I _ blastncbi.nlm-nih.gov

a gone n c,2*7* 0 70  1$S nags an a lB U * M « «  c a m «

F2-311SS nocso-na* Rtr* aene, c a la l s sa itn ss 

a ^ . .  ,a SSCA ia  a.n. to, 16S f > l l \  m -M I SMUSPCT f i ll l  SS£ * U 
a . * . . . .  SSCA2Q a.n. lo. 16StlWk carnal staasncf, 5F3.n 35C.h2fl

■ P ^ i6 S n D o s o m a iR W a s n » carnal seauenct

• 2 2 a ?  i t s  nsosomal RN*

aof>« 20081 Is S  nsasomal Rtth 

12CP-20 issncasam arRM Aoene. 

a cions 18G-255 16S noasamar R » e  

a clana lr.H-22 1 6 S nsasamai R f i -  geos, 1

I r n ^ m m t i a  Bagman, crane WH I i  h ;  n: i 3 t " i 'R i t « { i n t t i m i i n m a
m acne 13H-13 in s  naosomal RMA gene carnal seauence

n clone ia H - 1 0  is s n e «s a m a iR u > w n » . carpalseauence 

.  Dagenu~ 1  dene lSH-3 leS n0esen>3! Rite sent. B M H I S ta iW C tUQQd
i . u ,a . .m i » .g«ac»aeD aaenu-i done H rH c <83 n lv s o ^ a l Rfl* aent.l 

narte n u n d o n e  i<H-2 IsS naaso-ial E 

U r n a r n im a i a a M  ajcltnu ". d o n . 1 -IH 1  1 i S » M » h | l  H t|»  a

726 726 100% 0 0 97% HM 813014.1

726 726 100% 0 0 97% 4YQ96166.1

726 726 100% 0 0 97% ■*■6210933 1

726 726 100% 0 0 97% 4B210932.1

726 726 100% 0 0 97% Y14144.1

723 723 100% 0 0 97% K E 1 9 3 5 3U

721 721 100% 0 0 97% KE5fl3fl7_2.i

721 721 100% 0 0 97% K C 9 18294 1

721 721 100% 0 0 97%

721 721 100% 0 0 97% KC91773S 1

721 721 100% 0 0 97% KC9177Q9.1

721 721 100% 0 0 97% KC 917703.1

721 721 100% 0 0 97% KC9177Q2.1

721 721 100% 0 0 97% KC917699 1

721 721 100% 0 0 97% KC917697..1

721 721 100% 0 0 97% &C21Z634J-

721 721 100% 0 0 97% KC917S93.1

721 721 100% 0 0 97% KC 9176921

biastncbi.nlm.nih.gov .
-  GenBank Graphics

Bacillus sp partial 16S  rRNA ge n e  isolate IS R 0 4
Wqmnct *c •mb<Y14144 11 Length: 804 Number of Metche*- 1 

Rang* 1: 93 to 321 Goeiflan* G >»a" - i

726 b«s(393)
Idantltw i
4 1 8 / 4 3 0 (9 7 % )

Cop*
1/430(0% ) Plus/Plus

Sbjct 93 

3u*n* « i  

S ljc t 1S3 

Socry 121 

Sfejct 213 

Suery 181 

Sfcjct 273 

iu try  241 

Sbjct 333 

2o*ry 301 

3b}ct 393 

Q o a z j  341 

Sfejct 452 

2o*ry 421 

f t j n  512

I I I M i l  I I I II  I I I I

T K S C Z S C X A Z Z U Z  ;A3TAArAC3TS23tAArrr3-rrC3ZAA3Ai:r SCCATAACTTCSS 60 
I I 1111111I I 1111111I I 1111111I I 1111111I I 1111111I I I I 111I I 111111 
TAGCGGCSGACGGGT3A3IAACAC3T&33CAACCT3CCC3TAAaACC33<3llTAACTTCGG 152

120 

212 

180 

27 2 

240 

332 

300 

392 

340 

451 

420 

511
TAACTAC3T3
111I I11 11 I 
TAACIA33T3

• r#

joery 1

▼ Next A  Previous A  Descriptions

Related Info rm ation
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Placental tissu e - P23  (b )

Fasta seq

C G C G G C T G C T G G C A C G A A G T T A G C C G G T G C T T A T T C T T 1G G G T A C C G T C A T C C C C G C C G G G T A T T A G C C A G C A G G A T T T C T T C
C C C A A C A A A A G G G C T T T A C A A C C C G A A G G C C T T C T T C A C C C A C G C G G C A T G G C T G G A T C A G G C T T T C G C C C A T T G T C C A A T A T
T C C C C A C T G C T G C C T C C C G T A G G A G T C T G G G C C G T G T C T C A G T C C C A G T G T G G C T G A T C A T C C T

BLAST re p o r t  o f  s a m p le  23 b

blastncbi.nlm .nih.gov

Placental tissue 23

b i d  MgSft2.H3NQ l .R  (Expires on 0 4 -1 0  13:47 pm) 
Query ID td| 115743 

Description None 
Molecule type nucleic acid 
Query Length 230

Database Nam e nr
Description Nucleotide collection (nt) 

P rogram  BLASTN 2.2.29+ >  Citation

Other reports: t>Search S v P J m ^  . J j V j n Q iry  reports! [D is ta n c e  t r e e  o f results!

6 Graphic Summary

Distribution of 100 Blast Hits on the Query Sequence vu
Mouse-over to show deflme and scores cbck to show alignments

Color key fo r alignm ent sc o re s
2 3 B K E E X H E I O H B E I ■ E S E Z M

1
1

i
40

i I i
8 0  1 2 0  1 60 2 0 0
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III i l i i  rbi.nlm -nih.gov S - .
^  ■ ■ — - - ■ - ■ ' ' 1 "

□  Psgttdoxanthomonas tatwanensrs cartel 16S i H t l A  aane strain !

! a Stenotrocnomonas sc L-o)-PM.V-3i 3 carnal i6SrRNAaene.s»arn.L-8t-PM W-31.3 

■ Q  xanBromonadales oaclena-n mermas-isai 16S n w w n #  RNft Jg n A t.a lla l asaaence 

J  uncrrBurea aaqemrm done n5>aS6l02cl 13S n w s t mgl Rnigcnrj.xarealieggence 

D  uncunureo caaenum dona n5.255nt)6ci i$ 5  nHaaatn# 3 n a  q e ns. ca n al sMMenca 

Q  UncuBured oaaenum gone ncrESSs 10c1 I6S nsosomal RN,n pane. Earjral.s«Mience

a  unamuraa gantemrm gone n s » n ; : e < } - c l  16S nsoso-nal RM* pane partial saauencaxnHHM812745.iluncuBurea sactenumdon« na.2S3a06c1 16S ns; 

O  uncuflurea compost oaaanum partral is s  rRMA asne. c l o n e  P S 3W3 

a  unarBured comoosi gaaenum cartral 16S rRMA g e m .  qon_e_PS M !2  

l 0  unouBMea aaaenum dona new9SZ5Q9ci i s s  nsosomai R u n  g e n e , canal sMuence 

Q  Pseudaxanthomonas laiwanansis is s  naosomai R m  aene. canjaLSBauancs 

0  unaiBurea camma crat«a3 a o « .t r a  g e n e  t o t  i S S i Rn a . caraa snam ntcfliffig -C P M -IS  

' 0  UnaiBureaPseuaaxantnamcnas sc pane u p c -fre s i? 3  naaeaniai Bf<*.aene,c.aflial5eaiience

I □  Pseuaaxamnamanas taiwanensis carta' 16S rRNAaane, strain S22-48 

t ' j  Pseudoxanthomonas taiwanensis partial 15S rRfiAaene. strgm 

D  Pseudoxanthomonas sp  n f c ?  f u  ie s  rIBosomai_RNA qeii^BafSai 59.Qg.ence 

U  Pseudoxanthomonas sp  n f c ?-* .55 noosomai R m  gene. caffra» sequence 

LJ Pseudoxanthomonas so Ca7-1JQ3 1SS noosomal RNA gene, partial seaufiPCfl

□  Pseudoxanthomonas sc i$ s  nsosomal r n a  gene, partial sequence

425 425 100% 7e-116 100% FR77A578.1

425 425 100% 7e-116 100% FR77-*575.1

425 425 100% 7e-116 100% HQ43653Q 1

425 425 100% 7e-116 100% H U 8 12882 1

425 425 100% 7e-116 100% HM812878.1

425 425 100% 7e-116 100% H u a ia x a .i

425 425 100% 7e-116 100% GQ04Q290 1

425 425 100% 7e-116 100% FNW7514.1

425 425 100% 7e-116 100%

425 425 100% 7e-116 100% GQ04Q265 1

425 425 100% 7e-116 100% e<J43$9,?5.)

425 425 100% 7e-116 100% ne451711.1

425 425 100% 7e-116 100% EU8623S0.1

425 425 100% 7e-116 100% ^4932275 1

425 425 100% 7e-116 100% AH932257 1

425 425 100% 7e-116 100% £W25ft§4QJ

425 425 100% 7e-116 100% EU25Q936 1

425 425 100% 7e-1l6 100% EU177791.1 .

425 425 100% 7e-116 100% EL»177799.1

£*

m j j i  blast.ncbi.nlm.nih.gov , „

Pseudoxanthomonas tatwanensis partial 16S rRNA gene strain L-bf-PMW-31 1 
Sequence ID: emblFR774578 11 Length: 954 N um ber of Matches: 1

C a p s Strand
0 / 2 3 0 (0 % ) Plus/Minus

Range Is 233 to  462 S «n B »n n - Graphics 
Score E xp e ct Id e n titie s
425 bits(230) 7 e -H 6  2 3 0 / 2 3 0 (1 0 0 % )

Query 1 CSCGSCTSCT S-3CAC 3AA3TT A3CC33T 3CTT ATTCTTTG33TACCSTCATCCCCGCCG3 60
I I I I I I I I I I I  I I II  I I  I I I  I l i t  I I I I I  I II  I I I I  I It  I I I I I  I I I  I I I I I I I  I 11 I II  

Sfcjct 462 C3C&3CTGCT 3<X^C<HL&GTTA3CCGGT3CTTXTTCTTTG3GTACCSTCATCCCCGCCGG 403

Query 61 STATTAGCCA3CA3GA I  I I C I I  CCCCAACAAAA33GCTTTACAACCC3AASGCCT I CT IC  12Q
II  I I I I I I I I I I I I I I I I I  I I I I I  I I I I I  I I I I I I I I  I I I I I I  I I I  I I I 1111 I I I I I I I 

Sfcjct 402 CTATTA3CCA3CA3GAXTICTXCCCCAACAAAAGGGCTITACAACCC3AAGGCCTTCTTC 343

Query 121 ACCCAC3C3GCAIG3CTGGAX CAGGCTTT CGCCCACTGT CCAAXATT CCCCACXGCTGCC ISO 
II  I I I I  I I I I  I l I I II  I I I I I  I I I I I I I I I I I I I I I I I I I I I I I II  I I I I I I I  I I111 I I 

Stojct 342 ACCCACGCGGCAISGCTGGATCASGCTTTCGCCCATIGTCCAATAnCCCCACTGCTQCC 283

Query 181 ICCCSIASGAGTCTSGGCCSTGTCTCA3ICCOI6TGTSGCI3AICAXCCT 230 
1111 I I I I  I I I I I I I  I I I I 11 I I I  I II  1111I I I  I 111 I I  I I11 I I I M I 

Sb}ct 28-2 TCCCSTASGA3TCT 3GGCC 3 T GT CT CAST C C CAST 3T 3GCT GAT CAT CCT 233

■Download v- GenBank Graphics

Stenotrophomonas sp L-bf-PM W -31 3 partial 16S rR N A  gene strain L-bf-PMW-31 3 
Sequence ID: emblFR774575 11 Length: 954 Humber of Matches: 1

Range 1: 233 to  482 Q enB ank Graphics 

Score E xp e ct Ide n
425 bits(230) 7e- 2 3 0 /2 3 0 (1 0 0 % ) 0 / 2 3 0 (0 % )

Query 1 CSCGGCTSCTGGCACSAASTTAGCCG3T©CTTATTCTTTGGGTACCSTCAICCCCSCCGG 60
l i i : I I  I ! i : ! i : ■ I I I I : ! .............. I : ! : i i i i  i I I  m  i ! • 111 M 11 i 111111111

S b jc t  462 C3C33CT3CTGGCACGAAGTXAGCCG3TGCTTATTCTXTG3GIACCGTCATCCCCSCCGG 403

Query 61 STATTAGCCAGCASGAT TTCTX CCCCAACAAAAG3GCTTTACAACCC3AAGGCCI 1CT TC 120
I I ! i M I I M I ; ! I I i I I : I I I I l I ! I I t  I I I I I I I I I I I I I I I I I I I I I I I I  I I I I I I 

Sfcjct 402 GTATT AGC CAGCAGGATTTCT T C CCCAACAAAA3GGCTTT ACAACCCGAAGGCCTT CTT C 343

Query 121 ACCCACGCGGCAIGGCT 3GAT CAGG-CTTICG2CCAXT GT CCAATATTCCCCACTOCTGCC 180 
I M I  M I ■ M . I : :  l i I i I I I l I M I i  I i ! I I l i l ! I l  l I I I I  l I I I I I I I I I I  I I I 11 I 

Sto-jct 342 AC CCAC 3C G3CAT 3GCT GGAT C AG3CTT T C 3C TC ATT SIC  CAAT ATT CCCGACT 3CT SC C 233

Query 131 TCC C3TAG3AGT CT 3G3CCGT3T CTCA3T CCCA3T STG3CT SAT CATCCT 230
_  I I I I I I  I I 1 I I  I I I I  I 11 I I I I I I I I I  I I  I I I I I I  I I I I
Sfcjcr 232 TCCC3TAG3ACTCTSGGCC3T3TCTCA3TCCCA3T3TGGCT3ATCATCCT 233

Related Information

▼ Next ▲ Previous £  Descnptions

Related Information
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Placental T issue- P 26

220 230 240 250 200 2D 210 200 3M 310 320 330 340 350 3K 330 330 300 400 410 420CI«K̂£flX»lKlMCC*«iIO;4CtC1iltJ«CCC«C3OTC<<C4CJ«ĈA1COCCCie;«t̂ lO33CICOT13a«C8CCTCvWK<̂IXAC«C«0AK*-W<CCK«CClC008maÂ3r«Cft«̂«Ct»«C-C8t1«MCe0100CT10.4«T>nmi.40I8Tt0CCU»A3.i6
2746,2657:231

•M

Fasta seq

T A T T A C C G C G G C T G A A G C A A G T G G G G G A G G C A C A C G C T G A G C C A G G A T C A A A C T C T A T T A C C G C G G T T G C T G G C C A C A G C A C
A C A T C C A G C C T G A G C C A A A A T C A A A C T C T A T T A C C G C T G C T G C T G G C C C G A G T G C T G A G C C A G G A T C A A A C T C T A T T A C C G C
G G C T G C T G G C C A C A G C A C A C A T C C A C C C T G A G C C A G G A T C A A A C T C T A T T A C C G C G G C T G C T G G C C C C A T T C A C C C C A A T C A
C T A G T G C G G C C G C C T G C A G G T C G A C C A T A T G G G A G A G C T C C C A A C G C G T T G G A T G C A T A G C T T G A G T A T T C T A T A G T G T C A C
C T A A A T A G C T T G G C G T A A T C A T G G T C A T A G C T G T T T C C T G T G T G A A A T T G T T A T C C G C T C A C A A T T C C A C A C A A C A T A C G A G C
C G G A A G C A T A A A G T G T A A A A G C C T G G G G T G C C T A A T G A G T G A G C T A A C T C A C A T T A A T T G C G T T T G C G C T C A C T G C C

BLAST report o f  sam p le  P26

Placental tissue 26

RIO (Expires on 04-10 13:53 pm)
Query ID ld|234603 

Description None 
Molecule type nucleic add 
Query Length 488

Database Name nr
Description Nudeotide collection (nt) 

Program BLASTN 2.2.29+ > Ot3tion

Other reports: i

Q Graphic Sum m ary

Distribution of 104 Blast Hte on the Query Sequence y
Mouse-over to show deflme and scores click to show alignments

Color key  for a lig n m en t s c o re s
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b la s t.n c b i.n lm .n in .g o v

Afletomonas so. 16S rRN* gene, isolate PR UST1. cartiai 198 198 46 % 2e-47 98 % Y 15322 1

a  Cloninc vector oScant li. n m r n i t  sequence 196 196 4 5 % 6e-47 98 % QQ48318$. 1

196 196 4 4 % 6e-47 99 %

196 196 46 % 6e-47 98% AB032363 1

Paemsacrtlus polrmwa partial 16S rRMA oene. tree strain OSM 36T. 30.08-11 195 195 4 6 % 2e-46 97 % HQ22427.4.1

. Cllnis rgftculala miaosanxiite OH*, locus m C fa R O IB H ). 3H0»Q O le K H a g x a M a Z I 195 195 46 % 2e-46 97 % AM4897331

193 193 4 6 % 8e-46 97% AM489735 1

Uncultured soli ascom.cete partial 18S rRNA gene, done <20-111 191 191 4 3 % 3e-45 99% A J515922.1

G  Capsicum annuum cw Baioenas c iR n a  for lipoxygenase Go* gene; 189 189 4 6 % 1e-44 96%

Uncultured sort oasidiomicete partial 18S rRNA gene, done r90-95 189 189 4 2 % 1e-44 99 % AJ51S939 1

. UncuRureg sort ascom>cete partial 18S rRNA oene done r90-67 189 189 4 2 % 1e-44 99% AJ515932 1

UncuRureg sort ascomvcete partial 18S rRNA oene. done r9 0 -.ll 189 189 4 2 % 1e-44 99 % AJ515925 1

1. illflvnfS (Ji|^r9s^t0llil6 DNA locus P2B9

UncuRureg gamma proteobadenum partial 16S rRNA gene, Clone ET3RK66 185 185 4 2 % 1e-43 99 % HG380017 1

O  Cion .no vector cG-Saoie. complete sequence 185 185 4 2 % 1e-43 99% KCS37291 1

□  uacuttMfgflNtfr.zsMiLS aafleoum p r̂t?a* f g H A .o w . i»onfc S.C2.-RKZ 185 185 4 2 % 1e-43 99% HF5-8466Q 1

185 185 4 2 % 1e-43 99 % FR744450 1

185 185 4 2 % 1e-43 99% HE3Q2228.1

UncuRureg Bacterium partial 1 6 S rRMA aene done ATB-AR-23621 185 185 4 2 % 1e-43 99 % HE804882 1

_________ ____ _______ _____ _ _____ -  - ___ ______w_;_ rvm . a n » r .  . . -------- ... a nr -n r • no. a . a-* m>(k • irenecen  a

Klebsiella pneumoniae class I mtegron dihydrofolate reductase (dhfrXIl) and streptomycin 3"-adenyiyltransferase <aadA2) genes complete cds and unknown gene
Sequence Hfc 9WAF180731 1) Length: 2050 Number of Matches: 1 ---------------------------------------

Related Information
Range 1: 1942 to  2050 GenBank 
Score Expect
196 b its (l0 6 ) 6e-47

Graphics
I d e n tlt i«s
1 0 8 /1 0 9 (9 9 % ) 0 / 1 0 9 (0 % ) Plus/Plus

G e n e  -  associated gene details

Query 132 TAAICACXA3X GCGGCCSC ~T 3CA3GTC5AC CAT AT 3G3A-3A3CX C 3 .  AAC3C3TIGGAI 191
I I I  I I I I  I I I I I I I I I I I  I I I I I I  11 I I t  I I 11 I I I I I I I I I I I I i l l  I I I I  I I  I 11 I I I  

Sfcjct 1942 XAAX CACTXGIGCGGCCSCCTGCA3GT -3ACCAIAX 3-33AGAGCX CCCAACGCGTX GGAI 2001

Query 192 SCTT A3CTX 3A3XAXX XTAIA3T5X CAC CT.' AAAXA3CXX33C SXAAT CA 240
i i I i l I  I i i i i : u ■i i i  m  i m i i i m i i i i  i i  11 i i 111111 l 

Sfcjcr 2002 3CAIAGCTX3A3XAIXCXAIA3X3ICACCXAAAIAGCXXGGC3XAAXCA 2050
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Placental tissue- P30

UO 200 210 220 230 240 250 260 2*0 280 290 300 310 320 330 340 350 360 370 3S0 390 400
(K.J7.L<XCG.Li<L-CCCOTCOTCniGGT70.;.J--CCCOCC ‘ ;a-CTG .̂ CTlKCG.J7C«C:CCC(K<CanXC7.̂ TTMTĈ tr>,:aClC.̂ C.̂ KC<Q;CC4TC<G7X<CCXnt̂ X«7Q-JTCG{C:.K-K̂ OM-C7CXX>CCCCCCX̂ C7CCl -COCC->00<:;C<:.̂ L̂CGC -ncnCC0CA^GC CC -'-:

Fasta seq

G A T C C T G G C T C A G G A C G A A C G C T G G C G G G A G C C A A A T A C A T G C A A G T C G A G C G G A C C G G A T G G A A G C T T G C T T T C G T C C G G T
T A G C G G C G G A C G G G T G A G T A A C A C G T G G G C A A C C T G C C C G T A A G A C C G G G A T A A C T T C G G G A A A C C G G A G C T A A T A C C G G A
T A A C A C C G A A G A C C G C A T G G T C T T T G G T T G A A A G G C G G C T T T G G C T G T C A C T T A C G G A T G G G C C C G C G G C G C A T T A G C T A G T
T G G T G A G G T A A C G G C T C A C C A A G G C G A C G A T G C G T A G C C G A C C T G A G A G G G T G A T C G G C C A C A C T G G G A C T G A G A C A C G G C
C C A G A C T C C T A C G G G A G G C A G C A G T A G G G A A T C T T C C G C A A T G G A C G A A A G T C T G A C G G A G C A A C G C C G C G T G A G C G A A G A
A G G T C T T C G G A T T G T A A A G C T C T G T T G T T A G G G A A G A A C A A G T A C C G T T C G A A G A G G G C G G T A C C G T G A C G G T A C C T A A C G A
G A A A G C C A C G G C T A A C T A C G T G C C A G C A G C C G C G G T A A T A A T C A C T A G T G C G G C C G C C T G C A G G T C G A C C A T A T G G G A G A G
C T C C C A A C G C G T T G G A T G C A T A G C T T G A G T A T T C T A T A G T G T C

BLAST report o f  sam ple P30

Placental tissue 30

RID M9T8CZKS01R '.Expires on 04-10 14:13 pm) 
Query ID ld|45141 

Description None 
Molecule type nudeic acid 
Query Length 613

Database Name nr
Description Nudeotide collection <;nt) 

Program 8LASTN 2.2.29+ n otation

Other reports: i

Q G r a phic Sum m ary

Distribution of 118 Blast Hits on the Query Sequence yt
Mouse-over to show defline and scores click to show alignments__________

_____________________C olor Kay fo r a llg n m o n t s c o ro s
<40 4 0 -5 0  5 0 -8 0  8 0 -2 0 0  >=200

Q - T y

1 1 0 0  2 0 0  3 0 0  4 0 0  5 0 0  6 0 0
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M|||||Ĵ ĵ!astncbuTln̂ -̂
736 736 100% 0 0 99% A Y 0 9 6 1 6 6 .1

736 736 100% 0 0 9 9 % 6B21.Q9.3-jL!

736 736 100% 0 0 99 % *6210923-1

□ Baanus so SSCft20 gene 1 0 . .h h a  cartal s t a w n n .  s w n  S S C * 1 0 736 736 100% 0 0 99 % AB21Q932.3

a Baollus so partial 16S rRNA gene, isolate ISRO* 736 736 100% 0 0 99 % Y m t

Q Uncultured Sacmaceae oactenum gone 2247 16S noosomal R N 6 gene. carta»..sgouencfi 730 730 100% 0 0 99 % KF503073 1

3 viorroaallus so PS2 16S n&osornai RNA aene_oam3i seosieocg 730 730 100% 0 0 99 % KF193S31 1

o 730 730 100% 0 0 99% KC9182941

730 730 100% 0 0 9 9 % KC9MQQ4.1

□ 730 730 100% 0 0 9 9 % KC917735.1

730 730 100% 0 0 9 9 % KC9.1.77Q9.1

730 730 100% 0 0 99% K C 9 17702 1

l 3 730 730 100% 0 0 99% K£ai7.69?-1

Q 730 730 100% 0 0 9 9 % KC9176941

□ U n p j% tM  Bagiiacta? m t o u v 't'  a w  -iss .nw sam ai R rt<iQ cpe.Eam isgsusp.« 730 730 100% 0 0 9 9 % K C 9 17693 1

□ Uaaiffiasa^aonawaa ta cttn u n  dona i  w - i .  i6S..;:<?«ama' fiii*  m t w  ssauanM 730 730 100% 0 0 9 9 % KC917692 1

I_blastncbi.nlm.nih.gov . : ;-62/0,-i
^Download -  G enBank Graphs s

Bacillus sp S S C A 1 8  gene for 16S rR N A  partial sequence strain SSCA18
Sequence 10: dbilAB210934 1! Length: 528 Humber of Matches: 1 

Ranqe l i  60 to 463 GenBanx G n a S i: ?

736 bits(398)

Query 1

Sbjcc 60

Query 61

Sfcjct 120

Query 121

S b}ct ISO

Query 181

Sfcjct 240

Query 241

Sfcjct 300

Query 301

Sfcjcr 360

Query 361 .

Sfcjct 420 .

Exp e ct Id e n titie s
0.0  4 0 2 / 4 0 4 (9 9 % ) 0 / 4 0 4 (0 % )

Strand
Plus/Pfus

GTTAGCGGC3GACGGGT 3AGTAACACGT GGGCAACCT GCCCGTAAGACCGGGATAACTTC
I I I I I ( I I  I I I I I I I I  I i l l  I l i t  I I I  I I I I  I I I I M II  i I I  I I I  I I I I I I I 11 I I I I 
GTTAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCCGTAAGATCGGGATAACTTC

SCTTXS<3CTSTaiCTI*C3GaX&33CCCGCSGCSCAXTA3CTA3TT33T3A33TJUCGGC
I I I I I I I I I I I II  i I ' i I I I I | | | I II  | | | | | | | I | | | | |l I I I I I I I I I I I I I I  I I I I 
GCTTTGGCT STCACTT ACS3AT3GGCCCGCGGCGCATIAGCTASTT GOT GASGTAACSGC

T CAC C AAiGSG G A C GAT 3C 3T AGCC GAC CT GAGAGGGT GAT C GGC CACACT GGGACT GAGA
I I I I I I I I I I I I I I I I I I I I I I I I ! I I .............It

TCACCAAGGCGACGArGCGTAGCCGACCTGAGAGGGTGAICGGCCACACTGGGACTGAGA

m __ U i . i U ~ - . ~ -  — — , , .  - l |..i ; j j

AAGAACAAC-I AC CC-TT C GAAGAGGGCGGTACCGTGACGGTACCT 404
I I  I I I  I I I I I I I I I I I I I I I I I I I I I I I  I I I I  I I I I I I I I I I  I 

AAGAACAAGTAC :GrXCi3AAXJl3GGCGGTACCGT3ACGGTACCT 463

120

179

ISO

239

240

299

300

359

360 

419

119

l 11 i i i i M i u  i i • ; i i i i i i i i i i l l i 1 1 1 1 1 i i  i i i 11 i 11 1111111111111111 
CACGGCCCASACT C CTACGGGAOGCASCAGTAGGGAATCTTCCGCAAIGGACSAAAGTCT

▼ Next ▲ Previous £  Descriptions

Related Information
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Placental tissu e- P 30  (b )

U3 ieo I'D 180 190 200 210 220 230 240 250 2« V9 2B 290 300 310 320 330 340 350
::«C K C !< X C .< G l.*m K C < n G rc TTrTC G T7 X «T,C C O X X C < }IA K C «.*T l* lttC n ;c n < in c n C ^ ^

Fasta seq
GCTTCCTTTTG CCCCCA CCCTTTTTA CCG CG G CTG CTG G CCA A CTA CTCG G G A G G CCTTCCCA G G A A CA A A CTCTA TTA CCG C
GG CTG CTG GCGG AGCA CATGCTG G TG TCA G G CCCTG A G CCA G G A TCA A A CTCTA TTA CCG CG G CTG CTG G CA CG TA G TTA G C
CGTGG CTTTCTCG TTAG G TA CCG TCA CG G TA A CG CCA G TTA CTG CG TTA CTTG TTCTTCCCTA A C A A CA G A G CTTTA CG A C CC
GA AGG CCTTTTCG CTCA CG CG G CG TTG CTCCG TCA G A CTTTCG TCCA TTG CG G A A G A TTCCCTA CTG CTG CCTCC CG TA G G A G
TCTG GGCCG TG TCA G TG TG G CCG A TCA CCCTCTCA G G TCG G CTA CG CA TCA TCG C CTTG G TG A G CCG TTA CCTCA CCA A CTA G
CTAATGCG CCCGGG CCCA TCTG TA A G TG A TG G CA A A A G CCA TCTTTCCTTA TCTCTCCA G G CG G A A A G A TA A TCTA TCCG G TA
TTA GCACCG G TCTCCCG G A G TTA TCCCG G TCTTA CA G G CA G G TTTA CCCA CG TG TTA CTCA CCCG TCCG CCG CTA A A CA A CA A
AA AAG CAAG CTTCTTTA TTG G TTCG CTCG A CTTG CCA TG TA TTA G G CA CG CCG C CA G CCG TTCG TCCCTG A G CCCA G G G A TTC
AAACTCTTAATCACCG

BLAST re p o r t  o f  sam p le  P30 b

Placental tissue 30

RID M9U6MJEF01R (Expires on 04-10 14:29 pm) 
Query ID lcf| 20545 

Description None 
Molecule type nucleic acid 
Query Length 452

Database Name nr
Description Nucleotide collection (nt) 

Program BLASTN 2 .2 .2 9 +  > Citation

Q Graphic Sum m ary

Distribution of 100 Blast Hits on the Query Sequence it*
Mouse-over to show deflme and scores click to show alignments

C olor k ey  for a lig n m en t s c o re s
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p̂? Q̂bl̂ n̂ î nrvniĥ ov/Blast-cgi . . . . .  . _ _________
_  . ............. r- . ___ _____ . _. __ _______ e nt e n t  n  -  a 1 _ ic a  Q7«,. r .m 0 7 f i in  1BaoWus sc KM2 16S noosomai Rn a  gene cartial sequence 604 604 95% le-169 97%

604 95% le-169 97% GU1256431

□ Baotfas mermoamylavorans strain IMAU802Q1 16S ncosomal R n « aene. canal seauence 604 604 95% 1e-169 97% GU125919 1

□ uncuKurM oadenum aona MC3F-8 16S ncosomal R W  aene, carnal ssauenca 604 604 95% 1e-169 97% Qflaaaaz.i-1

BaoUus so 5 5Lf 43T partial 16S rRNA gene strain £ SLf 43T 604 604 95% 1*169 97% FM958167.1

0 Bacterium C-TJ16 16S noosomai r n a  oene. partial sequence 604 604 95% 1*169 97% £U«?§23.i

Baaiius so 60LG¥-1 gene for 16S rRNA. partial sequence 604 604 95% 1e-169 97% AB2Z52&L1

G Baaltus so 5QLA*-2 oene for 1QS rRNA. oartiai seauence 604 604 95% 1e-169 97% *637575 3.1

□ Baotius so. 37LAV-3 oene for 16S rRNA carta! sequence 604 604 95% 1e-169 97% W ZS745J

a 604 604 95% 1e-169 97% EU43QM9J

uoaiitufta oaaemim gone CS2 236 16S licaaomalRN* asna. carnal saaMCOca 604 604 95% 1*169 97% EF222Q181

□ 604 604 95% 1e-169 97% EU1S2QMA

Q 95% H-169 97% EF702816.1

□ gaoiias ina'aiaapniavafaas sane >of. !■>? m v * 604 604 95% 1e-169 97% 3632333* .3

□ 604 604 95% 1e-169 97% Y14141.1

□ Borcufans 16S rRNA oene. steam WSBC 20060 604 604 95% 1*169 97% Y13064.1

O BaoHus tiermoamyiovotans partial 16S rRNA oene. strain 9-4A1A 601 601 95% 2e-168 96% FN397520.1

0 Bacillus so. N-11 oene for 16S nsosomai RMA partial seauence 601 601 95% 2e-l68 96% *6818491,1

, ,  e  *  £  biastncbi.nlm .nih.gov 8 ia s t.c g i* 3 7 1 9 6 9 1 6  

Ml  Download ^  Gen Bank Graphics 

Bacillus thermoamylovorans gene for 16S rRNA
Sequence ID: dbilAB 121094 11 Length: 1451 Number of Matches: 1

Range l i  1 5 « to  51® GenBen< GraS H.cs

604 bits(327)
Identities
351/3 6 3 (9 7 % ) 0 /3 6 3 (0 % )

Strand
Plus/Minus

Query 19 TAITACCSC5GCT3CT5GCAC3IA6TIAGGCSr5GCXXTCTCSTTAGGIACCGXCICG6T 78
m  m  i 111 1111111 it r i  n  I I 11 M i 111111 i l l  M 11 M 1111 I I I  11 i n  

S b jc t 516 TAXTACC3C3GCT3CT 33C AC 3X A3TT AS T CSX 33CTTT CTCST CA33TAC C 3TCAA5ST 45-

Query 79 

S b jc t  456 

Query 139 

S b jc t 396 

Query 199 

S b jc t 336 

Query 259 

S b jc t  276 

Query 319 

S b jc t  216 

Query 379 

S b jc t  156

AAC3CC>STTJU^3C S ITA C TIGIICTICCCTAACAACAaASCTTTACSaCCCS*aGGCC 
I II  I I  II  II II  111111111111111 I I I  111I I 1111111111 111111 II 

ACCGGCATTTCCTCC3ATACTTGTICTTCCCTAACAACA3AGCTTTAC3ATCC3AA3ACC

TTCTTC6CTCAC3CQGC3TTSCTCCSTCASACTTXCSTCCA TTSCGSAAGATTCCCIACT I u:ii! i i l i ll I I I IiiI IllliI IilI I I I I l I i I I 1111 II 1111111 
TTCTTCGCTCACGC3GCGTTGCTCCGTCAGACIITCGICCATTGCGGAAGATTCCCTACT

3CTGCCTCCC3TAGGA3TCT3G3CC3T3TCTCAAICCCA3T3TGGCCaATCACCCTCTCA 
I I I I I I l I I i I  I I I I I I I I I I I  I I I I I I I I  I I I I  I I I  I I I  I I I  11111 I I i I  11 I I 

3CX SCCT CCCGTAGGA3TCT GGGCCGTGT -X CA3X CCCAGX3T3GCCGATCACCCX CTCA

GST CGGCTAC 3CAI CAT CGO CXX 33X GAGCO 3XXACCX CAC CAACT A3CTAATSC3CC3C
11 h  11 i : i i 11 i i i i ; 111 > m  m ; i i ; ; 1 1 1 1 1 1 i i m 1 1 1 1 1 m 111

33X C3GCXAC3CAXCOXCOCCX XGGXSASCCGXXACCTCACCAACX ASCXAAX SC3CC3C

333CCTAX CX STAA3X3AIG3CAAAA3CCAICXTICCXX ATCX CX CCA33CG3AAA3ATA
111! I I I I I ! 11 I I I I I I II  I I I I I I I I I I I I I I I I I II  I I !  I I I I II I I I I I 1 I I I 

GGGCCCAXCX3TAA3X3AXGGCAAAA3CCAXCXXXCCXXAXCTCTCCA3GC3GAAA3AXA

AIC 381
I 11
AIC 154

138

397

198

337

25e

277

318

217

378

157

Expect
le -1 6 9

▼ Next ▲ Previous & Descriptions

Related Information

, b la s tn c b i.n lm .n in .g o v  ,

StKt 1S5 XTT
i

BOov»nloaa ■>- GenBd - ̂  Graphics

Bacillus circulans isolate 13 16S ribosomal RN A gene partial sequence
Sequence « y . qtX£U430989 11 Length: 1462 Number of Matches: 1 

Range I t  133 to 403 Gen&anic Grach.ca

604 bits(327) 3 5 1/3 6 3 (9 7 % ) 0 /3 63 (0% ) Plus-Minus

Query 19 TAXIACC3CGGCT3CTGGCACGTAGTTASOCGTGGCTTTCTC3TTAGGIACCGTCACGGT 78
_ ......... I I I It  I I I  I II  l II  i I I l I  I I I I I I I I I I I I I I i I I I I i I I I
ab jee  495 XAXXACC3C33CX3CXGSCAC3XACXXA3CCGX3GCXTTCXaSXCA3GXACC3XCAA3GX 436

Query

S b jc t

Query

S b jc t

Query

S b jc t

Query

S b jc t

Query

S b jc t

Query

S b jc t

79 AAC 3CCA3TTACT3C3XX ACXX 3XX CXX CCCIAACAACA3A3C TTT AC3ACCC3AA3GCC 138
II  II  I I I I I I I I  II  I I I M I II  I I I I I I I I I I I I I I I I I I I I I II 435 ACC33CAXXTCCXCC3AXACXXSXXCXXCCCXAACAACA3A3CXXXAC3AXCC3AA3ACC 376

13? XXCTXCGCrCACGCGGCGXXGCXCCGXCAGACXTXCGXCCAXXGCGGAAGAXXCCCXACX 198I I « • I I ' I I I I I I I I I I I I I I II I II I I II I I I ......I I I I I I I I I I I I I I I I I I I I375 XXCXXC3CTCACGCG3C3XIGCXCCGXCA3ACTTXC3TCTATX3CS3AA3AXXCCCTACX 316
199 GCIGCCTCCC 31A 33 A3T CX G3GCC 3X31CX CAAX CCCAGI3X 33CCSAX CACCCX CX CA 258 

111111111111111 I II I I I I I I I II II I II I I II I I I I I 
315 SCXGCCTCCC3XA3GA3XCX3G3CC3X3XCXCASXCCCA3T3X3GCCGATCACCCTCXCA 256

259 33X C33CTAC3CATCAIC3CCXX 33X 3A3CC3XXACCX CACCAACXASCXAAI3C3CC3C 3ie
__  M I I H I I I I I t m  I I I I I I I I I I II I I II I I I II I I I I I I I I I I I I I II I I I
255 33X CG3CT ACGCAIC3TCGCCTTGGT 3AGCC3TXACCX CACCAACXASCXAAI 3CGCC3C 196

379 AXC 381

319
‘ I I  I I I  I I I I  I I I I I I  I I I I I I I I  I I I i l l  i l l  | I I  | || | I|| | | I I I  I I I  I I  I I | 
G33C C CATCX3XAA3X S AT 3GCAAAAGC CAT CXX I  CCXX A T  CX CX CCA33C 33AAA3AT A195

▼ Next A Previous £  Descnpfions

Related Information
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Placental tissue- P30 (c)

:■« m  :K  3"o !K ! »  «e  <10 cs «c  «o «c  «e  ioo iio sx sx S43
c<ccc4iccm<coxjocrecc<:c8Tcrric *:ci.4 tc T : <icco.-cjinc<non.>iccOTA iix<xcaA m ncan<nT4TCCC4W CU U£OC<JC6n(cc{XO ioniCK.4cc<O Tcaccc<n4X C‘4K.4.‘ ‘.4K.4.«crnct4Ticmccccica;cT'tc-C4T<n4Ti.j<!CC4C©:cocc4CConcoT

Fasta seq

C G C G G C TG C TG G C A C G TA G TTA G C C G TG G C TTTC TC G TTA G G TA C C G TC A C G G TA A C G C C A G TTA C TG C G TTA C TTG TTC TTC
C C TA A C A A C A G A G C TTTA C G A C C C G A A G G C C TTC TTC G C TC A C G C G G C G TTG C TC C G TC A G A C TTTC G TC C A TTG C G G A A G A T
TC C C TA C TG C TG C C TC C C G TA G G A G TC TG G G C C G TG TC TC A G TC C C A G TG TG G C C G A TC A C C C TC TC A G G TC G G C TA C G C A TC
G TCG CCTTG G TG A G C C A TTA C C TC A C C A A C TA G C TA A TG C G C C G C G G G C C C A TC C TG TA G C G A C A G C TTG C G C C G TC TTTC A A
CG A A A CG TCA TG C G A C A TTTC G TG TTA TC C G G TA TTA G C A C C G A TTTC TC G G TG TTA TC C C C G TC TA C A G G G C A G G TTG C C C A
CG TG TTA CTC A C C C G TC C G C C G C TA A C G A A TC A A A A G C A A G C TTTC G A TTC G TC C G C TC G A C TTG C A TG TA TTA G G C A C G C C G
C C A G C G TTC G TC C TG A G C C A G G A TC A A A C TC TA A TC A C TA G TG C G G C C G C C TG C A G G TC G A C C A TA TG G G A G A G C TC C C A A C
G C G TTG G A TGCA TA G CTTGAG TA TTCTATAGTG TC

BLAST r e p o r t  o f  sam p le  P 30  c

Placental tissue 30

RID • Expires on 04-10 14:42 pm)
Query ID ld| 121939 

Description None 
Molecule type nucleic acid 
Query Length 615

Database Name nr
Description Nudeotide collection (nt) 

Program BLASTN 2.2.29+ i> Citation

Other reports: > Search Summary Taxonomy reportsl [Distance tree of results!

3  GraeMc_§umm3_ri-

Distribution of 107 Blast Hits on the Query Sequence
Mouse-over to show deflme and scores cl»cK to show alignments

C olor key  fo r a lig n m en t s c o re s

I I I I I I I
1 100 200 3 00  400 5 0 0  600
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I *; btestncbi.nlm.ruhgov i - ; cr;>»S-*S793

I -  G^^nQaf^^ l*auh*_*

A noxyPacA us f la v U ttem iu s strain SR55-3 16S n b o s o m a l R U A  g a n e  partial s e q u e n c e
Tm m ~ rrMWfljtfftf2 7 9 j6 6  t: l»ngtli: 1513 IhtmMr ol UMchtl: 1

V  N*«s A  4  D**< «!*'•*«

968 tMtt(S24)
CMtry

S28/S30(99*b) 0/330(0%)

I t j a

9«fy
• je t

2x»*ry

ft jc t

>***Y

SW«ry 
3b) et 
2u*ry 

lb)ct

Sfcjct

Q n q r

f t ) C (

!o«n
3b) ct

ckwtktw:;:3TA3rr*3cc3T30CTTTCT«

in
• r a o n K ! T T O T : i t c j ^ T T r a : e 3 n r a a « u t s t a n w ) c :  u s  

t c c c a r ib w i : : : :  > » :c 3 t 3 T rrc A J T c :c w i» iM c c 3 a rc a c c c T C T C M W C »»  #*c

meecMc»toKcmatoaeccmi^cAccAACTMCTAWCxcec9Mccc too
M i N '  n  i > i j t ' > T 1 1 1  •! 1 ; n

c t a c o c a t c o t : 3 : : r : w : » x : 5 n v : c T » c ^ n » : T u : 3 C 9 C C K ) M c c :  **» 

u c c t s t w :  i i - u r r : a c o c c s T c m ca a c3a a a c 3Tc a t  s c s a^ t t t ^ s t :  a t  j «  

x rc r?  3TV3:  a  >rqcc3TC TTTcax: 2 a :  K a a r t t c a t  s t t a i  m

n ^ 3 t 3 n x : : c : ^ i c : j a ) M C M * w : r x J : i T  **': 

c c w T x n k 3 c x ::3 x r T T C T C M T 3 r T A T c c c c a T C T a c a f l«a a «* tk e a o B W  m  

iJkCTCJLXC3trc3c:>rrjkxc3AArcjua«cAX3CTrTC3arTC3T:r3CTcaACTT» *tc

t*crcjw:c:3T::3c :>tTAA.:3Ax::AA^KA)^cTTTC3arxc3?cc®CTC«cm I t
c a m a TTJu > 3 c i^3 c c »:c A s c 5 n c o Tc c T3 M c c A 3 a a ic u A C tc t 

CAT3TA.TTX33A:
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Placental tissue- P34

Fasta seq

C A TG CA AG TCG A GCGA GTCTG CCTTGA AGA TCG GAG TG CTTGCA CTCTGTGA AACA AGA TA C AGGC TA G CGG CG G A CGGG T
G A G TA A C A C GTGGG TA ACCTGCCCA A GAG ATCGGG ATAACA CCTG GAA ACAG ATGCTAATA CCG GATAA CAACA G A TGA TG
CCTA TCAACTGTTTA AAA G A TG G TTCTG CTA TCA CTCTTG G A TG G A CCTG CG G TG CA TTA G CTA G TTG G TA G G G TA A CG G CCT
A C C A A G G C G A TGA TG CATAG CCG A GTTGAG AGA CTG ATCGGCCA CATTG GGA CTG AGA CA CGG CCCA A A CTCC TAC GGG A G
G C A G C A G TA G G G A A T C T TC C A C A A T G G A C T rm T T C TG A TG G A G C A A C G C C G C G TG A G T G A A G A A G G G TT T C G G C T C G T A A
A G C T C T G T T G T T G G T G A A G A A G G A C A G G G G T A G

BLAST report o f sam ple P34

Placental tissue 34

RID M9W3A0UE01R (Expires on 04-10 15:04 pm) 
Query ID ld|52611 

Description None 
Molecule type nucleic acid 
Query Length 473

Other reports: > S.ftaccfr Symmay rT^xpnorpy reports'! Distance tree of resultsl 

Q Graphic Sum m ary

Database Name nr
Description Nudeotide collection (nt) 

Program BLASTN 2.2.29+ > Citation

DistritxJtion of 100 Blast H&ts on the Query Sequence
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a

IHW7C1 IS Snsosom alR W trene  cam a seauena 

uncmfaggfl saaenum done ncd2Q57o05Q is s  m js o it c m  R n »  aene c a n a  5 «Q U «n «  

ungjuufga aadenufri done nco209inp5ci i3S nsosw-'ai R w c a n e . canal st a n m a  

Uncuftaed aactenum done ncd2060c02cl 1SS nsosomai RNA gene.

Uncmtured sactenum gong ncd2059c0id 16S nTiosomai r w  oene. 

UgflffllKttf.SatfOTlfn CttPg 15§ nor m a l  RfJA Qgng. b *TC»t

L*nCV»Ptffg’? aawSerLgflM LPtfl.lM ^.gg^Cl 16S n ? y ^ o -.ji Rt|A Q^ng. c a fla U  

Uncultured aactenum done ncoi565aJ3ci 16S nsosomai RNA gene, i

uoadtorefl M O tfwim flO Ttncfli.53q^2ci i ?$ n &d.sgmai PH*. sene. partial ssovanre 

UflartfarH aaflgnya -dgnagFvQ 2 - 1 2  iSS.ngsao m ji r h * « n « .  carpa* s a r a a n «

unaftrngactarhim ct̂ne iSsibiqo-kos.ei* iss.awspn*i RN* sa"*. ca™?1 sewanc*
Uncultured aactenum done ncdiQ47c.03ci 16S noosomal RNA gene partial s

o flan.* n« 1002̂  Per nsosomai Pwsw». oad»fl ?9ttu*n«
i<a

G

nctooe ncd98Ssnci 1 6 S noosomai r n a  dene partial

Uncultured aactenum done ncd847a03ci 15S noosomal RNA cene carti3» sequence

Uncultured Mctenum-rtong-ncdSignosci 155 nocsomai Rn a  gene, partial sequence 

Uncultured aactenum done ncd5l8h09cl 165 noosomal RNA aene. oartial seauence

822 98% 00 99% HM275684.1

822 822 98% 0 0 99% JF17.24j.SJ

822 822 98% 00 99% JF 177288 1

822 822 98% 0 0 99% JFJjSIJSJ-

822 8 22 98% 00 99% Jf. 15.947.3,1

822 822 98% 00 99% JF 158.433 1

822 822 98% 0 0 99% JF 1497.03 1

822 822 98% 00 99% JFH823S.1

822 822 98% 00 99% JF13S78-L1

822 822 98% 00 99% JF128305 1

822 822 98% 00 99% JFj?S14SS.l

822 822 98% 0 0 99% GU099U37 1

822 822 98% 00 99% GQ156700 1

822 822 98% 0 0 99% f ia i«S 9 9 J

822 822 98% 0 0 99% HM344677 1

822 822 98% 00 99% HM3*3S$9-1

822 822 98% 00 99% HM335641.1

822 822 98% 0 0 99% HM335521.1

822 822 98% 00 99% htM3344ifl.1.

822 822 98% 00 99% HW33Q932 1

822 822 98% 00 99% E

822 822 98% 00 99% HM 2 76254.1

822 822 98% 00 99% HM276229 1

8 22 822 98% 00 99% HM276194 1

I I M M I I  '  -  -  - -
B Download v GenBanK Graphics

Uncultured bacterium isolate CH96J00003 16S nbosomal R N A  gene partial sequence
Sequence HJc qblEF365407 11 Length: 645 H um ber of M atches: 1 

R «n g *  1: 33 to 406 G «n B » ''<  G u p Hi u

824 tHts(446)

2uery 1

Sfcjct 33

Query 61 .

Sfcjct 93 .

Query 121 .

Sfcscr 153

Query 181

Sfcjet 2 1 3  :

Query 241 ;

Sfcjct 273 1

Query 301 i

S ta cr 333 j

Query 361 i

S b j c z 392 .

Query 421 i

Sb3cr 452 i

4 5 9 /4 6 5 (9 9 % )
Gaps Strand
1 / 4 6 5 (0 % ) Plus/Plus

STSAAACAASAIACASSCTAGCSSCGG6CGGGT3A3TAACACSTS3STAACCTSCCCAAG 60 
I I I I I I I I I I I I  I I I l l I I I I I II  111 I I I I I  I I I I I I M I I  I I I I I I I  I I I I I I I 

STfa a*CA»SAIACASSCTAGCGSCSGACSSGTSAGTAACACSTS3GTAACCTSCCCAA3 92

A3ATSSS3AXAACASCTS3AAACA3AT3 C T AAXACCGG A T  AACAACAGAT3ATGCCTATC 120
111 I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I 

A3AX33GGAI AA.ACCTGGAAACASAT 3CTAATACCG-3ATAA CAACA3AT 3AT3CCTAX C 152

AA3T 3XXTAAAA3AX 3QX X XTGOT AX CACT CT X 33AT 33AC CT GC 33T 3CATTA3CT AST 180
I I I I I M M II  I I I I I I  I I ......... .. I I I I I M l I I I  I I I  I | I

AACT 3TTT AAAA3 AT 33T X CX 3  XT AT CAST CTT 3-3AX G3ACCT 3C33X 3SATTASST AST 212

X33TA333XAA-333rTACCAA3333AX3AX3CATA3C33A3TX3A3A3ACT3AIC3£CC 240
I I I H  I I I I I I I I II  I I I I I I II  II  I I I I I I I I I I I I I II  I I I I I I i l l  I I I II 

X 33TA333T AAC 33CCTA3 C AA33C3AT SAX SCAT A3C 3 3A3TT SA3ASACT SAX CSGCC 272

I I I I I I I I I I I I  I I I  I I I  I I I !  I I N I  I I I I  I I I I M l  I I I I

AXXA3AAA3X SAC 3 0 C T  AA3X ASST 3CCA3CA3C C 3C 33T A ATAA
M 111111 1111111 1111111 I I I  l l l l  I 

ATXA3AAA3X CACG3 C  X AA XX A X 3X SC CA3CA3CC S3 SST AATAA

-v.

▼ Next £  Descriptions

Related Information
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Placental tissue- P36

Fasta seq

TTC TTC C C TG A C A G C A G A G C TTTA C G A TC C G A A G A C C TTC TTC G C TC A C G C G G C G TTG C TC C G TC A G A C TTTC G TC C A TTG C G  
G A A G A TTC C C TA C TG C TG C C TC C C G TA G G A G TC TG G G C C G TG TC TC A G TC C C A G TG TG G C C G G TC A C C C TC TC A G G TC G G C TA  
C G C A TC G TC G C C TTG G TG A G C C G TTA C C TC A C C A A C TA G C TA A TG C G C C G C G G G C C C A TC C TG C A G TG A C A G C TA A A A G C C G  
C C TTTC A A C C G A A A A C C A TG C G G TTTTC G G TG TTA TC C G G TA TTA G C TC C G G TTTC C C G A A G TTA TC C C A G TC TG C A A G G C A G  
GTTGCCCACGTGTT ACTC AC

B L A ST  report o f  sam ple P36

P lacen ta l tis su e  36

RID M9TZ3PUFQ1R (Expires on 04-10 14:25 pm)
Query ID ld|164179 Dataluse Name nr

Description None Description Nudeobde coflection (nt)
Molecule type nucleic aad Program 8LASTN 2.2.29+ > Citation
Query Length 3S1

Other reports: >  SeartflSummary (Taxonomy reports! fDistance tree of results!

e  g r a p h i c  S u m m a r y

Distribution of 100 Blast Hits on the Query Sequence u

Mouse-over to show defline and scores click to show  alignments

Color key fo r a lignm ent s c o re s

i
1

- e biast.ncbi.nlm.nih.gov

^C-i.S-200* 16S riposomai RN* Gene partial sequence

BactHus so. BS1 16S nsosqm?! Rn *  gene, partial sequence

Bacillus SC. JH1 16S nsosomai RNA cene partial sequence

Bapflus sc N-4-55-3 Gene for 16S rRNA. partial sequence

eaagus SP. N-0-55-9 cene for 16S rRNA. partial sequence

Bacillus Sg..S5CA*$ aene tor 16S rRNA partial sequence, strain SSCA43

S sa SapHus paiiiws gene for 15S rRNA. partial sequence. stram:D-0-S5-3 

Uneunureo Geosacilius sc partial 16S rRNA gene, isolate Ta 

yncuiturgCGgOPaqllus so partial 16S rRNA cene. isolate F16 

Baa llus cali'Cus strain R-7?*8 ie s  nsosom3i RMA gene, partial sequence 

BaflllUS SP, I25 sene tof-ISS noosomai R N A  partial sequence

638 638 100% 1e-179 99% AY639816.1

638 638 100% 1©-179 99% AY58.34S8-1

638 638 100% 1e-179 99% AY566220 1

638 638 100% 1e-179 99% AY5S4279 1

638 638 100% 1e-179 99% *8190021 1

638 638 100% 1e-179 99% AB.19QQ.Q7.1

638 638 100% 1e-179 99% ££210904 1

638 638 100% 1e-179 99% *8190136 1

638 638 100% 1e-179 99% AB190088 1

638 638 100% 1e-179 99% AJ564615.1

638 638 100% 1e-179 99% AJ5646Q9 1

638 638 100% 1e-179 99% *1372321,1

638 638 100% 1e-179 99% *8089235 1
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Bacillus sp S SC A 4 8  gene for 16S rR N A  partial sequence strain SSCA48 
S equ en ce ID: d t»iAB210904 1| length: 485 Number of MUlcbes: 1

R .r o t  I : »5  to 435 6 « -~ i6 » -s  Gr«p»-nc»
Store
638 bits(345j

E xp e c t
le -17 9  349/351(99%) 0/351(0% )

Ju e ry 1

Sfc jc t 435

Query 61

Sfcjct 375

Query 121

S b jc t 315

Query 181

S b jc t 255

Query 241

Sfcjct 195

Query 301

S b jc t 135

AAAA3CC 3C CTTTCAAC2 G AA A A 2 C A I3 2 2 -3 TT T T  23G7 3 T 7 A T  722-37A I T  A3CTCCSS
I I I  11111 n  i i I I i i ! i n  i ! 1 1 u I i i l l i i l M  M 111 i l l  I 111111M M11 

A A A A 3 C 7 3 C 7 TTT2 A A 2  2 3 A A A A C C A T3 C G G TTTTC G G T3 TTA TC C S 3 TA TTA G C TC C G G

€0
376

120

316

180

256

240

196

300

136

1 1 1 1  m i  1 1 1 1 1  1 1  i i  1 1 1 1  m  1 1 1 1 1 1 1 1 1  m  1 1 1 1 1 1 1 1 1 1 1 1 1  i i  m u  n  m
TT3TT332T3A3AA3A3ASCTTTACSAXC23AASACCTTCTTC&2T2A2GC3Ga3TTSCT

CCSIO GACTTTCST 2 2ATT 3CGGAA3ATICCCTACTGCT3CCTCCC 3TA35AST 2T335
11 I I I I I I I I I I I I I I I I I I I I I I I  I I I I I I I I I I I I I I I I I I I I I I I I I I 111 I I I I  I I

7C373TCTCA37 2 3CA5TGTG3C2S3TCA23CTC7 2A33T23327A2 3CAI2STC3CCTT
I I I I I I  I I I I I I I I II  I I I I I I  I I I I I I  I I I I II  I I I I I I I I I I I I I I I I I 11 I I I I I I I

11 I 111 I I I I I I I I 11 I I I I I I I I I I I I I I I 11 11 I I I I I I I I 1111 M i l l  I I I 1 1  I M 
3GTSAGC23TTA2 CTCACCAATTAGCTAAXQCSCCGCGGGCCCAXCCT 3CA3TSA2AGCT

I I I  I I I I I I I I i I i I  I I I I I I I I  I I I I I I I I I I I I I I  I I I I I  I I I I I I I I  
ITT 2  2C3AA3T I  AT CCCAG T 21 3 7  A33-32AGGTT 37C 2A23T377ATT 7AC i i

Related Information
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Placental tissue- P36 (b)

: jc r o  : k  :*c 3 0 0 3 1 0  320 330 340 3SO 300 n  i n  » c  « c  t u  co 44c 450 450
:• crc<ccc*:c.-ccciciocflTCcec7XCOT:arcccc: ocx-cc- - : c x , c : . - . k  -oci.Miccc<ccceccccatcciovccoxxcnccccccicTT:<,.*co^.-ccT:;«cco>c.'*Tnc(mnTi,JccccT.in.'«c^c«ATncic«n6n^ccccoicix-tccccxcnccccxoiG:: c t c .-; :

Fasta seq

G C C C C A G A A C C C C TA A C A A C A G TTA G C C A C TA C A C TC TA A C G TC TA G C C G G G G C C TG TC C A A G A C C A TC C C A C C TA A G A G C T
TTA C C C G TA A G C C TTC TTC C C TC A A C C G G A G G TG C TTC G TA A A A C TTTC G TC C A TTG C G G A A G A TTC C C C A A C G G A A G A A A A C
G G A G A G TTTTG G C C G G G TC TC A G TC C C A G G G G G G C C G A TC A C C C TC TC A G G TC G G C TA C G C A TC G TC G C C TTTG TTTTC C C C C
C C C C C A C A A A TA G C TA A TG G G C C G C G G G C C C A TTC TG TA G C G A C A G C TTG A G C C G TC TTTC A A C G A A A A TTTTTTG C G A C A G
G TC G C C G C C C TC G G TA TTA G C A C C G G A TTTTTTTG G TG TTA TC C C C C G TC TTC A G G G G C A G G G TTG C C C C A G TG TTTA C TC C C C
C C C C C G C C G T TT TT T TT T TT A A A A A G G A A G C T nTC G A T TC G G C C C G C C C G A A C TT G G A T G T A TT A A A G C A A C G C C C G C C A G G
C G G TC G G C C C G G G G C C A G G G G TA C A A A A A A A C TA TA A TTG

B L A S T  re p o rt o f  P36 b

^ __________________________________________ g .

P lacen tal t issu e  36

RID M9VBUH4A01R (Expires on 0 4 -1 0  14:49  pm )
Query ID Id178541 Database Name nr

Description None Description Nucleotide collection (nt)
Molecule type nucleic acid Program BLASTN 2.2.29-*- >  Citation
Query Length 461

O th e r reports: > S&fljftflSUfPmy Y Il3AO(>OfnY rePO«tSl 'D istance tre e  of resultsl 

£  G ra ph ic  Summary

Distribution of 100 Blast H«s on the  Query Sequence

Mouse-over to show defltne and scores click to show alignments

Color koy fo r a lignm ent s c o re s
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| Q

!q

iQ

15S rt&agQma) RNA fltng.
QncuHurea Bacterium done S 15 16S nsosomai R t i A  pens carttal s ta u w t t

unaffinto *MngaqPu5 so, i<?$ n M sp™.ai PM* s ing . oartai t t a u w c t

Unaiforgti ^ffittgao»us s e  qoggK Ag-R i -’ ■?§n.P g s g ^a <R N A q ^e. B^ U g q u w s a  

iteamurgo o r g a n s  dong E i vP0 9 -  T4$-s-tji W Q2Q9 s ^ a »  svsunn PCOTOHaLRtt'i w > t. n a ira

tgpng ELW V97-T49 § -r«  Q Q Q Q T j s rr,a u  SvC^OIt PSOSOmal BNA-MPt.

unaa am.dang £UA»092-T i&- s -n i  w <?522 small s RNAqeng. partial ?g<

dafig L M  la s .n ;g8flfnai.Rru. s e w  carta! s m u m m  

w g r t u n  qgng k < i? s  fQriA.^aaaLaaaugncg. aong. ia  s*im ^>K-CKMig32

UQftWurĝ  M tfwm qgng.fgf l ?.gfRH^.c.#fii»lSfigugn^ . ci9n» Ip s»W mtfE-Clfflg  ̂>0&lMB35g097-11 Unqjftmfl &aflgngm ayifl f tr  1$§ tftfViflaflaLSE 
Anwpaoilug te*ttgfmys 5trg«f» c i$? »?gsomal Rfi* sene. panial SMugnsc

LBggftgrtnys *tta«n Pa-* i$s h m s q ^ i Rr*Vfl*ng.B

U n c u m t f w w c i t n u m ,nair a  tss rRM^ qggg. flpn? m p $q* - i

846 846 100% 00 99% K C 3 1 W 4  1

846 846 100% 00 99% KC31Q4S2.1

846 846 100% 0 0 99% KC000800 1

846 846 100% 00 99% JX133633.1

846 846 100% 00 99% JX133367 1

846 846 100% 00 99% JA110432 1

846 846 100% 00 99% JM .H W 7 .1

846 846 100% 00 99% ■&11Q448.1

846 846 100% 00 99% HQ783665 1

846 846 100% 00 99% HQ783529.1

846 846 100% 0 0 99% HQ781.8S7.1

846 846 100% 00 99% ABS5571S 1

846 846 100% 00 99% EU83QS99.1

846 846 100% 00 99% AB356013 1

846 846 100% 00 99% XB356062 1

346 846 100% 0 0 99% AY643748 1

845 845 99% 00 99% KF27937Q.1

845 845 99% 00 99% JQ894376 1

845 845 99% 00 99% KC2S2986 1

845 845 99% 00 99% HES83206.1

Anoxybacillus flavrthermus strain A13 16S nbosomal RMA gene partial sequence
Sequence 10: QblKC 310464 11 Length : 1428 N um ber of Matches: 1 

H * " S »  » j  »  to 483 G «n 6 »n k  Grsoh.es

846 bits(458)

Q uery 1

S t j c t 495

Q o try €1

S to jc t 425

Q uery 121

Sfcjcc 365

Q uery 191

S b jc z 305

Q uery 241 '

S fc jc r 245

Q uery 301 '

Sfcjcc 195

Q uery 361 :

SfcJCT 125 :

Q uery 421 ;

S fc jc t 65 :

460,461(99%) 0 / 4 6 1 (0 % )

CCSC3GGCCC3UCCTGTASC3ACA3CTXSC3CC3TCTTTaLAC3*A*CGTCaiGCGXCXI 
I I I  I I I M I I li  M M M I l I ' l l  I M ! I I I I I | II  I I 1 I I I I  I I I I I  M I I I I I I I I I  
CC80GGGCCCIIX QCT SXASCOCIU3CTT SC3CC3T CTTT =AA7 3AAAC3TCAT3CGACAT

TTC3T3TTATCC GSTATTASCACCSATTT riCSG T3TTAIC CrCSTCTACASGGCASGTTi m  11 mil n  i ii 11111111 ii 1111 ii m  11111 m  111 m  m  111111 TTCSTGTTXrCCSSTATTASakCCSATXTCTCGGTSTTATCCCCSICTACAGGGCASGTT

I N I  l l l l l l  i l l  : M ! I I I I  I I I I I  M l  I I I I I

120
366

180

306

240

246

300

186

360

126

420

o •:

Related Information
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Placenta] tissue- P54

2X 210 220 23C 240 250 260 r 0  2JC 290 300 310 320 333 340 350 360 «  310 390
••C6T:CTCCUlC^CTlflCna;CC10CC01CC*TWKliG::C0!.-C<«l.->:CCCCT^C.i.iCC-CC»W10O1XCCCi»GTlCX.*C>ClCAICCCCC^.4II0CC.iC16J»a-C^CCGCCO.4.-«TCCT/CCCC.-«CJCC.*GT.^CC.i.ilCTlCC;O>lCCiCCC.J.i61CTC.il0C.-CC.a;CCCC6C010.*G

F a s ta  seq

A C A TTITTA A TTTTTTTTTTC C TTG G C TC A G G A C G A A C G C TG G C G G C C TG C C TA A TA C A TG C A A G TC G A G C G A G TC TG C C TTG
A A G A TC G G A G TG C TTG C A C TC TG TG A A A C A A G A TA C A G G C TA G C G G C G G A C G G G TG A G TA A C A C G TG G G TA A C C TG C C C A A
G A G A TC G G G A TA A C A C C TG G A A A C A G A TG C TA A TA C C G G A TA A C A A C A G A TG A TG C C TA TC A A C TG TTTA A A A G A TG G TTC T
G CTA TCA CTCTTG G A TG G A C C TG C G G TG C A TTA G C TA G TTG G TA G G G TA A C G G C C TA C C A A G G C G A TG A TG C A TA G C C G A G T
TG A G A G A CTG A CG G CCA CA TTG G G A C TG A G A C A C G G C C C A A A C TC C TA C G G G A G G C A G C A G TA G G G A A TC TTC C A C A A TG G
A CG CA A G TCTG A TG G A G C A A C G C C G C G TG A G TG A A G A A G G G TTTC G G C TC G TA A A G C TC TG TTG TTG G TG A A G A A G G A C A G
G G G TA G TA A C TG A C C TTTG TTTG A C G G TA A TC A A TTA G A A A G TC A C G G C TA A C TA C G TG C C A G C A G C C G C G G TA A TA A TC A C
TA G TG C G G C C G C C TG C A G G TC G A C C A TA TG G G A G A G C TC C C A A C G C G TTG G A TG C A TA G C TTG A G TA TTC TA TA G TG TC A C C
TAAATAG

B L A S T  re p o r t  o f  P54

Placental tissue 54

R io  Mgyx C ZSrO IR (Expires o n  0 4 -1 0  14:58 pm ) 
Query ID »d| 128557 

Description None 
Molecule type nudeic acid 
Query Length 662

Database Name nr
Description N udeotide collection (n t) 

Program BLASTN 2 .2 .2 9 +  >  Citation

O ther reports:

£  g ra p h ic Summary

Distribution of 100 Blast Hits on the  Query Sequence ,4
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[Lflflca fMA*3 9 0 J.feS.»M sar] fl 3 M* i f  n s ,  p a ^g l a a i t o a  

VPWftreo te < & n > jm  tfgnfi.ffyj.A3g? i$ s  n c Q s g m p  r n a  c w » . pa/frai seovencg 

UMmtoqm saoenum gong.rRNA?4; i6g r.s<?s s>-r>3i Rina aao.g. parp^i seaugpcg 

Unarimrefl sactenun i$ s  n?gs g ^ ai r h a  q.gn*?. cartai sawanca

1005 1005 83% 00 99% SF-S32as*j

1002 1002 82% 00 99% A88Q99S7 1

1002 1002 82% 0 0 99% GQ1S67QQ.1

1002 1002 82% 00 99% £Q156699J

1002 1002 82% 00 99% EU071482 1

1002 1002 82% 0 0 99% EF682871 1

1002 1002 82% 0 0 99% Q f is s m s j

1002 1002 82% 0 0 99% DQ666101.1

1002 1002 82% 00 99% PQiiW OO.i

1002 1002 82% 0 0 99% AY28327Q 1

1002 1002 82% 00 99% AY233269J

1002 1002 82% 00 99% ay§,591.9.3,3

1002 1002 82% 00 99% 5X359166..1

1002 1002 82% 0 0 99%

1002 1002 82% 00 99% 5Y95.9.156.1

1002 1002 82% 0 0 99% WT959115 1

1002 1002 82% 00 99% AY959100 1
-nnn rt A nnn.

Lactobacillus iners clone FX43-4 16S ribosomal R N A  gene partial sequence
S e q u en ce  10: Q&IAY283270 II L ength: 937 H u m b er of M atch es: 1

Range 1: 1 to 543 QgnSenk Q«aDh.c«
Scot,  ex
1002 bits(542) o.i : 0/545(0%)

Query 

S t j c r  

Query 

S b jc z  

Query 

S fc je t 

Q uery  

S fc jc t 

Query 

Sfcj c r  

Q uery 

S t jc r  

Q uery 

S b jc r  

Q uery 

Sfcjcr 

Q uery 

S fc jc t

TGGC7 3A5GAC3AAC 3 3 X 3 3 3 3 3 3  3 1 3C3TAAXA3AT 33AA3T 33AS33A3TCT3CCTT3
M l i I I I II  I ! I I i l l  I II  1 I I II  I I I I  I I I I M M I I I I I i I I I  I I I I  I I I I I I I I I I  
TGGCT3A3GAC3AACGCT 3GG0GCSIS CCT AAIACAT 3C&A3T CSA3C3ASTCTGCCTTG

AA3AXC33A3X33TX33A3T3T3T3AAA2AA3AXACA333TAGC33C3GA33GGTGA3TA
I I I I I I  111 I I I I  I I ! I II  I I I I I I I I  I II  I I I  I I  I I I  I I I M l I I I 

AA3AX333A3T33TXGCACTCT3I 3AAA3AA3AX A3A3-33T AGG3G3G3A3 3 3 3 3  3A3TA

ACA33IC-33XAA33X3333AA3A3AX3333AXAA3A3CX33AAA3A3AXG3TAAXAC33G
I I  l I I I  1111111111 111 1111111I I  I I I  111 I I I  l I I 1 1 1 I I 1 111 M l  

A3A33I3G3XAA33IG333AAGA3AX3333AXAA3A33T33AAA3A3AX33TAAXA3333

3A 33I3-333r3-3A IIA 33IA 33T 33-A 333rA A 33333rA 33A A 33C 3A X 3A T 33A IA C -3  
' : ■ ' I ’ ’ ; : I ! M I I I  M ! I I I I ! I I I I I | I

3A 33X 3333X  33ATXA33TA3XX33X A333XAACG333TA3 CAAGGCGAT 3A I33ATA33

33A3TX 3A3A3AC33A3 C 3 3 3  3A3AXX333A3X3A3A3A33GC33AAACX3CXA3333A3
I I  I I I I I I I  I I I I t I  I I I I I I  I I I I I I I I I I  I I I I 11111 1111 

C3A3XX3A3A3A3X3-AX333CCACAXT333A3T3A3A3A333333AAA3TC3TA3333A3

33A33A3XA333AAX3XX33A3AAX3-3A333AA3X3X3AT33A33AA3G3C333T3A3I3

3CA33A3XA333AAX3XT33ACAAX.33A33CAA3I3X3AX33AG3AA33C3G33T3A3X3

A33XTX3XXT3A333TAAT3AAXXA3AAAGT3AC333TAACTA33T333A33A3C33C&3
1 I I I I I I I M l  M l  I I  I M l  I I I I I I I I I I I I I I I I  I I I I I I I I I I I I I I I I I | I I I I  I I 

A33TXX3XXT3A333IAAX3AAXXA3AAA3X3A3333XAA3XA33X333A33A3333333

x a a i a  sea
11111
TAAIA 545

Query 24

SCJCZ  1

143

I I I I M M l  ! I I I M 1 I I I  I I I I I I I I I I I M l  I I  I I I I I I I I I I I 
ATAA3AA3A3AT3ATG33TAX 3AA3X 3XXX AAAA3AX 33XT3T33TAX3A3TCTT3GAT3

Related Information
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7.2 TEST R EPO R T OF A G IL EN T H IG H  SE N SIT IV IT Y  DNA A SSA Y

2 1 0 0  e x p e r t _ H k )h  S e n s it iv i t y  D N A  A s s a y _ D E 0 4 1 0 3 * * l _ 2 0 1 3 - 0 5 -2 7 _ 0 2 - 3 8 - 1 5 .x a d Page 1 o f 13

Assay Class: High Sensitivity D N A  Assay Created: S/27/2013 2 :3 8 :1 5  AM
Data Path: C :\ . -g h  Sensitivity D N A  A s s a y _ D E 0 4 1 0 3 9 4 1 _2 0 1 3 -0 5 -2 7 _ 0 2 -3 8 -1 5 .x a d  Modified: 5/27/2013 3 :5 8 :5 7  AM

E lectrophoresis File Run S u m m ary

[bp]

1 s a: a a a a a % -Xcn)
at 3 3 3

Inygymqnt InfprmaOqn:

Instrument Name: 

Serial#:

A^s#y InfQrmatiqn. 

Assay O n gm  Patti.

Assay Class: 

Verswn:

Assay Comments :

DE0 4 103941 Frrnware: C O  1.069

D604 103941 Typ e: G2939A

C:\Program FHesVAgiient\2l 00 Dioanalyzer\2100 
expert\assays\dsONA\High Sensitivity DNA.xsy

high Sensitivity DNA Assay 

1.03

Copyright ©  2003-2010 Agilent Technologies

Che Information: 

Chip Lot # : 

Reagent Kit Lot # : 

Gup  Comments:

L 1 2 3 4  5 6 7 8  9 10 11

P I P2 P3

2100 Expert (B .0 2 .0 8 .S I6 4 8 ) ©  C opyrigh t 2003 -  2009 A gilent Te ch n o lo g ie s , In c . Printed: 5/27/2013 3 :5 9 :4 5  AM
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2 1 0 0  e x p e r t H i g h  S e n s i t iv i t y  D N A  A s s a y _ D E 0 4 1 0 3 9 4 1 _ 2 0 1 3 -0 5 -2 7 _ 0 2 -3 8 -1 5 .x a d Page 2  of 13

Assay Class: High Sensitivity D N A  Assay Created: 5/27/2013 2 :3 8 :1 5  AM
Data Path: C :\ ~ .g h  Sensitivity D N A  Assay _ D E 0 4 103941 _ 2 0 1 3 -0 5 -2 7 _ 0 2 -3 8 -1 5 . xad Modrfied: 5/27/2013 3 :5 8 :5 7  AM

Electrophoresis File Run Summary (Chip Summary)

Sam ple N am e

PI
P2
P3
P4
PS
P6
P7
Blank
Blank
Blank
Blank
Ladder

S a m p le  C o m m e n t  R est. D ig e s t S ta tu s  O b s e rv a tio n

□
B□
□

v '

□
B

R e s u lt Lab el R es
u lt
C ol
o r

C h ip  Lot # R e a g e n t K it  L o t  #

C h ip  C o m m e n ts  :

2100 Expert (B .0 2 .0 8 .S 1 6 4 8 ) ©  C opyrigh t 2003 -  2009 A gilent Te ch n ologies, Inc. Printed: 5/27/2013 3 :5 9 :4 5  AM
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2100 expert.High Sensitivity D IU  Assay_OC04103941_2013-05-27_02-3»-15jtad P a g e  3 o f  13

A ssay Class: H ig h  S e n sitiv ity  D M A  A ssa y  C re a te d :
D a ta  P ath: C :\ . . .g h  S en sitiv ity  D N A  A s s a y _ D E 0 4 1 0 3 9 4 1 _ 2 D 1 3 -O S -2 7 _ 0 2 -3 8 -1 5 .x a d  M odified:

Electrophoresis Assay Details 

General Analysis Settings
N um ber of Available Sam ple and Ladder Wells (M a x .)  : 12
M inim um  Visible R ange [s ] : 32
M axim um  Visible R ange [s ] . 138
Start Analysis T im e  R ange [s ] : 33
End Analysis T im e  R ange [s ]  : 137.5
Ladder Concentration [pg/pl] : 1950
Uses Standard Area for Ladder Fragm en ts
Lower Marker Concentration [p g / p l] : 125
U p per Marker Concentration 'p g /u l] : 7S
Used Upper M arker for Q uantitation
Standard Curve Fit is Point to s’oint
Show  Data Aligned to  Low er and U p p e r M arker

Integrator Settings
Integration Start T im e  [s ]  . 33.05 
Integration End T im e  [s ]  : 137 
Slope Threshold : 0 .8  
H eight Threshold [F U ]  : 5 
Area Threshold : 0.1 
W idth  Threshold [s ]  : 0 .6  
Baseline Plateau [s ] : 0.5

Filter Settings
Filter W idth [s ]  : 0 .5  
Polynom ial O rd er : 4

Ladder
Ladder Peak Size Area
1 35 160
2 50 210
3 100 208
4 ISO 221
5 200 242
6 300 270
7 400 305
8 500 306
9 600 336
10 700 321
11 1000 366
12 2000 413
13 3000 411
14 7000 400
15 10380 214

2 1 0 0  E x p e rt (B .0 2 .0 8 .S I6 4 8 ) ©  C o p y rig h t 2 0 0 3  -  2 0 0 9  A g ile n t T e c h n o lo g ie s , In c . P rin te d :

5 /27/2013 2 :3 8 :1 5  A M  
5/2 7 /2 0 1 3  3 :5 8 :5 7  A M

5 / 2 7 /2 0 1 3  3 :5 9 :4 5  A M
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2 1 0 0  e x p e r t _ H ig h  S e n s i t i v i t y  D M A  A s s a y _ D C 0 4 1 0 3 » 4 1 _ 2 0 1 3 - 0 5 - 2 7 _ 0 2 - 3 8 - 1 5 . x a d P a g e  4  o f 13

Assay Class: 
Data Path:

H igh Sensitivity D M A  Assay
C :\ ...g h  Sensitivity  D N A  A s s a y _ D E 0 4 1 0 3 9 4 1 _ 2 0 1 3 -0 5 -2 7 _ 0 2 -3 8 -1 5 .x a d

Created:
Modified:

5/27/2013 2 :3 8 :1 5  AM  
5/27/2013 3 :5 8 :5 7  AM

E lectropherogram  S u m m a ry

Ladder Peak ta b le  for Ladder 

Peak Size [b p ] Cone.
[P9/MU

1 4  35 125.00

Molarity
[pmoJ/l]
5.411.3

Observation
s
Lower Marker

2 L 50 150.00 4.545.5 Ladder Peak

3 L 100 150.00 2_272.7 Ladder Peak

4 L 150 150 00 1.515.2 Ladder Peak

5 L 200 150.00 1.136.4 Ladder Peak

6 L 300 150.00 757.6 Ladder Peak

7 L 400 150.00 568.2 Ladder Peak

a L 500 150 00 454.5 Ladder Peak

9 L 600 150.00 378.8 Ladder Peak

10 L 700 150.00 324.7 Ladder Peak

11 L IjOOO 150.00 227.3 Ladder Peak

12 L 2.000 150.00 113.6 Ladder Peak

13 L 3.000 150.00 75.8 Ladder Peak

P e a k  S ize  [ b p ]  C o n e . M o la r i t y
[P V / »< I] [ p c n o l/ l] S

14 L  7.000 150.00 32_5 Ladder Peak

15 ^  10.380 75.00 10 9 Upper Marxer

2100 Expert (B .0 2 .0 8 .S I6 4 8 ) ©  C o p y rig h t 2003 -  2 0 0 9  A g ile n t Te c h n o lo g ie s , In c . P rinted: 5/27/2013 3 :5 9 :4 5  A M
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2 1 0 0  e x p e r t _ H i g h  S e n s i t i v i t y  D N A  A s s a y D €  0 4 1 0 3 9 4 1 _ 2 0 1 3 - 0 5 - 2 7 _ 0 2 - 3 8 - 1 5 . x a d P a g e  5 o f 13

A ssay Class: H igh  S en sitiv ity  D N A  A ssa y  C re a te d :
D a ta  Path: C :\ ...g h  S e n sitiv ity  D N A  A s s a y _ D E 0 4 1 0 3 9 4 1 _ 2 0 1 3 -0 5 -2 7 _ 0 2 -3 8 -1 5 .x a d  M odified .

Eiectropherogram Summary Continued ...

P I Peak ta b le  for sam ple 1 : P I

(T U ]-| Peak Size [b p ] Cone. Molarity
.A , [P9/M<] [p m o i/l]

£ 1 ◄ » 125.00 5.411.3

« x > - 4?
• 2 57 42.66 1.143.8200- * 3 194 102.72 aoi.4

100- * 4 207 87.06 636.6
V ' 5 216 71.70 502.1

— ii i ' h ---------r— r i i i i— n r ■ n ----------- 6 250 13*03 811.7

15 150 300 500 1000 10380 [bp] 7 259 76.64 447.7

a 278 147.22 801.6
Overall Results fo r sam ple 1 : P I 9 290 133.31 697.2
Ncmber of peaks found; 27 10 313 140.10 679-2

So 0.5 1 1 333 140.72 639.9
Carr Ared 1: 10.195.9 12 3*8 136.63 594.5

Region table for sam ple 1 : .P i 13 361 132.91 568.2

From To  Corr. *Vo o f A ve ra ge Size Cone. Molarit Co 14 370 83 89 34X4

fb p] [b p ] Area Total Size distribution [p g / p l y lo 15 378 83.24 33X4

tb p ) in CV  [<*b] J [pm ol/t r 16 388 8 3 7 0 327-2

169 2.117 10.196. 99 68* si.a 1722J7 ’ 8.8036 17 399 114.47 434-8
9 ia 408 104.62 388.1

19 422 123.79 444.5

20 465 208.46 679.9
2 1 509 280 89 836.2

22 544 248.56 69X9

23 575 205.51 541.8
24 616 254.62 6259

25 672 338 85 764.0

26 897 643.51 1.087.0

Peak Size [b p ] Cone. M olarity O bservation
[pg/pi] [pmo1 / 1 3 s

27 1,007 882.93 1.3253
28 ^  10.380 75.00 10.9 Upper W a te r

29 1X843 0 00 0.0

2 1 0 0  Expert (B .0 2 .0 8 .S I6 4 8 ) ©  C o p y rig h t 2 0 0 3  -  2 0 0 9  A g ile n t  T e c h n o lo g ie s , In c . P rin te d :

5 /2 7/2013 2 :3 8 :1 5  A M  
5 /2 7/2013 3 :5 8 :5 7  A M

O bservation

5/2 7 /2 0 1 3  3 :5 9 :4 5  A M
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2 1 0 0  e x p e rt_ H ig h  S e n s itiv ity  D N A  A s s a y _ D € 0 4 1 0 3 9 4 1 _ 2 0 1 3 - 0 5 - 2 7 _ 0 2 - 3 8 - 1 5 . x a d P a g e  6  o f  13

A s s a y  Class: H ig h  S e n sitiv ity  D N A  A s s a y
D a ta  P ath : C :\ . . .g h  S e n s itiv ity  D N A  A s s a y _ D E 0 4 1 0 3 9 4 1 _ 2 0 1 3 -0 5 -2 7 _ 0 2 -3 8 -1 5 .x a d

Electropherogram Summ ary Continued ...

P2

O verall Results fo r sam ple 2 : P2
Number or peaks found 28
Noise: 0.4
Carr. Area 1: 6.3S5.1

R e g io n  ta b le  fo r  s a m p le  2  : P 2

■

From  T o  Corr. %  o f  A ve ra g e  S ize Cone. M olarit Co
rb p ] [b p ] Area To ta l Size d istribu tion  [pg/pi V lo

[b p ]  in CV  [«* ,] ]  [p m o l/l r
156 2.169 6.355.1 99 881 52.3 3.830.00 12.772.6

Peak ta b le  for sam ple 2 : 

Peak Size [b p ]  Cone.

1 ◄ “

[P9/M*l
125.00

2 52 25.36
3 194 88.90
4 206 48.17
5 218 57.60
6 223 46.88
7 234 8786
8 250 82.68
9 272 54.90
10 290 57.35
11 300 5787
12 314 82.34
13 321 64.67
14 332 68.57
15 349 71.46
16 362 94. IS
17 374 107 07
18 387 62.49
19 400 77.35
20 406 5781
21 437 70 98
22 456 62.70
23 464 69.86
24 541 342.49
25 574 12352
26 676 445.56

C re a te d :
M o d ifie d :

P2

M olarity
[p m o l/ l]
5,411.3

737.4
694.9 
3634 
401.1
317.9
567.7
500.7
305.4
299.8
292.5
397.7
305.5 
3134
310.5
394.0 
4335
244.7
292.7
211.8
246.0 
2085
228.1 
959.4 
326.2 
999.0

P e a k S ize  [b p ]  C o n e . M o la r ity O b s e rv a tio n
[P 9 / M 0 [p m o l / l ] s

27 687 479.0* 616.6
28 935 127.70 207.0
29 1822 561 65 832.6
30 ^  10.380 75.00 10.9 Upper Marker

2 1 0 0  E x p e rt (B .0 2 .0 8 .S I6 4 8 ) ©  C o p y rig h t 2 0 0 3  -  2 0 0 9  A g ile n t  T e c h n o lo g ie s , In c . P rin te d :

5 / 2 7 / 2 0 1 3  2 :3 8 :1 5  A M  
5 / 2 7 / 2 0 1 3  3 :5 8 :5 7  A M

O bservation
s
Lower M arker

5 / 2 7 / 2 0 1 3  3 :5 9 :4 5  A M
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2 1 0 0  e x p e r t H i g h  S e n s i t iv i t y  O N A  A s s a y _ D E 0 4 1 0 3 9 4 1 _ 2 0 1 3 - 0 5 -2 7 _ 0 2 - 3 8 - 1 5 .x a d Page 7  of 13

Assay Gass: H igh Sensitivity DM A A ssay Created: 5/27/2013 2 :3 8 :1 5  AM
Data Path: C :\ ...g h  Sensitivity D N A  A s s a y _ D E 0 4 103 941 _ 2 0 13 -0 5 -2 7 _ 0 2 -3 8 -1 5 .xad Modified: 5/27/2013 3 :5 8 :5 7  AM

E lectropherogram  S u m m a ry  C o n tin u ed  ...

ii i—i—i---- 1— i— n  h — n — ri--------
JS ISO 300 500 1000 10380 [bp]

Overall Results for sample 3 : P3
N inbet of peoks found. 24
Noise: 0.6
Corr. Ared t i  9.858 5

Region table for sample 3 : P3

From To Corr. of Average Size Cone. Molarit Co
[b p ] [bp] Area Total Size distribution [p g /p l y lo

[b p ] in CV [«Vb] ]  [pm ol/l r
153 2.141 9.868.5 99 627 52.7 6.882.56 24.256.4

Peak table for sample 3  : P3

Peak Size [b p ] Cone. Molarity
[P9/MI] [pm ol/l]

1 4 35 125.00 5.411.3

2 59 13.78 354.2
3 194 198.64 1.550.9

4 205 76.37 564.0

5 226 189-26 1.269.4
6 234 112.06 726.6

7 256 229.92 1.360.0

8 287 322.99 1.706.2
9 303 129.90 649.0
10 318 197.03 940.2

11 329 153.57 708-2
12 341 121.66 539.6

13 354 309.92 1.327.2
14 378 131.54 526.7
15 401 108.63 410.8

16 411 186.12 686.2

17 440 244.27 641.2
18 480 257.10 811.1

19 500 271.37 8224

20 540 270.63 758.6
21 636 751.51 1.791.1
22 666 269.19 612-2

23 810 577.31 1.079.2
24 933 1.191.00 1.933.8
25 ► 10.380 75.00 10.9

Observations
l o w  Mariuti

Upper Market

Peak Size [b p ] Cone. M olarity
(Pg/PO  [p m o l/l]

26 12.763 C00 0 0

Observation

2100 Expert (B .0 2 .0 8 .S I6 4 8 ) ©  C o pyrigh t 2003 -  2 00 9 A gilent Te c h n o lo g ie s , In c . Printed: 5/27/2013 3 :5 9 :4 5  AM
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2 1 0 0  e x p e r t _ H i g h  S e n s i t i v i t y  D N A  A s s a y _ D E 0 4 1 0 3 9 4 1 _ 2 0 1 3 - 0 5 -2 7 _ 0 2 - 3 8 - 1 5 .x a d P age 8  o f 13

A ssay Class: H ig h  Sensitivity  D N A  Assay
D ata P ath: C :\ ...g h  SensitivitY D N A  A ssay _ D E 0 4 1 0 3 9 4 1 _ 2 0 1 3 -0 5 -2 7 _ 0 2 -3 8 -1 5 .x a d

E lec tro p h e ro g ra m  S u m m a ry  C o n tin u e d  ...

P4

O v e ra ll Results fo r  s a m p le  4 :  P4

at pedki found 33

0.9
Corr Area l :  9,915.0

R e g io n  table  fo r sa m p le  4  s P4

F ro m  T o  Coer. %  o f  A v e ra g e  S ize  C o n e ,
[b p ]  [b p ]  A re a  T o ta l S ize  d is trib u tio n  [p g / p l

[ b p ]  ]
158 1.998 9.915.0 99 653 50.5 4.923.52

M o tarit C oV to
[p m o l/ l r
16.419.7 ■ ■

Peak ta b le  fo r sa m p le  4  :

Peak S ize  [b p ]  C on e .
[pg/MH

1 4  35 125.00

2
3
4

5
6
7
8
9
10 

11 
12

13
14

15
16
17
18

52 46.24
195 8303
207 78.93
218 72.26
237 127.15
251 116.77
260 8356
278 120.57
292 127.48
302 7327
313 96.40
326 88.56
334 101.73
349 107.92
362 122.53
374 90.03
388 78.09

19 401 118.21
20 424 95.94
21 440 8396
22 466 210.26
23 509 299.66
24 547 221.07
25 574 176.16
26 614 2 2 1 .1 1

Created:
Modified:

P4

M o la rity
[p m o l/r]
5.411.3

1.351.3 
6455
576.6
501.7 
I1 1 J
704.0
486.3
657.7 
66131 
367.6
476.0 
41231
462.1
468.1
513.1 
3650 
304.9
446.8 
3431
289.2
682.9
891.3 
612.5
465.4 
5457

P eak Size  [b p ]  C o n e .
[P 9 / M l]

27 645 149.28
28 676 272.98
29 874 744.37
30 966 567.95
31 1.957 U61
32 2 2 0 1 1 j64
33 2,757 146
34 3353 1.63
35 }  10.380 75.00

M o la rity  O b s e rv a tio n
[p m o l/ l]  s
3507
612.0
1.290.7
9036
1.2

1.1

08a7
10.9 Upper M a nc r

2 1 0 0  E xp e rt (B .0 2 .0 8 .S 1 6 4 8 ) ©  C o p yrig h t 2003 -  2 0 0 9  A g ile n t Te c h n o lo g ie s , I n c  Printed:

5/27/2013 2 :3 8 :1 5  AM  
5/27/2013 3 :5 8 :5 7  AM

O b s e rv a tio n

5/27/2013 3 :5 9 :4 5  A M
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2 1 0 0  e x p e r t _ H ig h  S e n s i t iv i t y  D M A  A s s a y _ D E 0 4 1 0 3 9 4 1 _ 2 0 1 3 - 0 5 -2 7 _ 0 2 - 3 8 - 1 5 .x a d P age 9  of 13

A ssay O ass: H igh Sensitivity D N A  Assay Created:
D ata Path: C :\ - .g h  Sensitivity D N A  A ssay _ D E 0 4 103941 _ 2 0 1 3 -0 5 -2 7 _ 0 2 -3 8 -1S .xad Modified:

E lec tro p h ero g ram  S u m m ary  C o n tin u ed  ...

PS

Overall Results for sample S : PS
•fc^nber of peaks found 26

S o h e : Q.8
Corr. Area 1: <468.8

Region table for sample S : PS

I

F ro m T o C orr. %  o f  Average S ize C o n e . H o ta rit C o
[*>P] [b p ] Area T o ta l Size d is trib u tio n  [p g / p l y lo

[b p ] m  C V  [«Vb] J [p m o l/ l r
152 1.605 4.468.8 58 396 44.4 2.907.34 13.968.9 1 9

Peak ta b le  fo r sa m p le  S :  P5

Peak S ize  [b p ]  C on e .
[P9/M>1

M o larity
[p m o l/ l]

1 i1 55 125.00 5.411.3

2 48 35.16 1.105.2
3 62 16.70 409.9
4 196 231.69 1.790.0
5 206 109.07 796.2
6 220 126.10 867 2
7 233 207.14 1.346.5
8 248 92.54 564.8
9 253 85.34 510.8
10 271 88.74 496.6
11 281 131.78 7104
12 294 110.97 572_2
13 317 97.31 465.8
14 328 94.00 4336
15 358 169.51 718.0
16 390 A ? 71 242-0
17 398 89.65 341.7
18 450 49 66 167.1
19 461 51.51 169.4
20 479 63.15 199.8
21 504 92.34 277.7
22 538 54 69 154.0
23 576 48.53 127.7
24 606 48.81 122.1
25 635 186.26 449.0

P ea k Size [b p ]  Cone. M o la rity O b s e rv a tio n
[P9/M*] [p m o l/ l] s

26 ^  10.380 75.00 10.9 U p p e r M arker

27 12.482 060 0.0
28 13334 060 0.0

2 1 0 0  Expert (B .0 2 .0 8 .S 1 6 4 8 ) ©  C o pyrigh t 2003 -  2 00 9 A gilent Te ch n o lo g ie s , I n c  Printed:

5/27/2013 2 :3 8 :1 5  AM  
5/27/2013 3 :5 8 :5 7  AM

Observation
s
Lo w er M arker

5/27/2013 3 :5 9 :4 5  A M
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2100 e x p e r tH ig h  S ensitivity  DMA A s s a y _ D € 0 4 1 0 3 * 4 1 _ 2 0 1 3 -0 5 -2 7 _ 0 2 -3 8 -1 5 .x a d P a g e  10 o f 13

Assay O ass: H ig h  Sensitivity D M A  A ssay C reated: 5/27/2013 2 :3 8 :1 5  A M
Data Path: C :\ - .g h  S en sitivity  DM A Assay_ D E 0 4 1 0 3 9 4 1 _ 2 0 13 -0 5 -2 7 J 3 2 -3 8 -1 5 .xad M odified 5/27/2013 3 :5 8 :5 7  A M

E lec tro p h e ro g ram  S u m m a ry  C o n tin u e d  ...

P6 P e a k  ta b le  fo r sa m p le  6  : p *

{ F U ] P eak S ize  [b p ]  C o n e . M olarity
-♦00- [ P 9 / P 0 [p m o l/ l]

mm i 4 35 125.00 5.411.3
30 0 -

2 0 0 - a « 2 56 23.11 626.8
3 196 112.41 869 5

1 0 0 - 4 205 96.47 7132
Juiiai l  \ 5 218 99.47 6900

— n  n  i r ~ r  
3 5  1 5 0  3 0 0

1 I  1 1------- I T
5 0 0  1 00 0

i i
1 0 3 8 0  [ b p ]

—
7 252 163.04 979.7
8 262 99 60 576.1

O vera ll Results fo r sa m p le  6 :  P 6 9 280 179.94 972.5

Number of peaks found 30 10 293 131.32 680.0
Noise: CL5 11 302 104.78 525.7
Corr. Area 1: 9.874.0 12 314 130.97 631.9

R egion table  fo r sa m p le  6  : P 6 13 323 95.42 447.0

F rom  T o  C o rr. %  o f  A v e ra g e  S ize C o n e . M otarit Co 14 334 119.90 5437

i » p ] [b p ] A re a  T o ta l S ire d is trib u tio n  [p g / p l  y lo
[b p ] in C V  [°A>] ]  [pm ol/l r 16 362 139.72 565.5

165 2.196 9.874.0 99 640 50.4 6.252 40 21.145.5 17 374 126.10 511.4
18 390 118.03 458.9
19 409 22396 829.0

20 424 117.94 421.8
21 466 399.38 1.297.2
22 482 117.66 369.9
23 510 258.10 766.2
24 544 312.31 870.4

25 574 188.29 496.6
26 615 321.14 791.8

O b s e rv a tio n
s
Lower Marker

Peak S ize  [b p ]  C o n e . M o la rity O b s e rv a tio n
[P 9 /M H [p m o l/ l] s

27 641 168.10 397.5
28 685 361.15 799.4
29 882 807 98 1.387.4
30 963 764.11 1-202.6
31 ^  10.380 75.00 10.9 Upper Martwr

32 13073 0 j0 0 0.0

2100 Expert (B .0 2 .Q 8 .S 1 6 4 8 ) ©  C o p yrig h t 2003 -  2 0 0 9  A g ile n t Te c h n o lo g ie s , I n c P rinte d: 5/27/2013 3 :5 9 :4 5  A M
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Assay Class: High Sensitivity D N A  Assay Created: 5/27/2013 2 :3 8 :1 5  AM
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E l e c t r o pherogram Summary Continued ...

P7 Peak table for sample 7 : P7

[ F U ] - # Peak Size [b p ] Cone. Molarity
2 5 0 -

V
A [P 9 / M 0 (pm ol/l]

■ A ” i 4 35 125.00 5.411.3200-
i s o -

■ 2 56 69 02 1A67A
1 0 0 - 3 67 17 93 406.5

5 0 - t
4 194 176.42 1.374.5

H4% — u- - 1 ------Xy. .. 5 208 105-29 765-2

— I I  l i "i----------1----------r i t  r i— r r 1 1 6 222 129.90 886 4

35 150 3 0 0 5 0 0  1 00 0 1 0 3 8 0  [b p ] 7 238 202.96 1.306.2
8 252 116.24 698.2

Overall Results for sample 7 :  _E Z 9 267 99.31 563.5
Ntantxr of peaks found. 27 10 278 91-24 498.1

OA 11 294 126.78 66X3
Corr Area 1: 6.923.8 12 337 375.16 1.684.7

Region table for sample 7 : P7 13 357 172.99 734.3

From To Corr. of Average Size Cone. Molarit Co 14 365 154.74 642.3

tbp] [bp] Area Total Size distribution [pg/pl V lo 15 393 117.60 45X8

tbPl in CV [ ‘Vo] )  [pmol/l r 16 415 114.80 419.5

161 2.120 6.923.0 90 6X5 54.1 5.747.97 20.241.4 17 427 115.61 409 9
18 447 107.70 365-2
19 466 158-21 51A 1
20 492 217.99 671.9
21 SIS 177.73 522.5
22 534 127.19 360.9
23 562 188.03 506 5
24 631 290.90 698.3
25 810 656.31 1.225.7
26 904 372.28 624.3

Observation
s
Lonner  Marker

Peak Size [b p ] Cone. Molarity Observation
[P9/MU [p m o l/l] s

27 989 77X62 1.1857
28 ^  10.380 75.00 10.9 Upper Marker

29 1X203 OjOO 0.0

2 10 0 Expert (B .0 2 .08.S 164 8) ©  C opyright 2003 -  2009 Agilent Tech n ologies, Inc. Printed: 5/27/2013 3 :5 9 :4 5  AM
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7.3 A BB R E V IA T IO N S

ABI A pplied  B io-System s

ALT A lanine am inotransferase

ANC A nte N atal Care

A SSHP A ustralasian  Society for the  Study o f  Flypertension

AST A spartate  am inotransferase

A T l-A A s A ngio tensin  II type I

ATM A m plicon  Tagm ent M ix

BLAST B asic  Local A lignm ent Search Tool

BM I B ody M ass Index

BM J B ritish  M edical Journal

bp base pairs

CA A C lean  A m plified  Plate

CagA C ytotoxin-associated  antigen

CA N C lean  A m plified  N T A  plate

C l C onfidence interval

CKD C hronic  K idney D isease

CLC Cell Lysis Buffer

cm C enti m eter

CRP C- R eactive Protein

CV D C ard io  V ascular D isease

D A L D ilu ted  A m plicon L ibrary

D BP D iasto lic  B lood Pressure

ddN TP D i deoxy  nucleotide tri phosphate

dH20 D istilled  w ater

D N A D eoxy  Ribose N ucleic  A cid

dN TP D eoxy  N ucleotide T ri Phosphate

E E clam psia

ERB E ndo-tox in  R em oval W ash

E xo 1 Exo-nuclease 1

FHB F am ily  H ealth  B ureau

FV W F low  V elocity  W aveform s

GH G estational H ypertension

286



(gDNA)

h

genom ic D N A  

hours

HCT H eat C oagulation T est

HDL H igh  density  lipoprotein

HELLP H em olysis E levated L iver enzym es L ow  platelet count

HT1 H ybrid ization  buffer

i index

ICU In tensive  Care U nit

IL Inflam m atory  cytokine in terleukin

ISSHP International Society for the  S tudy o f  H ypertension in  Pregnancy

IUGR Intra U terine G row th R eduction

K4 K o ro tk o ff phase 4

kg

km 2

K ilogram  

K ilom eter square

LNA1 L ibrary  N orm alization  A dditives 1

LNB1 L ib rary  N orm alization  B eads

LNW1 L ib rary  N orm alization W ash

LSCS L o w er Segm ent C aesarean Section

mg

M IAC

M illig ram

M icrob ial invasion o f  the am niotic cavity

Mg
ml

M icro  gram  

M illilite r

ng

N GS

N ano gram

N ext G eneration Sequencing

N H BPEP N ational H igh B lood Pressure E ducation  Program m e

N ICE N ational Institute for H ealth  Services and Clinical E xcellence

N IC U N eonata l Intensive C are U nit

N PM N extera  PC R  M aster M ix

N SC N eutralization  solution

N T N eutra lize  Tagm ent B uffer

N T A N ex tera  X T T agm ent A m plicon  Plate

OR O dds ratio

P P robab ility
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PiCo prim iparous

PA L Pooled A m plicon L ibrary

PB U Perinatal B aby U nit

PE Pre-eclam psia

P E T Pre-eclam ptic toxem ia

PG E 2 Prostaglandin  E2

P G M Personal G enom e M achine

P IH Pregnancy Induced H ypertension

P L G F Placental G row th Factor

P M R Prenatal M ortality  R ate

q R T  PCR R eal tim e polym erase chain  reaction

R R R elative risk

rR N A ribosom al Ribo N ucleic A cid

R U P P R educed  U terine P erfusion  Pressure

S A P Shrim p A lkaline Phosphatase

S B P Systolic B lood Pressure

sE n g Soluble endoglin

s F lt -1 Soluble form s like tyrosine k in ase -1

S G A Sm all fo r G estational A ge

S G P StoraG e Plate

S L E System ic Lupus E rythem atous

S P E Superim posed P re-eclam psia

S T N M Syncytiotrophoblast m icroparticles

T B E Tris B orate ED TA  buffer

T D T agm ent D N A  buffer

T G F Transform ing G row th  F actor P

T N F -a T um or N ecrosis Factor

U /L U nits p e r liter

V V ariable regions

V E G F V ascular Endothelial G row th  Factor

V L D L V ery  low  density  lipopro tein

W H O W orld  H ealth  O rganization

$ D ollar
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m icro  gram

M ore  than or equal to

P ercen tage



7.4 BUFFERS AN D  C U LTU R E M E D IA

Luria-Bertani (LB) Medium

Bacto-tryptone 10 g

Bacto-yeast extract 5 g

Sodium  chloride 10 g

A djust the pH  to 7 .0 w ith 5N sodium  hydroxide

SOC Medium (100ml)

B acto-tryptone 2 g

B acto-yeast ex tract 0.5 g

Sodium  chloride 1 m l

1M  potassium  chloride 1 m l

2M  M gC l2  1 m l

2M  G lucose 20 m l

dH 20  97 m l

A djust the pH  to 7 .0 w ith 5N sodium  hydroxide

IPTG Stock solution (0.1M)

IPTG  1.2 g

dH 20  50 m l

F ilter sterilize and store at 4°C
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X-Gal (2 ml)

5-brom o-4-chloro-3-indoyl-P-D -galactoside 100 mg

N ,N ’-dim ethyl form sm ide

D issolve and cover w ith  alum inium  foil and store at 20°C

2 ml

LB Broth with Ampicillin

LB broth 100 m l

A m picillin

m ixed lOOpl/ml am picillin  in  autoclaved cooled LB 
broth

100 pl/m l

LB plates with Ampicillin

LB broth  prepared 100 ml

Lactose agar 1.5 g

A m picillin

A utoclave LB bro th  m ixed w ith agar. A llow  to cool and 
add am picillin  before poring the plates

100 pl/m l

LB plates with Aampicillin/IPTG/X-Gal

IPTG 100 pi

X -G al 20 gl

Spread IPTG /X -G al on  the LB /A m p p la tes p repared
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Im Amp Blue plates- Invitrogen

Im  A m p B lue m edia 1 Packet

dH 20  (A utoclaved) 2 0 0 m l

H eat in  a m icrow ave fo r 2 m inutes and p o u r on to p lates

10X TBE buffer (1L)

Tris base 108 g

B oric acid 55 g

0.5M  E D T A 40 m l

dH 2Q 960 m l

M ix using  a m ag n etic  stirrer and autoclave fo r 20 
m inutes
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7.5 LIST O F SU PPLIER S

Applied B iosystem s 7 K ingsland G range, W oolston, W arrington, C heshire, 

W A1 7 SR, U K

GE Healthcare in U k Pollards W ood. N ightingales Lane, Chalfont St, G iles, 

Buckingham shire, H P 8 4SP

Illum ina Singapore L td 11 Biopolis W ay, #09-05 H elios, Singapore 138667

Invitrogen Ltd. 3 Fountain D rive, Inchinnan Business Park , Paisley, 

PA 4 9RF, UK

M olzym  G m bH  & Co. K G M ary-Astell-StraBe 10, 28359 Brem en, G erm any

Prom ega U K  Ltd D elta H ouse, C hilw orth R esearch C entre, 

Southam pton SO 16 7NS, UK.

Q iagen QIAGEN H ouse, Flem ing W ay, C raw ley, W est 

Sussex, RH 10 9N Q , UK.
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7.6 PATIENT IN FO R M A T IO N  SH EE TS, C O N SEN T FORM  & D A T A

CO LLECTIO N SH EE TS

7.6.1 Information sheet and consent form (Sinhala)
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7.6.2 Information sheet and consent form (English)

Inform ation Sheet/C onsent Form
A comparative study of viruses, bacteria and fungi present in blood, urine, amniotic 

fluid, and placental tissue of women with pre-eclampsia and normal pregnant women
using molecular genetic techniques

I am Ms. Ranmalee Amarasekara, attached to the H um an Genetics Unit, Faculty o f  M edicine 
University o f  Colombo reading for my PhD. I w ould like to invite you to take part in the 
research study titled “A comparative study of viruses, bacteria and fungi present in blood, urine, 
amniotic fluid, and placental tissue o f women with pre-eclam psia and normal pregnant women 
using molecular genetic techniques” conducted by Prof. Rohan W  Jayasekara, Dr. Vajira H. 
W. Dissanayake, Prof. Hemantha Senanayake and myself.

1. Purpose of the study

The purpose o f this research is to find out w hether pre-eclampia is caused by an 
infective organism.

2. Voluntary participation

Your participation in this study is voluntary. Y ou are free not to participate at all or to 
withdraw from the study at any time despite consenting to take part earlier. There will 
be no loss o f medical care or any other available treatm ent for your illness or condition 
to which you are otherwise entitled. If you decide not to participate or withdraw from 
the study you may do so at any time.

3. Duration, procedures of the study and participant’s responsibilities

If  you agree to participate then we will do the follow ing at the time o f delivering your
baby by caesarian section:

- W hen a canula is inserted to one of your veins to give you saline we will take 3ml 
o f blood.

- W hen the catheter is inserted to your bladder to rem ove urine we will take 10 ml o f  
urine.

- When the amniotic cavity is opened to deliver the baby we will take 10 ml o f  
amniotic fluid.

- When the placenta is taken out we will take the entire placenta.
We will be testing these to find out whether there are any infectious organisms present
in them. In addition to these we will record clinical inform ation relating to you.

4. Potential benefits

There are no direct benefits to you from participation in this study. However, your
participation in this study may contribute to understanding what causes pre-eclam psia
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thereby benefiting you ( if  you plan to have m ore children) and/or o ther pregnant w om en 
in the future.

5. Risks, hazards and discomforts

There are no additional risks, hazards and discom forts for your or your baby as a result 
o f  participating in this study.

6. Confidentiality

The inform ation we gather will never be u sed  in such a w ay that your identity  and 
inform ation w ould be released to a third party.

7. Withdrawal from the study

A lthough you agree to participate now  you are free to change your m ind later and 
w ithdraw  from  the study. A ll you have to do is call one o f  us and let us know  that you 
w ant to withdraw.

8. Clarification

If you have questions about any o f  the tests / procedures or inform ation, please feel free 
to ask one o f  us by calling O il 2689 545

9. To be complete

а. By the participant

The participant should com plete the w hole o f  this sheet him self/herself.

1. Have you read the information sheet? (Please keep a copy for yourself)

2. Have you had an opportunity to discuss this study and ask any questions?

3. Have you had satisfactory answers to all your questions?

4. Have you received enough information about the study?

5. Who explained the study to you ? .........................................................................

б . Do you understand that you are free to withdraw from the study at any time without having 
to give a reason and without affecting your future medical care? YES/NO

7. Sections o f your medical notes, including those held by the investigators relating to your 
participation in this study may be examined by other research assistants. All personal details 
will be treated as STRICTLY CONFIDENTIAL. Do you give your permission for these 
individuals to have access to your records? YES/NO

YES/NO

YES/NO

YES/NO

YES/NO
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8. H av e  y o u  h a d  su ffic ie n t tim e  to  c o m e  to  y o u r  d e c is io n ?  Y E S /N O

9. D o  y o u  ag ree  to  tak e  p a r t in  th is  s tu d y ? Y E S /N O

Participant’s signature................................................................. Date

Name (BLOCK CAPITALS).............................................................

b. By the investigator

I have explained the study to the above volunteer and she has indicated her willingness 
to take part.

Signature o f investigator.............................................................Date..........................................

Name (BLOCK CAPITALS)........................................................................................................
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7.6.3 Information sheet and consent form (Tamil)

U U f .S U LD / & L D L C & U  U L tf .S U  LB

“ ^ s m s m s y n i d  Q p r T L — r f u r r s s r  u r j ih u < s s > i j ( u < s o ( ^  s u L f i ( L p s s ) p a s i n s f r  u i u s s r u Q i p ^ i ,  & fT prrrjG 5sr a r j u i S l s s s f l u  

G l u s m s s s f l e v  u d i f r f i l i u r r ,  u r ^ i a m ,  s$> G urj& (£ Q p r r p p j  s u m u u L j s r r s r r p r r  s r s i r u s s t p  ^ r S l s u p p a i r T S i ,  

^luQusssrsssflsir &(njUGS)uu5)<sv * ® s5 is i/< y  ^pndltL/shsn § iI i j s u l d ,  QprruBishQ&niq.
^SlujsnfDss>fD urrG&g&t] spQTj <spuiSl( îLb pstrsmBiL/Grrerr ^ iugi]” - ^jsususs)3ip Qprrrdpj P r e  
e c la m p sia  <o t ss t  ^ s v > L p d a i u u ( $ u - b .

rjjrrssr Q ^ s v s i S l  j d s s s t l d s S ) tS y L D i jG & g i f j  —  LDGsfl&i L o r j iS l i u s v  ^g>fsv(&j, L D Q T jp g jjsu  i f i  i r iJ Q a rrQ L p L D L -i  

u s v a G $ ) s v d & L £ & p S > l< s v  s - i u r j  u L L i — U  u t s f . u L j d s , r r s ,  £g)/5<5 ^ t u s n s u  G L D p Q 'X r T s r T S l G p s i T .  r g rr s ir

Gl£>J£)(3)$L1i3 lLL- ££<o$) SVUL/p Qf5fTL-!JUn3i, £_/&*<* 631 SITU UrRI(&jU/Dg}jeXJgJD&irT& cgySSTL/Z_£ffT

^ s t n L p d d l G p s s r .  i p  ^ q i u g i j  G u r j r r f f l i f U u r j .  Q p r r a r r s s i  i _ L S m g ^ .  <soiuG<9:& f j ,  s t B s u p ^ U u r r  s u g S l t j  s r d .

(_/_S)fflrru .̂ § d & 6 $ r m u d a ,  G u i j r r d l i f l u j r j .  (3gm) ld/$<$ G ^ s s r p m u d ^ ,  L D p rg jL D  S T s ir s m r T s b

s u L f i r B i _ p p u u ( i ) S l p p j .

1 ^luaSlesr Gprrdgun :-

P re  e c la m p s ia  — £§)#/ QpnjBpjsbsn pjsmsmmi^eisdlssmGsorT sjpuQ ^& pp] sisirusmp
^ H n S l s u p p ^ n a i  G L D t r > Q < 3 i r r s h s m j u Q t S l p p ] .

2 awis&QTjuuuuLq. uiEit&uippev :-

£ g ) r s g d  ®®OT>®u5)si) s ^ m i a s r r  u r d i ( 3 ju jD jD 6 V  p s i r s s f i d s m & i u t r s t n p i . $ m ] & s b  & G iu d s $ ) & u jr T & i

^ l u a S l s v  si5)su®  (J-Pj q u l L i_rrsb  s S l s m r js u r r a i  a S l e v & l d  Q 3 ir r m s n (L p L S f .iL jL b .  a_/5/®<SY7g/

s u e d l d G ^ r r  ^ j s v s v p j  s i p p Q s u r T Q ^  & r B p t j u u p $ 5 l G s o r T  f id i& G r r  Q u u j i i  Q 3 ir T C K ) d 3 ir T s S lu f .s p iL B .  

LD(pppisud sisussfluiSlsb ^ jL puG urr ^fsbsopj @l&ldGS>&: (ipempuSIsb ^ L pu G u rr p p u i —wnLLu-rTpi. 
j S d i a s r r  u d i ( ^ u r 6 p s £ ) s b s s i s o  s t s s t  ^ tT L o r r e s f l p p ] ,  «/j5«5>®uS)siS)®/5^y aSlsu®  ( L p r o u L L i — i r s v ,  s n p  

$ t i i a m  s r r i p  G fr ,r rd S l< s v iL D  G L D p Q ^ r T s h s tT s v r T L D .

3 r§Lq.d(&>LC> airreoub, uuf.(Lpss) pa isa , umif^upprrerrflssr sn^mmsush
£ £ l[5 3 5 ^ l u s f i l s b  U id (cF )L jfr )g iJ G i]a irr&  ^ j Q ^ r i p r r s v  ^ p i s m s u d  § i & l d s n &  ( ^ ( L p s tS l s s T r r m s v  r § m i a s r r  

(& )i£$ £ $ ) & £ $ ) u j  L S lrr& sfild t& jL D  G p u p ^ l s b  iS ! s i r  s u ( p  l b  u iS )- (L p & r ) fD 3 ,s h  G L D r f) Q ^ m s h < o fT U u ( $ \L b .

•  a _ L .i_ /® ^ ^ )s s iu jL j  u i u s i r u ( $ ) p § i )  ^ j r r p p d f p i f i n r u j  s p s s r r r i le p i s r r  G & e t n s v s i r  § T fD r D u u @ ) L B .  

i3esT< srsnj, p r r r d j ^ s r r 3  u S l s v s f i l  s S j o j o d  ( S d 5 ^ l<°T,UJ S - d i 3 i s / i i — L S l ( r ^ r ip i  G & & f ! u G u r T L D .

•  Q - L L i _ i ( p p p u u Q \ L B  s u i s f - ^ L p m u  s p s ir d H s iT  Q p < so ib  ^ I p j 0 r r t - j s i s r u u 5 1 s 6 1 ( p r i p i  1 0  l£1s v <s SI

<sSfD/D[f & i r u ! § ! f  < 5 T ( $ i d a i u u ( $ u d .

•  LS?/7®Sl/^^)ff5®/T® ® ® 6D SL /®  O-JDI& U^sfrStT $£llJ61JJ£$Bl<SV 1 0  lS J s V&S) < sSpjT )lj G & & $ d & i U U (pLD.

•  Q p m j L ^ s r r Q s i n r u ) .  Q s u s r f l G i u  G U Q jjL b G u r r g i ,  STizi< ssnrr< sv (Lp(Lgss)LC >ujn<ssr  

Q p n u L ^ s h Q a i r m ^ s i n u j  Q u r D f Q j d Q a n s r r s r r  ( L p ip iL j l b .

iS ls ir s s T ij ,  g f i s i nsiy ^ s s x s m p g i L b  u d ) G & f r g i l d & u u ( $ ) L b .  ^ j s u j D f & s v  ® //5 p u  Q u e r i s r e m f l p i g ,

Q p n p p jm m  ^jsmssJsndi^ludlesT urrSduL-i sjprrsijgi ^ j(f^ d ^ ls irp p n  srsirus&ip
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QarTsfrsiT(Lpuf-U-iLD. p y p g jt s iT ,  dididsnafjp& np Q piit— rjunssr pasusbasrr s^rda^spdrp arrrfurra 

u^nuuu® ih.

4  arrd,$£huu>rrs$T ^fsnianeoiEixerr’.-

2_rhi&t§rfid(&) GrBcnq-iurTssr psksiULDOish ^ jf5 p  ^ lu s S ls b  ^sbsstso. ^uSlsnit-b o^diasb urh itg ju p p sv  

spqjj sSli^luL^smijsnsu s jp u ($ ip g iL b . Pre eclampsia uptfil ^pirfilsuppfO) <@3 rssbso
a p p iju u is irra  ££}(rT)d(3jLb (a -riia (S p d (p  rffsnpiu iSlsnsuerrash Q upG susm Q jiLb  s i smp sismsssnL 

^K p p p rrsv) ^/svsvp j sT^irjanrsop^sb Lcpsupiu  arjudilsssflp p m u L D n (p d 3  sp 3  stflLfluL-isssTrisinsu

S Tp u Q p ^ILD  ^ lu s u r r a  ^jSDLDUJ (LpipiL/LD.

5  pjum uin , ^ u p g i ,  ^jGiaefraitflujrsi&err:-

$l!53> SQujs&sb u iin a ,u rn p i supnsv, s ^ d ia ^ d G a r r  ^ s b s o g j s -d ia s b  (p iprissipdO aui sippQsurrq^  

5SHumuQwn, ^u p G p rr , 'PiQ&err&filujGLDrT p p u t—LDrudi—rraj.

6 {gJri&dhuLD (ou&sbtsv:-

s-id&sfrGrr <piG5)L—iunsm ju($)p§jLb sTr5pQsurr<3 pa.su so ah spqijQurrajjLb GsuQprr(peu3 d(p  
Qsuetflu5)L-UUL-L£>rTLLi—[Taii.

1 ^tusfilsSldijtBgi s>Slec($p6v:-

(LppsSlsi) $)[5p ^u jsS lsv uid(puppjsuprra ^}3[Bpl, lSIs s t s s t ij  ££)$b >s v  udi

( p u p p  £g)uusorraj s t s v t  s -d ia s b  LDStsr^lsb G>prrsirplsmash p d ia sn  sidiasm sap Q pni—tji-i Qauis$isr(jj) 

s -d ia s h  sSlq^uupsm p ptudiariLDsv Q p fils & p g jd  Q a  rrshsaqp Lq.iL/LD.

8 afu (So. a. fs/ a. sir. ~

^lusiSlGsorr <sysbsvaj uLq.(Lpss>pasrfl(3son pasusbastflGsorr pa,usual a p G p a d ia s b  ^ j(p p p a s h ,  

p iu s y  Q aiup j 5<s Q p m — rjid ^ ) s v d a p ^ l p 3  Q p m — ijLi Q & rrsm ®  ^ f^ lrs p j Qarrsrrsn (LpLq.iqLD.

9  jjppSi) Qiauiiu <3susssr(j)iujGS)eu:-
^pj) urEi(puppasarfl smash,

urhupupprrsfTiflssTrTsv, au-Li— muixuia, d tp d  Q a rrQ \d a iu u iL L ^  Gastrsfilasb ^ s m s s ip p iii  

p rrw n a G su  L^ppS?! Q a iu iu u u i— sv Gsusm(^\Lb.
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1 /frajaarr (j>l£>{o&>[Tlju t ' i <s««i/su*srr ^ss^ssr^ssi^iL/ub surr&\3>S,rja,snrf!
^ ,lc> / ^jsvssisv

(giLisy Q&iu&ti ^ i^ sst iSlrr§>l speiranir) a. ,'5/* <35/_ sot Gineu£$5)(rijd&eijil>)

2  ^ u j s s t s u u  u p jr$ l aiGorB&irGGorT&luugitD® ^ < s v s v g j  =3>/̂ y Q ^ m - p u r r s ,  G jpnsu& tf

GsssrrsSl GaLLu&>rr)(&) [Srhiash sj^nsu^j sumiiuLf ssxsxj^^iq^ddljSrj^snnl
ĵ,LD / £§)SUSOTSU

3 GsnsbaSl&srT ^tssxssT^^nj^ub l̂(r^u l̂iumssT u$6vasrr S-rii<msifh—L£> ^j(r^dd)ssrrD^rr?
<%f,LD / £§)6U6OT<SU

4 $rhi3,<sn $)[5^ ^ujsLj Qgrri—rjurT& G^ssxsuujmssi ^srrsij &,g,Gusb3>str>mu
Q u p  ffil 0  d Q <s$Tr§rj&, snrf?
^,LD / ĵSVStftSV

5 ^)/6̂  ^ujsty uroftf ujrrrj 2-W<9i(§r!jd(gj <n5)6 r r i h i 3 > u sot.t/7* sn?

6 ST̂ )ff<35/T<5Û )̂c5U S-fhl3iGfT&J LDQljgglGU UngJ&mjs’ftU UrT§tid&lTtf, Sl5l&i£££lSV, 6T/5<gQiSU/T(75
3ifT[r<sssrmi3i<stT)smLiLb anLli—rrLDGb [g)r5& ,̂tue»J?s)S?0 /5̂ / s^hsvdld Qarrsbsnsvmh stswusj)^ 
0r$jam efiiurrai siS)sw/ar© QarT^uf.cnjd&fffrr&errrf? ^/,ld / ^ susotso

7 s-foj&GrTg] LDQTj^gieud (&jrfi!uLi ssfrsfTi—i&iSlujss)eu £§);5̂ 5 ^tusfilsv  ^lusyrrsnrflssrrrsv
G w p Q & r T G r T S r T U U L L ® ,  L B lf)Q p !T Q ^  r ^ lU S U fT S fu f lSOTiTgl)/ LD ^ U J S L j  G l D j D Q a i r T s b s m j U I S V r T L D .

a-thi&stT&il ^sisfluulLl- GiSU—Ujmi&m tunSijLb &Gmiq.uurra ^rrsidlujLDnsrsT (LpsstpuSIsv 
(J>u®ssruu(J)iLD. cgi/jSSOTmsu ^)/5̂  ^lusmsu QLLfDQ&rrsrreri s^riis.snnsb ^ ss)ildS>
grro-piq-U-juarf!
^,LD / £§)6U6OT<SU

8 s-.mjs.sn (Lpupss)su <̂<s5)i_GU&>!D(3j, firiiasb G^ensulumssr Grs[Ti56$>g> Q&GOGULfi\d>$£ijai6tTrTr!
f̂jLD / ĵSVSSXSV

9 fidjasb )/j<5 ^tusiSlsv urhi(ffjuiDjD ffihLngujrf!
^LD  / ĵSOSJDSV

urhi^ujDjBrrsrrrflssT ss)^QujrTUULCi: .................................. ....Quiurj".

£>0 ^̂ lusurTefrrflssTrrei): r̂ rrsir £|)/5^  ^ tu a /  urijn/jl £§)siijfliD(§  S)S\snrijs^uu(gi^^nqmGsrrsiT. <sqsijrj <S/tsot 
urd(^ujjj)jsij3,rij(ff) gssrgj G)S}(i]juu$<sr>t5 Q̂ ifi&Sldt̂ jshsfTrrij,

^ l u  sun errfflsir ssraiQujrTUUiL'. .......................................$&$£): .......  Quiurj'.
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7.6.4 Data collection form- Preeclampsia woman

Subject study number..............................

A comparative study of viruses, bacteria and fungi present in blood, urine, amniotic 
fluid, and placental tissue of women with pre-eclampsia and normal pregnant women

PHENOTYPIC DATA 
Pre-Eclamptic Woman

Screening Number
/

Name ..............................

Date of birth ............ / ............. /

Age ...................yrs

Parity ..............................

Address ..............................

Telephone number ..................................................................................................................

Hospital number .............................................

ANC Clinic number .............................................

PHC Clinic number ............................................. N a m e ......................................................

Data Protection and Confidentiality A fter completion o f  this page, ensure that the subject study num ber is entered 

on all pages o f this booklet. Then detach this page and store separately from the rem ainder o f  the booklet.
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Screening Number
1 1 1 1  /

Date of entry to s tu d y .................................................
Date on consent form

INCLUSION CRITERIA

No hypertension o f  > 140/90 m m Hg on
Two occasions within 6h apart ____

No proteinuria o f > lin  urine-protein
Heat coagulation test ------

EXCLUSION CRITERIA

Known risk factors
(renal disease, chronic disease, persistent proteinuria)

Essential hypertension requiring medication

Deep vein thrombosis/pulmonary embolism

Ischemic heart disease

Cerebrovascular accidents

Insulin/non insulin dependent diabetes mellitus

Diabetes and gestational diabetes

Body mass index > 3 0  kg/m 2

M ultiple gestations

Long term steroid use

Endocrine disorders

Valvular heart disease

Multiple vaginal examinations

Premature rupture o f membranes

Past medical & surgical
h istory .....................................................................................................................
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Screening Number
/

ANTE-NATAL BOOKING 

Date o f  booking

Maternal weight 
in kilograms

maternal height 
in meters

Body Mass Index (W eight in K g/Height in Meters2)

Dates:

LMP

Gestation by dates 

SCAN

weeks days

Date o f  first scan

POA by the date o f  first scan

EDD by  scan .....................w e e k s__ ...... days

Gestation by scan ....................... w eeks__ ...... days

Blood pressure at booking:

Systolic

Diastolic

Urinary protein

mm Hg 

mm Hg

0. Negative or trace

1. Not performed or result unknow n 

2 - > ( + )
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Screening Number
/

DIAGNOSIS OF PRE-ECLAM PSIA

Date o f diagnosis

Earliest date on which BP and proteinuria fulfill inclusion criteria. Date at either start or finish o f  24 hour urine 
collection is acceptable.

0. Antenatal □ >  . Intrapartum 2 .Postnatal

Gestation at diagnosis weeks
Calculated from booking s c a n ------------
W here available

days□
Blood pressure at diagnosis (not on antihypertensive medication)
BP preferably not on antihypertensive m edication, but this is not mandatory. For women who have commenced 
antihypertensive treatment prior to crossing threshold for proteinuria, see study guidelines.
1 . Date

Time

Systolic

Diastolic

F irst and second reading should be taken w ithin 24 hours, and preferably 6 hours apart. Lesser intervals are 
acceptable where no other readings are available e.g. fulminating pre-eclam psia

Date

Time

- -

•

Systolic mm Hg

Diastolic mm Hg
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Screening Number
/

Proteinuria at diagnosis
Enter ONE measure o f  proteinuria only: g/L in a 24 hour collection, o r g/24 hours preferred. 
Urinary protein in g/L .......................................... .......

24  hour collection N o / Yes

H eat coagulation protein

2 .  -H-

3. +++

4. + + -H -

□  0. Negative or trace

1 . +

SEVERITY OF DISEASE

B lood pressure at time o f highest recorded diastolic blood pressure
H ighest BP at or since diagnosis 
D ate

0. A ntenatal □  1. Intrapartum 2 .Postnatal

Systolic

Diastolic

mm Hg 

mm Hg

H ighest recorded proteinuria w ithin +  1 week o f  delivery 

D ate
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Screening Number

Heat coagulation protein
0. Negative or trace

□ -  
D*■++++

Biochemical data within ±  1 week o f  delivery 

Highest recorded:

AST

Date

ALT

Urate

U/L

U/L

mmol/L
To convert mmol/ L. to (imol/L, multiply by 1000 (move the decimal point 3 places to the right)

Creatinine mmol/L - -

Urea • mmol/L - -

Lowest recorded:

Platelets x 109/L - -

Admitted to AICU □
□

0. No

1. Yes
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Screening Number
/

R equired renal dialysis 0. No

1. Yes

PREGNANCY OUTCOME

D ate  o f  delivery 

G estation  at delivery weeks U days

C alcu la ted  from gestation at diagnosis 
R easo n  for caesarean section

Com plications: 1. Abruption

2. Antenatal eclamptic convulsion

3. Intrapartum eclamptic convulsion

4. Postpartum eclamptic convulsion
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SAMPLING RECORD- for DNA extraction

Venous blood 

Amniotic fluid 

Urinary sample 

Placental tissue 

COMMENTS

Record reasons for m issing data and any additional relevant comments, including any 
intervention trials in w hich the subject participated during this study. ENSURE THAT
ANONYMITY IS PRESERVED.

The booklet should be signed w hen  A LL available data have been entered and cross checked with relevant data 

recorded elsewhere in this booklet and in  the phenotyping booklets for the mother o f  the affected woman and the 

index affected baby

Signed......................................................................  Date

Investigator/ research assistant
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7.6.5 Data collection form- Normotensive woman

Subject study number......................

A comparative study of viruses, bacteria and fungi present in blood, urine, amniotic 
fluid, and placental tissue of women with pre-eclampsia and normal pregnant women

PHENOTYPIC DATA 
Normotensive Woman

Screening Number
/

N am e ..............................

D ate  o f  birth ............./ ............. /

A g e  ...................yrs

P arity  ..............................

A ddress ..............................

Telephone number ..........................................................

H osp ital number .............................................

A N C  Clinic number .............................................

P H C  Clinic number ............................................. Name

D ata  Protection and Confidentiality A fter completion o f  this page, ensure that the subject study 
n u m b er is entered on all pages o f this booklet. Then detach this page and store separately from 
th e  rem ainder o f the booklet.
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Screening Number /

Date o f entry to study 
Date on consent form

Inclusion Criteria

No hypertension of > 140/90 mmHg on 
Two occasions within 6h apart

No proteinuria of > 1 in urine-protein 
Heat coagulation test

Exclusion criteria

Known risk factors_______________________
(renal disease, chronic disease, persistent proteinuria)
Essential hypertension requiring m edication

Deep vein throm bosis/pulmonary embolism

Ischemic heart disease

Cerebrovascular accidents

Insulin/non insulin dependent diabetes mellitus

Diabetes and gestational diabetes

Body mass index > 3 0  kg/m 2

M ultiple gestations

Long term steroid use

Endocrine disorders

V alvular heart disease

M ultiple vaginal examinations

Prem ature rupture o f membranes 

P ast medical & surgical h istory__
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Screening Number /

ANTE-NATAL BOOKING

Date o f booking - -

Maternal height 
in metres

M aternal weight 
in kilograms ♦ *

Body Mass Index (Weight in Kg/Height in Meters2)

Dates:

LM P - -

Gestation by dates weeks days

SCAN

D ate o f  first scan - -

PO A  by the date o f first scan

EDD by scan .....................w e e k s ...... ...... days

Gestation by scan ....................... w eeks.............. days

Blood pressure at booking:

Systolic

Diastolic

mm Hg 

mm Hg

U rinary protein 0. Negative or trace

1. Not performed or result unknown 

2 - > ( + )

M SU  culture 0. Negative/not perform ed/results unknown

1. Urinary tract infection
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Screening Number /

PREGNANCY OUTCOME

Date o f delivery

Gestation at delivery

Calculated from gestation at diagnosis

Reason for caesarean section

weeks days

SAMPLING RECORD- for DNA extraction

Venous blood 

Amniotic fluid 

Urinary sample 

Placental tissue

COMMENTS

Record reasons for m issing data and any additional relevant comments, including any 
intervention trials in w hich the subject participated during this study. ENSURE THAT 
ANONYMITY IS PRESERVED.

The booklet should be signed w hen ALL available data have been entered and cross checked with relevant data 
recorded elsewhere in this booklet and in the phenotyping booklets for the mother o f  the affected wom an and the 
index affected baby

Signed Date

Investigator/Research Assistant
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7.6.6 Data collection form- Baby

Study number...................................

A comparative study of viruses, bacteria and fungi present in blood, urine, amniotic 
fluid, and placental tissue of women with pre-eclampsia and normal pregnant women

PHENOTYPIC DATA
Baby of Pre-eclamptic or Normotensive pregnant woman

Screening Number
/

N am e

A ddress

Telephone number .....................

H ospital number .....................

D ate  o f birth ........ / ........./

D ata  Protection and ConfidentialitAfter completion o f this page, ensure that the subject study 
num ber is entered on all pages o f  this booklet. Then detach this page and store separately from 
the rem ainder o f the booklet.
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Screening Number

Gestational age at birth weeks days

Sex 0. Male

1. Female

B aby’s weight in kilograms

Live birth

A pgar score at birth

Adm itted to SCBU 

COMMENTS

□  o. No 1. Yes

Record 1 to 10

0. No EkYes

Record reasons for missing data and any additional relevant comment: ENSURE THAT 
ANONYM ITY IS PRESERVED.

Signed.
Investigator/ Research Assistant

Date.

/
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