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Abstract

Nosocom ial infection is an endemic problem encountered in hospitalized patients all 

over the world including Bangladesh. The present prospective study was carried out 

on 152 patients who were admitted in Dhaka M edical C ollege Hospital and BIRDEM  

Hospital, Dhaka from November 1997 to June 1999 to investigate the organisms 

responsible for nosocom ial infection. The main objectives o f  the study were to 

determine the comm on microorganisms responsible for nosocom ial infection and to 

determine the antibiogram pattern o f  the organisms. Samples were collected from the 

postoperative wounds, post catheterized urinary tract infection (UTI) and diabetic 

wounds. The patients without postoperative wound infection were taken as control 

group. An attempt was made to trace the sources o f  infection by collecting the 

samples from the different objects o f  the hospital environment. The collected samples 

were cultured and isolated organisms were identified by colony m orphology, gram 

staining and necessary biochemical tests. The identified organisms were tested for 

antibiogram pattern, plasmid profile and restriction fragment length polymorphism  

(RFLP).

The predominating organisms responsible for nosocom ial infection in this study was 

Esch. co ll  (55.9%). The other organisms were Pseudomonas sp. (33.3% ), Proteus sp. 

(12.7%), Staphylococcus sp. (15.9%), Klebsiella  sp. (4.9%) and Acinetobacter sp. 

(3.9%). The sensitivity pattern o f  the isolated organisms to the com m only used 

antibiotics ranged from 0 to 80,0%. It was also observed that the resistance pattem o f  

the organisms isolated from the second samples (i.e. the samples collected 5-7 days 

after the collection o f  the first sample) markedly increased. In case o f  Esch. coli, the

increased rate of resistance to ceftriaxone (from 43.9  to 73.9%; p<0.01), ceftazidime

vil
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(from 28.1 to 65.2%; p<0.002), ciprofloxacin (from 70.2 to 100.0%; p<0.005) and 

gentamicin (from 64.1 to 91.3%; p<0.008) was statistically significant. In case o f  

Pseudomonas sp., there was significant increase o f  resistance to ciprofloxacin (from  

58.8 to 92.0%; p<0.004). It was also observed that resistance pattern o f  Esch. coli and 

Pseudomonas sp. isolated from different sites o f  infection varied. In the study, it was 

evident that the mean duration o f  hospital stay increased significantly (p<0.001) in 

infected patients as compared to that o f  postoperative non-infected patients. The 

duration o f  hospital stay also increased significantly (p<0.001) in case o f  infection by 

multiple organisms than that o f  single type o f  organisms.

An attempt was made to find out the sources o f  nosocom ial infection by analyzing the 

antibiogram, plasmid profile and RFLP pattern o f  the organisms isolated from the 

patients and different objects o f  the hospital environment. In the present study, the 

source o f  nosocom ial infection could not be determined by above methods due to 

inadequacy o f  resources, time and technical facilities.

The findings o f  the present study, therefore, revealed the prevalence o f  multi-drug 

resistant organisms in the hospital environment causing nosocom ial infection. Among 

the various contributory factors, the indiscriminate use o f  several antibiotics in the 

hospitals could be an important factor for development o f  multi-drug resistant 

organisms in hospital environment. The findings o f  the study will help to formulate a 

guideline for taking some preventive programme and shall also serve as a useful basis 

for future research and planing for the control o f  nosocom ial infection at different 

hospitals in Bangladesh.
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Chapter I 

Introduction

N o so co m ia l in fection  is derived  from  the G reek w ord “n o so s” m ean s d isease  

and “ K o m eo ” m ean attend to. It is o ften  referred to  as h osp ita l acquired  

in fection . It is defined  as in fection  w h ich  is acquired b y  the patients w h ile  they  

are in hospital or by  staffs w h o  are w orking in the hosp ital. I f  a  patient acquire  

in fection  m ore than 72  hours after adm ission , it is considered  to  b e  a hospital-  

acquired in fection  (C ad d ow .1989). T he N ation al N o so c o m ia l In fection  

Surveillance (N N IS ) system  o f  the U .S .A . defin es n o so co m ia l in fection  as a 

loca lized  or sy stem ic  condition  that results from  adverse reaction  to  the 

presen ce o f  agent (s)  or its tox in  (s)  and that w a s  not present or incubating at 

the tim e o f  adm ission  in the hosp ita l (G arner e t a i ,  1988). For m ost bacterial 

n osocom ia l in fection , th is m eans that the in fection  usually  b eco m es ev id en t 48  

hours (i.e . typ ical incubation period) or m ore after ad m ission  in  the hospital. 

H ow ever, because the incubation period varies w ith  the type o f  pathogen and to 

som e extent w ith  the patients underlying con d ition , each  in fection  m ust be 

a ssessed  ind iv idu ally  for ev id en ce  that links it to  the hosp ita lization . There are 

tw o  specia l situations in w h ich  an in fection  is consid ered  n osocom ia l- a) 

in fection  that is acquired in the hospital but d oes n ot b eco m e  ev id en t until after 

hospital d ischarge and b) in fection  in a neonate that resu lts from  passage
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through the birth canal. There are tw o  specia l situations in  w h ich  an in fection  is 

not considered  as n osocom ia l. A )  In fection  that is a ssocia ted  w ith  a 

com p lication  or ex ten sion  o f  in fection  already present on  ad m ission , u n less a 

change in pathogen  or sym ptom s strongly  su ggests  the acq u isition  o f  a n ew  

in fection  and b) in  an infant, an in fection  that is kn ow n  or proved  to  h ave  been  

acquired transplacentally (e .g . R ubella , C ytom ega lo  virus or sy p h ilis )  and 

b ecom es ev ident at or before 48  hours after birth. (G am er e t a l .  1988).

N o so co m ia l in fections are problem s o f  increasing im portance in hospital

practice. In 1980 the first national prevalence study o f  in fection  w as undertaken

in England and W ales (M eers e t a l ,  1981). T he study sh o w ed  that 19.1%  o f  the

patients w ere  infected . H a lf  o f  these (51 .9% ) w ere com m unity-acquired

in fection s and the rest (48.1% ) w ere hospital-acquired in fection s. In A m erica,

the N ational N o so co m ia l In fection  Surveillance (N N IS ) sy stem  b egan  in 1970

and se lec ted  U S  hosp ita ls began routinely  reporting their n o so co m ia l in fection

surveillan ce data to  Centre for D ise a se  C ontrol (C D C ) for aggregation  into

national database. It is currently the o n ly  source o f  national data on  the

ep id em io logy  o f  n osocom ia l in fection s in the U n ited  States. In A m erica , the

nation w id e  nosocom ia l in fection  rate w as approxim ately 5 .7  per hundred

ad m issions (H aley  e t a l ,  1985). A  surveillan ce study conducted  by  W estw ood

e t al., (1 9 7 4 )  on  in fections at the O ttaw a general hosp ita l sh o w ed  that the

overall in fection  rate w as 13.5%  o f  w h ich  5.6%  w as com m unity  acquired w h ile

2
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7.9%  w as n osocom ia l origin . It a lso  sh o w ed  that Urinary Tract In fection  (U T I)  

accounted  for 44 .8%  o f  a ll the n osocom ia l in fection  and clearly  dom inated  the 

picture. T h e p ost operative w ou n d  in fection  rate w as 3.9%  and accounted  for 

on ly  18% o f  nosocom ia l in fection . W estw ood  (1 9 7 4 )  reported that the risk o f  

hospital acquired in fection  w as increased three fo ld  b y  carrying o f  an operative  

procedure. M ayon w h ite  e t al. (1 9 8 8 ) stated that the p reva len ce  rates o f  

n osocom ia l in fection  in m any countries ranged from  9 .2  to  21.4% . In Thailand  

p revalence rate w as 11.7% , in  E thiopia 17%, U K  9.2%  and in  N o rw a y  it w as  

9%. A s  for the site  o f  in fection  urinary tract in fection  (U T I) w a s  the 

com m on est in fection  (60% ) fo llo w ed  by  P neum onia and surgical site  in fection  

(A  W H O  m anual 1989). T he annual rate o f  no so co m ia l in fection  w as 7%  by a 

n ew  su rveillan ce sy stem  (kardex rev iew ) conducted  in  the U n iversity  o f  

V irg in ia  H osp ital in 1972-75 . D esp ite  advances in  operative techn iqu es, better 

understanding o f  pathogenesis o f  w ou n d  in fection  and w idespread  u se  o f  

prophylactic antib iotics, post operative surgical site  in fection s continued  to  be a 

m ajor cau ses o f  m orbidity and m ortality for patients und ergoing  operative  

procedures. It w a s  estim ated  that surgical site  in fection  d ev e lo p ed  in 2-5%  o f  

the 16 m illion  patients undergoing surgical procedures each  year (C ruse 1981, 

G raves 1987). P itaksirip ien e t al. (1 9 9 5 ) conducted  a su rveillan ce  study on  

n osocom ia l in fection  in  L am pang hosp ita l and sh o w ed  that the in cid en ce rate 

o f  nosocom ia l in fection  in 58 ,355  patients w as 3.5% . A  cross sectional study

conducted  b y  H ussain  e t al. (1 9 9 1 )  in the surgical wards o f  D haka M edical

3
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C o lleg e  H osp ita l sh ow ed  that out o f  2 4 0  patients, 72  (38 .0% ) suffered  from  

n osocom ia l in fection  o f  w h ich  m axim um  num ber i.e . 2 6  (36 .1% ) suffered  from  

surgical w ou nd  in fection  fo llo w ed  by  17 (23 .6% ) urinary tract in fection . 

P revalence o f  n osocom ia l in fection  w as found to  b e  higher (49% ) in post 

operative patients than pre operative patients (15 .9% ) in  th is study. W estern  et 

al. (1 9 8 2 ) reported that the n o so co m ia l in fection  rate cou ld  b e  as h igh  as 2 6 -  

65%  in d eve lop in g  countries. In E ngland , M eers e t  al. (1 9 8 0 )  reported that 

prevalence rate o f  nosocom ia l in fection  w as o f  11% . T he low er  n osocom ia l 

in fection  rate in the hospitals o f  the d eve lop ed  countries indicated  an increased  

aw areness about n osocom ia l in fections. B a sed  on the study o f  the e ff ica cy  o f  

N o so co m ia l In fection  C ontrol (S E N IC ) b y  the C enters for D ise a se  C ontrol 

(C D C ) and prevention  it w as exp ected  that over  5 ,0 0 ,0 0 0  surgical site  

in fection  w ou ld  occur am ong adults each  year in  the united states. T hese  

in fections prolonged  hospital stay by  an average o f  7 .4  d ays at a co st o f  

betw een  $ 4 0 0  and $ 2 6 0 0  per w ou nd  in fection  resu ltin g  in an annual cost o f  

$ 1 3 0  to  $845  m illion  per year. (H aley  e t a l ,  1985).

M any investigators elaborated e tio lo g y , source and m od e  o f  transm ission  o f

nosocom ia l in fections in  their stud ies. A d am s e t al. (1 9 6 0 )  noted  that

environm ental air o f  the operating room  contained  p ath ogen ic  bacteria, w h ich

w ere constantly  b ein g  deposited  upon the w a lls , floors, tab les and other

ex p o sed  surfaces. Bacteria m ight then reach the operative w ou nds. B low ers et

4
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al. (1 9 5 5 ) and A dam s e t al. (1 9 5 9 ) dem onstrated that the im m ediate  v ic in ity  o f

the operative w ou nd  w as exp osed  to  large num ber o f  bacteria w h en  the

personnel o f  the surgical team  talked, sn eezed  or coughed . A  clean  operative

w ound m ight in th is w a y  b ecom e contam inated by  m icroorgan ism s. D o u g la s  et

al. (1 9 7 3 )  stated that air borne bacteria w ere  potential source o f  contam ination

and in fection  o f  surgical w ou n d s in operation theatre. B lo w ers  e t al. (1 9 5 5 )

reported that fo llo w in g  im proved theatre ven tila tion  in  a thoracic  surgery unit,

there w as a fa ll in w ou nd  sep sis  from  10.9%  to 3 .9  %. C harnley and Iftekhar in

1969 reported that w h en  operations w ere  carried out in unventilated  operation

theatre, the rate o f  in fection  in v o lv in g  prosthetic hip jo in t w a s  8.7%  and this

w as reduced to 1.3%  w h en  operations w ere  perform ed in an enclosu re  w ith  a

high rate o f  air f lo w  and other stringent precautions w ere  taken. C ruse e t al.

(1 9 8 0 ) found a direct relationship betw een  duration o f  surgery and in fection

rate. A m o n g  clean  w ou nds, the in fection  rates for operations lasting  1,2 and 3

hours w ere  1.3% , 2.7%  and 3.6%  resp ectively . G aribaldi e t  al. (1 9 9 1 )  found

that the duration o f  surgery greater than 2  hours w a s  associa ted  w ith  relative

risk o f  3 fo ld  for the surgical site  in fection . K aiser (1 9 9 0 )  stated that pathogens

that cau se  surgical site  in fections w ere  acquired either en d ogen ou sly  from

patient’s ow n  flora or e x o g en o u sly  from  contact w ith  operating room  personnel

or the environm ent. It w as noted  that m ost pathogens either e x o g en o u sly  or

en d ogen ou sly  acquired w ere im planted at the tim e o f  surgery. T h e nares and

oropharynges o f  the operating room  personnel w ere  co lo n ized  w h h

5
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m icroorgan ism s, w h ich  cou ld  shed  large droplets in to  the surgical s ites . Ford e t 

al. (1 9 6 7 )  iso lated  Staph, aureus, Staph, ep iderm idis  and S trep tococci 

frequently from  the nasopharynges o f  operating room  personnel and recovered  

the sam e organism s from  the exudates o f  in fected  w ou nds. W iley  e t a l  (1 9 7 9 )  

stated that patients’ endogenous flora at a distant sites m igh t b e  a source o f  

surgical site in fection . It w as reported that surface m icroflora cou ld  m igrate  

from  distant sites and gained entrance to the operative site  desp ite  d istance and  

the use o f  c lothes and adhesive drapes as barriers. Edw ards (1 9 7 6 )  and 

V alentine e t al. (1 9 8 6 ) stated that m icroorganism s cau sin g  in fection  at rem ote  

sites m ight gain  a ccess to  the operative site  b y  haem atogenous or 

lym ph ogen ous seed ing. U ntreated urinary tract in fection s, sk in  and respiratory  

tract in fection s w ere the three m ost com m on  rem ote in fection s that had been  

associated  w ith  increase in the rate o f  surgical site  in fections.

A m an (1982 ) stated that in the operation theatre the source o f  in fection  m ay be 

p hysica l environm ent o f  the theatre due to  pollu ted  air com in g  from  the wards 

through the staffs w orking in the theatre and in com p lete ly  sterilized  

instrum ents used  in the surgery.

V isitors had a role in  the d evelop m ent o f  n o so co m ia l in fection . O ver crow ding

in the wards and in front o f  operation theatre m ight b e  one o f  the important

cause o f  increased  frequency o f  n osocom ia l in fection . (A m erican  H osp ital

6
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A sso c ia tio n  In fection  C ontrol in  the hosp ital, C h ic a g o ,1968). T he N ational 

R esearch C ou ncil study in 1964  reported that the rate o f  surgical s ite  in fection  

rose from  6%  for preoperative stay o f  on e  day to 14.7 %  w h en  preoperative  

stay w as 21 days or m ore. C ruse and Foord in 1980 reported that the overall 

in fection  rate w as 1.1%  for the patients w h o se  preoperative stay w a s  one day  

versus 2.1 %  in patients w h o  rem ained in the hospital for one w e e k  before  their 

operation.

In bacterial analysis o f  w ou nd  in fection  in  M ayo hosp ital, L ahore, A m an in 

1982 found that the causative organism s o f  in fection  w ere  Staph, aureus 

(28 .6% ), Esch co li (24 .7% ), P seudom onas  sp. (23 .7% ) and P roteus  sp. 

(10.4% ). Zam an e t al. (1 9 9 2 ) found that the com m on est m icroorgan ism s w ere  

Esch. co li (60% ) fo llo w ed  b y  Staph, aureus (20% ) in p ostoperative w ound  

in fection s in 8 m ed ical c o lle g e  hosp ita ls o f  B an gladesh . T h e predom inant 

causative organism s for the postoperative w ou nd  w ere Esch. C oli (37 .5% ), 

Staph, aureus (21 .7% ), Pseudom onas  sp . (15 .1% ), Streptococcus  sp. (8 .4% ), 

P roteus  sp. (2 .7% ) in the study conducted  b y  A sh ra f e t al. (1 9 7 3 )  in the surgery  

ward o f  D haka M edica l C o lleg e  H osp ita l. A h m ed  (1 9 8 2 )  found that the 

com m on  organism s iso lated  from  the ca ses  o f  urinary tract in fection  w ere  

E sch.coli (55 .6% ), Staph, aureus (18 .6% ) Pseudom onas aeruginosa  (9% ), 

P ro tem  sp. (4 .8% ) and K lebsie lla  sp. (6 .7% ), It w a s  sh ow n  that there w as a rise
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in  the frequency o f  in fection  b y  Esch. co li from  1975  to  1979  (46 .4%  V s

57.6% ).

W estw ood  (1 9 7 4 ) found that the organism s resp on sib le  for n o so co m ia l 

in fections w ere  Esch.coli. (25 .3% ), E nterobacter  and K leb sie lla  sp . (16 .8% ), 

P roteus  sp. (7 .9% ), Pseudom onas aeruginosa  (6 .8% ), Staph, aureus  (12 .5% )  

Streptococcus fa e c a lis  (7 .3% ) and D iplococcu s pneum oniae  w a s  (2.7% ). 

Jinnah e t al. (1 9 9 8 )  observed  that the m ost frequently encountered  pathogen  

am ong non -h osp ita lized  d iabetic w ou n d  w a s  Staph, aureus  (42 .0% ). For 

hosp ita lized  d iabetic group the frequency o f  Staph, aureus  iso la tion  w as  

(13 .6% ), the other pathogens w ere  Pseudom onas sp .. (36 .9% ), Esch. co li 

(21 .9% ), P roteus  sp. (21 .6% ), K lebsie lla  sp. (9 .5% ) and Streptococcus  sp. 

(3 .2% ). A  sin g le  in fectin g  sp ec ies  w as resp on sib le  for about 80.0%  o f  the 

urinary tract in fection  in  patients w ith  short term  catheters but m ost patients 

w ith  long  term  catheters had po lym icrob ia l in fection  w ith  spontaneous turn 

over o f  individual sp ec ies  W arren e t al. (1 9 8 2 ). Esch. co li caused  80.0%  or 

m ore o f  the cases o f  out patients (H ooton  e t al., 1991) and le ss  than 50.0%  o f  

the n osocom ia l ones.

A  num ber o f  investigators sh o w ed  sen sitiv ity  patterns o f  the isolated  

organism s. A m an in 1982 conducted  a study on 500  sp ec im en s o f  M ayo  

H ospital, Lahore and found that Staph, aureus  (28 .6% ) w a s  the com m on est  

organism , w h ich  w as fo llo w ed  by  E sch .co li (24.7% ), P seudom onas  sp  (23 .7% ).
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and P roteus  sp ,(10 .4% ). A ntim icrob ia l sen sitiv ity  test revea led  that gentam icin  

w as sen sitive  to  83.4%  o f  ca ses , cep h a lex in e  w as sen sitive  to 22 .7%  o f  cases. It 

w as noted  that cep h alex in  w as le ss  sen sitive  b ecau se  o f  its ex ten siv e  use. 

M aniatis et al. (1 9 9 7 ) found that Staph, aureus  and coagu lase  n egative  

Staphylococcus  did not d isp lay  any sign ifican t variation in iso la tion  rate but 

show ed  an alarm ing increase in  resistance rate to  o x a c illin  from  11%  and 21%  

in 1986 to 51%  and 75%  in 1994 resp ectively  .

Sharafi e t al. (1 9 9 1 ) conducted  a study w ith  a  total o f  180 patients o f  

com plicated  and uncom plicated  n osocom ia l urinary tract in fection . T he  

predom inating in fecting  organism s w ere Esch. coli. and P roteus  sp. C efepen ie  

(4'̂ ’ generation o f  cephalosporin) and ceftazid im e produced a c lin ica l response  

in 89.0%  and 86.0%  resp ectively . A  study conducted  by  C oronado e t al. (1 9 9 5 )  

sh ow ed  that there w as an increase in  resistance to  c ip rofloxacin  am ong  

n osocom ia l pathogens esp ecia lly  Pseudom onas aeruginosa  and Staph, aureus. 

C iprofloxacin  resistance w as m ore com m on  am ong Staph, aureus  iso la ted  from  

urinary tract and respiratory tract in fection  than any other sites  o f  in fection  

iso lation . It w as conclu ded  that resistance to  c ip rofloxacin  w a s  m ore frequent 

am ong n osocom ia l Staph, aureus than Pseudom onas aeruginosa  and resistance  

w as increasing rapidly am ong Staph, aureus  iso la tes. A h m ed  (1 9 8 2 )  observed  

that there w as a defm ite fall in the sen sitiv ity  o f  E sch .coli and K lebsie lla  sp . to

am picillin . Zam an e t al. (1 9 9 2 ) observed  that the com m on ly  u sed  antib iotics
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like am picillin , co trim oxazole, and cep h alex in  w ere  m arkedly resistant to  Esch. 

co li and Staph, aureus.

A sh ra f e t al. (1 9 7 3 ) observed  that prevalence o f  gram  p o sitiv e  c o c c i (Staph, 

aureus. S treptococcus  sp.j w ere  greatly reduced but gram  n egative  organism s  

cam e to  em erge in fecting  the w ou n d s o f  surgery w ards. B o th  o f  these  

organism s w ere resistant to  m ost o f  the com m on  antib iotics o f  that tim e. Jinnah  

e t al. (1 9 9 6 ) found that Esch. co li iso lated  from  hosp ita lized  d iabetic patients  

suffering from  urinary tract in fection  w ere  m ore resistant to  antib iotics  

com pared to iso la tes from  the outdoor d iabetic and nond iabetic patients. Jinnah 

e t al. (1 9 9 8 ) found that resistance rate o f  Staph, aureus  iso la ted  from  

hosp ita lized  d iabetic and outpatient d iabetic w ou n d s to am p icillin  74.5%  V s  

81.0% , c lo x a c illin  37.2%  V s  21.6% , cep h alex in  41 .1%  V s  21 .6% , gentam icin  

38.2%  V s 16.2% , ceftriaxone 33.3%  V s  16.2% , c ip rofloxacin  26 .4%  V s  13.5% , 

cotr im oxazole  57.8%  V s  32.4% and tetracycline 55.8%  V s  21 .6%  resp ectively . 

This su ggested  the p ossib ility  o f  increased resistance rate am on g the 

h osp ita lized  patients because th ese  antib iotics w ere  frequently  used  to  the 

h osp ita lized  patients.

N o so co m ia l in fection  p rolongs hospital stay o f  the patients and adds to 

econ om ic  burden for the underlying d iseases. Zam an e t  al. (1 9 9 2 )  stated that 

the m ean post operative hospital stay in ca se  o f  patients w ith  n osocom ia l

in fection  w as 25 days w h ich  w as 3 tim es than that o f  the ca ses  w ithout
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in fection  (8 .6 ) days. This resulted in  unnecessary m onetary lo ss  and bed  

occupancy.

H aley e t al. (1 9 8 1 ) conducted  a  study and sh o w ed  that hosp ita l stay w as  

prolonged  by  3.1 to 4 .5  days due to  n osocom ia l in fection . Sudsukh (1 9 8 8 )  

sh ow ed  that n osocom ia l in fection  cost w as about 40  m illio n  U S  D ollars in a 

year in Thailand. In com parison to  th is a fu ll preventive program  required one  

m illion  U S  dollars. W estw ood  e t al. (1 9 7 4 ) found that patients w ith  n osocom ia l 

in fection  spent on average, 22  extra days in the hosp ital. T he cost o f  th ese  extra  

days w ou ld  represent 2 .5  m illion  U S  dollars in a year for the O ttaw a general 

hospital a lon e w h o se  entire annual budget w as on ly  about 14 m illio n  U S  

dollars. C ruse (1 9 7 0 )  concluded  that p ost operative w ou nd  in fection  delayed  

patient’s d ischarge b y  on  an average o f  7 .7  days and it w o u ld  represent 800000  

U S  dollars per annum  for a 600 -b ed  hospital.

Leroyer et al. (1 9 9 7 ) stated that the m ean  extra co st per in fected  case  w as  

10440 U S  dollars and extra days o f  hospital stay ing  w as 5 .2  days in case  o f  

neonates acquiring hospital acquired in fection . Jervis (1 9 9 6 )  stated that 

approxim ately 2 m illion  n osocom ia l in fection s occurred annually  in  the U nited  

States. T he e x c ess  duration o f  hospital stay secondary to n o so co m ia l in fection  

had been  estim ated  1 to  4  days for urinary tract in fection , 7 to  8 .2  days for 

surgical site in fections. The estim ated  average co st o f  th ese  in fection s w ere 558
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to  583 U S  dollar for each  urinary tract in fection , 2 7 3 4  U S  dollars for each  

surgical site  in fection .

D etection  o f  source o f  in fection  is an im portant prerequisite factor for 

d esign in g  a control program m e o f  n osocom ia l in fection . In this regards 

P lasm id  P rofile  A n a lysis  (P P A ) and R estriction  Fragm ent L ength  

P olym orph ism  (R FL P) w ere used  by  som e investigators to identify  the source  

o f  infections.

G irgis e t al. (1 9 9 2 ) found that a m in og lycosid e  resistant strains o f  

A cinetobacter  in  an in tensive care settin g  w as identical to  that o f  environm ent 

and thus su ggested  a m eans o f  transm ission. M arkow itz  e t al. (1 9 8 3 )  found that 

tw o  outbreaks o f  in fection  caused by  E nterobacter cloacae  occurred 6  years 

apart in  the sam e burn unit w ere  attributed to  tw o  d ifferent strains by  p lasm id  

fingerprinting. A  study conducted  by  E isen ste in  e t al. (1 9 8 6 )  found that all 

ep idem ic iso la tes o f  gram  negative b ac illi w ere  the sam e w h ere as controls  

show ed  d ifferent D N A  patterns and even  the antibiogram  fa iled  to sh o w  a 

differen ce. P lasm id  can spread from  on e  bacterial sp ec ie s  or strains to another 

by conjugation . It w as occasion a lly  the p lasm id  rather than the bacterial strain 

that w as ep id em ic  (Farm er, 1983). T h ese ep id em ic  p lasm id s cou ld  enter a 

hospital in one or a few  strains and subsequently  spreaded by  conjugation  to

other strains present in the flora o f  the hosp ita lized  patients (  Farm er, 1983).
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R estriction fragm ent polym orphism  (R FL P) w as proved u sefu l for strain 

identification  for detecting cross contam ination and for tracing ep idem ics

(Stratton et a i ,  1993)

It is ev ident from  the above d iscu ssion  that nosocom ia l in fection  is an alarm ing  

problem  throughout the w orld. In A m erica  N ational N o so co m ia l Infection  

Surveillance System  began in  1970 and n o w  it is the on ly  source o f  national 

data on ep id em io logy  o f  nosocom ia l in fection  in the U n ited  States. In 

B angladesh, no study on nosocom ia l in fection  w ith  elaborate inform ation w as  

undertaken excep t a few  scattered studies w ith  inadequate inform ation. So, the 

present study- “n osocom ial in fections and its con seq u en ces” has been  designed  

with the fo llo w in g  objectives.
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O bjectives of the Study

❖  T o  determ ine the pattern o f  organism s causin g  n osocom ia l in fection;

❖  T o  determ ine the antib iotic resistance pattern o f  the organism s;

❖  T o determ ine the risk factors o f  n o so co m ia lin fec tio n ; '

T o  a ssess the im pact o f  n osocom ia l in fection;

❖  T o  determ ine the p o ssib le  source o f  n o so co m ia l in fection  u s in g  d ifferent 

techn iques lik e  antibiogram  p lasm id  p rofile  and RFLP.
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Chapter II 

Literature Review

2.1 Nosocomial infection

H ospital is a v ita l part o f  the health care system . B u t by  the very  nature o f  its 

w ork, a hospital constantly ex p o ses  patients to  m icrob io log ica l risks. W hen a 

person enters hospital, he exchanges h is secure h om e environm ent for a bed in 

a sm all, p o ss ib ly  restricted, h ostile  area -the ward. From  the m om ent o f  

adm ission  to  the hospital the person is potentially  put at a d isadvantage by  his  

illn ess, environm ent, m edication , surgery and other treatm ent. It m ay seem  

strange that, in an effort to  cure, w e  take p eop le  from  the sa fety  o f  their hom es  

and exp ect them  to  m ake progress in  the com paratively  unsafe environm ent o f  

a hospital.

N o so co m ia l in fection  is derived  from  the G reek  w ord  “n o so s”-m ean s d isease  

and “K o m eo ”-m eans attend to. It is o ften  referred to  as hosp ita l acquired  

in fection  (H A I). It is d efined  as in fection , w h ich  is acquired b y  patient w h ile  

they are in hospital or by sta ff  w h o  are w ork ing  in the hosp ital. I f  a patient 

acquire in fection  m ore than 72  hours after adm ission , it is consid ered  to be 

hospital-acquired in fection  (C addow , 1989). T he national n o so co m ia l in fection  

surveillance system  defin es nosocom ia l in fection  as a lo ca lized  or system ic
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coiKlilioii (lull rc.sulLs lioiii adverse reaclioii lo llie presence o fageiU  (s) or ils 

loxin (s) and that w as not prcseiU or incubating at tlie lim e o l adm ission in the 

iiospital (Garner el a i. 1988).

i'or m ost baeterial nosocom ial infeclions, liiis m eans that tlie infections usually 

becom e evident 48 hours (i.e. typical incubation period) or more after 

admission in the hospital. H owever, because the incubation period varies witli 

Ihc type o f  pathogen and to som e extent with the patient’s underlying 

condition, each infcclion must be assessed individually for evidence that links 

il to the hospitalization. There are several other important principles upon 

which nosocom ial infcclion dellnilions are based. (Garner el a!.. 1988). First, 

the information used to determine the presence and classification o f  infection  

should be a combination o f  clinical findings and results o f  laboratory and other 

lesls. Sceond, a physician’s or surgeon’s diagnosis o f  infection derived from 

direct observation during a surgical operation, endoscopic examination or other 

diagnostic studies or from clinical judgem ent is an acceptable criterion for an 

infection unless there is com pelling evidence to the contrary.

There arc two special situation in which an infection is considered nosocom ial 

(a) infection that is acquired in the hospital but does not becom e evident until 

after hospital discharge and (b) infection in a neonate that results from passage 

through the birth canal. There arc two special situation in which an infection is
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iu)l considered as nosocom ial (a) iiilcclion with a coi5iplication o f  inleclion  

already present on adm ission, unless a change in pathogen or symptoms 

strongly suggests the acquisition o f  a new infection and (b) in an infant, an 

infcclion that is known or proved to have acquired transplacentally (e.g. 

Rubella, toxoplasm osis, cytom egalovirus or syphilis) and becom e evident at or 

before 48 hours aller birth.

2.2 IIIS'l'O R IC A L A SPE C T S

N osocom ial infections have been existing as long as there have been hospitals. 

But attention w as not paid until the middle o f  the nineteenth century. During 

that lim e, i-'lorence N ightingale improved hospital design and higher standards 

o f  nursing care. During the World War I and II, nosocom ial infections were 

usually caused by S trep tococcus  sp. and staphylococcus  sp. (E ickholl 1983, 

Gardner et a l .  1987). After the discovery o f  penicillin, S trep tococca l infections 

were dramatically reduced and it had only temporary effect on slaphylococca l 

infections (Eickhoff, 1983). The frequency o f  gram negative bacilli were 

increasing since 1960. 'I'he predominance o f  infections caused by grain 

negative bacilli were established in 1970 and subsequently increasing o f  

mcthacilliii resistant slaph. aureus  were also recorded (Eickhoff, 1983). 

M cthacilliii resistant staph, aureus  is still one o f  the important causal agent o f  

nosocom ial infection (Rao e t a l ,  1988) and gram negative bacilli being the 

predominant organisms (Kapur el cil., 1985 , (iardiicr et al. 1987). A shraf e/ al.
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(1973) observed that gram positive coeci (Staph, aureus) were greatly reduced 

but gram negative organisms came to emerge in inlecting the wounds ol 

surgical wards, llo tli o f  them were resistant to most o l the antibiotics ol 

comm on use at that time. A sh ra fe / al. (1973) suggested that "days arc not lar 

o irw h cn  most o f  the antibiotics in comm on use today w ill bceom e less and less 

elTeclive against the com m on types o f  pathogenic organisms around us. Wc 

should carc more for the prevention o f  infection with the help o f  aseptic 

techniques and antiseptics rather (lian letting contamination occur, then look for 

antibiotics” .

2 . 3  E l ' I D K M I O L O C Y

N osocom ial infections are problems o f  increasing importance in hospital 

practice. They occur at a rate o f  5 to 10 per hundred adm issions and represents 

a leading cause o f  death and add to econom ic burden o f  underlying diseases 

(W enzel, 1987). In 1980, the first national prevalence study o f  infection in 

England and Wales (Mecrs el al., 1981) showed that 19.1% o f  patients were 

infected. Over h a l f o f  the.se (51.9% ) were community-acquired infections and 

the rest (48.1% ) were hospital acquired infections. In Am erica, the nationwide 

nosocom ial infcctioii rate was approximately 5.7 per luindrcd admissions 

(Haley et al.., 1985). A  surveillance study conducted by W estwood el al. 

(1974) on infections at the Ottawa general hospital showed that the overall 

infcclion rate was 13.5% o f  which 5.6% was comm unity acquired w hile 7.9%
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was iiobDcimiial origin. !l also sliowcd liial Uriiuiry iracl Iiilcclion ( U i l )  

accoLintcd for 44.8%  o f  all llie nosocomia! infections and clearly doniinaied the 

picliiic. 'Die postoperative wound iiifcction rate w as 3,9% and accounted lur 

only 18% o f  luxsoconiial infeclions. W estwood (1974) also showed a 

nosocom ial superinfection rale o f  14.3% whereas patients not infected on 

adm ission sliow ed a nosocom ial infection rate o f  6.9%. 'I his indicated that the 

chances o f  acquiring infection o f  hospital origin were doubled in patients willi 

pre-existing infection. 'I'he overall nosocom ial infection rale on the medical 

service was 9.3%  and post operative infection rate for all services was 13.5% 

o f  which 27.4%  was due to UTI. W hen no surgery was performed, the infection 

rates wcre-suigcry 4.3% , gynccology 4.4%, maternity 2.1% , paediatrics 6.7%. 

■fhe risk o f  nosocm ial infections w as increased liirec fold by carrying out o f  an 

operative procedure. The m ost important single finding w as the dom inance o f  

IJ’f l  which represented 44.8%  o f  all the nosocom ial infections. Many authors 

showed that post catheterization infection was responsible for the majority o f  

nosocom ial U 'fl (Pyrah et al., 1955, Kass et a i ,  1957, Sanford 1963, Lindan 

1969, M oody e! a i,  1972). Britt cl al. (1978) conductcd a prospective study in 

Salt Lake City V .A  hospital and showed that severity o f  underlying diseases at 

ihe time o f  admission indicated m edical patients at the unusual risk oi 

nosocom ial infections. The nosocom ial infection rate was 23.6%  in patients 

with fatal underlying disease, 9.6% in those w ith ultimately fatal disease and 

2.1% in those with non-fatal disease. N osocom ial infections represented an
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imporlaiil cnclcmic problem airccliiig 3 to 5% o f  lu>spitiili7;cd paliciils. 

(Eicklioff, 19^3). The severity o f  a patient’s underlying disease affects both the 

risk o f  acquisilion o f  sclcclcd inicclion.s and llicir associated niorbidily and 

morlaiity (Dupont et al„ 1962, M cCabc et a!.. 1968, Bryant el uL. 1971, 

Schcckcr et al., 1977). A  new surveillance system  (Kardex review ) was 

dcscribcd for dctcctiiig hospital acquired infection (IIA l) in the University o f  

Virginia Hospital in 1972-1975. The annual rate o f  nosocom ial infection w'as 

7% and in llic succcediiig year o f  survcillancc it was 6% (W cn/.cl c! al., 1976). 

This was higher than rates reported by the university hospital participating in 

the National N osocom ial Infection Study (N N iS ) which was sponsored by the 

Center for Disea.se Control (CDC). 'I'hcir median monthly rates ranged from 

3% to 5.5% (Center for D isease Control, National N osocom ial Infection Study 

report and 2"'̂  quarter 1972 -1 9 7 3 ). The special prevalence studies from 

Boston city hospital it was 11.5% (Kislak et a l,  1964, Barrett et al.. 1967, 

Adler e t al., 1970). Despite advances in operative technique, better 

understanding o f  pathogenesis o f  wound infection and w ide spread use o f  

propliylaclic antibiotics, post operative surgical site infection continued to be a 

major cause o f  morbidity and mortality for patients undergoing operative 

procedures, [t was cslim alcd that surgical site infection developed in 2-5%  o f  

the 16 m illion patients undergoing surgical procedures each year (Vital 

statistics 1989- Graves, 1987 and Cruse, 1981). They accounted for about 24%  

o f  all nosocom ial infections, making surgical site infection as the second most
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com m on site o f  nosocomiLil infections, second only to  UTI, (H ughes e t a i ,  

1980-82, M M  W R  1983), Burns e t al. (1982) show ed tha t  the overall inlection 

rate in clean w ounds was (2.5%), clean contam inated (6.7%) and dirty wounds 

(13.3%). It was showed that (lie h ighest infeclion rale in  the general surgery 

w as  (8 .2% ) followed by plastic  surgery (5 .6% ) and  it was (5 .2% ) in 

Gynecology. Edw ards (1976) stated that the risk o f  acquiring w ound  infections 

in gynecological surgery was 1.56% and that the risk o f  orthopaedic surgery 

was 5.61%. .logcrst el al. (1981) show ed that use o f  prophylactic  and 

thcnipcutic antibiotic m ight have contributed to be the lower rate oi 

postoperative infection. Fitaksiripen et al. (1995) conducted  a surveillance 

study Oil nosocomial infection in Lainpang hospital and show ed that the 

incidence rale o f  nosocomial infection in 58,355 patients w as  3.5%. Ihe  

h ighest infection rate (16.8%  ) w as  found in intensive care units followed by 

the sui-gcry departm ent (9 .0%) and Orthopaedic  departm ent (8 .5% ). UTI was 

the com m onest  site o f  infeclion (19.4% ) followed by surgical w ound  and lower 

respiratory t r a d  infection. 'I'he infeeling organism s w ere  p seu d o m u n a s  sp„ 

Ksch co li and K Ichcsiclla  sp.

A  cross sectional study conducted by Hussain el al. (1991) in the surgical 

wards  o f  D haka  M edical CoUege Hospital show ed that out o f  240 patients 

72(38% ) suffered from  nosocom ial infections o f  w hich  m axim um  num ber i.e. 

26(36.1% ) suffered from w ound  infection followed by U I I  17(23.6%). The
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IVctiuciicy o f  tilltcr types o f  iiircclioiis cncoiiiHercd in this sUidy were 

respiratory tract infection 11(15.3%), gastrointestinal tract in lec tion  9(12.5%), 

skin inlection 3(4.1%), and fever 6 (8.3%). Prevalence o f  nosocomial 

infections was found to be higher (49% ) in the postoperative patients than pre 

operative patients (15.9% ) in the study. High frequency o f  infection especially 

in postoperative w ards  and o ther w'ards indicated a breach o f  asepsis some 

w here in the operation theatre, post operative wards and /or other wards.

A surveillance study was conducted by Zainan et al. (1992) in eight Medical 

College Hospitals o f  Bangladesh and found that the  prevalence rate oi’ 

nosocomial iiil'cctiojis ranged from 6 to i8% . All cases in the study were 

postoperative surgical w ound  infection and the com m onest  organism s w ere 

Esch.co li. The prevalence rate o f  nosocom ial infections in m any countries 

ranged from  9.2 to 21.4% . In Thailand the prevalence rate w as  11.7%, in 

h:thiopia 17%, U .K  9 .2%  and in N orw ay  it was 9%. (M ayon  W hite  ei al., 

1988).

W estern el al. (1982) reported that the nosocomial infection rate be as high as 

26 to 05%) ill the developing couiilries, In lingland M eers cl al. (1980) reported 

a prevalence rate o f  nosocom ial hifeetion was 11% . 'fhe  lower nosocomial 

infection rate in the hospital o f  the developed countries indicated an increasing 

aw areness about nosocomial infection. T he  study on the efllcacy of
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nosocoiiiiiil iiil'cclioii coiUro! (S liN lC ) projccl, ihc com prehensive  liospital 

iiiiecliou projecl (CHIP) and Ihe Nalioiicil Nosocom ial In lection Studies 

(N N !S) play an imporlaiU role in reducing the nosocomial infections.

V incent (1995) determ ined the prevalence rate o f  intensive care unit acquired 

infection and risk factor for these infections and found tliat ou t o f  10038 ICU 

patients, 4501 patients (44.8% ) w ere  infected. O f  the infected patients 

pneum onia v '̂as (46.9%), lower lespiratory tract infection was 17.8% and blood 

stream infection was 12%). 'I'hc risk factors for ICU acquired infcetion w ere (1) 

increasing length o f  ICU  stay (>48 hours) (2) m echanical ventilation (3) central 

venous cathetcri/a tion , (4) Pulmonary artery cathetcrization (5) Urinary 

catheterization (6) stress ulcer prophylaxis.

Graves e t al. (1987) and Cruse el al. (1981) noted that surgical site infection 

developed in 2-5%  o f  the 16 m illion patients undergoing surgical procedures 

cach year, iki.scd on the study o f  the lif licacy o f  Nosocom ial Infection Control 

(SENIC) by the centers for disease control and  prevention (C D C ), it was 

cxpected that over  5 ,00,000 surgical site infections w ould  occur am ong  adults 

cach year in Ihc Uniled Stales. These infections prolong hospital stay by an 

average o f  7-4 days at a cost o f  be tw een $400 and $2600 per w ound  infection, 

resulting in an annual cost o f  $ i3 0 -$ 8 4 5  m illion per year.
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2.4 E tio logy , S o u rc e  a n d  m ode  o f  T ra n sm is s io n  o f  N osocom ia l In fec tions

M any iiivcsligalors clabonilcd etiology, source and m ode o f  transmission o f  

nosocom ial infections in their studies. A dam s el al. ( I9 6 0 )  noted that 

environm ental air o f  die operating room  contained pathogenic  bacteria, which 

w ere constantly  being  deposited upon all the walls, floors, tables and other 

exposed surfaces. Bacteria m ight thus reach the operative wounds. B low ers el 

al. (195?) and A dam s d  al. (1959) deinonstratcd that the operative wounds 

wore cxposetl to a large num ber o f  bacteria when the personnel o f  the surgical 

team  talked, sneezed, o r  coughed. A  clean operative w ound  in this w'ay becom e 

contam inated by microorganism s. Letts el al. (1983) staled that 

m icroorganism s becam e air borne as a result o f  conversation w hich  created 

droplet nuclei from the respiratory tract or as a result o f  shedding from  hair or 

exposed skin. Douglas et al. (1973) stated that air borne bacteria  w ere  potential 

source o f  contamination and infection o f  surgical w ounds in operation theatre. 

B lowers el al. (1955) reported that following im proved  theatre ventilation in a 

thoracic surgery unit, there was a fall in w ound  sepsis from 10.9% to 3.9%. 

Charnely  and  Ifthekhar (1969) reported that w hen  operations w ere cairied out 

in unvcntilated operation tiicatre, the rate o f  infection involving prosthetic  hip 

jo in t  w'as 8 .7%  and this w as  reduced to 1,3% w hen  operations w ere  perfonned  

in an  enclosure w ith  a high rate o f  air flow and o ther stringent precautions were 

taken. C ruse e! al. (1980) found a direct relation.ship betw een duration o f
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sLii-gci-y and inicclioii riiLc. A m ong  (he cican w ounds the inlcction rales ol' 

operations lasting for 1, 2 and 3 hours w ere i .3% , 2.7%  and 3 .6%  respectively. 

Garibaldi el a l  (1991) applied step w ise  logistic regression to the analysis o f  

1852 proeedures and found that the duration surgery m ore  than 2 hours was 

assoeiated with relative r isk  o f  3 for the surgical site infections. W iley et a i

(1979) stated that pa tien ts’ endogenous llora  at distant sites m igh t be a source 

o f  surgical site infection. It was suggested that surface m icroflora  could migrate 

from distant sites and gain entrance to the operative site despite distance and 

Ihc u.se o f  clothes and adhesive drapes as barriers. I-dwards (1976) and 

Valentine e t al. (1986) s tated that m icroorganism s causing infections at remote 

sites miglU gain access to the operative sites by haem atogenous or 

lym phogenous seeding. Untreated UTI, skin and respiratory tract infections 

w ere the 3 m ost com m on  rem ote infection that had been  associated  with the 

increase in the rate o f  surgical site infections. K aiser (1990) stated that 

pathogens that cause surgical site inlections w ere acquired either endogenously 

from the patients ow n llora or exogenously  from contact with operating room 

personnel or tiic environment. U w as  reported that m ost pa thogens either 

exogenously  or endogenously  acquired, w ere  im planted at the tim e  o f  surgery, 

■fhe narcs and  oropharynges o f  the operating room  personnel w ere colonized 

w ith m icroorganism s, w hich  could  be shed in large droplets into the surgical 

sites. Fo rd  e t al. (1967) isolated Slaph. aureus, Staph, ep iderm id is  and 

Sirep locucci frccjuciuly from the nasopharyngcs o f  the operating room
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personnel and rccovcrccl llic Sciine organism s Ironi llic cxudaics ol the inlecled 

wounds. B asset e t al. (1970) noled that conUiminated solutions h ad  been Ihe 

sourcc for surgical site infections causcd by P seudom onas aeruginose, 

P seudom onas m ullivorans  and S e n a lia  m arcescens. A hm ed  (1982) stated that 

a lm osl all the  inicclions o f  U'1'1 w ere autoinfection from the gut. It was staled 

lluU Esch. co li o f l h c  gut m ight colonize at the pre urelhral area  from where 

ascending infection started. D ue to  indiscriminate use  o f  ampicillin the gut 

Esch. co li miglil be a resislant lypc o f  bcla laclamase producers or R-plasmid 

type, w hich gave a high percentage o f  resislance .

■fhe musL com m on  palliogcns responsible for surgical site infection as reported 

to National Nosocom ial Infection Surveillance (N N IS) betw een 1986-1989 and 

1990-1992 are as follows.

IVrceiilnsc (if dislrilnilioii of Nosocoiiiiiil )):ilho};cns for .surgical sile inlcctiim 
(NNIS), 19«6-l 'J8 9 aui! 19^11- 1992.

Palhogens 1986-89 1990-92

N - Ifi727____________N- 1 1724

Esch. Coli **
Enlerococci 13 12

08 08/’.V. HC/'l/.yi/IOiH

siiiph. awxHS 

Cuagntase-ve siaph.

Emerobader sp.. 08 07

17 19

12 14

Klebsiella pneumonia 03 03

Proteus mirabilis 04 03

Sin'pincoccal S]>. 03
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Jinnah et a i  (1998) observed that the m ost frequently encountered pathogen 

am ong  non-hospitalizcd diabetic w ound  w as  Staph, aureus  (42%). I 'o r  the 

hospitalized diabetic  group the Irequency o f  Slaph. aureus  isolation was 

(13.6% ) and ranked  4''‘ position. O ther pa thogen  in order o f  frequency o f  

isolalion were P seudom onas  sp,(20.4% ), E sch  co li (15.9% ), P ro teus  sp (5.7%), 

K lebsiella  sp (7 .9%) and S trep tococcus  sp (7.9%).

The frequency o f  individual pathogens causing nosocom ial U T l has changcd 

m arkedly  in the  last 2 decades. The m ost im portant factor in lluencing the 

di.slribution o f  infccling species in the hospilal was the use o f  anliinicrobial 

agents. T he  organism s usually responsible for catheter associated UTI were 

gram negative organisms derived from  the faecal flora, (L ohr et a l ,  1989). It 

was also noted that E sch.co li was the infecting organism  responsible  for about 

80%  o f  the UTI in patients with short term catheters.

In bacterial analysis o f  w ound  infection in M ayo  hospilal, Lahore, Am an 

(1982) found that the  causative organism s w ere Staph, aureus  (28 .6% ), Esch. 

co li  (24.7% ), P seudom onas  sp (23.7% ) and P roteus  sp (10.4%).
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Zilinan et al. (1992) round lluit Ihc com m onest  m icroorganism s w ere Esch. coii 

(60%) followed by Staph, aureus  (20% ) and  P seudom onas  sp (20%) in 

posloperalive woinid infcclions in 8 medical colleges ol Bangladesh.

'I'he prcdoniinanl causative organisms lor (lie postoperative w ounds w ere  Esch. 

co li (37 .5% ), Staph, aureus  (21.7%), P seudom onas  sp (15.1% ), Streptococcus  

sp. (8 .36% ), P roteus  sp (2 .7%) in the study conductcd by A s h r a f e /  al. (1973) 

in the surgery wards o f  D haka M edical College Hospital. A hm ed  (1982) found 

lhat the com m on organism s isolated IVoni the cases ol U 11 were Esch. colt 

(55.6%), Staph, aureus  (18.6%), P seudom onas aerug inosa  (9% ), P roteus  sp. 

(4.8%) and K lebsiella  sp. (6.7%). It was show n that there was rise in the 

n-cqucucy o f  infection by Esch. co li from 1975 to 1979 (46.4%  Vs 57.6%). 

W estwood (1974) found that in O ttaw a general hospital urinary tract nifections 

accounted  for (44.8% ) o f  all nosocom ial infeetions and post operative wound 

infection rate was (18%). T he  organism s responsible for nosocom ial infections 

vvei-c Esch. co li  (25.3%), E nterobacter  and K lebsie lla  sp (16.8%), 

P seudom onas aerug inosa  (6.8%) and Slaph. aureus  (12.5% ), Streptococcus  

fa ec a lis  {1.1% ) and D iplococcus pneum on iae  (2.7%). V inccnt e t al., (1995) 

found that the Prevalence o f  nosocomial infection in the intensive carc units in 

I'Airopc was freqnenlly caused by E nterobactcriaccae  (34.4%), Staph, aureus  

(30 .1% ), P seudom onas aeruginosa  O -i.1% ).

Staphylococcus  (19.1%).
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Am;in (1982) sUiled LhaL llie w ounds bccom c inlccted through m any variable 

sources. In the operation theatre the source m ay be physical environm ent o f  the 

theatre due to  polluted air com ing from the wards through the staffs w orking  in 

liic theatre and incomplclely sterili/.cd inslruments used in surgery.

Visitors had  a role in the developm ent o f  nosocomial infection. O ver crowding 

in the wards and iti front o f  the operation theatre m igh t be one  o f  the important 

causes o f  increased frequency o f  nosocomial infection (Am erican lio.spilal 

Association Infect. Control in the Hospital, Chicago, 1968). Curse and  Foord

(1980) reported that the over all infection rate was 1.1% for the patients whose 

pre operative slay was one day versus 2 .1%  in patients w ho rem ained in the 

hospital for one week before operation.

2.5 A m im ie ro b ia l  Susccptib ili(y

A m an  (1982) conducted a s tudy on 500 specim ens in M ayo  hospital, Lahore 

and found that Siaph. aureus  was the com m onest  organism s w hich was 

followed by Esch. coli. P seudom onas  sp and  P roteus  sp. Antimicrobial 

susceptibility test revealed that gentam icin was sensitive to (83.4% ) o f  cases, 

cephradinc was sensilivc to (22.72% ) ol cases. It was observed that cephalexin 

was less sensitive because o f  extensive use o f  this drug.
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IJaibcc ei al. (1975) rcpoifcc! (liat Staph, auveus  w as  llic single m osl iinportaiit 

pa thogen  in hospital infections and resistant strains o f  Staph, aureus  em erged 

IVoni iiiJiscriniiiialc use o f  anLibioties. M anialis el al. (1977) found that Staph, 

a w c u s  and eoagulase negative Staphylococcus  did not display any signilicant 

variation in isolation rate but show ed  an alarm ing  increase in resistance rale to 

oxacillin from  (11% ) and (21% ) in 1986 to (51%) and  (75% ) in 1994 

respectively. Sharafi e l al. (1996) conducted a study with a total o f  180 patients 

o f  complicated and uncomplicated nosi)coiiiial infcctioJis ol U I I  and the 

predom inating infecting organism s were E sch .co li and P roieus  sp. liolh 

cefepine (4*'' generation o f  cephalosporin) and ceftazidim e w ere administered 

inlrainuseuliir and intravenous loulc. Cclcp ine and cellazidinic  protluced a 

clinical response o f  (89%.) and (86%) respectively.

A  study conducted  by Cornado el al. (1995) show ed that there was an increase 

o f  resistance to c ip ronoxacin  am ong  the nosocom ial pathogens especially 

P seudom onas aerug inosa  and  Slaph. aureus. It w as  observed that (2 7 .1 /o) 

isolates o [  Staph, aureus  and (4.7%) isolates P seudom onas aerug inosa  were 

resistant to ciprofloxacin. It was also observed that c iprofloxacin resistant was 

m ore ct)mnK)ii am ong  Slaph. aureus  isolalctl from urinary tract atid respiratory 

tract infection than any oUier sites o f  isolation. T he  au thor concluded that 

resistance to ciprofloxacin was m ore  frequent am ong  nosocom ial Staph, aureus 

than Pseudom onas aeruginosa  and resistance was increasing rapidly am ong
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Suiph. aureus. M im ed  in 1982 coiidiiclcd ci sUiciy on aiilibiolic scnsilivily 

pallern o f  com m on  causative organism s o f  urinary tract infections for four 

years  ;ind rept)rled a deiinilc  fall in ihe sciisilivity ol7i.vc7i. co li iiiul Kleh.siclla 

>sp to ampieillin.

Zam aii el al. in 1992 condueled study on hospital acquired infections in 8 

medical college hospitals o f  Bangladesh and found that the com m onest 

m icroorganism  was Esch. co li (60.0% ) which was followed by Staph, aureus  

(20,0%)- 'I'he com m only  used antibiotics like ampieillin, eloxacillin, 

amoxycillin, gentam icin, co-trim oxazole and  cephalexin were m arkedly 

resistant to Esch coli. co li anil Staph, avrcus. Ashral et al. (1973) observed that 

prevalence o f  gram positive cocci {Slaph. uureus, S trep tococcus)  w ere greatly 

reduced but g ram  negative organism s {Esch. coli, P ro teus  sp, P seudom onas  

sp,) cam e to im m erge infecting the w ounds o f  surgery wards. Both gram 

positive and gram  negative organism s w ere  resistant to  m ost o f  the com m on 

antibiotics o f  that time. Jinnah  e l al. (1996) found that E sch .co li isolated Irom 

hospitalized diabctic  patients suffering from urinary tract infections w ere more 

resistant to  antibiotics as com pared  to isolates from outdoor diabetic  and non 

diabetic |)atienls. Jinnah ct al. (1998) found that the resistance rale a\'S taph , 

aureus  isolated from  hospitalized diabetic and out patient diabetic  w ounds to 

ampieillin 74.5%  V s 81.0% , eloxacillin (37.2%  V s 21 .0% ), cephalexin (41,1% 

Vs 21.6% ), gentam icin  (38,2%  Vs 16.2%), ceftriaxone (33,3%  Vs 16,2%),
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cipi'ofloxiiciii (26.4%  Vs 13.5%), colrimuxiizolc (57.8%  Vs 32.4% ) and 

tetracycline (55.8%  Vs 21.6% ). This suggested the possibility  o f  increased 

rcsi.sUiiicc rale am ong  llic iiospilali/cd paLiciUs becausc these aiilibiolics were 

IVcqucnily used to hospilalized paticnls.

Plasm id Profile  Analysis (PPA) and Restric tion F ragm ent Length 

Polym orphism  (RFLP) were used by som e investigators to  identify the source

t)l' in rc c lio iis ,

Girgis et a i  (1992) found that am inoglycoside resistant strains ol 

A ciuelohacicr  in an intensive carc selling was idenlieal to that ol environm ent 

and thus suggested a m eans o f  transmission. M arkow itz  e / al. (1983) lound that 

two outbreaks o f  infection caused by E nlerobacier c loacae  occurred 6 years 

apart in the sam e burn unit were attributed to tw o dilfcrcnt strains by plasmid 

fmgerprinting. A  study conducted by Eisenstein et al. (1986) found that ali 

epidcm ie isolates o f  gram negative bacilli w ere  the sam e w here as controls 

show ed different D N A  Patterns and even the antib iogram  failed to show  a 

difference. Plasm id can spread from one bacterial species o r  strains to another 

by conjugation. U was occasionally the p iasm id rather than the bacterial stiain 

tliat was epidcm ie (Farm er 1983). These  epidem ic p lasm ids could enter a 

hospital in one o r  a  few  sti'ains and subsequently  spreaded by conjugation to 

other strains present in the llot a o i  the hospitalized patients (Farmer, 1983).
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2.6 MccliJiiiisins ol a i i l im ic rob in l  l esis lnucc  hi m ic ro o rg a n ism s

lm ic(ivalio ii ol j iu l im it ro b ia l  a}>eiJls

P 'lactam ases

Chloram phenicol acclyltransferases 

A m inoglycoside  m odifying enzymes

Uccrciiscd  d r u g  accuiiiiiliitioii (m c iiib r iu ie  im i)c rm oab il i ly  a i i t im ic robu i  

cClliix)

Inlrinsic rcsisUuicc

A cquired resistance : chrom osom ally  mediated 

plasmid-mediated

A llc ra lio ii  in t a r g e t  site

I’cnicillin binding proteins 

D N A  gyrase 

R N A  polymerase 

Ribosom e

M clabo lic  bypass

Altered dihydrofolate reductases 

Altered diliydropcroate synthetases

O v e rp ro d i ie t io i i  o f  t a r g e t  enzym e  inh ib i ted  by a n t im ic ro b ia l  agen ts

CJene amplillcation  

Mutation in regulatory gene

T o le ra n c e

D elect in autolysins
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A i i x ( ) l r o j ) l i i c  c l i a n j ' c
I'liyiniiic Huxolrophy

G c iie lic  b iis is  o f  rc s is tiiiicc  o f  m ic r o o r g a n ism s  to  a n tim ic r o b ia l

i i« c n (s :  M icrobial rcsisUuicc lo aiilinucrobial agents is a mailer ol grcal 
&

importance, ii' sensitive strains are supplanted by resistance ones, then the 

valuable drugs becom e useless. Resistance to  antimicrobials m ay be an 

acquired [irojicrty or an intrinsic jiaturally occurring trait that is a charactcrislic

o l 'a  spccics.

Acquired  resistance m ay develop cither from  changes or m utation to genomic 

D N A  or by acquisition o f  antimicrobial resistance genes through mobile 

genetic e lem ents (Plasmids, bacteriophages, inlegrons and  (ransposons) by 

gene transfer m echanism s such as conjugation, transform ation, transduction, 

site spccilic  integration or cunjugative transposition. After each new 

antlmicrobia! agent becom es widely  used, antimicrobial resistance gene 

eventually em erge  and spread through the w o r ld ’s bacterial population. 

Antinncrobial agent everge either by being m ob il i/ed  through obscure strains 

or by evolv ing  from  obscure ancestral gene (A m yes e t a l ,  1992). A bou t  one 

hundred  resistance genes have been recognized to  date. Each  encodes a protein 

that either inactivate antimicrobial agents or prevents them  from b lockm g their 

target function or provides a  new  function to substitute for the function blocked
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by II,c »gcnls. Resistant genes may be situated on ehrom oso.nes, plasniids, 

inlegrons o r  on transposons. A  resistant gene .tray e tnerge and  spread  tlrrough a 

sequence o l 'events:  tmilation to eni.anee resistance, transposition to a plasntid, 

rceonil,ination with otircr plasmids, linkage with other resistant genes, transter 

o f  p lasm id  to new  strains, and m igration o f  resistant strains Iron, one host to 

colonize or i..feet others. Conthruos use o f  the antimierobial gents am plifies the 

resista..! bacterial population  and tends to distribute the resistant gene i.r 

progressively larger population o f  bacteria. D N A hybridization and polymerase 

chain reaction are two n.ajor lechniciue which cair be used to detcet

anlimici'obial resistant genes.

P la sm id  a n d  a ii t im ic i 'ob ia l  res is tance :  A  p lasm id  is a naturally occurring, 

autonom ous, cxtrachrom osom a!, circular duplex and self-replicating DN A 

molcculc, It ranges in size from  Ikb. to greater than 400 kb. and  is extremely 

com m on  in bacteria and even present in eukaryotes. Bacteria iiousc plasmids 

and strictly regulate (heir copy num ber i.e. the num ber  o f  p lasm ids per 

chrom osom e is 1 to 20. Single copy plasm ids m aintain  parity w ith  chrom osom e 

but multi copy plasm ids exist in a charactcri.stie num ber o f  10-20 per bacteria 

eell. C opy  num ber is the result o f  an existing replication control m echanism  m 

the bacteria. Plasm ids tha t  share the sam e replication control system  tend to as 

incompatible. Thus, iE ico m p a tib ility  groups o f  p lasm ids have been deim ed 

which can be used for epidemiological investigations. Recently  plasmid
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,-cplico,, lyp ing  has b .c n  developed U> etassily  pk,smid (C oum rier  a i .  1988). 

Plasmids ean exists either in an  autonom ous, extra-chrom osom al state or they 

can be inserted into bacterial ehro .nosom e and ean bo carricd as a part o f  it and 

ealled an cpisome. A  plasm id is a m ajor  class o f  m obile  genetic  elements. The 

m obile conjugation p lasm id  has the necessary genes know n as tra genes, 

required lor the conjugation process, which is a natural and probably ntost 

inrportant genes transfer ntechanism. T he  plasm ids m ay  transfer themselves 

into different species and even into different genera. A eo.rjugative p lasnnd can 

„,obili/.c a non-conjugative p lasm id w hen  they are present in the sa.nc host. 

Plasmid m ay  have a eo-valantiy c losed eireular (CCC ). open circular or linear 

form  o f  DN A . IMasmid D N A  usually cncodes no essential but rather acts as a 

dispenstble accessory sourec o f  D N A  that provides m any unique  functions to 

bacteria  w ithout overloading the m ain  genom e. They  carry genes for the 

inactivation o f  antibiotics, the production o f  toxin, the break  dow n o f  natural 

prodticts and invasion genes. Som e plasm ids have no  know n phcnctypic  

function and  are know n as cryptic plasmids. Plasm ids m ediated  resistance 

occurs m u d ,  more frequently than chrom osom al resisla.ice in clin.eally 

important bacteria. It is responsible for m ost o f  the resistance phenom ena  and 

in association w ith  transposon greatly increases the rapid  spread  o f  resistance

aiclors or genes.
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I'lic llrsl l<.-llicLor or Ii.-plasniid was dclectccl in Japan in S .Dyscnlcriac lypc 1 

in m id 1950s. Plasm ids and chrom osom es can them selves exchange genes by 

general recom bination  or by transposition, thus, increasing the spread ol' 

resistant genes even in the single bacterial cell. Plasm ids are involved in the 

d issem ination o f  antibiotic resistance in m any ways. A  single c lone o f  a 

specific bacterium  m ay spread antibiotic resistance by clonal spread o r  by 

|ilasmid transfer or by plasmid and Iransposon spread or by m obilization o f  

resistance genes from  plasm id  to chrom osom e or vice versa. Resistant p lasm ids 

may contain any nuiubcr ol individual resistant genes and in recent years 

“ Super” p lasm id encoding resistance to 8 or m ore antimicrobials have been 

reported.

C hrom osom e a n d  anliin icrob ia l res is tance :  C hrom osom al resistance is the 

result o fn u i la t io n  in the genome. It may occur spontaneously  o r  by selective 

pressure o f  antibiotics on the organisms, resulting in clonal spread o f  

rcsislnnee with suppression o f  susceptible organism. A  chrom osom al resistant 

gene m ay be transfer to  a p lasm id  by transposition. It is a less frequent cause o f  

em ergence o f  clinical signillcant drug resistance in a given patient because ol 

low frequency o f  m utation (10’  ̂ to 10“'^). C hrom osom al m utants are resistant in 

m ost o f  the  cases by virtue o f  changes in the  drug receptors or target.
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riini.spo.soii iUHl a .il in iicrohiii l  rc.sislaiicc: A Im sposon is a small mobile 

gcnetic e lem ent o f  specific D N A  sequence w hieh is able to transpose it se lf  

betw een LiiircUitcd D N A  sequence. U is nut seli-replicating and tlicreiorc, must 

exists on a cliromosome, p lasm id or bacteriophage. T ransposoa  often known 

as ju m p in g  genes, can m ove  betw een plasm ids, be tw een chrom osom e and 

plasm id, as well as to  and from a phage, ' l l ie  s im plest transposon is an  insertion 

sequence (Ts), typically about 1 kb long and consists o f  a gene for a transposasc 

bounded by iiwcitec] tcrniinal repeats. M any unlimicrobial resistant genes 

reside w ithin transposons and it is probably this fact that explains the evolution 

o f  R  p lasm ids from ones with few resistance genes to ones with many. Some 

transposons contain many antibiotic resistant genes i.e. In  2571. 1 ransposition 

is a conlinuou.s and ongoing  process in bacterial populations. Recently, a new  

class o f  transposons has been described that has the capability  to m ove from 

the chrom osom e o f  one bacterium  to another w ithout be ing  part o f  a p lasm id  or 

bacteriophage. These  are know n as “ conjugative” transposons and  have been 

detected in aerobic and  anaerobic gram -positive  bacteria (Cohen, 1976).

l i i le rg ro n s  a n d  a ii f i in ic roh ia l  rcs is fance ;  Recently, a fam ily o f  potentially

mobile D N A  elem ents called intergrons has been described within some

bacterial chrom osom es. Intergrons consists o f  tw o conserved D N A  segments

separated by various acquired antibiotic resistant gene cassettes. T he  whole

intergron is t lanked by a short (25 base pairs) im perfect inverted repeat base
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pai,-. (B kso .m uc ltc  aL. 1992, SU.kos c/ a i .  1989). The i.Ucrgron docs ,u,l 

encode llie proteins necessary for Iransposition. T he  site specific integration 

runction (llic insertion site and integrase production) is pcrlbrnicd by tiie 

conserved U N A  segment. A  majority o i 'the  integrons appear to depend  on host 

genom e for their m ovem ent. Independent transposition o f  intcrgron Tn 402 has 

been observed. T he  inlergron probably acts as an  expression cassette by 

supplying the prom oter for the inserted genes. T he  presence o f  a specific site 

for integration on the intcrgron will favour landcm  integration o f  antimicrobial 

resistant genes resulting in a multiple resistant inlergron (Bissonnette  el aL, 

1992, Stokes el a l ,  1989). Intergrons have been show n  to encode trimethoprim  

resistant dihydrofolate reductase and sulfonam ide resistant dihydn,folate

synllicUiscs.

2.7 S ocioeconom ic Im pact

Hospital acquired infcetion has socioeconom ic impact. Z am an  et u l .  (1992) 

staled that the mean post operative hospital stay in ease o f  patients with 

hospital acquired  infection was 25 days w hich  w as  3 tim es than that o f  the 

cases witliout infcetion (8.6 days). This resulted in unnecessary m onetary  loss

and bed  occupancy.
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lliiley el al. (1981) coiiciuctcd a sUidy and show ed lhal hospital slay was 

pro longed  by 3.1 to  4.5 days due to  hospital acquired  infection. Sudsukh (1988) 

show ed dial nosocomial inCeclion cosL was about 40 million US dollars in a 

year in 'riuiiland. In com parison to this a lull preventive program  required one 

million US dollars. W estw ood (1974) found that patients w ith  nosocomial 

infection spent, on an  average, 22 extra days in the hospital. I he cost ol these 

extra days w ould  represent the huge am ount o f  2.5 m illion US dollars in a year 

for the OlUiwa general hospital alone, w hose  entire ani\ual budget was only 

about 14 million US dollars. C ruse (1970) concluded that the postoperative 

w ound  infection delayed patients discharge by  an  average o f  7.7 days and it 

would  represent 80000U US $ dollars per annum  ib r  a  600 beds hospital.

Leroy e( a l  (1997) staled tliat the m ean extra cost per infected case w as  10,440 

US S dollars and extra days oriiosp ita i  slaying was 5.2 days in ease  ol neonates 

acquiring hospital-acquired infection. Jervis (1996) s taled that approxim ately  2 

million nosocom ial infections occurred annually in the United  Slates, fhese  

infections resulted in substantial morbidity, mortality and cost. These  excess 

duration o f  hospitalization secondary to nosocomial infections was 7 to 8.2 

days for surgical site infections, 7 to  21 days for b lood stream  infections 6.8 to 

30 days for pneum onia. The estimated mortality associated with nosocomial 

bloodstream  infection and Pneum onia w ere 23,8%  lo 50%  and 14.8% to 7 !%
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rcspcclivcly. Tlic csUmalccl average cosl o f  lliesc iiiieclions was $ 2734 lor 

each surgical site iniection, US $ 3061 to 4000 for each blood stream infection 

and US$ 4947 Tor each pneuinonia. In countries with prospective paynieiU 

system  based  on diagnosis related groups hospital lose from  U S $ 583 to US$ 

4886 for each  nosocom ial infection.
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Chapter III 

Materials and Methods

3 .1  S tu d y  p la ce  an d  p er io d

T he c lin ica l sp ecim en s for th is study w ere co llected  from  the se le c tiv e  patients 

w h o w ere adm itted in D haka M edica l C o lleg e  H osp ita l (D M C H ) and 

B an gladesh  Institute o f  R ehabilitation for D iab etes, E n docrine and M etabolic  

disorders (B IR D E M ), D haka. T he required in vestigation s w ere  d on e in  the 

departm ent o f  M icrob io logy , B IR D E M  and U n iversity  o f  D haka. T he study 

w as conducted  from  N ovem b er  1997 to June 1999.

3 .2  S e lec tio n  o f  c a ses  a n d  co lle c tio n  o f  sa m p les

H osp ita l adm itted patients o f  d ifferent age groups and o f  se x es  w ere  included  

in th is study. T he study population  w as categorized  in  4  groups. A m o n g  them ,

3 groups included  the patients w ith  different types o f  in fection s w h ile  the 4  

group included  the postoperative n on -in fected  patients. T h e patients sh ow in g  

clin ica l sym ptom s o f  bacterial in fection  w ere  se lec ted  as study population . T he  

non -in fected  group w as included in  th is study to  com pare the im pact o f  

n osocom ia l in fection s in term s o f  hospital stay w ith  postoperative infected  

patients.

The four categories o f  patients w ere  as fo llow s;

ii) P a tie n ts  w ith  p o sto p e ra tiv e  w o u n d  in fe c tio n s: T h e postoperative patients

w h o  d eve lop ed  pus or purulent d ischarge form ing w ou nds w ere  se lec ted  for
42
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sam ple co llection . T he first sam ple w as co llected  from  the operated w ou n d  area  

by a sterile  cotton  sw ab  stick  on the 1st day o f  d ressing  (in  b etw een  5‘*’ to  8*’’ 

postoperative day). A  secon d  sam ple w as co llected  from  the sam e w ou n d  5-7  

days after the first sam ple co llectio n  w h en  the patient w a s  available,

b ) P a tie n ts  w ith  p o s t  c a th e te r iz e d  u r in a r y  tr a c t  in fe c t io n s  (U T I):  U rine  

sam ples w ere  co llected  aseptica lly  from  the patients w h o  w ere catheterized  

after adm ission . 1®' sam ple w as co llected  im m ediately  after catheterization  and 

secon d  sim p le  w as co llected  at least 3 days after catheterization. C ulture w as  

done for both the sam ples. W hen the sam ple sh ow ed  s ign ifican t grow th  o f  

bacteria, it w as exclu d ed  from  the study. O n ly  th ose  ca ses  w ere  included  in this 

study w h ere 1"‘ sam ple sh ow ed  insign ificant or no  grow th but the subsequent 

2nd sam ple sh o w ed  sign ifican t grow th  o f  bacteria on  culture.

c) N e w ly  a d m itted  d ia b e tic  p a tien ts  w ith  w o u n d s: N e w ly  adm itted diabetic  

Patients w ith  preex istin g  d iabetic w ou nds w ere  consid ered  as study population .

sam ple w a s  co llected  under asep tic  cond ition  from  the d iab etic  w ound  

im m ediately  after adm ission  w ith  a sterile  cotton  sw ab  stick . A  2"‘‘ sam ple w as  

co llected  from  the sam e w ou nd  5 to  7 days after the co llectio n  o f  sam ple.

d ) P o s to p e r a tiv e  p a tien ts  w ith o u t  w o u n d  in fe c tio n : T h is group o f  post 

operative patients m anifested  healed  w ou nd  or y ie ld ed  n o  grow th on  culture o f  

the d ischarge from  the w ou nd  (w h en  available).
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3 .3  C o llec tio n  o f  sp e c im e n s  fo r  d e tec tio n  o f  so u r c e  o f  in fe c tio n

For detection  o f  the source o f  m fection , sam ples w ere  co lle c te d  from  the 

different objects o f  the hosp ita ls as described  by (W eissfe ld , 1980; P elczar et 

a i ,  1994). T h ese sam ples w ere  co llected  in  the 1®‘ and 3*  ̂ w e e k s  o f  every  

m onth co n secu tiv e ly  for 6 m onths.

a ) S a m p le  c o lle c tio n  fro m  th e  O .T  T a b le , F lo o r  a n d  W a r d s: S am ples w ere  

co llected  random ly from  the O .T . table, floor  during operation  b y  sw abb in g  8 

tim es o f  an area o f  (1 5 cm  X  15cm ) w ith  sterile  cotton  sw ab  sticks w h ic h  w ere  

pre m oisten ed  w ith  sterile sa lin e  water. Sam ples w ere  a lso  co lle c te d  random ly  

from  floor  o f  w ards in  the sam e w ay . T h e sam p les w ere  then brought 

im m ediately  for inocu lation  on  to  the se lec tiv e  culture m edia.

b ) S a m p le  co lle c tio n  from  b ed  sh eets:  S am ples w ere  co lle c te d  from  on e  used  

bed sh eet and on e  unused  clean  bed  sh eet o f  the surgica l w ard and o f  the 

operation theatre. Sam ples w ere  co llected  from  the b ed  sh eets by  sw abb in g  8 

tim es o f  an area o f  (1 5 cm  x  15cm ) w ith  sterile sw ab  sticks w h ich  w ere  

prem oistened  w ith  sterile saline. T he sam ples w ere  then  brought im m ediately  

for inocu lation  on  to the se lec tiv e  culture m edia.

c) S a m p le  c o lle c tio n  from  th e  to o ls  o f  o p e r a tio n  th e a tre : Sam ples w ere  

co llected  from  different too ls  o f  operation theatre lik e  forceps, sc issors, distal 

end o f  suction  tube during operation by  sw abb ing 8 tim es w ith  sterile  sw ab  

sticks w h ich  w ere pre m oisten ed  w ith  sterile sa line. T h e sam p les w ere  then 

brought im m ediately  for inocu lation  on  to  the se le c tiv e  culture m edia.
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d ) S a m p le  co lle c tio n  fro m  d r e ss in g  m a te r ia ls  o f  w a r d :  Sam ples w ere  

co llected  from  dressing  m aterials lik e  gauge, bandage and cotton , by  sw abbing  

8 tim es w ith  a sterile cotton  sw ab  sticks pre m o isten ed  w ith  sterile  saline. In 

case  o f  liquid sam ples lik e  sav lon , A croflav in , containers w ere  agitated  

frequently and then sterile sw ab  sticks w ere  im pregnated asep tica lly  into  the 

liquid to  m ake it  w e t w ith  the liquid sam ple. T h e sam p les w ere  then brought 

im m ediately  for inocu lation  on  to  the se lec tiv e  culture m edia,

e) S a m p le  co lle c tio n  from  n a sa l c a v ity  o f  w a r d  an d  O .T  p erso n n e l  

(d o c to r s , n u r se s  a n d  w a r d b o y s):  B efore  the start o f  operation  in the O .T. the 

sterile sw ab  sticks pre m oisten ed  w ith  sterile  sa lin e  w a s  gen tly  p assed  a lon g  the  

floor o f  the n o se  directing the sw ab  dow nw ards and backw ards. T hen  it w as  

taken out after rotating it on  the nasal m u cosa  and it w a s  im m ediately  

inoculated  on  to  the se lected  agar m edia. In  th is w a y , the nasal sam p les w ere  

co llected  from  the doctors, nurses and w ard b o y s o f  the w ard before  dressing  o f  

the w ou n d s o f  the patients. T he sam ples w ere  then brought im m ediately  for 

inoculation  on  to the se lec tiv e  culture m edia.

f) S a m p le  c o lle c tio n  fro m  th e  n a il fo ld s , in te r d ig ita l sp a c e s  a n d  p a lm s o f  

w a r d s  an d  O T  p e r so n n e l (d o c to r s , n u r se s  a n d  w a r d b o y s):  S am ples w ere

co llected  from  nails fo ld s, inter d ig ita l sp aces and both  palm s o f  doctors, nurses 

and ward b o y s o f  O .T . during operation by  sterile sw ab  sticks w h ich  w ere pre 

m oisten ed  w ith  sterile saline. In th is w a y , the sam p les w ere co llected  from  

doctors, nurses and ward b oys before  dressing  o f  the w ou n d s o f  the patients in
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the wards. T he sam ples w ere  then  brought im m ediately  for inocu lation  on  to  

the se lec tiv e  cuhure m edia.

g ) A ir  sa m p lin g  fro m  O p e ra tio n  T h ea tr e  an d  W a rd : T he settlin g  plate 

technique w as u sed  for air sam pling. O ne b lood  agar and on e  M acC on k ey  agar 

plate w ere  exp osed  for 30 m inutes in  the operation theatre during operation and 

in the w ard during dressing o f  the w ou nd  o f  the patients. T h e p lates w ere  then  

brought im m ediately  for incubation.

3 ,4  M e th o d  o f  iso la tio n  an d  id e n tif ic a tio n  o f  th e  o r g a n ism s  fro m  th e  

sp ec im en s

T he organism s w ere iso la ted  from  the sp ecim en  b y  the fo llo w in g  m ethods -

1. In o c u la tio n : -  T he specim ens w ere  im m ediately  inocu lated  on  to  the B lo o d  

agar and M acC onkey  agar m ed ia and incubated at 37*̂  C for 2 4  hours.

2 . S u b  c u ltu re : T he representative co lo n ies  w ere  p ick ed  up by  sterilized  w ire  

loop  and further streaked on to  the B lo o d  agar and M acC on k ey  agar m ed ia  

and incubated at 37" C for 24  hours for obtain ing pure culture.

Id en tifica tio n  o f  iso la ted  o rg a n ism s: Pure cultures w ere  obtained  through  

subcultures o f  the test iso lates on to  the se lec ted  agar plate (B lo o d  agar and 

M ac con k ey  agar) depending on the type o f  bacteria  and identification  o f  the 

organism s w ere done by (i) co lon y  m orp hology, ( ii)  G ram  stain ing, (iii)  

necessary b ioch em ica l tests.
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C o lo n y  m o rp h o lo g y : In pure culture the s iz e , shape, ed ge , e leva tion , opacity  

and colour w ere  studied on p lating  m ed ia  for m orp h o log ica l stu d ies o f  the 

bacterial co lo n y  (A ppendix-F ).

G ra m  sta in in g : T h is techn iqu e w a s  u sed  for observation  o f  m orp holog ica l

characteristics o f  bacterial strains. Gram  p o sitiv e  organism s w ere  purple and  

gram  n egative organism s w ere  p ink  to  red in colour.

B io c h e m ic a l tests: T he fo llo w in g  b iochem ica l tests  w ere  perform ed for the  

identification  o f  the gram -positive bacteria.

C o a g u la se  test: A  drop o f  p h ysio log ica l sa lin e  w a s  take on  each  en d  o f  a  clean  

slide. A  co lo n y  o f  the test organism s w as em u lsified  in  each  o f  the drop to 

m ake su sp en sion s. Then a drop o f  p lasm a w as added to  on e  o f  the suspensions  

and it w as m ixed . N o  p lasm a w as added to  the secon d  su sp en sion . C lum ping o f  

the organism s w ith in  10 secon d s indicated p o sitiv e  coagu lase  test (C ruickshank  

e t a l ,  1975).

C a ta la se  T est: 2-3  m l o f  hydrogen p eroxid e w a s  poured into  the test tube and 

it w as shaken w e ll to  exp el the d isso lv ed  oxy g en . T h en  a grow th  o f  the test 

organism s w as im m ersed  into the hydrogen p erox id e b y  a sterile  g lass rod. 

Im m ediate bubbling in the hydrogen p eroxid e ind icated  p o sitiv e  test 

(C ruickshank e /a / . ,  1975).
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T h e fo llo w in g  b ioch em ica l tests w ere  perform ed for  identification  o f  gram  

n egative bacteria:

O x id a se  test: A  p ie ce  o f  filter paper w as soaked  w ith  a  fe w  drops o f  ox idase  

reagent (P h en y len e d iam ine). A  co lo n y  o f  the test organism  w a s  p ick ed  up w ith  

a sterile  toothp ick  and streaked on  to  the filter paper w ith  im pregnated reagent.

A  dark purple colour d evelop m ent w ith in  5 -1 0  secon d s w a s  consid ered  p ositive  

test (C ruickshank e f  a/., 1975).

M o tility  an d  U r e a se  test: M IU  m ed ia contained  in  tubes w ere  inocu lated  w ith

sm ooth  c o lo n ie s  o f  test organism s, u sin g  sterile straight w ire  by  stabbing the 

m edia to a depth n ot tou ch in g  the bottom . T he tubes w ere  inocu lated  at C  

for 24  hours. T he m otile  organism s d ispersed  through the m ed ium  lea v in g  the 

stab tine and m ade the m ed ia turbid, pink colour o f  the m ed ia  ind icated  p ositive  

urease.

In d o le  test: T he test organism s w ere cultured in  5 m l o f  pep ton e w ater and it 

w as incubated at 37** C for 24  hours. T hen  a  few  drops o f  K o v a c 's  reagent w as  

added. P ositive  indole  test w as indicated by  production o f  red co lou r at the 

junction  o f  the culture and the reagent.

C itra te  test: T ubes o f  S im on ’s citrate agar m ed ia  w ere  inocu lated  w ith  sm ooth  

c o lo n ies  o f  the test organism s b y  stabbing the butt and streaking the slant by  

straight w ire . T hen  the tubes w ere  incubated at 37® C  for 2 4  hours. A fter 24  

hours a change in colour o f  the indicator from  ligh t green to  b lue indicated

citrate u tilization .
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K lig le r  Ir o n  A g a r  (K IA ) test: T ubes o f  K IA  m ed ia  w ere  inocu lated  w ith  

sm ooth  co lo n y  o f  the test organism s by  stabbing the butt and streaking the 

slant. T hen the tubes w ere  incubated for 2 4  hours at 37'^C. Y e llo w  colour  

form ation in  the butt and slant indicated  acid form ation, hyd rogen  su lfide  

production w ere indicated b y  b lacken in g o f  the m ed ia , and production  o f  

bubbles in  the m ed ia indicated  gas form ation.

S u g a r  F e r m e n ta t io n  tests: Ferm entation tests w ere  done w ith  the fo llo w in g  

carbohydrates i.e. G lu cose , Fructose, Sucrose, M altose , L actose, M anitol. The  

resuhs w ere  interpreted as per C ruickshank e t al. (  1975).

3 .5  P r e ser v a tio n  o f  th e  id e n tif ie d  o r g a n ism s

A fter identification , the iso la tes w ere  subcultured on  M uller  H ilton  agar m ed ia  

to  obtain profuse grow th. Then th ese  w ere  co llected  from  the m ed ia  and 

preserved in 15% G lycero l broth and stored at -20'^C for antib iogram , P lasm id  

p rofile  an alysis (P P A ) and RFLP.

3 .6  A n tim ic r o b ia l su sc e p tib ility  te s t  fo r  iso la te d  s tr a in s  b y  d isc  d iffu s io n  

m eth od

A ll the iso la tes w ere  tested  for sen sitiv ity  tow ards the fo llo w in g  antim icrobial 

agents- am picillin  (A M ), cotr im oxazole  (T S ), cep h a lex in  (C F X ), tetracycline  

(T) ceftriaxone (C R O ), ceftazid im e (C A Z ), c ip rofloxacin  (C IP), gentam icin  

(G M ). S u sceptib ility  test w as perform ed b y  d isc  d ifftis ion  m ethod o f  Kirby
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Bauer e i al. (1 9 6 6 ) and com m ercia lly  availab le antim icrobial d iscs  w ere  used  

for the test. T h ese d iscs  w ere  procured from  M ast G roup Ltd, U .K .

M eth o d  fo r  se n s it iv ity  test: Preserved organism s w ere  cultured on  M uller  

H ilton  agar m edia. O ne loop -fu ll o f  the organism  w as taken from  each  o f  the 

strain to  b e  tested  from  the M uller-H ilton  agar plate and w a s  inocu lated  in 4.5  

m l o f  peptone water. T he culture w as then a llo w ed  to  incubate at 37®C until 

slightly  v is ib le  turbidity appeared (u su ally  2 -5  hours). T he turbidity o f  the 

active ly  grow in g  broth cultures w as then adjusted w ith  pep ton e w ater to obtain  

turbidity v isu a lly  com parable to  that o f  turbidity standard o f  on e  h a lf  o f  

M acFarland tube n o .l  (A p p en d ix -D ) w h ich  approxim ately correspond to  1.5x  

10^ organism s.

F reshly  prepared M uller H ilton  m ed ium  (A p p en d ix -B ) w as u sed  for sen sitiv ity  

test. W ithin 15 m inutes o f  adjustm ent o f  density  o f  the organism  in the 

inoculated tubes, a sterile cotton  sw ab  w as dipped in to  the bacterial suspension . 

E x cess  o f  flu id  w as rem oved  by rotating and p ressing  the stick  firm ly  against 

the inner w a il o f  the tube above the flu id  leve l. T he sw ab  w a s  then streaked on  

the dried surface o f  the M uller H ilton  agar plate in three differen t p lanes (by  

rotation the plate at 60” angle  each  tim e) to  get uniform  distribution o f  the 

Inoculum , and it w as at left at room  tem perature for 10-15 m inutes to  dry. Then  

the antib iotic d iscs w ere  p laced  on the inoculated  surface o f  the p late w ith  the 

help  o f  a pointed  sterile forceps. T he d iscs w ere  applied  firm ly to  ensure
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com p lete  contact w ith  the agar. T he d iscs w ere  p laced  15 m m  aw ay from  the 

ed ge o f  the petridish and 24  m m  aw ay from  the adjacent d iscs. T h e p lates w ere  

then incubated at 37** C for 18 to  24  hours.

Q u a lity  co n tro l: In order to  standardize the d isc  p oten cy , d iscs  from  each  

batch w ere tested  against reference strain o f  A T C C  Esch. c o l l  N o  2 5 9 2 2  and 

P se u d o m o n a s  a e ru g in o sa  N o  2 7 8 5 3 . Z on es o f  inh ib ition  w ere  com pared  w ith  

the standard va lu e  (F igure 1 and 2 ). A  control w as set up  for every  batch.

R e a d in g  o f  sen s it iv ity  tests: E ach  plate w as exam ined  after over  n ight (1 8 -  24  

hours) incubation at 37** C and the d iam eters o f  com p lete  zo n e  o f  inhibition  

w ere m easured w ith  the help  o f  a  sca le  p laced  on  the undersurface o f  the 

petridish. Z one o f  inhib ition  w as m easured in tw o  d irections at right angles to 

each other through the center o f  the d isc and average o f  the tw o  readings w as  

taken (F igure 3 and 4).

In ter p r e ta tio n  o f  z o n e  s izes; Inhibition zo n e  produced by  each  drug w as  

translated into  3 suscep tib ility  categories n am ely -sen sitive  (S ) , m oderately  

sen sitive  (M ) and resistant (R ). (A ccord in g  to  N ational C om m ittee for clin ical 

laboratory standards. V oluntary con sen su s standards for c lin ica l laboratory 

testing. V illan ova , P A , N C C L S , 1998) as sh ow n  in antibiogram  interpretation

chart b elow .
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B A C TE R IO LO G IC A L IN V ESTIG A TIO N S 

In te rp re ta tive  ch a r t of zone sizes

Diameter o f  zone inhibition (mm)

Antibiotic or
C hem otherapeutic
agent

Disc Potency Susceptibility

Resistant Interm ediate/
m oderately

Susceptible

Ampicillin 10 y g <  13 14-16 >  17

C eftriaxone 30  n g <  13 14-20 > 2 1

co-trim oxazole 25 n g <  10 11-15 >  16

G entam icin 10 p g <  12 13-14 >  15

T etracycline 30 n g <  14 15-18 >  19

C eftazid im e 30  n g <  1 4 1 5 - 1 7 >  18

C iprofloxacin 5 Mg <  1 5 1 6 - 2 0 >  2 1

C ephalothin 30  n g <  1 4 1 5 - 1 7 >  1 8

(cep h alex in )

Source: National Committee for Clinical Laboratory Standards, Voluntary Consensus 
standards for clinical laboratory testing. Villanova, PA, NCCLS, 1998.

3.7 EX TR A C TIO N  AND ANALYSIS O F PLA SM ID  DNA

P lasm id  profile  analysis (P P A ) w as done to  determ ine the p o ss ib le  sources o f  

nosocom ia l in fection s. P P A  w as d on e w ith  the se lec ted  bacterial stram s w h ich  

w ere iso la ted  from  the sam ples o f  the adm itted patients and from  the iso lates  

from  p ossib le  sources o f  hosp ita l environm ent.
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a) M e th o d  o f  ex tra c tio n  o f  p la sm id

T he p lasm id  w as extracted from  Esch.coli, Pseudom onas  sp., K lebsie lla  sp.

w h ich  w ere iso la ted  from  the patients and the p o ss ib le  sources o f  hospital

environm ent by  M iniprep m ethod as described  by  Frederick e t al. (1 9 9 5 ). The

details o f  the procedure w as g iv en  below :

1. A  sin g le  co lo n y  o f  bacteria w as inoculated  in  an antib iotic  (T e tra cy c lin e -  

16|ag/m l) contain ing Luria broth (1 2  m l) and it w a s  incubated  for 1 8 -2 4  

hours at 3 7 V

2. 1 m l o f  overnight culture w a s  harvested  in 1.5 m l o f  m icro cen trifuge tube  

and it w as centrifuged  at 13000  rpm for 5 m inutes.

3. T he supernatant w as discarded and the p e lle t w as re-suspended  in  100  jil o f  

so lu tion  I and it w as incubated at room  tem perature for 5 m inutes.

4 . 2 0 0  |i l  o f  fresh ly  prepared so lu tion  II w as added and it w a s  m ixed  gen tly  by 

inverting the tube tw o  or three tim es and w a s  put o n  ice  for 5 m inutes.

5. 150 jil o f  ice  co ld  so lu tion  III w a s  added and w a s  m ixed  gen tly  and it w as  

vortexed  for 10 secon ds and then it w as incubated o n  ice  for  5 m inutes.

6 . Then it w as centrifuged  for 5 m inutes at 13000  rpm  to  precipitate the  

cellu lar rem nants that included  protein , d od ecy l su lphate and chrom osom al 

D N A .
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7. T he supernatant w as transferred to  fresh tube and 2  v o lu m e s  (9 0 0  |i l )  o f  

95%  ethanol w as added and it w as m ixed  w e ll by  vortex  and incubated  for 2 

m inutes at room  tem perature.

8. T hen  it w as centrifuged  for 10 m inutes at 13000  rpm  to  precip itate the  

plasm id  D N A .

9. T he supernatant w as then discarded and the lid  o f  the tube w a s  kept open  

for a  few  m inutes to  air dry.

1 0 .2 0  )al o f  TE  buffer w as added &  it w as stored at 4°C .

11. T he extracted p lasm id  D N A  w as then analyzed  b y  A garose  ge l  

electrophoresis

b ) A g a r o se  g e l e le c tr o p h o re s is  (In  V ertical electrophoresis apparatus)

In agarose ge l electrophoresis p lasm id  D N A  m o v e  from  n egative  (C athode) to  

p ositive  (anode) p o le  and produce bands w h ich  can  b e  v isu a lized  by staining  

w ith eth idium  brom ide. T he m igration o f  d ifferen t D N A  sp ec ie s  is related  

inversely  to  their m olecu lar w e ig h t i,e. larger the m olecu lar  w e ig h t, the slow er  

the rate o f  m igration.

E q u ip m e n ts  a n d  re a g en ts  u sed  :

i) G el tank, ii) G lass p lates, iii) Spacers, iv ) C om b, v )  P ow er  sou rce, v i)  C lam p, 

v ii)  M icrosam p ling  p ipettes, v iii)  0.7%  A garose  g e l, ix ) E lectrophoresis buffer  

(T B E  buffer) : contain ing  10.8  gm . Tris b ase , 0 .9 3  gm . S od ium  E D T A , 5.5 gm  

boric acid , m ade up to  1000 m l w ith  d istilled  w ater) x ). E thidium  brom ide 10 

gm ./m l (sto ck  so lu tion).
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A a g a r o se  ge l e le c tr o p h o re s is

T e s t  p ro ced u re:

1. 0 .7gram  o f  agarose w as d isso lv ed  h o m o g en eo u sly  in  100m l o f  T B E  buffer  

(pH  8 .9 ) b y  b o ilin g . T he m olten  agarose w as c o o le d  d ow n  to  SO'^C before  

pouring the g e l on  the ge l slab.

2. T h e sam ple w e lls  w ere  prepared w ith  a com b (m ade o f  L u cite, PV C  

T eflon ) by  inserting it into the m olten  agar. T he com b w as adjusted before  

pouring the ge l on the ge l slab . A fter the g e l w as co m p lete ly  set the com b  

w as rem oved  carefu lly . T hen g e l w ith  w e lls  and p lates w ere  p laced  into the 

electrophoresis (g e l)  tank. T h e top and bottom  tanks w ere  filled  w ith  

electrophoresis buffer. lOfil o f  load in g  buffer (0 .15% , W /V  brom ophenol 

blue, 0.5%  S D S , 0.15%  M  E D T A , 50%  g lycero l) w as added to  the 2 0 iil o f  

sam p les. A fter m ix in g  w ith  load in g  buffer, 10^1 o f  the sam p les w ere  loaded  

into the w e lls . A  standard m olecu lar w e igh t marker having  p lasm id s o f  

kn ow n  m olecular w e igh t w as a lso  included  in  the ge l run procedure.

3. S u ffic ien t am ount o f  1 x  T B E  buffer w a s  poured o n  the electrophoresis  

cham ber to f lo o d  the agarose ge l and electroph oresis w as run at 6 0 -1 2 0  

vo lts  for 2-3  hours or until the ft-ont lin e  o f  the d ye  had run through the gel.

4 . T he g e l w as stained after the run by  soak in g  the g e l in 0 .5 |ag  per m l o f  

eth idium  brom ide in  T B E  buffer for about on e  hour.

5. T he stained ge l w as then destained  b y  soak ing  in  d istilled  w ater for h a lf  an 

hour.
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6 . T he seperated bands o f  D N A  w ere v isu a lized  by  U V  transillum inator and 

photograph w as taken by  B io  docum entation  system . (F igure 5).

D e te rm in a tio n  o f  m o le c u la r  w e ig h t  o f  u n k n o w n  p la sm id s:

A  standard curve w a s  drawn by  p lotting  the m obility  o f  kn ow n  p lasm id  D N A  

a lon g  the X -a x is  and its m olecu lar w e igh t a lon g  the Y -a x is . T h e m olecular  

w eigh t o f  the unknow n p lasm ids w ere  determ ined from  this curve. (F igure 6).

3 .8  E X T R A C T IO N  O F  G E N O M IC  D N A  F O R  R E S T R IC T IO N  

F R A G M E N T  L E N G T H  P O L Y M O R P H IS M  (R F L P ) A S S A Y . R estriction  

fragm ent length  po lym orph ism  (R FL P) w as a lso  done to  determ ine the p ossib le  

sources o f  n osocom ia l in fection . RFLP w a s  done w ith  the se lec ted  bacterial 

strains w h ich  w ere iso lated  from  the sam ples o f  adm itted patients and those o f  

the p o ss ib le  sources o f  infection.

M e th o d  o f  e x tr a c tio n  o f  g e n o m ic  D N A : T h e gen o m ic  D N A  w as extracted  

from  Esch.coli, Pseudom onas  sp., K lebsie lla  sp. iso la ted  from  the in fected  sites  

o f  the adm itted patients and p ossib le  sources o f  hosp ita l environm ent by  

M iniprep m ethod as described  by  Frederick e t a l ,  (1 9 9 5 ). T he deta ils  o f  the 

procedure w as g iv en  below :

1. A  sin g le  co lo n y  o f  bacteria w as inoculated  in  20m l o f  Luria broth.
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2. 2 m l o f  culture w as centrifuged in eppendorps tube at 14000  rpm  for 02  

m inutes and it w as repeated for 5 tim es to  h ave  a  b ig  p e lle t. T h e supernatant 

w as discarded.

3. T he p e lle t w as resuspended at 2 0 0  p.1 so lu tio n -1 . (G lu co se , E D T A , Tris).

4 . 75^1 o f  0 .2 5  M  E D T A  and 75fil o f  0 .25  M  Tris H cl w a s  added.

5. 3 m g  o f  ly so zy m e  w as a lso  added into  the ce ll conta in ing  so lu tion-1  and it 

w as kept at 40^C for 5 m inutes.

6. 140 jj.1 o f  proteinase~k buffer (0 .5 M  E D T A  +  0.5%  S D S ) +  5 .0  jil 

proteinase-k  (stock  conc. H 2O d isso lved ).

7. It w as kept at 45°C  for 2 hours.

8. It w as then treated w ith  equal v o lu m e  o f  ph en ol and cen trifu ged  for 10 

m inutes and the supernatant w as taken.

9. It w as then treated w ith  equal v o lu m e  o f  phenol, ch loroform , isoam yl 

a lcoh o l so lu tion  (25 :24 :1 ) and then centrifuged  for 10 m inutes and 

supernatant w as taken.

1 0 .D N A  w as precipitated w ith  double vo lu m e o f  ethanol and then  centrifuge  

for 10 m inutes. T he supernatant w as discarded and the p e lle t  w a s  taken and 

it w as dried.

11. T he p e lle t w as d isso lved  in 400|o,l o f  T  E  buffer.

1 2 .5|al o f  R N ase  A  (D N a se  free) w as added and kept at 37°C  for 2  hours.

1 3 .T he procedure N o . 8 -10  w as repeated and the D N A  w as d isso lv ed  in 40-  

50^x1 o f  T  E buffer.
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D ig e stio n  o f  Iso la ted  g e n o m ic  D N A :

T he concentration o f  iso la ted  gen o m ic  D N A  w as m easured  by  

spectrophotom eter. Then I jig  o f  D N A  w a s  d igested  w ith  restriction en zym es  

E co  R ), Hin  d l l l ,  Bam  Hj for 6 hours (at 3?'^C. T he d igested  product w a s  then  

analyzed  by  agarose g e l electrophoresis as described  in  para 3 .7 .

3 .9  D a ta  m a n a g e m e n t an d  a n a ly sis:  T h e co llected  data w ere  checked , 

verified  and ed ited  daily. A fter proper verification , the data w ere  coded  and 

entered into com puter by  u s in g  SP S S D ata  Entry II program . A fter  the entry, 

range and con sisten cy  o f  data w ere  ch eck ed  by  u sin g  E p i In fo  version  6 

softw are program . D ata w ere analyzed  accord ing to  the ob jectives  o f  the study. 

Statistical a n a ly s is  w ere  carried out by  u sin g  S P S S  7 .5  softw are program. 

Statistical sign ifican ce  w as tested  at the appropriate probability  leve l.
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Fig l :A ntim irobia l sensitivity pattern o f  E sch .co li M C C  25922 strain in 
^ M uller -H i l to n  m edium

i-lg 2: A ntim irobial sensitivity pattern o tP seu d o m o n a s  A T C C  27853 strain in 
'  M uller -H i l lo n  m edium
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Fig 3:Aiilibiogram o f  E sch .co li \\\ M u l le r - I l i l lo n  m edium  show ing sensitive to 
C A Z and resistant to A M P , SX T (Cotrimoxa/'ole).

F ig  4: A ntib iogram  o f  P seudom onas  in M uller  -H i l to n  m ed ium  showing 
resistant to C IP ,C RO  and CN (gentamicin).
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Fig 5: A garose  gel electrophoresis o f  p lasm ids extracted  from  different samples

From left to right:
Sam ple  5 8  sh o w in g  no plasmid band.

Sam ple  5 9  sh o w in g  1 p lasm id band.

Sam ple  63 sh ow in g  2 plasmid bands.

Sam ple  O T  1 sh o w in g  4  plasmid bands.

Snmple O T  2 sh o w in g  3 plasmid bands.

Siinipli; 7K sh o w in g  1 |)lasniici band.

Sanipic 7 A  sh o w in g  2  plasmid bands.

S am p le  9R  sh o w in g  1 plasmid band.

Sam ple  9 A  sh o w in g  1 plasmid band.
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Fig 6: Determination of molecular weight of unknown
plasmid
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Chapter IV 

Rcsulls

A toliil o f  152 pLilicnls were sluclicd in dilTcreiU culcgorics as sliowccl in la h le  

}. A m ong  tliciii 102 (67.1% ) w ere infectcd cases and the rem ain ing  50 (32.9%) 

w ere postoperative non-in lecled  cases. A m ong  the infected cases 74 (48.7%) 

had po.sLoperative iiileclion and 16 (10.5% ) w ere cases with post cathetcrizcd 

UT! and the rem ain ing  12 (7.9%) patients w ere with diabctic w ound  infection.

Table 2 show s age distribiilion o f  inl'ectcd and noii-inleclcd ca.scs. II was 

observed that the highest percentage (31.6% ) o f  the patients were in the age 

group o f  20-29 years followed by age group o f  30-39 years  (21.7%). No 

significant age d ifference was observed betw een infeetcd and  non-infected 

cases (p>0.05).

Tabic 3  shows tlie distribution o f  patients by sex. M ost ol liic patients were 

male ! 14(75.0%) aiid the remaining 38 (25.0% ) w ere i'enialc. It was evident 

tluit infected eases w'cre m ore  in female than m ale (p<0.001).

Table 4  shows that 14 different types o f  operations w ere  perform ed on 124 

patients o f  this study population. It was observed that ou t o f  124 operated cases
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74 (59.7% ) w ere poslopcm livc inlcclcd mid 50 (40.2% ) postoperative ..oo- 

inlccteci cases. It was also observed that laparotomy 42  (33.9% )cases topped 

the list o f  pcrlbrined operation, I'ollowed by eacsarean scetioii operation 22 

(17.7%), appendiseetom y 18 (14.5%), inguinal herniorrhaphy 9 (7.2% ), wound 

toileting 7(5.6%). O ther operations w ere fistulectomy 4 (3.2%), plastic  surgery 

3(2.4%), am putation 2(1.6%), mastectomy 2(1 .6% ), cystostom y 1(0.8%), 

scqucstreestom y 1(0.8%), nephrostom y 1(0.8%). It is to be noted that in case o f  

caesarean section operation, postoperative non infccted group could not be 

included due t o  circuinstaiUial eonstniins.

Rate o f  infeelio.1 according to the type o f  operative procedures is show n In 

T a b ic  5. It w as  observed that out o f  42 laparotomy cases 26(61.9% ) suffer 

from postoperative w ound  infection, w hile  16(38.1%) did not develop 

postoperative w ound  infection. In case  o f  caesereans seelion operation 

22C!Ul).U%) were postoperative infected patients. I’osloperative non injected 

group o f  cacsarean operation eould not be included in this s tudy due to 

circumstantial constrains. In ease o f  appendiseetom y, inguinal herniorrhaphy, 

cholceyslecton.y postoperative infccted and postoperative non iniected eases

w ere 2(11,1% ) V S 16(88.9%), 1(11.1%) VS 8(88.9%), 1(14,3%) VS 6(85.7%)

respectively.
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>
Tuhlc 6 sliows llic .-ate oC isolalio.i o l’ organisms IVoin cliflcrun types oi' 

infections. It was found that Esch. co li was the p redom inating  organism s in 

case o f  postoperative wound iniection (56.7% ) and post catlicterizccl urinary 

tract infection (68.7%). Tliis was followed by P seudom onas  sp. wliici; was 

(27.0% ) in case  o f  postoperative w ound  iiifeclion and 18.7% in case ot post 

cathetcrizcd V J L  In ease o f  diabclie w ound  infection, P seudom onas  sp. was

II,c prcdoniinaling organism (91.7% ) followed by E sch .co li{Z Z 3 % ).

l'ij>ure 7 a n d  S shows tlic antibiogram pattern o f  all the isolated orgam sm s 

[Voni r '  and 2'“' samples o f  infecLcd eases. It was observed that the resistance ol 

the organism s to  the used  antibiotics m arkedly increased in the 2"^ samples. 

P seudom onas, K lebsiella, P roleus  species included all the species isolated as

m entioned in 'fab ie  6.

Table 7 shows the antib iogram  pattern oi: Esch. co li isolated ironi the 1 and 

2'"* sam ples o f  infected cases. It was observed that ampicillin was resistant to 

100.0% o f  Esch. co li isolated from the 1 '̂ and 2'“' sample. It was also observed 

ihat sensitivity oi' Esch. co li to other antibiolics m arkedly  reduced m 2"' 

samples, 'fhere  was significant increase o f  resistance to  ceftriaxone from 43.9 /o 

to  73.9%  (p<0.001), ceftazidim e from  28.1%  to 65.2%  (p<0.002), ciprofloxacin 

from 70.2%  to 100.0% (p<0.005) and gentam iein from 61.4%  to 91.3%
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(p<().008) in 2'“̂  saiiiplcs. Biil no sigiiilkcUil dinbrciicu o f lh c  rale o f  icsisUiiicc 

was Ibinid bclw cen and samples to ampicillin, cephalexin, telracycline 

and eolriinoxa/.ole (p>0.05).

Table 8 shows Ihe antibiogram pattern o f  Pseudom onas  sp, isolated from the 

and 2"^ sam ples o f  infected cases. It was observed that resistace o f  

Pscudoiiiomi.s s|->. lo all the used antibiotics increased in 2’“  ̂ samples, but il was 

not statistically significant (p>0.05) except ciprofloxacin (p<0.004). 'I'lie 

resistance activity o f  P scudum onus  sp. to c iprolloxacin increased in 2'“' 

samples signilicantly  (p<0.05).

Table 9 shows the antibiogram pattern o i  P ro teus  sp. isolated from  the 1̂ ‘ and 

2'“* samples. It was observed that sensitivity o f  P roteus  sp. to all the used 

antibiotics reduced in 2'"  ̂ samples but none w ere statistically significant 

(p>0.U5). I 'h e  resistance pattern o f  P roteus  sp. to antibiotics increased except 

ampicillin and cotrimoxazolc but die difference was not statistically significant 

tp>0.05).

Table 10  shows antibiotic resistance pattern o f  E sch .co li isolated from 

postoperative infected wounds, post catheterized U TI and diabetic w ounds and 

were com pared  to cephalexin, ccllriaxone, ceftazidim e, ciprofloxain and
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-V

gciiUuniciii. IL Wiis I'uliikI LIuH icsisUiiicc paUcni ol' E.scli.coli Iruin

dillcicjil  sites u!' inlbcLion were dissiiniliir. E sch .co li isulalcd iroin diabclic 

woLiiui iiilccLions show ed (he highest resistance to  cephalexin ( !00 .0% ) 

ibilovved by ceUriaxone (75.0%), c iprolloxacin (75.0%), ceitaz id im e (50.0/o) 

and gciitamicin (50.0%.). H ow ever, Esch. co li isolated from  post cathelerized 

U r i  show ed the highest resistanee to cephalexin (90.9% ) followed by 

c ipm iloxac in  (81.8% ) and gentam iein  (81.8%), ceftriaxone (72.7% ) and 

cclUi/.idinic (63.6%). It was also observed that Esch. co li isolated Iroin 

postoperative wound infection.s .showed lower rate o f  resistance to all the used 

antibiotics exccpt gentamiein.

Table 11 shows the variation o f  antibiotic resistance pattern o f  P seudom onas  

sp. isolated from the different sites o f  infection. It w as  found that P seudom onas  

sp. isolated from  the post catheterized U 'f l  show ed  the  h ighest resistance to 

cephaicxin (100.0% ), followed by eeftrioxone (66.7% ) and ciproiloxcin 

(66.7%)). P seudom onas  sp. isolated from the diabetic w ound  infection showed 

the h ighest resistanee to gentam iein  (45.5%). P seudom onas  sp. isolated from 

the post operative wound infection show ed the lower rate ot resistance to all 

the used  antibiotics except ceilazidim e (35.0%>)
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Tiihle 12 sliDws llic paUcni ol‘ aiilibiolics proscribed in inlcclcil iiiul iioa 

inlcclcd eases, it  was observed tlial rate oi‘ e iprolluxacin prescriplioii was die 

Itigliesl 31(30.4% ) in posloperaLivc infeclcd eases ib llowed by 

ainpicilliivl-gcnlamicin 13(12.7%), am picillin+cipronoxacin  11(10.8%). On die 

odier hand in postoperative non-infeeled cases, rate o f  amoxicillin  prescriplioji 

was the h ighest 29(58.0% ) followed by ccilriaxone 8(16% ) and ciproHoxaein 

4(8,0%).

Tahle 13 shows die antibiograni pallern o l 'iso la ted  organism s to the prescribed 

antibiotics. It was observed that resistance rate o f  isolated E sch .co li and 

Psendoniunas  sp. to die prescribed anipieiliin, cotrinioxazole, cepiudexin was 

100,0%. How ever, resistance rate o f  E sch .co li to  prescribed gentamicin, 

cel’triaxone and ciprolloxacin was (91.7%), (66.9% ) and  (85.7% ) respectively. 

Resistance rate o f  P seudom unus  sp. to gentainicin, ccilriaxone and 

ciprolloxacin was (100.0% ), (IOU.U%) and (94.1% ) respectively.

Table 14 shows the  involvem ent o f  single and m ultiple type o f  organism s on 

Ihc cansation o i 'in fce tion . i t  was observed that (85.3% ) infection was caused 

by single organism, w hile  12.7% was caused by tw o  types o f  organism s and 

only 2 .0%  o f  infection was caused by three types o f  organisms.
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T

D u ra t io n  o f  h o sp ita l  s tays  in  in fe c te d  an d  n o n - in fc c te d  e a se s  w a s  s h o w  m  T a b le  

15. It w a s  fo u n d  th a t  m e a n  d u ra t io n  o f  h o sp ita l  s tay  in  in fe c te d  p a t ie n ts  w a s  

2 3 .5 + 1 3 .3  d a y s  an d  tha t  o f  posLopcrutivc no ii- i i i lec tcd  p a t ie n ts  9 .5±6 .1  days  

in d ica tin g  th a t  th e  m e a n  d u ra t io n  o f  hosp ita l  s tay  w a s  s ig n if ic a n t ly  h ig h e r  in 

in fe c te d  p a t ie n ts  (p< 0 .001 ) .

T a b le  16  sh o w s  the  re la t io n sh ip  b e tw e e n  ty p e  o f  in fec lion  an d  d u ra t io n  o f  

h o sp ita l  s lay . I t  w a s  fo u n d  th a t  th e  m e a n  d u ra t io n  o f  h o sp ita l  s tay  w a s  26 .1 ± 9 .9  

d a y s  in  c a se  o f  d iab e t ic  w o u n d  in fec lion  fo l lo w e d  by  2 3 .9 + 1 4 .3  days  in 

pastoperaL ivc  w o u n d  in fec lion . In e a se  o f  po.st e a th e te r iz e d  U TI it w a s  

19 9±10 .1  days ,  w h i le  in ca se  o f  p o s to p e ra t iv e  n o n - in fe c te d  cases  th e  du ra t io n  

o f  h o sp ita l  s tay  w a s  9 .5± 6 .1  days .  T h is  su g g e s te d  th a t  th e  lo n g e r  d u ra t io n  o f  

h o sp ita l  s tay  h a p p e n e d  in  ca se  o f  in fe c le d  p a t ie n ts  ( p < 0 .0 0 1).

T a b le  1 7  d e p ic ts  th e  resu l ts  o f  th e  d u ra t io n  o f  h o sp ita l  s ta y  in  re la t io n  to  the 

in fe c t io n  c a u se d  by  s in g le  an d  m u lt ip le  o rg an ism s .  I t  w a s  fo u n d  th a t  th e  h ig h es t  

d u ra l io n  o f  hosp ita l  s tay  33 .5±2U .6  d a y s  w a s  in m u ll ip lc  o rg a n is m s  w h e re a s  it 

w a s  2 1 .8 ± ! 0  d a y s  in  c a se  o f  s in g le  o rg a n is m  in d ic a t in g  th a t  m e a n  d u ra t io n  o f  

h o sp ita l  s tay  w a s  s ig n if ic a n t ly  h ig h e r  in  ca ses  o f  in fe c t io n s  c a u se d  by  m ult ip le  

o rg an ism s .  (p < 0 .0 0 1 )
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T iih ic  IH s h o w s  reUilionsliip be tw e en  ty p e  o f  i iifccliiig  o rg a n is m s  a n d  cluralion 

o f  h o sp ita l  s tay . It w a s  o b se rv e d  tha t  the  lo nges t  d u ra t io n  o f  hosp ita l  s tay  

3 3 .5 ± 2 0 .6  d a y s  w a s  in c a se  o l‘ in fec tion  c a u se d  by  m ix e d  o rg a n is m s  (i.e  

p o ly m ic ro b ia l  in fec tions  o \'E sc h .c o U + P se u d u m o n a s  sp .+ P / 'o /e ? «  sp .)  fo llow ed  

by  in fe c t io n  c a u se d  by S la p h .a u reu s , K le b s ie lla  sp. a n d  A c in e lo b a c te r  sp. 

M e a n  d u ra t io n  o f  h o sp ita l  s tay  w a s  21 .2± 9 .1  d a y s  in  in fe c t io n  c a u se d  by  only  

Esch. co li, w h e re a s  it  w a s  18 .7±8 .7  d a y s  in P s e u d o m o n a s  sp. in fe c t io n  a lone . 

In c a se  o f  n o n - in fe c te d  cases  it w a s  9 .5±6.1  days  in d ic a t in g  a  s ign ir ican tly  

lo n g er  d u ra t io n  o f  s tay  in hosp ita l  in c a se  o f  in le c t io n s  c a u se d  by  in ixcd  

o rg a n is m s  (p<().{)01)

T a b le  19  sh o w s  th e  r e la t io n sh ip  b e tw e e n  th e  len g th  o f  o p e ra t io n  t im e  and  

c a u sa t io n  o f  in fe c t io n  in  ca se  o f  o p e ra t iv e  pa t ie n ts .  It w a s  o b s e rv e d  th a t  m ean  

leng th  o f  o p e ra t io n  w a s  53 .2 ± 2 0 .3  m in u te s  in c a se  o f  p o s to p e ra t iv e  in fec ted  

p a t ie n ts  a n d  52 .3±21.U  m in u te s  in  c a se  o f  p o s to p e ra t iv e  n o n - in fe c te d  g roup . N o  

siizn ilican t m e a n  d if fe re n c e  o f  leng th  o f  o p e ra t io n  t im e  w a s  o b s e rv e d  be tw een  

p o s to p e ra t iv e  in rec led  an d  n o n - in fec lcd  g ro u p  (p> 0 .05 ) .

O rg a n is m s  iso la te d  f ro m  d if fe re n t  ob jcc ts  o f  ho sp ita l  e n v i ro n m e n t  on d iffe ren t  

d a te s  w a s  d e p ic te d  in  T a b le  2 0  a n d  F ig u r e  9 -1 4 . I t  w a s  o b s e rv e d  th a t  a m o n g  

the  o rg a n is m s  se v e n  iso la tes  o f  E sch . c o li  w e re  iso la te d  f rom  0 1  air, table,

70

Dhaka University Institutional Repository



i loor , lap  w a lc r ,  d is ta l  cu d  o f  s u c t io n  tu b e  a n d  w a rd  l loo r .  I w o  iso la tes  o! 

P s e u d o m o n a s  sp . w e re  iso la ted  f ro m  O T  air  an d  b o i le d  w a te r .  I w o  iso la te s  ol 

K le b s ie lla  sp, w e re  iso la ted  froni O T  Hoor, O n e  iso la te  o f  P ro le its  sp, w a s  

iso la ted  I ro m  O 'i ' g loves .  H o w e v e r ,  s ix  iso la tes  S lrep . v ir id a n s  w e r e  iso la ted  

f ro m  th e  n asa l  cav ity  o f  th e  O T  p e rsonne l .  M o re o v e r ,  15 iso la te s  o f  c o a g u la se  

n e g a t iv e  S ta p h y lo c o c c u s  w e re  iso la ted  I ro m  n asa l  cav ity ,  p a lm ,  nail  bed  and  

in te r  d ig ita l  sp a ce s  o f  th e  O T  a n d  w a r d  p e rso n n e l  an d  O T  air. B. s u b la lis  w e re  

iso la ted  Irom  the  O T  l loor , w a rd  l lo o r  a n d  b ed  sheets .

T a b le  2 1 (a -e )  sh o w s  a n t ib io g ra m  p a t te rn  o f  the  o rg a n is m s  iso la ted  from  the 

d i l l c r c n t  ob jec ts  o f  hosp ita l  e n v iro n m en t .  It w a s  o b s e rv e d  tha t  d i l l e r c n t  iso la tes  

o f t l i c  h o sp ita l  e n v iro n m e n t  s h o w e d  d i l l e r c n t  pa tte rn  ol a n t ib io g ra m  to  th e  used  

an tib io t ic s  in  th is  s tudy .

T h e  m o le c u la r  w e ig h t  an d  th e  n u m b e r  o f  e x tra c te d  p la s m id  D N A  o f  the 

re p re se n ta t iv e  iso la te s  o f  the  pa t ie n ts  an d  th e  h o sp ita l  e n v i ro n m e n t  w'as s h o w n  

in T(d)Ie 2 2 . 'I’h e  n u m b e r  o f  p lasm id  D N A  an d  its c o r r e s p o n d in g  m o le c u la r  

w e ig h t  o f  the  iso la tes  w ere  a lso  c o m p a re d .  It w a s  o b s e rv e d  th a t  th e  pa tte rn  ol 

p la sm id  D N A  o f  the  p a t ie n t  a n d  th a t  o f  the  h o sp ita l  e n v i ro n m e n t  w as  

d iss im ila r .
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-V .

Tabic 1: Categories of study population (n -  152)

C ategories o f cases N um ber o f  Patients Percentage

" i’alicnls wiUi postoperative 
surgical wound iiiCcclion

74 48.7

Patients with post cathelerized 
urinary tract infection

16 10.5

Patients with diabetic wound 
infection

12 7.9

T otal 102 67.1

Patients w ithout postoperative 
w ound  infection

50 32.9

I'olal 152 100.0
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T

Tabic 2; Age distribution of infected and non-infectcd cases (n 152)

N.B. Figure in parenthesis indicate percentages 

=  2.39;p-value =  0.609.

A ge in Years Infcctcd eases 

(% )

N on-infectcd  cases

(% )

Total

(% )

< 2 0 11 6 17

(10.8) (12.0) (12.2)

20-29 31 17 48

(30.4) (34.0) (31.6)

30-39 23 10 33

(22.5) (20,0) (21.7)

40-49 14 10 24

(13.7) (20.0) (15.8)

50-1- 23 7 30

(22.5) (14.0) (19.7)

'i'olal 102 50 152

(67.1) (32.9) (100.0)
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Table 3: U istributioii o f patients by sex

C ategory Sex Total

M ale Fem ale

Iiifccled eases 68
(59.6)

34
(89.5)

102
(67.1)

Non-infected cases 46
(40.4)

4
(10.5)

50
(32.9)

I'otal 114
(75.0)

38
(25.0)

152
(100.0)

x^=I 1.5; p-value=0.001;

N.B. I'igurcs in Parciilhesis indicate Percentages.
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I'nbic 4: l ypcs of  o |)cnitivc p rocedures  p c r fo n n e d  in infectcd and
iioii-infectcd eases

>-

1'ypc o f  opcralion

I’o s lop cra live  
Inrcctcci eases

I'o.stopcriitivc  
tion-infccted eases

'I'olal infectcd

No. % No. % No. %

Lapamloiiiy 26 2 1 .U 16 12.9 42 33.9

Caesarean 
section ooeration

22 17.7 — ■■ 22 17.7

Appendiseclomy 2 1.6 16 12.9 18 14.5

Inauinal herniorrhaphy 1 0.8 8 6.4 9 7.2

Cholecyslectoiny 1 0.8 6 4.8 7 5.6

Wound toileting 7 5.6 0 0 7 5.6

A bscess  excision 5 4.0 0 0 5 4.0

rislulccloniy 1 0.8 3 2.4 4 3.2

j*iastic surgery 3 2.4 0 0 3 2.4

Ampulalion 2 1.6 0 0 2 i.6

Mastucloniy 1 0.8 -- 0,8 2 !.6

Cystostomy I 0.8 0 0 0.8

Scqiieslicctomy I 0.8 0 0 0.8

Ncpiirostomy 1 0.8 0 0 0.8
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l ab lc 5: Itatc o f iiifeclioii accord ing to the type o f  operative procedures

1 y |ie  o f  <)|)cnilion
liirccted ciiscs iiuii-infectcd cases T ofa l

No. % No. % INo. %

Laparotomy 26 61 .9 16 38,1 42 100.0

‘ Caesarean 
Section operation

22 100.0 0 0 22 100.0

Appendisectomy 2 11.1 16 88.9 18 100.0

Ineuinal herniorrliaphy 11.1 8 88.9 9 100.0

Cholccystectoiny 14.3 6 85.7 7 100.0

Wound toileting 100.0 0 0 7 100,0

Abscess excis ion 5 100.0

25.0

0 0 5 100.0

j'isliilectoniy 3 75.0 4 100.0

Plastic surgery 3 100.0 0 0 3 100.0

Anipiitalion 100.0 0 0 2 100.0

iVlastcctoiny 1 50.0 50,0 2 100.0

Cyslosloniy 100.0 0 0 1 100.0

Secjiicslrccloiny I 100.0 0 0 100.0

Nephrostomy 100.0 0 0 1 100.0

N.B. In Caesarean seclion operation postoperative non-infected cases could not be included due to 
circumstantial constraints
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T a b le  6: R a te  o f  o i giiiiisnis iso la ted  f ro m  d if fe re n t  ty p e s  o f  in fec tions
(n = lU 2 )

>

**Or}ja ii i .s i i is  i s u h i tc d

I’o s t  i i p c i a t i v c  
w u u i i d  

in fcc t io i i  
( ti=74)

I’n s t  C a l l i t l a r i z c d  
UTI 

(n=16)

D i a b c t i c  w o i i t id  
i i i rccf iu i i  
(n=12)

(11=102)

No. '/o No. % No. ■/o No. %

E s c k . c o l i 42 56.7 11 68.7 4 33.3 57 55.9

P s e u d o m o n a s  sp. 20 27.0 3 18.7 11 91.7 34 33.3

P r o te u s  sp. 10 13.5 1 6.2 2 16.7 13 12.7

S la p h .  a u r e u s 6 8.0 0 00.0 0 00.0 6 5.9

K l e b s i e l l a  sp. 4 5.4 1 6,2 0 00.0 5 4.9

A d n e l o b a c l e r  sp. 3 4.0 1 6.2 0 00.0 4 3.9

♦Multiple oiganisins isolated from one sample

**N otc  - Various species o f  different organisms isolated were: P seudom onas aeru g in osa  =30,  

P seu dom on as f lv sre sc e n s  = 2 ,  P seudom onas cepac ia  = 2 ,  P ro teu s m ira b iU s= \0 , P ro teu s vu lgaris  

=3, K le b s ie lla p n e u m o n a e = 3 , K leb sie lla  oxyloca  = \ .  A c i n e t o b a c t e r  s p = 4
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Fig 7 : Resistance pattern of the 
isolated organisms (1st samples)
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A=Esch.coli 
B=Pseudomonas sp.

C=Proteus sp. 
D=Staph. aureus

^-K lebsiella  sp. 
Y—Acinetobacter sp.

78

Dhaka University Institutional Repository



>

Fig 8 ; Resistance pattern of the 
isolated organisms (2nd samples)
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I'ablc 7: Antibiograni |)a(tern of Esch. coli isolated from Che T' and 2
samples of llie infected cases

lid

A ntiliiotics sam ple (ii-=57) 2"“ Sam ple 11=23) P value

S M R S M R

Am picillin 0
(0,0)

0
(().())

57
(100.0)

0
(0.0)

0
(0.0)

23
(100.0)

p>0.05

Cephalexin 8
(14.0)

6
(10.5)

43
(75.4)

0
(0.0)

2
(8.7)

21
(91.5)

p>0.05

Cel’lriaxonc 19
(33.3)

13
(22.8)

25
(43.9)

3
(13.0)

3
(13.0)

17
(73.9)

P<0.01

Ccriazidiine 25
(43.9)

16
(28.1)

16
(28.1)

4
(17.4)

4
(17.4)

15
(65.2)

P<0.002

Telracycliiie 6
(10.5)

4
(7.0)

47
(82.5)

0
(0.0) (4.3)

22
(95.7)

p>0,05

Cotrimoxazole 6
(10.5)

4
(7.0)

47
(82.5)

0
(0.0)

0
(0.0)

23
(100.0)

p>0.05

Cipiolloxacin 13
(22.8)

4
(7.0)

40
(70.2)

0
(0.0)

0
(0,0J

23
(100.0)

P<0.005

GciUamiciii 11
(19.2)

11
(19.2)

35
(61.4)

{)
(0.0)

2
(8.7)

21
(91.3)

]'<0.008

I'igurcs in pnrcnlliesis indicalc pcrcciitagi;-
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I'ablc 8: AiiCibiograin pattern of Pseudomonas sp. isolated from the T‘ and
2"*’ samples of the infected eases

Antibiutics 1*‘ sam ple (n==34) 2.IJ sam ple (n=25) P value
S M R S M R

Aiiipicillins 0
(0.0)

2
(5.9)

32
(94.1)

0
(0.0)

0
(0.0)

25
(100.0)

p>0.05

Cephalexin 1
(2.9) (2.9)

32
(94.1)

0
(0.0)

1
(4.0)

24
(96.0)

p>0.05

Ceftriaxone 12
(35.3)

6
(17.6)

16
(47.1)

3
(12.0)

6
(24.0)

16
(64.0)

p>0.05

Cci'lazidiinc 17
(50.0)

6
(17.6)

11
(32.4)

9
(36.0)

6
(24.0)

10
(40.0)

p>0.05

I'clracychne 3
(8.8)

2
(5.9)

29
(85.3)

0
(0.0) (40,0)

24
(96.0)

p>0.05

Colli inuxazoic 3
(8.8) (2.9)

30
(88,2)

0
(0.0)

0
(0.0)

25
(100.)

p>0.05

Ciprofloxacin 11
(32.4)

3
(8.8)

20
(58.8)

2
(8.0)

0
(0.0)

23
(92.0)

P<0.004

Gentamicin 12
(35.3)

4
(11.8)

18
(52.9)

3
(12.0)

5
(20.0)

17
(68,0)

p>0.05

I'igurcs ill parenthesis indicate percentage.

N.B. I'sencloiitoiuis species included all (he spccics isolated as iiKiitioned in table 6.
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Fable 9: Aiilibiograni pallerii of Proteus sp. isolated from the 1** and 2"*̂
samples of the infected cases

A iilililotics 1*‘ sam ple (ti=13) 2»d sam ple (n=10) P value
S M R S M u

Am picilliiis 2
(15.4)

0
(0.0)

11
(84.6)

1
(10.0) (10.0)

8
(80.0)

p>0.05

Cephalexin 3
(23.1)

2
(15.4)

8
(51.5)

2
(20.0)

2
(20.0)

6
(60.0)

p>0.05

Ceftriaxone 9
(69.2)

0
(0-0)

4
(30.8)

4
(40.0)

0
(0.0)

6
(60.0)

p>0.05

Ceftazidime 10
(76.9) (7.7)

2
(15.4)

4
(40.0)

2
(20.0)

4
(40.0)

p>0.05

Tclracyclinc ]
(7.7)

0
(0.0)

12
(92.3)

0
(0.0)

0
(0.0)

10
(100.0)

p>0.05

Cotriinoxazolc 3
(23.1)

0
(0.0)

10
(76.9)

2
(20.0)

1
(10.0)

7
(70.0)

p>0.05

Ciprolloxacin 6
(42.0)

0
(0.0)

7
(53.8)

3
(30.0)

0
(0.0)

7
(70.0)

p>0.05

Gentainicin 8
(61.5)

3
(23.1)

2
(15.4)

3
(30.0)

2
(20.0)

5
(50.0)

p>0.05

y

Figures in parenlhcsis indicate perceiilage.

N .B. P ro teu s  species  included all the species isolated as mentioned in table 6.
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T abic 10: V ariation o f  antibiotic rcsistancc pattern o f & c/;. coli isolated from
different sites o f infection

Sites of infcclioti No. of Antibiotic Resistance
isoliitcs Ccplinlcxii) Ceftriaxone Ceftazidime Ciprofloxacin Gcntfliniciii

P o st o p c ra liv e 4 2 2 9 14 7 2 8 2 4

w ound
in fec tio n

(6 9 .0 ) (3 3 .3 ) ( 1 6 .0 ) (6 6 .7 ) (5 7 .1 )

P ost 11 10 8 7 9 9

ca th e te r iz ed
U T I

(9 0 .9 ) (7 2 .7 ) (6 3 .6 ) (8 1 ,8 ) (8 1 .8 )

D iabc tic 4 4 3 2 3 2

w ound
in fec tio n s

(1 0 0 ,0 ) (7 5 .0 ) (5 0 .0 ) (7 5 ,0 ) (5 0 ,0 )

Figures in parenthesis indicate percentage.

T a b le  11: A n tib io tic  r e s is ta n ce  p a ttern  P seu dom on as  sp . iso la ted  from

d ifferen t s ite s  o f  in fec tio n

Sites o f N o. o f Antib iotic  Resistance

infcctioii isolates C ephalexin C eftr iaxone C eftazid im e Ciprofloxacin C cn iam ic in

P o sto p era t iv e 2 0 17 6 7 9 8

woiintl
i i i lcc l ion

(8 5 .0 ) (3 0 .0 ) (3 5 .0 ) (4 5 ,0 ) (4 0 .0 )

1‘o s l 3 3 2 1 2
(3 3 .3 )

ca(hclcri/ .ccl

UTI

( 1 0 0 ,0 ) (6 6 ,7 ) (3 3 ,3 ) (6 6 .7 )

D ia b e t ic  w o u n d 11 10 5 1 7 5

in fec t ion (9 0 .9 ) (4 5 .5 ) (9 .1 ) (6 3 ,6 ) (4 5 .5 )

•Figures in parentiiesis indicate percentage.

N .B . P seudom onas  species included all the species isolated as mentioned in table 6.
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l a b l c  12: I’a t t e n i  u ra i i t i b iu t i c s  used  in i i ifectcd i ind i iun- in fcc lcd  eases

I i i l 'cc led  ciiscs N on-infcctcd  eases

A n t i b i o l i c s # % Antibiotics # %

Ciprolloxacin 31 30.4 Anioxiciilin 29 58.0

Ampicillin+Genlamicin 13 12.74 CeRriaxone 8 16,0

Ampicillin+ Cipro 11 10.8 Ciprofloxacin 4 8,0

Amoxicillin+ Cipro 8 7.8 Amoxicillin+Genta+Cipro 4 8.0

Amoxicillin 6 5.9 Amoxicillin+Cipro 2 4.0

Cephalexin 4 3,9 Amoxicillin+Ceflriaxone 2 4.0

Cotrimoxazolc 4 3.9 Ampicillin+Cloxa+Cipro 2,0

AiiipicilliniCephiiicxIn 4 3.9
Cephak-xinci Cipro 3 2.9
Cipro+Cloxacillin 3 2.9

CcflriiixoMC 2.0

Nco-lloxaciu 1.0
Cipro+Telra+Cotrim 1 i.O

I’cnicilliu 1 1.0

Aiiioxicilliii 1 Ci:(li'iii\oiic 1 1.0

Anipicilliii 1 1.0
AnipicillitUCloxacilliii 2.0
Amoxicillin+Cloxaciilin 1 1.0
Ampicillin+Cotrimoxazole 1 1.0
I'elracycline+Cipro 1 1.0
Genlamicin+Cipro 1 1.0
Amoxicillin+Gcntamicin 1 1,0
Ampicillin+Ceflriaxone 1 1.0
Total 102 100,0 50 100.0
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V
T:iblc 13: Antibioyrani of isolated organisms to tlic prescribed antibiotics

isoliitcd A-T-Lti.bt'o'tics prescribed

Organisms AM TS CFX GM CRO c E’

S R S R S R S R s R s R

Escli. coli U 27

(100.0)

0 3

(100.0)

0 3

(lOO.O) (8.3)

11

(91.7) (33.3)

2

(66.9)

5

(H.3)

30

(85.7)

I'seudomonas

sp.

0 8

(100.0)

0 2

(100.0)

0 3

(100.0)

0 3

(100.0)

0

(lOO.O) (5.9)

16

(94.1)

/’cofetM sp. I

(14.3)

6

(85,7)

3

(37.5)

5

(62 5)

AM^= A m piciilin , 'l'S= C otrim oxazole, C FX = C ephalexin, GM = Gentam icin, C K O - Ceflriaxoiic, 

C iP = C iprolloxacin.
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■v Table 14: Uale of isolation of single and innlliplc organisms in (lilTcrc.it
types of infection

I'ypcs o f  Infccticms Single Two  H irec  l otal
o rg an ism  o rgan ism s  oruariism s_________ t a ^

l^osloperulive wound 
infections

1>U.
64

/o
86.5 9 12.2 1 1.3 74 100.0

Post cathetcrized 
UTI

15 93.7 1 6.2 0 0.0 16 100.0

Diabctic wound 
Infections

8 66.7 3 25.0 1 8.3 12 100.0

Total 87 85.3 13 12.7 2 2.0 102 100.0

8 6
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Table 15: Duration of hospital stay of iiifccted and noiwnfccteJ cases
■v

C ategory o f No. M ean duration  
o f  stay (days)

S.D t value p value

liil'cclcci eases 102 23.5 13.3 8.9 0.001

Non-infecled cases 50 9.5 6.1

Total 152 18.9 13.2

8 7
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Tabic 16: RcIiUioiiship between type of infection and duration of hospital
> stay

C ategory o f  patients No. M ean duration  
o f stay

S.D F value p value

Postoperative wound 
infection

74 23.9 14.3 17.6 0.001

Post eatheterized UTI 16 19.9 10.1

Diabetic wound infection 12 26.1 9.9

Postoperative non-infected 
cases (control)

50 9.5 6.1

>
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V
Tablc 17: Relationship between duration  o f hospital stay with single and

multiple orgaisms

N(i. or 
ort>unisnis

No. oC 
patients

Mean S.I). t value p value

Single 87 21.8 10.8 3.3 0.001

Multiple 15 33.5 20.6

Total 102 18.91 13.2

8 9
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Table 18: Uelatioiiship between type of infecting organisms and duration
of hospital stay

*Esch. Coli, P seudom onas  sp, P roleus  sp. 

**Staph. aureus, K leb sie lla  sp., A cin etobacler  sp.

1'ypc.s of No. Mcati duration of S .l)

O rganism s stay (days)
9.1Esch.coli 49 21,2

Pseudomonas sp. 21 18.7 8.7

M ixed organisms* 15 33.5 20.6

Otlier Organisms** 17 27.4 14.1

I'olal 102 23.5 13.3

Non-infcclcd Group 50 9.5 6.1

Total 152 23.5 13.3

F.valuc I*.value

19.63 0.001

9 0
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■v
Table 20: Organisms isolated from different objects in hospital

environment

Or(>aiii.siiis Frcqucncy o f  
i.solatcs

Sourccs

Esch. coli 7 o  r air, lable, lloor, tap water, Suction 

lube. Ward floor

Pseudom onas  sp. 2 OT air, boiled water

K lebsiella  sp. 2 OT floor,

P roteus  sp. 1 OT gloves

Strepf. Viridam 6 Nasal cavity

Staphylococcus 
(C'oaguki.sc ncgalivc)

15 OT air, Nasal cavity, palm, nail bed 
and inter digital spaces o f  the OT and 
ward persoiuicl,

B. Subialis 12 OT floor, ward floor and bed sheet

9 2
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V

O  T A\R. B O f t N t  M.(j.

r ig  9 : 0 T  air borne m icroorganism s in b lood  agar m edia

Fig lO-OT air borne m icroorganism s in M acConkey agar media

9 3
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o r  F L O O R .  ^ - O -  

i M M A C .  A C A t i .

I-ig 11: o  r  Iloor m icroorganism s in M acC onicey agar m edia

a..

Fig 12 :0T  table m icroorganism s in M acConkey agar media
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V

4-

I'ig  13: O T  g lo v es  m icroorganism s in b lood  ageir m edia

Fig 14: O T boiled w ater m icroorganism s in M acConkey agar media

95

Dhaka University Institutional Repository



'I'ablc 21 (a ): A n lib io j'rn m  o f  Esch. c o li Iso lated  from  iliffc r c n t o b jc c ls  o f
lio sp itn l en v iro n m e n t

>

Oi'Hiuiisms A M C F X C R O C A Z C O T T E T Cll>

Esch. C o li I R R S M M R s s

Esch. C o li 2 K M s M R R s s

Esch. C o li 3 R R s S R R s s

Esch. C o li 4 M S s S M R s s

Esch. C o li 5 R R M S R R M M

Esch. C 'oli 6 R K R M M S R S

Esch. C o li 7 R R S M R R S S

T a b le  2 1 (b ):A n tib io g r a m  o {P seu d o m o n a s  sp . iso la ted  from  d ifferen t  
o b je c ts  o f  h o sp ita l e n v iro n m e n t

Org:i Ills ins AM C l X C R O C A Z C O T T E T c n * GM

I’scihIdiiioikis I R R K R R R R K

P seiidom oiuis 2 R R S S R R R R

A M -am piciliin , C l'X -ccphalcxiii, CRO-ccl'lriaxonc, C A Z -ccflazidim c,
CO i’-cotiiiiioxazoic , TET-lelracycline, C lP-ciprofloxacin, G M -gentam icin  
S-sensitive, M -m oderately sensitive, R-resistaiit

9 6
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T a b le  2 1 (c ):A n tib io g r a m  o f  K lebsie lla  sp . iso la te d  fr o m  d iffe r e n t  o b je c ts  o f
h o sp ita l e n v ir o n m e n t

O rgan ism s A M C FX C R O C A Z C O T T E T C IP GM

K leb sie lla  I R R M M M S s S

K leb sie lla  2 R R S S R R M M

>

T a b le  2 1 (d ):A n tib io g r a m  o f  P ro teu s  sp . iso la te d  fro m  d iffe r e n t  o b je c ts  o f
h o sp ita l e n v ir o n m e n t

O rgan ism s A M C F X C R O C A Z C O T T E T C IP GM

P ro teu s R M S s R R R M

A M -am picillin , C FX -cephalexin , C R O -ceflriaxone, C A Z -ceftazidim e, 
C O T -cotrim oxazole, TET-tetracycline, C lP-ciprofloxacin , G M -gentam icin  
S-sensitive, M -m oderately sensitive, R-resistant

9 7
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T a b le  2 1 (e ):A n tib io g r a m   ̂^negative S ta ph ylococcu s  iso la ted  from
d iffe r e n t  o b je c ts  o f  h o sp ita l e n v ir o n m e n t

Organism AM CFX Clto CAZ COT l£ l CIP CM

(n=l5) S M R S R s M R S M R S M R S M R s M R S M R

Coiigsilusc
iKgalivc
Staphylococcu
s

12 2 ] 14 I 12 3 15 lU 3 2 1

0

5 14 1 1

5

A M -am picillin , C FX -cephalexin , C R O -ceftriaxone, C A Z -ceftazidim e, 
C O T -cotrim oxazole, TET-tetracycline, C lP -ciprofloxacin , G M -gentam icin  
S-sen sitive, M -m oderately sensitive, R-resistant

9 8
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T a b le  22: T h e  m o le c u la r  w e ig h t  an d  th e  n u m b e r  o f  p la sm id  D N A  p r e sen t
in  th e  iso la te s

O rg a n is m s  iso la ted  fru tn  the p a tie n ts O rt;» n ism s  is o la ted  fro m  th e  so u rc e s

SP N am e S o u rce
P ta sm id

SP Name S o u rce
i'ia s m id

N o.
N o M o l. w l. 

(M d asis )
N o.

N o M o l.w t .  (M d asis )

S8
Esch.coli

W ound — —

59 Klebsiella sp. W ound 26.7 O Ti
Klebsiella sp .

O T

floor

3 18.7, 8, 6.7

63 Esch.coli W ound 2 28 , 16.7 O T, Esch.coli O T

table

4 2 8 .2 5 ,3 .1 6 .7 ,5 .3

7R t’seiidomoiias sp. W ound 18.7 7 A ‘ Pseudomonas sp. W ound 2 2 0 ,1 8 .7

9R Pseudomonas sp. W ound 16.7 9A ** Pseudomonas sp. W ound 16.7

•  Sam ple 7 A  is a  second  sam ple corresponding to sam ple 7R  ( l “  sam ple), and co llected  7 days after 

the co llection  o f  1“ sam ple from a wound.

** Sam ple 9A  is a  secon d  sam ple corresponding to sam ple 9R  (!*' sam ple), and co llected  7 days after 
d ie co llection  o f  1“ sam ple from a wound.

y

9 9
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Chapter V 

Discussion

N o so co m ia l in fection  is an endem ic problem  a ffectin g  the h osp ita lized  patients. 

It is a burning problem  both  in  develop ed  and d ev e lo p in g  countries. In 

d evelop ed  countries m any interventions w ere  m ade to  control n o so co m ia l  

in fection . B ut in d evelop in g  countries lik e  B an gladesh  n o  em p hasis has yet  

been  g iven  in th is fie ld . In differen t situations and p ersp ective  the pattern o f  

n osocom ia l in fection s is d ifferent. In the present study, an attem pt w a s  m ade to  

exp lore the pattern o f  organism s resp onsib le  for hosp ita l acquired in fection  in  

the large hosp ita ls o f  D haka C ity. T he antibiogram  pattern o f  the o ffen d in g  

organism s and the probable sources o f  in fection  w as a lso  investigated . In the 

present study, a total o f  152 patients o f  2  hosp ita ls w ere  studied. T he patients  

w ere d iv id ed  in to  4  groups- a) Patients w ith  p ost operative w ou n d  in fection , b) 

Patients w ith  p ost catheterized U T I, c )  Patients w ith  d iabetic w ou nd  in fection  

and d) Patients w ithout postoperative w ou nd  in fection . T h e group (d ) w as  

regarded as control group.

In the present study, it is appeared that though in fection  rate w as h igher in 

cases ab ove 50 years o f  age (76 .7% ), the d ifferen ce o f  in fection  rate in other 

age group w as not statistically  sign ifican t (p > 0 .0 5 ) w h ich  ranged betw een  58 .3 -  

69.7% . In an earlier study in B an gladesh , H ussa in  e t al. (1 9 9 1 )  reported that

1 0 0
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higher in fection  rate occurred am ong the o ld  age group. T he absence o f  

increased in fection  rate in older age group com pared to  you n ger age group in  

the present study cou ld  b e  due to  sm all and non-random  se lec tio n  o f  sam ples  

and ex ten siv e  use o f  antib iotics. In th is study, the in fection  rate w a s  rela tively  

higher in fem ale  than m ale due to  lack  o f  uniform ity  o f  sam p les taken over  the 

entire length  o f  study period.

In the present study, 14 d ifferent typ es o f  operations w ere  perform ed on 124  

patients. O ut o f  124 operated cases 74  (59 .7% ) w ere p o st operative in fected  

and 50  { 40.2% ) w ere p ost operative non-in fected  cases . A m o n g  the operative  

procedures laparotom y topped the list 4 2  (33 .9% ), fo llo w e d  b y  caesarean  

section  operation 22  (17 .7% ), append isectom y 18 (14 .5% ), inguinal 

herniorrhaphy 9 (7 .2% ) and ch o lecystectom y  7  (5 .6% ). In the sam e operative  

procedures post operative in fected  and postoperative n on -in fected  ca ses  w ere  

observed . It w as observed  that in  laparotom y, postoperative in fected  ca ses  w ere  

predom inating (61 .9% ). B ut in append isectom y, ingu inal herniorrhaphy and 

ch o lecystectom y  p o st operative non -in fected  cases w ere  predom inating and the 

rates w ere  88.9% , 88.9%  and 85.7%  resp ectively  (T ab le-5).

In this study, it w as observed  that the m ost com m on  in fectin g  organism  w as  

E sch.coli (55 .9% ) fo llo w ed  by  Pseudom onas  sp .(33 .3% ) and P roteus  

sp .(12 .7% ). In an earlier study in B an gladesh , A sh ra f e t  al. (1 9 7 3 )  found that
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in w ound in fection  E sc k c o li  (37 .5% ) w as the predom inating organism  

fo llo w ed  by  ^taph. aureus  (21 .7% ) and Pseudom onas  sp . (15 .1% ). In another  

study in  B an gladesh , Zam an e t al. (1 9 9 2 )  sh ow ed  that E sch .co li w as the m ajor  

pathogen in the postoperative w ou n d  in fection  (60 .0% ) fo llo w e d  by Staph, 

aureus  (20 .0% ). In a study in Canada, W estw ood  (1 9 7 4 )  found that m ajority o f  

the organism s resp onsib le  for n osocom ia l in fection  w as E sch .co li (25 .3% ), 

fo llo w e d  by  K lebsie lla  sp .(16 .8% ) and Staph, aurtw s  (12 .5% ). H ow ever, 

A m an (1 9 8 2 ) in Lahore found that the predom inating causative organism  o f  

surgical w ou n d  in fection  w a s  S,taph. aureus  (28 .6% ), fo llo w e d  by  E sch colt 

(24 .7% ) and Pseudom onas  sp .(23 .7% ). T he iso la tion  rate o f  organism s varied  

in d ifferent clin ica l sam ples. In the present study, E s c k c o li  w as the 

predom inating organism  in postoperative w ou nd  in fection  and U T I, w h ile  in 

diabetic w ou nd  Pseudom onas  sp. w as the predom inating organism . S im ilarly, 

m any studies in B an gladesh  and abroad sh ow ed  d ifferent iso la tion  rate in 

different c lin ica l sam p les {A sh ra f e t  a l ,  1973 , W estw ood  1974 , Am an  1982, 

Zam an e t al., 1992). B ut in  the d iabetic w ou n d s, P seudom onas  sp . w a s  the 

offen d in g  organism  (91 .7% ), fo llo w ed  by  E sch .co li (33 .3% ). In B an gladesh  

Jinnah e t  al. (1 9 9 8 ) reported that Pseudom onas  sp . w as the m ajor iso la te  from  

the patients w ith  d iabetic w ou n d  in fection . H ow ever, their iso la tion  rate o f  

Pseudom onas  sp . w as m uch less  ( i.e . 36 .9% ) as com pared to  the presen t study. 

T h is d ifferen ce  rate m ight b e  due to  sm all sam ple s iz e  or d ifferen ce  in sam ple  

se lection  procedure. T he variation in the iso la tion  o f  organism s by  various
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w orkers in the sam e or in the d ifferent loca lities  over  tim e m igh t be exp lained  

by the fact that the u se  o f  d ifferent antib iotics has changed  the organism  in 

different loca lities  e lim inatin g  the m ore suscep tib le  on es by  the antib iotic  

resistant organism s lik e  Pseudom onas aeruginosa  an d p ro teu s  (B aqui ,19%6).

The anitbiogram  pattern o f  the organism s iso la ted  from  the and 2"*̂  sam ples  

o f  the in fected  cases w ere  analyzed  w ith  com m on ly  u sed  antib iotics. It w as  

observed  that resistance o f  the iso lated  organism s to  the prescribed  antib iotics  

ranged from  32.4%  to  100.0%  in the first sam p les. In Spain, B o u za  (1 9 9 9 )  

found that resistance rate o f  Pseudom onas  sp. to  c ip rofloxacin  w as (23 .0% ), 

ceftazid im e (15 .0% ), and gentam icin  (30 .0% ). T h is h igher rate o f  resistance o f  

the organism s to  the antib iotics in  our study m ight b e  due to  w idespread  u se  o f  

antib iotics in our hosp ita ls. T he antibiogram  pattern o f  the organism s isolated  

from  l “ sam ples w as a lso  com pared w ith  that o f  2"'* sam p les ( i.e . sam ples  

co llected  5 -7  days after the co llectio n  o f  the sam p les). It w as observed  that 

(100 .0% ) E sch .co li w as resistant to  am picillin  in both  1®‘ and 2"*̂  sam p les. It 

w as a lso  observed  that sen sitiv ity  o f  E sch .coli to  the other antib iotics m arkedly  

reduced in  2"*̂  sam ple w here there w a s  sign ifican t increase in resistance to  

ceftriaxone (from  4 3 .9  to  73.9% ; p < 0 .0 1 ), ceftazid im e (from  28.1  to  65.2% ; 

p < 0 ,0 0 2 ), c ip rofloxacin  (from  7 0 .2  to  100.0% ; p < 0 .0 0 5 )  and gen tam icin  (from  

6 1 .4  to 91.3% ; p < 0 .0 0 8 ). In case  o f  Pseudom onas  sp. and P roteus  sp. a 

m arkedly increased  lev e l o f  resistance to  antib iotics w ere  a lso  observed .
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R esistance rate h igh ly  increased in 2"“* sam ples in ca se  o f  both the organism s. 

In ca se  o f  Pseudom onas  sp , resistance to c ip rofloxacin  increased  sign ifican tly  

in 2"*̂  sam ple (from  58 .8  to  92.0% ; p < 0 .0 0 4 ). R esistan ce  rate o f  Staph. aureus, 

K lebsie lla  sp., A cinetobacter  sp. a lso  increased  m arkedly in  the 2nd  sam ples. It 

w as a lso  observed  that resistance rate o f  Staph.aureus  w as relatively  low er  

than that o f  Esch.coli, Pseudom onas  sp., P roteus  sp., K lebsie lla  sp., and 

A cinetobacter  sp.. This increased resistance m ight b e  due to  the production o f  

extended  spectrum  B eta L actam ases (E S B L s) by  gram  n egative  organism s  

(P itout e t a l ,  1998). Jinnah e t al. (1 9 9 8 ), C oronado e t al. (1 9 9 5 ), Z am an e t a l  

(1 9 9 2 ), Sharafi e t  al. (1 9 7 3 ) sh ow ed  a m arkedly increased  lev e l o f  resistance  

o f  the organism s to  the com m on ly  u sed  antib iotics.

A n tib iotic  resistance pattern o f  E sch .co li and P seudom onas  sp. iso la ted  from  

the different sites w ere  com pared in the present study. It w as observed  that 

resistance pattern o f  E sch .co li and Pseudom onas  sp . varied  in differen t s ites  o f  

in fection . E sch .coli iso lated  from  the d iabetic w ou n d  in fection  sh o w ed  the 

highest rate o f  resistance to  cep h alex in  (100 .0% ) and ceftriaxone (75 .0% ) as 

com pared to  sam e iso lated  from  p ost catheterized  U T I, w h ich  sh o w ed  the  

highest resistance to  ceftazid im e (63 .6% ), c ip rofloxacin  (81 .8% ) and  

gentam icin  (81 .8% ). It w as a lso  observed  that E sch .co li iso la ted  from  the  

postoperative w ou nd  in fection  sh ow ed  low er  rate o f  resistance to  all the used  

antib iotics excep t gentam icin  (57 .1% ). In ca se  o f  P seudom onas  sp . it w as
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found that strains iso lated  from  the p ost catheterized  U T I sh o w ed  the h ighest  

resistance to cephalexin  (100 .0% ), ceftriaxone (66 .7% ) and c ip rofloxacin  

(66.7% ) as com pared to  sam e iso la ted  from  the d iabetic w ou n d  in fection  w h ich  

sh ow ed  the higher rate o f  resistance to  gentam icin  (45 .5% ), P seudom onas  sp. 

iso lated  from  the postoperative w ou nd  in fection  sh o w ed  the low er  rate o f  

resistance to  all the used  antib iotics excep t ceftazid im e (35 .0% ). This  

differen ce in resistance pattern o f  the organism s m igh t be due to  indiscrim inate  

u se  o f  antib iotics ( i.e . frequently u se  o f  certain antib iotics for treatm ent o f  

in fection s at certain sites).

In th is study, it w as ev id en t that antib iotics w ere  prescribed to all the study  

patients. It w as observed  that rate o f  cip rofloxacin  prescription w as the h ighest  

(30 .4% ) in p ost operative in fected  cases , fo llo w e d  b y  am p icillin  +  gentam icin  

(12 .7% ), am p icillin  +  cip rofloxacin  (10 .8% ). In ca se  o f  postoperative non­

in fected  ca ses  rate o f  am oxic illin  prescription w as the h igh est (58 .0% ), 

fo llo w ed  b y  ceftriaxone (16 .0% ), and c ip rofloxacin  (8 .0% ). It w a s  im portant to 

note that in  the present study the resistance rate o f  com m on ly  iso lated  

organism s to  the prescribed antib iotics ranged from  62.5%  to  100.0% . In this 

study it w as observed  that s in g le  type o f  organism  w as the com m on  cau se  o f  

in fection  in (85 .3% ) o f  cases. The rem aining (14 .7% ) w a s  cau sed  by  m u h ip le  

type o f  organism s. In an earlier study, Shaw  e t  al. (1 9 7 3 )  sh ow ed  that out o f  

204  in fected  cases , (86 .3% ) w as caused  b y  s in g le  typ e  o f  organism s and the
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rem aining 13.7%  w a s  caused  by  m ixed  organism s. C ulberton (1 9 6 1 )  found that 

out o f  16 postoperative in fection  (43 .8% ) w as m on om icrob ic  and 56.2%  w as  

due to  p o lym icrob ic . T h is h igher rate o f  m onom icrob ic  in fection  m ight b e  due  

to  d ifferen ce in site  o f  operation that is operations h av in g  entry into  the organs  

o f  d igestive  sy stem  pred isp osed  to  po lym icrob ia l in fection .

D uration o f  hosp ita l stay o f  in fected  and n on -in fected  patients w a s  com pared in

the present study. It w as observed  that hospital stay in ca se  o f  in fected  cases

w as s ign ifican tly  increased  than that o f  non -in fected  cases (p < 0 .0 0 1 ). A  sim ilar

result w as observed  by  Zam an e t al. (1 9 9 2 ). It w a s  reported that m ean

postoperative stay in  case  o f  n o so co m ia l in fection  w a s  25  d ays, about 3 tim es

m ore than that o f  ca ses  w ithout n osocom ia l in fection  (8 .6  d ays). H a ley  e t al.

(1 9 8 1 ) found that hospital stay w as prolonged  b y  3.1 to  4 .5  days due to

n osocom ia l in fection . In the present study, it w as found that m ean  duration o f

hospital stay in in fected  cases w as 2 3 .5  ± 13 .3  days and n on -in fected  cases

9 .5± 6 .1  days and the m ean d ifferen ce  w as statistica lly  s ign ifican t (p < 0 .0 0 1 ). A

sim ilar resu lt w as observed  b y  H aley  e t  al. (1 9 8 0 ). It w as reported that m ean

length  o f  hospital stay in in fected  cases w as 2 2 .8 + 1 .5  days and in  non -in fected

ca ses  it w as 9 .4 ± 0 .7  days. W estw ood  (1 9 7 4 )  sh o w ed  that patients w ith

n osocom ia l in fection  spent on an average 2 2  e x c ess  days in  hosp ital. Cruse

(1 9 7 0 )  reported that postoperative w ou nd  in fection  delayed  patient’s d ischarge

by an average o f  7 .7  days. R elationship  b etw een  type o f  in fection  and duration
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i o f  hospital stay w as com pared in th is study. It w a s  found that duration o f

hospital stay w as the h ighest (2 6 .1 ± 9 .9  days) in  case  o f  d iabetic w ound  

in fection , fo llo w ed  by  (2 3 .9 ± 1 4 .3  days) in p ost operative in fection  and it w as  

(1 9 .9 ± 1 0 .1  days) in p ost catheterized U T I. B u t in  postoperative non-in fected  

cases it w as (9 .5± 6 .1  days). It w as ev id en t that duration o f  hospital stay w as  

sign ifican tly  h igher in in fected  cases. It w as observed  that m ean  duration o f  

hospital stay  w as s ign ifican tly  h igher in case  o f  in fection  cau sed  by  m ultip le  

y  type o f  organism s (p < 0 .0 0 1 ). T h is m ight be due to  the fact that in fection  w as

severe in  case  o f  m ultip le typ e o f  in fection . T he duration o f  hosp ita l stay w as  

a lso  com pared w ith  type o f  in fectin g  organism s. It w as found that the h igh est  

duration o f  hospital stay (3 3 .5 ± 2 0 .6  days) w as due to  in fection  w ith  m uU iple  

type o f  organism s fo llo w e d  b y  (2 7 .4 ± 1 4 .1 d a y s) in fection  w ith  other organism s  

( i,e  Staphylococcus aureus, K lebsie lla  sp., A cin etobacter  sp .). It w a s  a lso  

observed  that in fection  w ith  E sch .coli cau sed  m ore duration o f  stay  than that o f  

Pseudom onas  sp . It w as ev ident that hospital stay in ca se  o f  in fected  cases  

increased s ign ifican tly  than that o f  non -in fected  cases (p < 0 .0 0 1 ).

R elation  b etw een  length  o f  operation tim e and causation  o f  postoperative  

in fection  w as com pared in th is study. It w a s  found that length  o f  operation tim e  

had no  e ffec t on causation o f  w ou nd  in fection . S h aw  e t al. (1 9 7 3 )  observed  a 

sim ilar result. But G aribaldi e t al. (1 9 9 1 )  found that duration o f  surgery m ore

>■ than tw o  hours w a s  associa ted  w ith  relative risk o f  3 for surgical s ite  in fection s.
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C ruse and Foord (1 9 8 0 ) found a direct relationsh ip  b etw een  duration surgery  

and the in fection  rate. It w as reported that the in fection  rates for  operations  

lasting 1, 2  and 3 hours w ere  1.3% , 2.7%  and 3 .6%  resp ectively . T h e absence  

o f  in fluence o f  length o f  operation tim e on postoperative w ou n d  in fection  in 

th is study m ight be due to  the fact that all the operative patients rece ived  

preoperative and postoperative antib iotics. Edw ards (1 9 7 6 )  and V alen tine  

(1 9 8 6 ) reported that m icroorgan ism s cau sin g  in fection  at the rem ote s ites  m ight  

gain  a ccess  to  the operative site  by  haem atogenous or lym p h ogen ou s seed ing.

In the study different organism s w ere iso la ted  from  different ob jects o f  the 

hospital environm ent. It w as found that E sch .co li w a s  the m ajor iso la tes from  

the O T air, table, floor, Tap water, suction  tube and W ard floor. Pseudom onas  

sp. w as iso lated  from  O T  air and b o iled  water, K lebsie lla  sp . w a s  iso la ted  from  

O T  floor, P roteus  sp. w as iso lated  from  O T  g lo v es . B e s id e s  th ese  Strept. 

Viridans, S taphyloccus  (coagu lase  n ega tive) w ere  iso lated  from  the different 

objects. T he iso lated  organism s from  the p o ssib le  sources sh o w ed  a w id e  range  

o f  resistance to the u sed  antib iotics in  the study.

In the present study, an attem pt w as m ade to  trace the sources o f  n osocom ia l 

in fection . In this regards, P lasm id  P rofile  A n a ly sis  (P P A ) and R FL P assay  w as  

done w ith  the representative organism s iso la ted  from  the differen t objects o f  

the hospital environm ent and w ith  th ose  o f  w ou n d  sam p les o f  the study
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population . M olecu lar w e ig h t o f  the individual p lasm id s o f  iso la tes  w ere  

determ ined by  com paring w ith  the know n m olecu lar w e ig h t m arker. It w as  

observed  that p lasm id  profile  o f  the iso la tes o f  the probable sources w a s  n ot o f  

sim ilar to  those o f  w ou nd  sam ples.

In this study, RFLP w as also  done to detect the source o f  in fection , but due to  

inadequate laboratory facilities w e  cou ld  not estab lish  the procedure and 

therefore no  fruitful con clu sion s cou ld  b e  drawn. T h ough  sources o f  

n osocom ia l in fection  cou ld  not b e  traced b y  P P A  and R FL P w ith  lim ited  

representative sam p les and inadequate laboratory facilities  and constrains o f  

tim e, it w a s  ev ident that E sch x o li, Pseudum onas  sp ., P roteus  sp ., K lebsie lla  sp. 

w ere present and iso la ted  from  the differen t objects o f  hosp ita l environm ent. 

T h ese organism s m igh t be the p o ssib le  source o f  n o so co m ia l in fection .

>-
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Chapter VI 

Conclusions and recommendations

C o n c lu s io n s

N o so c o m ia l in fection  is an alarm ing problem  in d eve lop in g  countries like 

B angladesh . B y  increasing our understanding o f  spectrum  o f  nosocom ial 

in fection s, the susceptib le host, the reservoirs o f  in fections and the m odes o f  

transm ission , w e  should  b e  able to  control this grow ing problem . From the 

present study the fo llo w in g  conclu sions w ere made:

•  The iso lated  organism s in  the study according to rate o f  occurrence w ere  

Esch. coli, Pseudom onas  sp., P roteus  sp., Staph, aureus. K lebsiella  sp.and  

A cinetobacter  sp.

•  The sen sitiv ity  pattern o f  the iso lated  organism s to the com m on ly  used  

antib iotics ranged from  0 to  80% . T he resistance pattern o f  the organism s  

iso lated  from  the 2"*̂  sam ples o f  the corresponding sites o f  in fections at an 

interval o f  5 -7  days w as m arkedly increased.

•  M ean duration o f  hospital stay w as sign ificantly  increased in patients w ith  

in fection  caused  by  m ixed  organism s (p < 0 .001).

no

Dhaka University Institutional Repository



D uration o f  hospital stay o f  the postoperative in fected  cases increased  

sign ifican tly  in com parison to the postoperative non-in fected  cases  

(p < 0 .001 ).

M ean length o f  operation tim e w as alm ost sam e in case  o f  postoperative  

in fected  and non-in fected  cases. So, length o f  operation tim e did not 

in fluence in  the occurrence o f  nosocom ia l in fection  (p > 0 .05).

A ll  o f  the study population received  antib iotics but the resistance rate o f  the 

iso lated  organism s to the prescribed antibiotics ranged from  62.5%  to 

100 .0%.

Sources o f  n osocom ia l in fections cou ld  not be detected by the m ethods 

done in the present study.
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R eco m m e n d a tio n s

A s  n osocom ia l in fection  is an alarm ing problem  in B angladesh , the ultim ate

goa l is to  reduce the risk to  the patients acquiring n osocom ial in fection . Taking

this v iew , the fo llow in g  recom m endations w ere drawn to control the

nosocom ia l infections.

•  A s the study w as sm aller one, a large-scale study should be carried out to 

find out the overall m agnitude o f  the problem s.

•  Sources o f  nosocom ia l in fection  should  be detected by application o f  

appropriate m ethods such as phage typm g. P lasm id profile  analysis, RFLP, 

R A P D  for e ffec tive  control m easures to be taken for prevention o f  

n osocom ia l in fections in  B angladesh.

•  A  Surveillance System  should be established  to determ ine the pattern o f  

n osocom ia l in fection  in hospital so  that a long-term  program m e should  be 

undertaken to control the problem
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a p p e n d i x -a

i-

J-

D E P A R T M E N T  O F  M IC R O B IO L O G Y  
U N IV E R S IT Y  O F  D IIA K A

Checklist

PART-I
Category o f  Patients:
a P ost operative w ou n d  in fection  b. P ost catheterized  U T I  
c ’ D iab etic  w ou n d  in fection  d. P ostoperative n on -in fected  w ou nd

1. SL N o . : ....................R egn . N o . : .................... In s titu te : .......

2. P atien t’s N a m e : ............................................................................

3 _ / , g e : ..................Y ears 4. Sex: M ale/F em ale

5. W a rd :............... 6 . B ed  N o . : ......................................

7 . Father’s N am e/H usband’s N a m e ; .........................................

8. A d d ress:.............................................................................................

9. D ia g n o s is : ...................................................................

10. D ate o f  A d m is s io n ; ................................................

11. D ate o f  D isc h a r g e : .......................................................

12. D ate  o f  o p era tio n :................................

13. D uration o f  Preoperative s ta y : ........................(D ays)

14. DLimtion o f  lolal hospital s ta y : .......................... (D ays)

15. N a m e o f  o p e r a tio n :......................................................

16. D uration  o f  o p e ra tio n :...................... (m inutes)

17. D ate o f  sam p le  c o lle c t io n : .........................

18. Isolated  organism  from  1"' s a m p le : .........................

^  19. D ate o f  2"‘* sam ple c o lle c t io n ; ..............................
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’ V

>

h

A n tib io g r a m  p a ttern

r '‘ S a m p le

20. Isolated organism  from 2" sa m p le :......................

B acteria

B acteria

Bacteria

A M

A M

A M

C F X

C F X

C F X

CRO

CRO

CRO

C A Z

C A Z

C A Z

TS

TS

TS

T

T

T

CIP

CIP

CIP

G M .

G M .

G M .

2"̂ * S a m p le

Bacteria

Bacteria

Bactcria

A M

A M

A M

C FX

C F X

C F X

CRO

CRO

CRO

C A Z

C A Z

C A Z

TS

TS

TS

r

T

T

CIP

CIP

CIP

G M .

G M .

G M .

PART-II

D e te r m in a tio n  o f  so u r c e  o f  in fe c tio n

D a te O b ie c ts  o f  h o sp ita l e n v ir o n m e n t Iso la te d  o rg a n ism

1. O T  T ab le F loor o f  0 1  and ward 1.

2 . B ed  sh eets o f  ward 2.

3 . T o o ls  o f  OT 3.

4. D ressin g  m aterials o f  ward 4.

5. N asa l cav ity  o f  the 0 1  and ward 5.

personnel
6 . N a il fo ld s, palm  and interdigital sp aces o f 6.

O T  &  ward personnel

-----
7 A ir sam p lin g  from  O T and ward 7.

A iit ib io g r a m  p a ttern

B acteria A M C FX CRO C A Z TS T CIP GM

I I
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APPENDIX-B

1.

A-

Media

B lo o d  a g a r

D ehydrated  B lo o d  agar base (o x o id ) 4 0 .0  g

D istilled  w ater 1.0 liter

pH  6 .8

A u toc laved  at 1 2 T C  for 15 m inutes under 15 lbs pressure per sq . inch , w h en

co o lcd  d ow n  at 50°C , 7% sheep  b lood  w as added, m ixed  w e ll, and poured into

pctrid ishes to  a depth o f  5 m m .

M a c C o n k e y  A g a r

D ehydrated  M acC onkey  A gar (o x o id ) . 3 8 .0  g

D is tille d  w ater 1000 .0  m l

p H  7 .4

D isp en sed  in flasks and autoclaved  at 121°C for 15 m inutes under 15 lbs per sq.

in ch  pressure. W hen  co o led , the m ed ium  w as poured  in to  ster ile  into sterile

petrid ishes to  a  depth o f  5 m m .

M u llc r -I I ilto n  a g a r

D ehydrated  M uller-H ilton  agar base (o x o id ) 3 8 .0  g

D istilled  w ater 1000 .0  m l

p H  7 .4
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D isp en sed  in  fla sk  and autoclaved  at 121° C for 15 lbs. pressure per sq . inch. 

W hen co o le d , the m ed ium  w as poured into the sterile  pelrid ishes to a depth o f  

5 m m .

S im m o n s  C itra te  A g a r

D ehydrated  citrate agar base (oxo id )

D istilled  water

pH

K lig le r  Iro n  a g a r  (K IA )

D ehydrated  K lig ler  Iron agar base (oxo id )  

D istilled  w ater  

pH

L u ria  B r o th  (1 0 0  m l)

Y east Extract (G IB C O B R L )

Peptone

Sod iu m  C hloride  

D istilled  water  

pH

23  gm  

100 ml 

7 + 0 .2

55 .0  g

1000 .0  m l 

7 .4 ± 0 .2

0 .5  gm  

1 gm  

1 gm  

100 ml 

7 .1 + 0 .2

A-

IV
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CHEMICALS AND REAGENTS

O x id a se  rea g en t: 1%  so lu tion  o f  tetram ethyl-p -phenylened iam inc

dihydrochloride soaked  in a p ie ce  o f  W hatm an filter paper no. 1 

B r o u io c r e so l p u rp le : 0.2%  B roin ocreso l purple so lu tion  w a s  prepared in

ethanol (1:1)-

E th y l a lco h o l; 95%  E thyl a lcoh o l w as used.

K o v a c ’s r e a g e n t :

A m y l or Isoam yl a lcoh o l 150 ■' f f

P -d im eth y l-a m in o b en za ld eh y d e  10 g

C on e, hydroch loric  acid  50 m l

T he a ldehyde d isso lv ed  in  a lcoh o l and the ac id  is then  added s lo w ly . Prepared

in  sm all quantities and stored in  refrigerator. Shaken gen tly  before  use.

P e p to n e  w a te r  (C o lle e  e t  a l., 1996)

P eptone 10 .0  g

S od ium  5-0

D istilled  w ater 1000 .0m l

D isso lv e d  pH  adjusted to  7 .4 -7 .5  distributed in  3 m l am ounts in test tubes and 

autoclaved  at 1 2 1 °C  for 15 m inutes.
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R e a g e n ts  u sed  fo r  p la sm id  e x tra c t io n  p ro c e d u re s

S o lu tio n -I

G lu cose  50  m M

T ris-H cl (p H  8 .0 ) 25  m M

E D T A (p H  8 .0 ) 10 m M

Solu tiou -11

(Freshly prepared and made w eekly from ION NaOH stock solution)

N aoH  0 .2 N

S D S  1%

S o lu t io ii- lI I

K -acetate  3 M

G lacia l acetic  acid 11.5%  (V /V )

D istilled  w ater 100 m l

pH  8 .0

T E  B u ffe r  (T r is  E D T A  B u ffe r )

T ris-H cl (pH  8 .0 ) 10 m M

E D T A  (pH  8 .0 ) 1 m M

T B E  E le c tr o p h o r e s is  B u ffe r  (T r is -B o r a te -E D T A  B u ffe r )

T ris-base 54 gmTL

B oric  acid 2 7 .5  gm /L

0 .5 M  E D T A  (pH  8 .0 ) 20  m l/L
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a p p e n d i x -d

M acFarland Standard Tube No, 1

C o m p o s it io n  a n d  p rep aration :

lo/„ (v /v )  so lu tion  o f  ch em ica lly  pure (0 .3 6 N ) sulphuric acid  and 1.175%  (w /v )  

so lu tion  o f  ch em ica lly  pure (0 .0 4 8 m ) barium  ch loride w as prepared m  nutrient 

broth in tw o  separate sterile  flasks. T hen  9 .9  m l o f  sulphuric ac id  and 0.1 m l o f  

barium  ch loride w ere  added to  the clean  screw  capped te s t  tube and sea led . The  

barium  sulphate su sp en sion  corresponds approxim ately  to  M acfarland Standard  

tube N o . 1 w ith  corresponding ce ll density  o f  3x10® organ ism s/m l o f

organism s.

T o  m ake the turbidity standard o f  c e ll density  to on e  h a lf  o f  the M ac Farland  

Standard tube N o . l  w h ich  corresponds to  ce ll density  o f  1.5x10® organism s/m l 

for determ ination o f  antib iotic  sen sitiv ity  by  K irby-B auer m ocu lated  technique, 

0 .5  m l o f  1.175%  (w /v ) barium  ch loride (B aC l2 , 2 H 2O ) w as added to  99 .5  ml 

o f  1% (v /v )  sulphuric acid (0 .3 6  N ), m ixed  w e ll and 5 -1 0  m l w as distributed in

sterile  screw  capped test tubes and sealed .
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Organisms isolated from different objects of hospital environment

APPENDIX-E

D ate A ir sam pling O.T.
Floor

O .T . tab le O T
B oiled
w ater

N asa l c av ity  o f  
O T  P erso -nnel

T ap  
w a ter o f  
O T  and 
w ard

OT
Suction

tube

W ard  F loor B ed
sh ee t

Palm  and  
nail b ed  o f  
O T  perS ' 

onnel

O T
G loves

D ressing
m ctarinls

O T  in s ln im cn ls

6.7 .98 Coagulase 
negative Staph

B.
Subl-
allis

Streplavarid-
ans

B. Subtall~ 
is

20 .7 .98 Coagulase 
neealive Slaph

Esck
coli

- “ Streplavarid-
ans

• " - ■ ■ ■ ■ ■

3 .8 .98 Coagulase 
negative Stanh

- Kleb­
siella

- - - - B. Sublalis • - - - -

17.8.98 Pseudomo-nas . . - - - - B. Subtalis - • - - -
7.9 .98 Coagulase 

negative Staph. ■
Coagu-lase 

negati-ve Staph.
Esck
Coli

B. Sub ta lis B.
SvbiaU

is.
21 .9 .98 Coagulase 

negative Slaoh.
- Coagu-lase 

negali-\'e Slaph.
Esch.
coli

- B. Subtalis • - - — -

5 .10 .98 Coagulase 
neeatne Slaph.

• Coagulase 
necati-ve Staph.

“ Esch. Coli ■ ■ Proteus “ ■

19.10.98 Coagulase 
negative Staph.

Esch.
coli.

Pseu­
domo­
nas

SirepIO ririda- 
ns

2 .11 .98 Coagulase 
negative Staph.

B.
subt-
alis

Sirepio virida- 
ns

Coa-gula- 
se nega-ih‘e 

stavh
16.11.98 Coagulase 

negative Staph. ■
Esch. coli. B.

subt-^Us
Coa~gula~ 

se nega-ir\^ 
sfavh

7.12.98 Esch Coli - - - Strepio yirida- 
ns

- - - - - - - -

21.12.98 Coagulase 
negative Staph.

Kleb­
siella

Strepto vinda- 
ns

B.
suhi'Qlis

B.
SublaU

IS .
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APPENDIX-F

C o lo n y  m o r p h o lo g y  o f  iso la ted  o r g a n ism s

G row th o^E sch .coli in  M acC on k ey  agar m ed ia

G row th o f  P seudom onas  sp. in M u lle r -H ilto n  m edia
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