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Abstract. The results from the bacteriological monitoring 
of 464 ITU patients are presented. The specimens ana- 
lysed include urine, sputa, tracheostomy swabs, central 
venous pressure line catheter tips, blood cultures, wound 
drainage fluid, cerebro-spinal fluid, pleural fluid and 
peritoneal dialysate samples. 

Guidelines which may be used to differentiate between 
colonisation and infection and factors, notably those re- 
lated to antibiotic usage, which are associated with in- 
creased risk of infection are described. 

Certain bacterial and fungal infections which are more 
peculiar to the compromised host are also discussed. 
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Introduction 

Advances in medical technology and expertise over the 
past decade have resulted in the ability to maintain vital 
organ function in critically ill patients until such a time as 
homeostasis has been re-established. By necessity these pa- 
tients have been clustered in units that specialise in tech- 
niques of intensive care and therapy. Bacteriological moni- 
toring has revealed that such clusters of compromised in- 
dividuals not only become infected more easily and more 
frequently than normal patients, but are particularly sus- 
ceptible to invasion by both exogenous environmental and 
endogenous commensal organisms usually regarded as 
being harmless [7]. Therefore the parameters by which in- 
fection is judged in these patients have had to be altered 
to such an extent that the bacteriology of intensive care 
has become virtually a sub-speciality within routine micro- 
biology. 

To meet this growing demand we decided that it was 
necessary to examine all bacteriological specimens from 
intensive therapy unit (ITU) patients together rather than 

dividing them among the various intradepartmental disci- 
plines (e.g. respiratory, urinary etc.) as had been done pre- 
viously. The results and conclusions reached after 12 
months of monitoring the bacteriological course of pa- 
tients on a daily basis are presented below. 

Material and Methods 

a) Patients. There were 464 patients admitted to the ITU 
during the year November 1977/8 from whom bacterio- 
logical specimens were received. It was found possible, for 
analytical purposes, to allocate patients to one of seven 
broad categories, 3 medical and 4 surgical, the details of 
which are shown in Table 1. A number of admissions of 
short duration, (e.g. overdose cases), from whom bacterio- 
logical specimens were not received, were not included in 
this study. The patient's name, age, sex and details of the 
initial reason for admission to ITU were noted. When 
possible, information regarding the antibiotics administer- 
ed to a patient was entered on the bacteriological work 
sheet. When the administration of antibiotics was routine, 
as in prophylaxis for cardiac surgery, this was easily 
achieved. 
b) Specimens. The ITU policy is to send urine and sputum 
specimens daily. Other specimens were sent as considered 
necessary. The numbers and method of culture of each 
type of bacteriological specimen received are shown in 
Table 2. The 'wound' category is an heterogeneous one and 
includes all wound drainage fluids, superficial wound swabs 
and aspirates such as cerebro-spinal (CSF) and pleural 
fluids. Organisms were identified either by using the API 
system [17] or by methods based on those of Cowan and 
Steel [4]. Antibiotic sensitivity testing was performed 
using the Stokes' plate method [18]. 

Results and Discussion 

Urine Specimens 

In Table 3 the culture results from the 1454 urine speci- 
mens have been correlated with the urinary white cell 
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Table 1. Clinical diagnosis of 464 patients monitored in the ITU 

Surgical Number 

Cardiothoracic 

Major Abdominal 

Arterial Reconstruction 

Miscellaneous - craniotomy (13), 
jaw surgery (9), multiple fractures (7), 
lobectomy (2), hysterectomy (2), retropubic 
prostatectomy (2) 
1 each of systectomy, TUR, Bullet wounds, 
Parathyroidextomy, EUA, Oophorectomy 

177 

77 

19 

41 

% of ITU 
Total 

38 

17 

4 

9 

Medical 

Cardiac 48 10 

Respiratory 27 6 

General medical 75 16 
overdose (14, renal (8), gastrointestinal 
bleed (4), infective (23) - pneumonia 6 

- necrotising colitis 5 
- meningitis 3 

- herpes encephalitis 3 
- gram negative septicaemia 3 
- peritonitis + septicaemia 1 
- glandular fever (Duncan syndrome) 1 
- pyelonephritis 1 

phaeochromocytoma (3) CVA (3), hypo- 
thermia (4), diabetic ketoacidosis (2), 
obstructive jaundice (2), 

1 each of: hypertension + diabetes, 
epitheliod sarcoma, coma, rheumatoid arthritis, alcoholic cirrhosis, 
malignant ascites, carcinoma of thyroid, toxic megacolon, 
acute pancreatitis, undiagnosed collapse. 

count (WCC) found on direct microscopy. The per- 
centage contribution made by pure growths of  /> 10 s 
organisms/litre increases markedly as the urinary WCC 
rises. The same trend is shown by mixed cultures of  only 
two bacterial species but to a lesser extent. The species 
responsible for the pure growths are shown in Table 4. As 
can be seen Klebsiella, Coliforms, Proteus and Faecal 
streptococci were the ones most frequently associated 
with a raised urinary WCC. The same species were also 
found in the mixed cultures associated with a raised WCC in 
both non-catheterised and catheterised patients. Converse- 
ly, Pseudornonas sp. and Candida albicans occurred almost 
exclusively in catheterised individuals and despite being 
present in the urine in what is usually considered to be sig- 
nificant numbers (~> 10 s/litre) were frequently present in 
the absence of  white cells and often when broad spectrum 
antibiotics were being administered. These patients were 
not treated for their Pseudomonas or Candida infections 
and hindsight implies that such growths are episodes of  
colonisation which disappear with removal of  the urinary 
catheter and/or reduction of  antibiotic medication. It is 
suggested, therefore, that the species of  organism and the 
urinary WCC are important considerations in deciding the 
significance of  a positive isolate. 
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Table 2. The numbers, and methods of culture, of specimes received 
from ITU 

Specimens Number Direct Culture medium 
received microscopy used for isolation 

Urine 1454 Yes CLED 

Sputum 1173 Yes BA (aerobic only) + CLED 

Tracheostomy 
swab 182 No BA(aerobic only) + CLED 

Wound 373 Yes BA (aerobic & anaerobic) 
+ MAC 

Blood culture 218 No 2 Broth cultures (aerobic & 
anaerobic) : If visible growth 
seen, subculture made onto 
BA (aerobic & anaerobic) 
+ MAC 

CVP line 
(Catheter tip) 60 No Initial culture in thiogly- 

collate broth: Subculture 
as for blood cultures 

CVP line Not BA (aerobic & anaerobic) 
insertion Counted Yes + MAC 
site swab 

Abbreviations: CLED, Cysteine, Lactose, Electrolyte-deficient 
medium: MAC, MaeConkey's Agar; BA, Columbia Blood Agar 

Although urinary white cell excretion may be extreme- 
ly variable it appears that a higher than normal urinary 
WCC is of  importance in ITU patients even in the absence 
of  bacterial growth in the urine and should not be ignored. 
This is demonstrated in the analysis shown in Table 5. In 
the latter the 94 patients who yielded the 116 specimens 
from which no growth was obtained despite a urinary 
WCC of  ~> 50 per cu. ram. have been categorised according 
to their clinical condition. Sterile pyurias were com- 
monest following cardiac surgery and occurred in the 
first 48 hours after operation and were frequently asso- 
ciated with the presence of  granular casts. Such urinary 
abnormalities resolved within 4 or 5 days and presumably 
were the result of  some degree of  transient renal damage 
produced by the cardiac bypass pump. 

The other interesting finding that emerges from Table 5 
is that 9% of  sterile pyurias were associated with the 
presence of  a heavy growth of  either Klebsiella sp. or 
Streptococcus pneumoniae in the sputum. It is known 
that both of  these bacteria produce extensive amounts of  
capsular polysaccharide and that in pneumococcal infec- 
tions the presence of  this polyanionic substance in serum 
and urine is associated with increased morbidity [3]. The 
mode of  excretion of  the polysaccharide is thought to be 
by glomerular filtration [10], and it would seem possible 
that inflammation provoked either by the polysaccharide 
itself or by immune complexes account for the observed 
pyuria. 

In conclusion, any overall assessment of  an ITU pa- 
tient's urinary tract status should take into account both 
the bacteriological and clinical findings. Of relevance bac- 
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Table 3. The culture results from 1454 urines correlated with the urinary white cell count 
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Number of white cells Culture result Row total 
per cu.mm, of urine No Pure growth Mixed growth (10S/litre) 

Growth 107 orgs/litre 10 s orgs/litre 2 species 3 species 

Less than 5 585 21 35 14 18 673 
(% Row Total) (87) (3) (5) (2) (3) (100) 

6 -  25 334 13 42 10 6 405 
(% Row Total) (83) (3) (10.5) (2) (1.5) (100) 

2 6 -  50 108 8 33 7 4 160 
(% Row Total) (68) (5) (20) (4) (3) (100) 

51 - 100 54 4 20 2 0 80 
(% Row Total) (67) (5) (25) (3) (0) (100) 

Greater than 100 62 8 53 13 0 136 
(% Row Total) (45 ) (6) (39 ) (10) (0) (100) 

Table 4. Urine results. The species of organism isolated in pure 
growth of ~ 108[litre and their relationship to the urinary white 
cell count 

Species of organism Number % Associated with a 
urinary WCC of 
~'26 per cu,mm. 

Klebsiella 44 70 
"Coliform" (including E.coli) 48 69 
Proteus 6 67 
Faecal streptococcus 16 63 
Straphylococeus albus 11 55 
Pseudomonas spp. 24 46 
Candida albicans 33 33 

teriologically are the species and concentrat ion per litre of  
any organism isolated, whether or not  the culture was a 
pure or mixed growth, the presence of  casts and the uri- 
nary white cell count.  Clinically the presence or absence 
of  general or local signs of  infection, the patient 's  diag- 
nosis and whether or not  a catheter is in situ will be of  im- 
portance.  Using these guidelines it should be possible in 
most  instances to differentiate between infection and 
colonisation. 

In addit ion it was found that  daily monitoring per- 
mi t ted  subtle changes in bacterial growth and urinary 
WCC to be detected.  This allows developing urinary tract  
infections to be detected and treated at an early stage thus 
preventing the compromised ITU patient from developing 
serious complications such as Gram-negative septicaemia. 
I t  also allows early source isolation to be insti tuted to 
prevent cross-infection occurring. 

Respiratory Specimens 

In the twelve month  period a total  of  1173 sputum 
specimens and 192 tracheostomy swabs were received. 
The sputum specimens will be considered first. 

Sputum specimens received were of  two kinds. Either 
they had been collected by normal expectorat ion or by 
intra-tracheal aspiration from those patients who had 

Table 5. The factors associated with the finding of ~ 50 white 
cells per cu.mm, of urine in the absence of bacterial growth, in 94 
patients 

Associated factor Number of patients %of Total 

Post-cardiac surgery 33 35% 

Genito-urinary surgery 29 30% 
or known renal problem 

Post-urinary infection 11 12% 
(treated with antibiotics) 

Red cells in the urine, 8 9% 
plus catheterisation 

Heavy growth of Kleb- 8 9% 
siella sp. or Streptococcus 
pneumoniae in the sputum 

No known cause - (bowel 5 5% 
operations 3, carcinoma of 
oesophagus 1, gastro- 
intestinal bleed 1) 

Total 94 100 

undergone endotracheal intubat ion or tracheostomy. It 
was found possible to divide the microbial growth ob- 
tained, using quantitative and qualitative methods of  
assessment, into six types. These are summarised below: 
1. No growth 
2. Upper Respiratory Tract Commensals (URTC) only - 

less than 2000 organisms/ml, and including such or- 
ganisms as Strep. viridans and Staph. albus. 

3. Light Pure Growth - growth predominant ly  of  one 
species up to a concentrat ion of  106 organisms/ml. 

4. Moderate Pure Growth - growth predominant ly  of  one 
species in a concentrat ion of  106 - 108 organisms/ml. 

5. Heavy Pure Growth - growth predominant ly  of  one 
species up to a concentration o f  ~> 108 organisms/ml. 

6. Mixed Growth - as for 3, 4 or 5 above but  of  two or 
more species. 
The results are shown in Table 6. URTC isolates were 

commonest  but  have been analysed no further as no cases 
of  clinical infection were found in this group. 
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Table 6- The total number of sputum specimens received divided 
according to the type of growth obtained 

Type of growth Number of specimens % of Total 

No growth 128 11% 

Upper respiratory 399 34% 
tract commensals 

Mixed ~owth a 163 14% 

Pure glowth a - light 150 13% 
- moderate 203 17% 
- heavy 130 11% 

TOTAL 1173 100 

aDiscussed in the text as "positive cultures" 

Cultures Yielding No Growth 

In the non-ITU patient the absence of microbial growth in 
the sputum after 24 hours culture is rare. By comparison 
amongst ITU patients 11% of  all sputa yielded no growth 
(see Table 6). The main contributors in this context were 
the cardiothoracic surgical patients. Out of the 177 pa- 
tients in this group 24% yielded a negative culture at some 
time during their admission. In seeking a cause for this 
phenomenon it was notable the extent to which this group 
received antibiotic prophylaxis to prevent post-operative 
endocardial infection. Either gentamicin and flucloxacillin 
was given for 3 days or ampicillin and flucloxacillin was 
given for 10 days, the regime chosen being determined by 
the surgeon in charge. It was found that such prophylaxis 
effectively eliminates the normal upper respiratory tract 
flora. This occurs within the first 48 post-operative hours 
and if the patient remains in the ITU beyond this time re- 
colonisation of the sputum invariably occurs and assumes 
one of two forms. Either the normal respiratory flora is 
replaced by Gram-negative organisms of an external 
origin, presumably derived from the ITU environment or 
from the patient's food, or recolonisation is achieved 
through growth of endogenous organisms resistant to the 
antibiotics used in prophylaxis. It is interesting to note, in 
this context, that all four of  the ampicillin-resistant penicil- 
linase-producing Haemophilus influenzae isolated during 
the year came from patients who had undergone cardiac 
surgery. A smaller percentage of patients who underwent 
major abdominal surgery or who were admitted with 
respiratory problems also showed no growth in their 
sputa. These two groups had been given antibiotics either 
for treatment of primary infection or prophylactically. 
When antibiotic administration was prolonged the effect 
achieved was the same as in the cardiac surgery patients. 

It is therefore suggested that antibiotic prophylaxis or 
treatment, while often being well justified, must only be 
continued for the minimun time necessary [9,12]. 

Positive Sputum Cultures 

These constituted the majority (55%) of the isolates, (see 
Table 6), but it was found that only the heavy pure 
growths were of clinical significance. Light or moderate 
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pure growths were of importance in that patients yielding 
such cultures often developed a heavy pure growth and 
evidence of clinical infection subsequently. By contrast, 
mixed growths even when heavy were rarely associated 
with clinical infection. 

The distribution of these various types of positive 
culture within the different patient categories was remark- 
ably similar with the exception of the 'respiratory' medi- 
cal patient category. For example 16% of  surgical patients 
and 15% of medical ones, (the 'respiratory' group ex- 
cepted), had a heavy pure growth in their sputa at some 
stage during their admission. It was found though, that 
52% of the patients in the 'respiratory' category yielded a 
heavy pure growth in their sputa. Moderate pure growths 
were also three times as common in these patients than in 
any others. However due to the small number, only 27 
(see Table 1), of this type of admission their overall con- 
tribution to the total number of moderate and heavy pure 
growths is low and in our ITU it is the surgical patients, 
through sheer weight of numbers, who provide the reser- 
voir of potential infection. 

Species of  Organism Isolated from Light, Moderate and 
Heavy Pure Growths 

The distribution of species varied considerably between 
the different patient categories. The frequency of isola- 
tion of each species, expressed numerically and as a per- 
centage of the total number of light, moderate and heavy 
pure growths in each of the seven patient categories is 
shown in Table 7. In this analysis a given patient was 
allowed to contribute only once to each of the three 
sputum types. This prevented the inclusion of repetitive 
results from the same patient. 

The noticeable feature is that the majority of isolates 
were Gram-negative. Klebsiella spp. predominated and 
were isolated most frequently from surgical patients, par- 
ticulady cardiothoracic ones in whom they comprised 
32% of the total. Th/s may be a reflection of the common 
prophylactic use of ampicillin as no Klebsiella isolates 
were obtained from patients who underwent non-cardiac 
arterial reconstuctive surgery, a group unique in that they 
received no antibiotic prophylaxis. Pseudomonas isolates 
came mainly from ventilated patients which explains why 
36% of the species isolated from the 'respiratory' patient 
category were of this type. 

Another species with an aptitude for the colonisation 
of the respiratory tract of ventilated patients was Aeineto- 
bacter anitratus. Fourteen of such isolates from 6 patients 
are included amongst the "coliforms" in Table 7. Their 
ability to thrive in a moist environment, especially ventila- 
tor equipment, their marked resistance to antibiotics 
except tobramycin, amikacin and naladixic acid, and their 
ready transfer to other patients posed a cross-infection 
problem necessitating isolation of colonised or infected 
patients. Two of the six patients died. The organism was 
recovered from the terminal bronchioles of both at post- 
mortem and in one from the lung parenchyma as well. 
This patient had initially been successfully treated with 
amikacin and the organism cleared from the sputum but 
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Table 7. The frequency of isolation of different species of organism from the sputum in each of the 7 patient categories, expressed 
numerically and as a percentage of the row total 

Patient Klebs- Pseudo- Coli-  Proteus Staph. Pneumo- Haemo-B-haem Candida Asper- Bran- Row 
Category iella monas form aureus coccus philus strep albicans gillus hamella Total 

a) Surgical N0.% No.% No.% No.% No.% No.% No.% No.% No.% No.% No.% 
Cardiothoracic 29 32 16 17 19 21 4 4 9 10 1 1 8 9 0 0 3 3 0 0 3 3 92 
Major Abdominal 11 23 10 20 10 20 3 6 5 10 3 6 3 6 1 2 2 4 0 0 1 2 49 
Arterial Reconstruction 0 0 2 22 2 22 0 0 0 0 0 0 2 22 1 11 0 0 0 0 0 0 9 
Miscellaneous 8 28 4 14 5 17 3 10 1 3 1 3 3 10 2 7 2 7 0 0 0 0 29 

Total Surgical 48 27 32 18 36 20 10 6 15 8 5 3 16 9 5 3 8 4 0 0 4 2 179 

b) Medical 
Cardiac 5 19 1 4 4 15 1 4 9 33 4 15 2 7 0 0 1 4 0 0 0 0 27 
Respiratory 7 18 14 36 5 13 3 8 0 0 3 8 4 10 0 0 1 3 1 3 0 0 39 
GeneralMedical 7 18 4 10 7 18 0 0 8 21 2 5 2 5 2 5 5 13 1 3 1 3 39 

TotalMedical 19 18 19 18 16 15 4 4 17 16 9 9 8 8 2 2 7 7 2 2 1 1 104 

the bacterium persisted in the ventilator tubing and fatal 
re-infection ensued. 

Mechanical ventilation is thus a major factor in the 
promotion of  microbial overgrowth in the respiratory 
tract and species like Pseudomonas and Acinetobacter 
once established can also frequently be found in the 
afferent ventilator tubing and the humidifier water. This 
underlines the importance of  bacteriological monitoring 
and adequate sterilisation of  equipment used for ventila- 
tory support. 

Amongst the organisms characteristically associated 
with the respiratory tract few of  the Staph. aureus isolates 
gave rise to infection requiring therapy which is in con- 
trast to the isolates of  Strep. pneumoniae and H. in- 
fluenzae. This is reflected by the fact that only 7 o f  the 
32 Staph. aureus isolates were heavy pure growths as 
compared with 11 o f  the 17 H. influenzae and 6 of  the 
14 Strep. pneumoniae. An interesting unexplained finding 
was that Staph. aureus was isolated with the greatest fre- 
quency in those medical patients admitted with cardiac 
problems and also constituted 10% of  the pure growths in 
post cardiac surgery patients despite flucloxacillin prophy- 
laxis. Branhamella catarrhalis, an organism usually re- 
garded as a commensal but recently recognised as an 
opportunist respiratory pathogen in compromised hosts 
[11,13], was isolated as a heavy or moderate pure growth 
on 5 occasions from 4 patients. Lighter growths were con- 
sidered as being part of  the URTC flora and were recorded 
as such. It was considered clinically necessary to treat two 
of  these four patients and it is interesting to note that the 
Gram-film showed phagocytosis o f  these organisms by 
polymorphonuclear leucocytes indicating a host response. 

Amongst the fungal isolates, (see Table 7) the isolation 
of  Candida albicans was almost always associated with 
either mechanical ventilation or prolonged antibiotic 
therapy. Three of  the 15 isolates were heavy pure growths 
from 3 patients. In two of  the latter the heavy pure 
growth preceded death by 24 hours but at post-mortem 
there was no evidence of  disseminated spread of  the yeast 
which suggests that overwhelming colonisation occurs as a 
terminal event. Thus, as has been found by other workers 
[19], the presence of  C albicans in the sputum rarely indi- 

cates infection. Its presence more likely indicates that 
antibiotic therapy needs to stop. 

Isolates of  Aspergillus fumigatus appear to be of  
greater clinical significance. Both patients from whom 
aspergilli were isolated were being ventilated and both 
died. One, who had obstructive airways disease, yielded 
Aspergillus furnigatus on two successive days but after this 
no further isolation was achieved in the week prior to 
death. In the other patient who contracted Duncan's 
syndrome (a fulminating form of Glandular fever in'which 
there is a deficient immune response to EB virus infec- 
tion), A. fumigatus was isolated only once. The clinical 
significance of  these isolates was undetermined during 
life and no anti-fungal therapy was given. However at 
post-mortem the patient with obstructive airways disease 
was found to have aspergillus-filled cavitations throughout 
both lungs. Similar aspergillus-filled cavities were found in 
the right lung of  the second patient. In vitro this fungus 
grows slowly compared with bacteria and for it to be re- 
covered on routine culture after only 24 hours incubation 
and without being overgrown by Gram-negative bacteria it 
has to be present in the sputum in large amounts. In re- 
trospect, therefore, when aspergillus is isolated from the 
sputum using routine culture methods serious considera- 
tion should be given as to whether it is causing clinical in- 
fection. 

Tracheostomy Specimens 

The culture results from the 192 tracheostomy swabs are 
shown in Table 8. No growth was obtained from only 4% 
of them and by contrast with the no growths from sputa 
were not associated with antibiotic therapy. The positive 
cultures represent respiratory colonisation and in this con- 
text it is noted that Pseudomonas spp, and Staph. aureus 
were the predominant species isolated. 

Tracheostomy sites provide a moist climate ideal for 
multiplication o f  organisms and opportunities for trans- 
fer of  these to the hands of  the attendant medical staff 
and thence to other patients is considerable [1,2]. Bac- 
teriological monitoring is therefore important. To a lesser 



176 

Table 8. The species isolated from 192 tracheostomy specimens 

Organism isolated Number % of Total 

a) Gram-positive 
Staph aureus 38 20 
Faecal streptococcus 4 2 

b) Gram-negative 
Pseudomonas aeruginosa 48 27 
Pseudomonas maltophilia 3 
Klebsiella spp. 21 11 
Coliforms: E.coli 10 

Citrobacter diversus 3 
Serratia sp. 1 8 
Acinetobacter anitratus 1 

Proteus spp. 11 6 

c) Candida albicans 7 3 

d) Upper respiratory tract commensals 37 19 

e) No growth 8 4 

Total 192 100 

extent it was found that if the organisms in the sputum 
and tracheostomy site are different this may indicate that 
the sputum isolate is causing infection rather than coloni- 
sation. 

Colonisation or Infection in the Respiratory Tract? 

The major microbiological problem with regard to the 
respiratory tract is how to differentiate between colonisa- 
tion and infection. When alterations in the comrnensal 
flora occur, for whatever reason, and organisms which are 
not normally associated with the respiratory tract appear 
in the sputum it must be decided whether such an altera- 
tion constitutes atypical colonisation or an active infective 
process. 

In addition to the factors already discussed the sputum 
Gram-stain may help to clarify the situation. All sputa 
were Gram-stained and a summary of the associations be- 
tween the Gram-stain findings and the growth achieved on 
culture are shown in Table 9. Epithelial cells were associ- 
ated with a lack of significant bacterial growth. Converse- 
ly the presence of a large number of pus cells and organ- 
isms in the absence of epithelial cells was often asso- 
ciated with a heavy pure growth on culture and symptoms 
of infection in the patient. An exception to this was the 
finding that some patients who developed a heavy pure 
growth of Pseudomonas had virtually no pus cells visible 
in the Gram-stain although many Gram-negative bacilli were 
seen. This must be taken as a sinister sign since patients 
who developed this condition frequently died within the 
next 24-48  hours, often with pulmonary complications. 

The Gram-stain findings most difficult to interpret 
were those obtained from the endotracheal aspirates. The 
numbers of epithelial and white cells can vary considerab- 
ly in such specimens. Epithelial ceils that trickle down 
from above the endotracheat tube cuff can give the sputum 
a macroscopically purulent appearance and there may be 
a variable inflammatory cell exudate in response to the 
trauma induced by the tube itself [6]. 
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From the above analyses of  the respiratory specimens 
it is possible to define bacteriological and clinical criteria 
that may help in differentiating between colonisation and 
infection. These are shown in Table 10. It is important to 
stress that no single criterion can be taken as diagnostic of 
infection. 

Wound Specimens 

By contrast the criteria for detecting infection in wounds 
are relatively simple. They may be summarised as follows: 

1. Naked eye appearance suggestive of wound infection + 
symptoms 

2. Bacteriological confirmation: This is provided by: 
a) The presence of white cells and organisms seen on 
direct Gram-stain and 
b) A positive culture (often but not always a pure 
growth). 

The culture results from the 370 wound specimens re- 
ceived are shown in Table 11. The total number is small 
because specimens were sent only when considered neces- 
sary by the clinical staff. In addition very few came from 
the 177 cardiothoracic patients because their average 
length of stay in the ITU was only 48 - 72 hours in which 
time the wound dressing would not normally have been 
touched. Conversely, more than one specimen was often 
received from patients in the 'major abdominal surgery' 
category as they usually stayed longer in the ITU. It is 
thus virtually impossible to compare patient categories. 
However it is possible to pick out some points of interest. 

Taken overall there were 161 no growths which repre- 
sented 43% of the total. Amdngst the surgical patients the 
majority of positive cultures yielded Gram-negative organ- 
isms but amongst cardiothoracic patients, in spite of 
penicillin or amin0glycoside prophylaxis, 7 of the 11 iso- 
lates were Gram-positive, all of them Staph. aureus. Mixed 
cultures were common in patients who underwent major 
abdominal operations and in bowel surgery were twice as 
common as in other procedures. In Table 12 the species 
isolated from abdominal wounds, (excluding those from 
mixed cultures), are shown. Few of these isolates were 
clinically significant by the criteria shown above and it 
was found that patients who underwent pharyngo4aryn- 
go-oesophagectomies accounted for 12 of the Pseudo- 
monas, all 17 of the Staph. aureus and 14 of the C. albi- 
cans isolates respectively. Thus the susceptibility of  this 
latter group of patients to colonisation, either by nature 
of the operation or the antibiotic regime to which they 
were subjected is demonstrated. 

Amongst the 94 wound specimens obtained from medi- 
cal patients are included 47 peritoneal dialysate samples. 
These are important since an infected peritoneal dialysate 
may be indicative of peritonitis and can give rise to severe 
systemic infection. An ai~alysis of these 47 samples is 
shown in Table 13. Although 31 were sterile 16 (33%) 
yielded a positive culture. In five patients the oganism 
isolated from the peritoneal dialysate was also found in 



M.J. Shield et al.:Bacteriological Monitoring of I.C.U. Patients 

Table 9. The associations between the sputum Gram-stain findings and the type of growth achieved on culture 
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Gram stain findings 
Type of growth obtained Epithelial Cells White cells Organisms 

Upper respiratory tract ++ -+ None or mixed 
commensals or 'No growth' 

Mixed growth of 2 + + There may be considerable 
species or more numbers in the Gram film 

but of different species 

Pure growth of clinical + +++ Large numbers of organisms 
significance in the Gram stain, pred- 

ominantly of one species 

Pure growth associated + + Large number of organisms 
with colonisation in the Gram stain 

Endotracheal aspiration + to +++ + to +++ Very variable 
specimen Very variable - Variable, depends on 

depends on amount of amount of infection 
secretion escaping to or response to trauma 
the lower resp. tract induced by E/T tube 
from above cuff 

Table 10. Factors that may help to differentiate between colonisation and infection in the respiratory tract 

a) Bacteriological 
i. Gram stain Colonisation Infection 

epithelial cells ++ 
white cells + (++ with endotracheal tube) +++ 
organisms +- mixed ++ one species 

it. Comparison of upper Same in both; or organisms present only Different species in the two specimens 
and lower respiratory in upper respiratory tract specimen 
tract flora 

iii. Type of growth Light or moderate pure growth or a mixed Heavy pure growth 
obtained growth (even if heavy) 

iv. Change in flora over Regular monitoring may detect the development of infection and/or indicate when antibiotic 
a period of days therapy needs altering. 

v. Species isolated Usually Pseudomonas spp. Usually: 
C.albicans Strep.pneumoniae 
S.aureus H.influenzae 

"Coliforms" 
Klebsiella spp. 

Species may vary and antibiotic therapy and/or ventJlatory support must be taken into account 

b) Clinical 
All the above findings must be looked at together and correlated with the patient's clinical status. This must include: 

- whether or not the patient is ventilated and/or on antibiotics 

- the presence or absence of general symptoms of infection e.g. increased white blood cell count, pyrexia 

- - the presence or absence of local symptoms of infection e.g. chest signs, X-ray changes, alteration in blood gases 

the b lood .  The isolates o f  Salmonella sp. were f rom three 
successive samples f rom the  same pa t ien t  and in this case 
sept icaemia preceded  the  posit ive dialysate cul ture .  How- 
ever in the o the r  4 pat ients  the organisms, all o f  which 
were Gram-negat ive,  may  have gained en t ry  to  the  b lood 
stream via the  per i toneum.  The species o f  Gram-negative 
organism responsible for  the  s imul taneous  infect ion o f  the  
b lood and peri toneal  dialysate suggest tha t  they  were o f  
faecal origin though the route  by  which the dialysate be- 
comes  infected remains obscure.  In contras t  to the  Gram- 
negative species the Candida albicans and Gram-posit ive 

bacterial  isolates did no t  have the  same clinical signifi- 
cance. 

Three  posit ive isolates in the  "medical '  group came 
f rom pleural f luid aspirates. In  two  pat ients  Streptococcus 
pyogenes was isolated.  Both  pat ients  died short ly  after  ad- 
mission,  dea th  being direct ly  related to the infect ing 
organism. Such cases, though now rare, emphasise the ex- 
t reme virulence o f  this coccus.  The  third pleural aspirate 
was also clinically significant and f rom it was isolated a 
mix ture  o f  Escherichia colt, BacteroMes fragilis and an 
anaerobic s t reptococcus.  The involvement  o f  more  than  
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Table 11. The results of culturing 370 wound specimens 

M.J. Shield et al.:Bacteriological Monitoring of I.C.U. Patients 

Patient category 
Surgical Medical 

Type of growth Cardio- Major Arterial Miscellaneous All Medical Total 
Obtained thoracic Abdominal Reconstruction 

No Growth 13 80 2 9 57 161 

Skin Flora 11 17 0 0 6 34 

Gram Negative 3 57 2 1 12 75 

Gram positive 7 22 2 1 14 46 

Candida 0 16 0 0 2 18 

Mixed Culture 1 26 1 5 3 36 

Total 35 218 7 16 94 370 

Table 12. The species of organism isolated from the wound drai- 
nage of patients who underwent major abdominal surgery 

Gram-negative isolates Number 

Pseudomonas aeruginosa 25 
Escherichia coli 19 
Klebsiella spp. 8 
Acinetobacter anitratus 3 
Proteus spp. 2 

Gram-positive isolates 
Staphylococcus aureus 17 
B-haemolytic streptococcus 5 

Candida albicans 16 

TOTAL 95 

one species in an anaerobic infection, as was demonstrated 
in this case, is well recognised [5]. 

Despite all ITU wound specimens being cul tured 
anaerobically and aerobically a Bacteroides sp. was iso- 
la ted only on one other  occasion. This was obtained from 
a patient  who was admit ted  following an hysterectomy.  A 
mixture o f  Bacteroides fragilis and Klebsiella sp. was 
cultured from the wound site. The efficiency of  our ana- 
erobic system in isolating anaerobes from patients in other 
wards leads us to believe that  the infrequency of  isolation 
of  Bacteroides sp. from the wounds of  ITU patients is a 
direct effect of  the introduct ion of  metronidazole prophy- 
laxis. The emergence o f  resistance to this drug appears un- 
likely, there being to date only one recorded instance [8], 
and the benefits to be gained from eliminating the effects 
of  anaerobic infection far outweigh any disadvantages. 
The only thing that  mitigates against such t reatment  is the 
cost of  the antibiotic when administered intravenously. 

Blood Cultures 

Of the 108 patients from whom blood cultures were re- 
ceived 25 yielded positive cultures. These are tabulated in 
Table 14. Although the number  of  Gram-positive and 
Gram-negative isolates were approximately  equal the 
lat ter  were of  greater clinical significance~ Of the 4 clini- 
cally significant Gram-positive isolates 3 were Strep. pneu- 

Table 13. The results of culturing 47 peritoneal dialysate speci- 
mens 

Type of cutture obtained Number 

a) No growth 31 
b) Gram-negative 

a Salmonella sp, 3 
a Enterobacter cloacae 2 
a 'Coliform' 1 
a Bacteroides sp. 1 

Citrobacter diversus 2 
c) Gram-positive 

Staphylococcus albus 2 
Faecal streptococcus 1 
Gaffkya sp. 1 

d) Mixed 
a Proteus morgagnii 1 

+ 'Coliform' 
a Salmonella, Proteus 1 
+Faecal streptococcus 

e) Candida albicans 1 

Total 47 

aDenotes that septicaemia due to the same organism was also 
present 

moniae and one Staph. albus. The Strep. pneumoniae 
came from patients with pneumococcal  pneumonia,  
meningitis and peritonit is  respectively. The lat ter  repre- 
sented an opportunis t  infection in a patient who suffered 
a perforated duodenal ulcer and who was found to have a 
lymphosarcoma of  the stomach at post-mortem. The 
Staph. albus was isolated from all four bott les from a pa- 
tient who had undergone laryngo-pharyngo-oesophagec- 
tomy.  This isolate appeared to represent a brief bactera- 
emic episode since the pat ient 's  pyrexia settled spontane- 
ously. 

Of the 10 clinically significant Gram-negative isolates 5 
came from medical and 5 from surgical patients. Three of  
the medical patients died, two from a primary septicaemia 
(one salmonella, one E. coli) the other  from Acineto- 
bacter pneumonia wtfich has received ment ion earlier. Of 
the two survivors one had an 17. coli septicaemia in asso- 
ciation with acute pancreatit is and the other developedPro- 
teus morganii septicaemia while on peritoneal dialysis. 



M.J. Shield et al. :Bacteriological Monitoring of I.C.U. Patients 

Table 14. Summary of the results of the positive blood cultures from 25 patients 
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Type of organism isolated Number of surgical Number of medical Totat Number Number 
patients patients number significant that died 

Gram positive 7 3 10 4 1 

Gram negative 8 5 13 10 6 

Mixed culture 2 0 2 1 1 

Total 17 8 25 15 8 

Table 15. The results obtained from culturing the catheter tips of 60 central venous pressure lines 

Culture result Number Patient diagnosis 

No Growth 37 
Staph albus 11 

Staph aureus 4 

Coliform + Candida 2 
Acinetobacter anitratus 1 
Proteus sp. 1 
Clostridium perfringens 1 
Enterobacter cloacae 1 
Klebsiella sp. 1 

Not analysed 
Mitral valve replacement (2), Coronary vein graft (2), 
Herpes encephalitis (2), Ureterosigmoidostomy (1), 
Aorto-femoral graft (1), Insertion of pacemaker (1), 
Post cardiac arrest (1), Duodenal obstruction + Proteus 
septicaemia (1) 
Obstructive airways disease (1), Thymectomy (1) 
Posterior fossa decompression (1), Aortic aneurysm repair (1 
Mitral valve replacement (1), Pancreaticoduodenectomy (1) 
Obstructive airways disease - organism also in the sputum 
Post cardiac arrest 
Terminai event in patient after a Kirschners procedure 
Aortic Valve replacement - organism also in the sputum 
Post craniotomy - organism also isolated from sputum and 
blood culture 

Total 60 

Three of  the surgical patients also died, one from an 
Enterobacter cloacae septicaemia following hemicolec- 
tomy and"two from Klebsiella septicaemia, both derived 
from pulmonary infection following craniotomy. Proteus 
sp. and Pseudomonas aeruginosa were isolated from pa- 
tients who had undergone thymectomy and aorto-femoral 
reconstructive surgery respectively but both of  these pa- 
tients survived. 

Only one o f  the mixed cultures was considered signifi- 
cant. This consisted ofBacteroides fragilis and an anerobic 
streptococcus from a patient, mentioned earlier, who had 
undergone gastrectomy and from whom the same orga- 
nisms were isolated from the pleural aspirate. The patient 
was receiving gentamicin and ampicfllin, to which B. 
fragilis is resistant, and eventually died. 

When antibiotic therapy has to be given blind before 
results of  blood culture are known, a valuable clue as to 
the infecting organism and its antibiotic sensitivity pattern 
may be gained by reviewing the bacteriological results 
already available from any infective focus the patient may 
have. 

Central Venous Pressure ( CVP) Line Tips 

Results from swabs taken from CVP line insertion sites 
have been analysed but omitted since they contribute 
little. CVP line tips were obtained by cutting off  the end 
of  the catheter aseptically and transporting it to the 
laboratory in a sterile container. In Table 15 the results of  

culturing 60 such specimens are shown. Positive cultures 
were obtained from 23 (38%). Though 11 of  these were 
Staph albus and probably skin contaminants not associa- 
ted with clinical infection, 4 of  the latter came from cardio- 
thoracic patients. Such a focus of  bacterial growth could 
in theory result in subsequent infection of  prosthetic 
heart valves. 

The results for the other isolates are self-explanatory 
and reaffirm that the central venous catheter, being a 
foreign body within the circulation, may behave as an in- 
vivo culture medium. Removal of  an infected CVP line 
can precipitate a bacteraemic episode by dislodging 
attached organisms. This happened in the patient who 
underwent pancreaticoduodenectomy in whom removal 
of  the CVP line was followed by a pyrexia of  39.5~ 6". 
albicans was isolated from the catheter tip and all four o f  
the blood cultures taken. 

Antibiotic Sensitivity Patterns 

The antibiotic sensitivity patterns for Staph. aureus and 
all the Gram-negative isolates are shown in Table 16. Re- 
peated isolates from the same site from the same patient 
have been recorded only once, but isolates o f  the same 
species from different sites in the same person have been 
recorded separately. 

It was disturbing to find that only 49% of  Pseudomo- 
nas spp. were gentamicin sensitive because resistance to 
this antibiotic was non-existent in our ITU 5 years ago. 
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Table 16. The antibiotic sensitivity patterns of the organisms isolated from ITU patients 

Percentage of strains sensitive for each bacterial species 
Pseudomonas spp. Klebsiella spp. Other Gram-Neg ve Staph aureus 

Antibiotic (mainly aeruginosa) (mainly aerogenes) organisms 

Gentamicin 49 93 86 
Tobramycin 95 92 95 
Amikacin 98 96 100 
Carbenicillin 72 0 a 42a 
Sulphamethoxazole 27 40 
Trimethoprim 51 77 
Cephaloridine 43 38 
Cephuroxime 94 45 
Mecillinam 68 54 
Ampicillin 0 39 
Tetracyline 52 55 
Erythromycin 
Methicillin 

10 
94 
88 

100 

Average number of strains 
tested against each 59 32 44 32 
antibiotic 

a = Less than 20 strains tested 

The probable reason for such resistance is the frequent use 
o f  gentamicin resulting in the emergence ofaPseudomonas 
sp. containing a plasmid that codes for the gentamicin- 
degrading enzyme aminoglycoside-3-N-acetyltransferase 
[14]. Further analysis revealed that there was a statistical- 
ly significant difference between the sensitivity of  Pseudo- 
monas isolates from urine and those from either sputa or 
wounds (P < 0.001 using X2). Only 30% of  urinary 
Pseudomonas isolates were gentamicin sensitive compared 
with 53% and 76% respectively for isolates from the other 
two sites. This difference could be due to the selective 
force exerted by the different degrees of  penetration that 
gentamicin achieves in the different sites, the greatest 
being in urine and the poorest in wounds. 

Amongst the other antibiotics ampiciltin was notice- 
ably ineffective, a fact almost certainly attributable to its 
excessive use in prophylaxis, especially in cardiothoracic 
patients. In view of  such gross resistance and the notori- 
ous ability of  this antibiotic to allow the selective growth 
of  such organisms like KlebsieUa its continued use may be 
contraindicated for a time. This was found to be the case 
in other eentres confronted with a similar problem 
[15,16]. 

It would appear that aminoglycosides are still the treat- 
ment of  choice for severe Gram-negative infection. It is 
interesting to note, however, that cephuroxime was partic- 
ularly active against Klebsiella spp. and that cotrimoxa- 
zole and mecillinam, which can be given orally, may offer 
alternatives to aminoglycoside therapy in certain less 
severe infections which would reduce the likelihood of  
aminoglycoside resistance occurring. 

Conclusions 

This study has shown that, by careful bacteriological 
monitoring taken in conjunction with the clinical findings 
it is possible to distinguish between colonisation and in- 

fection in most instances and that by keeping a daily bac- 
teriological record it is also possible to identify developing 
colonisation or infection at an earlier stage than is nor- 
mally achieved. 

In addition this survey, performed over the period of  a 
year, has permitted sufficient information to be gathered 
to identify certain factors associated with increased risk of  
infection. Notable amongst these were the excessive 
prophylactic use o f  ampicillin and to a lesser extent 
gentamicin, and the risk of  infection associated with 
contaminated ventilatory equipment. 

The importance of  infection peculiar to the compro- 
mised host such as that caused by Branhamella catarrhalis, 
Aspergillus sp., penicillinase-producing tt. influenzae or in- 
fected dialysate fluid and CVP lines was also demonstrated. 
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