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Abstract. In a three-year prospective investigation, a 
total of  6,952 patients were investigated prospectively 
in nine intensive care wards and their rate of noso- 
comial infections was analysed. The frequency of  the 
nosocomial infections varied between 3% and 27%. 
The most frequent nosocomial infections were urinar- 
y tract infections, sepsis, infections of  the skin and of  
the subcutaneous tissue, pneumonia and wound 
infections. The most frequent causes of sepsis were 
ventilation pneumonia, venous catheters, wound in- 
fections and urinary tract infections. The pathogen 
spectrum was analysed. By specific control of  infec- 
tion with employment of an infection control nurse, 
the frequency of  nosocomial infections on intensive 
care wards was lowered from 17.2% to 14.3% within 
one year in one of  the hospitals. 
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Introduction 

An average of  5% - 6% of all patients given inpatient 
treatment acquire a nosocomial infection. The Natio- 
nal Nosocomial Infections Study of  the Center for 
Disease Control, Atlanta, Georgia, USA, reports for 
1976 an average rate of  nosocomial infections of  
5.1% in university hospitals [4]. 

82 hospitals participated in this study. A total of  
1,316,232 patients were examined prospectively by in- 
fection control nurses. The most frequent nosocomial 
infections were urinary tract infections, wound infec- 
tions, respiratory tract infections, infections of  the 
skin and sepsis. So far, there are very few specific pro- 
spective analyses of  nosocomial infections in intensive 
care wards. The present paper reports on the results 

of  a three-year prospective study of  nosocomial infec- 
tions in intensive care wards of  different departments 
of  a university hospital in Germany and on a six- 
months prospective analysis of  the intensive care 
wards of  four hospitals in Switzerland. 

Patients and Methods 

Nosocomial infections were registered according to 
the criteria of the Center for Disease Control [3] by 
trained nurse epidemiologists (Freiburg) or by experi- 
enced nurses of the respective ward instructed by an 
infection control nurse (Switzerland). In Freiburg, the 
following wards were monitored from July 1976 until 
September 1979: intensive care wards of  the Univer- 
sity Department of  Surgery, Neurosurgery, Pediat- 
rics, Internal Medicine, Cardiac and Vascular Sur- 
gery. In Switzerland, all patients of  the intensive care 
wards of the Geneva Cantonal Hospital (Departments 
of  Medicine and Surgery), the Municipal Hospital 
Triemli, Ziirich (Departments of  Medicine, Surgery 
and Pediatrics), the Basel Cantonal Hospital (Depart- 
ment of  Surgery) and the University Hospital Ziirich 
(Department of  Medicine). 

The average period of  stay in the intensive care 
units of  Freiburg was 4.2 days for patients without 
nosocomial infections and 21 days for patients with 
nosocomial infections. The average age was 48 years, 
and the corresponding data for the Swiss clinics were 
2.9 days, 14.0 days and 56 years. Routine bacteriolo- 
gical investigations were carried out at roughly the 
same frequency in the various hospitals: aerobic and 
anaerobic blood cultures were taken in every unelu- 
cidated fever. Tracheal secretions were examined bac- 
teriologically twice a week in intubated patients, and 
urine was examined twice a week in catheterized 
patients. Discharge of  pus from a surgical wound was 
examined bacteriologically in about 70% of the cases. 
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Table 1. Nosocomial infections in intensive care units (Freiburg). Prospective study (July 1976 - September 1979) 

Heart surgery Surgery Neurosurg. Newborns Medicine Total % of all nosocomial 
infections 

No. of discharges 620 

No. of patients with 
nosocomial infections 24 

No. of patients 
with urinary tract 
infections 4 

Septicemia 7 

Infection of skin and 
subcutaneous tissue 4 

Pneumonia 7 

Upper respiratory 
tract infection 

Wound infection 2 

Others 
(meningitis, 
peritonitis, etc.) 

1120 924 617 2093 5374 

310 129 140 67 670 
(= 12.5%) 

108 59 1 7 179 26.7 

61 30 19 30 147 21.8 

30 21 60 3 118 17.6 

71 7 6 13 104 15.5 

13 - 30 2 45 6.9 

24 5 10 8 49 7.3 

3 7 14 4 28 4.2 

100.0 

R e s u l t s  

The  f requency  o f  nosocomia l  infect ions  in the indivi-  

dual  hospi ta l  and depar tments  is l isted in Tables  1 and 

2. It varies be tween  3% and 27%.  It  is lowest  in medi-  

cal wards,  and highest  in pediat r ic  and  surgical  inten- 

sive care wards.  The  mos t  f requen t  infect ions  were: u- 

r inary t ract  infect ions,  sepsis, pneumon ia ,  infect ions  

o f  the skin and subcutaneous  tissue, upper  resp i ra tory  

t ract  infect ions  and w o u n d  infect ions.  Other  infec- 

t ions such as meningi t is ,  per i toni t is ,  osteomyeli t is ,  

hepati t is  etc. play a subord ina te  role.  The  d is t r ibut ion  

o f  the respect ive infect ions  in the d i f ferent  depart-  

ments  is in some cases highly divergent .  U r ina ry  t ract  

infect ions  are m o r e  f requen t  in surgical than  in medi-  

cal and pediat r ic  intensive care wards.  However ,  as a 

whole  they are the mos t  f requent  nosocomia l  infec- 

t ions in intensive care wards.  Wi th  the except ion o f  

neonates ,  a lmos t  all pat ients  with nosocomia l  ur inary  

t ract  infect ions  had an indwell ing catheter .  The  se- 

cond  or  third mos t  f requen t  nosocomia l  infec t ion  is 

sepsis; this is especially f requen t  in medical  intensive 

care wards.  Al l  pat ients  with p n e u m o n i a  were in- 

tuba ted  or vent i la ted.  The  upper  respi ra tory  t ract  in- 

Table 2. Nosocomial infections in ICU (Switzerland) (May-October 1979) 

Ziirich-Univ. Ziarich-Trie. Zfirich-Trie. Basel Geneva Total % of all nosocomial 
infections 

No. of discharges 295 287 (reed.) 191 (surg. + 419 386 1578 
paed.) 

No. of patients with 
nosocomial infections 8 16 32 31 26 113 
No. of patients ( = 7"2o/0) 
with urinary tract 
infections 7 2 9 21 12 51 45.0 
Septicemia 1 5 6 1 3 16 14.2 

Infection of skin and 
subcut, tissue - 5 3 2 - 10 9.0 
Pneumonia - 4 7 5 2 18 16.0 

Upper respiratory 
tract infection - - 2 1 9 12 10.6 

Wound infection - - 5 1 - 6 5.2 

100.0 
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Table 3. Secondary septicemia in patients with nosocornial 
infections 

7 

Table 4b.  Bacteria and fungi causing nosocomial  infections in ICU 
(Freiburg) 

Nosocomial  infection No. of  patients % Secondary septicemia 

Pneumon ia  47 36.2 
Urinary tract infection 54 31.5 
W o u n d  infection 17 47 
Venous catheter 
thrombophlebit is  40 77.5 

fections were mostly tracheobronchkis in intubated 
and ventilated patients. Cases of infection of the skin 
and the subcutaneous tissue were mostly thrombo- 
phlebitis caused by venous catheters. 

By retrospective analysis we attempted to analyse 
the risk for secondary septicemia in patients with 
nosocomial infections (Table 3). In 118 patients blood 
cultures have been taken not later than 5 days (mostly 
1 -  2 days) after the infection occurred. Only blood 
cultures which grew bacterial species with antibio- 
grams identical to those isolated from the infection 
(tracheobroncial aspirates, urine, pus from wounds, 
venous catheter tips) were considered as sign of se- 
condary spread. A typing of the organism was not 
carried out. In this small group of patients, which was 
highly susceptible to infections, secondary septicemia 
was found in 31.5% to 77.5% of cases. 

The spectrum of micro-organisms causing individ- 
ual infections is shown in Tables 4a, 4b and 5. The 
most frequent gram-positive organism is Staphylococ- 
cus aureus, and the most frequent gram-negative bac- 
teria are Escherichia coli and Pseudomonas aerugino- 
sa, which chiefly cause pneumonia, urinary tract 
infections and wound infections. Enterococci are the 

Table 4a.  Bacteria and fungi causing nosocomial  infections in ICU 
(Freiburg) 

UTI  Septicemia Skin, Pneu- W o u n d  
subcut,  monia  infections 
tissue 

UTI  Septicemia Skin, Pneu-  Wo u n d  
subcut,  monia  infections 
tissue 

Number  of  179 146 116 97 47 
isolates 

Gramnegative 
bacteria: 
( - 4 0 % )  

E. coli % 28 9 4 12 16 

Pseudomonas  5 7 13 22 12 
aeruginosa % 

Enterobacter % 3 - - 4 2 

Klebsiella 5 6 4 15 6 
pneumoniae  % 

Serratia 
marcescens % 0.5 2 - 1 2 

Proteus 8 3 1 5 4 
mirabilis % 

fungi: ( - 4 % )  
Candida 6 1 3 7 2 
albicans % 

other bacteria % 11.5 4 3 3 2 

second most frequent causative organisms of urinary 
tract infections. 

Staphylococcus epidermidis is the second most 
frequent causative organism of sepsis in Freiburg; the 
starting point was mostly thrombophlebitis caused by 
a venous catheter. 

Together with anaerobes, fungi play a minor role. 
Candida albicans mainly causes urinary tract infec- 
tions and pneumonia. Comparison of the pathogen 
spectra of the hospitals in Freiburg and in Switzerland 
reveals differences which are in some cases appreci- 
able, although the total number of pathogens analyz- 
ed in the Swiss hospitals is still relatively small. In the 
Freiburg hospitals, Staphylococci are by far the most 
frequent causative organisms of sepsis, whereas Ser- 
rat& marcescens was the most frequent causative or- 

Number  of  179 146 
isolates 

Gram-posit ive 
bacteria: 
( - 5 0 % )  

Staph. aureus % 6 48 

Staph. 
epidermidis % 5 10 

Enterococcus % 22 4 

StreptococcusA % - 3 

Streptococcus B % - 2 

Pneumococcus  % - 1 

116 97 47 

64 21 40 

6 2 8 

- 5 6 

1 1 - 

1 2 2 

Table 5. Most  common  organisms causing nosocomial  infections 
in ICU (%0) (Ztirich, Basel, Geneva) 

Bacteria UTI  Septicemia Pneumonia  
(n = 51) (n = 16) (n = 30) 

S. aureus 4 18 20 
Enterococci 12 - 9 
E. coli 20 12 20 
Ps. aeruginosa 19 18 30 
KI. pneumoniae  9 - 17  
Cand. albicans 12 - 6 
Serratia marc. 7 25 6 
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Table 6. The role of fomites in transmission of nosocomial infec- 
tions 

important: 

less important: 

not important: 

unsterile objects (e.g. instruments) or fluids 
coming in contact with wounds, urinary 
tract, respiratory tract, etc. 
contaminated objects coming in contact with 
less susceptible body areas (bed pans, urine 
bottles, etc.) 

fomites with almost no contact with patients 
(e. g. sinks, floors, furniture) 

ganism of  sepsis in the Swiss hospitals. The isolations 
of  Serratia marcescens were essentially limited to one 
of  the monitored intensive care wards. 

Discussion 

Nosocomiat infections arise in two chief ways: endo- 
genously from the flora of  the patient's own body 
(e. g. urinary tract infections from the intestinal flora) 
or exogenously from bacteria in the patient's environ- 
ment (e.g. contact infections by hands or instru- 
ments, droplet infections). It is assumed today that 
30% - 50o/0 of  all hospital infections are endogenous 
in origin [8]. Most causative organisms of  nosocomial 
infections are transmitted by direct contact, chiefly by 
the hands. Transmission by objects plays a compara- 
tively small role (see Table 6). 

The frequency of  nosocomial infections in general 
wards averages 4 % -  8~ in various studies [1, 4, 13]. 
The most frequent infections are urinary tract infec- 
tions, respiratory tract infections, wound infections, 
sepsis and infections of  the skin or of  the subcutis. 
Surgical departments (surgery, neurosurgery, gyneco- 
logy) have a higher rate of  nosocomial infections than 
medical, pediatric or obstetric departments [4]. The 
nature of  the infections, their frequency and the 
spectrum of  causative organisms depends on very di- 
verse factors, e.g. types of  patients, surgical interven- 
tions, age of  the patients, application of  antibiotics 
(especially antibiotic prophylaxis), training of  the 
personnel etc. 

Almost half of  all the nosocomial infections are 
procedure-related, i.e. they arise in connection with 
urinary bladder catheters, venous catheters, infusion 
therapy, etc. Stamm estimates the number of  patients 
with procedure-related infections in the United States 
as 850,000 patients per year [12]. 70% of  these infec- 
tions are caused by gram-negative bacteria. The risk 
of  a urinary tract infection each day with an indwel- 
ling catheter is about 0.50/0 to 1% [10]. Aseptic opera- 
tions lead to wound infections in 0.5% to 2% of  pa- 
tients [5]. The risk of  a pneumonia during artificial 

ventilation is specified by Wenzel and coworkers as 
3.4%0, in intermittent positive pressure breathing as 
0.6% and in general anesthesia as 0.4% [13]. Noso- 
comial infections are more frequent in intensive care 
wards than in other wards, since almost all patients 
must be supplied with venous catheters or urinary 
bladder catheters or must be intubated. Patients f rom 
intensive care wards are, moreover frequently, subject 
to an extreme danger of  infection due to their under- 
lying disease (e. g. diabetes, shock, polytrauma, mul- 
tiple operations, renal insufficiency, etc.). In poly- 
traumatized patients of  a surgical intensive care ward, 
e.g. the rate of  nosocomial infections was 45.2% [6]. 

So far, there are only a few prospective studies on 
nosocomial infections in intensive care patients. In 
neonatal intensive care units, the rate has been report- 
ed identically as 24% in two studies in university 
hospitals [10] and 9.14% in a community hospital 
[12]. In adults, the frequency was 72% in a Swedish 
prevalence study in five hospitals. However, only 
4,246 patients were evaluated on one day, of  these 29 
on the intensive care ward [2]. 

In our investigation, the frequency of  nosocomial 
infections varied in the different wards between 3% 
and 27%. On average, it was higher in Freiburg than 
in the Swiss hospitals. This is probably connected 
with the overall shorter stay of  patients in Swiss 
hospitals. The longer patients stay in hospital, the 
greater is the risk of  acquiring an infection. Urinary 
tract infection is also the most frequent nosocomial 
infection on intensive care wards. This can be appre- 
ciably reduced by the use of  suprapubic bladder 
drainage [7]. The second most frequent infection is 
sepsis, which on general wards only occurs as the 
fourth most frequent nosocomial infection [4]. 

The above-average frequency of  sepsis in intensive 
care patients is connected with the large number of  
procedures which predispose to sepsis. In a prospec- 
tive study of  4,716 surgical patients, the rate of  sepsis 
in bladder catheters was specified as 2.46%, in venous 
catheters as 6.3% and in pneumonia as 2.02~ [9]. 
The risk of  secondary septicemia in our patients was 
much higher. Our data, however, were obtained by 
retrospective analysis of  a group of  highly susceptible 
patients. The true risk can only be evaluated by pro- 
spective studies on a larger number of  patients with 
typing of  the organisms isolated. 

The most frequent causative organisms of  urinary 
tract infections on intensive care wards are E. coli and 
enterococci, of  sepsis and wound infections, Staphy- 
lococci and E. coli; gram-negative organisms are the 
most frequent cause of pneumonia. This is largely 
consistent with the spectrum of causative organisms 
in the National Nosocomial Infections Study [4]. 
Fungi and anaerobes play a subordinate role. Compa- 
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Table 7. Effect of infection control on hospital acquired infections 
(%) in ICU (Freiburg) 

Ward 1978 1979 

Neurosurgery 13 16 
Surgery 35.3 26 
Newborns 32 23 
Medicine 3.6 3.8 

Total 17.2 14.3 

Number of discharges 1626 1234 

r i son  o f  the  p a t h o g e n  spec t rum o f  the  ind iv idua l  
intensive care  wards  however  shows apprec iab le  
d i f ferences  in some  cases. Serratia marcescens was 
very ra re ly  i so la ted  in Fre iburg ,  bu t  in ano the r  
intensive care  w a r d  it was one o f  the  mos t  f requent ly  
i so la ted  o rgan i sms  in sepsis,  in u r i na ry  t rac t  infec- 
t ions  and  in p n e u m o n i a .  Every  intensive care  wa rd  
shou ld  classify the  p a t h o g e n  spec t rum o f  the  respec- 
t ive infec t ions  at  least  every six mon ths ,  since the  con- 
t ro l  measures  in n o s o c o m i a l  infect ions  also subs tan-  
t ia l ly  depend  on  the respect ive  p a t h o g e n  spec t rum.  

In fec t ions  are  one o f  the  mos t  f requen t  causes o f  
dea th  in intensive care  wards .  A specific con t ro l  o f  
infec t ion  is hence  an  ind i spensab le  c o m p o n e n t  o f  in- 
tensive medic ine .  Measures  mus t  be  chief ly d i rec ted  
aga ins t  the  five mos t  i m p o r t a n t  nosocomia l  infec t ions  
on intensive care  wards .  In  this  way,  a lower ing o f  the  
ra te  o f  infec t ions  and  at  the  same t ime o f  the  mor t a l -  
i ty on  intensive care  wards  can  be a t t a ined .  

By a specif ic  p r o g r a m  for  the  con t ro l  o f  infec t ion  
( e m p l o y m e n t  o f  nurse  ep idemiologis t s ,  i m p r o v e m e n t  
o f  nurs ing  techniques ,  etc.) the  ra te  o f  nosoc omia l  
infec t ions  in F r e i b u r g  was r educed  b y  an  average  o f  
17% within  one  year  (see Tab le  7). The  greates t  reduc-  
t ion  was in the  surgical  and  neona t a l  intensive care  
wards .  In  the  surgery  pa t ien ts ,  the  lower ing  o f  the  ra te  
o f  infec t ions  was based ,  above  all ,  on  a r educ t ion  o f  
u r ina ry  t rac t  infec t ions  b y  the  i n t roduc t i on  o f  
s u p r a p u b i c  b l adde r  d ra inage  [7]. 
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