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Abstract Nosocomial infections (NIs) are among the most difficult problems confront-

ing clinicians who deal with severely ill patients. The incidence of these hospi-
tal-acquired infections varies with the size of hospitals, with specialities of wards,
and with many other factors such as length of hospital stay, local trends in anti-
biotic usage, nursing and hygiene conditions, hospital design and geographical
distribution of patients at risk. An average incidence of NI can be estimated at 5
to 10%, with higher rates in large university hospitals, reaching up to 28% in the
intensive care unit (ICU). Changing epidemiology of NI and emerging resistance
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problems have resulted in evolving strategies of antibiotic usage in patients at
risk. Several recent antibiotic resistance problems have been identified, for in-
stance in Gram-positive organisms, and have been surveyed, in addition to those
previously well known in Gram-negative bacilli. The choice of empiric antibiotic
therapy for the treatment of any NI before microbiology is available has become
a difficult challenge, requiring: (i) surveillance data on a regular basis of predom-
inant organisms in units at risk; (ii) surveillance of the current resistance patterns
of these organisms; (iii) identification of outbreaks involving the prevalent or-
ganisms, using modern molecular techniques for typing the strain and assess
cross-contamination. In documented infection, monotherspyombination
therapy has been often discussed in the treatment of serious Gram-negative hos-
pital infections, but these concepts vary with the site of infection, the nature of
organism involved and its pattern of resistance, the kind of antibiotic which may
more or less quickly select resistant mutants. Antibiotic therapy concepts vary
significantly between countries, and combinations either empirical or based on
laboratory data are often preferred in European countries than in the US. Frequent
collaborative studies and an increasing communication between experts of dif-
ferent countries, make guidelines and consensus conferences, established in a
particular country, useful elsewhere and may contribute to improvement in the
management of NI. Guidelines for the prevention and the control of NI are well
established in many developed countries and they may have resulted in the im-
provement of the prevention and the treatment of NI. However, there is still
potential progress that should be made, including individual preventive practices,
improvement in nursing practices, control of antibiotic use, trend to shorten the
hospital stay and early discharge from hospital, which results in significant cost
savings.

Defined as an infection neither present nor in-transplantation, use of chemotherapeutic drugs in
cubating on admission, nosocomial infection (NI) cancer and to the development of HIV infection.
is associated with increased morbidity and mortal-  This review deals with bacterial nosocomial
ity in the intensive care unit (ICU). By prolonging Pathogens only, since they are by far the major
hospital stay of patients, NI adds significantly to c@uses of NI. Neither tuberculosis and mycobacte-

the economic burden of managing the underlying”al infections are included in this review because

disease which has led to hospitalisation of the pa-Of th? _|mportance of the prpblem which requires a
tient specific chapter, those diseases concerning not

M han 90% of d NI b o only hospitals, but also expanded worldwide, nor
ore t _an o of reporte S are aCte”a'hospital—acquired viral infections which require
whereas viral, fungal or protozoal agents are 'es§pecific management. We will concentrate our

commonly involved in hospital-acquired infections. analysis on bacterial NI and preventive and thera-
Nosocomial pathogens have evolved significantlypeutic measures of NI occurring in the ICU.
in the past decades and severe infections caused by

Mycobacterium tuberculosiand M. avium have
become more common in association with the ad-
vent of infection with HIV. Similarly, opportunistic
fungal pathogens have become increasingly in- Several observations using longitudinal surveil-
volved in NI; severe fungal infections have beenlance of NI in the same areas have underlined the
attributed to aggressive surgical procedures, orgaevolving profile of NI. Large surveys carried outin

1. Epidemiological Features of
Nosocomial Infection (NI)
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the US and in European countries have pointed ouDcean with, however, a higher rate of nosocomial
that significant changes in both the incidence of pneumonia in Europe.

various body sites of NI and the distribution of

pathogens have occurred over the last 2 dedades. 1.1.2 Urinary Tract Infections

Moreover, emerging opportunistic new pathogens UTls that have for a long time been the major

with new resistance problems have been noted aganifestation Of NI, (30 to 4_0% unt_il early_ 1990s)
additional factors which have resulted in the "@V€ decreased, probably in relation to improve-
changing patterns of NI ment in surveillance and prevention measures as

well as better care of urinary cathet&lddowever,
UTls still rank second after pneumonia and consti-

1.1 Changes in the Distribution tute an anatomic source of severe secondary bac-
of Infection Sites teraemid?]
The predominant sites of NI may vary in differ-  1.1.3 Bacteraemia, Sepsis and Septic Shock

ent types of ICU. Early observation [Study of Ef-  With increased use of invasive procedures, can-
ficacy of Nosocomial Infection Control (SENIC) cer chemotherapy, immunotherapy and advances
Project 1975 to 1976] had shown that among NIsin organ transplants, a progressive increase in the
urinary tract infections (UTIs) predominated with incidence of sepsis and septic shock has been
a 42% incidence rate, followed by surgical wound noted, often related to secondary bacteradfhia,
infections (24%) and only 11% for respiratory tract With Gram-negative bacilli as predominant patho-

infectionsl®l gens, butincluding also Gram-positive organisms.
Primary bloodstream infections may involve major
1.1.1 Pneumonia - Bacteraemia nosocomial organisms with, among Gram-positive

Among sites of NI the most serious infections bacteria,Staphylococcus aureusnd coagulase-
are pneumonia and bacteraemia. As seen in table hegative staphylococci (C-NSY)
significant changes have occurred in the incidence Arecent study in 24 French hospitals has shown
of pneumonia, fronm=15 to 17% in the early 1990s a rate of severe sepsis in 6/1000 admissions, and
to reach up to >30% in 1995 and even to 46.9% in41 times more frequently in the ICU (119/1000)
more recent European surve§4:>71Primary bac-  than in wards (2.9/1000); bacteraemia was associ-
teraemia remained at lower rates of incidence (>12ated with sepsis in two-thirds of cagésonfirm-
to 13%), being stable at a rate of about 15%. It ising the frequent occurrence of severe sepsis during
to be noted that figures do not vary significantly septicaemia. The mortality rate depends on the un-
between countries, even from both sides of Atlanticderlying disease and, in rapidly fatal underlying

Table I. Changes in distribution of infection sites in nosocomial infections

Predominant infection sites (%) American surveys!! European studies France
(EPIIC)24 (EPIIC)H
1975-76 1984 1990-92 NNISPl 1996 1993 1996 1993
Urinary tract 42 38 30-33 27.2 19 17.6 19.3
Respiratory tract 11 18 15-25 17.3 39 46.9 39.4
Septicaemia 5 7.5 13 15.8 15 12-132 15.2
sepsis — septic shock 2.9-11.9
Wound/surgical infections 24 17 =15 18.7 3 6.9 7.5
Skin and soft tissue infections 9 5.7 =15 21 15 4.8 3.9
Miscellaneous (meninges, bones, 18 =14 =12 =10 10.8 8.5

genital tract, gastrointestinal tract)
a Primary bacteraemia.
EPIIC = European Prevalence of Infection in Intensive Care; NNIS = National Nosocomial Infections Surveillance.
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pathologies, it may reach up to 55% of cases. Themost European and American surveys, presenting
highest mortality rate was seen in patients with adifficult therapeutic problemgS-18l

respiratory source of septicaemia, and a Gram- More recent surveys have indicated the re-emer-
negative bacteraemic pneumonia; high rates of secgence of Gram-positive cocci including coagulase-
ondary bacteraemia are seen also after surgicgbositive and -negative staphylococci and strepto-
wound infections (6.6%)f;1 and in cardiac surgery cocci[t® whereas Enterobacteriaceae tended to
service (9.0%). decrease from 23 to 16% and from 7 to 5% for
Escherichia coliand Klebsiella pneumoniagere-
spectivelyi!4.20] Convergent reports underlined

. o . . the increasing incidence of Gram-positive patho-
function of types of units: in surgical wound infec- o
yb g gensi? C-NS, enterococ&?23land of multiresis-

tions and in skin and soft tissue infections (SSTI), T )
( ) tantS. aureu®42%l as significant nosocomial path-

seen in surgical and burn units, environmental fac- > o .
ogens. Newly recognised Gram-positive species

tors play a significant role in the incidence; reser- i cludeCorvebacterium ieikeiumnd Rhodococ
voirs and sources of microorganisms, presence Ot:us o u126)2/7] n additionl all survevs report the
contaminated wounds, personnel and contact trans: qu ' ys rep

mission are responsible for persistent rates of 8 tgnereasing incidence or simultaneous persistence

15% of SSTI and surgical wound infections (table of P. aeruglnosaAcmetopacterspp., anq emer-
1).16.11-13]|_ess frequent sites of NI, secondary men- gence of newer nosocomial Gram-negative organ-

ingitis, gastroenteritis (occasionally pseudomem—'srr]‘nS such a§L:trkhrc])_llq;g_lgmc?ﬁauallandeéeng_tcrjo—
branous enterocolitis caused Byostridium diffi- phomonas maftophill € role or.andida
cile) can be seen in the ICU but not often in a spp., mainly in the form of nosocomial candidae-

context of outbreaks of NI and only in selected mia, .W'th mcrezswll_g pdrgvalencet ubnalbmapti
cases of patients with specific risk factors. Noso- SPECIEs was underliined in recent surveys with an

. o b ; i
comial transmission a¥ycobacterium tuberculo- excess mortality of 38 % being attributable to can

L : . - 12.7]
sisis increasingly seen even in developed hospltalsd'daem'd'

and occurs in American hospitals as well as in EU-  7.2.2 The Current Incidence of Leading

1.1.4 The Rates of Other Infection Sites
The rates of other infection sites of Nl vary as a

ropean institution&.6.8l Nosocomial Pathogens
The current incidence of leading nosocomial
1.2 Changes in Microbial Epidemiology pathogens by site of infections is summarised in

table Il, reporting data from the US National Noso-
comial Infections Surveillan¢e® and from Euro-
pean countries [European Prevalence of Infections
in Intensive Care (EPIIC) Study§#1"1 There are

no significant differences between American and
European data in the incidence of major nosoco-
mial pathogens. Of note is the higher incidence of
enterococci in bacteraemia in the US, a higher prev-

_(I:_?]mpountcrif .(Izlc_)ntrollle? C;ram—posn':/lvsslnAfecuzns. alence ofAcinetobactespp. in European countries,
en methicillin-resistans. aureu ) an a higher incidence d?. aeruginosan nosocomial

SIrear;(])_rn?ug]lat:\r/]et?]aec:!:tzmlgggg ?(Sesigfanr:ts Eﬁ&?gs'bneumonia and in UTls in France. However, in all
bacteriace'aek(lebsiella spp., Serratiaspp.) be- SUrveys, most organisms were seen in approxi-
) . . ; mately similar rates in the 4 main sites of NI.

came increasingly involved in N5l and in the

years 1975 to 1980, the emergence of multiresis- 1.2.3 The Distribution of Pathogens in Specific Site

tant aerobic Gram-negative bacifiseudomonas The distribution of pathogens in specific sites as
aeruginosa, Acinetobactespp.) was observed in summarised in table 11l shows that Gram-negative

1.2.1 The Distribution of Pathogens

The distribution of pathogens responsible for
NI has evolved over years. In the early antibiotic
era, hospital-acquired infections were dominated
by staphylococcal infections, well controlled ini-
tially by penicillin[*4 Then, as staphylococci be-
camef-lactamase producer§;lactamase stable

0 Adis International Limited. All rights reserved. Drugs 1999 Jul; 58 (1)
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Table Il. Leading nosocomial pathogens by site and frequency (%) [adapted from:451]

Site No. of organisms Data from NNIS®!  European countries (EPIIC)  France (EPIIC)X
(138.925)2 (1.755) (493)
Lower respiratory tract infection Pseudomonas aeruginosa 20.8 29.8 34.8
Staphylococcus aureus 17.1 317 36.8
Enterobacter spp. 11.1 C-NS: 10.6 5.0
Acinetobacter spp. 6.4 Acinetobacter (9.9) 10.0
Klebsiella pneumoniae 5.6 E. coli (6.8) 4
Candida (7.0)
Urinary tract infection Candida spp. 25 21.2 23.4
Escherichia coli 175 21.2 28.1
Enterococci 13.4 15.9 10.9
P. aeruginosa 11.3 - 17.2
Enterobacter spp. 6.1 15.0 -
Klebsiella 6.8 9.4
Bacteraemia C-NS 28.2 44.9 49.3
S. aureus 16.1 21.9 21.3
Enterococci 12.0 - -
6.5 4.0
Candida® 10.2 9.3 -
Enterobacter spp. 5.3 K. pneumoniae 4.5 4.0
P. aeruginosa 9.7 6.7
Surgical wounds Enterococci 15.8 18.2 12.2
C-NS 13.8 35.6° 2.4°
S. aureus 11.7 26.5 34.1
Enterobacter spp. 10.3 (18.2) (19.5)¢
P. aeruginosa 9.5 - 14.6
E. coli - 12.9 7.3
Candida (8.9) 2.4

a Allinfection sites.
b And other fungi.

¢ All Gram-positives.

d All Enterobacteriaceae.

C-NS = coagulase-negative staphylococci; EPIIC = European Prevalence of Infection in Intensive Care; NNIS = National Nosocomial
Infections Surveillance.

organisms predominated in burn wound infec-
tions whereas Gram-positive pathogens were the
leading cause of bacteraemFl (either primary Many antimicrobial agents are available today
bloodstream infection or catheter infections). In in hospitals, and antibiotic therapy should theoret-
nosocomial pneumonia, there is an equal incidencécally be chosen when the infecting organism and
of P. aeruginosaand S. aureus both being the its susceptibilities have been established in a given
predominant organisms as in the EPIIC study,infection. More frequently, and particularly in the
but other Gram-negative organisms are potendCU, antibiotic therapy is empirical because of
tially difficult-to-treat nosocomial pathogen&¢ine-  emergency situations, severity of infections ob-
tobacterspp.18! Enterobacterspp32)) with, in  served in immunodepressed, neutropenic and el-
addition ‘renaissance’ of the pathogenic role of derly patients, and patients with any other severe
Streptococcus pneumoniaeonsidered today as a underlying disease. Optimal therapy in those diffi-
potential nosocomial ageR#] cult-to-treat situations should take into account the

2. Management of NI

0 Adis International Limited. All rights reserved. Drugs 1999 Jul; 58 (1)
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local microbiological backgrounds in each ICU, More information for Gram-negatilA8:32-36.38-42]
(prevalent organisms), and their current resistancend Gram-positive organist#%22-27.3143can be
patterns. The most appropriate empiric treatmenfound elsewhere.

is best achieved on the basis of resistance surveil-

lance. 2.2 Strategies for Management of NI:
Empiric Therapy
2.1 Susceptibility Resistance Backgrounds
2.2.1 General Considerations

Resistance to first-line antibiotics has been  The changing epidemiology of NI and emerging
defined for each nosocomial organism and recog+esistance mechanisms have resulted in evolving
nised in various countries: severdlactamases, empirical strategies of antibiotic usage in patients
produced either chromosomally (cephalosporinasept risk. The choice of empiric antibiotic therapy
or plasmid mediated iR. aeruginosd3233lconfer-  for the treatment of any NI before microbiology is
ring resistance to antipseudomonal penicillins andavailable requires: (i) surveillance data on a regu-
cephalosporins; methicillin and fluoroquinolone lar basis of predominant organisms in units at risk;
resistance irS. aureug?®! vancomycin resistance (i) surveillance of the current resistance patterns
in Enterococcus faeciuf® and inK. pneumoniae  of these organisms; and (iii) identification of out-
production of extended spectrifractamasesthat breaks of NI involving one or more prevalent or-
can be found in other Gram-negative organigt¥ls. ganisms.

Emerging organisms such Asinetobacter bau- The early identification of infection site, for
mannii, S. maltophiliaand B. cepaci&®3%were instance, of potential bacteraemic pneumonia and
generally multiresistant at first, as opportunistic of sepsis risk, based on combination of fever or
bacteria were selected by exposure in patients anttypothermia, tachycardia, tachypnoea and/or signs
in hospital environment to factors promoting their of organ dysfunction, should lead physicians to
pathogenicity, such as the large usage of broadapid decisions concerning resuscitation measures
spectrum antibiotics. The key resistances in the mairand antibiotic coverage of potential nosocomial
nosocomial organisms are summarised in table IVpathogen$2944 The prevalence of pathogens in

Table IIl. Incidence of nosocomial organisms in other specific infection sites (adapted from [12:8:10,11.25,31]y

Long term central catheters Short term central venous Primary Burn and
(%)181 lines (%)1:8.25] bloodstream surgical wounds
infection (%)(8:2%] (%)M
Gram-positives 60-80 40-60 56.3 41
C-NS 40-60 30-50 27.7 2
Staphylococcus aureus 20-30 5-15 16.3 26
Enterococci 5-10 5-10 8.5 12
Streptococci 3.8 1
Gram-negatives 15-25 30-40 27.7 55
Serratia spp. 5-10 5-15
Acinetobacter spp. 1-5 3-5 3
Enterobacter spp. 5-10 5-10 5.0 9
Klebsiella spp. 5-10 5-10 45 3
Pseudomonas aeruginosa 1-5 4.4 21
Escherichia coli 1-5 1-5 6.0 8
Fungi 5-10
Candida spp. 5-10 3-5 7.8 5

C-NS = coagulase-negative staphylococci.
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Table IV. Current resistance problems in important nosocomial pathogens

Organisms

Key antibiotic resistance

%

Mechanisms

Gram-negative bacilli [28:32-36]
Enterobacteriaceae
Klebsiella spp.

Enterobacter cloacae

Aerobic Gram-negative bacilli
Pseudomonas aeruginosa

Acinetobacter baumannii

Gram-positive organisms
Staphylococcus aureus

Coagulase-negative
Staphylococci

Enterococcus spp.
E. faecalis

E. faecium

« B-lactams ESBL (R to cefotaxime;
ceftazidime; aztreonam)

« Fluoroquinolones
* Bush group 1 B-lactamase:

ceftazidime third generation
cephalosporins

« Imipenem resistance

* B-lactams (same profile as P.
aeruginosa)

third generation cephalosporins

penicillins:  carboxy penicillins
ureido penicillins

imipenem

* Aminoglycosides
« Fluoroquinolones

* B-lactams (same profile as P,
aeruginosa)

* Aminoglycosides, higher rates of
resistance

* Quinolones
« Imipenem

[2,19,25,31,37]

* Penicillin-resistant;
methicillin-resistant (MRSA)
* MRSA: all B-lactams
fluoroquinolones
glycopeptides

* Methicillin resistant:

macrolides, clindamycin,
tetracyclines, cotrimoxazole

* Quinolones

« Vancomycin

« Aminogycosides

(Naturally resistant to cephalosporins)
Ampicillin-R

Vancomycin-R

Ampicillin-R
Vancomycin
Teicoplanin
Gentamicin (high level)

1-582
8-322 (>80%)
38

1-9

2-28
16-38
5-22
8-40

=46
513

30-98

=85
0-5

90 (=60)

100
30-100
Rare
>70

R

65
1-3
(=65)

1-3
0.2-22

20-82
1-42
(72°)
>50

Plasmid mediated f-lactamases

Affinity to target DNA gyrase

Chromosomally mediated cephalosporinase

Permeability problems, imipenemase

Chromosomal cephalosporinase

Plasmid mediated: PSE; OXA; CARB; TEM
enzymes

Imipenemase; altered outer membrane
protein

Same mechanisms as P. aeruginosa
(B-lactamases)

Aminoglycoside inactivating enzymes)

B-lactamase ARI-1; permeability problems

Penicillinase: altered target (PBP2A)

Efflux

Altered DNA gyrase

Reduced susceptibility (occasional)
Altered receptors

Same as S. aureus

Plasmid mediated transferable

Mechanism: altered D-ala-D-ala,
Pentapeptid target

B-lactamase <1%: altered PBP >20%
Altered DNA ligase

Aminoglycoside inactivating enzymes

a Personal data.

b 72% susceptible to teicoplanin among vancomycin-resistant enterococci (Van B phenotype).
ESBL = extended spectrum B-lactamase; MRSA = methicillin-resistant Staphylococcus aureus; PBP = penicillin-binding protein.
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severe sepsis and septic shock in adults has been During outbreaks of NI, with high probability
established, witlk. coli (14.2%),S. aureug18.2%), of cross-contamination of a previously identified
P. aeruginosa(13.5%), KlebsielladProteus(11%) endemic multiresistant organism suchPaserugin-
and enterococci (5.9%) as predominant organ-osa carbapenems (imipenem-cilastatin, meropen-
isms!® Another example is nosocomial pneumonia em) in combination with either an aminoglycoside
which often requires empiric therapy broad enough(amikacin) or a fluoroquinolone (ciprofloxacin)
to cover the large numbers of suspected nosocoshould be recommendéd!
mial pathogens: local bacterial sensitivity patterns  Any empirical therapy, whatever the strategy
as well as local circumstances (epidemics) shouldused and adapted to the particular condition of the
always be considered in deciding on empiric ther-patient, should always be reassessed 2 or 3 days
apyl*548l In that particular site of NI there is an after the initiation of therapy. This is an important
important parameter that should contribute to ther-stage in the follow-up of the treatment that should
apeutic decision: the ‘timing’ of onset of nosoco- be readjusted on the basis of the microbiology,
mial pneumonia which should not be treated in caseavailable on day 2 or 3, on the clinical response in
of early onset by the same regimen as in late onsethe patient, on the potential choice of more suitable
of the diseas&?>46 combination therapy or on the potential switch to
less expensive/toxic antibiotics when the clinical

2.2.2 Principles of Empiric Therapy status of patient suggests to do so.

Despite the multiple facets of NI in terms of
patient background, site of infection, diversity of  2.2.3 specific Empiric Situations
organisms involved and their patterns of resis- When the context suggests the potential role of
tance and potential polymicrobial infection, con- anaerobes, generally associated with aerobic bac-
ventional empiric therapy has to be broad enoughteria, for instance in surgical abdominal poly-
to ensure coverage of most Gram-negative bacilli,microbial infection or in aspiration pneumorifal
such as highly resistar® aeruginosa Serratia  the addition of clindamycin or cefoxitin or metro-
marcescendgnterobacter cloacaer A. baumannii  nidazole is recommended. Imipenem is a useful al-
as suggested particularly in nosocomial pneumo-ternative for mixed aerobic-anaerobic infections.
nia, which is the second most frequent NI in the If legionellosis is suspected in the presence of
ICU.14548] Combination therapy with an anti- atypical pneumonia, potentially in relation to envi-
pseudomonal penicillin plus an aminoglycoside, ronmental factors (contamination of hot water dis-
or an antipseudomonal cephalosporin (cefsulodintribution systems or cooling towers), intravenous
ceftazidime) plus an aminoglycoside have been forerythromycin and rifampin either alone or in com-
long the initial regimen recommended officially. bination are the antibiotics of choit!
However, in situations suggestive of Gram-posi- ldentification of patients at early stages of sepsis
tive organisms such as MRSA ininstitutions where and organ dysfunction is an emergency situation,
this organism is endemic, the addition of a glyco- prerequisite of multiple organ failure or dysfunc-
peptide forms part of empiric therapy. tion syndrome (MODSHL0-44471The predominant

Other antistaphylococcal drugs such as rifampi-organisms which contribute to the severity of
cin (rifampin), clindamycin, fusidic acid and strep- MODS originate from the gastrointestinal tract
togramins should cover most Gram-positive organ-(E. coli, Bacteroides fragilisenterococci) and sec-
isms; but combinations of fusidic acid or of ondarily acquired nosocomial organisnis deru-
rifampicin (prone to select resistant mutants) with ginosg. They are responsible for translocation, en-
other drugs for broad coverage are not easy to uselotoxin release and aggravation of the sepsis
empirically and require carefin vitro susceptibil-  syndrome. Those cases require restriction policy of
ity testing. broad spectrum antibiotics and instead, use of nar-
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row spectrum antibiotics focused on specific or- pathogen(s) have been used to propose ‘severity-
ganisms. of-illness’ scoring systems, proposed to estimate
In febrile neutropenia, with neutrophil count patient’s risk of death:? which may help the phy-
500/mn? and fever 38.3°C, recent strategies for sician to therapeutic decisions.
empiric treatment have been established in the The site of NI and pharmacokinetic consider-
context of 1997 guidelinel? Initial antibiotic  ation are other factors leading to an appropriate
therapy in neutropenic febrile patients should be 1choice of antibiotics: adequate delivery of the
of 3 regimens: (i) vancomycin plus ceftazidime if drug(s) in infected tissues depends on dosage and
vancomycin is needed (colonisation with MRSA route of administration, and on local factors at the
or with penicillin-resistant pneumococci or other infection site, such as potential inactivation of
Gram-positive resistant organisms, C-NISjeike-  aminoglycoside at low pH, high protein binding
ium); (i) if vancomycin is not needed, monother- with limited amount of free drug, poor penetration
apy: ceftazidime or imipenem (or cefepime or in sites with barriers such as CSF (blood-brain bar-
meropenem); if a combination is needed (iii) in rier), and variable penetration of drugs into cells
dual therapy, the standard combination being cef{macrophages) to reach and kill intracellular or-
tazidime plus an antipseudomorfalactam(50.51] ganisms egionella pneumophila

2.3 Documented NI: Therapeutic Strategies 2.3.2 Intrinsic Antibacterial Activities of
Antimicrobial Agents: Monotherapy vs
2.3.1 Preliminary Considerations Combination Therapy

There are several important features in estab- Thein vitro interactions between bacteria and

lishing a suitable therapy of a documented NI. Theantibiotics as determined by standard techniques
identification of the aetiological agent(s) involved are by far more simple than im vivo conditions
in a given NI and/or in an outbreak of NI should and particularly in NI, characterised by a wide va-
rely on an efficient clinical microbiology labora- riety of host factors which may interfere with the
tory and good epidemiology practices within the antibacterial activity of antibiotics. Therefore, the
hospital wards for the knowledge of local micro- spectrum of a given antibiotic, although promising
bial ecology; moreover, the choice of a single agenton anin vitro basis, may result in treatment failure.
or of a combination based on clinical considera- Ceftazidime or ceftriaxone have good anti-Gram-
tions should also refer to the known patterns ofnegative activity but are poorly active agairgt
susceptibility/resistance arid vitro combination — aureusimipenem-cilastatin offers broad spectrum
testsl34-36,39-41] antibacterial activity but a high risk of emergence
The patient’s condition, the more or less severe0f resistance during therapy i aeruginosa
underlying diseases, the presence of various de- The use of asingle agent or of combination ther-
vices (catheters, ventilatory equipment, prothesesppy constitutes a matter of deb&t&s! as shown
are important factors which may interfere with the in several examples.
choice of a single agent or of a combination of ¢+ Combination therapy superior to monotherapy:
antibiotics guided by the clinical condition of the most retrospective studies have concluded that
patient. Clinical condition may be defined by means combination therapy is superior to monother-
of scoring systems such as the MacCabe score, apy in treating aerobic Gram-negative bacter-
stratifying patients according to whether the under- aemia. The European Organisation for Research
lying disease (Gram-negative bacteraemia) was and Treatment of Cancer performed a ran-
fatal, ultimately fatal or nonfatal, or the APACHE domised trial that showed 81% success rate with
Il score system. The severity of the infection, the ceftazidime plus long term amikacus48% re-
age of the patient and the underlying disease(s) as sponse rate with short-course amikacin; the
well as the site of the infection and the causative latter had in addition more further infections
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than the long course, witR aeruginosadacter- an absence of synergy was concluded for ampicil-
aemial®4 lin plus vancomycin against vancomycin-resistant
Monotherapy comparable to combination anti- E. faeciumelsewherd36-58l

biotic therapy: retrospective studies of patients Rapid reporting of identification of patho-
with Gram-negative bacteraemia have shown agen(s) and of resistance patterns is expected from
survival rate of 77% in patients with rapidly the microbiology laboratory, and all bacteriology
fatal diseases when individuals received 2 anti-data should be accessible to clinical team and in-
bioticsvs50% in patients who received 1 anti- fection control personné:3%] Computer storage
biotic, but statistical significance was not and transmission of laboratory data have become
achieved in that particular studiy! increasingly developed in many hospitals. A close
Comparison of a single drugs combination collaboration between microbiologists, infectious
(notincluding the single drug): a comparison of disease consultants and ‘intensivists’ for surveil-
meropenem (monotherapy) with standard com-lance of each case of NI may permit early detection
bination ceftazidime plus amikacin in granulo- of emergence of resistance during therapy or to
cytopenic patients with cancer showed that theidentify a ‘new’ infecting organism as the initial
success rate in the meropenem group was simpathogen has been eradicated.

ilar to the combination group, with no further

differences in occurrence of infections in both  Gram-Negative Organisms

groups, and similar results were obtained by ~Monotherapy (table V): Although less frequently
using ceftazidimers ceftriaxone plus tobramy- used than combination therapy, monotherapy has
cin or amikacin52.53l been recommended, using a third generation ceph-
Monotherapyvs dual therapy in nosocomial alosporin (ceftazidime) or more recently cefpi-
pneumonia: the use of single agent antibiotic *ome/cefepimé&®l or aztreonam in Gram-negative
therapy in treating patients with nosocomial infections, the latter drug offering a narrow spec-
pneumonia was based on a third genera’[ion Cephtrum of anti—Gram-negative activities. The latter re-
alosporin, imipenem-cilastatin, or a fluoroquin- mark concerning aztreonam is of importance since
olone. The results from these studies haveWith broad spectrum cephalosporins that have proven
shownin genera| that monotherapy can be auseEfﬁcaCiOUS in most treatments WorldWide, some
ful alternative to combination therapy. How- drawbacks have been recognised, such as derepres-
ever, in patients with severe infections causedsion of class | cephalosporinalé®. The potential

by multiresistant bacteria like. aeruginosak.  improvement of newer cephalosporins cefpirome/
pneumoniagA. baumanniia combination of an cefepime have been attributed to the return to anti-
antipseudomondi-lactam plus an aminoglyco- staphylococcal activity as compared with cefotax-
side has proven more efficacious than mono-ime/ceftazidime and a rapid intrabacterial penetra-

therapyi46! tion resulting from the zwitterionic character of
these drug®?!

2.3.3 Choice of Antibiofic(s) as a Other options for treating Gram-negative Nls

Function of Nosocomial Organism are af3-lactam plus $-lactamase inhibitor such as

The Role of the Microbiology Laboratory amoxicillin plus clavulanate or piperacillin plus

When combination therapy is decided by the tazobactam, commonly used in the treatment of

clinician, the synergy of selected combinations severe pneumonia or UTI. Carbapenems are usu-
must be examined, since contradictory conclusionsally preferred to treat NI, since the high incidence
can be seen in the published data. For instancegf cephalosporinase producers, e.gEimerobac-

combinations of penicillins plus a glycopeptide terspp. orin aerobic multiresistant bacilli, contrib-

have been described as providing synergy againstite to treatment failures using third generation
highly vancomycin-resistant enterococci, whereascephalosporin&3.611 Monotherapy in nosocomial
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Table V. Therapeutic strategies for documented nosocomial infections: monotherapy vs antibiotic combinations. Choice as a function of

pathogens

Monotherapy

Conventional combinations

Alternatives

Comments

Gram-negative organisms

Escherichia coli

Klebsiella spp.:
ESBL-

ESBL+

Enterobacter spp.

Pseudomonas
aeruginosa

Ceftazidime or aztreonan

or cefpirome/cefepime:
amoxicillin-clavulanic
acid: fluoroquinolone (in
uTl)

Ceftazidime or
cefoperazone or
cefepime/cefpirome:

amoxicillin-clavulanic acid

Imipenem or cefepime:
fluoroquinolone (in UTI)

Imipenem or
meropenem:
cefpirome/cefepime:
piperacillin + tazobactam

Penicillins (ticarcillin,
piperacillin, azlocillin).
Cephalosporins
(ceftazidime,
cefpirome/cefepime),
imipenem, meropenem

Gram-positive organisms

Staphylococcus
aureus: MSSA

Penicillins, cloxacillin:
cefazoline, cefalothin:

(methicillin—susceptible) second generation

MRSA
(methicillin—resistant)

Coagulase-negative
staphylococci

Enterococcus spp.

cephalosporin:
cefotaxime:
aminoglycosides

Vancomycin:
imipenem-cilastatin:
meropenem: fusidic acid

Cefotaxime + amikacin:
piperacillin + tazobactam:
cefoxitin or aztreonam +
aminoglycoside

Piperacillin + tazobactam:
ticarcillin + clavulanic acid:
cefotaxime + aminoglycoside

Imipenem +
aminoglycoside: piperacillin
+ tazobactam + amikacin
Third generation
cephalosporin +
aminoglycoside: aztreonam
+ amikacin

Ticarcillin, aztreonam or
ceftazidime + sulbactam +
tobramycin or amikacin:
imipenem + amikacin:
ceftazidime +
fluoroquinolone

Penicillin + aminoglycoside
(oxacillin + gentamicin):
tetracycline +
aminoglycoside:
amoxicillin-clavulanic acid:
ampicillin + sulbactam

Rifampicin + vancomycin:
fusidic acid + glycopeptide:
fosofomycin +
aminoglycoside:
vancomycin +
fluoroquinolone

Same indications as for MRSA, with higher resistance
rates to: quinolones, aminioglycosides, clindamycin,

cotrimoxazole
Ampicillin: imipenem:
piperacillin: glycopeptide
(in nosocomial UTI only):
synergistin

Ampicillin + gentamicin:
vancomycin +
aminoglycoside

Imipenem alone: imipenem +
aminoglycoside: imipenem +
fluoroquinolone

Imipenem alone: imipenem +
aminoglycoside: imipenem +
fluoroquinolone

Imipenem + ciprofloxacin

Imipenem + fluoroquinolone:
aminoglycoside + ciprofloxacin

Antipseudomonal penicillin +
fluoroquinolone: aztreonam +
amikacin: aminoglycoside +
ciprofloxacin: fosfomycin +
ciprofloxacin

Fluoroquinolone + fusidic
acid: fosfomycin + B-lactam:
synergistins (streptogamins):
oxacillin: fusidic acid +
cloxacillin

Imipenem + vancomycin:
fusidic acid + fosfomycin:
fusidic acid + glycopeptide:
fusidic acid + rifampicin:
synergistins

Imipenem + fosfomycin:
aminoglycoside or
synergistins

Teicoplanin + penicillin:
imipenem + glycopeptides:
piperacillin + teicoplanin

Increasing rates of
ESBL production in E.
coli (=5.4%):
fluoroquinolone
resistance 28%/%4

1.5 t0 3.6%
ceftazidime R: 1 to
58% ESBL
(outbreaks),
fluoroquinolone R
(=8-80%): importance
of susceptibility testing
Detection of ESBL
production

Importance of
detection of Bush
group 1
cephalosporinase!®”!
(14-56%): detection of
imipenem-R: cefepime
inhibits 97% of
ceftazidime-R
strainst®!

Ceftazidime-R: stable
(=10%), higher for
cefotaxime (35-70%):
outbreaks of
imipenem-R strains:
increasing R to
quinolones (>18%)

High risk of
emergence of R
mutants by using:
rifampicin (rifampin),
fosfomycin, fusidic
acid, fluoroquinolones
in monotherapy
Choice of combination
as a function of
infection site: careful
susceptibility testing of
combinations for each
strain2465-67]

Difficult to treat
infections

E. faecium: increasing
resistance to
B-lactams, imipenem,
vancomycin [57:58]

ESBL = extended spectrum B-lactamase; R = resistant; UTI = urinary tract infection.
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pneumonia can be based also on intravenouserococcal infectionsH. faeciumresistant to van-
ciprofloxacin, which has been compared with im- comycin) were favourable in 63% of all cases in-
ipenem in a randomised double-blind study, with cluding bacteraemia (60%), intra-abdominal infec-
no significant difference between regimdfis. tions (23%), catheter-related bacteraemia (10%)
Combination therapy (table V): More frequently and endocarditis 49671
recommended conventional antibiotic therapy in NI
is based on synergistic combinatidfd. In the
EPIIC study, in 62% of cases (out of 10 038 pa-
tients) the most frequently administered antibiotics  Nosocomial Pneumonia
were cephalosporins (44%), broad spectrum peni- The lung parenchyma and bronchial tissues are
cillins (24.3%), aminoglycosides (23.9%), fluoro- generally reached by penicillins, third generation
quinolones (11.9%) and glycopeptides (11.6%),cephalosporins and fluoroquinolones at concen-
and half of the patients received more than 1 anti-trations high enough to inhibit most organisms
biotic.[2:4] susceptible or moderately susceptible to these
Besides conventional combinations @i4actam  drugs(®®9 However, the multiple mechanisms of
plus aminoglycoside which offer broad spectrum resistance exhibited by the 2 major pathogenic or-
of antibacterial activity, the association of cipro- ganisms,P. aeruginosaand S. aureus(table 1V)
floxacin with ceftazidime irP. aeruginosall, al-  impose the use of combinations of synergistic
though additive or indifferenin vitro, has shown antibiotics @-lactams plus aminoglycosides) asin-
efficacy and prevention of emergence of resistancdlicated in table V. Aspecific problem is that related
during therapy_ It has been confirmed that quino_to the early observation d. aureusstrains with
lones combined with 8-lactam (ureidopenicillin, reduced vancomycin susceptibility which should
ceftazidime or imipenem) reduce the risk of emer-lead to the increasing use of newer compounds
gence of resistance iB. pneumoniaeS. marces- Such as quinupristin-dalfopristin.
cens E. cloacoeandP. aeruginosaOther unusual Similar problems have been seen withtero-
synergistic combinations such as ciprofloxacin pluscoccusspp. In addition, although less frequently
fosfomycin againsP. aeruginosaNI and cipro-  isolated from nosocomial pneumong,pneumon-

2.3.4 Antibiotic Therapy as a Function
of NI Site: Selected Examples

floxacin plus imipenem againgtcinetobactein-  iae has become a worldwide problem because of
fection have been used successfialy#8.63] its increasing resistance to penicillin and to most
B-lactamd?®] The latter problem can be solved by
Gram-Positive Organisms using high doses of benzylpenicillin (penicillin G)

Multidrug-resistant Gram-positive organisms or with third generation cephalosporins (ceftri-
pose specific problems such as methicillin-resis-axone or more recently developed drugs like cef-
tant staphylococci that are also resistant to rifam-pirome and cefepime). These antibiotics reach high
picin, aminoglycosides and fluoroquinolon&d:  lung parenchymal concentrations (up to 5%.43
the current drugs of choice for treatment of MRSA mg/kg for ceftriaxone and high levels are also
infections are vancomycin and teicoplanin (tablefound in epithelial-lining fluid and in bronchial
V).[65] Decreased susceptibility of MRSAto glyco- mucosa)®!
peptides has been already cited and in C-NS as Specific conditions such as sevdPeeudomo-
well.l88] Promising activities of a new strepto- nasnosocomial pneumonia or superinfection in
gramin (quinupristin-dalfopristin) have been estab-cystic fibrosis patients may require achievement
lished in multidrug-resistant staphylococci and of higher tissue concentrations. Topical antibiotic
E. faecium the latter species has been increas-therapy may result in significant increase of local
ingly involved in NI unresponsive to vancomycin, antibiotic concentrations so that free drug exceeds
imipenem, gentamicin and ciprofloxacin. Early the minimum inhibitory concentrations of patho-
clinical results, reported in 234 patients with en- gensl®8.791 A good clinical tolerance was reported
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for gentamicin, tobramycin, and amikacin, even or silver sulfadiazine), preventive antibiotics con-
though some reduction of the maximum expired stitute the best approach to prevent wound infec-
volume per second has occasionally been obtion' Conventional systemic antibiotic therapy,
served; carbenicillin and ceftazidime were also although controversial, is recommended for pre-
administered topically and were well tolerated.  vention of infection immediately after burn injury
when host defences are reduced, and during exci-

Bacteraemia: Nosocomial Bloodstream Infection . . . .
. sion of colonised burn eschar, which is a frequent
There are several sources of bacteraemic ex-

. . . : source of bacteraemia.
tension, mainly nosocomial pneumonia and UTI. Treatment of invasive infection requires a sys
Other foci of infection such as SSTI (particularly : o . d y
in burn patients), and surgical wounds are Iesste.mIC ant'b'.OtIC therapy ad;usted aga|n§t the caus-
often the source of bacteraenttél. Gram-positive ative organisms, predominanty aeruginosa, S.
organisms, MRSA and C-NS exceed Gram-nega-auregs’OrIeSS fregggntlﬁ. baumannuTregtmgnt
tive bacilli (table 111) partly in relation to the pres- requires an early initiated powerful combination of

. . . ntibiotics. However, fr nt emergen fresis-
ence of intravacular devices, central lines or pe-a biotics. However, frequent emergence of resis

ripheral intravenous catheters. Specific problemstance occurs in relation to high bacterial local

in antibiotic effects on staphylococci adherent to CF’“T“S and becguse3 %f] the limited access of anti-

catheters have been descrid@d:C-NS produce biotics to burn site&*

an extracellular slime matrix in which bacteria are  Paediatric NI

embedded and which interferes with the penetra- NIs differ from those in adults in regard to sev-

tion of antibiotics: bacteria cannot be eliminated eral characteristics: (i) their incidence is inversely

by traditional antimicrobial therapy. Only contin- correlated with age of children; (ii) the predomi-

uous infusions of combinations of imipenem plus nant sites of infection are digestive tract, respira-

fosfomycin, or vancomycin or an aminoglycoside tory tract and bloodstream; (iii) the predominant

seem to offer potential efficacy. Removal of intra- nosocomial pathogens are Gram-positive organ-

venous catheters constitutes the only therapeuti¢gsms; (iv) there is a high risk of bacteraemia with

measure in most cases. secondary infection sites (meningitis, bones and
Whatever the infection site as a source of blood-joint infections) and high mortality rates.

stream infection, the mortality rates of bacter- Management of NI in children is particularly

aemia range between 25 and 569 72IMonitor-  difficult because of problems in collecting speci-

ing must take into account the organism(s) isolatedmens for microbiology diagnosis and as a resultin

from blood, the identified source of the blood- defining suitable therapeutic strateglés.

stream infection and the potential participation of

sepsis signs: thus, antibiotic therapy even suitably 3. Strategies for Prevention

adapted to the nosocomial pathogens involved, is

not sufficient. The patient’s condition requires ad Prevention plays a major role in the control of
' P q . NI. Numerous guidelines have been established in

The US and in European countries based on confer-
ence consensus. Hospital infection committees are
increasingly organised in modern hospitals to pro-
Skin and Soft Tissue Infections vide advice regarding the control and prevention
Among hospital-acquired severe SSTIs that areof NI.[76.77]
generally polymicrobial (cellulitis), one selected = Many prevention measures have been recom-
situation particularly difficult to treat and control mended, as summarised in table VI. Isolation pol-
is that of burn wounds. Besides topical wound careicies, administrative and regulatory measures and
using various measures and disinfectants (0.5% silhospital epidemiology surveillance are increas-
ver nitrate solution, 10% mafenide-acetate creamingly applied to reduce morbidity, length of hospi-

or newer antiendotoxin and anticytokine thera-
pies[t0l
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Table VI. Strategies for prevention of nosocomial infection(810-12.76,78,79]

General measures!8]

Nosocomial pneumonial”™

Bloodstream infection('%

Surgical wound
infections(*+:12

Personnel Educational programmes: Maintenance, disinfection of Careful manipulation of Preparation of operative
hand-washing, gloves, respiratory equipment catheters: aseptic team (surgical gloves,
gowns, etc.: control of (endotracheal tubes, technique for insertion: gowns, masks, etc.)
infections at risk for suctioning devices, ventilators, experienced inserter:
healthcare workers: etc.): careful use of invasive search for source of
immunisation exploratory endoscopies bacteraemia (infection foci)

Patient Patient isolation: single room  Oropharyngeal Duration of catheterisation, Wound classification
for high risk patients: decontamination: treatment of  changed at appropriate (clean,
antibiotic prophylaxis: nosocomial sinusitis: local intervals: adjusting for clean-contaminated,
controversial, specific antibiotics (aerosols): gastric severity of underlying dirty): minimise
conditions (neutropenic, burn  alcalinisation: semi-recumbent disease: blood cultures preoperation stay:
patients): SDD: position: care of enteral with best techniques suitable skin
controversial:(#283 topical nutrition (automated) for rapid preparation, hair
treatments for colonised sites identification of pathogens: removal: antibiotic

SDD? limits translocation  prophylaxis!*®!
and endotoxin release

Treatment®] Optimal use of antibiotics. Control of antibiotic use (antimicrobial use audits)

Environmental Hospital nosocomial infection ~ Surveillance of air conditioning Hospital and intensive care Limiting sources of

measures surveillance: close humidifiers, hot water unit surveillance exogenous

Administration("]

cooperation with
microbiology: computerised
systems in surveillance and
fast transmission of data:
proper elimination of medical
waste

Infection Control Committee:

nebulisers (Legionella):
isolation precautions: isolation
guidelines

(epidemiology): disposable
catheters (instead of
reusable): control of sterile
infusates: close
cooperation with
microbiology

contamination: excellent
surgical technique,
limiting ‘dead space’
exposing wound: proper
wound dressing

Sterilisation and suitable

(regulatory restriction policies (hospital disinfection measures
organisations, formulary): guidelines for for reusable equipment:
guidelines prevention: consensus disposable instruments
consensus conferences: application of whenever possible:
conferences) guidelines disposal regulations

Miscellaneous

Hospital design engineers for suitable structure of wards, rooms, specific isolation units and health care facilities. Close
cooperation between intensivists, microbiologists, infectious diseases consultants

SDD = selective digestive decontamination.

tal stays, mortality and hospital costs. Among themended to prevent contamination in burn patients,
published guidelines, 3 main approaches can beurgical wounds and the oropharyngeal area in
summarised as follows: First, methods based orventilated patients. Aerosolised polymyxin-B
elimination of endogenous nosocomial pathogensand/or endotracheal aminoglycosides can be given
should reduce oropharyngeal, intestinal and skinto preventPseudomonasr Acinetobactempneu-
colonisation in ICU patients. Second, use of meth-monia which have the highest fatality ratés88.70l
ods to prevent cross-contamination and to control Specific immunoprophylaxis has been recom-
various sources of nosocomial pathogens thamended in high risk situations agairigseudomo-
could be transmitted from patient to patient or from nasandKlebsiellainfections!8! In addition, selec-
personnel to patient: proper disinfection and caretive digestive decontamination (SDD) has been
of catheters, respiratory equipments, humidifiers,advocated in ICU patient8?! Investigated for its
endotracheal tubes and dialysis systems. Third, useffectiveness in preventing NI, the use of SDD
of antibiotic prophylaxis in postoperative high risk should prevent colonisation of the oropharynx and
patients, either systemic antibiotics (burn patients)the gut by potentially pathogenic bacteria: the di-
or local antibiotics or disinfection could be recom- gestive tract can be an important reservoir for mul-
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tiresistant organisms, particularly Gram-negative 5

bacilli, and thus, the source of a variety of Nis.
Topical chemoprophylaxis includes nonabsorb-

able antibiotics, generally polymyxin-E, tobramy- &

cin (or norfloxacin), and amphotericin B (the latter
to control fungal colonisation). Most investiga-
tions included coadministration of systemic cefo-
taxime.

The strategy of topical application of the anti- &

biotic combination comprises local application to

the oral mucosa of a sticky paste and enteral injec- ©.

tion of the mixture in the nasogastric tube. Many
reviews have been published and have provided

favourable results, but a clear consensus of effec-10.

tiveness of SDD has not been established yet,

possibly because of the heterogeneous groups ofi1.

patients, varying oral regimens and inconstant ad-
dition of systemic cefotaxime or ceftazidime. De- ,,
creased rates of NI in SDD groups have been pub-
lished8?! but the potential influence of SDD on
mortality rates and otherwise on the duration of
hospital stays remained inconclusive. Emergence
of resistance during SDD and increased incidence
of high level aminoglycoside-resistant enterococci
and of MRSA have been discusséd.

15.

4. Conclusion 16.

In conclusionprevention and control of NIs have
evolved significantly over time. Improvement in
hospital epidemiology surveillance, in infection
control practices and in definition and application
of guidelines for prevention of NI should result in

decreasing incidence of morbidity and mortality 1°:

caused by NIs. However, NI still remains a major
threat in high-risk patients.
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