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Antibiotics are developed to kill microorganisms; however, microorganisms develop and
disseminate resistance as a reaction to antimicrobials in accordance with the laws of evolution
and natural selection. Resistant and multidrug-resistant bacterial infections comprise a great
problem in both the community and hospital setting. Increasing values of health expenditures,
including antibiotics, is a global problem. Antibiotic resistance is not always, but usually,
associated with significant morbidity, longer hospitalization, excess costs and mortality. Excess
costs associated with resistant microorganisms may be due to: obligation to use more
expensive antibiotics, longer hospital stay, higher mortality, delayed appropriate antibiotic
therapy or a necessity to perform surgery. Optimal use of existing antimicrobial agents, using
alternative treatment options (where possible), reducing the need for antimicrobials by
increasing immunity, reducing the use of antimicrobials without providing an alternative form
of treatment through education of health professionals and patients, antibiotic policies
(including antibiotic stewardship and regulations for restricted use), implementation of
infection control measures (e.g., hand washing, screening and isolation) are the strategies
aimed at prevention of emergence and spread of antibiotic resistance.
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Isaac Newton’s laws of motion are three physical
laws that provide relationships between the
forces acting on a body and the motion of the
body. Briefly stated, the three laws are:
• An object will remain at rest or continue to
move at a constant velocity, unless an external
net force acts upon it;
• Net force on an object is equal to its rate of
change of momentum;
• For every action, there is an equal and
opposite reaction [201].
In biology, evolution is a change in the
inherited traits of a population from one generation to the next. These traits are the expression of genes that are copied and passed on to
offspring during reproduction. Mutations in
these genes can produce new or altered traits,
resulting in heritable differences between
organisms. New traits can also come from the
transfer of genes between populations, such as
in migration, or between species, such as in
horizontal gene transfer. Natural selection is a
process that causes heritable traits that are
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helpful for survival and reproduction to
become more common and causes harmful
traits to become more rare [202].
Antibiotics are chemotherapeutic agents that
inhibit or abolish the growth of microorganisms, such as bacteria, fungi or protozoans, and
are developed to kill microorganisms. Microorganisms develop and disseminate resistance
as a reaction to antimicrobials in accordance
with the rules of physics, evolution and natural
selection. In spite of considerable developments
in antibiotics, antibiotherapy, science, medicine and medical care, infectious diseases and
infectious complications related to resistant
bacteria, such as staphylococci, respiratory
pathogens (e.g., Streptococcus pneumoniae),
Gram-negative bacilli, as well as fungi and
viruses, remain important causes of human
morbidity and mortality. As stated in the very
recent last call for action to the medical community from the Infectious Diseases Society of
America [1], we are in the midst of an emerging
(probably already emerged) crisis of antibiotic
resistance throughout the world.
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This review will focus on the economics, epidemiology and
basic causes of antibiotic resistance (mostly but not entirely in
terms of methicillin-resistant Staphylococcus aureus [MRSA] and
methicillin-resistant
coagulase-negative
staphylococci
[MRCNS], vancomycin-resistant enterococci [VRE], extendedspectrum β-lactamase [ESBL]-positive and/or carbapenemresistant Enterobacteriaceae, multidrug-resistant [MDR] or
pandrug-resistant Pseudomonas and Acinetobacter spp.,
MDR-TB and extensively drug-resistant [XDR]-TB) and
approaches to prevent antibacterial resistance.
Economics & pharmacoeconomics

Economics is the social science that studies the production, distribution and consumption of goods and services. The term
‘economics’ comes from the Greek for oikos (house) and nomos
(custom or law), hence ‘rules of the house(hold)’. A definition
that captures much of modern economics is that of Lionel Robbins in a 1932 essay: ‘the science which studies human behavior
as a relationship between ends and scarce means which have
alternative uses’. The definition of economics in terms of scarcity suggests that resources are in finite supply while wants and
needs are infinite [203].
Pharmacoeconomics is a relatively new discipline that consists of a systematic approach to decision analysis to determine the most cost-effective therapy among the available
alternatives. In other words, pharmacoeconomics is ‘the
description and analysis of the costs of drug therapy to healthcare systems and society’. As in the case of economics, pharmacoeconomic reasoning also starts from the point that in
any real economic system, resources are scarce in relation to
demands and needs. This is also true for both public and private healthcare systems. Therefore, those who plan, receive or
pay for health services must make choices among available
alternatives [2,3].
The increasing costs of health expenditures is a major and
worldwide problem [2–9]. Antibiotics comprise a significant
portion of total health expenditures. From the institutional
perspective, antimicrobials account for more than 30% of
hospital pharmacy budgets. An early estimate of American
healthcare costs made by the American Society for Microbiology in 1995 revealed that annual healthcare costs associated with the treatment of resistant infections in the USA are
over US$4 billion. A more recent estimate increased this
value to US$7 billion; up to US$4 billion of which is for
treatment of resistant nosocomial infections [2,5]. In 1996,
26.3% of the total health expenditure in Turkey was spent on
drug consumption and 22.4% of all drugs used were antimicrobial agents, which means a value of US$400 million
per year [7]. Society pays for the costs of MRSA or other
MDR microorganisms through increased tax or insurance
charges [10]. Thus, economics of antibiotic resistance is
important from the view of the patient, the health system,
the country and the world.
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Resistance

Most bacteria have multiple routes for acquiring resistance to a
drug. Once they acquire the resistance, they can rapidly give rise
to vast numbers of resistant progeny. Natural selection favors
mechanisms that confer resistance with the least fitness cost.
Selection may also favor determinants that prevent their own
counterselection and resistant strains with enhanced survival
ability or virulence [11].
Antibiotic usage has been shown to have a critical role in the
selection of antibiotic-resistant bacteria as the dominant colonizing flora as well as the nosocomial pathogens of hospitalized
patients [12]. Regarding this process, at least two mechanisms
have been documented. First, antimicrobial-resistant flora may
be endemic within the institution and may be transferred to the
patient within the hospital setting [12,13]. Second, a small population of antimicrobial-resistant bacteria that are a part of
patient’s endogenous flora at the time of hospitalization may
emerge under the selective pressure of antibiotics and become
the dominant flora [12,14].
In the case of TB, the situation is not much different. Misuse
of drugs to treat TB, owing to the prescriber or the patient, can
lead to the loss of drug sensitivity, giving rise to various forms
of drug-resistant TB. Prescription of inadequate regimens,
inappropriate supply of drugs and poor adherence may result in
resistance. Resistance occuring under drug pressure in a patient
initially affected by a drug-sensitive strain is known as acquired
drug resistance. Spread of the resistant strain to a previously
healthy person results in a phenomenon known as primary
drug resistance. MDR-TB refers to bacteria resistant to at least
isoniazid and rifampin. XDR-TB refers to resistance to isoniazid plus rifampin plus any fluoroquinolone plus at least one
of the following injectable drugs: capreomycin, kanamycin or
amikacin [15].
Epidemiology of antibacterial resistance in
the hospital

Problems related to antibiotic resistance differ from unit to
unit, hospital to hospital and country to country. In Europe,
resistant rates tend to increase as one moves southward. Resistance is at its lowest in Scandinavia and highest in Mediterranean countries. Within North America, resistance rates are
mostly higher in the USA than in Canada. Some of the highest
rates of resistance are found in the newly prosperous countries
of Eastern Asia and Southern America [11]. Examples of rates of
several resistant bacteria, such as MRSA, VRE, ESBL+ Escherichia coli or Klebsiella pneumoniae, from different parts of world
are given in TABLE 1.
Of note, the resistant microorganisms do not recognize boundaries between countries; hence, the epidemiology of resistance
may be multinational, with some transferable determinants prevalent worldwide. Medical literature on the transfer of resistance
from city to city and country to country is not rare [11,16,17].
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Bacteria

Country

Number of Resistance
strains
rate (%)

environmental species, which they stabilize into their genome [19]. Infections
caused by pandrug-resistant strains are
Ref. associated with significant mortality and
treatment is quite challenging [20–22].

MRSA

Turkey

941

74.2

[128]

MRSA

USA

22,899

48.1

[142]

MRSA

Turkey

37

88.4

[143]

Table 1. Examples of resistance rates of MRSA, MRCNS, VRE, ESBL+
Escherichia coli and Klebsiella pneumoniae from different countries.

Epidemiology of antibacterial
resistance in the community

Antibiotic resistance in the community is
an emerging global problem [23–29]. The
normal individual flora, which is impor[144]
MRSA
Austria
2587
38.8
tant for the maintenance of individual
[144] health, can play a critically important role
MRSA
Belgium
1587
38.2
in infectious diseases [24]. Carriage of resis[144]
MRSA
Germany
6074
34.5
tant bacteria such as MRSA, ESBL+
[144] Enterobacteriaceae and pneumococci may
MRSA
Spain
1279
38.4
[145] result in infections.
MRSA
Holland
81
0
In fact, carriage of such pathogens and
[144]
MRSA
France
4385
44.8
infections related to them is not rare in the
[143] community. In a study performed in Saudi
MRCNS
Turkey
93
81.7
+
[142] Arabia, fecal carriage of ESBL organisms
MRCNS
USA
13,553
76.6
was detected in 26.1% of 272 in-patients,
[4]
VRE
Turkey
153
7.8
15.4% of 162 out-patients, and 13.1% of
[142] 426 healthy individuals [30]. In another
VRE
USA
14,140
13.9
study performed in Spain, a cross-sectional
[146]
ESBL+ Klebsiella pneumoniae
Turkey
42
33
survey of human ESBL-producing Entero[147] bacteriaceae carriers in the community
ESBL+ K. pneumoniae
Turkey
168
47
[129] showed a general prevalence of 6.6% (out
ESBL+ K. pneumoniae
Turkey
426
38.9
of 948 samples) [31]. The ESBL rate of
[142]
Third-generation
USA
7529
6.2
community-acquired urinary tract infeccephalosporin-resistant
tions related E. coli strains are 7.9% in
K. pneumoniae
Turkey and 34.4% in India [23,29]
[148]
ESBL+ Klebsiella spp.
Holland
196
<1
Not only ESBL+ bacteria, but also
+
[149] MRSA and penicillin-resistant StreptococESBL K. pneumoniae
France
6121
11.4
cus pneumoniae have important commu+
[150]
ESBL K. pneumoniae
Greece
79
58.3
nity reservoirs. Yildirim et al. reported
[146] 5% nasal MRSA carriage and 8.3% interESBL+ Escherichia coli
Turkey
51
47
[147] mediately resistant S. pneumoniae carESBL+ E. coli
Turkey
179
28
riage in 484 children [24]. MRSA carriage
[142]
Third-generation
USA
12,011
1.3
was reported to be 2.6% in 500 healthy
cephalosporin-resistant E. coli
adults and 1.9% in 500 healthcare work[148] ers [26]. In addition to human reservoirs,
ESBL+ E. coli
Holland
571
<1
[150] MRSA in animals (e.g., pigs) can spread,
ESBL+ E. coli
Greece
124
20.2
colonize and infect humans [25].
ESBL: Extended-spectrum β-lactamase; MRCNS: Methicillin-resistant coagulase-negative staphylococci;
The WHO estimates that 4% of all
MRSA: Methicillin-resistant Staphylococcus aureus; VRE: Vancomycin-resistant Enterococcus.
new TB cases globally are MDR-TB [15].
Finally, the evolving problem of antimicrobial resistance in MDR-TB prevalence is reported to be 21.5% (n = 900) in
Pseudomonas aeruginosa, Acinetobacter baumannii and K. pneu- Estonia, 5.7% (n = 748) in Germany, 2.8% (n = 2140) in
moniae has led to the emergence of clinical isolates susceptible Italy and 7.9% (n = 505) in Turkey [15,32–35]. According to
to only one class of antimicrobial agent and, eventually, to multivariate analysis of a large case–control study, prior TB
pandrug-resistant isolates [18]. P. aeruginosa and A. baumanii treatment for 6–11 months (odds ratio [OR]: 7.6; 95% confiare disseminated widely in the environment and they are dence interval [CI]: 2.6–22.4; p < 0.001) and for at least
prone to the acquisition of novel resistance determinants from 12 months (OR: 13.7; 95% CI: 4.5–41.6; p < 0.001), but not
MRSA
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Greece

1019

33 (1994)
50 (2001)

[144]
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HIV positivity, was associated with MDR-TB [36]. As
expected, XDR-TB is usually common in countries where
MDR-TB is common. XDR-TB exists in all continents. An
analysis of 17,690 strains from 48 countries resulted in
234 strains (6.6% of overall MDR-TB [0.6% in Africa and
15.4% in Korea]) [37].

Excess costs associated with resistant microorganisms may be
due to:
• Obligation to use more expensive antibiotics
• Longer hospital stay
• Higher mortality
• Delayed appropriate antibiotic therapy
• More common necessity to perform surgery [48]

Cost & other results of antibiotic resistance

Antibiotic resistance is not always [38], but usually, associated
with significant morbidity, longer hospitalization (including permanent or temporary sequalae and indirect significant psychiatric issues) and excess costs and mortality. Reported additional
costs of ESBL+ versus ESBL-, MRSA versus methicillin-susceptible S. aureus (MSSA), VRE versus vancomycin-susceptible
Enterococcus (VSE), MDR versus non-MDR Acinetobacter or
Pseudomonas spp. infections range between US$7212 and 98,575
and additional length of hospital stay ranges between 2 and
15.3 days (TABLE 2) [39–47].

Obligation to use more expensive antibiotics

One of the major consequences of resistant bacterial infections is
the obligation to use antibiotics with extended spectrums and
(usually) increased expense (TABLE 3). For example, in the case of
MSSA/MRSA the treatment options turn from cefazolin/β-lactam
plus β-lactamase combinations to vancomycin, teicoplanin, linezolid, quinupristin/dalfopristin; in VSE/VRE; pencillin or vancomycin to linezolid and quinopristin/dalfopristin, in ESBL+/ESBLEnterobacteriaceae: cephalosporins or β-lactam/β-lactamase
inhibitor combinations to carbapenems [49–53].

Table 2. Effects of multidrug resistance of several MDR bacteria on mortality, length of stay and
cost of hospitalization.
Bacteria

Control

Syndrome

Mortality (%)

Length of stay Extra cost or
(days)
cost (US$)

ESBL+ Escherichia coli,
Klebsiella spp., Proteus spp.

ESBL- E. coli,
Klebsiella spp.,
Proteus spp.

Bacteremia

35 vs 16

11 vs 5

9620

[39]

ESBL+ E. coli, Klebsiella
pneumoniae

ESBL- E. coli,
K. pneumoniae

Heterogeneous

15.2 vs 9.1

11 vs 7

66,590 vs
22,231

[40]

MRSA

MSSA

Bacteremia

22.9 vs 19.8

30.6 vs 15.3

21,577 vs
11,668

[41]

MRSA

MSSA

Bacteremia

22.9 vs 19.8

9 vs 7

26,424 vs
19,212

[42]

VRE

VSE

Bacteremia

33.3 vs 11.1

17 vs 3

Imipenem-resistant
Acinetobacter baumannii

Imipenemsusceptible
A. baumannii

Bacteremia

57.5 vs 27.5

MDR (sensitive to imipenem and Susceptible
sometimes aminoglycosides)
Acinetobacter spp.

Heterogeneous

19.4 vs 4.5

MDR (resistant to all penicillins, Non-MDR
all cephalosporins, ciprofloxacin, A. baumannii
gentamicin and imipenem)
A. baumannii

Burn patients

MDR (resistant to ceftazidime,
cefepime, aztreonam,
ciprofloxacin, piperacillin and
gentamicin) Pseudomonas
aeruginosa

Heterogeneous

Non-MDR
P. aeruginosa

21 vs 12

Ref.

[43]
[44]

13

60,913

[45]

36.8 vs 25.6

201,558 vs
102,983

[46]

20 vs 10

[47]

ESBL: Extended-spectrum β-lactamase; MDR: Multidrug-resistant; MRSA: Methicillin-resistant Staphylococcus aureus; MSSA: Methicillin-susceptible S. aureus;
VRE: Vancomycin-resistant Enterococcus; VSE: Vancomycin-susceptible Enterococcus.
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Longer hospital stay

It is not easy to explain the excess cost of resistant bacterial
infection only as a result of the consumption of more expensive
drugs in all countries. This may be true in a country such as
Turkey where drugs are usually more expensive than using a
health service. In contrary, longer hospitalization may play a
more important role in excess cost of resistant bacterial infections in a country such as USA, where penicillin G can be more
expensive than vancomycin or levofloxacin [49].
Mortality

Some of the costs associated with resistance (at least in some
bacteria) are also due to increased mortality. In a recent metaanalysis, bacteremia due to ESBL+ Enterobacteriaceae was
found to be associated with increased mortality (pooled relative
risk [RR]: 1.85; 95% CI: 1.39–2.47; p < 0.001) [54]. Another
meta-analysis shows that patients with MRSA bacteremia have
a RR of death of 2.12 (95% CI: 1.76–2.57) compared with
patients with MSSA bacteremia [55]. Why are resistant bacterial
infections associated with higher mortality? Existing data do
not support the hypothesis ‘resistant microorganisms are more
virulent than nonresistant ones’ in major pathogens, such as
S. aureus (with the exceptance of community-acquired MRSA),
Enterococcus or Gram-negative bacilli [48]. The reason may be
delayed appropriate or inappropriate therapy [41,48,54].
Delayed appropriate therapy

Some portion of excess mortality/cost/duration of hospitalization
in some of the resistant bacterial infections is due to delayed
appropriate or inappropriate antimicrobial therapy. Schwaber
and Carmeli reported increased incidence of delay in effective
therapy in ESBL-associated bacteremia (pooled RR: 5.56;
95% CI: 2.94–10.51; p < 0.001) in the aforementioned
Table 3. Daily drug-acquisition costs of
several antibiotics.
Antibiotic

Dosage

Cost in
Turkey*

Cost in the
USA‡

Vancomycin

4 × 500 mg

39.4

15.5

Linezolid

2 × 600 mg

208.5

164

Teicoplanin

2 × 400 mg

144.9

NA

Imipenem

4 × 500 mg

93.7

156

Meropenem

3×1g

148.6

204

Piperacillin/tazobactam 3 × 4.5 g

78.9

72

Ceftriaxone

2×1g

14.7

13.2

Cefepime

3×1g

32.8

108

NA: Not available.
*
As the price on 7th January 2007 in Turkey. Prices are converted to US dollars
assuming that YTL1.2 = US$1.
‡
Adapted from [49].
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meta-analysis [54]. MRSA bacteremia patients also have an
increased risk of delayed treatment and delayed therapy is
reported to be an independent predictor of mortality in this
group, too [41]. Mortality rates are higher among patients with
ventilator-associated pneumonia who receive inappropriate
empirical treatment [48]. Starting inappropriate therapy affects
not only mortality but also duration of hospitalization (if
patients survive and can obtain appropriate therapy, duration of
hospitalization will also increase) and the ecology of hospitals
(as inappropriate therapy is prolonged, the likelihood of resistant bacteria arising will increase, which sometimes may result
in the occurrence of outbreaks).
More common need for surgery

Longer hospital stay and higher costs of care for patients
infected with a resistant organism may also result from an
increased frequency of surgical interventions required to control
infection. Several groups of investigators have documented an
increased need for surgery among patients infected with resistant organisms, such as VRE and P. aeruginosa [48]. This may
also be the case in community-acquired MRSA, which may be
susceptible to trimethopirim/sulfomethoxazole or clindamycin
but may sometimes need adjuvant surgery for treatment.
Which is worse? MDR Gram-negative or
Gram-positive organisms

Although it may vary from country to country, a recent study
from Austria suggests that not length of stay and mortality but
total costs (GB£26,317 vs GB£14,782) were found to be significantly higher in MDR (not susceptible to more than one
antibiotic except colistin) Gram-negatives than MRSA [56].
MDR- and XDR-TB are also associated with significant morbidity and mortality. In a multinational study including Estonia,
Germany, Italy and Russia, XDR-TB cases had a RR of 1.58 to
have an unfavorable outcome compared with MDR-TB cases
resistant to all first-line drugs (isoniazid, rifampicin ethambutol,
streptomycin and, when tested, pyrazinamide), and a RR of
2.61 compared with ‘other’ MDR-TB cases (those susceptible to
at least one first-line anti-TB drug among ethambutol, pyrazinamide and streptomycin, regardless of resistance to the secondline drugs not defining XDR-TB) [32]. Another study, from
South Africa reported 98.1% mortality in 53 XDR-TB cases (of
note, at least 44 were HIV positive) [57].
Problems with the economic evaluation of
antibiotic resistance

In calculating the cost of nosocomial infections and/or infections with resistant microorganisms, there are a number of
methodological factors to be considered:
• Study design
• Patient group (incidence, prevalence and epidemics)
• Location (hospital and follow-up after discharge)
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• Dimension of the study (hospital, country, pathogens and
interventions)
• Extra cost and design of length of stay
• Costs (hospital charges, length of stay in the hospital,
deaths, antibiotic utilization, antibiotic resistance, environmental damage, loss of productivity, psychological problems and anxiety [if colonization continues or other family
members are involved through contact screening], diminished quality of life, and the hospital’s reputation as patients
perceive [sometimes correctly] that they are often unclean,
dangerous places)
• Conclusion statistics (mean, median, percent, total) [2,3,10]
Drug, antibiotic acquisition costs and increased length of stay are
widely and well-described parameters. However, control measures, impaired hospital activity and reputation, litigation, morbidity and attributable mortality are poorly described in the medical literature. Extra cost of infection with resistant
microorganism and/or nosocomial infection includes the bed,
intensive-care unit stay, hematological, biochemical, microbiological and radiological tests, antibiotics, other drugs, extra surgical
procedures and working hours [2,3,10].
Antibiotic use versus susceptibility relations

Group-level and individual patient-level analyses of antibiotic
use versus susceptibility relations may yield divergent results.
The decreased use of an antibiotic at group-level analysis may
reveal decreased resistance in some bacteria; in contrast to an
increased resistance in others [4,58]. These conflicting results are
probably due to distinctions in the selective force of individual
antibiotics on different dominant strains in different settings. To
evaluate the potential bias of analyzing aggregated data, Harbarth et al. separately examined antibiotic exposure and resistance data of 35,423 patients admitted to a university hospital in
Utah (USA) from both an individual patient and group-level
perspective [58]. From 1994 through 1998, use of defined daily
doses (per 1000 patient days) of fluoroquinolones, third-generation cephalosporins, ampicillin–sulbactam, and imipenem
increased by 82, 38 and 99%, and decreased by 38%, respectively; whereas, group-level resistance rates of Enterobacteriaceae
or Pseudomonas spp. changed only minimally. However, in individual patient analyses performed by multivariable proportional
hazards regression, exposure to a fluoroquinolone, third-generation cephalosporin, ampicillin–sulbactam, or imipenem was a
strong risk factor for resistance to fluoroquinolones (adjusted
hazard ratio [AHR]: 4.0; p < 0.001), third-generation cephalosporins (AHR: 3.5; p < 0.001), ampicillin–sulbactam (AHR:
2.3; p = 0.008) and imipenem (AHR: 5.7; p < 0.001). In contrast to these findings, Lopez-Lozano et al. reported a temporal
relationship between hospital imipenem use and the percentage
of imipenem-resistant/intermediate P. aeruginosa with timeseries analysis [59]. In a recent study, time-series analysis performed by Hocquet et al. revealed a significant relationship
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between antibiotic (aminoglycoside, fluoroquinolone and
cefepime) use and incidence of MexXY-OprM-overproducing
P. aeruginosa [60]. In another study performed in 47 French settings
by Rogues et al., a statistically significant relationship was found
between the rate of fluoroquinolone use and the rate of antimicrobial resistance among P. aeruginosa isolates [61]. Hsu et al. reported
that ciprofloxacin resistance and empirical use of fluoroquinolones
are predictors of mortality in patients infected with P. aeruginosa in
a case–control study [62]. Another study, performed by the same
group, also suggests that in settings where high rates of fluoroquinolone resistance exist, use of nonfluoroquinolone-based empirical
regimens for P. aeruginosa infections improves patient’s
outcomes and organism susceptibility over time [63].
Theoretically, any particular antibiotic ineffective against MRSA
will encourage its acquisition. Overall consumption of penicillins
is associated with an increase in MRSA at the group level and fluoroquinolone consumption is associated with an increase in MRSA
at the indvidual and group level [61,64].
Colonization and infection with VRE is a complicated issue that
has been associated with exposure to antibiotics that are active
against anaerobes. In mice that have intestinal colonization with
VRE, these agents promote high-density colonization; whereas,
antibiotics with minimal anti-anaerobic activity do not. Antianaerobic antibiotics with relatively enhanced antienterococcal
activity that are excreted in high concentrations in bile (e.g., piperacillin/tazobactam, with a MIC of 625 µg/ml for the VRE test
strain) may inhibit establishment of VRE colonization during
treatment in mice. Although piperacillin/tazobactam inhibits the
establishment of VRE colonization in mice when exposure occurs
during treatment, a very recent study suggests that this agent may
not prevent acquisition of VRE in patients [65–67].
Well-established data are rare with regards to the effects of antibiotics in the community setting. In a recent randomized, double-blind, placebo-controlled study, both clarithromycin and
azithromycin resulted in higher rates of pharyngeal carriage of
macrolide-resistant streptococci in healthy volunteers compared
with placebo [68]. Of note, the proportion of macrolide-resistant
streptococci was higher after azithromycin treatment compared
with after clarithromycin use.
Inappropriate antibiotic usage

Adverse drug reactions, emergence of resistant and MDR organisms and excessive strain on already limited pharmacy budgets are
major outcomes of inappropriate antibiotic use [4,69].
Inappropriate antibiotic usage is a global problem [6–9,70–72].
Etiler et al. found that 43% of antibiotic usage was inappropriate
and that the direct cost of inappropriate usage is US$996 per day
in Antalya, Turkey [7]. Inappropriate antibiotic usage was
reported as 49% in another Turkish tertiary-care educational
university hospital and 37.4% in Breda, The Netherlands [6,72].
Inapproriate and/or prolonged surgical antibiotic prophylaxis
(SAP) is an important contributor to antibiotic abuse [9,73]. Knowledge about SAP is poor among surgeons [74,75]. Inappropriate SAP
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rates are reported as 15% in USA, 72% in Sweden, 58.3% in
France and 47.7 to more than 98% in Turkey [76–81]. SAP
exceeded 1 day in 80% and 3 days in 68.2% of the 3104 patients
in a study from Taiwan [79]. Erdem et al. analyzed the SAP practice in 200 patients in a prospective study held in a Turkish State
hospital [82]. In total, 50% of 200 patients were reported to
receive inappropriate antimicrobial prophylaxis and the nosocomial infection rate was higher in the inappropriate SAP group
(p < 0.05). Cost of inappropriate SAP was US$10,000. In a study
that we performed in our cardiac-surgery intensive-care unit [81],
only 0.6% of patients received appropriate SAP (appropriate prophylaxis was defined according to criteria of advisory statement of
the American National Surgical Infection Prevention Project [83]
and only 1.8% received 1-day-long SAP). Of note, in most of the
surgery types, prolonged SAP does not have any benefit in the
prevention of nosocomial surgical-site or other infections. Controlled studies suggest a decrease in surgical-site infections when
SAP is applied in appropriate durations; however, no preventative
measure can replace good surgical technique and asepsis [83].
Microbiologic culture-based or -targeted antibiotherapy is an
important factor in decreasing inappropriate antibiotic usage
[84]. In a moderately to severely infected patient in an intensivecare unit, antibiotics are usually started empirically. If microbiologic sampling is not performed and there is no clinical
response to the initial regimen, the antibiotherapy will be
restructured on an empirical basis. If microbiologic sampling
yields a pathogen, there will be a chance to tailor the treatment
regimen to it. Besides performing cultures, physicians must follow-up the results of the cultures. If this follow-up is not performed adequately, the chance of de-escalating or escalating the
initial therapy will be missed [85].
Inappropriate antibiotic usage is common not only in the hospital setting but also in the community. Antibiotic self-treatment
is common in countries where antibiotics may be gained without
a doctor’s prescription [71]. Patients may start antibiotics by
themselves in the case of fever or common cold or to overcome
malaise, fatigue or pain. Antibiotic leftovers, especially by the
point of disappearance of the symptoms, are also common (even
in the presence of a prescription by a medical professional) [86,87].
In a multicenter study performed in ten countries [88], overall
prevalence of possession of leftovers was reported to be 51.9% in
3649 subjects who obtained antibiotics by filing for a new prescription or received them from a medical professional. The prevalence ranged between 13.5% (The Netherlands) and 90%
(China). Countries where antibiotics are dispensed in fixed
packs, rather than exact numbers of doses, had the higher prevalence of individuals possessing antibiotic leftovers. Further use
of leftover antibiotics in subsequent infection was also very
high (70% in 2252 subjects, ranging between 44.4% in
The Netherlands and 90.2% in Russia).
‘Direct-to-consumer’ advertising may also result in increased
inappropriate antibiotic usage. In the USA, direct-to-consumer
advertising has been expanded since 1997 when the US FDA
decided to ease restrictions on TV advertising. The rationale
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behind direct-to-consumer advertising is that it provides patients
with information regarding drug therapies and empowers them to
make more rational healthcare decisions. However, balance in
advertising may be lacking and an artificial demand for drugs may
be created. There is some evidence that physicians are sensitive to
requests from patients for particular medicines. As the population
of the world increases and health expenditures decrease, physicians need to see as many patients as possible in the shortest
period of time with minimal, if any, laboratory or radiologic support and they often feel compelled to prescribe antimicrobial
drugs in order to meet patient expectations [69,71,89].
Inappropriate antimicrobial usage is undoubtedly associated
with, at least to a certain degree, resistance to science. Resistance
to certain scientific ideas derives in large part from assumptions
and biases that can be demonstrated experimentally in young
children and that may persist into adulthood. In particular, both
adults and children resist acquiring scientific information that
clashes with common sense intuitions about physical and psychological domains. In addition, when learning information
from other people, both adults and children are sensitive to the
trustworthiness of the source [90]. During residency or fellowship
education, prophylaxis practice or antibiotherapy, choices regarding several clinical conditions are generally learnt from the
seniors of the trainees. The seniors, in turn, had learnt from their
seniors. Hence, acceptance of new knowledge into traditional
practice needs acceptance by at least senior members of this
teaching pyramid. Why does such an acceptance occur very
rarely (or never in several situations)? The reason maybe due to
the belief that the knowledge is not provided via ideal and ethical
methods, that is, without any scientific misconduct or simply
ignorance of scientific knowledge [90–94].
Last but not least, the active promotional efforts of the drug
companies may be influential on inappropriate antibiotic usage
[95]; Guldal and Semin reported that promotional gifts affected the
drug choice of 43.9% of physicians [96].
How to decrease antimicrobial resistance

Due to the aforementioned reasons, eradication of resistance is
impossible and development of resistance to any particular antibiotic is inevitable. Therefore, the suitable interventions may be:
• To contain and/or decrease the already existent resistance
• To prevent further emergence and spread of resistance
• To develop and produce new antibiotics that would avoid
having to be concerned about the containment of resistance
(i.e., developing less resistance and/or ensuring containment
of the resistant bacteria is relatively easy) [5]
Strategies for avoiding the emergence and spread of resistance
can comprise of four categories [5]:
• Optimal use of existing antimicrobial agents
• To use alternative treatment options, including antiseptics,
probiotics and cranberry juice (for urinary tract infection)
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• Reducing the need for antimicrobials by increasing immunity
through vaccination, improved nutrition and minimizing the
time for which a patient is immunocompromised. In a study
performed by Shinefield et al., the use of conjugated S. aureus
vaccine on hemodialysis patients resulted in a significant
decrease in S. aureus bacteremia episodes in the first 52 weeks
[97]. In another study, a mass conjugated meningococcus C
vaccine campaign resulted in a decrease in meningococcus C
disease [98]. The use of conjugated pneumococcus vaccine is
also associated with a decrease in invasive pneumococcal disease in children and adults, and with penicilin-nonsusceptible
and macrolide-resistant S. pneumoniae infections [99–103]
• Reducing the use of antimicrobials without providing an
alternative form of treatment through education of health
professionals and patients, antibiotic policies and regulation,
restricting availability [4,5]
Strategies aimed at reducing the transmission of antibiotic
resistance:
• Techniques for the early recognition of resistant microorganisms via methods such as more rapid diagnostic techniques,
surveillance systems and screening of patients and staff
• Reduction of infectivity through the use of antimicrobials
and disinfectants
• Reduction of the chance of spread by isolation of the colonized or infected cases and through improvements in hand
hygiene
• Improvements in the spacing of beds in hospitals [5]
Screening & isolation

Screening and isolating (and destroying, such as in MRSA) the
MDR organisms is an important issue that is successful both
for preventing the introduction of the resistant bacteria to the
hospital setting and decreasing the dissemination of already
entered microorganisms.
A screen–isolate–destroy strategy is effective in both endemic
and epidemic MRSA. As an impressive example for tackling
endemic MRSA, Coskun and Aytac reported that by periodical
education of hospital staff regarding infection control and hospital hand hygiene, surveillance for nasal S. aureus carriage among
surgical staff and treatment of the carriers with intranasal antibiotic ointment, use of intranasal antibiotic ointment three-times
daily for 3 days for all patients undergoing elective surgery, isolation of all patients admitted from other settings until a MRSAnegative anterior nares culture was obtained and use of chlorhexidine baths for surgical patients the night before surgery, healthcare-associated S. aureus (2.8% in 2000 to 1.3% in 2005),
MRSA rates (37.1% in 2000 to 0.8% in 2005) and expenditures for glycopeptide usage (US$243,347 in the 2000–2001
period to US$99,473 in the 2004–2005 period) decreased substantially [104]. Identification of MRSA carriers via selective
screening and subsequent isolation in an endemic setting was
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cost effective (in case of a more than 14% decrease in MRSA
infection rate without substitution by MSSA) when compared
with no screening and standard precautions. This strategy was
dominant where MRSA carriage on intensive-care unit admission
ranged between 1 and 7% [105].
What about epidemic MRSA? In a 2600 bedded Swedish setting, epidemics of MRSA-16 could be stopped by an intensive
control program that included re-admission screening of all
patients that had been hospitalized during the outbreak and
closure of the ward in the presence of more than one colonized
patient. Their strategy was cost saving after 24 months of
implementation [106].
How to screen MRSA is a popular question in medical literature. By comparing many methods with complex mathematical
models, it was concluded that taking a sample from the nose
alone and inoculating directly on to Ciprofloxacin
Baird–Parker agar without broth incubation and confirmation
by a Pastorex Staph-Plus test without any methicillin-resistance
confirmation was the most cost-effective approach in MRSA
screening [107]. Interestingly, pooling swabs from different parts
of the body was not found to increase the sensitivity and
resulted in the missing of 14% of colonized cases [108]. Detection of MRSA by the PCR assay is promising but its cost–efficiency depends on the prevalence of the microorganism. This
method for reducing MRSA transmission was found more
costly than detection by culture in a Canadian study, which had
a relatively low MRSA prevalence (monthly incidence of nosocomial MRSA colonization or infection was 0.37 cases per
1000 patient-days) [109].
Mupirocin is effective in the elimination of MRSA carriage.
Intranasal mupirocin three-times daily for 3 days before orthopedic surgery is effective in decreasing the rates of both MSSA and
MRSA surgical site infections [110] but resistance to mupirocin
both in the community and hospital remains an emerging problem [24,111]. In the study by Yildirim et al., 83.3% of MRSA and
33.3% of MSSA strains isolated from nasal or nasopharingeal
samples of school children were resistant to mupirocin [24].
Mupirocin resistance in clinical MRSA and MRCNS isolates is
also high. Vardar-Unlu et al. analyzed mupirocin resistance in
clinical isolates of MRSA and MRCNS [112]. Low-level mupirocin resistance was detected at 31.6 and 10.6% in MRSA
(n = 98) and MSSA (n = 85) strains, and at 12.1 and 2.4% in
MRCNS (n = 66) and MSCNS (n = 84) strains, respectively.
High-level mupirocin resistance was observed in 4.5 and 1.2% in
MRCNS and MSCNS, respectively, but not detected in any of
S. aureus strains tested.
What is the role of screening and isolating in decreasing ESBL+
bacteria rates? Conterno et al. found that the use of private rooms
for ESBL+ bacteria-colonized or infected patients, along with
contact precautions for patients at high risk for transmission,
contributed to outbreak prevention but had no impact on the
nosocomial ESBL incidence [113]. Routine rectal screening for
ESBL+ Enterobacteriaceae was not found to be cost effective in
settings with low prevalence of carriers upon admission [114]. If a
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center chooses to implement screening and isolation, it may be
recommended to search not only on admission but also during
the hospital stay, since the chance of being colonized by MDR
organisms is associated with length of hospitalization [115].
Recent US CDC Isolation Guidelines recommend contact precautions in settings with evidence of ongoing MDR organism
(e.g., MRSA, VRE, VISA/VRSA, ESBL producers and resistant
S. pneumoniae) transmission or in acute-care settings with
increased risk of transmission or wounds that cannot be contained
by dressings [204]. The guidelines suggest that definition of MDR
organisms may be broadened by an infection control program,
based on local, state, regional or national recommendations, to be
of clinical and epidemiologic significance.
Going back to economics, is a screen–isolate and/or destroy
strategy cost effective? When we consider the results of the studies mentioned previously, we may conclude that the answer of
this question is dependent on the background prevalence of
MDR organisms and to the degree one can decrease resistance
via these interventions [105,106,109,114]. It is worth stating that
results of economical/pharmacoeconomical studies cannot be
generalized to the whole world; hence, results of an American
study may not be valid in Turkey and vice versa and so every
country must find out its own results.
Last but not least, besides economical evaluations, potential legal
problems (varying from country to country) should also be taken
into account by infection control practitioners during decision of
whether to implement a screen–isolate–destroy strategy.
How to improve antibiotic usage

Several policies have been developed to improve antibiotic usage.
Preventing antibacterial resistance and reducing the cost are the
main goals of these policies. The ideal is to have all patients treated
with the most effective, least toxic and least costly antibiotic for the
optimal time [4,27,28,116].
For improving antibiotic usage, there are many strategies, such
as guidelines, antibiotic control committees, surveillance, feedback
of antimicrobial resistance ratios and prior authorization by an
infectious disease specialist (IDS) for selected antimicrobial agents
[27,28,116]. Antimicrobial stewardship, which consists of some of
these measures and will be detailed in the following section, is
another important strategy for improving antibiotic usage.
An IDS consultation service has an important role in the management of nosocomial infections and community-acquired infections requiring hospitalization. IDS consultations may increase
the rate of correct diagnosis, ensure appropriate antibiotic usage
and decrease the cost of the antibiotics. Antibiotics ordered by
IDSs or infectious disease trainees are less likely to be inappropriate [117–123]. It has been reported that the requirement for
approval by an IDS for the use of restricted antibiotics is the most
effective method for improving antibiotic usage [4,118].
How shall we improve TB treatment? Treatment of TB,
including MDR- and XDR-TB, is challenging and needs good
laboratory support including data of susceptibility to all first- and
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second-line treatment options. For a better and targeted treatment
for TB (and also decreased rate of MDR- and XDR-TB), we need:
• An availability of culturing;
• An availability of directly observed therapeutic strategies;
• Increased access to second-line drugs;
• Development of techniques that reveals the resistance pattern
of the bacteria without the need for culturing [15,35,124,125].
Antimicrobial stewardship

Antimicrobial stewardship is an activity that includes appropriate
antibiotic selection, dosing, route and duration of antimicrobial
therapy. The terms used to refer to antimicrobial stewardship programs may vary considerably: antibiotic policies, antibiotic management programs, antibiotic control programs and other terms
may be used more or less interchangeably. The goals of antimicrobial stewardship are to preserve the effectiveness of current antiinfective agents by reducing resistance and to improve outcomes
associated with antimicrobial use [28,116]. A secondary benefit is a
reduction in healthcare costs both from direct savings in acquisition costs and from reduced resource utilization with improved
outcomes. These terms generally refer to an overarching program
that aims to change and direct antimicrobial use at a healthcare
institution and may employ any number of individual strategies
[27,28]. Recently, the IDSA and several other organizations released
a guideline [28] for developing an institutional program to enhance
antimicrobial stewardship. The activities that are recommended in
the mentioned guideline with A-I and A-II (according to IDSA
criteria [126]) level evidence are:
• Formulary restriction and preauthorization requirement
(A-II). Carling et al. reported a sustained favorable impact of a
multidisciplinary antibiotic management program conducted
over 7 years [127]. Concomittantly, they had experienced a significant decrease in nosocomial infections caused by Clostridium difficile and resistant Enterobacteriaceae. The recent Turkish experience that was started with the enforcement of
government is also an interesting example of preauthorization
requirement in the developing world. In 2003, the Turkish
Ministry of Finance, which is responsible for payback of over
90% of the population’s health expenditures, released a new
budget application instruction for regulating the usage of
parenteral antibiotics inside and outside hospitals. The
instruction took effect on 1 March 2003. According to this
instruction, the payback of parenteral vancomycin, teicoplanin, meropenem, imipenem, piperacillin/tazobactam and
ticarcillin/clavulanate has been restricted without prior
approval of IDSs. Payback of ceftriaxone, cefotaxime, ceftizoxime, cefoperazone, ceftazidime, cefoperazone/sulbactam,
cefepime, ciprofloxacin, levofloxacin, netilmicin, amikacin
and isepamicin was unlimited, when prescribed for the first
72 h of treatment, by all specialists (except general practitioners) but further usage required IDS approval. The other antimicrobials could be prescribed without any restriction by all
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medical doctors. After this regulation, we compared 2002 and
2003 March–October periods [4] and saw that this intervention resulted in a US$540,303 (-19.6%) decrease in the total
antibiotic cost. Overall mortality was similar. Cumulative
nosocomial infection rates in four intensive-care units and two
clinics decreased significantly. When hospital-wide microbiologically confirmed nosocomial bacteremia cases during the
study period were analyzed, amoxycilline/clavulanate, ciprofloxacin, cefuroxime, cefotaxime and piperacillin/tazobactam
resistance and ESBL rate in K. pneumoniae decreased significantly (p < 0.05). Since our hospital pharmacy could not
obtain the antibiotics regularly (i.e., could not record antibiotic usage properly), we could not evaluate the changes in antibiotic use over a longer period. Nevertheless, when we evaluated the resistance patterns of hospital-wide nosocomial
bacteremia K. pneumoniae and S. aureus strains between 2001
and 2005 and compared the 2001–2002 and 2004–2005 periods [128,129], we saw that resistance to amikacin (30 and 19%,
respectively), cefuroxime (55 and 37%, respectively), amoxycillin/clavulonate (59 and 46%, respectively), piperacillin/tazobactam (51 and 39%, respectively) and cotrimoxazole
(5 and 35%, respectively) in K. pneumoniae decreased significantly (p < 0.05). The rate of ESBL+ K. pneumoniae strains
was 49% in the 2001–2002 period, while it decreased to 35%
in the 2004–2005 period (p < 0.025). The situation was not
much different for S. aureus; methicillin (70.1% in 2002 to
55.3% in 2005), levofloxacin, gentamicin, clindamycin and
erythromycin resistance decreased significantly in the
2004–2005 period. Of note, we did not implement a screen
and/or destroy and/or isolate policy in this period (except for
VRE). Immediate decrease in antibiotic consumption
[121,122,130] and antibacterial resistance in at least some of the
bacteria [122] were also shown in other studies performed in
other Turkish centers;
• Preauthorization requirement may also result in aggresive
negotiations. This system results in consultations only for
‘requesting’ antibiotics but the act of requesting sometimes
gets nearer to a state of ‘enforcing’ [123]. Arguments with the
internists (especially hematologists) and anesthesiologists
about the restriction policy in Turkey still continue [131–133];
• Multidisciplinary development of evidence-based practice
guidelines incorporating local microbiology and resistance
patterns can improve antibiotic usage (A-I) including
SAP [134];
• Combination therapy (in certain clinical contexts, including use for empirical therapy for critically ill patients at risk
of infection with MDR pathogens, to increase the breadth
of coverage and the likelihood of adequate initial therapy
[A-II]);
• Optimization of antimicrobial dosing based on individual
patient characteristics, causative organism, site of infection
and pharmacokinetic and pharmacodynamic characteristics
of the drug (A-II);
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• A systematic plan for parenteral to oral conversion of antimicrobials with excellent bioavailability, when the patient’s
condition allows, can decrease the length of hospital stay and
healthcare costs (A-I).
Of note, in institutions that use preauthorization to limit the
use of selected antimicrobials, monitoring overall trends in
antimicrobial use is thought to be necessary to assess and
respond to shifts in use. Daily defined dose (DDD) is a good
marker used for the evaluation of drug consumption and prevents the patient-number bias. For anti-infectives (or other
drugs normally used in short periods), it is often considered
most appropriate to present the antibiotic amounts as numbers
of DDDs per patient per year [4,28].
Comphrensive antimicrobial stewardship programs are cost
effective for both large and small institutions. Unfortunately, evidence-based medicine is not implemented by everybody or every
institution. Planning, devoting resources and implementing an
antimicrobial stewardship program in an orchestrated and delibarate fashion requires support from all physicians throughout
the institution and investment by the institutional administration. Administrators must have the patience to take a long view
on their investment and the character to demand nothing less
than active participation from all parties [27,28,116].
Effects of antibiotic resistance on industrial
antibiotic R&D

The main expense to the drug industry related to resistance is the
money spent on R&D on new antibiotics and, unfortunately,
there is an absolute decline in the development of new antibiotics
by pharmaceutical companies [1]. Aventis, Eli Lilly, Bristol-Myers
Squibb, GlaxoSmithKline, Proctor & Gamble, Roche and Wyeth
have greatly curtailed, wholly eliminated or spun off their antibacterial research. Not only does this threaten the development of new
drugs against existing drug-resistant pathogens, but it also undermines the capacity to respond rapidly to the threat of emerging
infectious diseases. Developing an antibiotic is not cheap; the US
Department of Health and Human Services provided an estimate
based on 2002 data of US$1.7 billion [135,136].
Drug companies choose areas of investment by a parameter
known as net present value (NPV). The NPV of antibiotics is not
high. A typical NPV for an antibiotic would be 100, compared
with 300 for an anticancer drug, 720 for a neurological drug and
1150 for a muscular–skeletal drug. Any drug with a NPV of less
than 100 is unlikely to be progressed by a large pharmaceutical
company, so antibiotics really are on this borderline [135,136].
The fact that antibiotics are short-course therapies curing
their target disease and are low-priced generics is important in
contributing to their low NPV [1,135]. The emergence and
spread of antimicrobial resistance (which require continuous
R&D of antibiotics) also decrease the NPV of antibiotics.
Increasing stringency of antibiotic restrictions (including the
need for antibiograms [which are not usually available in primary practices] before prescribing [Greece], local guidelines
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leading to the omission of newer antibiotics from hospital formularies [UK], quotas for generic substitutions and parallel
imports [Germany], prior authorization by IDSs [Turkey]) may
decrease the total antibiotic consumption (as well as bacterial
resistance) and results in a decreased NPV. Therefore, there is a
direct conflict between the two aims of antibiotic management:
on the one hand, to restrict the use of these agents to prevent the
spread of resistance and, on the other, a call for the development
of new agents to fight resistant strains [1,4,135].
Market restriction stifles innovation and investment; fewer
antibiotics are developed, leaving us more dependent upon
existing agents that may no longer be maximally effective. An
increased dependency on a reduced number of antibiotics may
also accelerate the development and spread of resistance to
these agents [136].
It is worth stating that no government has successfully discovered and developed an antibiotic and it is unlikely that any public body would have the resources or technical ability to do so.
Thus, we are essentially dependent on the pharmaceutical industry to provide us with new antimicrobial agents and there needs
to be a dialogue between stakeholders, including a balance
between public health/clinical needs and commercial realities of
drug R&D [1,135,136].
Expert commentary

Antibacterial resistance is inevitable. It exists and will go on existing. Antibacterial resistance is not always but usually associated
with higher morbidity, mortality and excess costs. Depending on
country, the excess cost related to resistant bacteria may be due to
higher antibiotic acquisition costs and/or longer duration of hospitalization and/or extended medical examinations and/or control measures implemented to control the MDR organism. Current methodologies in the cost analysis of antimicrobial
resistance have several limitations. Drug and especially antibiotic
acquisition costs, in addition to increased length of stay, are
widely and well-described parameters; however, control measures,
impaired hospital activity and reputation, litigation, morbidity
and attributable mortality are poorly described.
Inappropriate antibiotic usage is an important contributor to
antimicrobial resistance. The ideal is to have all patients treated
with the most effective, least toxic and least costly antibiotic for
the optimal time. In a particular indication, the treatment
options usually have similar clinical efficacy; hence, using the
most cost-effective antibiotic with the least resistance-inducing
capacity is of critical importance. Shall we always use narrowspectrum molecules rather than broad-spectrum ones? The
answer probably depends on the basal resistance status of the
setting, the syndrome we treat and the clinical presentation of
the patient. In a severely infected patient presenting with meningitis, sepsis, endocarditis or intensive-care unit-acquired
pneumonia, the initial regimen may be broad spectrum. In
these syndromes delayed appropriate therapy (after the 48 h
spent developing results of bacteriologic cultures) may have
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fatal results. In contrast to these diseases, a narrow-spectrum
antibiotic may be started in a case with noncomplicated urinary
tract infection, pharangitis or sinusitis [49].
Antibiotic stewardship activities and/or antibiotic restriction
policies and consultations performed by IDSs improve antibiotic consumption, and this improvement results in less antimicrobial resistance, at least in some of the MDR bacteria. Multidisciplinary development of evidence-based practice
guidelines, optimization of antimicrobial dosing based on individual patient characteristics, causative organism, site of infection, pharmacokinetic and pharmacodynamic characteristics of
the drug and a systematic plan for parenteral to oral conversion
of antimicrobials with excellent bioavailability, when the
patient’s condition allows, are important and effective interventions to decrease the length of hospital stay and healthcare
costs. Implementation of universal infection control measures
with strict application of screening and isolation (and destroy
whenever possible) are the other effective interventions for
tackling MDR bacteria.
Five-year view

Microorganisms will continue developing and spreading resistance and patients will continue dying due to antibiotic-resistant
microorganisms. Since resistant microorganisms do not recognize country boundaries, antibacterial resistance will continue
to be a global problem.
Although there are promising agents, such as linezolid, tigecycline, quinopristin/dalfopristin, oritavancin, telavancin, dalbavancin, daptomycin and ceftobiprole, for treating MDR
Gram-positive organisms [50], the situation is not the same for
Gram-negative organisms and TB [15,51,137]. One of the most
valuable and important contemporary Turkish writers and philosophers Cetin Altan states “do not hang your heads in sorrow, the world never goes to the bad” [205]. As MDR- and
XDR-TB and pandrug-resistant Gram-negative organisms
increase in prevalance (at the cost of countless lives), the NPVs
of both areas will increase and then the drug industry will start
to deal with the subject more eagerly.
Drugs such as fosfomycin and colistin will probably be
researched more with regards to their possible use in treating
MDR Gram-negatives. Large randomized trials are usually
performed only by the support of the industry but these
drugs do not have much industrial support. Probably, funders
of independent research (e.g., the NIH, EU and governments) will give more support to the research of these old and
important drugs.
The importance of phage therapy and associated research may
increase proportionately with the incidence of pandrug-resistant
microorganisms. Although it may be considered a kind of individualized therapy and may need complex technical equipment,
the cost of phage therapy was found to be less than vancomycin,
linezolid, teicoplanin and quinopristin/dalfopristin in the
treatment of staphylococcal infections [138].
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At present the data in the epidemiology and control measures
of MRCNS are scarce. This subject will probably be evaluated
more comprehensively.
The importance of translational research (which describes
research that tries to convert the advances in our understanding
of genetic and biochemical processes, which may represent
valid pharmaceutical targets, into screening assays against
which large compound libraries can be rapidly tested for activity with the aim of identifying candidate drugs) will increase.
These compound libraries and the large-scale ultra-highthroughput screening facilities, which are generally sited within
large R&D pharmaceutical companies, will decrease the cost of
developing new antimicrobials [135,136,139].
The number of countries implementing antibiotic-restriction
policies will increase. The epidemiology of resistance will be studied more frequently in the level of plasmids or transposons or
hypermutables. Methods and, maybe, drugs or compounds (such
as ethidium bromide, acridine orange, acriflavine, surface-active
compounds [e.g., sodium dodecyl sulphate], several tricyclic
antipsychotic drugs and their derivatives for plasmids [140]) will be
sought to decrease their spread. In addition, research on bacteria
in the soil that have the ability to use many of the currently used
antibacterials as carbon suppliers [141] may increase.
The resistance-inducing capacity of antibiotics will be analyzed more comprehensively and this parameter will probably

be a major factor in the choice and marketing of antibiotics
(especially among antibiotics with similar clinical efficacy).
Investments on infection control measures and pediatric–adult vaccination will increase in countries where human
life is of value and where the fact that letting people become
infected or die is not as cost effective as treating them gets
generalized acceptance.
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Key issues
• Microorganisms will keep on developing and disseminating resistance as an opposite reaction to antimicrobials in accordance with the
laws of physics, evolution and natural selection.
• Multidrug-resistant bacterial infections comprise a great problem both in community-acquired and healthcare-associated infections.
• Antibiotic resistance is usually associated with significant morbidity, longer hospitalization, excess costs and mortality.
• Excess costs associated with resistant microorganisms may be due to obligation to use more expensive antibiotics, longer hospital stay,
higher mortality, delayed appropriate antibiotic therapy and more common necessity to perform surgery.
• Optimal use of existing antimicrobial agents, using alternative treatment options (where possible), reducing the need for antimicrobials
by increasing immunity, reducing the use of antimicrobials without providing an alternative form of treatment by education of health
professionals and patients, antibiotic policies (regulations for restricted use, prior authorization by infectious disease specialists for
certain antibiotics), implementation of infection control measures (such as hand washing), screening and isolation are the strategies
aimed at prevention of emergence and spread of antibiotic resistance.
• Since the net present value of antibiotics is not high, the drug industry does not invest much in antibiotics. No government has
successfully discovered and developed an antibiotic, thus, we are dependent on the pharmaceutical industry to provide us with new
antimicrobial agents and there needs to be a dialogue between stakeholders on how this can best be achieved.
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