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A Systematic Review on Prevention of Methicillin-Resistant 
Staphylococcus aureus Infection by Pre-Admission Screening: 
The Cost Effectiveness and Practicality

ABSTRACT
Background: Methicillin Resistant Staphylococcus aureus (MRSA) is a 
common source of nosocomial infection, which is spreading through the 
community and hospitals across the countries. The performance of screening  
program really needs major effort related to laboratory capacity and ethical  
consideration, among other costly components. Significant literature research  
was conducted to review the cost, effectiveness and practicality of diffe
rent methods of preadmission MRSA screening in the hospital setting.  
A systematic literature review was conducted with search strategy using the 
PubMed Medline, Scopus and the Science Direct databases. The relevant 
data was abstracted from all studies based on various countries which in 
line with the finalized eligibility criteria. Results: PCR method was reported 
to have high sensitivity with low turnaround time as compared to culture 
method. A review of selected studies found the increasing annual costs 
of screening from standard culture, chromogenic agar to rapid PCR. In the 
meantime, other studies reported the total costs for labor and materials  
was lower for rapid PCR screening compared to culture methods. The  
culturing method offers a high level of variability due to time consumption 
and additional costs. Whereas PCR was reported as advantageous in term 
of saving time to identify MRSA positive patients, which involved isolation, 

thus increase the effectiveness of screening programs. It can pick up false 
negative results by conventional methods in the early condition of disease. 
Conclusion: Most studies verified that PCR is the most accurate method 
for detection of MRSA with Xpert MRSA having the best performance. 
Otherwise, oxacillin agar screen was revealed as a good alternative method  
to PCR. Targeted screening on high risk patients using rapid PCR may 
be the best choice to be implemented, in order to balance the economic 
and practicality of screening. We recommend that further clinical studies 
should be done to provide a sharp evidence of MRSA screening.
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INTRODUCTION
A common source of nosocomial infection is spreading through the  
community and hospitals across the countries.1,2 This particular of  
superbug is called Methicillin Resistant Staphylococcus aureus (MRSA) 
has been found in the nose, throat, axillae, groin and perineum of a person,  
in surgical patients and patients with a catheter and intravenous lines.3 
Previous studies have shown that ineffective antimicrobial therapy will 
lead to excess mortality and significantly prolonged hospitalization.4-6 

Hospital acquired infections increases morbidity, mortality and health 
care costs.7 There was a little research regarding the cost implications 
of implementing MRSA screening programs.8-11 The performance of  
screening program really needs major effort related to laboratory capacity  
and ethical consideration, among other costly components.12 Though 
some studies find ambiguous effects of MRSA infection, these findings 
may provide useful answers in balancing the potential economic costs 
and benefits of pre-admission screening as one of the control measures. 
Selected parameters that are considered to be significant are summarized.  
A selection of these factors is identified as an overview using a systematic  
literature research. The objective of this study is to review the cost and  
effectiveness of different methods of pre-admission MRSA screening with 
respect to the cost, practical and ethical issues concerning the screening 
to be implemented in Malaysia. This study was conducted in particular 
to review in hospitals setting and to find possible solutions to potential  

problems that may arise from the implementation of the MRSA screening.  
This study aims to bring up adequate evidence-based information on the 
cost and effectiveness of the testing. 

MATERIALS AND METHODS
Data Sources and Search Strategy: A systematic literature review  
regarding the implementation of pre-admission screening of MRSA was 
conducted after the ethical approval from Medical Research and Eth-
ics Committee of Malaysian Ministry of Health (MREC: NMRR-14-
1539-20975). The search strategy included electronic database searches  
using keyword and text word combinations in the PubMed Medline  
database (1-1-2005-28-2-2015), the Scopus (1-1-2005-28-2-2015) and 
the Science Direct (1-1-2005-28-2-2015) which were organized using 
Revman Software. The search terms included “MRSA screening” and 
“cost” or “MRSA screening” and “cost comparison” or “MRSA screening”  
and “economics” or “MRSA” and “economics” or “MRSA” and “cost com-
parison” or “MRSA” and “cost”.
Study Selection: Inclusion and exclusion criteria were applied to the 
exploratory search of the literature. No limitations were placed on  
geographical location. Generally, the irrelevant titles and abstracts were 
excluded, and the potentially eligible articles were retrieved with full text 
for a detailed assessment. The specific criteria for a systematic literature 
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research included irrelevant comparator, irrelevant and inappropriate 
studies or outcome. Meanwhile, the selection date was limited to, ar-
ticles published between 2005 and onwards. The duplicate record stud-
ies were also excluded. The remaining eligible articles were included in 
the review after double filter screening. More emphasis was placed on 
studies that were well designed and aligned with the specific objectives. 
The primary outcome chosen was the comparison of polymerase chain 
reaction (PCR) and culture for the pre-admission screening of MRSA. 
The relevant data was abstracted from all studies which in line with the  
finalized eligibility criteria. A flow diagram (Figure 1) illustrates the  
process used to select the final review. 

RESULTS
Study Characteristics: The literature review resulted in 47 studies, which 
met all inclusion and exclusion criteria. Selected studies were identified 
from various countries, such as England, India, Iran, Germany, Canada, 
United Kingdom, Spain and United States. Generally, most of the studies 
emphasized on the cost effectiveness of MRSA screening implementation.  
37 studies focused on the most reliable methods, either rapid test, poly-
merase chain reactions or conventional culture methods. In specific,  
8 studies were investigating the performance of culture methods, 9 studies  
were investigating the performance of PCR methods, and 20 studies were 
comparing the performance of culture and PCR methods. Other than 
that, 21 studies focused on the most effective screening policy, either 
universal or targeted screening. In specific, 8 and 13 studies were found 
to investigate universal and targeted screening, namely the risk patients 
for MRSA. Others focused on the practicality and ethicality of MRSA  
screening, which involved clinically valuable, eligibility, patients’ accep-
tance and experience. Several studies, designs were identified which 
are quite different. There were prospective and retrospective study, case 
control, cross sectional, observational, decision analytic models, review 
and systematic analysis which involved comparative and convenience 
samples. The health economic studies include used of analytical methods 
such as decision tree analysis, decision modeling tree, decision analytic 
model, the micro-costing approach of Markov models and retrospective 
cost calculations. Eleven studies were identified which provided infor-
mation about costs per MRSA case. All of these studies reviewed direct 
and indirect costs of MRSA screening, including the laboratory costs, 
supplies and products, isolation costs and additional costs for the pro-
longed length of hospital stay. The compilation of studies which provides 
the characteristics of MRSA screening in global settings (Table 1).
Performance Criteria of Screening Methods: Emergence of technology 
has revolved the transformation in scientific methods. This explains the 
revolution of screening methods from conventional culture into rapid  
polymerase chain reaction. The performance of both screening methods  
(PCR and culture) which consist of sensitivity, specificity and turnaround 
time from selected studies (Tables 2 and 3). Based on studies that inves-
tigated culture methods (Table 2), the averages sensitivity and specific-
ity were 94.03% and 94.5% respectively. Mean turnaround time was as-
sumed to be 48-72 hours as it was not reported in several studies. Oxacillin  
E-test has been one of the highlighted conventional culture methods 
with the highest specificity and sensitivity of 100% value.40 Cefoxitin disk 
diffusion and oxacillin screen agar test were also reported to have 100% 
value for specificity and sensitivity.39 The lowest sensitivity and specificity  
for conventional culture methods were chromogenic agar (83%) and 
oxacillin disk diffusion (56%) respectively.12,32 Furthermore, studies that 
investigated PCR methods (Table 3) reported that the averages sensitivity  
and specificity were 94.0% and 96.8% respectively. Mean turnaround 
time was identified by an average of 20 h. The highest value was deter-
mined by the study with 100% value for both sensitivity and specificity 
by using Multiplex PCR methods.14 The low sensitivity and specificity of 

PCR methods were Xpert MRSA assay with 75% and Quantitative PCR 
with 91%.12,43,44 According to another study “PCR for mecA gene is the 
best method for detecting methicillin resistance in S. aureus with respect 
to accuracy, sensitivity, specificity, speed, and cost effectiveness”.37

Costs Effectiveness
Overall costs regarding MRSA screening were abstracted from selected 
studies and represented (Table 4). Generally, the average costs for each 
study were different resulting from international settings, which based 
on wide-ranging currencies, exchange rates, years of investigations, the  
total mean of patients monthly or annually and different methods  
employed. Cost evaluations of conventional methods and rapid PCR 
were focused in this systematic review. Based on one study, annual 
costs of MRSA screening were increasing from standard culture, chro-
mogenic agar to rapid PCR, which were US$126,788 (RM388,562.24), 
US$135,906 (RM416,505.81) and US$192,709 (RM590,587.75), respec-
tively.35 The total of expenses includes laboratory supplies, laboratory 
technician time, nurse collection time, costs per test, variable costs of 
tests overhead and management. The expected costs of the intervention 
per admitted hospital patient were also increased from standard culture, 
chromogenic agar to rapid PCR, which were $22.22 (RM68.10), $23.33 
(RM71.50) and $30.20 (RM92.55).35

Another study reported that the cost of preventing one MRSA infection 
by introducing conventional culture screening policy was measured to 
be £3200 (RM20,818.44) in England with additional costs that achieved 
£13 972 (RM90,898.53) per patient to treat MRSA infection.34 The other 
requirements involved the costs of the length of prolonged admission.34 
One more study calculated the total costs of labor and materials was  
lower for rapid PCR screening with cost of US$3.74 (RM12.37), com-
pared to conventional culture methods which cost US$4.90 (RM16.20) 
for oxacillin disk diffusion, US$13.76 (RM45.50) for E-tests oxacillin 
and US$5.91 (RM19.54) for MRSA screen latex.14 The cost avoidance of 
unnecessary isolation of US$108,940.08/year (RM357,216.98) was ob-
tained with total annual cost savings of US$101,230.21 (RM331,936.14)  
resulting from screening program implementation. Screening of all admis-
sions would become cost-effective if at least a quarter of patients screened 
were MRSA-positive.45 Implementation of MRSA screening by automat-
ed PCR was estimated to save a total of €7.3 million (RM13,897,000.98) 
in hospital costs for patients over the years 2006 to 2009.47 Anoth-
er research investigated the costs of targeted screening in high risk 
units using rapid PCR and identified that monthly costs of screening  
program was US$3,475 (RM13,132.95).17 They found the cost avoid-
ance of $19,714/month (RM74,504.45) for ICUs after implementation of 
screening.17 Meanwhile, an alternative study suggested targeted screening  
using conventional culture screening program with the annual cost of 
€10261 (RM274.95).22 The economic burden caused by MRSA infections 
achieved €101,000/year (RM2,706.34) with the mean estimated the cost 
of a single infection of €2730 (RM73.16). The costs include the infec-
tion control nursing (infection control nursing for patients screened and 
visits to patients in isolation), screening and follow-up cultures, isolation 
and decolonization procedures (staff contacts with gloves and gown).22 
A review study explored that universal MRSA screening strategies are 
far expensive than the targeted screening approaches. But, all targeted  
screening strategies turn out lower costs than not performing a screening  
at all.42 The same outcome was also determined by another study stated  
that screening all patients at high risk units and those previously  
detected with MRSA or screening of flagged patients only bring the cost 
effectiveness in hospital viewpoint.26

Practical and Ethical Issue: Culturing method offers a high level of vari-
ability due to time consumption and additional costs. Whereas PCR was 
reported as advantageous in term of saving time to identify MRSA pos
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Figure 1: The Flow Diagram for Study Selection Process.
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Tubbicke et al, 2013 42 Cost comparison of MRSA screening and 
management – a decision tree analysis

Universal MRSA screening strategies are far more cost-
intensive than the targeted screening approaches. All 

targeted screening strategies produce lower costs than not 
performing a screening at all. A combination of PCR and 
culture method or performing the MRSA test via PCR is 

advantageous in comparison to the application of the culture 
method alone.

Uckay et al, 2008 43

Effect of Screening for Methicillin-Resistant 
Staphylococcus aureus Carriage by Polymerase 
Chain Reaction on the Duration of Unnecessary 

Preemptive Contact Isolation 

The replacement of culture on chromogenic agar with rapid 
quantitative polymerase chain reaction for readmission 

screening reduces the number of unnecessary preemptive 
isolation-days and related costs for patients who test 

negative for MRSA.

Wassenberg et al, 2010 44

Rapid screening of methicillin-resistant 
Staphylococcus aureus using PCR and 

chromogenic agar: a prospective study to evaluate 
costs and effects

Rapid diagnostic testing safely reduces the number of 
unnecessary isolation days, but only chromogenic screening, 

and not PCR-based screening, can be considered as cost 
saving.

Wernitz et al, 2005 45

Cost analysis of a hospital-wide selective 
screening programme for methicillin-resistant 
Staphylococcus aureus (MRSA) carriers in 

the context of diagnosis related groups (DRG) 
payment

The screening programme became cost-effective at a low 
MRSA incidence rate, meaning that it can be recommended 

for most hospitals with an MRSA problem.

Wolk et al, 2009 46

Comparison of MRSA Select Agar, CHROMagar 
Methicillin-Resistant Staphylococcus aureus 
(MRSA) Medium, and Xpert MRSA PCR for 

Detection of MRSA in Nares: Diagnostic Accuracy 
for Surveillance Samples with Various Bacterial 

Densities 

In active-surveillance convenience sample, the use of broth 
enrichment followed by subculture to MS offered a low-cost 
but sensitive method for MRSA screening, with performance 

similar to that of Xpert MRSA PCR.

tive patients, which involved isolation, thus increase the effectiveness of 
screening programs.33 PCR can pick up false negative results by conven-
tional methods in the early condition of the disease. It could accurately  
detect the presence of mecA gene rapidly with only 5 hours of bacterial 
isolation. Whereas, the time taken in diagnosing MRSA by the conven-
tional method is 48-72 hours, which is twice longer than PCR method.37 
In order to identify the best solution that leads to cost benefit in terms 
of practicality and ethicality, an MRSA screening program should be re-
evaluated by the DOH. The MRSA screening program should accom-
plish the ideal screening criteria set out by Wilson and Junger (WHO 
1968).15 The University Hospitals of Leicester NHS Trust develop MRSA 
policy in October 2003 to manage and reduce the increasing incidence 
of MRSA among trauma patients. The plans involved deep cleaning of 
wards, staff education program and providing alcohol gel dispensers in 
each patient’s bed.34 Moreover, screening swabs should be taken from mul-
tiple sites in order to enhance the performance. PCR was reported to have 
a tendency to yield false-positive rates compared to culture method. Due to 
this, quality assurance systems should be taken to maintain the reliability 
of results.21

A research found that almost half percentage patients that were admitted  
to MRSA contact isolation did not favor the isolation and quarter of  
them resulting in having emotional distress.25 In order to improve patients  
experience and reduce costs, their studies suggested that screening with 
isolation should be done by targeting patients with a history of MRSA 
only. Several responses were recorded from patients, included feeling 
contaminated, inconvenient and uncomfortable. Patients that suffer 
emotional distress believe that isolation disturbed the privacy, and their  
rights were limited. In addition, some of them find that they have different  
treats from nurses and fewer visitors because of the gap restriction, 
which increase the level of uncertainty of their MRSA status.25

DISCUSSION
The practicality and cost effectiveness of different MRSA screening 
methods have become an extended debate in the medical area. The 
emergence of technology, conventional methods were mostly replaced  
by rapid screening PCR. However, the traditional method was still  
preferred in the first place for certain area worldwide. The main causes 
of the debate include the accuracy, turnaround time, cost per test, overall 
costs and workforce availability. Another study found that the high cost 
of PCR can be neutralized and cost effective in higher prevalence settings 
of MRSA.12 The cost of workload per PCR can be decreased by increasing  
the daily number of MRSA screening tests. Even the whole costs for PCR 
greatly exceed the cost of the conventional method; it is revealed as the 
best option.37

PCR methods were said to have excellent sensitivity and specificity with 
minimum time to obtain results of 2 hours. Alternatively, conventional 
method maintained popularity as it offers, lower costs compared to PCR. 
Direct agar cultures were reported as relatively insensitive in comparison to  
PCR. Broth enrichment cultures were required to improve sensitivity.48-51  
Another study suggested that the addition of enrichment culture for  
culture method.64 In the meantime, advancement would lead the increa-
sing of TAT, while a PCR method was able to perform well without 
enrichment or any extraction.65,66 Most studies verified that PCR is the 
most accurate method for detection of MRSA.52-56 Otherwise, oxacillin 
agar screen was revealed as a good alternative method to PCR. It was 
proved to have high sensitivity and specificity for detection of MRSA 
with reasonable economic reasons. The results were confirmed with 
those of other studies that used the presence of the mecA gene as the 
“gold standard’’.3,13,15,20,22,29,33 Any laboratory performing tests for MRSA 
needs to weigh up the patient benefit in relation to MRSA prevalence and 
the advantage of rapid results”.20

Another research stressed that two parameters which must be taken seri-

Table 5: Outcome of MRSA Screening
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ously to choose the reasonable screening strategy were MRSA prevalence 
and rate of MRSA of transmission per day of non-isolated patients.42 
Transmission rates of MRSA were reported to be higher in isolation 
compared to vice versa. “The costs that carried by isolation include 
personnel protective equipment for workers and visitors (extra gowns,  
gloves, masks, and caps, cleaning costs and time for nurses and physicians 
attributable to isolation precautions)”.41 “The use of PCR resulting in a 
reduction of a median 4 isolation days per patient, which directly reduce 
costs for previous MRSA carriers that tested positive at readmission“.43

In this new era, quality of time has been a high demand. PCR method 
was said to have clear boundaries compared to culture methods with the 
advancement of turnaround time which balanced the high costs. The 
number of inappropriate isolation days (nursed patients under MRSA 
precautions, but were not MRSA positive on admission) was lower in 
rapid screening PCR compared to culture method. Whereas, the inap-
propriate open days (patients not under MRSA precautions, but MRSA 
positive on admission) were also lower for PCR compared to conven-
tional method.67 Xpert MRSA was said to have the best performance, 
which reduces isolation hours, followed by BD Gene Ohm MRSA and 
doubled duration with chromogenic agar (30 hours versus 16.1 hours).44

Our systematic review consists of several limitations. First, the costs 
were varied for different studies. Some studies were limited to direct 
costs and indirect costs. Several studies calculate costs based on annual 
and monthly costs, which involved different scopes of patients. Studies  
from a wide-ranging countries provide different perceptions in analyzing  
costs. Second, the selection of studies was conducted independently, 
which include different qualities. Publication bias might occur due to a 
large number of poor quality studies. However, the studies were already  
filtered with some stages in order to maintain the reliability of this review.
Indeed, the costs of MRSA screening using PCR are much higher than 
the costs of traditional culture. However, the higher costs clearly out-
weigh the clinical and economic benefits of saving time.47 The outcome 
and effectiveness of MRSA screening from several studies were clearly 
summarized (Table 5). Based on the holistic review, our findings provide 
that PCR offers an excellent package of maintaining high sensitivity and  
specificity throughout the process, with lower turnaround time and  
isolation days. As a conclusion, targeted screening using rapid PCR may 
be the best choice to be implemented in Malaysia. The targeted screening 
of high-risk patients is a good strategy in order to balance the economic  
and practicality of testing due to demand for cost effectiveness. This  
research recommends that further clinical studies should be done in  
Malaysia, to provide a definite evidence of MRSA screening.

CONCLUSION
As a conclusion, targeted screening using rapid PCR may be the best 
choice to be implemented in the hospital setting. Due to the demand of 
cost effective, targeted screening of high risk patients is a good strategy 
in order to balance the economic and practical of screening. We recom-
mend that further clinical studies should be done to provide a sharp  
evidence of MRSA screening.

ACKNOWLEDGEMENT
This study was funded by RACE Grant by Ministry of Higher Education, 
Malaysia. 

COMPETING INTERESTS
Authors possesses no competing interest. Authors have no financial 
competing interests with a person, institution or company.

ABBREVIATIONS

MRSA: Methicillin-Resistant Staphylococcus aureus; PCR: Polymerase 
Chain Reaction; NHS: National Health Service; ICU: Intensive care unit.

REFERENCES
1. Todar K. Todar’s Online Textbook of Bacteriology. http://www.textbookofbacteri

ology.net/ Accessed 25 August 2013.
2. Heyman DL. Control of Communicable Diseases Manual. 20th ed. Washington 

American Public Health Association (APHA) Press, 2014. 
3. Alemu A. Screening for MRSA. Nursing Standard. 2011; 25: 59. 
4. GarnachoMontero J, OrtizLeyba C, HerreraMelero I, AldabóPallás T, 

CayuelaDominguez A, MarquezVacaro JA, et al. Mortality and morbidity  
attributable to inadequate empirical antimicrobial therapy in patients admitted 
to the ICU with sepsis: a matched cohort study. J Antimicrob Chemother. 
2008;61(2):43641. 

5. Kuti EL, Patel AA, Coleman CI. Impact of inappropriate antibiotic therapy on 
mortality in patients with ventilatorassociated pneumonia and blood stream 
infection: a metaanalysis. J Crit Care. 2008;23(1):91100. 

6. Schramm GE, Johnson JA, Doherty JA, Micek ST, Kollef MH. Methicillinresistant  
Staphylococcus aureus sterilesite infection: the importance of appropriate  
initial antimicrobial treatment. Crit Care Med. 2006;34(8):206974.

7. Grundmann H, AiresdeSousa M, Boyce J, Tiemersma E. Emergence and 
resurgence of methicillinresistant Staphylococcus aureus as a public health 
threat. Lancet. 2006;368(9538):87485.

8. Keshtgar MR, Khalili A, Coen PG, Carder C, Macrae B, Jeanes A, et al. Impact 
of rapid molecular screening for methicillinresistant Staphylococcus aureus in 
surgical wards. Br J Surg. 2008;95(3):3816. 

9. Conterno LO,  Shymanski J,  Ramotar K,  Toye B,  van Walraven C,  Coyle D, 
et al. Realtime polymerase chain reaction detection of MRSA: impact 
on nosocomial transmission and costs. Infect Control Hosp Epidemiol. 
2007;28(10):113441.

10. Noskin GA, Rubin RJ, Schentag JJ, Kluytmans J, Hedblom EC,  Jacobson C,  
et al. Budget impact analysis of rapid screening for Staphylococcus aureus 
colonization among patients undergoing elective surgery in US hospitals. Infect 
Control Hosp Epidemiol. 2008;29(1):1624. 

11. Buhlmann M, BogliStuber K, Droz S, Mühlemann K. Rapid screening for carriage  
of MRSA by PCR and associated costs. J Clin Microbiol. 2008;46(7):21514.

12. Murthy A, De Angelis G, Pittet D, Schrenzel J, Uckay I, Harbarth S. Costeffec
tiveness of universal MRSA screening on admission to surgery. Clin Microbiol 
Infect. 2010;16(12):174753.

13. Adaleti R, Nakipoglu Y, Karahan ZC, Tasdemir C, Kaya F. Comparison of poly
merase chain reaction and conventional methods in detecting methicillinresistant 
Staphylococcus aureus. J Infect Dev Ctries. 2008;2(1):4650.

14. Akpaka PE, Kissoon S, Rutherford C, Swantson WH, Jayaratne P. Evaluation of 
methods and costs for detecting methicillin resistant Staphylococcus aureus 
isolates from clinical specimens at regional hospitals in Trinidad and Tobago. 
West Indian Med J. 2008;57(1):247.

15. Barkatali BM, Heywood N, White R, Paton RW. MRSA screening in orthopedic 
surgery: clinically valuable and cost effective? A prospective analysis of 8,867 
patients. Acta Orthop Belg. 2013;79(4):4639. 

16. Boyce JM, Havill NL. Comparison of BD GeneOhm methicillinresistant Staphy-
lococcus aureus (MRSA) PCR versus the CHROMagar MRSA assay for screening  
patients for the presence of MRSA strains. J Clin Microbiol. 2008;46(1):3501. 

17. Clancy M, Graepler A, Wilson M, Douglas I, Johnson J, Price CS. Active screen
ing in highrisk units is an effective and costavoidant method to reduce the rate 
of methicillinresistant Staphylococcus aureus infection in the hospital.  Infect 
Control Hosp Epidemiol. 2006;27(10):100917.

18. Creamer E, Humphreys H. The Value of Universal versus Targeted Screening for 
MethicillinResistant Staphylococcus aureus among Admission Patients. Infect 
Control Hosp Epidemiol. 2012;33(1):1023. 

19. Cunha BA, Schoch P, Abruzzo ED. Clinicaland costineffectiveness of targeted  
methicillinresistant Staphylococcus aureus screening of highrisk patients 
admitted to a lowprevalence teaching hospital. Am J Infect Control. 2013; 
41(11):11378. 

20. Danial J, Noel M, Templeton KE, Cameron F, Mathewson F, Smith M, et al. 
Realtime evaluation of an optimized realtime PCR assay versus Brilliance chro
mogenic MRSA agar for the detection of methicillinresistant Staphylococcus 
aureus from clinical specimens. J Med Microbiol. 2011;60(Pt 3):3238. 

21. French GL. Methods for screening for methicillinresistant Staphylococcus  
aureus carriage. Clin Microbiol Infect. 2009;15(Suppl 7):106.

22. Gavalda L, Masuet C, Beltran J, Garcia M, Garcia D, Sirvent JM, et al. Compara
tive cost of selective screening to prevent transmission of methicillin resistant 
Staphylococcus aureus (MRSA), compared with the attributable costs of MRSA 
infection. Infect Control Hosp Epidemiol. 2006;27(11):12646.

23. Giese A, Bous J, Werner S, Lemm F, Wilhelm M, Henning BF. Postponing elective  
hospitalizations for preadmission MRSA screening and decolonization. A study 
evaluating eligibility and acceptance among patients of a German university 
hospital. Int J Hyg Environ Health. 2013;216(2):12631. 



Cost-effectiveness of Prevention of MRSA

Systematic Reviews in Pharmacy, Vol 7, Issue 1, Jan-Dec, 2016 19

24. Girou E, Azar J, Wolkenstein P, Cizeau F, BrunBuisson C, Roujeau JC. Comparison  
of systematic versus selective screening for methicillinresistant Staphylococcus 
aureus carriage in a highrisk dermatology ward. Infect Control Hosp Epidemiol. 
2000;21(9):5837.

25. Goldsack JC, DeRitter C, Power M, Spencer A, Taylor CL, Kim SF, et al. Clinical,  
patient experience and cost impacts of performing active surveillance on 
known methicillinresistant Staphylococcus aureus positive patients admitted 
to medicalsurgical units. Am J Infect Control. 2014;42(10):103943.

26. Gurieva T, Bootsma MCJ, Bonten MJM. Cost and effects of different admission 
screening strategies to control the spread of methicillinresistant Staphylococcus  
aureus. PLoS Comput Biol. 2013;9(2):e1002874. 

27. Hombach M, Pfyffer GE, Roos M, Lucke K. Detection of methicillinresistant 
Staphylococcus aureus (MRSA) in specimens from various body sites: perfor
mance characteristics of the BD GeneOhm MRSA assay, the Xpert MRSA  
Assay, and BrothEnriched Culture in an Area with a low prevalence of MRSA 
infections. J Clin Microbiol. 2010;48(11):38827. 

28. Hübner C, Hübner NO, Kramer A, Fleßa S. Costanalysis of PCRguided pre
emptive antibiotic treatment of Staphylococcus aureus infections: an analytic 
decision model. Eur J Clin Microbiol Infect Dis. 2012;31(11):306572.

29. Huletsky A, Lebel P, Picard FJ, Bernier M, Gagnon M, Boucher N, et al. Identi
fication of methicillinresistant Staphylococcus aureus carriage in less than 1 h 
during a hospital surveillance program. Clin Infect Dis. 2005;40(7):97681.

30. Kang J, Mandsager P, Biddle AK, Weber DJ.  Costeffectiveness analysis of  
active surveillance screening for methicillinresistant Staphylococcus aureus in 
an academic hospital setting. Infect Control Hosp Epidemiol. 2012;33(5):47786.

31. Leonhardt KK, Yakusheva O, Phelan D, Reeths A, Hosterman T, Bonin D, et al. 
Clinical effectiveness and cost benefit of universal versus targeted methicillin
resistant Staphylococcus aureus screening upon admission in hospitals. Infect 
Control Hosp Epidemiol. 2011;32(8):797803. 

32. Mathews AA, Thomas M, Appalaraju B, Jayalakshmi J. Evaluation and comparison  
of tests to detect methicillin resistant  S. aureus.  Indian J Pathol Microbiol. 
2010;53(1):7982.

33. McGinigle KL, Gourlay ML, Buchanan IB. The use of active surveillance cultures 
in adult intensive care units to reduce methicillinresistant Staphylococcus 
aureusrelated morbidity, mortality, and costs: a systematic review. Clin Infect 
Dis. 2008;46(11):171725.

34. Nixon M, Jackson B, Varghese P, Jenkins D,  Taylor G. Methicillinresistant 
Staphylococcus aureus on orthopedic wards: incidence, spread, mortality, cost 
and control. J Bone Joint Surg Br. 2006;88(6):8127.

35. Nyman JA, Lees CH, Bockstedt LA, Filice GA, Lexau C, Lesher LJ, et al. Cost of 
screening intensive care unit patients for methicillin‐resistant Staphylococcus 
aureus in hospitals. Am J Infect Control. 2011;39(1):2734.

36. Ornskov D, Kolmos B, Bendix Horn P, Nederby NJ, Brandslund I, Schouenborg 
P. Screening for methicillin resistant Staphylococcus aureus in clinical swabs 
using a highthroughput realtime PCRbased method. Clin Microbiol Infect. 
2008;14(1):228.

37. Pillai MM, Latha R, Sarkar G. Detection of methicillin resistance in Staphylococcus  
aureus by polymerase chain reaction and conventional methods: A comparative 
study. J Lab Physicians. 2012;4(2):838.

38. Polisena J, Chen S, Cimon K, McGill S, Forward K, Gardam M. Clinical effec
tiveness of rapid tests for methicillin resistant Staphylococcus aureus (MRSA) 
in hospitalized patients: a systematic review. BMC Infectious Diseases. 
2011;11(1):336.

39. Pramodhini S, Thenmozhivalli PR, Selvi R, Dillirani V, Vasumathi A, Agatha 
D. Comparison of various phenotypic methods and mecA based PCR for the 
detection of MRSA. JCDR. 2011;5(7):135962.

40. Shariati L, Validi M, Tabatabaiefar MA, Karimi A, Nafisi MR. Comparison of 
realtime PCR with disk diffusion, Agar screen and Etest methods for dete
ction of methicillinresistant  Staphylococcus aureus. Curr Microbiol. 2010; 
61(6):5204.

41. Tübbicke A,  Hübner C,  Kramer A,  Hübner NO,  Fleßa S.  Transmission  
rates,  screening methods and costs of MRSA—a systematic literature  
review related to the prevalence in Germany. Eur J Clin Microbiol Infect Dis. 
2012;31(10):2497511.

42. Tübbicke A, Hübner C, Hübner NO, Wegner C, Kramer A, Fleßa S. Cost com
parison of MRSA screening and managementa decision tree analysis. BMC 
Health Serv Res. 2012;12(1):438. 

43. Uçkay I, Sax H, Iten A, Camus V, Renzi G, Schrenzel J, et al. Effect of screening 
for methicillinresistant Staphylococcus aureus carriage by polymerase chain 
reaction on the duration of unnecessary preemptive contact isolation. Infect 
Control Hosp Epidemiol. 2008;29(11):10779.

44. Wassenberg MWM, Kluytmans JAJW, Box ATA, Bosboom RW, Buiting AGM, 
van Elzakker EPM, et al. Rapid screening of methicillin resistant Staphylococcus 
aureus using PCR and chromogenic agar: a prospective study to evaluate costs 
and effects. Clin Microbiol Infect. 2010;16(12):175461.

45. Wernitz MH, Keck S, Swidsinski S, Schulz S, Veit SK. Cost analysis of a hospital
wide selective screening programme for methicillinresistant Staphylococcus 
aureus (MRSA) carriers in the context of diagnosis related groups (DRG) pay
ment. Clin Microbiol Infect. 2005;11(6):46671. 

46. Wolk DM, Marx JL, Dominguez L, Driscoll D, Schifman RB.  Comparison of 
MRSA Select  agar, CHROMagar methicillinresistant  Staphylococcus au-
reus (MRSA) medium, and Xpert MRSA for detection of methicillin resis
tant Staphylococcus aureus (MRSA) in Nares: Diagnostic accuracy for surveil
lance samples with various bacterial densities. J Clin Microbiol. 2009;47(12): 
39336. 

47. Van der Zee A, Hendriks WDH, Roorda L, Ossewaarde JM, Buitenwerf J.  
Review of a major epidemic of methicillinresistant Staphylococcus aureus: The 
costs of screening and consequences of outbreak management. Am J Infect 
Control. 2013;41(3):2049.

48. Böcher S, Smyth R, Kahlmeter G, Kerremans J, Vos MC, Skov R. Evaluation 
of four selective agars and two enrichment broths in screening for methicillin
resistant Staphylococcus aureus. J Clin Microbiol. 2008;46(9):31368. 

49. Grandin SC, Deschamps F, Magdoud F, Zihoune N, Branger C, Eveillard M. 
Evaluation of the impact of different lengths of preenrichment in a nutritive 
broth and prolonged incubation of MRSAID, a chromogenic agar medium, on 
its performances for identifying methicillinresistant Staphylococcus aureus in 
screening samples. Pathol Biol (Paris). 2009;57(3):e37e42.

50. Lee S, Park YJ, Yoo JH, Kahng J, Jeong IH, Kwon YM, et al. Comparison of  
culture screening protocols for methicillinresistant Staphylococcus aureus (MRSA) 
using a chromogenic agar (MRSASelect). Ann Clin Lab Sci. 2008;38(3):2547.

51. Paule SM,  Mehta M,  Hacek DM,  Gonzalzles TM,  Robicsek A,  Peterson LR.  
Chromogenic media vs realtime PCR for nasal surveillance of methicillinresis
tant Staphylococcus aureus: impact on detection of MRSApositive persons. 
Am J Clin Pathol. 2009;131(4):53259. 

52. Hujier NSA, Sharif FA. Detection of methicillin resistant Staphylococcus aure-
us in nosocomial infections in Gaza Strip African J Microbiol Res. 2008;2:235
41.

53. Dalla Valle C, Pasca MR, De Vitis D, Marzani FC, Emmi V, Marone P. Control of 
MRSA infection and colonisation in an intensive care unit by GeneOhm MRSA 
assay and culture methods. BMC Infect Dis. 2009;9(1):137. 

54. Mimica MJ, Berezin EN, Carvalho RL, Mimica IM,  Mimica LM,  Sáfadi MA,  
et al. Detection of methicillin resistance in Staphylococcus aureus isolated from 
pediatric patients: is the cefoxitin disk diffusion test accurate enough?. Braz J 
Infect Dis. 2007;11(4):4157. 

55. Moussa I, Shibl AM. Molecular characterization of methicillinresistant Staphy-
lococcus aureus recovered from outpatient clinics in Riyadh, Saudi Arabia. 
Saudi Med J. 2009;30(5):6117.

56. Rushdy AA, Salama MS, Othman AS. Detection of methicillin/oxacillin resis
tant Staphylococcus aureus isolated from some clinical hospitals in Cairo 
using Meca/Nuc genes and antibiotic susceptibility profile. Int J Agric Biol. 
2007;9(6):8006.

57. Cavassini M, Wenger A, Jaton K, Blanc DS, Bille J. Evaluation of MRSAScreen, 
a simple antiPBP 2a slide latex agglutination kit, for rapid detection of methicillin  
resistance in Staphylococcus aureus. J Clin Microbiol. 1999;37(5):15914.

58. Frebourg NB,  Nouet D,  Lemée L,  Martin E,  Lemeland JF. Comparison of 
ATB staph, rapid ATB staph, Vitek, and Etest methods for detection of oxa
cillinheteroresistance in staphylococci possessing mecA. J Clin Microbiol. 
1998;36(1):527. 

59. Gerberding JL, Miick C, Liu HH, Chambers HF. Comparison of conventional  
susceptibility tests with direct detection of penicillinbinding protein 2a in  
borderline oxacillinresistant strains of Staphylococcus aureus. Antimicrob 
Agents Chemother. 1991;35(12):25749.

60. Knapp CC, Ludwig MD, Washington JA, Chambers HF. Evaluation of Vitek GPSSA  
card for testing of oxacillin against borderlinesusceptible staphylococci that 
lack mec. J Clin Microbiol. 1996;34(7):16035. 

61. Louie L, Matsumura SO, Choi E, Louie M, Simor AE. Evaluation of three rapid 
methods for detection of methicillin resistance in Staphylococcus aureus. J Clin 
Microbiol. 2000;38(6):21703.

62. Resende CA, Figueiredo AM. Discrimination of methicillinresistant Staphylo-
coccus aureus from borderlineresistant and susceptible isolates by different 
methods. J Med Microbiol. 1997;46(2):1459.

63. Swenson JM, Spargo J, Tenover FC, Ferraro MJ. Optimal inoculation methods  
and quality control for the NCCLS oxacillin agar screen test for detection of  
oxacillin resistance in Staphylococcus aureus. J Clin Microbiol. 2001;39(10): 
37814.

64. Fang H, Hedin G. Rapid screening and identification of methicillinresistant 
Staphylococcus aureus from clinical samples by selectivebroth and realtime 
PCR assay. J Clin Microbiol. 2003;41(7):28949.

65. Niesters HGM. Molecular and diagnostic clinical virology in real time. Clin  
Microbiol Infect. 2004;10(1): 511.

66. Krishna BVS, Smith M, McIndeor A, Gibb AP, Dave J. Evaluation of chromogenic 
MRSA medium, MRSA Select and oxacillin resistance screening agar for the 
detection of methicillin resistant Staphylococcus aureus. J Clin Pathol. 2008; 
61(7):8413. 

67. Jeyaratnam D, Whitty CJ, Phillips K, Liu D, Orezzi C, Ajoku U, et al. Impact 
of rapid screening tests on acquisition of methicillin Resistant Staphylococcus  
aureus: cluster randomized crossover trial. BMJ. 2008;336(7650):92730. 


