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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 pre-admission 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 

Nurul Izzati Binti Abdul Halim1, Nor Azlina Binti A. Rahman2*, Noraziah Binti Mohamad Zin3, Mohd Shukri Bin Baba2, Nor Iza A Rahman4, 
Mainul Haque5

1Department of Biomedical Science, Kulliyyah of Science, International Islamic University Malaysia, 52500 Kuantan, Pahang, Malaysia.
2Department of Biomedical Science, Kulliyyah of Allied Health Sciences, International Islamic University Malaysia, 52500 Kuantan, Pahang, Malaysia.
3School of Diagnostic and Applied Health Science, Faculty of Health Sciences, Universiti Kebangsaan Malaysia, Jalan Raja Muda Abdul Aziz 50300 Kuala Lumpur, 
Malaysia.
4Unit of Pathology, Faculty of Medicine, Universiti Sultan Zainal Abidin, 20400 Kuala Terengganu, Malaysia.
5Faculty of Medicine and Defense Health National Defense University of Malaysia Kem Sungai Besi, 57000 Kuala Lumpur, Malaysia.



Cost-effectiveness of Prevention of MRSA

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

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.
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