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ABSTRACT  

Background: MRSA has caused enormous burden to affected Western patients and society.  

However,  only l imited study results  originated from the Asia-Pacif ic  populations.   

Aim: To assess the burden of Methici l l in-resistant S.  aureus infections (MRSA) among patients 

from a large tert iary care hospital  in Singapore.   

Methods:  Retrospective study using data from the hospital  discharge database to identify 

patients with MRSA and Methici l l in-sensit ive S.  aureus infections (MSSA) using International  

Statist ical  Classif ication of Diseases and Related Health Problems, 9th Revision,  Austral ian 

Modif ication ( ICD-9-AM) codes.     

F indings:  Amongst 543,068 hospital ized patients between 2004 and 2010, 8,664(1.6%) were 

infected with S.  Aureus,  including 4,868(0.9%) with MRSA. Compared with uninfected controls,  

MRSA patients had longer hospital  stay (geometric mean, GM, 12.2 vs.  3.0 days),  higher 

hospital ization costs (GM, $6294.7 vs.  $2295.7),  higher in-hospital  mortal ity rate (7.8% vs.  

2.8%) and higher 30-day al l -cause unscheduled readmission rate (36.3% vs.  23.7%, al l  p<0.001).  

The difference st i l l  existed after adjustment for age groups,  gender,  ethnicity,  medical  

management,  and Charlson comorbidity index.  Similarly,  MRSA patients had longer hospital  

stay,  higher hospital ization costs,  higher in-hospital  mortal ity rate and 30-day al l -cause 

unscheduled readmission rate compared with patients with MSSA. 

Conclusion: MRSA infection was associated with poor cl inical  outcomes and higher economic 

burden in this  population.  Prevention and control  measures should be implemented both inside 

and outside the hospital  sett ing.  

Key words: MRSA, length of  stay,  hospital ization cost,  unscheduled readmission,  hospital  

mortal ity,  ICD-9-AM . 
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OS CUSTOS E PROBLEMAS DE INFECÇÕES POR STAPHYLOCOCCUS AUREUS RESISTENTES À 

METICILINA ENTRE PACIENTES HOSPITALIZADOS EM CINGAPURA 
 

 

RESUMO  

Antecedentes:  MRSA tem um enorme custo para os pacientes afetados e para a sociedade 

Ocidental .  No entanto,  apenas poucos estudos focam populações da Ásia-Pacíf ico.  

Objetivo:  Aval iar  a carga de infecções por S.  aureus resistentes à metici l ina (MRSA) entre 

pacientes de um grande hospital  terciário em Cingapura.  

Métodos:  Estudo retrospectivo uti l izando dados do banco de dados de alta hospitalar para 

identif icar pacientes com MRSA e infecções por S.  aureus sensíveis  à metici l ina (MSSA) usando 

Classif icação Estatíst ica Internacional  de Doenças e Problemas Relacionados à Saúde, 9ª 

Revisão,  Modif icação Austral iana (CID-9-AM) códigos.  

Resultados:  Entre 543.068 pacientes hospital izados entre 2004 e 2010, 8.664 (1,6%) estavam 

infectados com S.  Aureus,  incluindo 4.868 (0,9%) com MRSA. Comparado com controles não 

infectados,  pacientes com MRSA t iveram maior tempo de internação (média geométrica,  GM, 

12,2 vs.  3,0 dias),  maiores custos de internação (GM, US $ 6294,7 versus US $ 2295,7),  maior 

taxa de mortal idade hospitalar (7,8% vs.  2,8%) e maior taxa de readmissão não programada por 

todas as causas em 30 dias (36,3% vs.  23,7%, todos p <0,001).  A diferença ainda exist ia após o 

ajuste para grupos etários,  gênero,  etnia,  tratamento cl ínico e índice de comorbidade de 

Charlson.  Da mesma forma, os pacientes com MRSA t iveram maior tempo de internação 

hospitalar,  maiores custos de hospital ização, maior taxa de mortal idade intra-hospitalar e taxa 

de readmissão não programada em 30 dias em comparação com pacientes com MSSA. 

Conclusão:  A infecção por MRSA foi  associada a desfechos cl ínicos ruins e dif iculdades 

f inanceiras nessa população.  Medidas de prevenção e controle devem ser implementadas 

dentro e fora do ambiente hospitalar.  

 
Palavras-chave: MRSA, duração de internação, custos de hospital ização,  readmissão não-

programada, mortal idade hospitalar,  ICD-9-AM . 
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INTRODUCTION 

Since it  was f irst  reported as a nosocomial  

pathogen in US hospitals,  Methici l l in 

resistant Staphylococcus aureus (MRSA) 

infection has rapidly increased to epidemic 

proportions worldwide.1 The estimated 

number of  S.  aureus–related 

hospital izations in US increased by 62% (or 

about 8.4% per year)  from 294,570 in 1999 

to 477,927 in 2005, and the estimated 

number of  MRSA-related hospital izations 

more than doubled from 127,036 to 278,203 

over the same period (a r ise of  14% per 

year).2 Infections by MRSA are estimated to 

cause 19,000 deaths among hospital ized 

patients in the US annual ly,  s imilar to 

deaths due to AIDS,  tuberculosis,  and viral  

hepatit is  combined.3 4 In the European 

Union (EU),  MRSA infections are estimated 

to affect more than 150,000 patients 

annual ly,  result ing in addit ional  in-hospital  

costs of  EUR380 mil l ion for EU healthcare 

systems.5 Furthermore,  MRSA has been 

found to be independently associated with 

hospital ization costs and increased length of  

stay in patients with S.  aureus infections 

( including bacteraemia,  surgical  s ite 

infections,  and venti lator-associated 

pneumonia).6-8 

Most studies to date have suffered from one 

or more l imitations:   Selected ones have 

only encompassed one type of  S.  aureus 

infection,  whereas others have quantif ied 

costs for only short periods with l imited 

sample s izes.  Moreover,  others have 

presented only hospital  charges without 

other outcomes such as hospital  length of  

stay and readmission.9-11 Almost al l  studies 

have originated in the USA and European 

countries,  with very few from the Asia-

Pacif ic  region.  As different countries differ 

along many dimensions,  including different 

genetic profi les,  different cl imates and 

bacterial  f loras,  different practices of  

antibiotics use,  healthcare del ivery and 

f inancing systems, the burden of MRSA 

infections may be substantial ly different 

across countries and cannot be directly 

extrapolated from one to the other7 8 12 

Knowledge of  the burden of S.  aureus 

infection in the local  patient population,  

especial ly MRSA, wi l l  be helpful  to medical  

personnel  and hospital  administrators to 

understand and possibly reduce the impact 

of  such infections,  and to evaluate cost-

effectiveness of  interventions.  Thus,  this  

study aims to assess the burden of MRSA 

infection among hospital ized patients from 

a large tert iary care hospital  in Singapore,  

by comparing patients with MRSA to both 
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patients with MSSA and to patients without 

nosocomial  infections.  The outcomes used 

to assess the burden were hospital  length of 

stay,  30-day al l -cause re-admission,  in-

hospital  mortal ity and cost of  care.  

METHODS 

DATA SOURCE 

Singapore General  Hospital  (SGH) is  the 

largest acute tert iary care hospital  in 

Singapore with 1600 beds,  serving 

approximately a quarter  of  the Singapore 

population of  5.08 mil l ion.13 Each year,  SGH 

manages approximately 80,000 inpatients.  

Data from al l  hospital ized patients aged 21 

years and above admitted into SGH from 

January 1,  2004 to December 31,  2010 was 

col lected from the hospital ’s  data 

warehouse at the Information Technology 

Department,  Singapore Health Services 

Group, Singapore.  This  included 

demographic information such as age,  

gender,  ethnicity;  and cl inical  

characterist ics,  including hospital  admission 

and discharge date;  up to 10 International  

Statist ical  Classif ication of Diseases and 

Related Health Problems 9th Revis ion,  

Austral ian Modif ication ( ICD-9-AM) 

Diagnosis  Codes;  up to 10 ICD-9-AM 

Procedure Codes;  discharge status;  and 

disposit ion at discharge.  Data relating to 

patients who were readmitted to the 

hospital  within 30 days of  the f irst  discharge 

was extracted.  Avai lable hospital ization cost 

of  care data including investigation,  

medication,  treatment and faci l i ty charges 

was also extracted based on hospital  service 

codes as secondary cost endpoints.  The 

protocol  for this  study was approved by the 

Ethics Committee of  the Singapore General  

Hospital  with exemption from the 

requirement for informed consent.   

CASE DEFINITION 

A S.  aureus infection was deemed to be 

present by the occurrence of  any of  the 

fol lowing ICD-9-AM codes in the patient’s  

discharge data:  S.  aureus infection (code 

041.11),  S.  aureus septicemia (code 038.11),  

or pneumonia due to S.  aureus (code 

482.41),  as outl ined previously.2 14 MRSA 

infection was deemed to be present  i f  any 

of  the ICD-9-AM code for MRSA (code V09.0) 

in the database was found, either alone or 

in conjunction with an ICD-9-AM code for S.  

aureus infection (code 041.11),  S.  aureus 

septicemia (code 038.11),  or pneumonia due 

to S.  aureus (code 482.41).  Medical  records 

that contained mult iple S.  aureus–related 

ICD-9-AM codes were counted only once.2 

14 

The presence of  surgical  and medical  

condit ions was determined based on the 
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occurrences of  ICD-9-AM diagnostic  codes 

and procedure codes.15 16 Chronic 

comorbid condit ions were identif ied and 

then used to calculate the Deyo’s 

adaptation of  Charlson Comorbidity Index 

(CCI) .17  

STATISTICAL ANALYSIS  

Categorical  variables were reported as 

percentages,  and continuous variables as 

mean and standard deviation (SD) with the 

exception of hospital ization cost and length 

of  stay (LOS) where geometric mean (GM) 

and 95% confidence interval  (CI)  were used 

given the skewed distr ibutions of  these 

variables.  Comparisons of  categorical  

variables among MRSA, MSSA and control  

patients were analyzed using the Chi-square 

test.  Comparisons of  LOS and hospital ization 

cost among the three groups were analyzed 

using the Kruskal  Wall is  test.  Al l  

hospital ization costs were converted to year 

2010 US dol lars for presentation based on 

the Annual  Average Rates of  Exchange, 

Singapore [2010].18  

General ized Estimating Equation (GEE) 

model,  an extension of general ized l inear 

model  regression analysis,  was used to 

assess the association of  these cl inical  

outcomes with MRSA infection after 

adjusting for age groups,  gender,  ethnicity,  

medical  management,  and CCI groups.  This  

model  correctly accounts for the within-

patient correlation due to mult iple vis its  

from the same patients.19 As very small  

percentage (<1%) of  patients experienced a 

repeated admission for more than 20 t imes 

over the study period,  only the f irst  19 

readmission of  these patients were selected 

for the regression analysis.  We considered 

the model  with lowest Quasi- l ikel ihood 

Information Criterion (QIC) to be the most 

parsimonious model  among the competing 

models with different correlation structures 

(exchangeable,  auto-regressive,  

unstructured etc.) .19 Using the estimates 

from the regression models,  we present 

adjusted in-hospital  mortal ity rate,  30-day 

al l -cause unscheduled readmission rate,  

length of stay and hospital ization costs 

among MRSA, MSSA and uninfected control  

patients.   

Al l  tests were two-sided, with p<0.05 

considered statist ical ly  s ignif icant.  Data 

analysis  was performed using STATA Version 

10.0 (StataCorp,  Col lege Station,  TX,  USA).  

RESULTS 

Of 543,068 hospital ized patients from 2004 

to 2010, 276581 (51%) patients involved 

only 1 admission,  100075 (18.4%) patients 

involved 2 admissions,  and 166412 (30.6%) 
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patients involved 3 and more admissions 

over the study period.  Of al l  the patients,  

8,664 (1.6%) were infected with S.  aureus,  

in which 4,868 (0.9%) had MRSA. MRSA 

patients were older compared to MSSA 

patients and uninfected controls  (p<0.001).  

Patients with S.  aureus infection were more 

l ikely to be male and more l ikely to be 

surgical ly managed compared to control  

patients (al l  p<0.001).  MRSA patient were 

more l ikely to be admitted to ICU (8.2%),  

fol lowed by MSSA (6.7%),  and control  

patients (3.1%, al l  p<0.001 within group 

comparisons).  S imilarly,  MRSA patients 

experienced highest grades of  comorbidity,  

fol lowed by MSSA patients,  and control  

patients (al l  p<0.001 within group 

comparisons).  The demographic and cl inical  

characterist ics of  al l  patients are shown in 

Table 1.   

Cl inical  outcomes and resource uti l ization 

before adjustment.  MRSA patients had 

highest in-hospital  mortal ity (7.8%),  

fol lowed by MSSA patients (5.6%) and 

control  patients (2.8%, al l  p<0.001).  For the 

30-day al l -cause unscheduled readmission 

rates,  MRSA patients (36.3%, p<0.001) had 

higher rates compared to other patients,  

but s imilar rates for MSSA and control  

patients (24.5% and 23.7%, P>0.05).  As for 

resource uti l ization,  MRSA patients had 

longest hospital  stay (GM, 12.2 days)  and 

highest hospital ization cost (GM, $6294.7),  

fol lowed by MSSA patients (9.8 days and 

$4915.8) and control  patients (3.0days and 

$2295.7;  al l  p<0.001) (Table 2).  The cl inical  

outcomes and resource uti l ization among 

the three groups of  patients are shown in 

Table 2.  

Mult ivariate analysis  results  of  hospital  

c l inical  outcomes and resource uti l ization.   

GEE model  was used to account for the 

correlation of  mult iple vis its  by the same 

patient.  The regression model  is  also 

adjusted for age groups,  gender,  ethnicity,  

medical  management,  and CCI  grades.  MRSA 

patients had the highest in-hospital  

mortal ity (MRSA 12.2%, MSSA 7.3% and 

controls  1.1%),  longest hospital  stay (GM, 

18.5,  15.9 and 4.5 days)  and highest 

hospital ization cost (GM, $9760.1,  $8327.5 

and $3340.1),  fol lowed by MSSA patients,  

and then control  patients (al l  comparison 

between groups were p<0.001; Table 2).  As 

for 30-day al l -cause unscheduled 

readmission rate,  MRSA patients (58.4%, 

p<0.001) had higher rates compared to 

other patients,  but MSSA and control  

patients (21.3% and 22.7 %, P>0.05) showed 

similar rates.  

As for the detai led secondary 

hospital ization cost endpoints,  s imilarly,  
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MRSA patients had signif icant highest 

investigation,  medication,  treatment,  and 

faci l i ty cost,  fol lowed by MSSA patients and 

control  patients (al l  p<0.001).  The 

signif icantly different secondary 

hospital ization cost endpoints persisted 

even after adjustment for the same 

parameters (Table 3).  

DISCUSSION: 

We found that patients with MRSA had 

signif icantly increased in-hospital  mortal ity 

and 30-day al l -cause unscheduled 

readmission rates compared with both MSSA 

and with control  patients.  The in-hospital  

mortal ity rates were 7.8% for MRSA, 5.6% 

for MSSA and 2.8% for control  patients 

(p<0.001).  The 30-day al l -cause unscheduled 

readmission rates were 36.3% for MRSA 

patients,  24.5% and 23.7% for MSSA and 

control  patients (p<0.001).  At the same 

t ime, MRSA patients also had the longest 

hospital  stay (12.2 days),  and highest 

hospital ization cost ($6294.7),  fol lowed by 

MSSA (9.8 days and $4915.8) and then 

control  patients (3.0 days and $2295.7,  al l  

p<0.001).  These differences were st i l l  

statist ical ly s ignif icant even after 

adjustment for age groups,  gender,  

ethnicity,  medical  management,  and CCI  

grades.   

Our f indings are consistent with previous 

reports of  in-hospital  mortal ity due to MRSA 

infections,  where f igures ranging from 4.7% 

to 8.8% have been reported.2 20 21 It  is  

s l ightly higher than that reported in I l l inois,  

USA, which reported mortal ity rates of  1.9% 

to 3.4% form 2002 to 2007.22 However,  

there are also other studies which have 

reported mortal ity rates as high as 17.8% to 

39%.3 23 Meta-analyses have also found 

that mortal ity is  almost doubled in patients 

with MRSA-associated bacteraemia 

compared with MSSA.5 24 25 Different 

patient selection criteria,  including age,  

comorbidit ies,  ineffective antibiotics usage,  

and the virulence of  the MRSA organism 

itself ,  have been suggested to contribute to 

these differences.4 24  

Our study results  differ from those from a 

previous study of  local  patient population.8 

In the study,  Pada et al .  reported that 

nosocomial  MRSA infection was 

independently associated with in-hospital  

death (14.4% vs.  1.4%),  longer hospital  stay 

(median,  32 days vs.  7 days),  and higher 

hospital ization costs (median,  US$18,129.89 

vs.  US$4,490.47) compared with MSSA 

infection.8 The above mentioned study 

selected a l imited number of  patients with 

cl inical ly  s ignif icant healthcare-associated 

MRSA infections classif ied according to the 
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former National  Nosocomial  Infections 

Survei l lance System definit ions.  In contrast,  

our study selected patients based on 

discharge ICD-9-AM codes over a much 

longer period of t ime and covered al l  types 

of  MRSA infections,  including patients with 

MRSA colonization.  Although coding 

inaccuracies is  inevitable within a large 

administrative database l ike the one we 

used, these are unl ikely to explain the huge 

difference (14.4% vs.  7.8%) in mortal ity 

rates between the two studies.   

Besides effects on mortal ity,  many studies 

have found that MRSA infections cause 

signif icant addit ional  f inancial  burden over 

MSSA infections and non-S.  aureus infected 

control  patients.  Cosgrove and col leagues 

noted that bacteraemic patients with MRSA 

cost $26,424 and those with MSSA 

$19,212.26 Other studies have also reported 

an increase in costs for MRSA infections 

when compared with MSSA infections,  which 

varied from one to three fold increment.7 

27 28 In our study,  we found an almost 

tr ipled hospital ization cost of  patients with 

MRSA compared with control  patients,  with 

doubled cost for patients with MSSA after 

adjustment for co-morbidit ies and other 

factors.  The increased cost occurred in al l  

secondary hospital ization cost endpoints 

including investigations,  medications,  

treatment and faci l i ty costs,  indicating a 

burden on al l  hospital  sectors.   

Several  explanations have been proposed 

for the increased hospital ization cost of  

MRSA. One explanation could be underlying 

severity of  i l lness.  In our study,  we appl ied 

the CCI  to adjust for severity of  diseases in 

al l  three groups to exclude the possible 

effect.  The CCI has been used as a measure 

of  underlying disease in several  studies 

examining the impact on outcome or costs 

of  patients with MRSA or Clostr idium 

diff ic i le.29 30 Other explanations include 

prolonged hospital  stay,  occupation of  

isolation rooms, and prolonged ICU stay and 

venti lat ion for surgical  and crit ical ly  i l l  

patients.5 7 26-28 31 Shorr et  al .  reported 

prolonged hospital isation,  prolonged 

venti lat ion,  and longer stay on ICU in MRSA 

patients after mult ivariate analysis.32 Our 

f indings support this  explanation.  

Furthermore,  these increased costs might 

ref lect the increased antibiotics uti l ization 

to treat MRSA infection.  Medication data 

presented the largest relative increase,  and 

might ref lect a higher demand for more 

expensive drugs in these patients such as 

vancomycin and l inezol id.33 Once again,  our 

study results  endorse this  explanation.   

Our assessments of  the 30-day al l -cause 

unscheduled readmission rate due to MRSA 
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are unique.  The 30-day al l -cause 

unscheduled readmission rate in patients 

with MRSA was about 50% more than that in 

MSSA and control  patients (36.3%, 24.5% 

and 23.7%).  To the best of  our knowledge, 

our study is  the f irst  study in Asian patient 

population to measure and report 

s ignif icantly increased 30-day al l -cause 

unscheduled readmission rate due to MRSA 

infection by using a large administrative 

database.  Our study results  are in 

agreement with s imilar readmission 

measurements done by other studies with 

small  numbers of  subjects.  MRSA infections 

have previously been reported to result  in a  

readmission rate of  40% (al l   readmission 

over 4 years)34,  and surgical  s ite infections 

due to MRSA were found to result  in a 35-

fold increased r isk of  hospital  90-days 

readmission compared to uninfected 

controls.35 Older age and higher disease 

severity in patients with MRSA have been 

acknowledged as key  r isk factors for the 

higher rate in readmission2 3,  and a local  

study of patients aged 65 and above has 

shown that nosocomial  infection is  a r isk 

factor for unplanned patient readmission to 

hospital  within 15 days of  discharge.36 

However,  in our study,  the higher 

readmission rate remained even after 

adjustment for these factors.  

This  study further highl ights the importance 

of  implementation of  MRSA reduction 

strategies in the hospital  sett ing.  Our 

hospital  has ongoing active survei l lance as a 

measure to monitor the number of  patients 

with MRSA. Intensive Hand Hygiene Program 

for al l  hospital  staff  has also been 

implemented in SGH. The Program includes 

the mult imodal  strategy recommended in 

the World Health Organization (WHO) 

guidel ines e.g.  system changes,  from hand 

washing to greater use of  the alcohol  hand 

rub agents,  as wel l  as ensuring that staff  

have easy access to hand rub agents at  the 

point of  care.  This  perhaps mirrored by the 

relative lower MRSA rate reported in our 

study.  The success of  the Hand Hygiene 

Program has earned the hospital  recognit ion 

as a Global  Hand Hygiene Expert Centre by 

the WHO in 2011.37  

Strengths of  our study include the inclusion 

of  a large mult iethnic population sample 

over many years,  which al lows for a robust 

est imate and control  for potential  

confounding variables ( including patient 

demographics and comorbid condit ions).  I t  

should be acknowledged that there may be 

other unmeasured confounders that could 

explain at  least part  of  the outcome 

differences among the 3 patient groups.  The 

hospital  discharge data are rel iable and 
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extensive use in various analyses in health 

services research.38 As al l  the data came 

from a s ingle hospital ,  there is  less r isk of  

coding discrepancies and non-uniformity in 

the calculation of hospital ization costs.  

However,  the study also has several  

l imitations.  The hospital  dataset is  

administrative in nature and not specif ical ly 

designed to track infection prevalence.  This  

problem was partly mit igated by the qual ity 

control  processes instituted by the hospital  

which uses these data for planning and 

f inancing purposes.  We are not able to 

differentiate MRSA colonization from 

infection based on the discharge database.  

Thus,  the presented results  might 

underestimate the real  burden of MRSA 

infection.  Moreover,  our discharge database 

is  l imited to only the duration of hospital  

stay and does not provide patient level  

information regarding patient transfers,  or 

mortal ity fol lowing discharge.  The in-

hospital  mortal ity provides only l imited 

information on the crude mortal ity of  

patients with MRSA infections as we did not 

assess whether the primary cause of  death 

was MRSA. A 30-day or 6-month mortal ity 

rate is  l ikely a better measurement of  the 

true mortal ity rate due to MRSA infections.6 

Correspondingly,  we could only assess 

readmissions within our hospital .  We do not 

know how frequently patients were 

admitted to other hospitals,  a potential  

problem in most research of  this  type 

reported to date.39 Lastly,  as the 

uninfected control  patients may have other 

nosocomial  infection,  thus,  our results  may 

be conservative in presenting the effects of  

MRSA infection.  However,  i t  is  possible that 

MRSA and MSSA patients may have also 

suffered from the same nosocomial  

infections,  which may offset the resulted 

confounding effect.  

In conclusion,  our study showed that 

patients with MRSA experienced poorer 

cl inical  outcomes and incurred a heavier 

economic burden, compared to both 

patients with MSSA and patients without 

nosocomial  infections.  Control  measures 

should be implemented to prevent MRSA 

transmission both inside and outside the 

hospital  sett ing.  
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Table 1 The demographic, clinical characteristics among patients with MRSA, MSSA and controls 

  

Controls, n= 

534404 MSSA, n=3796 MRSA, n=4868 p 

Age, mean year (SD) 57.2 (17.9) 57.4 (16.7) 63.7 (16.4)*#  <0.001 

   <65, % 37.3 35.1 50.7 
<0.001 

   ≥65, % 62.7 64.9 49.3 

Male sex, % 50.2 57.9 58.6 <0.001 

Ethnicity, %    
 

   Chinese 72.3 64.0 71.8 

<0.001 
   Malay 11.8 19.2 13.9 

   Indian 9.7 11.6 9.8 

   Others 6.2 5.2 4.4 

Medical condition, % 70.0 54.0 57.3 
<0.001 

Surgical condition, % 30.0 46.0 42.7 

ICU admission, % 3.1 6.7 8.2 <0.001 

Charlson Comorbidity Index, %     

   None 47.2 32.9 26.7 

<0.001 
   Low 31.8 37.3 42.7 

   Moderate 11.2 19.2 19.5 

   High 9.8 10.6 11.1 

MSSA, Methicillin-sensitive Staphylococcus aureus; MRSA, Methicillin-resistant Staphylococcus aureus.  

SD, standard deviation. p value was calculated using Chi-Square test except age was calculated using one 

way 

analysis of variance. *p<0.05 vs. Controls by post-hoc Scheffe tests; #p<0.05 vs. MSSA by post-hoc 

Scheffe tests. 
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Table 2 The length of stay, total hospitalization cost and outcomes of care among patients with MRSA, MSSA and controls 

  Controls, n= 534404 MSSA, n=3796 MRSA, n=4868 p 

Length of stay, day†     
   Un-adjusted mean (95% CI) 3.0 (3.0, 3.0) 9.8 (9.4, 10.1)* 12.2 (11.9, 12.6)*#  <0.001 
   Adjusted mean (95% CI) 4.5 (4.5, 4.5) 15.9 (15.8, 16.0)* 18.5 (18.4, 18.5)*# <0.001 

Total hospitalization cost, $†     
   Un-adjusted mean (95% CI) 2295.7 (2289.5, 2301.9) 4915.8 (4749.2, 5088.4)* 6294.7 (6121.1, 6473.1)*# <0.001 
   Adjusted mean (95% CI) 3340.1 (3334.4, 3345.7) 8327.5 (8243.2, 8412.7)* 9760.1 (9689.2, 9831.4)*# <0.001 
Unscheduled readmission, %     
   Un-adjusted 23.7 24.5 36.3*# <0.001 
   Adjusted 22.7 21.3 58.4*# <0.001 
Hospital mortality, %     
   Un-adjusted 2.8 5.6* 7.8*# <0.001 

   Adjusted 1.1 7.3* 12.2*# <0.001 

MRSA, Methicillin-resistant Staphylococcus aureus; MSSA, Methicillin-sensitive Staphylococcus aureus. CI, confidence interval. 
† Geometric mean (95% confidence interval);  p values for unadjusted mean length of stay and hospitalization cost were 
calculated  
using Kruskal Wallis test; p value for unadjusted hospital mortality and unscheduled readmission were calculated using  
Chi-Square test. p values for adjusted values were calculated using Generalized Estimating Equations (GEE) models with  
adjustment for the patients’ age groups, gender, ethnicity, medical management, and Charlson comorbidity index. 
*p<0.05 vs. Controls by post-hoc Scheffe tests; #p<0.05 vs. MSSA by post-hoc Scheffe tests. 
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Table 3 The geometric mean investigation, medication, treatment and facility costs per admission among 

patients with MRSA, MSSA and controls 

  Controls, n= 534404 MSSA, n=3796 MRSA, n=4868 p 

Investigation Cost, $     
   Un-adjusted mean (95% CI) 432.2 (430.7, 433.7) 978.5 (939.4, 1019.2)* 1340.5 (1300.1, 1381.4)*# <0.001 
   Adjusted mean (95% CI) 716.4 (715.1, 717.6) 1890.0 (1873.1, 1907.1)* 2148.4 (2134.4, 2162.5)*# <0.001 
Medication Cost, $     
   Un-adjusted mean (95% CI) 38.4 (38.2, 38.6) 177.0 (167.7, 186.9)* 346.0 (330.7, 361.9)*# <0.001 
   Adjusted mean (95% CI) 198.0 (197.4, 198.6) 605.7 (599.4, 612.2)* 903.7 (898.4, 909.0)*# <0.001 
Treatment Cost, $     
   Un-adjusted mean (95% CI) 503.9 (502.0, 505.7) 1279.3 (1234.1, 1326.2)* 1434.1 (1391.9, 1477.5)*# <0.001 
   Adjusted mean (95% CI) 983.2 (981.6, 984.7) 2216.7 (2190.9, 2242.8)* 2368.8 (2346.9, 2390.9)*# <0.001 
Facility Cost, $     
   Un-adjusted mean (95% CI) 908.6 (905.96, 911.3) 2059.4 (1990.2, 2130.9)* 2575.2 (2501.1, 2651.5)*# <0.001 
   Adjusted mean (95% CI) 1420.4 (1417.6, 1422.5) 3550.3 (3512.4, 3588.6)* 4210.8 (4178.8, 4243.1)*# <0.001 
Total hospitalization cost, $     
   Un-adjusted mean (95% CI) 2295.7 (2289.5, 2301.9) 4915.8 (4749.2, 5088.4)* 6294.7 (6121.1, 6473.1)*# <0.001 

   Adjusted mean (95% CI) 3340.1 (3334.4, 3345.7) 8327.5 (8243.2, 8412.7)* 9760.1 (9689.2, 9831.4)*# <0.001 

MRSA, Methicillin-resistant Staphylococcus aureus; MSSA, Methicillin-sensitive Staphylococcus aureus. 
Geometric mean (95% confidence interval);  p value for unadjusted mean was calculated using Kruskal Wallis test; 
p values for adjusted values were calculated using Generalized Estimating Equations (GEE) models with adjustment for the  
patients’ age groups, gender, ethnicity, medical management, and Charlson comorbidity index. CI, confidence interval. 
*p<0.05 vs. Controls by post-hoc Scheffe tests; #p<0.05 vs. MSSA by post-hoc Scheffe tests. 
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