Risk Factors, Length of Stay and In-Hospital Mortality of
Methicillin-Resistant Staphylococcus aureus Infections:
A Case-Control Study
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ABSTRACT
Introduction: The emergence of strains of methicillin-resistant Staphylococcus aureus is a serious therapeutic challenge in healthcare
provision. With this study, we aimed to investigate the risk factors and clinical outcomes (mortality and length of hospital stay) associ-
ated with methicillin-resistant Staphylococcus aureus infections in patients admitted to a district hospital in Portugal.
Material and Methods: A case-control study was performed in 96 cases and 122 controls, selected, respectively, as function of anti-
biotic resistance or sensitivity to methicillin. Data were obtained through consultation of clinical records and subjected to multivariate
statistical analysis.
Results: We identified the following independent risk factors for the occurrence of methicillin-resistant Staphylococcus aureus infection:
urinary catheter (aOR = 10.62, 95% CI 3.66 — 30.78), prior use of antibiotics in the last 30 days (aOR = 5.60, 95% CIl 2.15 — 14.62),
exposure to 5 - 7 days of hospitalization (aOR =4.99, 95% CI 1.20 — 20.79) or to = 8 days (aOR = 5.34, 95% CI 1.18 — 24.22), chronic
obstructive pulmonary disease (aOR = 4.27, 95% CI 1.64 — 11.13) and recent hospitalization (aOR = 2.66, 95% CI 1.14 — 6.23). Com-
pared to infections due to methicillin-susceptible Staphylococcus aureus, we found increased probability of having a longer hospital
stay (@aHR = 1.74, 95% CI 1.11 — 2.71) and in-hospital mortality was significantly higher (p = 0.001) between patients infected by
methicillin-resistant Staphylococcus aureus.
Discussion: The results demonstrate that methicillin resistance is associated with an increased clinical risk to patients infected by
Staphylococcus aureus, in particular, a raised mortality and prolonged hospitalization.
Conclusion: Our study underlines the additional burden imposed by methicillin resistance in Staphylococcus aureus infections. This
highlights an urgent need to reinforce and optimize prevention, control, timely detection and effective treatment strategies for multidrug-
-resistant Staphylococcus aureus strains.
Keywords: Hospital Mortality; Length of Stay; Methicillin-Resistant Staphylococcus aureus; Portugal; Risk Factors; Staphylococcal
Infections

RESUMO
Introducéo: A emergéncia de estirpes de Staphylococcus aureus resistentes a meticilina constitui um sério desafio terapéutico na
prestacédo de cuidados de saude. Com esta investigacao, pretendeu-se estudar os fatores de risco e os resultados clinicos (mortalida-
de e tempo de internamento) associados a infegdes por Staphylococcus aureus resistentes a meticilina em doentes internados numa
unidade hospitalar em Portugal.
Material e Métodos: Realizou-se um estudo caso-controlo. Integraram o estudo 96 casos e 122 controlos, selecionados, respetiva-
mente, em funcéo da resisténcia ou sensibilidade antibidtica a meticilina. Os dados obtidos, por consulta de registos clinicos, foram
alvo de analise estatistica multivariada.
Resultados: Identificaram-se os seguintes fatores de risco independentes para desenvolvimento de infecao por Staphylococcus au-
reus resistentes a meticilina: cateter urinario (aOR = 10,62, IC 95% 3,66 — 30,78), antibioterapia nos ultimos 30 dias (aOR = 5,60, IC
95% 2,15 — 14,62), exposicao a cinco a sete dias de internamento (aOR = 4,99, IC 95% 1,20 — 20,79) ou a oito ou mais dias (aOR =
5,34, 1C 95% 1,18 — 24,22), doenca pulmonar obstrutiva crénica (aOR = 4,27, IC 95% 1,64 — 11,13) e internamento hospitalar recente
(aOR =2,66, IC 95% 1,14 — 6,23). Comparativamente a infe¢cdes por Staphylococcus aureus sensiveis a meticilina, constatou-se uma
probabilidade acrescida de prolongamento do internamento (aHR = 1,74, IC 95% 1,11 — 2,71) e uma mortalidade intra-hospitalar sig-
nificativamente superior (p = 0,001) em doentes infetados por Staphylococcus aureus resistentes a meticilina.
Discussao: Os resultados demonstram que a resisténcia a meticilina se encontra associada a um risco clinico acrescido para os doen-
tes infetados por Staphylococcus aureus, com tradugdo no aumento da mortalidade e no prolongamento do tempo de internamento.
Conclusao: Este estudo salienta a sobrecarga adicional associada a resisténcia a meticilina em infegcdes por Staphylococcus aureus.
Urge, portanto, reforcar e optimizar estratégias de controlo, prevengéo, detegdo atempada e tratamento efetivo de estirpes multirre-
sistentes de Staphylococcus aureus.
Palavras-chave: Factores de Risco; Infeccdes Estafilococicas; Mortalidade Hospitalar; Portugal; Staphylococcus aureus Resistente a
Meticilina; Tempo de Internamento
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INTRODUCTION

Staphylococcus aureus is a major cause of commu-
nity- and healthcare-associated infections worldwide.'?
Emergence of methicillin-resistant Staphylococcus aureus
(MRSA) has made treatment less effective, putting into
question our ability to treat infections.3# Especially alarming
is the rapid spread of multiresistant strains of this pathogen,
particularly within healthcare settings.?®

MRSA infections are associated with increased morbid-
ity and mortality, extra length of hospital stay and excess
costs,*%8 presenting a serious threat to the patient safety
and a serious challenge to the functioning of health sys-
tems.® The European Centre for Disease Prevention and
Control (ECDC) estimated, in 2007, that a total number of
171 200 nosocomial MRSA infections are acquired annually
in the European Union (EU) member states, Iceland and
Norway; overall, MRSA accounts for 44.3% of healthcare-
-associated infections due to selected antibiotic-resistant
bacteria, being responsible for 5 400 (21.5%) attributable
extra deaths and more than one million (41.4%) excess
days of hospitalization, with an increase in hospital costs of
approximately 380 million euros.

Portugal is one of several European countries with
high endemicity of MRSA. According to the data from the
European Antimicrobial Resistance Surveillance Network
(EARS-Net), in 2015, Portugal presented a high propor-
tion of methicillin-resistant S. aureus (46.8%), about two
and a half times higher than the average weighted by the
EU population (16.8%); value only surpassed, in the Eu-
ropean context, by Malta (48.3%) and Romania (57.2%)".
Even though there has been a gradual improvement (com-
pared to 54.6% in 2011)," the current estimate is still high
and continues to generate concern; specifically, faced with
the possibility of occurrence and spread of more cases of
vancomycin-resistant S. aureus (VRSA), as a therapeutic
alternative to methicillin for multiresistant strains (the first
European case of VRSA was isolated in Portugal in 2013)."
Moreover, MRSA isolates are often also resistant to fluoro-
quinolones, further limiting the treatment options available
for severe infections. MRSA remains a public health priority
in Portugal."

In order to contribute to a better knowledge and to help
prevent and control these infections, we launched this study
to identify the risk factors and analyse the clinical outcomes
(mortality and length of stay) associated with MRSA infec-
tions among hospitalized adult patients in a district hospital
in Portugal.

MATERIAL AND METHODS
Study design and setting

A retrospective case-control design was adopted. The
study was conducted at Santo André Hospital, a 464-bed
district hospital located in Leiria, Portugal.

Selection of participants
From microbiology laboratory records, we identified
retrospectively all patients with a microbiological culture

positive for S. aureus who had been hospitalized between
September 1%, 2015 and August 31%, 2016. S. aureus was
identified in cultures of clinical samples taken at the request
of the patient’s physician. Antibiotic susceptibility was deter-
mined by the hospital microbiology laboratory, according to
consensus protocols published in the ECDC manual.™

Eligible participants were all adult patients (= 18 years
old) with a laboratory-confirmed diagnosis of S. aureus in-
fection. Patients who met the inclusion criteria for the period
of study were further evaluated with the following exclusion
criteria: (i) absence of the medical record with confirmation
of clinical and laboratory diagnosis of S. aureus infection (in
order to exclude colonization), (ii) laboratory identification
of a pathogen other than S. aureus in the same sample or
in another sample of the same type that has been harvest-
ed at the same time and (iii) hospital discharge within 24
hours (the official definition of ‘ambulatory’).” The decision
to include/exclude patients was based on the information
available in clinical records (provided through the electronic
hospital information system) and covering the whole period
of hospitalization.

The selected participants were classified in two groups
(cases and controls), according to results of susceptibil-
ity tests. Hospitalized patients with a laboratory-confirmed
MRSA infection were included in the case group. On the
other hand, patients infected with methicillin-susceptible
Staphylococcus aureus (MSSA) were classified as controls.
As a note, in cases where the culture of two or more sam-
ples of the same type occurred, we determined that at least
one positive sample was sufficient to consider infection.

Data collection and measurements

As mentioned, data were initially retrieved from the labo-
ratory information system and later through a review of pa-
tients’ electronic clinical records (including admission and
progress notes, drug prescriptions, nursing and operation
records and discharge summaries). A structured form was
applied to collect patients’ data.

Once the available literature was reviewed and the re-
search hypotheses were formulated, we assessed potential
risk factors by gathering exposure information regarding
patient demographics as well as clinical variables, includ-
ing: sex, age, patients’ place of provenance (community/
patient’s house, nursing home for elderly people, continu-
ing care unit, other), in-hospital exposure time (time period
of hospitalization defined by the number of days between
the hospital admission and the infection onset), underlying
chronic diseases (chronic obstructive pulmonary disease
[COPD], insulin-dependent diabetes mellitus, malignancy,
chronic renal insufficiency), recent hospitalization (in the
previous 30 days before admission), prior antibiotic therapy
(within 30 days preceding S. aureus infection), invasive
procedures (surgery, haemodialysis) and presence of in-
dwelling devices (central or peripheral vascular catheter,
intubation or tracheostomy, urinary catheter). Data on risk
factors occurring during the hospital stay were recorded for
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patients with S. aureus infection if they occurred at any time
between admission and the sample date of the first positive
culture. As such, the day of infection onset was defined as
the sample date of the initial MRSA or MSSA isolate (for
cases and controls, respectively). Biological sample/speci-
men source (blood, urine, respiratory specimen, exudate
sample, and others) and inpatient ward (where the patient
was hospitalized at the time of the culture request) were
also documented, but not included in the analysis, since we
considered them as potentially interfering variables.

Additional information was obtained regarding the fol-
lowing clinical outcomes: in-hospital mortality and length of
stay (after the onset of S. aureus infection).

Data analysis

Data from completed forms were entered and analyzed
using SPSS v24 (IBM Corp. Released 2016. IBM SPSS
Statistics for Windows, Version 24.0. Armonk, NY: IBM
Corp.).

A descriptive analysis was performed to analyse pa-
tients’ sociodemographic and clinical characteristics as well
as clinical outcomes following infection. Quantitative varia-
bles were described by mean value and standard deviation.
Absolute and relative frequencies were used to summarize
qualitative variables.

For the inferential analysis of research hypotheses, we
performed the statistical study in two stages (Fig. 1). In the
first one we focused on identifying potential risk factors. In
order to explore possible statistical differences between the
two independent groups (MRSA versus MSSA) we started
by estimating the statistical significance for each potential
risk factor separately. Quantitative variables were analyzed
using the non-parametric Mann-Whitney U test, since the

(MRSA)

Study
population
(S. aureus
infection)

(MSSA)

Stage 1 Analysis

(Identification of potential

Cases

PO R ——— ’
p=n
Controls

assumptions of both normality (Kolmogorov-Smirnov test)
and homogeneity of variances (Levene’s test) could not
be met. Qualitative variables were analyzed using the chi
square test or Fisher's exact test, as appropriate. Crude
odds ratios (OR) with 95% confidence intervals (Cl) were
calculated as measures of association. Logistic regression
modelling was subsequently employed to control for the
confounding effect of each variable. Variables with p values
< 0.1 were considered for multivariate analysis. At this level,
results are presented as adjusted odds ratios (aOR) along
with 95% CI. Validation of the model was managed using
the Hosmer—Lemeshow goodness-of-fit test.

In a second stage, we approached the clinical out-
comes associated with methicillin resistance in S. aureus
infections. In-hospital mortality was defined as the propor-
tion of MRSA and MSSA patients who died during the peri-
od of hospitalization (after the onset of infection). Compari-
son of mortality between groups was performed using the
chi square test. The hypothetical effect of methicillin resist-
ance on increasing the length of hospital stay (among pa-
tients who survived S. aureus infection) was addressed by
Cox regression model with adjustment for the independent
risk factors previously identified in the multivariate analy-
sis. The hazard ratio (HR), which is derived from this mod-
el, provides an estimate of relative risk of a certain clinical
event based on comparison of event rates between groups
(cases versus controls); in this case, an increase in the
length of hospital stay as a hypothetical result of methicillin
resistance in S. aureus infections. Here, the strength of the
association was quantified by adjusted hazard ratio (aHR)
and 95% CI. The Cox regression model analyzed time to
hospital discharge as duration data, not as a continuous
outcome (despite its discrete nature). Thus, patients who
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Figure 1 — Flowchart summarizing statistical study design and data analysis
S. aureus: Staphylococcus aureus; MRSA: methicillin-resistant Staphylococcus aureus; MSSA: methicillin-susceptible Staphylococcus aureus
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died post-infection onset, but prior to hospital discharge or
that in the meantime were transferred to another hospital
(not considered as such intra-hospital patient transfers/
inter-service handoffs) were censored in this model. Col-
linear variables were not included.

Lastly, the level of statistical significance was set at 5%
(p < 0.05) for all patient-based analyses.

Ethical issues

This study received prior approval from the National
Committee for Data Protection (Comiss&o Nacional de Pro-
tecdo de Dados) and the hospital Ethics Committee. The
research was conducted in accordance with the national
standards and conditions applicable to the processing of
personal data for clinical research. Patients’ privacy and
confidentiality were ensured by the lack of identifiers in the
database (only a unique identification number was attrib-
uted to each participant). Recorded data were kept anony-
mous.

RESULTS

A total of 218 individuals (127 males and 91 females)
were included in this study. The mean age was 70.83 years
(+ 16.25) in a range between 28 and 95 years.

Overall, 96 cases (with MRSA infection) and 122 con-
trols (with MSSA infection) were selected for the study. The
respiratory tract was the most common source of S. aureus
isolates (101; 46.33%). Most of the cultures were requested
in the Emergency Department (106; 48.62%). Additional in-
formation regarding patient sociodemographic and clinical
variables is summarized in Table 1.

Risk factors

Sex, age, place of provenance, in-hospital exposure
time, underlying chronic disease(s), recent hospitalization,
prior antibiotic therapy, invasive procedures and indwelling
devices were included for analysis as potential risk factors
for development of infection by a methicillin-resistant strain
of S. aureus.

In comparison to MSSA infections, we firstly found sta-
tistically significant associations between the occurrence of
MRSA infection and the following independent variables:
age (p = 0.001), patients’ place of provenance (p = 0.032),
in-hospital exposure time (p < 0.001), underlying COPD
(p = 0.002) and chronic renal insufficiency (p = 0.012), re-
cent hospitalization (p < 0.001), prior antibiotic therapy (p
< 0.001), surgery within 30 days preceding infection (p =
0.024) and indwelling devices (central vascular catheter:
p = 0.037; peripheral vascular catheter: p = 0.012; intuba-
tion or tracheostomy: p = 0.015; and urinary catheter: p <
0.001). The remaining variables (sex, insulin-dependent
diabetes mellitus, malignancy, and haemodialysis) were not
associated with MRSA infections. The results of bivariate
analyses are also available in Table 1.

Once performed the adjustment of the logistic regres-
sion model (with the inclusion of the variables that, in rela-
tion to the dependent variable, originated p values < 0.10),

only five variables remained statistically significant. The in-
dependent associations were observed for the presence of
urinary catheter (aOR = 10.62, 95% CI 3.66 — 30.78), prior
antibiotic therapy within 30 days preceding infection (aOR =
5.60, 95% CI 2.15 — 14.62), in-hospital exposure time of 5 -
7 days (aOR =4.99, 95% CI 1.20 — 20.79) or = 8 days (aOR
=5.34, 95% CI 1.18 — 24.22), COPD (aOR = 4.27, 95% CI
1.64 — 11.13) and recent hospitalization (aOR = 2.66, 95%
Cl 1.14 — 6.23) in the previous 30 days before admission
(Table 2).

It should also be noted that almost all patients with
MRSA infection (93 of 96 cases, 96.88%) had at least one
of the five identified risk factors; compared with 68.85%
among MSSA infected patients (84 of 122 controls).

Clinical outcomes

Within the study population, 56 patients had died in the
course of hospitalization after the onset of S. aureus infec-
tion; 35 deaths occurred among cases (proportional mortal-
ity: 36.46%) and 21 among controls (proportional mortality:
17.21%). We found a statistically significant difference in
relation to the number of in-hospital deaths that occurred in
the two groups. Compared to MSSA infections, in-hospital
mortality was significantly higher (p = 0.001) in the group of
MRSA infected patients (Table 3).

Among survivors, there was an increased likelihood
(74%) of having an extended length of hospital stay associ-
ated with MRSA infections (HR = 1.74, 95% CI 1.23 — 2.44),
comparatively with MSSA infections. This association re-
mained statistically significant after adjustment of the Cox
regression model for the independent risk factors previously
identified for MRSA infections (aHR = 1.74, 95% CI 1.11 —
2.71) (Table 4 and Fig. 2).

Indeed, the average length of stay (after the infection
onset) was significantly higher in the group of cases com-
pared to the group of controls (15.64 vs 10.33 days, respec-
tively; p = 0.002) (Table 3).

DISCUSSION

Methicillin resistance in S. aureus represents a serious
health concern in Portugal.”®'® Yet, and as far as we are
aware, this is the first study to specifically investigate risk
factors for MRSA infections and the associated clinical out-
comes (in-hospital mortality and length of stay) in a hospital
setting at national level.

Risk factors

Among the characteristics evaluated in the current
study, the presence of urinary catheter (during hospital
stay) was independently associated with MRSA infections
(aOR =10.62, 95% CI 3.66 — 30.78). Although urine has not
been the most common specimen source, the association
found is not surprising, since a few other studies have ob-
tained similar results.'”'® Furthermore, it is associated not
only with the occurrence of MRSA urinary tract infections,
but also with bacteraemia. For instance, Carnicer-Pont et
al demonstrated the independent association between
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Table 1 — Sociodemographic and clinical characteristics associated with the occurrence of MRSA infections (compared with MSSA infections)

Infection
MRSA MSSA Total OR (95% ClI) p value *
n (%) 96 (44.0) 122 (56.0) 218 (100.0) - - -
Sociodemographic data
Sex 0.395
Male, n (%) 59 (46.5) 68 (53.5) 127 (100.0) 1.00 [reference] -
Female, n (%) 37 (40.7) 54 (59.3) 91 (100.0) 0.79 (0.46 — 1.36) -
Age (years), mean + SD 75.11+1419 67.45+17.01 70.83+16.25 1.03* (1.01 - 1.05)* 0.001**
Place of provenance 0.032
Community, n (%) 58 (38.2) 94 (61.8) 152 (100.0) 1.00 [reference]
Nursing home for elderly people, n (%) 19 (51.4) 18 (48.6) 37 (100.0) 2.24 (1.09 - 4.57)
Continuing care unit, n (%) 12 (70.6) 5(29.4) 17 (100.0) 4.15 (1.39-12.39)
Other, n (%) 7 (58.3) 5(41.7) 12 (100.0) 2.42 (0.73-7.99)
Clinical data
In-hospital exposure time
until infection onset < 0.001
0 -2 days, n (%) 53 (37.3) 89 (62.7) 142 (100.0) 1.00 [reference]
3 —4 days, n (%) 6 (24.0) 19 (76.0) 25 (100.0) 0.53 (0.20 - 1.41)
5 -7 days, n (%) 16 (66.7) 8 (33.3) 24 (100.0) 3.36 (1.35-8.38)
> 8 days, n (%) 21 (77.8) 6 (22.2) 27 (100.0) 5.88 (2.23 - 15.49)
Inpatient ward
Emergency Department, n (%) 43 (40.6) 63 (59.4) 106 (100.0) - - -
Intensive Care, n (%) 9(39.1) 14 (60.9) 23 (100.0) - - -
Medicine, n (%) 16 (59.3) 11 (40.7) 27 (100.0) - - -
Surgery, n (%) 8 (66.7) 4 (33.3) 12 (100.0) - - -
Orthopaedics, n (%) 7 (26.9) 19 (73.1) 26 (100.0) - - -
Other, n (%) 13 (54.2) 11 (45.8) 24 (100.0) - - -
Biological sample
Blood, n (%) 15 (42.9) 20 (57.1) 35 (100.0) - - -
Urine, n (%) 8 (61.5) 5 (38.5) 13 (100.0) - - -
Respiratory specimen, n (%) 51 (50.5) 50 (49.5) 101 (100.0) - - -
Exudate sample, n (%) 10 (25.6) 29 (74.4) 39 (100.0) - - -
Other, n (%) 12 (40.0) 18 (60.0) 30 (100.0) - - -
Underlying chronic disease(s)
COPD, n (%) 28 (65.1) 15 (34.9) 43 (100.0) 2.94 (1.46 — 5.90) 0.002
Insulin-dependent DM, n (%) 16 (50.0) 16 (50.0) 32 (100.0) 1.33 (0.63-2.81) 0.462
Malignancy, n (%) 21 (45.7) 25 (54.3) 46 (100.0) 1.09 (0.57 — 2.09) 0.804
Chronic renal insufficiency, n (%) 46 (54.8) 38 (45.2) 84 (100.0) 2.03 (1.17 — 3.54) 0.012
Recent hospitalization
within 30 days before admission, n (%) 55 (61.1) 35 (38.9) 90 (100.0) 3.33 (1.90 — 5.86) < 0.001
Prior antibiotic therapy
within 30 days preceding infection, n (%) 79 (59.0) 55 (41.0) 134 (100.0) 5.66 (3.00 - 10.67) < 0.001
Invasive procedures
within 30 days preceding infection
Surgery, n (%) 28 (58.3) 20 (41.7) 48 (100.0) 2.10 (1.10 — 4.03) 0.024
Haemodialysis, n (%) 3(75.0) 1(25.0) 4 (100.0) 3.90 (0.40 - 38.13) 0.323***
Presence of indwelling devices
during hospital stay, until infection onset
Central vascular catheter, n (%) 19 (61.3) 12 (38.7) 31(100.0) 2.26 (1.04 — 4.93) 0.037
Peripheral vascular catheter, n (%) 65 (51.2) 62 (48.8) 127 (100.0) 2.03 (1.16 — 3.54) 0.012
Intubation or tracheostomy, n (%) 25 (61.0) 16 (39.0) 41 (100.0) 2.33 (1.16 — 4.68) 0.015
Urinary catheter, n (%) 53 (77.9) 15(22.1) 68 (100.0) 8.79 (4.48 —17.25) < 0.001

MRSA: methicillin-resistant Staphylococcus aureus; MSSA: methicillin-susceptible Staphylococcus aureus; OR: odds ratio; Cl: confidence interval; SD: standard deviation; COPD:

chronic obstructive pulmonary disease; DM: diabetes mellitus.

*Chi square test; ** Mann—Whitney U test (for independent samples); *** Fisher’s exact test, # Odds ratio calculated for one unit increase in the variable (i.e. 1-year increase in age).
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Table 2 — Logistic regression analysis of risk factors for methicillin-resistant Staphylococcus aureus infections

Bivariate analysis Multivariate analysis =
OR (95% CI) p value aOR (95% CI) p value %
Presence of indwelling devices E
during hospital stay, until infection onset 8
Urinary catheter 8.79 (4.48-17.25) <0.001 10.62 (3.66 —30.78) < 0.001 K
Prior antibiotic therapy =
within 30 days preceding infection 5.66 (3.00-10.67) <0.001 5.60 (2.15-14.62) <0.001
In-hospital exposure time
until infection onset
0 -2 days 1 [reference] 1 [reference]
3 -4 days 0.53 (0.20 - 1.41) 0.204 1.55 (0.40 - 6.06) 0.530
5—7 days 3.36 (1.35-8.38) 0.009 4.99 (1.20 — 20.79) 0.027
> 8 days 5.88 (2.23-15.49) <0.001 5.34 (1.18 — 24.22) 0.030
Underlying chronic disease(s)
COPD 2.94 (1.46 — 5.90) 0.002 4.27 (1.64-11.13) 0.003
Recent hospitalization
within 30 days before admission 333 (1.90 — 5.86) <0.001 2.66 (1.14 - 6.23) 0.024

OR: odds ratio; Cl: confidence interval; aOR: adjusted odds ratio; COPD: chronic obstructive pulmonary disease.

[Hosmer—Lemeshow goodness-of-fit test: p = 0.502 (> 0.05)]

Note: The following variables were also included in the logistic regression analysis: age, place of provenance (community, nursing home for elderly people, continuing care unit, other),
underlying chronic disease (chronic renal insufficiency), invasive procedures (surgery) and presence of indwelling devices (central vascular catheter, peripheral vascular catheter,

intubation or tracheostomy).

hospital-acquired MRSA bacteraemia and the use of urinary
catheters (aOR = 37.1, 95% CI 7.1 — 193.2)."°

Prior antibiotic therapy (within 30 days preceding infec-
tion) was shown to be another risk factor independently as-
sociated with MRSA infections in multivariate analysis (aOR
= 5.60, 95% CIl 2.15 — 14.62). Indeed, previous exposure
to antibiotics, particularly broad-spectrum fluoroquinolones
and third-generation cephalosporins, is considered an inde-
pendent risk factor for acquisition of infections by methicil-
lin-resistant S. aureus strains in numerous studies.?-2®

In-hospital exposure time (until infection onset) of 5 - 7
days or = 8 days (aOR = 4.99, 95% CI 1.20 — 20.79 and
aOR = 5.34, 95% CI 1.18 — 24.22, respectively) and his-
tory of recent hospitalization (in the previous 30 days before
admission) (aOR = 2.66, 95% CIl 1.14 — 6.23) were also
confirmed as independent risk factors for MRSA infections.
These findings are consistent with those published in the
literature,7?42" despite some methodological differences
between studies with regard to specific technical definitions
such as the number of previous hospitalizations (1 to = 3)
and the time frame preceding hospital admission (from 1 to
24 months).

It was still observed in this study that COPD (aOR =

4.27, 95% Cl 1.64 — 11.13) was independently associated
with an increased risk of subsequent MRSA infection. This
result is supported by growing evidence which implies that
comorbid COPD is a risk factor for MRSA infections.?%28

Overall, we confirmed five of the potential risk factors
addressed in our study population. Interestingly, other fac-
tors that found to be significant in the first stage of the in-
ferential analysis, including, for example, surgery (within 30
days preceding infection) or endotracheal intubation/trache-
ostomy, failed to reach statistical significance in the multi-
variate analysis. Even though not all the selected variables
have been scientifically recognized in previous studies as
being risk factors for MRSA infections, these results may be
a reflection of the low absolute frequencies verified in some
of the characteristics analyzed, precluding meaningful sta-
tistical comparisons. We also consider that the operational
definitions adopted for a few variables could have affected
the significance and association, or lack of association be-
tween the potential risk factors assessed (e.g., haemodialy-
sis) and the occurrence of MRSA infection.

Further studies will be necessary to extend the scope
to other settings or populations, such as nursing homes.
Those studies would be particularly useful if standardized

Table 3 — Clinical outcomes associated with the development of MRSA infections (compared with MSSA infections)

Infection
MRSA MSSA Total p value
Clinical outcomes
In-hospital mortality
after infection onset, n (%) 35 (62.5) 21 (37.5) 56 (100.0) 0.001*
Length of stay
after infection onset (days)$, mean + SD 15.64 + 12.43 10.33 £ 7.04 12.44 + 9.86 0.002**

MRSA: methicillin-resistant Staphylococcus aureus; MSSA: methicillin-susceptible Staphylococcus aureus; SD: standard deviation.
* Chi square test; ** Mann—-Whitney U test (for independent samples); § Excluded the patients who died during hospitalization (after the infection onset) or that were transferred to

another hospital.
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Table 4 — Cox regression analysis of the relationship between resistant to methicillin and length of stay

Bivariate analysis
HR (95% ClI) p value aHR

Multivariate analysis”
(95% CI) p value

Length of stay
after infection onset (days)® 1.74

(1.23-2.44)  0.002 1.74

(1.11-271) 0015

HR: hazard ratio; Cl: confidence interval; aHR: adjusted hazard ratio.

#Included for adjustment the independent risk factors identified for the occurrence of MRSA infections: presence of urinary catheter, prior antibiotic therapy, in-hospital exposure time of
5 -7 days and 2 8 days, COPD and recent hospitalization; § Excluded the patients who died during hospitalization (after the infection onset) or that were transferred to another hospital.

and strict criteria were used to include participants and data
were collected in a similar way, allowing more accurate data
analysis and helping us to get a better interpretation of re-
sults.

Clinical outcomes

Another aim of the study was to analyse the clinical im-
pact of methicillin resistance among patients infected with S.
aureus. In accordance with previous studies,?2°%" patients
with MRSA infection had a significantly higher in-hospital
mortality compared with those in the control group (infected
with MSSA) (p = 0.001); and, in fact, the descriptive analy-
sis by itself has shown that more MRSA than MSSA infected
patients died during the hospital stay.

Moreover, methicillin resistance was independently as-
sociated with a significantly extended length of hospital
stay following the infection onset. After adjustment for risk
factors (previously identified), our observations revealed a
nearly 1.7-fold increased odds of prolonged length of stay in
patients with MRSA infections (aHR = 1.74, 95% CI 1.11 —
2.71). This result indicates an increased hazard of hospital
discharge delay, hence a longer time to discharge. There-
fore, an effect attributable to methicillin resistance can be
discerned for the length of hospital stay. Two other studies
(conducted in China and USA, respectively)®* also identi-
fied MRSA infection as a predictor of increased length of
stay. Even so, it should remain clear that a hazard ratio
does not convey information about how much longer this
event may occur, but instead estimates the risk of it occur-
ring (in relative terms, as a ratio of risks).

These findings corroborate our hypothesis that methicil-
lin resistance in S. aureus infections are associated with
worst clinical outcomes among hospitalized patients. Addi-
tional research will also be important to evaluate the health
impact of MRSA spread in community settings.

Study’s limitations and strengths

As any retrospective study, our research has certain lim-
itations that should be acknowledged. Specifically, we could
not follow patients after discharge, which does not allow us
to analyse infection recurrence as well as to determine mor-
tality within a certain period of follow-up (e.g., 30 days after
infection onset). Also, we were unable to assess patients’
causes of death (inaccessible data). Moreover, we didn’t
differentiate community-acquired from hospital-acquired S.
aureus infections. And obviously, as with all observational
studies, we cannot entirely exclude any confounding or re-
sidual bias. Particularly, we assume the possibility of infor-
mation bias due to misclassification of patients’ exposure

status and outcomes, even if some errors (e.g., typos in the
clinical records consulted) possibly have occurred in both
groups (and conceivably tended to minimize any true differ-
ences between them: bias toward the null).

Still, some strengths are also recognized. Firstly, the
study design employed allowed us to examine, simultane-
ously, multiple risk factors associated with the problem un-
der study (methicillin resistance in S. aureus infections), in
line with the current scientific evidence supporting its mul-
tifactorial nature. Secondly, the option to study all hospital-
ized patients with S. aureus infections (within the timeframe
set) also contributed to the strength of this evaluation, in
the sense that both cases and controls were selected on
uniform criteria without any relationship with the exposure,
helping to minimize one of the limitations usually associated
with a case-control study: selection bias. A third strength
of this study is the relatively high number of participants.
Furthermore, data collection occurred through a structured
review of electronic medical records rather than self-report-
ed questionnaires, thus reducing recall bias and, therefore,
ensuring the accuracy of our data (despite the possible in-
formation bias outlined above).

At last, our study is internally valid as we used a pop-
ulation-based design. Although the generalization of the
results obtained should naturally be considered with due
care, the identified risk factors and the clinical outcomes

1.0
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0-9f \ — MRSA (Cases)
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Figure 2 — Length of hospital stay among patients with methicillin-
resistant or methicillin-susceptible Staphylococcus aureus infec-
tions. Adjusted for the independent risk factors identified for the
occurrence of MRSA infections (presence of urinary catheter, prior
antibiotic therapy, in-hospital exposure time of 5 - 7 days and = 8
days, COPD and recent hospitalization).

MRSA: methicillin-resistant Staphylococcus aureus; MSSA: methicillin-susceptible
Staphylococcus aureus
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evaluated for MRSA infections are broadly in line with the
evidence available in previous studies.

CONCLUSION

In summary, this study shows that the presence of uri-
nary catheter, prior antibiotic therapy (in the last 30 days),
in-hospital exposure time of five or more days, underlying
COPD, and recent hospitalization are independent risk fac-
tors for MRSA infections. Furthermore, our findings under-
line the additional burden imposed by methicillin resistance
since it is associated with an increased risk of prolonged
length of stay as well as a significantly higher risk of in-hos-
pital death. Thus, it continues to be necessary to optimize
strategies to prevent and control nosocomial emergence
and dissemination of multidrug-resistant strains of S. au-
reus. In that sense, recognition of the variables that identify
patients at higher risk of developing MRSA infection may
help physicians target preventive measures and optimising
antibiotic use, in order to reduce morbidity and mortality in
hospital settings. The combined focus on centralized infor-
mation systems supporting clinical decision-making and
new laboratory technologies for the early identification of
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