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particularities of both diseases and promote actions that help 
in the control and reduction of TB, with special emphasis on 
avoiding the emergence of drug-resistant forms. The 
recommendations focused on three main actions: i) 
establishing collaborative mechanisms between operational 
TB and T2DM programs, ii) detecting and managing TB in 
patients with T2DM, and iii) detecting and monitoring T2DM in 
TB patients. 

 Unfortunately, countries are not required to report 
information on the implementation of these actions or their 
actions against TB; because of this, in 2020, the WHO 
investigated the implementation of recommendations and 
monitoring of progress in TB-T2DM care in countries with high 
TB incidence (13). The review examined the scope of national 
policies and guidelines and paid special attention to national 
TB strategic plans (treatment guidelines and programmatic 
guidelines for managing drug-resistant TB, among others). 
From this review, it was estimated the number of countries 
that adopted the recommendations on screening and co-
management of TB and T2DM in the respective national health 
programs. The findings showed that implementation was 
variable. In this regard, 22 countries collectively reported 
47,041 new TB cases that underwent T2DM diagnosis, 
representing a median testing coverage rate of 55% (IQR: 13-
92%).

 In conclusion, it is recognized that the "End TB 
Strategy" objectives cannot be reached without intensifying 
research and innovation, especially in countries with high TB 
incidence, and now the influence of T2DM must be 
considered. Even if the actual priorities are centered on 
vaccines, improving diagnostic methods, and new anti-TB 
drugs and treatments (1). In this context, the commitment to 
address the global burden of TB-T2DM must not be ignored. 
The integrated approach to attend the binomial represents an 
opportunity to join efforts in diagnosing and caring for these 
two important pathologies, thereby optimizing the results of 
anti-TB treatment (8). Follow-up and detailed evaluation of 
joint strategies to address both diseases are essential to 
promote their implementation and to assess their impact; in 
this context, countries are required to establish collaborative 
activities between TB and T2DM programs and to monitor 
their success as part of surveillance activities, operational 
research, and cost-effectiveness analysis, but without 
forgetting the very particular characteristics of TB in patients 
with T2DM, and the need for closer surveillance and even 
personalized treatment, this is fundamental, if we really want 
to successfully address the issues established for the End TB 
strategy and the sustainable development goals (SDG-WHO).
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Abstract

Background.  Methicillin-resistant Staphylococcus aureus (MRSA) is a 
prevalent pathogen associated with significant morbidity and mortality. 
In Lebanon, MRSA rates have recently started to rise. We aimed to 
determine risk factors for acquiring MRSA and Methicillin-sensitive 
Staphylococcus aureus (MSSA) infections and identify independent risk 
factors for in-hospital mortality among patients with S. aureus infection. 
Methods. We used a case-case-control study design that included 
patients with infections and compared them to uninfected controls. 
Two multivariable regression models were constructed to determine 
variables associated with acquiring MRSA and MSSA infections. We 
explored independent predictors of mortality in the overall population 
compared with the MRSA subgroup. Results. 356 patients with S. 
aureus infections were identified and compared to 208 uninfected 
controls. A recent history of surgery and underlying diabetes were 
independent risk factors for acquiring both infections. Having a urinary 
catheter for more than 6 days and steroid therapy were unique risk 
factors for MRSA infection (aOR 28.1, 95% CI 3.5-223.6 and 3.7, 95% CI 1.6-
8.7, respectively). Risk factors exclusively associated with MRSA 
infection included ICU admission, acute renal failure, and malignancy. 
Conclusions. Risk factors associated with MRSA infection are distinct 
from those associated with MSSA infection. This can be used to risk 
stratify patients and will aid in choosing empirical antibiotic therapy. 

Key word: staphylococcus aureus, methicillin-resistance, antimicrobial-
resistant.

Introduction

 Infections caused by Staphylococcus aureus are both 
common and costly. The average medical cost of S. aureus 
bacteremia was $12,078, and it was found that patients with 
MRSA had 1.32 times higher than the average costs of MSSA 
(1). Healthcare-associated methicillin-resistant S. aureus (HA-
MRSA) represents significant mortality, morbidity, and 
economic burden on healthcare resources compared to 
methicillin-sensitive S. aureus (MSSA). In the United States 
(US), S. aureus was found to be the number one cause of 
nosocomial infection, of which a high percentage of isolates 
were methicillin-resistant (2).

 MRSA is the causative pathogen of serious invasive 
infections both in the hospital and community settings (2). 
MRSA infection is commonly associated with multiple risk 
factors: prolonged hospitalization, smoking (3), recent 
hospitalization, intensive care admission, recent antibiotic 
use, invasive procedures, HIV infection, admission to nursing 

homes, open wounds, hemodialysis, discharge with long-term 
central venous access or long-term indwelling urinary 
catheter(4). Antibiotic use, particularly of cephalosporins (3) 
and fluoroquinolones (4), is known to increase the risk of 
MRSA infection and colonization (3). Furthermore, advancing 
age (>65 years) was indirectly considered a risk factor for the 
acquisition of MRSA(4). Another risk factor was living in a 
highly prevalent MRSA area or being admitted to a highly 
prevalent MRSA hospital (4). Nevertheless, it was found that 
previous MRSA colonization was the strongest risk factor for 
current MRSA infection (7).

 The prevalence of MRSA in the Arab world is variable. 
In a recent review, the estimates reported in various studies 
ranged from 12% to as high as 60% (8). In Lebanon, a study 
based on retrospective nationwide compiled data found an 
MRSA prevalence of 27.6% (9). Due to the significant burden 
of this public health threat, we aim to determine the 
epidemiology, risk factors, and outcomes of infections due to 
MRSA compared to those caused by methicillin-sensitive 
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isolates (MSSA) among hospitalized patients at a tertiary care 
center in Lebanon.

Materials and methods

Study population and site

 The American University of Beirut Medical Center 
(AUBMC) is a 420-bed hospital that provides tertiary medical 
care to patients from all over Lebanon and the region. All adult 
patients with a documented culture of S. aureus and who had 
been hospitalized for more than 48 hours were included in the 
study. Patients who were deemed to be colonized with S. 
aureus were excluded.

Study design

 We used a retrospective case-case-control study 
design. A retrospective review of the medical records of 
patients admitted to AUBMC between 2015 and 2018 was 
performed. Potential subjects were identified through the 
microbiology laboratory database and the hospital admission 
records. The first group of cases consisted of patients with 
MRSA infections, while the second group of cases included 
those with MSSA infections. The control group consisted of 
patients admitted during the same period as the cases but 
who did not develop any infection during their hospital stay. 
Each patient was included in the study once, taking into 
consideration the first instance at which S. aureus was 
isolated during the period of the study. 

Statistical analysis

 Data were entered into a database using SPSS for 
Windows (SPSS Inc, Chicago, IL). Bivariable analysis was 
performed to detect statistical associations using the Chi-
square test for categorical variables and the independent 
samples t-test for continuous variables. Backward stepwise 
multivariate logistic regression was performed to test for 
independent associations controll ing for potential 
confounders. The logistic model included all variables for 
which a p-value of 0.15 or less was obtained in the bivariate 
analysis. This case-case-control study aimed to identify risk 
factors associated specifically with MRSA infection. Two 
different regression models were conducted. In the first, risk 
factors for MRSA infection were determined by comparing 
the first group of cases (patients with MRSA infections) to 
uninfected controls. The second group of cases (patients with 
MSSA infections) was compared to uninfected controls in the 
second analysis. By comparing and contrasting these two 
models, variables uniquely associated with MRSA infections 
were determined.

Ethical considerations

 The Institutional Review Board approved the study 
at the American University of Beirut. Since this was a 
retrospective analysis, informed consent was waived.

Results

Patient characteristics

 A total of 564 patients were included in the study, of 
which 151 had an MRSA infection. These were matched to 205 
patients with MSSA infection and 208 uninfected controls. 
Table 1 shows the baseline characteristics of patients with 
MRSA and MSSA infections compared to uninfected controls. 
The most common site of infection was skin and skin 
structures in both the MRSA and MSSA groups (58.3% and 
53.2%, respectively). Bloodstream infections accounted for 
around 8% of MRSA and MSSA infections. Of the MRSA 
infections, 49 (32.5%) were hospital-acquired, 37 were 
healthcare-associated (24.5%), and 65 (43.0%) were 
community-acquired. Most community-acquired infections 
were skin and soft tissue infections (70.8%), and only one 
patient had a community acquired-MRSA bacteremia. 
Previous exposure to antibiotics within 30 days of infection 
was higher in patients with MRSA infection (38.7% vs. 23.4%, p-
value = 0.002).

Risk factors for infection

 Comorbidities associated with both MRSA and MSSA 
infections were diabetes mellitus and renal insufficiency. 
Other common risk factors were steroid therapy, surgery, 
hospitalization, and invasive medical devices in the last 30 
days before hospital admission. The results of the two 
regression models are shown in Table 2. Independent risk 
factors for both MRSA and MSSA infections compared to 
uninfected controls were diabetes and surgery within 30 days 
of hospital admission. While the adjusted odds ratios (aOR) 
for diabetes were comparable in both models (2.6 for MRSA 
and 2.1 for MSSA), there was a differential association with 
recent surgery (aOR 11.5 for MRSA vs. 3.4 for MSSA), 
suggesting that recent surgery predisposes to MRSA infection 
more often than to MSSA infection. Variables uniquely 
associated with the isolation of MRSA were recent steroid 
therapy (aOR 3.7; 95% CI 1.6-8.7) and recent urinary catheter 
placement for more than six days (aOR 28.1; 95% CI 3.5-223.6). 
On the other hand, body mass index and previous 
hospitalization were associated with isolation of MSSA but 
not MRSA.

Patient outcomes

 The all-cause in-hospital mortality rate was 13.8% in 
the overall patient population and 11.9% in the MRSA group. 
Table 3 shows the risk factors for mortality among all patients 
with S. aureus infection and those with MRSA infection. 
Independent risk factors for mortality that were unique to 
MRSA were the need for ICU admission (aOR 57.9), acute 
renal failure (aOR 19.5), and underlying malignancy (aOR 9.0).
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Uninfected controls MRSA p-value MSSA p-value

(n = 208) (n = 151) (MRSA vs. controls) (n = 205) (MSSA vs. controls)

Age, years 53.6 ± 18.8 53.7 ± 20.1 0.93 55.7 ± 20.6 0.28

Male sex 119 (57.2) 81 (53.6) 0.52 111 (54.1) 0.53

BMI, kg/m 2 28.6 ± 6.3 28.4 ± 7.1 0.81 27.2 ± 5.4 0.027

Diabetes 42 (20.2) 55 (36.4) < 0.001 69 (33.7) 0.002

Renal insufficiency 12 (5.8) 25 (16.6) < 0.001 27 (13.2) 0.01

Chronic pulmonary disease 26 (12.5) 15 (9.9) 0.45 13 (6.3) 0.03

Malignancy 46 (22.1) 44 (29.1) 0.13 45 (21.9) 0.97

Steroid therapy* 10 (4.8) 27 (17.9) < 0.001 27 (13.2) 0.003

Surgery* 5 (2.4) 38 (25.2) < 0.001 30 (14.6) < 0.001

Hospitalization* < 0.001 < 0.001

0-2 days 192 (92.3) 91 (60.3) 133 (64.9)

3-5 days 12 (5.8) 27 (17.9) 31 (15.1)

> 6 days 4 (1.9) 28 (18.5) 39 (19.0)

ICU admission* < 0.001 < 0.001

0-2 days 206 (99.0) 131 (86.7) 182 (88.8)

3-5 days 2 (1.0) 11 (7.3) 16 (7.8)

> 6 days 0 6 (4.0) 4 (1.9)

Urinary catheter* < 0.001 < 0.001

0-2 days 206 (99.0) 113 (74.8) 165 (80.5)

3-5 days 1 (0.5) 12 (7.9) 15 (7.3)

> 6 days 1 (0.5) 23 (15.2) 19 (9.3)

Central venous catheter* 0.008 0.005

0-2 days 202 (97.1) 130 (86.1) 179 (87.3)

3-5 days 2 (1.0) 4 (2.6) 11 (5.4)

> 6 days 4 (1.9) 12 (7.9) 11 (5.4)

Mechanical ventilation* < 0.001 0.001

0-2 days 207 (99.5) 132 (87.4) 185 (90.2)

3-5 days 1 (0.5) 9 (6.0) 12 (5.8)

> 6 days 0 8 (5.3) 4 (1.9)

Nasogastric tube* < 0.001 0.001

0-2 days 207 (99.5) 134 (88.7) 185 (90.2)

3-5 days 1 (0.5) 7 (4.6) 8 (3.9)

> 6 days 0 7 (4.6) 7 (3.4)

Variable

Table 1
Baseline characteristics of patients with MRSA and MSSA infections

MRSA = methicillin-resistant S. aureus; MSSA = methicillin-sensitive S. aureus; BMI = body mass index; ICU = intensive care unit.
Numbers represent no. (%) unless otherwise specified.
*Within 30 days of hospital admission.

Table 2
Multivariable analysis of risk factors for MRSA and MSSA infections

MRSA = methicillin-resistant S. aureus; MSSA = methicillin-sensitive S. aureus; aOR = adjusted odds ratio; CI = confidence interval; BMI = 
body mass index; NS = not statistically significant.
 †Adjusted for all variables with p-value < 0.2 on univariable analysis.
*Within 30 days of hospital admission.

Variable p-value aOR† (95% CI) p-value aOR† (95% CI)

Surgery* < 0.001 11.5 (3.7-35.5) 0.04 3.4 (1.1-11.3)

Diabetes 0.001 2.6 (1.5-4.4) 0.012 2.1 (1.2-3.6)

Urinary catheter* for > 6 days 0.02 28.1 (3.5-223.6) NS ¾

Steroid therapy* 0.003 3.7 (1.6-8.7) NS ¾

Hospitalization* for > 6 days NS ¾ 0.001 7.2 (2.3-22.3)

Hospitalization* for 3-5 days NS ¾ 0.016 2.9 (1.2-6.7)

BMI NS ¾ 0.028 0.95 (0.9-0.99)

MRSA vs. controls MSSA vs. controls
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The most common site of infection was skin and skin 
structures in both the MRSA and MSSA groups (58.3% and 
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around 8% of MRSA and MSSA infections. Of the MRSA 
infections, 49 (32.5%) were hospital-acquired, 37 were 
healthcare-associated (24.5%), and 65 (43.0%) were 
community-acquired. Most community-acquired infections 
were skin and soft tissue infections (70.8%), and only one 
patient had a community acquired-MRSA bacteremia. 
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Hospitalization* for 3-5 days NS ¾ 0.016 2.9 (1.2-6.7)

BMI NS ¾ 0.028 0.95 (0.9-0.99)

MRSA vs. controls MSSA vs. controls
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Discussion

 This study provides an overview of clinical risk factors 
for MRSA and MSSA infections, along with independent 
predictors of mortality among S. aureus infections and MRSA 
infections in particular. We showed that diabetes mellitus and 
previous surgery within 30 days of infection are independent 
risk factors associated with MRSA and MSSA infection, which 
is consistent with published data (10). Diabetes is a well-
known risk factor for S. aureus infections, particularly MRSA 
(11). Interestingly, a recent study has shown that 30-day 
mortality is lower among diabetic patients with MRSA 
bloodstream infection compared to non-diabetic patients 
(12). In our population, diabetes was neither protective 
against nor predictive of in-hospital mortality.

 We found that placement of a urinary catheter for 
more than six days and recent steroid therapy are 
independently associated with MRSA but not MSSA infection. 
MRSA is an increasingly recognized cause of catheter-
associated urinary tract infections (13). Evidence suggests 
that the presence of the urinary catheter alters bladder 
ecology and favors colonization and later infection with 
MRSA. This is, however, a modifiable risk factor, and efforts 
should always be geared toward decreasing the duration of 
catheterization in hospitalized patients. The relationship 
between MRSA infection and steroid therapy is established in 
the literature, especially among patients who are nasally 
colonized with MRSA (14). Given the retrospective nature of 
our study, it is not possible to determine the proportion of 
nasal colonization among our patient population.

 We found several predictors for in-hospital mortality 
in our patient population, some of which are baseline 
variables while others are complications emanating from the 
staphylococcal infection itself. Most of the risk factors we 
found to be associated with in-hospital mortality are 
consistent with the existing literature, such as the 
development of septic shock (15), ICU admission (16), and 

renal failure (17). While these are classical and predictable 
factors determining survival, we also found that an underlying 
malignancy is associated with a considerable risk for death 
exclusively in the setting of MRSA infection. In our cohort, 
around 61% of the patients with MRSA who died had an 
underlying malignancy. In a retrospective study conducted on 
1,168 patients over nine years, malignancy was shown to be a 
predictor of 30-day mortality, with lymphomas being the most 
commonly implicated type of malignancy (13). Another study 
from Japan showed similar findings (18). Malignancy is a 
significant mortality factor where a patient with malignancy 
and MRSA BSI have high mortality of 35.87% (19).

 A meta-analysis focusing on vancomycin treatment 
failure based on MIC showed no statistically significant 
difference in mortality in patients with MRSA bacteremia 
treated with vancomycin based on different MIC values 
indicating that MIC may not be an optimal guide of 
vancomycin treatment (20).

 This study has several limitations, the most important 
of which is the retrospective data collection. In addition, our 
population is limited to hospitalized patients, which is 
expected to skew the data toward a more severe form of 
illness.

Conclusions

 In conclusion, unique and often modifiable risk 
factors are associated exclusively with MRSA infection 
compared to MSSA infections. These can be used in the risk 
assessment of patients suspected of having a staphylococcal 
infection to guide empiric antibiotic therapy in a country like 
Lebanon, where the incidence of MRSA is rising but is still not 
overwhelmingly high. It is worth noting that the study data is 
prior to the COVID-19 pandemic, during which time the 
massive use of antibiotics probably modified bacterial 
resistance profiles. Therefore, further studies are needed 
post-pandemic to highlight the changes the pandemic has 
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Discussion

 This study provides an overview of clinical risk factors 
for MRSA and MSSA infections, along with independent 
predictors of mortality among S. aureus infections and MRSA 
infections in particular. We showed that diabetes mellitus and 
previous surgery within 30 days of infection are independent 
risk factors associated with MRSA and MSSA infection, which 
is consistent with published data (10). Diabetes is a well-
known risk factor for S. aureus infections, particularly MRSA 
(11). Interestingly, a recent study has shown that 30-day 
mortality is lower among diabetic patients with MRSA 
bloodstream infection compared to non-diabetic patients 
(12). In our population, diabetes was neither protective 
against nor predictive of in-hospital mortality.

 We found that placement of a urinary catheter for 
more than six days and recent steroid therapy are 
independently associated with MRSA but not MSSA infection. 
MRSA is an increasingly recognized cause of catheter-
associated urinary tract infections (13). Evidence suggests 
that the presence of the urinary catheter alters bladder 
ecology and favors colonization and later infection with 
MRSA. This is, however, a modifiable risk factor, and efforts 
should always be geared toward decreasing the duration of 
catheterization in hospitalized patients. The relationship 
between MRSA infection and steroid therapy is established in 
the literature, especially among patients who are nasally 
colonized with MRSA (14). Given the retrospective nature of 
our study, it is not possible to determine the proportion of 
nasal colonization among our patient population.

 We found several predictors for in-hospital mortality 
in our patient population, some of which are baseline 
variables while others are complications emanating from the 
staphylococcal infection itself. Most of the risk factors we 
found to be associated with in-hospital mortality are 
consistent with the existing literature, such as the 
development of septic shock (15), ICU admission (16), and 

renal failure (17). While these are classical and predictable 
factors determining survival, we also found that an underlying 
malignancy is associated with a considerable risk for death 
exclusively in the setting of MRSA infection. In our cohort, 
around 61% of the patients with MRSA who died had an 
underlying malignancy. In a retrospective study conducted on 
1,168 patients over nine years, malignancy was shown to be a 
predictor of 30-day mortality, with lymphomas being the most 
commonly implicated type of malignancy (13). Another study 
from Japan showed similar findings (18). Malignancy is a 
significant mortality factor where a patient with malignancy 
and MRSA BSI have high mortality of 35.87% (19).

 A meta-analysis focusing on vancomycin treatment 
failure based on MIC showed no statistically significant 
difference in mortality in patients with MRSA bacteremia 
treated with vancomycin based on different MIC values 
indicating that MIC may not be an optimal guide of 
vancomycin treatment (20).

 This study has several limitations, the most important 
of which is the retrospective data collection. In addition, our 
population is limited to hospitalized patients, which is 
expected to skew the data toward a more severe form of 
illness.

Conclusions

 In conclusion, unique and often modifiable risk 
factors are associated exclusively with MRSA infection 
compared to MSSA infections. These can be used in the risk 
assessment of patients suspected of having a staphylococcal 
infection to guide empiric antibiotic therapy in a country like 
Lebanon, where the incidence of MRSA is rising but is still not 
overwhelmingly high. It is worth noting that the study data is 
prior to the COVID-19 pandemic, during which time the 
massive use of antibiotics probably modified bacterial 
resistance profiles. Therefore, further studies are needed 
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Abstract

Since the start of the COVID-19 pandemic, a large 
number of trials have examined the efficacy of various 
medications as potential treatments for COVID-19, but a 
promising therapeutic option is still missing and under 
investigation. Molnupiravir is an investigational oral 
antiviral medication and a nucleoside analogue that 
suppresses SARS-CoV-2 replication and has been found 
to be active against common virus variations (including 
the Delta variant). Several phase 2 and 3 clinical trials 
have shown high efficacy for direct antiviral activity of 
molnupiravir as well as its favorable safety and 
tolerability in mild to moderate Covid-19 patients. The 
current study was done on five hospitalized, severe 
COVID-19 patients. It seems that in combination with 
remdesivir, this novel antiviral could exert a synergistic 
effect on reducing the severity of symptoms as well as 
the duration of hospitalization. However, further clinical 
studies on the use of molnupiravir in the treatment of 
severe COVID-19 are warranted.

Key word:  SARS-CoV-2,  COVID-19, molnupiravir , 
remdesivir, severe patients, hospitalized.

Introduction

 The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has expanded globally since its emergence in 
Wuhan, China in December 2019, resulting in a global 
pandemic with more than 458 million confirmed cases and 
about 6 million deaths documented as of March 15, 2022 (1, 2). 
SARS-CoV-2 variants are spreading in diverse parts of the 
world, raising a new concern of greater virus dissemination 
and the ability to evade both vaccine and infection-induced 
immunity (3). Despite numerous trials examining the efficacy 
of various prospective drugs, promising therapeutic 
alternatives for treating Coronavirus Disease 2019 (COVID-19) 
are still missing (4).

 Due to the contagious nature of the disease, the 
current focus is mainly on the development of new antiviral 
drugs and vaccines. One of the medications being developed 
in this field is molnupiravir. Molnupiravir is an investigational 
oral antiviral medication and a nucleoside analogue that 
suppresses SARS-CoV-2 replication which is active against 

common virus variations (including the Delta variant) (5). It is 
not yet  c l in ical ly  access ible.  U.S.  Food and Drug 
Administration advisory committee has narrowly endorsed 
molnupiravir, a COVID-19 pill developed by Merck, for the 
treatment of mild to moderate COVID-19 in patients at risk of 
developing a severe form of the disease (MOVe-OUT trial (MK-
4482-002) (NCT04575597)). In Syrian hamsters and ferrets, 
molnupiravir, the orally accessible prodrug of the nucleoside 
analogue N4-hydroxycytidine, was efficacious against SARS-
CoV-2 infections (6, 7). Reports from a phase 2a trial 
(NCT04405570) indicated high efficacy for direct antiviral 
activity as well as favorable safety and tolerability of 
molnupiravir in Covid-19 outpatients (8).

 As molnupiravir was used in mild to moderate COVID-
19 patients, the efficacy and safety of the medicine have not 
yet been evaluated in severe cases. In this case-series study, 
molnupiravir was administered to hospitalized patients with 
severe SARS-CoV2 infection. 
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