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 Recent years have witnessed the development and 
progression of a new syndemic, which includes two 
diametrically opposed diseases: on the one hand, we have 
the participation of an infectious disease, Tuberculosis (TB), 
and on the other, a chronic degenerative disease, Type 2 
Diabetes mellitus (T2DM). Both diseases are combined to 
generate serious epidemiological scenarios in the short and 
medium term that require immediate and well-organized 
attention by the health authorities if the objectives of the 
"End TB" strategy for 2030 want to be achieved (1). 

 TB is an infectious disease caused by Mycobacterium 
tuberculosis, a bacterium that predominantly affects the 
lungs; however, it can also spread to other organs and tissues. 
According to the WHO, in 2021, more than 10 million new cases 
and 1.6 million deaths from TB were reported globally, with 
most of these deaths occurring in Asia (1). Additionally, it was 
estimated that 3% of new and 18% of treated cases would 
evolve into aggravated forms of resistance, such as multidrug-
resistant TB (MDR-TB), of which 8.5% will develop extensively 
resistant TB (XDR-TB) (2); these are unprecedented figures 
considering our historical evolution with this disease.

  On the other hand, Diabetes mellitus is characterized 
by a disorder in the production and action of insulin, triggering 

a state of hyperglycemia, if this disease is not adequately 
t reated generates  immunosuppress ion,  systemic 
inflammation, and eventually serious damage to various 
organs. Type 2 diabetes mellitus (T2DM) is the most common 
form of the disease and accounts for 90% of diagnosed cases 
(3). According to the International Diabetes Federation (IDF), 
425 million people were estimated to have T2DM worldwide in 
2017, with North America and the Caribbean being the regions 
with the highest prevalence in the Americas (50 million) (4). 
These figures exemplify the growth of T2DM, which would be 
explained mainly by the population's modification in dietary 
habits and lifestyle.

  In the context of the comorbidity, those individuals 
living with T2DM increase up to threefold the risk of 
contracting TB (RR=3.1, 95%CI 2.27-4.26) (5), and also 
promoting the activation of a previously acquired latent TB 
infection. The macrophages are the main line of defense of 
the innate immune system against TB through phagocytosis, 
which generates reactive oxygen and nitrogen species and 
the release of inflammatory cytokines, promoting the death 
of the bacteria (6). However , in hosts with T2DM, 
hyperglycemia decreases the function of macrophages, 
causing defects in phagocytosis and chemotaxis, suppression 
of cytokines production such as Interleukin (IL)-10 and IL-12 
and IFN-γ by myeloid cells, and tumor necrosis factor-alpha 
(TNF-α) by T cells (7).

 In addition, the occurrence of the TB-T2DM binomial 
increases the risk of anti-TB treatment failure (RR= 1.69, 95%CI 
1.36 - 2.12), promotes relapse (RR=3.89, 95%CI 2.43 - 6.23) and 
death during treatment (RR=1.89, 95%CI 1.52 - 2.36) (5). 
Furthermore, patients with the TB-DMT2 binomial present a 
delay in the negativization of the follow-up smear microscopy, 
which induces a longer period of active infection and 
promotes TB transmission (7); this should imply a closer 
follow-up by health personnel and modification of traditional 
treatment protocol for these patients. In addition, the 
presence of the binomial increase the probability of 
developing drug-resistant TB (8,9) due to the reduction of the 
plasma concentration of anti-TB drugs (10), which can 
generate a positive selection of strains with resistance until 
they become the dominant population.

 According to WHO, in 2019, 360,000 new TB cases 
(95%CI 120,000 - 740,000) accounted for T2DM, while 
approximately 15% of people with TB also had T2DM. This 
approximates 1.5 million people with TB and T2DM who 
require special care conditions and follow-up to optimize 
comorbidity management (11).

 Considering the growing scenario of this syndemic, 
since 2011 (12), the WHO issued the first recommendations to 
develop a combined working group to consider the 
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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).

Author contribution Statement
 All authors reviewed the writing and approved the 
final version of the manuscript. All authors agreed to be 
responsible for all aspects of the work to ensure the accuracy 
and integrity of the published manuscript.

Ethics statement
 The authors declare that the published work reflects 
an investigation and analysis carried out truthfully and 
completely.

Conict of interest
 The authors declare no conflict of interest.

Funding
 R Zenteno-Cuevas was financed by CONACYT, A1-S-
22956. Damian Pérez-Mártinez was a CONACyT fellow No. 
411155, and Axhell Cornejo-Báez Pos-doctoral Fellow No 
560976.

References

1. Global tuberculosis report 2020 [Internet]. [cited 2021 Nov 
2]. Available from:
https://www.who.int/publications/i/item/9789240013131

2. World Health Organisation. tuberculosis Global Report 
2018. World Health Organization Geneva. 2018. 

3. Badawi A, Sayegh S, Sallam M, Sadoun E, Al-Thani M, Alam 
MW asi., et al. The global relationship between the 
prevalence of diabetes mellitus and incidence of 
tuberculosis: 2000-2012. Glob J Health Sci. 2015; 

4. International Diabetes Federation. IDF DIABETES ATLAS 
8th. IDF Diabetes Atlas, 8th edition. 2017. 

5. Jeon CY, Murray MB. Diabetes Mellitus Increases the Risk of 
Active Tuberculosis� : A Systematic Review of 13 
Observational Studies. PLoS Med. 2008;5(7):1091–101. 

6. Yew WW, Leung CC, Zhang Y. Oxidative stress and TB 
outcomes in patients with diabetes mellitus? J Antimicrob 
Chemother. 2017; 

7. Baker MA, Harries AD, Jeon CY, Hart JE, Kapur A, Lönnroth 
K, et al. The impact of diabetes on tuberculosis treatment 
outcomes: A systematic review. BMC Med. 2011;9(1):81. 

8. Chang JT, Dou HY, Yen CL, Wu YH, Huang RM, Lin HJ, et al. 
Effect of type 2 diabetes mellitus on the clinical severity and 
treatment outcome in patients with pulmonary 
tuberculosis: A potential role in the emergence of 
multidrug-resistance. J Formos Med Assoc. 2011; 

9. Pérez-Navarro LM, Fuentes-Domínguez FJ, Zenteno-
Cuevas R. Type 2 diabetes mellitus and its influence in the 
development of multidrug resistance tuberculosis in 
patients from southeastern Mexico. J Diabetes 
Complications [Internet]. 2015;29(1):77–82. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/25303784

10. Babalik A, Ulus IH, Bakirci N, Kuyucu T, Arpag H, Dagyildizi 
L, et al. Plasma Concentrations of Isoniazid and Rifampin 
Are Decreased in Adult Pulmonary Tuberculosis Patients 
with Diabetes Mellitus. Antimicrob Agents Chemother. 
2013 Nov;57(11):5740–2. 

11. WHO. WHO | Global tuberculosis report 2019 [Internet]. 
World Health Organization, editor . World Health 
Organization. Geneva: World Health Organization; 2020. 
Available from:
http://apps.who.int/bookorders.%0Ahttps://www.who.int/
tb/publications/global_report/en/%0Ahttp://apps.who.int/
bookorders.

12. World Health Organization (WHO). COLLABORATIVE 
FRAMEWORK FOR CARE AND CONTROL OF TUBERCULO-
SIS AND DIABETES. 2011. 

13. World Health Organization (WHO). World health statistics 
2020. Monitoring healt for the Sustainable Development 
Goals. 2020. 

Microbes, Infection and Chemotherapy

ORIGINAL RESEARCH

1Department of Internal Medicine, American University of Beirut, Beirut, 
Lebanon,

2Department of Obstetrics & Gynecology, George Washington University 
School of Medicine, Washington, DC.

3Department of Internal Medicine, Case Western Reserve University, 
Cleveland, OH.

4Department of Obstetrics & Gynecology, King's College Hospital, 
London, United Kingdom.

5Department of Ophthalmology, University of Balamand, El Koura, 
Lebanon.

Corresponding author:
Zeina A. Kanafani

Address: MD, MS, CIC, FIDSA
Associate Professor of Medicine, American University of Beirut Medical 

Center, Cairo Street, PO Box 11-0236/11D, Riad El Solh 1107 2020, 
Beirut, Lebanon, phone: +961-1-350000 ext 4747; Fax: +961-1-744489.

E-mail: zk10@aub.edu.lb
Copyright © 2023 the Author(s)

Submitted: december 21, 2022
Reviewed : january 25, 2023
Approved : march 08, 2023

How to cite: Abou-Zeid F, Mourani SC, Kazma JM, Gharamti A, Yasmin M, 
Jabak S, Baban T, Sidani N, Kanafani ZA. Epidemiology of Methicillin-

resistant and Methicillin-sensitive Staphylococcus aureus infections in 
Lebanon  Microb  Infect Chemother. es . 2023; 3: e1692

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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