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Abstract

Introduction: Patients who have diabetes mellitus (DM) are more susceptible to infections than those without DM. Due to the defects
seen in the immunity, the course of the infections and increased prevalence of infections are seen more in this group. Cellular and
humoral immunity show disturbances. Diabetic polymorphonuclear cells and diabetic monocytes/macrophages also tend to show
decreased functions. Higher glucose environment tends to attract certain microorganisms causing infections that affect multiple
organs and organ systems, eventually leading to morbidity and mortality of the patients.

Aim of the Work: The review summarizes the physiopathology, associated mechanisms that make DM patients susceptible to devel-
oping infections, and major infections seen with diabetes mellitus.

Methodology: This article is a comprehensive review of PUBMED from the year 1999 to 2017.

Conclusion: Novel treatment options and methods to prevent infectious diseases in diabetic patients can be better understood if
proper knowledge about immune dysfunctions during hyperglycemia is known. This can, in turn, improve the outcome of treatment
of these infectious diseases.
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Introduction

Deficiency of insulin secretion or action or both causes the clinical syndrome of Diabetes mellitus (DM). It is a metabolic disorder
where hyperglycemia is seen as a result of the defect of insulin action [1]. One of the largest developing threats in today’s century is con-
sidered to be DM [2]. Auto-immune mediated pancreatic beta-cell destruction, which leads to insulin deficiency is the primary cause of
Type 1 diabetes. Beta-cell autoantibodies are usually present in this type [3,4]. Type 2 diabetes is seen in a patient with insulin resistance
where there is an increased glucotoxicity, lipotoxicity, endoplasmic reticulum-induced stress, and apoptosis which could progressively
destroy the beta cells [2,4]. Pathogenesis of type 2 diabetes shows beta-cell autoantibodies, a combination of peripheral insulin resistance

and dysfunctional secretion of insulin by pancreatic beta cells [2,5].

Reduced response of T cells, neutrophil function, and disorders of humoral immunity are also seen in diabetes apart from the in-
creased susceptibility to infections. Infections in diabetic patients show a more complicated course and further trigger complications
associated with DM, like hypoglycemia and ketoacidosis [2].

Methods

We conducted a thorough systematic search on scientific database including PubMed search engine and Google Scholar for all studies
discussing immune system dysfunction and abnormalities associated with diabetes mellitus. All relevant available full articles between
1999 and 2017 were reviewed and included. The terms used in the search were: immune system dysfunction, diabetes mellitus, immuno-

deficiency, and human immunodeficiency virus.
Risk of infections

An increased risk of infection among diabetic patients compared with general population is evidenced in a large number of studies.

However, the magnitude of this risk is uncertain. One matched cohort study based on the Canadian electronic medical record-based sur-
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veillance system found an increased odd of infection among patients with diabetes (22 percent on insulin) compared with matched con-
trol after controlling for potential confounders; adjusted odds ratio 1.21, 95% CI 1.07-1.37.6 Diabetes mellitus was associated particularly
with higher incidence of skin and soft tissue infections followed by genitourinary, gastrointestinal, and respiratory infections. On the other
hand, the study found no association between DM and head and neck, musculoskeletal, and viral infections. Another retrospective cohort
study has examined the incidence rate ratio (IRR) among 5863 patients with type 1 DM and 96,930 patients with type 2 diabetes mellitus
using a large primary care database in England. When compared with age, sex, and practice-matched controls, the incidence rate ratio was
1.66 and 1.47 for type 1 and type 2 respectively [7]. In contrast to previous study, the IRRs were highest for bone and joint infection in both
type 1 and type 2 diabetes mellitus. For type 1 diabetes mellitus, IRRs were also high for endocarditis, meningitis, and sepsis. Candidiasis,
sepsis, and cellulitis were highly associated with type 2 diabetes mellitus. A study from Netherland has examined the number of infection

in 193 patients treated for type 2 DM during a two-year period has found a mean of 2.4 (+ 1.9) infections per patient during that period [8].

Most, but not all studies correlate the risk of infection in diabetes mellitus with hyperglycemia or lack of adequate control.9 Particular-
ly, a strong association between diabetes mellitus and postoperative hyperglycemia with surgical site infections (SSIs) were reported.9,10
As an example, diabetes mellitus was significantly associated with SSI (OR 1.3, 95 % CI 1.2-1.4) in a multivariable logistic regression study
of 49,817 patients undergoing major vascular surgery [11]. Moreover, postoperative hyperglycemia was the sole independent risk factor
for SSI among 1561 patients undergoing general and vascular surgery after multivariate adjustment for other factors, such as age, emer-
gency status, American Society of Anesthesiologists preoperative classification score, and operative time [12]. The study’s retrospective
design, the absence of postoperative glucose level measurements on approximately a quarter of the patients, and the lack of association
between hyperglycemia and SSI among vascular surgery patients limit confidence in the study results. However, many observational data
are generally consistent with these findings, another prospective study that included 1000 patients undergoing cardiothoracic surgical
procedures has also reported an increasing association between the level of postoperative hyperglycemia and the risk of SSI [10]. Accord-
ingly, evidence from several studies has suggested that adequate glucose control during the operative and perioperative period can reduce
the risk of postoperative infections following cardiac surgery [13]. One meta-analysis of 4 randomized trials and 6 cohort studies has
concluded that glycemic control with a continuous insulin infusion to maintain glucose levels <200 mg/dL lowers the rate of SSI following
cardiac surgery when compared with subcutaneous insulin [13]. In addition to increased risk of infection, patients with diabetes mellitus

have worse outcomes with infections such as bacteremia and endocarditis [14].

Pathophysiology

A summarization of the major mechanisms associated with the infections are shown below [2].

Figure 1: Pathophysiology of infections associated with DM [2].

Complement
This system has serum and surface proteins, which causes opsonization and phagocytosis of microorganisms with macrophages and
neutrophils, which lyses these microorganisms. It also activates the B-lymphocyte and causes antibody production [2]. The reduction of

the CD4 cells could be associated with reductions in cytokine response and polymorphonuclear dysfunction [15].

Inflammatory cytokines

The interleukin-1 (IL-1) and IL-6 secreted in response to the lipopolysaccharides stimulation is less due to an intrinsic defect in the
cells of DM patients. There is also evidence that an increase in glycation can hinder the production of IL-10 by myeloid cells and that of
interferon-gamma (IFN-y) and tumor necrosis factor (TNF)-a by T cells [7]. Glycation also reduces the expression of class I major histo-

compatibility complex (MHC) on the myeloid cell’s surface, which can impair cellular immunity [17].

Citation: Ghadeer Sameer Aldoobi, et al. “Immunodeficiency in Diabetic Patients”. EC Microbiology 16.10 (2020): 153-157a.



Immunodeficiency in Diabetic Patients

155

Polymorphonuclear and mononuclear leukocytes

Hyperglycemia causes decreased mobilization of polymorphonuclear leukocytes, chemotaxis, and phagocytic activity. The antimicro-
bial function is blocked by the hyperglycemic environment due to the inhibition of glucose-6-phosphate dehydrogenase (G6PD), increased
apoptosis of polymorphonuclear leukocytes, and reduced polymorphonuclear leukocyte transmigration via the endothelium [16]. In ani-
mal study, the level of macrophage inflammatory protein 2 (a mediator of lung neutrophil recruitment) was significantly decreased in
diabetic compared with control mice [18]. The deficiency causes a delay in neutrophil recruitment in the lungs. Nevertheless, diabetic
mice with a scalp bacterial infection had more than two-fold induction of genes that directly or indirectly induce apoptosis compared with

controls [19]. Hence, blocking apoptosis allows for a significant improvement in wound healing and bone growth.

Another suggestion is that hyperglycemia impairs opsonophagocytosis by diverting nicotinamide adenine dinucleotide phosphate

from superoxide production into the aldose reductase-dependent polyol pathway [20].

Antibodies
The biological function of the antibodies may be harmed by the glycation of immunoglobulin that increases the HbA1c in diabetic pa-

tients. However, it was also seen that the antibodies’ response after vaccination and to common infections is normal in these patients [7].

Vascular insufficiency

Patients with diabetes mellitus commonly develop vascular disease. The mechanisms by which vascular insufficiency increases the
risk of infection include local tissue ischemia that in turn enhances the growth of microaerophilic and anaerobic organisms. Simultane-
ously, this lead to depression of the oxygen-dependent bactericidal functions of leukocytes. In addition, vascular disease related to diabe-

tes may impair the local inflammatory response and the absorption of antibiotics.

Sensory peripheral and autonomic neuropathy

Peripheral neuropathy is a common complication of diabetes mellitus. Minor local trauma associated with peripheral neuropathy may
result in skin ulcers that in turn lead to diabetic foot infections. The condition is complicated by the fact that skin lesions in such patients
are often either unnoticed or ignored until infection occurs. Autonomic neuropathy in diabetic patient may lead to urinary retention and

stasis. This predispose these patient to urinary tract infections.

Increased skin and mucosal colonization

Some data suggest that patients with diabetes, especially dependent on daily insulin, often have asymptomatic nasal and skin coloniza-
tion with bacteria as S. aureus. Furthermore, analysis of National Health and Nutrition Examination Survey (NHANES) data demonstrate
that diabetic patients colonized with S. aureus are more likely to have a methicillin-resistant S. aureus isolate than a susceptible one; the
odds ratio was 2.6 (95% CI 1.1-6.1) [21]. Colonization with S. aureus could predispose in turn to cutaneous or incisional staphylococcal
infections as well as transient bacteremia; the latter may lead to infection at distant sites. Additionally, DM patients have commonly muco-
sal colonization with Candida albicans. Poor glycemic control in women with diabetes increases the risk of vulvovaginal candidiasis than

control women [22]. In particular, women with type 2 diabetes appear more prone to non-albicans Candida species [23].

Organism-specific factors

There are several organism-specific factors that predispose diabetics to infection. Glucose-inducible proteins promote adhesion of
Candida albicans to buccal or vaginal epithelium. This adhesion is believed to impair phagocytosis, increasing the virulence of the or-
ganisms [24]. Ketone reductases associated with diabetes mellitus increase the risk of mucormycosis caused by Rhizopus species. The
mechanism is based on the fact that these organisms thrive in high glucose; this conditions are typically present in diabetic patients with
diabetic ketoacidosis [25].

Diabetic patients are also at increased risk of acquiring melioidosis in endemic areas. Nevertheless, DM is considered the single most
common risk factor in patients who develop this infection. One of multiple explanations for this tendency is that macrophages, which
are the main defense mechanism against the incriminated Burkholderia pseudomallei, are impaired in diabetic patients [26]. Glyburide
treatment has shown to be associated with reduced mortality in patients with melioidosis through reduces bacterial dissemination of B.

pseudomallei in an experimental mouse model [27].

Uropathogenic Escherichia coli have a specific contribution in morbidity of diabetic patients. Advanced glycation end products (AGEs)
accumulate in these patients over time. In animal study, AGEs facilitate the binding of Escherichia coli isolates to the bladder urothelium,

which is believed to elucidate the higher susceptibility of patients with DM to lower urinary tract infections with this organism [28].

Common infections associated with diabetes mellitus

Literature has shown that infectious diseases are seen higher in individuals with diabetes as opposed to individuals without [2,7].

Respiratory tract infections
Common infections are associated with Streptococcus pneumoniae and influenza virus. Anti pneumococcal and influenza vaccination
have been recommended for DM patients by the American Diabetes Association (ADA) and the Centers for Disease Control and Prevention

(CDC). The WHO has recommended a single-dose vaccine to reduce the mortality and morbidity against the H1N1 virus. Tuberculosis is
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also seen higher in diabetic patients, and they are more susceptible to develop multi-resistant tuberculosis, where treatment failures and
mortality are more. The treatment for TB can complicate glycemic control as the medicines can increase the metabolism of oral antidia-
betic drugs. Depression in the immune response where chemotaxis, phagocytosis, and antigen presentation in response to Mycobacte-
rium tuberculosis infection is impaired in turn affecting the T-cell function and proliferation is seen in DM cases with tuberculosis, which

can progress to symptomatic disease [1,9].

Urinary infections
Lack of adequate glycemic control, duration of DM, diabetic microangiopathy, impaired leukocyte function, recurrent vaginitis, and
anatomical and functional abnormalities of the urinary tract can increase the risk of UTI in DM. Asymptomatic bacteriuria in DM can

progress to pyelonephritis in certain cases [2].

Acute pyelonephritis has a prevalence of 4 - 5 times more in individuals with DM. Apart from Bilateral renal involvement, the clinical

presentation is similar to that in non-diabetic patients [7].

Perinephric and/or renal abscesses, emphysematous pyelonephritis (EP) and renal papillary necrosis are the additional complications
that DM patients have a risk for [2,7].

Skin and soft tissue infections
Folliculitis, furunculosis and subcutaneous abscesses are common skin and soft tissue infections seen in DM individuals. These infec-
tions can occur during the course of the disease or could be the first sign of it [7]. Infections on foot are a common chronic complication of

DM, which can further lead to amputation, osteomyelitis, or death. the clinical signs appear late due to which delay in diagnosis is seen [2].
Three distinct stages of foot infection are:

e Localized infection (infection in the ulcer bed with or without purulent discharge and surrounding erythema).

e Spreading infection (Apart from the local signs of infection spreading erythema, edema, lymphangitis, and lymphadenitis will be

seen).

e  Severe infection (Ulcers with extensive soft tissue infection, bluish discoloration suggesting lack of oxygen leading to gangrene) [10].

Figure 2: Infection in ulcer bed with mild surrounding erythema [10].

Figure 3: Total confirmed COVID-19 cases in Feb 20-2020 [19].

Figure 4: Infective necrosis of second toe [10].

Necrotizing fasciitis, which is the fast and progressive necrosis of the fascia and subcutaneous tissue and Fournier gangrene - fasciitis
that is affecting the male genitalia, are also seen. Invasive external otitis and rhinocerebral mucormycosis are two of the serious head and
neck infections seen in diabetic individuals. Periodontitis, a chronic inflammatory disease of the gums are four times more commonly

seen in diabetic patients. It destroys the supporting structures of the teeth, which are the periodontal ligament and alveolar bone [11].
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Gastrointestinal and liver infections

Gastrointestinal motility and sensitivity are important in defense against infections. Oral and esophageal candidiasis caused by Candi-
da albicans is commonly seen due to the production of extracellular enzymes such as proteinase and phospholipase. Literature also shows

DM individuals who have increased susceptibility to Gastritis caused by Helicobacter pylori and other infections by enteroviruses [2,11].

Conclusion

The prevalence of infectious diseases is commonly seen in individuals with DM. Increased virulence to certain pathogens seen in a
hyperglycemic environment, polymorphonuclear leukocytes immobilization, decreased interleukin production to respond to an infec-
tion, dysmotility seen in the urinary and gastrointestinal tracts, decrease in the chemotactic and phagocytic activity are some of the key

pathogenic mechanisms.

Infections like malignant external otitis, rhinocerebral mucormycosis, and gangrenous cholecystitis almost certainly affect only dia-
betic patients. Some infections can also cause major metabolic complications like hypoglycemia, diabetic ketoacidosis, and coma. Manda-
tory immunization with anti-pneumococcal and influenza vaccines is recommended because it can help reduce the respiratory infections,
the frequency and time of hospitalizations, and the mortality related to respiratory infections.
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