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ABSTRACT

Bacteria are microscopic single-celled organisms that
exist in millions inside and outside the human body.
Some bacteria are harmful and can cause a
multitude of diseases in human beings. Diabetes
mellitus, being a global pandemic, serves as an
important cause of susceptibilty to bacterial
infections. Uncontrolled hyperglycemia is associated
with impaired innate and adaptive immune responses
that predispose to bacterial infections. In addition,
chronic complications of diabetes like neuropathy
(sensorimotor and autonomic) and peripheral
vascular disease can lead to skin ulcerations with
secondary bacterial infections. Diabetes also
increases the incidence of infection related mortality.
The relationship of diabetes and bacterial infections

can be reciprocal, with certain infections like
periodontitis ~ exacerbating  insulin  resistance.
Abnormalities in the bacterial flora of the

gastrointestinal tract can play a role in the
development of diabetes. Bacteria can infect any
organ in the human body, the most common sites of
infection in diabetes being the urinary tract,
respiratory tract, skin, and soft tissues. Certain

bacterial infections are very specific for diabetes like
emphysematous pyelonephritis, emphysematous
cholecystitis, and malignant otitis externa. Different
antibiotic regimens (empirical and culture-specific)
have been recommended for different bacterial
infections, depending upon the site and severity. Our
chapter gives an overview of the various bacteria,
important from the standpoint of diabetes. We have
also discussed the epidemiology and pathogenesis of
bacterial infections in diabetes. In addition, we have
highlighted the spectrum of bacterial infections and
their management in diabetes. Stringent glycemic
control, vaccination, adequate foot care practices,
source control are some of the preventive measures
to avoid bacterial infections in diabetes. Adequate
knowledge about the spectrum and management of
bacterial infections is important to prevent morbidity
and mortality in diabetes.

INTRODUCTION

Diabetes is on the rise worldwide, with a global
prevalence in adults in 2019 being 9.3% of the world
population. In total numbers, this reflects a population
of 463 million people with diabetes worldwide in
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2019, with a projection of an increase to 700 million
adults by 2045. A further 1.1 million children and
adolescents under the age of 20, live with type 1
diabetes (1). The association between diabetes and
bacterial infections is well recognized clinically and
further adds to the morbidity associated with diabetes
and its complications (2).

Patients with diabetes have a two-fold higher risk of
community-acquired bacterial infections such as
pneumococcal, streptococcal, and enterobacterial
infections as compared with patients without diabetes
(3-5). Urinary tract infections are more frequent in
patients with diabetes. Janifer et al reported a high
prevalence of 42.8% in 1157 South Indian subjects
with type 2 diabetes (6). In a large retrospective
cohort study in England comparing 102,493 patients
with diabetes mellitus vs. n = 203,518 matched
control subjects, incidence rate ratios (IRR) for
infection-related hospitalizations were 3.71 (95% ClI,
3.27 to 4.21) in those with type 1 diabetes mellitus
and 1.88 (95% ClI, 1.83 to 1.92) in those with type 2
diabetes mellitus (7). Diabetes is also associated with
an average twofold higher risk of infection related
mortality compared with individuals without diabetes

(8).

Increased incidence and severity of bacterial
infections in diabetes has been linked to an impaired
innate and adaptive immune responses within the
hyperglycemic environment (9).

Apart  from hyperglycemia,

other chronic

complications of diabetes may also predispose
patients to infections. For example, neuropathy in
combination with peripheral vascular disease in
diabetes can lead to ulcerations in the skin and
secondary infections (10).

There is a bidirectional relationship between diabetes
and bacterial infections. While diabetes increases the
susceptibility to bacterial infections and its
complications,  chronic  infections such as
periodontitis is associated with increased pro
inflammatory cytokines which can exacerbate insulin
resistance and worsen glycemic control (11). There is
a recent growing evidence that abnormalities in
the microbiota composition can have a major role in
the development of diabetes (12).

Awareness regarding the complex inter relationships
between diabetes and associated bacterial infections is
important for prevention and prompt treatment. A wide
spectrum of bacterial infections such as malignant
otitis externa, emphysematous pyelonephritis,
emphysematous cholecystitis tend to be more
common in diabetics than in others, and other
infections may be more severe in diabetics than in
nondiabetics (13). Infections may also be the first
manifestation of long-standing unrecognized diabetes
(14). The following figure illustrates the classification
of medically important bacteria (15).
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MEDICALLY IMPORTANT BACTERIA

I
l l |

GRAM POSITIVE BACTERIA GRAM NEGATIVE BACTERIA MISCELLANEOUS

GRAM POSITIVE BACTERIA

| |

Coccl BACILLI I BRANCHING FILAMENTS |

Staphylococcus species Bacillus Anthracis Actinomyces species
Streptococcus species Bacillus cereus Nocardia species
Enterococcus species Cornybacterium diphtheria
Peptostreptococcus fecalis Listeria monocytogenes

Lactobacillus species

Erysipelothrix rhusiopathiac

Propionibacterium acnes

Clostridium species

GRAM NEGATIVE BACTERIA

cocCl BACILLI SPIROCHETES

Acinetobacter species Campylobacter species Borrelia species
Moraxella catarrhalis Enterobacter specics Leptospira interrogans
Neisseria species Escherichia coli Treponema Pallidum
Helicobacter pylori
Klebsiclla species
Proteus species
Providencia species
Salmonella species
Serratia marcescens
Shigella sonnei

Vibrio species

Yersinia species
Bartonella species
Bordetella species
Brucella species
Burkholderia mallei
Francisella tularensis
Haemophilus influenzae
Legionella pneumophilia
Pasteurella multocida
Pseudomonas species
Yersinia pestis
Bacteroides

Mycoplasma specics
Ureaplasma urealyticum
Chlamydia species
MISCELLANEOUS | s | Rickettsia species
Coxiella burnetti
Ehrilichia species
Mycobacterium species




Fig 1. Classification of medically important bacteria

EPIDEMIOLOGY OF

Epidemiology of common bacterial

COMMON BACTERIAL
INFECTIONS IN DIABETES

infections in

diabetes with associated pathogens is shown in

Table 1.

Table 1. Epidemiology of Common Bacterial Infections in Diabetes with Associated Pathogens

Epidemiology

Pathogens

Ref

Bacterial meningitis

Relative Risk =
2.2 (95% ClI,
1.9-2.6) in
diabetes
compared to
patients without
diabetes

S pneumonia
Listeria monocytogenes

16

Malignant otitis externa

Odds ratio of
prior diabetes in
Malignant otitis
externa is 10.07
(95% Cl, 8.15-
12.44)

Pseudomonas aeruginosa

17,18

Periodontitis

Odds Ratio =
1.34 (95% ClI,
1.07-1.74) for
periodontitis in
diabetes
compared to
patients without
diabetes

Staphylococcus species
Streptococcus species
Bacillus species

E. Coli

19,20

Community Acquired
pneumonia
(CAP)

Relative risk =
1.64 (95% CI
1.55-1.73) for
CAP in patients
with diabetes

Streptococcus pneumoniae
Legionella
Haemophilus influenza

21,22

Hospital Acquired
pneumonia

Incidence Rate
Ratio = 1.21,
(95% CI,1.03—
1.42) for
postoperative
pneumonia in

Pseudomonas species
Staphylococcus aureus

23,24
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diabetes

Infective endocarditis Odds ratio =1.9 Streptococcus viridans 25,26
(95% confidence | Staphylococus aureus
interval 1.8-2.1) | Enterococcus species
Emphysematous 60% of patients | Clostridium perfringens 27,28
Cholecystitis (EC) with EC had Escherichia coli
diabetes
Pyogenic liver abscess Relative Risk = Klebsiella pneumoniae 29,30
3.6 (95% CI 2.9-
4.5) in diabetes
Urinary tract Infections In patients with Escherichia coli 31,32
type 1 DM,
adjusted odds Other Enterobacteriaceae such
ratio = 1.96 (95 as Klebsiella spp., Proteus spp., Enterobacter spp., and
% Cl, 1.49-2.58) | Enterococci
In patients with
type 2 diabetes,
adjusted Odds
ratio = 1.24 (95
% ClI, 1.10-1.39)
Bacterial skin and In patients with Folliculitis Group A streptococcus 31, 33
mucous membrane type 1 DM, Staphylococcus Aureus
infections adjusted odds
ratio = 1.59 (95
% Cl, 1.12-2.24) | Furunculosis  Streptococcus pneumoniae
In patients with | Cellulitis
type 2 diabetes,
adjusted Odds
ratio = 1.33 (95
% Cl, 1.15-1.54)
Osteomyelitis of foot 20% of diabetic | More often poly-microbial 34,35

foot infections
were associated
with
osteomyelitis.

Gram positive : Staphylococcus aureus, Staphylococcus
epidermidis, Streptococci, Enterobacteriaceae

Gram Negative : Escherichia coli, Klebsiella pneumonia,
Proteus, Pseudomonas aeruginosa
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GLYCEMIC CONTROL AND RISK OF INFECTIONS

Poor glycemic control increases the risk of infections
in diabetes. A recent study examined the association
between glycemic control in 85,312 patients with
diabetes mellitus aged 40-89 years and the
incidence of infection (36). Infection rates rose
steadily with HbA4., which was particularly evident

among those with HbA 1 >11% (36).

INCREASED INCIDENCE OF INFECTIONS IN
DIABETES: PATHOPHYSIOLOGY

Infections are an important concern in individuals
with diabetes due to the immune system’s failure to
fight off invading pathogens (37). Diabetes
progression itself is associated with immune

dysfunction; autoimmunity in TIDM and low-grade
chronic inflammation in T2DM (38).

Numerous studies have investigated the diabetes-
related mechanisms that impair the host’'s defence
against pathogens. These mechanisms include a
complex interplay between the host’s innate immunity
and adaptive immunity (39, 40, 41). As noted earlier,

chronic complications of diabetes can also
predispose to infections (10).
The proposed mechanisms for increased

susceptibility to infections in diabetes are depicted in
figure 2.

Immune dysfunction

Organism specific factors

Complications of diabetes

Fig 2. Complex interactions between immune dysregulation (both innate and adaptive) from glycemic
status, organism specific factors and diabetic complications plays major role in development of

diabetes related infections.
Innate immunity

Cellular innate immunity is affected in uncontrolled
diabetes. The steps involved in pathogen elimination
by polymorphonuclear (PMN) leucocytes are:

(a) PMN adhesion to vascular endothelium, initially
via the cell surface adhesion molecule L-selectin and

then integrins

(b) transmigration through the vessel wall down a
chemotactic gradient

(c) phagocytosis and microbial killing (2).

Hyperglycemia induces an increase in intracellular
calcium concentration thereby reducing adenosine
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triphosphate (ATP) levels, which in turn leads to
reduced phagocytic ability of polymorphonuclear
cells. Correction of hyperglycemia leads to a
significant reduction in intracellular calcium levels, an
increase in ATP content, and improved phagocytosis
(42). The hyperglycemic environment also inhibits
glucose-6-phosphate dehydrogenase (G6PD) with
resultant increase in apoptosis of polymorphonuclear
leukocytes, and reduced polymorphonuclear
leukocyte transmigration through the endothelium.
Superoxide production is reduced in parallel with
increasing glycemic exposure and consequently
results in decreased microbial killing (2).
Hyperglycemia is associated with increased
formation of advanced glycation end products (AGE).
AGE albumin has been shown to bind to the receptor
for AGE (RAGE) present on neutrophils. This binding
inhibits transendothelial migration and
Staphylococcus aureus induced production of
reactive oxygen species (ROS), resulting in impaired
bacterial killing (43). Hyperglycemia also adversely
affects the humoral component of innate immunity.
Deficiency of C4 complement as well as decreased
complement activation has been demonstrated in
diabetes. This results in decreased opsonisation and
phagocytosis of microbes. (44,45). Increased
duration of cytokine response, increased pro-
inflammatory cytokine gene expression and impaired
local cytokine production leads to a dysregulated
cytokine response in uncontrolled diabetes further
increasing susceptibility to severe infections (46, 47,
48).

Adaptive Immunity

There are two broad classes of adaptive immunity
responses—antibody  responses and cell-mediated
immune responses, which are carried out by B
cellsand T cells respectively. In antibody responses,
B cells are activated to secrete immunoglobulins
which bind to the invading microbial antigens and
block their binding to receptors on host cells.
Antibody binding also marks invading pathogens for
destruction by the phagocytes (49). Decreased levels
of circulating immunoglobulins (IgG antibodies) as
well as increased non enzymatic glycation of IgG
antibodies leading to quantitative and qualitative
defects in the humoral responses have been
demonstrated in uncontrolled diabetes (50,51).

In cell-mediated immune responses, the second class
of adaptive immune response, T cells which are
activated by certain cytokines and antigen presenting
cells, react directly against a foreign antigen that is
presented to them on the surface of a host cell or
themselves secrete cytokines that activate
macrophages to destroy the invading microbes after
phagocytosis (47). Dysregulation between anti-
inflammatory and proinflammatory cytokines and
defects at the level of antigen presenting cells in
uncontrolled diabetes leads to dysfunction of T cells
(62, 53). The role of immune systems and
pathogenesis of bacterial infections is depicted in
figure 3.
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Fig 3. Pathogenesis of bacterial infections in diabetes. Describes role of various components of innate
and adaptive immunity in pathogenesis of bacterial infection in diabetes; G6PD-Glucose 6 phosphate
dehydrogenase; PMN-Polymorphonuclear cells; NADPH - Nicotinamide adenine dinucleotide
phosphate; ROS- Reactive oxygen species; ATP -Adenosine triphosphate; AGEs- Advanced glycation
end products; RAGE-Receptor for advanced glycation end products.

Chronic Complications of Diabetes Predisposing
to Infections

Over 50% of men and women with diabetes have
bladder dysfunction which may impair voiding and
increase the risk for urinary tract infections (54). The
presence of renal disease and urinary incontinence in
women are also predisposing factors for urinary tract
infections. Diabetic cystopathy secondary to
autonomic nervous dysfunction in long standing
diabetes is characterized by a loss of sensation of
bladder distension leading to decreased frequency of
voiding and increased post-void residual urine
volume. The possibility that voiding disorders may
contribute to UTI should be considered in all diabetic
patients (55).

Peripheral diabetic neuropathy contributes to motor,
autonomic, and sensory components of neuropathic
foot ulcers. Damage to motor neurons of the foot
musculature may lead to an imbalance of flexors and
extensors, anatomic deformities, and eventual skin
ulcerations. Damage to autonomic nerves impairs
sweat gland function in the foot leading to a
decreased ability to moisturize skin, resulting in
epidermal cracks and skin breakdown. Lastly, the
affected sensory component results in a loss of
sensation of foot and reduced awareness of minor
injuries (56). With ischemia, often as a result of
related peripheral arterial disease, neuropathy can
result in impaired barrier defences, skin ulcers with
poor healing, and an increased risk of secondary
infections and gangrene (57).

Pulmonary autonomic neuropathy in diabetes
reduces mucociliary clearance and predisposes the

lung to infections. Furthermore, hyperglycemia and
insulin resistance impair collective surfactant D-
mediated host defences of the lung in diabetes.
Loose junctions between airway epithelial cells,
which increase the transepithelial glucose gradient
along with an increase in the glucose concentration
of the airway surface liquid due to hyperglycemia,
may dampen the airway defence against infection,
resulting in lung bacterial overgrowth in diabetes (58).

SPECTRUM OF BACTERIAL INFECTIONS
Head and Neck Infections
BACTERIAL MENINGITIS

The majority of bacterial meningitis cases in adults is
caused by Streptococcus pneumoniae. Listeria
monocytogenes meningitis is more often found in
elderly patients (>60 years) and those with acquired
immune-deficiencies, such as diabetes.
Immunodeficiency associated with diabetes is also a
predisposing  factor for  pneumococcal and
Haemophilus influenzae meningitis. Patients with
bacterial meningitis and diabetes mellitus are older,
have more comorbidities, frequently present with
altered mental status and have higher mortality. In
patients with diabetes, empirical antibiotics should

include Cefotaxime/ ceftriaxone plus
amoxicillin/ampicillin/ penicillin G (16, 59, 60).
MALIGNANT OTITIS EXTERNA

Malignant otitis _externa (MOE)is an invasive,

potentially life-threatening infection of the external
ear and skull base. MOE affects
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immunocompromised individuals and its presentation
in an otherwise healthy individual should prompt an
investigation for diabetes mellitus or other immune-
deficiencies. In most cases, the causative agent of
MOE is Pseudomonas aeruginosa. Typical patients
with MOE are elderly individuals who have diabetes
and severe, unremitting otalgia, aural fullness,
otorrhea, and conductive hearing loss. Headache,
temporomandibular joint pain, and decreased oral
intake secondary to trismus may also be present.
Findings of pain disproportionate to the examination,
otorrhea, and granulation tissue along the floor of the
ear canal at the bony-cartilaginous junction are
usually the first nonspecific signs and symptoms of
MOE. Important principles of treatment include
aggressive control of diabetes and culture directed

Other Immunosuppressive
status

Others:
Fungal 5 to 20%-Aspergillus
fumigatus (Most common)
Proteus sp.
Klebsiella sp.
Staphylococci

antibiotic therapy for at least 6-8 weeks. Although
surgical intervention is no longer standard of care for
MOE, it does require biopsy and culture, and may
require local debridement of granulation tissue and
bony sequestration or drainage of associated
abscess. Long-term  monotherapy with oral
ciprofloxacin (750 mg twice daily) has been proposed
as the preferred initial antibiotic regimen. However,
microbial resistance to ciprofloxacin has been
described and numerous studies have proposed
carbapenem or third- generation cephalosporins as
the initial empirical treatment. Recurrence rates of
15% to 20% have been reported for MOE (18, 61,
62). The risk factors for malignant otitis externa and
its pathogenesis in diabetes are depicted in figure 4.

Uncontrolled Diabetes

Higher pH of cerumen in diabetes
(Acidic pH of cerumen accounts for
bacteriostatic property)

Lower Lysozyme concentration in
cerumen in diabetes

Endarteritis and small vessel
vasculopathy causing hypoperfusion
to subcutaneous tissue

Compromised Cell Mediated
immunity

With underlying diabetic kidney
disease

Fig 4. Risk factors for Malignant Otitis Externa and its pathogenesis in diabetes

PERIODONTITIS

Periodontitis is a complex chronic inflammatory
condition in which inflammation in the periodontal

tissues is stimulated by the long-term presence of the
subgingival biofilm (figure 5). Periodontitis is a slowly
progressing disease but the tissue destruction that
occurs is largely irreversible. In the early stages, the
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condition is typically asymptomatic, is not usually
painful, and many patients are unaware until the
condition has progressed enough to result in tooth
mobility. Advanced periodontitis is characterized by
gingival erythema and edema, gingival bleeding,
gingival recession, tooth mobility, suppuration from
periodontal pockets, and tooth loss. In a randomized

Fig 5. Chronic periodontitis with gingival inflammation in a patient with poorly controlled diabetes

DEEP NECK SPACE INFECTIONS/ABSCESS

Patients with diabetes are susceptible to spreading
deep neck infections with a high frequency of
complications, including tracheostomy and prolonged
hospital stay. Odontogenic infections and upper
airway infections are the leading reported causes of
deep neck infections and the most common organism
isolated is Klebsiella pneumoniae. Early open
surgical drainage remains the most appropriate
method of treating deep neck abscesses. The choice

clinical trial, intensive periodontal treatment was

associated with better glycemic control (A1C 8.3% vs
7.8% in control subjects and intensive treatment
group respectively). Oral and periodontal health
should be promoted as integral components of
diabetes management (63, 64).

of empirical antimicrobial agents in diabetic patients
should take into account the agents effective against
Klebsiella pneumoniae (65).

Respiratory Infections
COMMUNITY ACQUIRED PNEUMONIA
Patients with diabetes are at high risk of

hospitalization due to community acquired
pneumonia (CAP) (figure 6). Atypical clinical features

www.EndoText.org

11



like impaired consciousness and more severe
pneumonia at admission are reported in patients with
diabetes. Acute onset of disease, cough, purulent
sputum, and pleuritic chest pain are less frequent
among patients with diabetes. S. pneumonia,
Legionella, and H influenza are frequent causative
organisms of pneumonia in diabetes (22). Studies
have also reported increased incidence of Klebsiella
and pneumococcal pneumonia (3, 66). Independent
risk factors for mortality in patients with diabetes and
CAP are advanced age, bacteremia, septic shock at
admission, and gram-negative pneumonia (22). The
American Thoracic Society guidelines recommend
combination therapy with amoxicillin/ clavulanic acid/
cephalosporin  and macrolide/ doxycycline or
monotherapy with respiratory fluoroquinolone for
initial outpatient treatment in patients with diabetes.
Beta lactam + macrolide or beta-lactam +
fluoroquinolone is recommended in cases of severe
in-patient pneumonia. Coverage for Pseudomonas

aeruginosa is recommended in case of prior
respiratory isolation, recent hospitalization with
parenteral antibiotics treatment, and locally validated
risk factors for Pseudomonas aeruginosa (67). The
American  Diabetes  Association = recommends
vaccination against pneumococcal strains with one
dose of PPSV23 (pneumococcal polysaccharide
vaccine) between the ages of 19-64 years and
another dose after 65 years of age. The PCV13
(pneumococcal conjugate vaccine) is no longer
routinely recommended for patients over 65 years of
age because of the declining rates of pneumonia due
to these strains. All children are recommended to
receive a four-dose series of PCV13 by 15 months of
age. For children with diabetes who have incomplete
series by ages 2-5 years, a catch-up schedule is
recommended to ensure that these children have
four doses. Children with diabetes between 6-18
years of age are also advised to receive one dose of
PPSV23, preferably after receipt of PCV13 (68).

Fig 6. Radiographs of lower respiratory tract infection. A- Postero-anterior view radiograph of chest
showing right middle lobe and left lower lobe consolidation in a patient with diabetes. B- Postero-
anterior view radiograph of chest showing right lower lobe consolidation in a patient with diabetes

Cardiovascular Infections
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INFECTIVE ENDOCARDITIS

Infective endocarditis (IE) in diabetes is associated
with poorer outcomes (figures 7 and 8). Diabetes
mellitus was associated with increased mortality,
acute heart failure, stroke, atrioventricular block,
septic shock, and cardiogenic shock. The clinical
profile of native valve infective endocarditis (NVIE)
patients with diabetes is reported to be different
compared to those without diabetes. Patients with
diabetes had higher rates of comorbidities, and IE
risk factors such as older age, and hemodialysis.
They were less likely to have structural heart disease
(valvular heart disease and congenital heart disease)

Adult Echo
S5-1
51Hz
15cm

2D
73%
C 50
P Low
HGen

and intravenous drug abuse. Patients with diabetes
had higher rates of staphylococcus species,
enterococci, and gram-negative microorganisms
reflecting the increased health care utilization in DM
patients, exposing them to nosocomial infections
(26). Ampicillin with flucloxacillin or oxacillin with
gentamicin is recommended as initial empirical
therapy in community acquired native valves or late
prosthetic valves (= 12 months post-surgery)
endocarditis. Vancomycin with gentamicin and
rifampicin is recommended in early PVE (<12 months
post-surgery) or nosocomial and non-nosocomial
healthcare associated endocarditis (69).

TIS0.7 MI1.4

M3

Fig 7. Two-dimensional Echocardiography of a patient with diabetes showing aortic root abscess (red
arrowhead) and vegetations attached to aorto-mitral continuity (blue arrowhead), suggestive of

infective endocarditis
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Fig 8. Two-dimensional echocardiography in a patient with diabetes, showing large vegetation (blue
arrowhead) attached to the posterior mitral leaflet, suggestive of infective endocarditis

Gastrointestinal Infections
EMPHYSEMATOUS CHOLECYSTITIS

Emphysematous cholecystitis (EC) is an uncommon
but serious biliary tract infection that occurs in
increased frequency with male preponderance
among diabetics. The common causative organisms
are Clostridium perfringens and E. coli (28). Clinical
findings of EC may be indistinguishable from those of
uncomplicated cholecystitis although occasional
crepitus may be present in some patients. The
emphysematous infection is diagnosed by
radiographic demonstration of gas on plain films or
by CT. The treatment of choice is rapid surgical

removal of the gallbladder and broad-spectrum
antimicrobial therapy. Mortality caused by this
infection is substantially higher than that of

uncomplicated cholecystitis, ranging 15% to 25%
compared with less than 4 percent (13).

LIVER ABSCESS

Diabetes is a strong, potentially modifiable risk factor
for pyogenic liver abscess (figure 9). Pyogenic liver
abscess patients with diabetes are older, with isolate
of Klebsiella. pneumoniae being the predominant
pathogen and require an increased use of combined
antibiotic therapy with carbapenems. However, these
patients have fewer abdominal surgeries and
fewer E. coliinfections as compared to patients
without diabetes. In addition, poorly controlled
glycemia in pyogenic liver abscess patients is
associated with high incidence of fever and
abscesses in both the lobes of the liver (29, 30).

www.EndoText.org

14



&/ Endotext

Fig 9. Contrast enhanced axial (A) and sagittal (B) C

T images showing multifocal well defined

hypodense lesions involving both lobes of liver suggestive of liver abscesses in a patient with

diabetes
Urinary Tract Infections

The urinary tract is the most frequent site of infection
in patients with diabetes (8, 70, 71). The spectrum of
urinary tract infections in these patients ranges from
asymptomatic bacteriuria (ASB) to lower UTI

(cystitis), pyelonephritis, and severe urosepsis.
Serious  complications of UTIl, such as
emphysematous cystitis and pyelonephritis (figure
10), renal abscesses and renal papillary necrosis, are
all encountered more frequently in type 2 diabetes
than in the general population (72, 73).
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Figure 10. Emphysematous pyelonephritis. Non contrast CT abdomen of a 45-year-old ferriale with
emphysematous pyelonephritis showing bilateral enlarged kidney with evidence of abscess formation
on either side (black arrowheads) and air pockets in left kidney

The most common pathogens isolated from diabetic
patients with UTI are E. coli, other
Enterobacteriaceae such
as Klebsiella spp., Proteus spp., Enterobacter spp.,

and Enterococci. Patients with diabetes are more
prone to have resistant pathogens as the cause of
their UTI, including extended-spectrum B-lactamase-

_ -

Enterobacteriaceae, and

Enterococci. (32, 74).

vancomycin-resistant

As a general rule, treatment of UTI in diabetic
patients is similar to that of UTI in non-diabetic
patients. Antibiotic choice should be guided by local
susceptibility patterns of uropathogens. First-line

positive Enterobacteriaceae, fluoroquinolone-  treatment recommendations for various types of UTI
resistant uropathogens, carbapenem-resistant  are detailed in Table 2 (74).
Table 2. First Line Antibiotics for Various Types of UTI in Diabetes
Type of urinary tract Gender Antibiotic Route Dosage Duration of
infection (UTI) treatment treatment
Asymptomatic Male and None
bacteriuria female
Acute cystitis Female Nitrofurantoin Per oral 100 mg 5 days
BD/TDS
Complicated lower UTI | Male and Ciprofloxacin Per oral 200-500 mg 7-14 days
(catheter associated female BD
UTI) Ofloxacin Per oral 200 mg BD 7-14 days
Trimethoprim- Per oral 960 mg BD 7-14 days
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Sulfamethoxazole
Cefuroxime Per oral 500 mg BD 7-14 days
Uncomplicated Female Ciprofloxacin Intravenous | 400 mg BD 7 days
pyelonephritis Ciprofloxacin Per oral 500 mg BD 7 days
Ofloxacin Intravenous | 400 mg BD 7 days
Gentamicin Intravenous | 5 mg/kg OD 7 days
Cefuroxime Intravenous | 750 mg TDS | 7-14 days
Cefuroxime Per oral 500 mg BD 7-14 days
Complicated Male and Ciprofloxacin Intravenous | 400 mg BD 10-14 days
pyelonephritis/urosepsis | female Ofloxacin Intravenous | 400 mg BD 10-14 days
Gentamicin Intravenous | 5 mg/kg OD 10-14 days
Amikacin Intravenous | 15 mg/kg OD | 10-14 days
Piperacillin- Intravenous | 4.59g TDS 10-14 days
Tazobactum
Ertapenem Intravenous | 1g OD 10-14 days

OD-once daily, BD-twice daily, TDS-thrice daily
Skin and Soft Tissue Infections

Skin and soft tissue infections (SSTI) cause a
substantial morbidity in patients with diabetes (75).
SSTIs commonly seen in diabetes include cellulitis,
abscess, decubitus ulcer, folliculitis, impetigo,
carbuncle and furuncle, and surgical site infections.
SSTl-associated complications such as gangrene,
osteomyelitis, bacteremia, sepsis,and  SSTI-

associated hospitalizations are higher in patients with
diabetes compared to those without diabetes (76).

FOOT INFECTIONS IN DIABETES

Foot infections in diabetes remain the most frequent
complication requiring hospitalization and the most
common precipitating event leading to lower
extremity amputation (figure 11) (77-79).
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Fig 11. A-Trophic changes in the bilateral feet of a patient with diabetes with clawing of toes,
thickened toe nails, loss of hair and shiny skin texture. B-Infected foot ulcer with slough in the plantar
aspect of heel of a patient with diabetes. C-Another infected foot ulcer involving the entire sole in a
patient with diabetes, the ulcer shows presence of granulation tissue along with oozing of pus and
slough

Outcomes in patients presenting with an infected foot
ulcer are poor. In one large prospective study at the
end of one year, the ulcer had healed in only 46%
(and it later recurred in 10% of these), while 15% had
died and 17% required a lower extremity amputation
(80). There are various validated classification
systems to assess the severity and prognosis of foot
ulcers and infection. One such scoring system is the

SINBAD system which grades area, depth, sepsis,
arteriopathy, and denervation plus site as either O or
1 point creating an easy to use scoring system that
can achieve a maximum of 6 points (81). The IWGDF
(International Working Group on the Diabetic Foot)
infection  classification is recommended to
characterize and guide infection management in
diabetic foot infections. The IWGDF/IDSA (Infectious
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Diseases Society of America) classification consists

of four grades of severity for diabetic foot infection

(Table 3) (82, 83).

Table 3. IWGDF/IDSA Classification for Foot Infections

Clinical classification of infection, with definitions

IWGDF classification

Uninfected

No systemic or local symptoms or signs of infection

1 (Uninfected)

Infected

At least, 2 of these items are present
Local swelling or induration
Erythema >0.5 cm around the wound
Local tenderness or pain

Local increased warmth

Purulent discharge

or venous stasis)

And no other cause(s) of an inflammatory response of the skin (eg.
trauma, gout, acute Charcot neuro-osteoarthropathy, fracture, thrombosis

Infection with no systemic manifestation involving:
only the skin or subcutaneous tissue (not any deeper tissues) and
any erythema present does not extend >2 cm around the wound

2 (mild infection)

joint, bone)

Infection with no systemic manifestation involving:
erythema extending = 2 cm from the wound margin, and/or
tissue deeper than skin and subcutaneous tissue (e.g., tendon, muscle,

3 (moderate infection)

of the following:

Heart rate >90 beats/ minute

(band) forms

Any foot infection with associated systemic manifestations (of the
systemic inflammatory response syndrome [SIRS]), as mentioned by =2

Temperature >38 degree celsius or <36 degree Celsius

Respiratory rate >20 breaths/minute or PaCO, <4.3 kPa (32 mm Hg)
White blood cell count >12,000/mm? or <4000/mm?® or >10% immature

4 (Severe infection)

Infection involving bone (osteomyelitis)

Add ‘O’ after 3or 4

The empirical antibiotic choice is guided by the
history, clinical examination, severity of infection,
likely etiological agent, and previous antimicrobial
sensitivity pattern. Studies from temperate climates in
North America and Europe have consistently
demonstrated that the most common pathogens in

diabetic foot infections are aerobic gram-positive
cocci, especially Staphylococus aureus, and to a
lesser extent, streptococci and coagulase-negative
staphylococci. More recent studies of diabetic foot
infections from patients in tropical/subtropical
climates (mainly Asia and northern Africa) have
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shown that aerobic gram-negative bacilli are often
isolated, either alone or in combination with gram-
positive cocci. Empirical treatment aimed at
Pseudomonas aeruginosa, which usually requires
either an additional or broad-spectrum agent should
be considered in tropical/subtropical climates or if
Pseudomonas aeruginosa has been isolated from
previous cultures of the affected patient. Obligate
anaerobes can play a role in diabetic foot infections,

especially in ischemic limbs and in case of
abscesses. Empirical treatment of these pathogens,
e.g., with an imidazole (metronidazole), or beta-
lactam with beta lactamase inhibitor, should be
considered for diabetic foot infection associated with
ischemia or a foul-smelling discharge. THE IWGDF
guidelines on empirical antibiotic therapy for diabetic
foot infections are outlined in table 4 (83).

Table 4. Empirical Antibiotic Therapy Recommended by IWGDF Guidelines for Diabetic
Foot Infections

negative rods

Severity of | Additional Usual Potential empirical regimens

infection factors pathogen(s)

Mild No complicating | Gram positive | Semi synthetic penicillin; 1% generation
features COCCi cephalosporins
Beta lactam Gram positive | Clindamycin;Fluroquinolone;Trimethoprim-
allergy or COCCi sulfamethoxazole;Macrolide;Doxycycline
intolerance
Recent antibiotic | Gram positive | B-lactamase inhibitor-
exposure cocci + Gram | amoxicillin/clavulanate; Trimethorpim-

negative rods | sulfamethoxazole; Fluoroquinolone

High risk for MRSA Linezolid; Trimethoprim-sulfamethoxazole;
MRSA doxycycline; macrolide

Moderate or | No complicating | Gram positive | B-lactamase inhibitor-

severe features cocci = Gram | amoxicillin/clavulanate; second or third

generation cephalosoporins

Recent antibiotic
exposure

Gram positive
cocci £ Gram
negative rods

B-lactamase 2-ticarcillin/clavulanate,
piperacillin/tazobactum; 3™ generation
cephalosporins; group | carbapenems
(depends on prior therapy)

Macerated ulcer | Gram

or warm climate | negative rods
including
pseudomonas

B-lactamase 2-ticarcillin/clavulanate,
piperacillin/tazobactum; semi synthetic
penicillins + ceftazidime; semi synthetic
penicillins + ciprofloxacin; group 2
carbapenems

Ischemic
limb/necrosis/gas
forming

Gram positive
cocci £ Gram
negative rods
1 Anaerobes

B-lactamase inhibitor or 2; group 1 or 2
carbapenems; 2" or 3" generation
cephalosporins + clindamycin or
metronidazole

MRSA risk
factors

MRSA

Consider adding or substituting with
glycopeptides; linezolid; daptomycin;
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fusidic acid; trimethoprim-
sulfamethoxazole + rifampicin;
doxycycline

ESBL
(Extended
spectrum
beta
lactamase
producing
bacteria)

Risk factors for
resistant gram
negative rods

Carbapenem; Aminoglycoside and
Colistin; Fluoroquinolone

MRSA-Methicillin resistant Staph aureus ; 15 generation cephalosporins-Cefadroxil, cefazolin, cephalexin; 2" generation
cephalosporins-Cefotetan, cefoxitin, cefuroxime, cefprozil; 3™ generation cephalosporins-Cefixime, cefotaxime,
cefpodoxime; B-lactamase 2-ticarcillin/clavulanate, piperacillin/tazobactum; group 1 carbapenem: ertapenem; group 2

carbapenem: imipenem, meropenem, doripenem

FOURNIER’'S GANGRENE

Fournier's gangrene (FG) is a fulminant form of
infective necrotising fasciitis of the perineal, genital,
or perianal regions, which commonly affects men
with diabetes (figure 12) (84). Diabetes mellitus is
reported to be present in 20%—70% of patients with
Fournier's gangrene (85). FG shows vast
heterogeneity in clinical presentation, from insidious
onset and slow progression to rapid onset and
fulminant course, the latter being the more common
presentation. The local signs and symptoms are
usually dramatic with significant pain and swelling.
The patient also has pronounced systemic signs;
usually out of proportion to the local extent of the
disease. Crepitus of the inflamed tissues is a
common feature because of the presence of gas
forming  organisms. As the  subcutaneous
inflammation worsens, necrotic patches start
appearing over the overlying skin and progress to
extensive necrosis (86).

There has been an associated increased incidence of
FG with the use of SGLT2 inhibitors in diabetes. The
US Food and Drug Administration (FDA) has
identified 55 cases of FG in patients receiving SGLT2

inhibitors between 2013 and 2019, out of which 39
were men and 16 were women (87). Time to onset of
FG after initiation of SGLT2-inhibitors varied
considerably, ranging from 5 days to 49 months (87).
All patients were sick and had surgical debridement.
Three patients died (87). SGLT2-inhibitors cause
glycosuria that can enhance the growth of bacterial
flora in the urogenital milieu. This in turn increases
the risk of urogenital infections, including FG. All
types of SGLT2-inhibitors have been associated with
FG. The FDA has issued a warning about the risk of
FG to be added to the prescribing information of all
SGLT2-inhibitors and to the patient medication guide.

Cultures from the wounds commonly show poly
microbial infections by aerobes and anaerobes,
which include coliforms, klebsiella, streptococci,
staphylococci, clostridia, bacteroides, and
corynebacteria (88). FG has a high mortality rate of
40% (85) and warrants an aggressive multimodal
approach, which includes haemodynamic
stabilisation, broad spectrum antibiotics and surgical
debridement (86).
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Fig 12. Fournier’s gangrene. Redness, swelling of the scrotum, penis and perineal tissues with

necrosis and sloughing of the overlying skin
NECROTIZING FASCIITIS

Necrotizing fasciitis (NF) has been defined as a
severe soft-tissue infection that causes extensive
necrosis of subcutaneous tissue and fascia, relatively
sparing the muscle and skin tissue (figure 13) (89).
Based on bacterial culture results, NF is classified
into the following categories: type |, which consists of
synergistic ~ polymicrobial infection; type I,
representing infections  caused by  group

A Streptococcus alone or combined with
Staphylococcus; and type I, which comprises
infections caused by Vibrio species (90). Diabetic NF
patients are reported to be more susceptible to
polymicrobial and monomicrobial Klebsiella
pneumoniae infections, which should be considered
when choosing empirical antibiotics for these patients
(91).
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Fig 13. A and B Necrotizing fasciitis; black nécrotic tissue and slough seen invading the subcutaneous

tissues and fascia
INFECTION MIMICS IN DIABETES
Charcot Neuroarthropathy

Charcot neuroarthropathy is a limb-threatening,
destructive process that occurs in patients with
neuropathy associated with medical diseases such
as diabetes mellitus. Clinicians treating diabetic
patients should be aware that the early signs of acute
Charcot neuroarthropathy, such as pain, warmth,
edema mimic foot infection. Early detection and
prompt treatment can prevent joint and bone
destruction, which, if untreated, can lead to morbidity
and high-level amputation. The differentiation
between acute presentations of Charcot’s joint and
osteomyelitis is often difficult because the two
conditions have many features in common. However,
the lack of systemic sepsis or fever, significant

hyperglycemia and leukocytosis may direct the
diagnosis towards neuropathic joint (92, 93).

INFECTIONS AS A RISK FACTOR FOR DIABETES

Infections have been documented as a predisposing
factor for Type 2 Diabetes Mellitus. Recent studies
have revealed H. pylori infections to be significantly
higher among diabetic patients than in non-diabetic
patients (94, 95). Evidence suggests that advanced
periodontitis also compromises glycemic control.
Furthermore, periodontal treatment has been
associated with improvement in glycemic control (63,
64). Abnormalities in the microbiota composition can
have a major role in the development of obesity and
diabetes. A reduced microbial diversity is associated
with inflammation, insulin-resistance, and adiposity.
A rise in the Firmicutes/Bacteroidetes ratio is found to
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be related to a low-grade inflammation and to an
increased capability of harvesting energy from food.
Changes in some metabolites, such as short-chain
fatty acids (SCFAs), produced by gut microbiota, and
decreased amounts of the Akkermansia muciniphila
are associated with the presence of type 2 diabetes
(12). Increased pro inflammatory cytokine response
in infections leads to insulin resistance. Even
pathogen products, such as lipopolysaccharide and
peptidoglycans, can cause insulin resistance leading
to development of diabetes (96).
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