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 Keypoints 
        •      Diabetes is associated with an increased overall risk of infections.  
   •      The presence of diabetes also modifi es the course of many infections 

and increases morbidity and mortality.  
   •      Multiple disturbances in innate immunity have a role in the 

pathogenesis of the increased prevalence of infections in people with 
diabetes.  

   •      Impaired phagocytosis by neutrophils, macrophages and monocytes, 
impaired neutrophil chemotaxis and bactericidal activity, and impaired 
innate cell - mediated immunity appear to be the most important 
disturbances of the immune system.  

   •      Humoral immunity appears relatively unaffected, hence plasma levels of 
antibodies and responsiveness to vaccination are relatively unaffected.  

   •      In general, better regulation of the diabetes leads to an improvement 
in cellular immunity and function.  

   •      Increased skin and mucosal carriage of  Staphylcoccus aureus  and 
 Candida  species may increase risk of infection with these 
organisms.  

   •      Some microorganisms become more virulent in a high glucose 
environment; examples include certain  Klebsiella  serotypes and 
 Burkholderia pseudomallei .  

   •      Viral infections such as hepatitis C are associated with a higher 
prevalence of diabetes.  

   •      Highly active antiretroviral therapy therapy for HIV/AIDS may also 
precipitate diabetes.  

   •      Vascular disease such as microangiopathy can further impair the 
expression of the immune response as well as affecting the overall 
function of the microcirculation. It is commonly a factor in severe 
infections such as malignant otitis externa, emphysematous 
pyelonephritis and necrotizing fasciitis.  

   •      Urinary tract infections and asymptomatic bacteriuria are more common 
in people with diabetes. Autonomic neuropathy is a common and 
important underlying factor.  

   •      Skin and soft tissue infections are more common, with the infected 
diabetic foot as a prime example. Vascular disease and diabetic 
neuropathy are important underlying factors in the vulnerability of the 
foot to infection. Skin infection or infections of the external genitalia 
are common presenting features of diabetes. Necrotizing fasciitis is also 
associated with diabetes.  

   •      Some uncommon but life - threatening infections occur almost exclusively 
in people with diabetes. Examples include the rhinocerebral form of 
mucormycosis, malignant otitis externa, Fournier gangrene and 
emphysematous forms of cystitis, pyelonephritis and cholecystitis.  

   •      Diabetes increases the risk of tuberculosis and also increases the risk of 
treatment failure. Unusual or extrapulmonary sites of infection may be 
important and cavitatory disease more common.  

   •      Other underlying factors that can predispose to infection include renal 
failure, obesity, need for hospitalization, indwelling catheters and 
delayed wound healing.     

  Introduction 

 People with diabetes develop infections more often than those 
without diabetes and the course of the infections is also more 
complicated. Historically, infections have been well recognized as 
an important cause of death in diabetes and remain a very impor-
tant cause of morbidity and mortality in people with diabetes. 
This is particularly true in less well - developed countries and 
areas, where infections are commonly the fi rst presenting feature 

of previously unknown diabetes. The infected diabetic foot 
remains a prime example of this phenomenon despite its poten-
tial preventability. 

 While the association between diabetes and infections is well 
recognized, the relationships are complex, not always clear - cut 
and often controversial. Data on the true incidence of certain 
infections are lacking and a number of factors complicate efforts 
to assess risk of infections and outcomes. Studies are often retro-
spective and uncontrolled in nature. 

 Some infections, which occur predominantly in people with 
diabetes, are uncommon and inevitably have limited data. 
Examples include malignant otitis externa, mucormycosis, 
emphysematous forms of cholecystitis, cystitis and pyelonephri-
tis, and Fournier gangrene. 
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outcomes (intensive care unit admission, mechanical ventilation 
and death) with a threefold increase in relative risk  [6] . 

 Both host -  and organism - specifi c factors appear to be impli-
cated in the increased susceptibility to particular infections. From 
the host perspective, defects in innate immunity are important, 
notably decreased functions (chemotaxis, phagocytosis and 
killing) of neutrophils, monocytes and macrophages. Other 
factors include effects of diabetic complications, poor wound 
healing and the presence of chronic renal failure. Frequent hos-
pitalizations, with the attendant risk of nosocomial infection, can 
also be contributory. 

 Infections, as well as leading to considerable morbidity and 
mortality in people with diabetes, may also precipitate metabolic 
derangements, producing a bidirectional relationship between 
hyperglycemic states and infection. Some infections may also be 
implicated more directly in the etiology of diabetes. 

 Physicians working in primary care need to have high levels of 
awareness of the relationships between diabetes and infection, 
and of the important infections that may be involved. Infections 
involving the foot, soft tissues, skin and nails, as well as the 
urinary tract, are of particular importance in the setting of 
primary care. These infections are commonly encountered in 
people with diabetes, may be present at diagnosis and may be the 
presenting feature that leads to the diagnosis of diabetes being 
suspected. Infections of the foot and skin will receive additional 
attention elsewhere in this textbook so, in order to avoid duplica-
tion, coverage in this chapter is curtailed. This should not be 
taken as an indication of lack of relative importance, the opposite 
is the case. The other chapters concerned should be taken as 
forming part of the overall coverage of the topic of diabetes and 
infections (see Chapters  44  and  47   ).  

  Diabetes, the immune system and host factors 

  Host immune response 
 Although the increased susceptibility of people with diabetes to 
bacterial (and other) infections is well established, the mecha-
nisms remain incompletely understood. Defi ciencies in the host 
innate immune response are apparent and appear more impor-
tant than changes in adaptive immunity. 

 The presence of diabetes has multiple effects upon innate 
immune responses, including effects upon neutrophils, mono-
cytes and other components of innate immunity. These distur-
bances have important roles in the increased prevalence and 
enhanced severity of infections in people with diabetes. The 
effects include reduced chemotaxis, phagocytosis and impaired 
bactericidal activity. 

 Some disturbances in the complement system and in cytokine 
responses have been described in people with diabetes (e.g. low 
complement factor 4 and decreased cytokine responses after 
stimulation), but their role in the increased susceptibility to infec-
tion is less clear  [7] . Consistent defects have not been demon-
strated. No clear disturbances in adaptive immunity have been 

 In the case of more common infections that, while not limited 
to people with diabetes, have diabetes as a complicating factor, 
many potential variables make for considerable heterogeneity in 
the clinical course. Examples of such factors include duration of 
disease, presence of diabetic complications, glycemic control 
(both recent and longer term), access to and provision of medical 
services, and presence or absence of other concurrent illnesses. 

 A recent carefully controlled study from Utrecht, the 
Netherlands, has confi rmed that, in general terms, patients with 
type 1 (T1DM) and type 2 diabetes mellitus (T2DM) are at 
increased risk of lower (but not upper) respiratory tract infection, 
urinary tract infection and skin and mucous membrane infec-
tions  [1] . In this study, the well - documented increased risk of 
urinary infection was extended to include both risk of recurrence 
in both sexes and risks in males (perhaps explained by 
prostatitis). 

 Another recent study, conducted in Ontario, Canada, com-
pared people with diabetes with matched control subjects without 
diabetes  [2] . The investigators calculated the risk ratios, both for 
contracting an infection and for death from infection. Forty - six 
percent of all people with diabetes had at least one hospitalization 
or outpatient visit for infections compared with 38% of those 
without diabetes, the relative risk ratio being 1.21. The risk ratios 
for infectious disease - related hospitalization or death were 
noticeably higher at 2.17 and 1.92, respectively. This may be 
attributable to increased severity and presence of complications. 
In the case of hospitalization, it could also refl ect a lower thresh-
old on the part of physicians to admit people with diabetes to 
hospital when they have intercurrent illnesses. A separate study 
also from Canada, in this case from the Calgary Health Region, 
has conducted a population - based assessment of severe blood-
stream infections requiring intensive care admission. Demographic 
and chronic conditions that were signifi cant risk factors for 
acquiring severe bloodstream infection included diabetes, with 
a relative risk ratio of 5.9. The most common organisms 
were  Staphylococcus aureus ,  Escherichia coli  and  Streptococcus 
pneumoniae   [3] . 

 Data from a study by Bertoni  et al.   [4]  suggest that adults with 
diabetes are at greater risk for infection - related mortality, and 
that the excess mortality risk may be mediated by cardiovascular 
disease (CVD). When diabetes was combined with CVD, the rela-
tive mortality risk was 3.0 (1.8 – 5.0), whereas individuals with 
diabetes without CVD had a risk of 1.0 (0.5 – 2.2). 

 Evidence that the presence of diabetes can worsen the outcome 
or prognosis of infections comes from a number of sources. There 
is evidence that the presence of T2DM is associated with an 
increased mortality from community - acquired pneumonia. 
While much of this may be explained by factors such as age and 
coexisting comorbid illnesses, admission hyperglycemia has been 
shown to be a particularly important predictor of death. Also, 
even in patients without previously diagnosed diabetes, glucose 
levels in general assume importance  [5] . During the outbreaks of 
severe acute respiratory syndrome (SARS) in 2003 in Toronto, 
the presence of diabetes was an independent risk factor for poor 
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a delay in neutrophil recruitment in the lungs. This may be an 
important factor infl uencing the susceptibility of people with 
diabetes to infections of the lower respiratory tract. 

 Hyperglycemia impairs opsonophagocytosis by diverting nico-
tinic acid adenine dinucleotide phosphate (NADPH) from super-
oxide production into the aldose reductase - dependent polyol 
pathway  [19] , providing one further example of a mechanism by 
which hyperglycemia directly impairs phagocytosis. 

 Diabetic mice show greater than twofold induction of genes 
that directly or indirectly induce apoptosis  [20] . By contrast, it is 
known that blocking of apoptosis allows for a signifi cant improve-
ment in wound healing and bone growth. This may infl uence 
many aspects of responses to infection, including impaired 
wound healing, which are important in the setting of diabetes. 

 These examples, while somewhat piecemeal, serve to demon-
strate the range of abnormalities in the innate immune system 
that result from hyperglycemia. Of particular importance are 
those spanning macrophage, monocyte and neutrophil function, 
and which impair adherence to endothelium, chemotaxis, phago-
cytosis and bacteriocidal activity. They also point to other abnor-
malities (e.g. involving apoptosis), wound healing and cytokine 
responses to infection. The antioxidant systems involved in bac-
teriocidal activity may be compromised. These impairments, 
which are exacerbated by hyperglycemia and acidemia, may be 
reversed substantially, if not entirely, by normalization of pH and 
blood glucose levels. It needs to be emphasized, however, that the 
severity of effects correlates somewhat unpredictably with direct 
contemporaneous measures of glycemic control such as HbA 1c , 
perhaps refl ecting longer term or persistent changes such as accu-
mulation of AGEs  [21] . In general, a better regulation of the 
diabetes leads to an improvement of the cellular aspects of 
immune function.  

  Other host - related factors 
 Other host - specifi c factors, over and above direct diabetes - related 
impairment of immune defenses, can further the predisposition 
to infection. These include vascular insuffi ciency (microangiopa-
thies and macroangiopathies), sensory peripheral neuropathy, 
autonomic neuropathy, and skin and mucosal colonization with 
pathogens such as  S. aureus  and  Candida  species. Abnormalities 
of the structure and function of the microcirculation can also 
have additional indirect adverse effects on the immune responses 
themselves. Thus, immunologic responses may be further com-
promised by microangiopathy, and additional factors related to 
diabetes complications specifi cally increase the risks of certain 
infections, especially those involving the foot and the urinary 
tract. 

 While beyond the direct scope of this chapter, obesity, which 
is commonly associated with diabetes, also increases the risk of 
certain infections. These include nosocomial infections, wound 
and surgical site infections, respiratory infections and infections 
involving the gastrointestinal tract. The presence of obesity also 
correlates with infected diabetic foot ulcers in people with 
diabetes  [22] .  

described. Humeral adaptive immunity, in particular, appears 
relatively unaffected as exemplifi ed by the relatively normal anti-
body responses to most vaccinations and the fact that serum 
antibody concentrations and responses in patients with diabetes 
are generally normal. For example, people with diabetes respond 
to pneumococcal vaccine equally as well as controls without dia-
betes  [8,9] . 

 The complexity of the component systems involved in the 
immune system makes comparison between studies diffi cult and 
it is obviously simplistic to study individual components of the 
immune system in isolation given the interdependency of these 
components. Many studies have relied upon  in vitro  or animal 
model methodology. 

 Investigations to identify the mechanisms of immune impair-
ment in animal models of diabetes and  in vitro  experiments have 
been numerous. A full review of these animal and  in vitro  studies 
is beyond the scope of this chapter; however, the observations 
that follow may serve as examples from within the range of 
abnormalities that have been found, although many questions 
remain as to the nature of the defects produced by diabetes and 
their effects upon infection risk. 

 Neutrophil chemotaxis, neutrophil adherence to vascular 
endothelium, phagocytosis, intracellular bactericidal activity, 
opsonization and other aspects of innate immunity are all 
depressed in hyperglycemic patients with diabetes, although 
adaptive immunity appears relatively unaffected  [10 – 12] . These 
changes lead to reduced host defense in response to infection with 
extracellular bacteria. Both impaired chemotaxis and phagocyto-
sis have been described in monocytes of people with diabetes 
 [13] . Defects in innate immunity have also been shown to pre-
dispose  db/db  mice to  S. aureus  infections. Interestingly, these 
mice show a heightened infl ammatory response which occurs in 
association with an impaired neutrophil respiratory burst, and 
the recruited neutrophils fail to resolve the infection  [14] . A pos-
sible role for advanced glycosylation end - products (AGEs) is pos-
tulated as a component in the pathogenesis of the impaired 
neutrophil function. 

 While release of tumor necrosis factor  α  and interleukin 1 β  
(IL - 1 β ) from lipopolysaccharide - stimulated macrophages has 
been shown to be reduced in diabetic mice compared with control 
mice  [15] , study of monocytes from patients with diabetes indi-
cates upregulation of the secretion of the same infl ammatory 
mediators  [16] . This further illustrates the diffi culty in comparing 
studies conducted in different settings and species. Some innate 
(e.g. cytokines, complement) immune functions are decreased 
while others remain the same in patients with diabetes as those 
without diabetes. For example, while unstimulated cytokine con-
centrations may be higher, cytokine responses to stimuli are often 
reduced  [17] . Interpretation of the complexity of the underlying 
mechanisms may also need to take into account potential under-
lying proinfl ammatory effects associated with diabetes itself. 

 The level of macrophage infl ammatory protein 2, a mediator 
of lung neutrophil recruitment, is signifi cantly decreased in dia-
betic mice compared to control mice  [18] . The defi ciency causes 
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glycemic environments. Specifi c factors that predispose people 
with diabetes to infection with specifi c organisms include the 
following examples. 

   Candida albicans  and fungi 
 Glucose - inducible proteins produced by  Candida albicans  are 
homologous to a complement receptor on phagocytes. These 
proteins may promote adhesion of  C. albicans  to buccal or vaginal 
epithelium. This adhesion, in turn, impairs phagocytosis, giving 
the organism an advantage over the host  [12] . 

 Ketone reductases produced by  Rhizopus  species allow these 
species to thrive in high glucose, acidic conditions typically 
present in patients with diabetic ketoacidosis  [23] .  

   Klebsiella  spp. 
 A bacterial genus of note in the context of diabetes is  Klebsiella . 
 Klebsiella  infections are the second most common causes of 
Gram - negative sepsis (after  E. coli ). In a report from Taiwan, 
diabetes was the most commonly associated underlying condition 
in patients presenting with community - acquired  K. pneumoniae  
bacteremia (whereas neoplastic diseases were more commonly 
associated with nosocomial infections)  [24] . The percentage of 
patients with underlying diabetes was 49%, which is even higher 
than in earlier reports  [25,26] . Apart from the high proportion 
with diabetes, associations were also observed with serotype K1 
(associated with impaired phagocytosis), liver abscess and other 
metastatic complications (endophthalmitis, meningitis, brain 
abscess)  [24] . Primary liver abscess in other parts of Asia is also 
increasing in incidence, with 40% reportedly associated with dia-
betes  [27] . Bacteremia is present in 50%, and 8 – 10% have meta-
static complications (endophthalmitis, meningitis, brain abscess, 
pneumonia, skin and soft tissue infections, lung abscess, septic 
arthritis, renal abscess and prostatic abscess).  

  Melioidosis 
 A combination of organism - specifi c factors together with the 
changes in innate immunity may explain the increased suscepti-
bility of people with diabetes to melioidosis. About 50% of cases 
of melioidosis occur in people with diabetes. The responsible 
organism,  Burkholderia pseudomallei , has been shown to be 
selectively resistant to phagocytosis compared to  Salmonella 
typhimurium  and  E. coli  in subjects with diabetes. 

 In a study from Thailand, a country where melioidosis is rela-
tively common, neutrophil responses to  B. pseudomallei , in both 
healthy subjects and people with diabetes showed that  B. 
pseudomallei  displayed reduced phagocytosis by neutrophils 
compared to  S. enterica typhimurium  and  E. coli . In addition, 
intracellular survival of  B. pseudomallei  was detected throughout 
a 24 - hour period, indicating intrinsic resistance of  B. pseudomal-
lei  to killing by neutrophils. Furthermore, neutrophils from sub-
jects with diabetes displayed reduced migration in response to 
IL - 8 and an inability to delay apoptosis. Thus,  B. pseudomallei  
appears to be intrinsically resistant to phagocytosis and killing 
by neutrophils. When added to the impaired migration and 

  Diabetic complications 
 Vascular disease is an important component in the etiology of the 
diabetic foot and the attendant complications of infection, ulcer-
ation and gangrene. Vascular disease is very common in diabetes 
and macrovascular disease may be premature, extensive, severe 
and present in unusual sites. Vascular insuffi ciency results in local 
tissue ischemia that can, in turn, enhance the growth of micro-
aerophilic and anaerobic organisms, while simultaneously 
depressing the oxygen - dependent bactericidal functions of leuko-
cytes. The antioxidant systems involved in bacteriocidal activity 
may be compromised by the combination of microvascular 
disease and the diabetic metabolic derangement itself. 
Hyperglycemia and acidemia are important predisposing 
factors to this latter effect and are reversed substantially by nor-
malization of pH and blood glucose levels. Vascular disease 
related to diabetes may also further impair the local infl ammatory 
response and may also impair the tissue penetration of 
antibiotics. 

 Neuropathy, both peripheral and autonomic, also contributes 
to the risk of foot infections and ulceration, as well as to certain 
other infections. Sensory peripheral neuropathy masks the recog-
nition of trauma. Minor local trauma in patients with diabetes -
 associated peripheral neuropathy may result in skin ulcers, which, 
in turn, lead to diabetic foot infections. Skin lesions are often 
either unnoticed or ignored until infection occurs. Autonomic 
neuropathy contributes to the etiology of diabetic foot infections 
by mechanisms such as decreased sweating, which predisposes to 
drying and fi ssuring of the skin, and by further exacerbating 
abnormalities in the control of the microcirculation. Both sensory 
and motor neuropathy can lead to deformity and alter the 
dynamics of the function of the foot. Fuller discussion of the etio-
logic factors related to sepsis and the diabetic foot is provided in 
Chapter  44   . 

 Patients with diabetes - associated autonomic neuropathy may 
develop urinary retention and stasis in association with loss 
of innervation to the bladder. This predisposes them to urinary 
tract infections. This risk is particularly high in females. 
Autonomic neuropathy can also impair the function of the 
gastrointestinal tract, predispose to certain gastrointestinal tract 
infections and contribute to risk of aspiration pneumonia in 
the context of gastroparesis. Renal papillary necrosis can also 
contribute to the risk of renal failure as well as to infection 
within the urinary tract. 

 Thus, a number of factors contribute to the vulnerability of 
people with diabetes to infections. In addition to the abnormali-
ties of the immune response, vascular disease and neuropathy can 
greatly enhance susceptibility (e.g. in the lower limb and urinary 
tract). Hyperglycemia per se may specifi cally heighten suscepti-
bility to certain fungal and bacterial infections.  

  Organism - specifi c factors 
 Certain organisms may show increased adherence to diabetic cells 
 [12]  and others may demonstrate increased virulence in hyper-
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and increased cardiovascular risk. The public health implications 
of these issues are considerable given the concordance of the 
diabetes epidemic with these other highly prevalent diseases. 

 All infections, especially if severe, have the potential to 
exacerbate hyperglycemia by a number of mechanisms (e.g. 
worsening of insulin resistance by production of  “ stress ”  or 
counter - regulatory hormones and production of cytokines such 
as IL - 1 and tumor necrosis factor)  [32] . Infection remains a 
major factor in the pathogenesis of diabetic ketoacidosis or 
hyperosmolar hyperglycemia. Infections can also precipitate 
hypoglycemia if symptoms, such as anorexia, nausea and vomit-
ing, lead to reduced food intake. Malaria and its treatment with 
quinine can also produce hypoglycemia. 

  Hepatitis  C  
 A number of reports from North America, Europe and the 
Middle East consistently demonstrate an increased prevalence of 
diabetes (ranging from 24% to 62%) among patients with chronic 
hepatitis C virus (HCV) infection compared both with persons 
with other forms of liver disease and with other control groups. 
Among HCV - infected individuals reported prevalence of diabe-
tes (21 – 50%) is much higher when compared with other forms 
of chronic liver disease (2 – 12%) and with control subjects (2 –
 6%)  [33 – 38] . 

 In the USA, T2DM occurs more often in persons with HCV 
infection who are older than 40 years of age, particularly in the 
range of 40 – 49 years where the relative risk ratio is 3.77. Apart 
from age, the prevalence of diabetes is greatest in subjects who 
are non - white, have a high body mass index, are below the 
poverty level and have a family history of diabetes. The prevalence 
of T1DM appears to be unaffected  [39] . 

 The suggestion that HCV infection predisposes to T2DM as a 
result of the progressive liver damage is supported by the observa-
tions that the association is most marked in the older age groups 
( > 40 years), and that there is higher risk among patients with 
advanced HCV cirrhosis. The presence of diabetes is also associ-
ated with worse hepatic fi brosis; however, the higher prevalence 
of diabetes compared to other forms of liver disease suggests an 
additional mechanism specifi c to hepatitis C. Tumor necrosis 
factor  α  has been suggested as one possible candidate for this role 
 [40] . 

 HCV infection is also strongly associated with diabetes among 
intravenous drug users and this is independent of HIV infection 
or use of highly active antiretroviral therapy (HAART)  [41] . 
Thus, it is important to monitor patients with chronic HCV 
infection for development of diabetes. Bidirectionality again 
applies with weight loss and good glycemic control improving 
hepatitis outcomes.   

   HIV / AIDS  
 Although HIV/AIDS has not in itself been reported to increase 
the risk of diabetes, the treatment of HIV/AIDS with HAART 
predisposes to T2DM, other metabolic risks and premature car-
diovascular disease. This has become a major problem in the 

apoptosis seen in diabetes, the combination seems suffi cient to 
explain the increased susceptibility to melioidosis in people with 
diabetes  [28] .   

  Bidirectionality: the effect of infections on diabetes 
 Bidirectionality exists in the relationship between diabetes and 
infections. The effect of infections upon diabetes includes the 
effects of certain infections on the etiology and pathogenesis of 
diabetes itself, adverse effects upon hyperglycemia in established 
diabetes and exacerbation of diabetes complications. The impor-
tance of the potential adverse effects upon hyperglycemia in 
established diabetes needs to be stressed. Infections remain an 
important predisposing cause of both diabetic ketoacidosis and 
hyperosmolar hyperglycemia syndrome. 

 The importance of certain viral infections in the possible etiol-
ogy of diabetes has received increasing attention in recent years 
with respect to both T1DM and T2DM. 

 Viral infections have been implicated in the etiology of T1DM 
for many years. Although this complicated topic is beyond the 
general scope of this chapter and is considered in detail in 
Chapters  3  and  9 , it is noteworthy that type 1a (autoimmune) 
diabetes is increasing in prevalence globally, providing strong 
evidence that environmental factors are involved in the clinical 
expression of the disease. Viruses have long been included in the 
list of putative environmental triggers. Enteroviruses (especially 
coxsackie B viruses, B4 in particular), rubella, mumps, rotavirus, 
parvovirus and cytomegalovirus have all been implicated and 
continue to be reported  [29,30] . Although correlations between 
the presentation of diabetes and the occurrence of a preceding 
viral infection have been recognized, a direct causal relationship, 
with fulfi llment of Koch postulates, between viral infection and 
the diabetogenic process, remains diffi cult to prove, possibly 
because other infl ammatory factors are also required. In this 
context, it is interesting to note that the process may be associated 
with a dominant CD4 T - helper type 1 immune response, whereas 
the dominance of a T - helper type 2 response, as seen in the face 
of certain infectious and parasitic agents, may protect against 
T1DM and other autoimmune diseases. Thus, the increasing 
freedom from such infections, especially in developed areas of the 
world, may allow the increased expression of an underlying 
genetic predisposition, and infection by certain viruses, such as 
the coxsackie B viruses, may then be associated with the appear-
ance of (and persistence of)  β  - cell antigens, mediated by mecha-
nisms such as molecular mimicry and activation of Toll - like 
receptors. Lack of exposure to infection and infestation in early 
childhood appears to dilute the ability of the innate immune 
system to withstand autoimmune responses and challenges. 
T1DM is not alone in this respect and the general concept has 
become known as the  “ hygiene hypothesis ”   [31] . 

 The high prevalence of T2DM in association with hepatitis C 
infection and the progression of certain diabetes complications 
(e.g. diabetic nephropathy) in association with hepatitis B are 
other noteworthy examples. The treatment of HIV/AIDS with 
protease inhibitors predisposes to diabetes, metabolic syndrome 
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 Lipodystrophy is a crucial aspect of the association of HAART 
with insulin resistance, leading to relative preponderance of vis-
ceral fat, hepatic steatosis and fat deposition at other  “ ectopic ”  
sites. HIV - infected persons with lipodystrophy, compared with 
those without lipodystrophy, have a reduction in plasma adi-
ponectin and adipose tissue adiponectin mRNA levels of approxi-
mately 50%, correlating with insulin resistance and increased 
cytokine levels  [45] . 

 Because baseline and incident metabolic syndrome identifi es 
individuals at risk for both CVD and T2DM, evaluation in all 
patients commencing HAART is warranted. A fasting plasma 
glucose concentration should be checked before initiation of 
therapy and monitored every 3 – 6 months, especially in patients 
receiving changes in treatment or who have signifi cant risk factors 
for insulin resistance. An oral glucose tolerance test may be 
required, particularly in the presence of risk factors or equivocal 
glucose concentrations. Dietary guidelines established for the 
general population remain relevant for the management of 
glucose disorders in the context of HIV infection. Weight loss 
through increased activity and caloric restriction should be rec-
ommended for overweight HIV - infected patients. 

 Metformin improves insulin sensitivity in patients with HIV 
lipodystrophy and is an effective antidiabetic medication; 
however, it should be used with caution in patients receiving an 
NRTI, and in persons with impaired renal function because of 
the possibility of lactic acidosis. Thiazolidinediones also improve 
insulin sensitivity in patients with HIV lipoatrophy, although 
rosiglitazone treatment may worsen hyperlipidemia. Insulin 
therapy should be used according to standard recommendations. 
Substitution of an NNRTI for a PI has been observed to improve 
insulin resistance but this needs to be balanced against any risk 
to virus control. Careful discussion with the HIV physician is 
therefore essential and it may be deemed safer to increase the 
antihypoglycemic treatment rather than changing the compo-
nents of the HAART regime  [47 – 49] . 

  Hepatitis  B  
 Although, in contrast to hepatitis C, hepatitis B virus (HBV) 
has been less consistently associated with an increased preva-
lence of diabetes, the presence of hepatitis B markers may 
nevertheless infl uence the natural history of diabetes and its 
complications and the relationship may be bidirectional as the 
presence of diabetes is associated with more severe fi brosis 
and cirrhosis. However, there is uncertainty as to cause and 
effect given the general association of diabetes with liver cirrhosis 
 [50] . 

 Chinese HBV - infected patients with T2DM have been shown 
to be more likely to develop end - stage renal disease than non -
 HBV infected patients with T2DM (8.7 vs 6.4%) with a hazard 
ratio of 4.5. The association of chronic HBV infection with 
increased risk of end - stage renal disease was independent of other 
potential confounding factors. HBV - infected patients also 
reported earlier onset of diabetes and had a higher frequency 
of diabetic retinopathy than non - HBV - infected patients (28% 

management of this already very complicated disease. The effects 
occur via disturbances in lipid homeostasis and fat partitioning 
(lipodystrophy), insulin resistance, insulin secretion and mito-
chondrial function. The underlying cellular mechanisms are 
complex and incompletely understood. Combination HAART 
for HIV - 1 infection is frequently complicated by lipodystrophy 
(peripheral fat loss and relative visceral obesity), dyslipidemia 
and insulin resistance. HIV - infected adults receiving HAART 
have an increased incidence of elevated blood pressure and car-
diovascular morbidity. 

 Whether antiretroviral therapy - naive patients have altered risk 
of subsequent CVD or T2DM is unclear, particularly in light of 
emerging data indicating that rates of CVD may also be higher in 
people with HIV who are not treated with antiretriviral therapy. 

 Exposure to antiretroviral therapy for more than 1 year is 
associated with increasing risk of diabetes. Although the risk is 
greatest among individuals treated with a protease inhibitors (PI) 
(attributed to a direct inhibitory effect on cellular glucose trans-
port by PI medications)  [41] , an increased prevalence of diabetes 
among those receiving a PI - sparing regimen has also been found 
and insulin resistance has been reported among PI - naive persons 
with HIV infection, in association with fat redistribution. 
Nucleoside analog - induced mitochondrial toxicity is probably of 
importance. Cessation of PI appears to have little benefi cial effect 
in reversing lipodystrophy, although it may improve the meta-
bolic control in diabetes. Alteration of thymidine analog nucle-
osidase reverse transcriptase inhibitors may, however, confer 
benefi t on lipodystrophy  [42,43] . 

 In a study of almost 900 HIV - infected patients, initiation of 
antiretroviral therapy was evaluated for prevalence and incidence 
of metabolic syndrome (using the National Cholesterol Education 
Program, Adult Treatment Panel III [NCEP ATP - III] and the 
International Diabetes Federation [IDF] criteria) and subsequent 
diagnosis of CVD and T2DM over a 3 - year period. The preva-
lence of baseline metabolic syndrome was 8.5% and 7.8% (ATP -
 III and IDF criteria, respectively). Substantial progression to 
metabolic syndrome occurred within 3 years following initiation 
of antiretroviral therapy. The presence of metabolic syndrome at 
baseline was signifi cantly associated with an increased risk of 
T2DM while metabolic syndrome occurring during the 3 - year 
period was associated with an increased risk of both CVD and 
diabetes  [44,45] . 

 In another study  [46] , 123 of 6513 HIV - infected persons 
developed diabetes during 27   798 person - years of follow - up, 
resulting in an incidence of 4.4 cases per 1000 person - years of 
follow - up. An increased incidence rate ratio was found for male 
subjects, older age, obesity, Afro - American or Asian ethnicity. A 
weaker, although still signifi cant, association of the incidence rate 
was also found with Centers for Disease Control and Prevention 
(CDC) disease stage C. Strong associations were observed with 
treatment using nucleoside reverse - transcriptase inhibitors 
(NRTI), NRTI plus PI and NRTI   +   PI   +   non - nucleoside reverse -
 transcriptase inhibitors (NNRTI), but not with an NRTI   +   NNRTI 
regimen. 
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  Mucormycosis (zygomycosis) 
 The term mucormycosis is used to describe a variety of infections 
caused by fungi of the  Rhizopus  and  Mucor  species which belong 
to the order Mucorales (class Zygomycetes). These fungi are 
ubiquitous saprophytes and infections produced by them are 
essentially confi ned to immunocompromised individuals. The 
fungi have a predilection to invade blood vessels. Ketone 
reductases produced by  Rhizopus  spp. allow them to thrive in 
high glucose, acidic conditions as are typically present in patients 
with diabetic ketoacidosis  [23] . Rhinocerebral, pulmonary, 
gastrointestinal, cutaneous and disseminated forms of the infec-
tion are described. The rhinocerebral manifestation (and with 
sinus involvement) has the highest frequency and is potentially 
the most lethal in the context of people with diabetes (Figure 
 50.2 ).   

 The close connection with diabetes is becoming increasingly 
diluted as other causes of an immunocompromised state become 
increasingly common or survivable (notably hematologic cancer 
and bone marrow transplant recipients). Nevertheless, diabetes 
remains the most common underlying factor in most reports. In 
a review of 49 cases of pulmonary mucormycosis, diabetes was 
the underlying cause of the immunocompromised state in 9 
(25%)  [54] . In another study, the prevalence and mortality in 
people with diabetes were 36% and 44%, respectively  [55] . It 
typically, although not exclusively, occurs in association with 
ketoacidosis, severe hyperglycemia and/or a debilitated state. 

 Rhinocerebral mucormycosis is a life - threatening fungal infec-
tion. Untreated it is universally fatal; if recognized early there is 
a 20% survival rate. Presenting features include facial or ocular 
pain and nasal stuffi ness. Generalized malaise and fever may also 
be present. Intranasal black eschars or necrotic turbinates may be 
found and, if present, provide sites that can be biopsied. Treatment 
consists of surgical d é bridement of the involved sinuses and pro-
longed intravenous therapy with amphotericin B or alternative 
antifungal agents such as some newer azoles. 

 Acute invasive fungal sinusitis can also result from aspergillo-
sis, as can malignant otitis externa. Biopsy confi rmation of the 
microbiologic diagnosis is therefore useful  [56] .  

  Endophthalmitis 
 Secondary endophthalmitis may occur as a rare but devastating 
metastatic complication of septicemia and in this setting is almost 
entirely confi ned to people with diabetes.  E. coli  and  Klebsiella  are 
the more likely pathogens and urinary tract infection is reported 
as the most common underlying source of infection  [57] . 

 People with diabetes are also more prone to postoperative 
infections following eye surgery or infections secondary to eye 
trauma. Overall, the most common cause of endophthalmitis is 
as a postoperative complication of cataract surgery  [58] , a proce-
dure commonly carried out in patients with diabetes.  

  Periodontal disease 
 People with diabetes are very prone to periodontal disease com-
pared to the non - diabetic population, with a two -  to fourfold 

compared to 22%). Cardiovascular complications appeared 
unaffected  [51] .    

  Specifi c infections either strongly associated 
with diabetes or in which the presence of 
diabetes is important 

  Infections involving the head and neck 
 Two head and neck infections that are associated with high rates 
of morbidity and mortality, malignant otitis externa and rhinoc-
erebral mucormycosis, are particularly noteworthy in people with 
diabetes. 

  Malignant otitis externa 
 Malignant otitis externa is an invasive infection of the external 
auditory canal and skull base that typically arises in elderly people 
with diabetes. An early series of patients was described in 1968 
 [52] . Most cases (86 – 90%) have been reported in patients with 
diabetes.  Pseudomonas aeruginosa  is nearly always the causal 
organism ( > 98% of cases) although  Aspergillus    species are occa-
sionally responsible. Microangiopathy in the ear canal has been 
suggested as a predisposing factor. 

 Presenting features include severe intractable headache and 
otalgia, otorrhea and deafness. Patients often report a duration 
of weeks to months of these symptoms. Intense cellulitis is com-
bined with edema of the ear canal. Focal neurologic signs and 
cranial nerve palsies may occur. The pain may involve the tem-
poromandibular joint and be aggravated by chewing. Osteomyelitis 
of the skull base and temporomandibular joint is a potentially 
life - threatening complication and the mortality in the pre - anti-
biotic era exceeded 50%. On otoscopy, granulation tissue may be 
seen in the fl oor of the ear canal, often in association with edema 
and intense cellulitis. The tympanic membrane is usually intact. 
Computed tomography (CT) and magnetic resonance imaging 
(MRI) studies are essential for defi ning the extent of bone and 
soft tissue involvement, together with the bony destruction of the 
skull base that may be seen in advanced cases. 

 Systemic antipseudomonal antibiotics are the primary therapy. 
Early referral to an otorhinolaryngologist is essential and allows 
diagnostic confi rmation by surgical biopsy. D é bridement of 
necrotic tissue can also be carried out if necessary, although the 
introduction of effective antibiotic therapy has reduced the 
requirement for surgery. With the introduction of quinolones, 
the cure rate has increased to 90%, with few adverse effects 
reported and oral therapy rendered possible. Prolonged treat-
ment for 6 – 8 weeks is recommended, as for osteomyelitis  [53] . 
Thus, treatment consists of prolonged administration (6 – 8 
weeks) of an antipseudomonal agent (typically, an orally admin-
istered quinolone). The emergence of ciprofl oxacin resistance is 
a potential problem. It is recommended that systemic quiniolone 
use be reserved for treatment of invasive ear infections. An 
example of invasive aspergillosis involving the skull base is shown 
in Figure  50.1 .    
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control as well as overall risk of CVD and diabetic 
nephropathy.    

  Respiratory tract infections and tuberculosis 

 The increased risk of mortality and morbidity from community -
 acquired pneumonia has been alluded to earlier and includes 
pneumonia either directly resulting from, or secondary to, 
common infections such as infl uenza and  S. pneumoniae  and also 
includes  Legionella  infections  [60] . The risk of bacteremia follow-
ing pneumococcal infection is increased  [61] . Viral shedding may 
be more prolonged following infl uenza infections in subjects with 
co - morbidities including diabetes, which may infl uence decisions 
regarding initiation and duration of antiviral therapy  [62] . 

 Lower respiratory tract infections, resulting from  S. aureus  
and Gram - negative organisms such as  K. pneumoniae , are more 

relative increase in prevalence and a particular predilection for 
those whose diabetes is poorly controlled. 

 The associated periodontitis, if left untreated, can result in loss 
of attachment of ligament fi bers and supporting alveolar bone, 
which in turn can increase the mobility of teeth and necessitate 
extraction. Tooth abscesses and episodes of bacteremia also 
become more likely. Diabetes may complicate the pathogenesis 
of periodontitis by causing abnormalities in the vasculature of the 
gingival tissues, in addition to the effects upon immune responses 
described earlier. Aggressive and diffi cult to treat forms of peri-
odontitis are also more common in adults with diabetes. 
Periodontal health is infl uenced by glycemic control to the extent 
that the prevalence of periodontal diseases among people with 
well - controlled diabetes is not increased  [59] . 

 A bidirectional relationship has also been suggested whereby 
the presence of periodontal disease adds to the overall burden of 
chronic infl ammation, thereby adversely affecting glycemic 

(a) (b)

        Figure 50.1     Magnetic resonance imaging (MRI) scan of skull base in a 
59 - year - old male with a 20 - year history of diabetes (with nephropathy), treated 
with insulin who developed severe extensive invasive aspergillosis. He presented 
with headache and vertigo followed by left sixth and seventh nerve palsies. He 
subsequently developed bilateral sensorineural hearing impairment and blindness 
secondary to extensive skull base infi ltration by the invasive aspergillosis. MRI 
demonstrated enhancing soft tissue closely related to the left posterolateral wall 
of the nasopharynx with parapharyngeal, skull base, perineural and dural 
infi ltration. Biopsy showed infl amed fi brous tissue with degenerated fungal 
fi laments. Culture confi rmed  Aspergillus fl avus . He is receiving lifelong therapy 
with voriconazole. He remains blind. MRI of skull base in the axial plane with: 

(a) T1 - weighted; (b) fat - saturated T2 - weighted; and (c) post - gadolinium 
T1 - weighted sequences. These show marked dural thickening (arrows) with 
enhancement in the left posterior cranial fossa. An abnormal signal with 
enhancement is also noted in the adjacent left petrous apex (open arrow). Note 
also the presence of infl ammatory fl uid within both mastoid air cells (arrow-
heads). Acknowledgements to Dr. K.T. Wong, Consultant Radiologist, for 
preparation and reporting of the fi gures, and to Professor A. Ahuja for 
permission to use the fi gures. Both are placed at the Department of Diagnostic 
Radiology and Organ Imaging, Prince of Wales Hospital, Chinese University of 
Hong Kong, Hong Kong.  
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(encompassing two -  to 11 - fold) and variable levels of evidence. 
The importance of the association is often neglected in the larger 
arena of public health, for example when compared with the risk 
of tuberculosis associated with HIV/AIDS. 

 Diabetes has been confi rmed in several recent studies to be 
associated with increased risk of active tuberculosis. The associa-
tion of tuberculosis with diabetes presumably refl ects impaired 
innate immunity as well as (in this case at least) a reduced adap-
tive T - helper type 1 response with reduced secretion of T - helper 
type 1 - related cytokines. A recent review of 13 observational 
studies published between 1992 and 2007  [66]  confi rms an 
increased risk of tuberculosis regardless of study design, popula-
tion, geographic region and background incidence of tuberculo-
sis, the overall increase in risk being approximately threefold. The 
risk was greatest among younger people, in areas of high tuber-
culosis incidence and in non - North American populations. The 
public health impact may be particularly high in countries such 
as India and China, which are at the forefront of the diabetes 
epidemic. The impact of the diabetes epidemic on tuberculosis 
incidence in India has been modeled by Stevenson  et al.   [67] . 
They suggest that diabetes accounts for 14.8% (range of uncer-
tainty 7.1 – 23.8%) of pulmonary tuberculosis and 20.2% (8.3 –
 41.9%) of smear - positive tuberculosis, with an excess risk of the 
latter in urban areas. This can be compared to an overall estimate 
of 3.4% for the proportion of adult tuberculosis incidence 
ascribed to HIV/AIDS in India  [68] . Extrapulmonary or unusual 
manifestations of tuberculosis are also more common in the 
context of diabetes. In pulmonary tuberculosis, the presence of 
diabetes, as well as being the most common underlying co - 
morbidity, has also been reported to increase the risk of cavi-
tatory nodules  [69] . 

 In addition to the increased risk, there is also evidence that 
diabetes leads to worse tuberculosis outcomes and has adverse 
effects upon responses to treatment. A study from Indonesia 
indicated a doubling of the risk of remaining smear positive at 
the end of treatment for pulmonary tuberculosis in people 
with diabetes compared to those without diabetes  [70] . The 
same group in Indonesia has also shown that the presence 
of T2DM may adversely affect the bioavailability of rifampicin 
and lead to an increase in dose requirement  [71] . In Hong Kong, 
an area with much pioneering experience of tuberculosis treat-
ment since the 1950s, the Centre for Health Protection recognizes 
the risk of a worse outcome, and its guidelines recommend a 
more prolonged period of treatment for people with diabetes 
compared to those without. For example, when treating pulmo-
nary tuberculosis using a standard regimen of four drugs for the 
fi rst 2 months followed by two drugs, a total treatment duration 
of 9 months, rather than 6 months, is recommended. 
Bidirectionality again needs to be remembered because the pres-
ence of tuberculosis is very likely to have a negative impact upon 
hyperglycemia. Two examples of individuals with tuberculosis in 
association with diabetes are shown in Figure  50.3 . It is perhaps 
noteworthy that neither was receiving regular follow - up care for 
the diabetes.     

common in people with diabetes. Melioidosis has also been dis-
cussed above as an example of organism - specifi c factors that 
interact with diabetes to increase risk of infection. People with 
diabetes are also thought to be at increased risk for  S. aureus  
pneumonia and this may result from the well - documented higher 
rates of nasal carriage of  S. aureus  in people with diabetes (up to 
30%) compared to 11% in healthy individuals  [63] . 

 Any respiratory infection in patients with diabetes is associated 
with increased mortality. In the USA, people with diabetes are 
reportedly 4 times more likely to die from pneumonia or infl u-
enza than are people without diabetes  [64] . 

 The importance of diabetes as the most common under-
lying predisposing factor for thoracic empyema has also long 
been recognized. A recent report indicates that  Klebsiella  are 
again notable as the most common pathogens, while other 
important pathogens include streptococci,  S. aureus  and anaer-
obes  [65] . 

  Diabetes and tuberculosis 
 An association between diabetes and tuberculosis has been widely 
accepted in the past, albeit with varying estimates of overall risk 

     Figure 50.2     Rhinocerebral mucormycosis. Typical appearance in a 45 - year - old 
woman with poorly controlled type 1 diabetes. Periorbital and facial swelling had 
been present for 3 – 4 days before admission. Major reconstructive surgery was 
required. From Rupp ME. Rhinocerebral mucormycosis.  N Engl J Med  1995; 
 333 :564.  
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 Diabetes is a risk factor for cystitis in postmenopausal women, 
leading to a two -  to threefold increase in risk  [75] . An increased 
prevalence of asymptomatic vaginal  E. coli  colonization has also 
been reported in postmenopausal women with diabetes who are 
receiving insulin treatment. This vaginal colonization may be 
mediated by greater adherence of type 1 fi mbriated  E. coli  to 
uroepithelial cells in women with diabetes, may be related to 
impaired cytokine secretion or may refl ect a reduced polymor-
phonuclear infl ammatory response  [72,76] . 

 Diabetes increases the risk of complications of UTI, serious or 
unusual forms of infection, and need for prolonged hospitaliza-
tion  [77] . It is a risk factor for acute pyelonephritis in women 
(odds ratio 4.1), and is the strongest of the various risk factors 
that have been examined. Among hospitalized patients, 16.7% 
reported having diabetes compared with 5.8% of non - hospital-
ized patients  [72] . A three -  to fi vefold increase in risk exists in 
people with diabetes aged less than 44 years  [74] . 

 Diabetic autonomic neuropathy is an important predisposing 
factor to UTI. This affects the sympathetic and parasympathetic 
afferent fi bers to the bladder and causes decreased refl ex 
detrusor activity. Impaired bladder sensation results in bladder 
distension, increased residual urine volume, vesicoureteric refl ux 
and recurrent upper UTI  [78,79] . Some cases are urinary catheter 
or instrumentation related  [72,78,79] . Additional host factors 

  Infections of the urinary tract 

  Epidemiology and risk factors 
 Urinary tract infection (UTI) is frequently encountered in 
people with diabetes. Asymptomatic bacteriuria also occurs with 
a higher frequency. One study has demonstrated a prevalence rate 
for asymptomatic bacteriuria of 26% in women with diabetes, 
compared to 6% in women without diabetes, a threefold increase 
 [72,73] . 

 A randomized controlled trial of antibiotic treatment for 
asymptomatic bacteriuria revealed no differences in the develop-
ment of symptomatic UTI, time to onset of symptoms, risk of 
pyelonephritis or need for hospitalization  [72] . Thus, diabetes 
does not appear to warrant either screening for, or treating, 
asymptomatic bacteriuria. This remains a controversial issue and, 
from the practical standpoint of the physician, ascertaining 
 “ asymptomatic status ”  with confi dence, particularly in older 
women with diabetes, can be diffi cult or impossible. 

 A number of studies confi rm the increased risk of symptomatic 
UTI in association with diabetes. In one study of more than 600 
women  [74] , those with T2DM had an overall risk of 20%. A 
recent study has extended the risk to include recurrence rates as 
well as risk to males  [1] . 

(a) (b)

        Figure 50.3     (a) A 49 - year - old man with diabetes and obesity, not receiving regular follow - up, and presenting with hemoptysis, sputum smear positive for tuberculosis 
(TB). Chest X - ray shows extensive right upper lobe pneumonic changes. (b) A 30 - year - old man with diabetes but no regular follow - up, presents with a cough for 4 
months with weight loss, sputum smear positive for TB. Chest X - ray shows extensive bilateral and cavitatory disease.  
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predisposing to UTI include: glycosuria, sexual intercourse, 
history of previous UTI, obstruction, longer duration of diabetes, 
poor glycemic control, decreased urinary cytokine excretion, 
increased  E. coli  adhesion, macroalbuminuria and neutrophil 
dysfunction  [78,79] . Renal papillary necrosis and chronic renal 
failure may also contribute to the complex array of risk to the 
urinary tract. 

  Microbiology 
  E. coli  is the most commonly reported organism.  Klebsiella  is 
also a problem, especially among patients with uncommon 
severe forms of UTI, such as emphysematous pyelonephritis. 
Other organisms include  Acinetobacter  species, group B strepto-
cocci and  P. aeruginosa   [72] . The latter should be suspected 
particularly if there is a history of recent instrumentation or 
hospitalization. 

  C. albicans  in the urine can be associated with incomplete 
bladder emptying and high glucose concentrations in the urine. 
Diabetes has been shown to be present in 39% of hospitalized 
patients with funguria  [72] . Candiduria may signify contamina-
tion of the urine specimen, benign saprophytic colonization 
( ±  catheter), or may be indicative of true invasive infection of the 
upper and/or lower urinary tract  [80] . Diabetes is also a risk 
factor for multidrug - resistant UTI, perhaps related to recurrent 
or increased exposure to antibiotics  [81] .  

  Clinical features of urinary tract infection in diabetes 
 Uncomplicated UTIs may be asymptomatic. Symptoms, when 
present, are generally similar to those experienced by the non -
 diabetic population. Infection of the lower urinary tract usually 
presents as dysuria, frequency or urgency. Fever, fl ank pain, chills 
and rigors, vomiting and costovertebral angle tenderness raise the 
suspicion of upper tract infection with renal involvement. 
Bilateral renal involvement is also more frequent and bilateral 
pyelonephritis is twice as common in people with diabetes. 
Bacteremia may be present. 

 A poor response to appropriate antibiotic therapy should raise 
the suspicion of the presence of complications. These may include 
renal papillary necrosis and perinephric abscess. The symptoms 
of renal papillary necrosis include fl ank and abdominal pain 
(which mimic both pyelonephritis and ureteric colic), together 
with fever. Renal functional impairment is commonly found. 
Features such as a persisting high fever despite antibiotic treat-
ment, hypotension or septicemic shock, and a palpable tender 
renal mass may point to the presence of a perinephric abscess. In 
one series of patients with perinephric abscess, 36% had diabetes 
 [82] .  

  Emphysematous cystitis and emphysematous pyelonephritis 
 Although uncommon, the severity of these infections warrants 
their special consideration. Emphysematous cystitis is an uncom-
mon complication of lower UTI characterized by the presence of 
gas in the bladder wall (Figure  50.4 ). It presents with hematuria, 
pneumaturia and abdominal pain. Plain abdominal radiography 

     Figure 50.4     Example of emphysematous cystitis in a 67 - year - old woman with 
diabetes and end - stage renal disease (ESRD) requiring hemodialysis. She 
developed septic shock with lower abdominal tenderness. Blood and urine 
cultures show  E. coli.  Computed tomography (CT) scan shows air pockets inside 
the urinary bladder (arrows).  From Sun JT, Wang HP, Lien WC. Life - threatening 
urinary tract infection.  Q J Med  2009;  102 :223, with permission .  

or CT scan are indicated to detect the presence of gas. Surgical 
intervention may be required in up to 20% of cases and mortality 
is reportedly up to 10%. Emphysematous cystitis requires aggres-
sive treatment in hospital and intravenous antibiotic therapy 
 [83] .   

 Emphysematous pyelonephritis is an infection that is almost 
exclusively limited to people with diabetes, who account for 90% 
of cases (Figure  50.5 ). It predominantly occurs in females and 
carries a grave prognosis  [84] . It is a necrotizing infection of the 
renal parenchyma and surrounding areas which can be focal or 
diffuse and may spread to the collecting system or perinephric 
tissues. The formation and presence of gas in the renal paren-
chyma, collecting system or perinephric area may be contributed 
to by fermentation of glucose when present at high concentra-
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recommended. Patients may require percutaneous drainage (for 
localized cases with abscess formation or obstruction) or nephre-
ctomy (in extensive cases). The advent of CT has allowed a more 
rational approach to the use of these surgical interventions, by 
allowing more accurate delineation of factors such as gas distribu-
tion, obstruction and abscess formation  [87] .  

  Diagnosis of urinary tract infection 
 A high index of suspicion is required, with particular attention in 
the presence of diabetic neuropathy, renal dysfunction or renal 
papillary necrosis. Microscopic examination of the urine may 
reveal leukocytosis and pyuria. Urine culture and sensitivity 
should always be carried out. In febrile patients or in suspected 
upper tract infection, blood culture is essential to detect bacter-
emia or Gram - negative septicemia. 

 Plain abdominal radiography is useful to help rule out 
obstructive uropathy, stones and emphysematous infection. 
Ultrasonography is a sensitive, safe and inexpensive technique for 
initial screening. Ultrasound or CT can confi rm the diagnosis of 
renal abscess, mass, presence of air in the urinary tract and the 
extent of perinephric spread of infection. The diagnosis of renal 
papillary necrosis may require ultimate confi rmation by retro-
grade pyelography.  

  Treatment of urinary tract infection 
 Treatment should be tailored to take account of local antibiotic 
resistance patterns (if known), as well as previous history of UTI, 
previous antibiotic exposure (and possible allergies) together 
with other risk factors such as recent instrumentation or cathe-
terization. Uncomplicated UTI may be treated with co - trimoxa-
zole (if the local resistance rate is  < 15 – 20%), fl uoroquinolones, 
nitrofurantoin, ampicillin, amoxicillin +/ –  clavulanate, or sul-
bactam. Increasing resistance to fl uoroquinolones has been noted 
recently. Co - trimoxazole may potentiate the hypoglycemic effect 
of some oral antihyperglycemic agents and should be used with 
caution. 

 Complicated infections require hospitalization and parenteral 
antibiotics. Intravenous therapy is continued until fever resolves, 
following which oral antibiotics can be substituted to complete 
at least 2 weeks of treatment. Second or third - generation cepha-
losporins,  β  - lactam/ β  - lactamase inhibitor combinations, or fl uo-
roquinolones may need to be considered in patients with risk 
factors, and the possibility of infection with  Pseudomonas  may 
infl uence this choice, particularly in the setting of nosocomial 
exposure or recent instrumentation. 

 Because upper urinary tract involvement with UTI may be up 
to 5 times more frequent in patients with diabetes compared with 
people without diabetes and may be unsuspected or asympto-
matic. More prolonged courses of antibiotics (7 – 14 days) may be 
considered wise even in the context of apparently uncomplicated 
UTI  [84] . This may also reduce the risk of subsequent relapse. 
Repeated urine culture to document bacteriologic cure 2 – 4 weeks 
post - treatment is advisable given high rates of relapse or treat-
ment failure. 

tions, by the presence of gas - forming organisms and by impaired 
renal perfusion. Mixed acid fermentation of glucose by 
Enterobacteriaceae has been suggested as a major pathway of gas 
formation  [85] .   

 A lengthy list of pathogens has been reported; however, as with 
other UTIs in the context of diabetes, the most common patho-
gens are  E. coli  (in 70%) and  Klebsiella  (in 30%). Vasculopathy 
of the renal circulation is believed to be a major factor in the 
pathogenesis, once again emphasizing the importance of vascular 
disease in the clinical manifestation of the more severe forms of 
infection related to diabetes. 

 Presenting features include fever, abdominal pain, nausea and 
vomiting and drowsiness or stupor. As a result of these non -
 specifi c symptoms the diagnosis is often delayed. The presence of 
features such as renal angle tenderness, pyuria or pneumaturia 
should lead to a high index of suspicion. A fl ank mass may be 
detected, often accompanied by crepitus. Disseminated intravas-
cular coagulation, septicemic shock and acute renal failure are all 
associated with a poor prognosis. 

 The diagnosis is established by radiologic identifi cation of gas 
in renal tissue. This is best demonstrated by CT. The plain 
abdominal X - ray sensitivity is lower. Ultrasonography can also 
be used, but CT should be regarded as the investigation of choice. 
In a report of 46 cases in Taiwan, 96% had diabetes with HbA 1c  
higher than 8% ( > 64   mmol/mol), and 22% also had features of 
obstruction  [86] . Mortality can exceed 50% in patients treated 
with antibiotics alone. Medical therapy alone is therefore not 

     Figure 50.5     Emphysematous pyelonephritis: computed tomography tomogra-
phy (CT) scan demonstrating gas in the right ureter (indicated by arrow) and a 
moderate hydronephrosis in a 34 - year - old woman with type 1 diabetes. The 
responsible was organism was  E. coli . She responded to antibiotics and drainage 
by nephrostomy, followed by ureteroscopy during which obstructing necrotic 
slough was removed.  From Clark T, Abdalkareem M, Ali K. A case of emphyse-
matous pyelonephritis.  J R Soc Med  2009;  102 :75 – 77, with permission .  
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  Liver and other intra - abdominal abscesses 
 Although liver abscesses may occur in many situations not involv-
ing diabetes, the issue is of suffi cient importance to justify inclu-
sion in this section. 

 In keeping with the susceptibility to  Klebsiella  infections 
described earlier, associations between diabetes and  K. pneumo-
niae  liver abscess have been reported, notably from Taiwan 
and Korea  [91 – 93] . Examples from Hong Kong are shown in 
Figure  50.6 .   

 In Korea, invasive liver abscess is particularly associated both 
with  K. pneumoniae  (78% of the total, 40% of whom have diabe-
tes)) and with the K1 serotype (60%)  [27] . 

 Diabetes is the most common underlying risk factor specifi -
cally for the virulent K1 serotype, but not for non -  Klebsiella  
abscesses  [94] . In a population - based series of pyogenic liver 
abscess reported from Taiwan and including 29   703 subjects  [95] , 
diabetes was a risk factor in 33% leading to an odds ratio of 9 and 
was associated with an increasing incidence. Liver abscess in 
people with diabetes was not, however, associated with increased 
mortality, particularly if therapeutic percutaneous drainage pro-
cedures are performed. Eighty percent were associated with  K. 
pneumoniae  and not as a mixed infection with other organisms. 
Primary liver abscess in other parts of Asia is also increasing in 
incidence  [27] , with 40% reportedly associated with diabetes. 
Bacteremia is present in 50%, and 8 – 10% of these cases have 
metastatic complications (e.g. endophthalmitis, meningitis, brain 
abscess, pneumonia, skin and soft tissue lesions). 

 In a series from Europe (n   =   1448), the presence of diabetes 
was associated with a 3.6 - fold increase in risk for pyogenic 
liver abscess, and also with a higher 30 - day post - discharge 
mortality rate compared with patients who did not have diabetes 
 [96] . 

 In the context of the K1 serotype of  Klebsiella  species, a patho-
genic role for the magA gene in the serotype - specifi c region of 
the K1 capsule gene cluster, together with a K1 capsular polysac-
charide per se, is considered as one of the virulence determinants 
essential for the development of invasive liver abscess. MagA, an 
outer membrane protein contributing to capsular polysaccharide 
formation, coexists with serotype K1 and has been identifi ed as 
the major virulence factor of  K. pneumoniae   [95] . Poor glycemic 
control also has a role by impairing neutrophil phagocytosis of 
K1/K2 type  K. pneumoniae , whereas it does not signifi cantly affect 
the phagocytosis of non - K1/K2  K. pneumoniae . An rmpA - associ-
ated hypermuco - viscosity phenotype has also been reported in 
invasive purulent diseases caused by  K. pneumoniae . 

 Most isolates are susceptible to cephalosporins (especially 
third - generation agents) and fl uoroquinolones; however, thera-
peutic drainage is also needed and also assists with obtaining 
specimens for culture and susceptibility testing. 

 Metastatic abscesses may occur elsewhere in the abdomen, 
either singly or in combination with other sites, as well as within 
the urinary tract. A notorious, although uncommon, example is 
psoas abscess where responsible organisms are likely to be 
 S. aureus ,  Mycobacterium tuberculosis ,  E. coli  or  Klebsiella .    

 Distinguishing  Candida  infection from colonization is 
diffi cult. Removal of an indwelling catheter, if present, is 
recommended as an initial intervention. Antifungal agents 
such as fl uconazole may be considered in patients with invasive 
disease.    

  Intra - abdominal infections other than those 
within the urinary tract 

  Emphysematous cholecystitis 
 Cholecystitis is probably no more common in patients with dia-
betes than in the general population; however, severe fulminating 
infection, especially with gas - forming organisms (enteric Gram -
 negative rods and anaerobes) is more common. 

 Emphysematous cholecystitis is a rare variant of acute chole-
cystitis caused by ischemia of the gallbladder wall and infection 
with gas - producing organisms. It is strongly associated with dia-
betes (35 – 55% of cases have underlying diabetes)  [88] . 

 Gangrene and perforation of the gallbladder are more fre-
quent, and the overall mortality is substantially higher (at least 
15% compared to less than 4%) when compared with acute 
cholecystitis. 

  Clostridium perfringens ,  E. coli  and  Bacillus fragilis  are the most 
frequently encountered pathogens. Emphysematous cholecystitis 
is thought to result from acalculous cystic duct obstruction, asso-
ciated with infl ammatory edema, which can eventually lead to 
cystic artery occlusion. Colonization by gas - forming organisms 
contributes to necrosis of the mucosa, venous congestion, gan-
grene and, eventually, gallbladder perforation. Gallstones are 
present in only about half of patients. 

 The early clinical manifestations may be indistinguishable 
from those of acute cholecystitis. Right hypochondrial pain and 
fever are present in all cases, and other important features include 
nausea and vomiting, septic shock, jaundice and peritonitis. 
Toxicity is marked, and jaundice may develop in the later stages 
from biliary obstruction. The gallbladder may be palpable in 
25 – 50% of patients. It should be remembered that Murphy sign 
(pain and inspiratory arrest on palpation of the right upper quad-
rant) may be absent in patients with underlying diabetic neuropa-
thy. Crepitus on palpation is an ominous sign. Additional 
complications include pericholecystic abscess, gallbladder necro-
sis, generalized or biliary peritonitis, and localized perforation 
sealed by the omentum. 

 Plain abdominal X - ray or ultrasound can lead to diagnosis in 
95% of cases. In a plain radiograph, gas may be visible in the 
gallbladder lumen or within the gallbladder wall as a gaseous ring. 
CT is the most sensitive modality for the detection of intralumi-
nal or intramural gallbladder gas and also demonstrate local com-
plications such as pericholecystic infl ammatory changes, abscess 
formation or perforation. 

 Initiation of appropriate antibiotics and early cholecystectomy 
is crucial. Emergency surgery is needed because of the high inci-
dence of gangrene and perforation  [89,90] . 
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 People with diabetes, particularly those who inject insulin, 
often have asymptomatic nasal, mucosal and skin colonization 
with potential pathogens such as  S. aureus . Nasal colonization 
may also contribute to increased risk of staphylococcal pneumo-
nia, for example in association with infl uenza. 

 According to data from the National Health and Nutrition 
Examination Survey (NHANES), people with diabetes who are 
colonized with  S. aureus  are also more likely to have a methicillin -
 resistant  S. aureus  isolate than a susceptible one (odds ratio 2.6; 
95% CI 1.1 – 6.1)  [98] . A recent increase in community - associated 
methicillin - resistant  S. aureus  (CA - MRSA) gives additional cause 
for concern. A recent report evaluating CA - MRSA in three com-
munities found that 77% of skin or soft tissue infections were 
methicillin - resistant  [99] . The underlying conditions identifi ed 
included smoking (35%), previous skin infection (21%) and dia-
betes (19%). 

 Mucosal and skin colonization with  C. albicans  is also common 
and may involve numerous sites including the genitalia of both 
sexes as well as the mouth, skin and nails  [100] . Balanitis and 
vulval candidiasis are common presenting features of diabetes. 

 Colonization may predispose to cutaneous or incisional sta-
phylococcal (or other bacterial) infections as well as transient 
bacteremia. Entry sites may also include areas of fungal skin 
infection (e.g. intertrigo). Infection at distant sites with abscess 
formation or septicemia may then ensue. In two relatively early 

  Skin and superfi cial soft tissue infections 

  Skin and subcutaneous tissues 
 Infections involving the skin, nails and subcutaneous tissues are 
very common, and the skin and subcutaneous tissues are frequent 
targets of infection in diabetes, particularly in association with 
poor glycemic control. Candidal infections, bacterial infections 
such as furunculosis, dermatophycoses and onychophycoses are 
all commonly seen and may be the reason for diabetes being 
identifi ed. Cutaneous forms of mucormycosis or other fungal 
infections may occur and be diagnosed following skin biopsy. 
More detailed consideration is given to these disorders in Chapter 
 47    and are not repeated here. 

 Sensory neuropathy, atherosclerotic vascular disease and 
hyperglycemia predispose patients with diabetes to skin and soft 
tissue infections. Additional risk factors for the development of 
cellulitis include a past history of cellulitis, edema, peripheral 
vascular disease, tinea infection and dryness of the skin. The pre-
dominant organisms involved are group A streptococcus (GAS) 
and  S. aureus . Cellulitis can also occur in less usual settings. For 
example with  S. pneumoniae  (pneumococcal) infections, cellulitis 
may occur in association with extracutaneous foci of disease, the 
suggestion being that, in this setting, the cellulitis results from 
hematogenous spread rather than local infection  [97] . 

(a) (b)

        Figure 50.6     (a) CT - scan of an 82 - year - old man with fever and newly 
diagnosed diabetes. Blood culture grew  Klebsiella pneumoniae . The scan shows 
an 8    ×    8.2   cm heterogeneous lesion in the right lobe of the liver composed of 
multiple rim enhanced lesions, with septation and hypodense cystic components. 
A further three smaller similar lesions (1 – 2.5   cm) were also seen inferiorly. 
Overall features are suggestive of liver abscesses. The patient recovered with 
drainage and antibiotics. (b) CT - scan of a 77 - year - old woman with underlying 
diabetes, fever and right upper quadrant pain. Both blood culture and pus (from 

the liver abscess) grew  K. pneumoniae.  The CT scan shows an irregular ovoid 
lesion with multiple locules and thin intervening septations in the periphery of 
liver segment V and measuring 7.3    ×    3.2    ×    6.1   cm. The features suggest liver 
abscess with signs of early liquefaction. The patient recovered with drainage and 
antibiotics. The authors acknowledge the Department of Diagnostic Radiology 
and Organ Imaging, Prince of Wales Hospital, Chinese University of Hong Kong 
for kindly supplying the images and permitting their use.  
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initially misdiagnosed as a benign soft tissue infection and a high 
index of suspicion is therefore required. Skin changes may be 
minimal in the early phase of infection. 

 Early disease may be characterized by severe local pain, which 
is either disproportionate to or precedes other clinical features 
such as local infl ammation and cellulitis, fever and systemic tox-
icity. Cellulitis may spread rapidly, unseen in deeper fascial 
planes. Crepitus is present in about half of cases. Violaceous 
discoloration of the skin may be noticed and may progress into 
blistering and bullae. Thrombosis and vasculitis each contribute 
to necrosis of the superfi cial fascia and suppuration from lique-
factive necrosis. Gangrene and ulceration can result. Anesthesia 
of overlying skin may indicate destruction of subcutaneous 
nerves. 

 Plain radiographs, ultrasound, CT and MRI scan can each 
assist in both diagnosis and management by identifying the pres-
ence of gas in the tissues and by delineating the extent of the 
disease. Aerobic and anaerobic cultures should be taken from 
within the lesion, as should blood cultures. 

 Surgical d é bridement and fasciotomy are the mainstays of 
therapy. The single most important issue infl uencing mortality is 
time to surgical d é bridement. Thus, timely diagnosis, empirical 
broad - spectrum antibiotic therapy (including anaerobic cover) 
and aggressive surgical d é bridement of affected tissue are crucial 
components of management. The antibiotic cover can subse-
quently be tailored according to culture and sensitivity results. 
Additional supportive therapy in an intensive care environment 
should be provided where possible and as necessary.  

  Fournier gangrene 
 Fournier gangrene is a specifi c form of necrotizing fasciitis 
involving the perineum, scrotum and penis. Overall mortality is 
very high. As with other forms of necrotizing fasciitis, diabetes is 
the most common of a number of potential predisposing condi-
tions with a reported presence ranging 32 – 60% of cases  [106,107] . 
Infection is usually polymicrobial with a lengthy list of potential 
pathogens which is similar to that seen in other forms of necrotiz-
ing fasciitis ( E. coli ,  Bacteroides  spp, staphylococci, streptococci, 
 Proteus  spp,  Pseudomonas  spp, enterococci).  C. perfringens  is 
present in the great majority ( > 90%) of cases in which myonecro-
sis is present. 

 Initial malaise and scrotal discomfort or pain is followed by 
systemic toxicity. Blistering ulceration and necrosis of the skin 
occur and in the later stages progress to scrotal swelling and a 
foul purulent discharge. Crepitus may be present. Sources of 
infection include abnormalities of the urogenital system (most 
notably urethral trauma, instrumentation or a chronic indwelling 
catheter, scrotal abscess or injury, insect bite) and local gastroin-
testinal abnormalities (e.g. ischiorectal or perianal abscess, incar-
cerated inguinal hernia). 

 Diagnosis is predominantly clinical. Radiologic imaging tech-
niques may reveal subcutaneous gas and delineate the extent of 
involvement, as with other forms of necrotizing fasciitis. 

 Fournier gangrene is a surgical emergency, and extensive 
d é bridement is required. Urinary or faecal diversion may be 

studies (each from the 1960s) older patients with diabetes were 
shown both to be at greater risk of staphylococcal septicemia and 
also to suffer a substantially higher mortality (69% in the diabetic 
patients compared to 42% overall)  [101,102] .  

  Deeper soft tissue infections 
 Deeper soft tissue infections also occur with increased frequency 
in people with diabetes. Examples include pyomyositis, necrotiz-
ing fasciitis and Fournier gangrene. Pyomyositis, usually associ-
ated with infection by  S. aureus , occurs in muscles that have 
undergone trauma, especially when associated with hematoma 
formation. 

  Necrotizing fasciitis 
 Necrotizing fasciitis is a deep - seated life - threatening infection 
of subcutaneous tissue. Progressive destruction of fascia, fat 
and muscle ensues. Although relatively uncommon, necrotizing 
fasciitis is a life - threatening condition. Necrotising fasciitis 
and Fournier gangrene (a form of necrotizing fasciitis involving 
the perineum), as well as other necrotizing soft tissue infections 
resulting from a variety of organisms, all have reported asso-
ciations with diabetes. Diabetes is the most common of a 
number of conditions predisposing to necrotizing fasciitis, all 
of which are associated with compromise to the immune 
system. 

 As its name indicates, necrotizing fasciitis spreads initially 
along fascial planes; however, as infection and infl ammation 
progress, necrosis of muscle, subcutaneous tissues and overlying 
skin occurs. Necrotizing fasciitis usually follows identifi able epi-
sodes of trauma such as burns, insect bites or abrasions, or can 
result from exposure of non - intact skin to a source of infection. 
The most common sites are the limbs, abdominal wall and peri-
neum. Involvement of the vulva in women with diabetes may 
begin as a Bartholin gland ductal abscess, usually associated with 
obesity  [103] . 

 Polymicrobial infection is most commonly observed, with 
streptococci and Enterobacteriaceae being the most common iso-
lates. The great majority of cases result from infection with anaer-
obes together with one or more facultative aerobes, whereas 
about 10% are associated with GAS, with or without  S. aureus . 
Thus, GAS is the most common cause of infection by a single 
organism and can also occur in combination with staphylococci, 
including CA - MRSA. A recent article describing necrotizing fas-
ciitis caused by CA - MRSA showed that although current or past 
intravenous drug abuse underlay 43% of patients, 21% occurred 
in people with diabetes  [104] . 

  Vibrio ,  Aeromonas ,  Haemophilus  and  Salmonella  infections 
have also been reported. An interesting example is infection by 
halophilic marine  Vibrios  either following exposure of non - intact 
skin to seawater  [105]  or following bites by marine organisms, 
such as crabs, and this should be considered when a history of 
appropriate exposure is present. 

 Necrotizing fasciitis carries a high mortality, particularly when 
affecting the lower extremities or perineum, and is rapidly fatal 
unless diagnosed promptly and treated aggressively. It may be 
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combination of both increased risk of hematogenous vertebral 
osteomyelitis (two -  to sixfold) and predisposition to infection 
involving unusual organisms  [108] . Acute osteomyelitis can 
respond to antibiotics alone but prolonged courses are required 
for bone and joint infections given the physiologic and anatomi-
cal characteristics of the tissues involved. Early diagnosis, together 
with bone sampling for microbiologic and pathologic examina-
tion to allow targeted and long - lasting antimicrobial therapy, 
allows the best outcomes. As with the diabetic foot, a multidisci-
plinary approach is required for success, including expertise in 
orthopedic surgery and infectious diseases, together with vascular 
surgery. Surgical intervention should be considered if medical 
treatment fails, for diagnostic confi rmation or in the presence of 
complications. 

 Chronic osteomyelitis may be associated with avascular necro-
sis of bone and formation of sequestrum (dead bone), and surgi-
cal d é bridement is then necessary for cure in addition to antibiotic 
therapy. It is important to remember the possibility of infection 
by  M. tuberculosis   [109] .  

  Iatrogenic and surgical site infections 
  Insulin injections 
 Infections at the site of insulin injections are very uncommon and 
remain so even when traditional hygienic practices are not 
applied. Although not advised, administration of insulin through 
clothing is also not associated with increased risk of infection. 
Abscesses at needle sites are occasionally seen in individuals 
receiving subcutaneous insulin infusions  [110] . Likewise, pulp 
infection over the distal phalanges in association with self blood 
glucose monitoring is exceedingly unusual.  

  Surgical site infections 
 An association between diabetes and an increased risk of surgical 
site infections has been known to exist for many years. Most of 
the studies addressing this question have focused on the risk of 
postoperative infection following coronary artery bypass grafting 
(CABG). The association has been generally assumed to be caus-
ally related to the deleterious effect of hyperglycemia on immune 
function  [111] . 

 Three studies support an increased risk of postoperative infec-
tion associated with postoperative hyperglycemia among those 
with diabetes undergoing CABG  [112 – 114] ; however, whether or 
not hyperglycemia imposes an independent risk for infection 
remains controversial. In none of the studies was mortality 
increased and, in one, postoperative hyperglycemia was corre-
lated with a higher risk of infection while an elevated HbA 1c  was 
not. The studies do demonstrate, however, that improved glucose 
control during the operative and perioperative period can reduce 
the risk of postoperative infections in people with diabetes under-
going cardiac surgery. One retrospective study of 1574 patients 
undergoing CABG at a single institution found no increase in 
mortality or rates of infection among those with higher postop-
erative glucose levels and 34.6% of patients in this series had a 
diagnosis of diabetes. Nevertheless, increased glucose concentra-

required, as may laparotomy. Broad - spectrum antibiotic thera-
pies with anaerobic cover, as well as general supportive measures 
are indicated as with other forms of necrotizing fasciitis. The 
results of microbiologic investigation may allow subsequent tai-
loring of antibiotics.   

  Infected diabetic foot 
 Foot infection is the most common soft tissue infection associ-
ated with diabetes and therefore is a topic of the utmost impor-
tance to all who deal with people with diabetes. Detailed coverage 
of this topic is provided in Chapter  44   . In order to avoid duplica-
tion, the topic receives only brief discussion in this chapter. 

 Disease - related peripheral neuropathy and peripheral vascular 
disease are both important in the etiology of foot infections, 
although the clinical presentations of the  “ predominantly 
ischemic ”  and the  “ predominantly neuropathic ”  foot differ. 
Serious complications include osteomyelitis, amputation, 
or even death. Infection often begins after minor trauma, 
which may be unnoticed, especially in the presence of sensory 
neuropathy. Cellulitis, soft tissue necrosis and extension into 
bone, leading to osteomyelitis, may then follow. Involved organ-
isms most commonly include GAS and  S. aureus , as well as 
aerobic Gram - positive cocci, Gram - negative rods and 
anaerobes. 

 The mainstays of management include exploration and d é bri-
dement of the necrotic tissue and administration of appropriate 
antibiotics. In moderate to severe cellulitis or in the presence of 
osteomyelitis that places the limb at risk, the patient should be 
hospitalized for broad - spectrum antibiotic therapy and surgical 
intervention. 

 As in most diabetes - related infections, poor glycemic control 
plays an important part, and foot infections remain a common 
presenting feature of newly diagnosed diabetes, particularly in 
less developed parts of the world. Prevention of foot ulcers 
involves a multidisciplinary team approach. Foot care is an essen-
tial component of all diabetes education programs and should 
include proper foot care habits, protective footwear and pressure 
reduction.  

  Bone and joint infections 
 Bone and joint infections remain a signifi cant problem for people 
with diabetes and can be very diffi cult to treat. Diabetes is a risk 
factor for both osteomyelitis and septic arthritis. 

 The different types of osteomyelitis require differing medical 
and surgical therapeutic strategies. The three main types, classi-
fi ed according to etiology, include osteomyelitis secondary to a 
contiguous focus of infection (e.g. after trauma, surgery or inser-
tion of a joint prosthesis); osteomyelitis secondary to vascular 
insuffi ciency (e.g. diabetic foot infections); or osteomyelitis sec-
ondary to hematogenous spread of infection. The most common 
reason for septic arthritis is following insertion of joint prosthe-
ses. All are more common in people with diabetes, with osteomy-
elitis of the foot at the forefront. Taking, as an example, 
osteomyelitis of the spine, then a recurring theme occurs with a 
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presence of diabetic complications. For example, the use of 
potentially nephrotoxic agents in the context of diabetic neph-
ropathy may aggravate renal dysfunction, and in turn impaired 
renal function requires caution with doses and monitoring of 
blood levels. The presence of gastroparesis or autonomic neu-
ropathy may hinder, or render unreliable, the absorption of oral 
drugs. Patients who are blind or partially sighted as a result of eye 
complications may also be at increased risk, for example when 
exposed to drugs that impair hearing or balance. Longer courses 
of antibiotic therapy may be appropriate, for instance in treating 
UTI. 

 Antiviral agents are recommended in the setting of infl uenza, 
and a more aggressive treatment approach may be appropriate 
even when presentation is relatively late  [62] . Responses to treat-
ment should also be carefully monitored (e.g. in the case of tuber-
culosis)  [70] . The importance of appropriate referral to surgical 
or other specialist colleagues has been stressed repeatedly. 
Examples include surgical d é bridement in the case of necrotizing 
fasciitis, and incision and drainage of abscesses. 

 People with diabetes generally have a normal response to vac-
cines and should receive immunizations according to established 
guidelines. None of the vaccines currently available are contrain-
dicated on the basis of diabetes alone. Because of increased 
susceptibility to complications, routine immunization against 
pneumococcus and infl uenza is recommended, particularly for 
the elderly patient with diabetes or for those with additional co -
 morbidity such as chronic respiratory disease. Infl uenza vaccina-
tion has been shown to reduce hospital admissions signifi cantly 
during infl uenza outbreaks  [118] . Hepatitis B vaccination is also 
important although some populations may require additional or 
booster doses over and above standard recommended regimens.  

  Glycemic control 
 All physicians need to be aware of the importance of careful 
monitoring of diabetic control in the presence of infection and 
should be on guard against destabilization of control or develop-
ment of complications. Interestingly, in people without diabetes 
following hospitalization, even mild degrees of hyperglycemia are 
associated with increased mortality in association with severe 
illness. Although depressed immune function correlates some-
what variably with traditional measures of glycemic control, there 
is suffi cient evidence to indicate an inverse relationship between 
the two which is potentially reversible. Previously undiagnosed 
diabetes may also be fi rst detected following hospitalization and 
then needs to be distinguished from hospital - related hyperglyc-
emia which later reverts to normal. 

 Patients with T1DM or others receiving insulin need to be 
aware of the probability of changing insulin requirements in 
response to infection and to the risk of severe consequences such 
as diabetic ketoacidosis. Many patients with T2DM, who are not 
on insulin, need to be transferred temporarily to insulin therapy 
as the stress of illness frequently adversely affects glycemic control. 
Hospital admission is mandatory if severe destabilization of gly-
cemic control occurs, or if symptoms such as nausea and vomit-

tions were associated with increased hospital charges and a longer 
postoperative stay. 

 Both allograft rejection and risk for infection appear to be 
higher in transplant recipients with diabetes. In one study, the 
risk of serious infection was higher in diabetic heart transplant 
recipients in the early postoperative period  [115] . In another 
study, renal transplant recipients had a greater risk of both acute 
allograft rejection and infection when perioperative glycemic 
control was poor  [116] .  

  Dialysis 
 Ambulatory peritoneal dialysis is a common form of treatment 
for end - stage renal disease in people with diabetes. For patients 
receiving continuous ambulatory peritoneal dialysis (CAPD), 
episodes of catheter - related peritonitis are common, although 
variable from patient to patient, with some developing multiple 
episodes. Overall, however, the rate of infection does not appear 
to be greater in patients with diabetes than patients without dia-
betes, perhaps refl ecting impairment of immunity associated with 
end - stage renal disease per se. 

 The issue of peritonitis in patients receiving CAPD is an 
important one given the large number of people with diabetes 
receiving this treatment. It is well recognized that peritonitis, 
despite signifi cant reductions in the last two decades, remains the 
most important complication of CAPD with an overall mortality 
of about 3.5%, irrespective of both the underlying cause of the 
infection and of the renal failure  [117] . The degree to which the 
presence of diabetes adds to the already considerable infection 
risk remains uncertain. People with diabetes may, however, be 
generally more unwell and have additional factors and complica-
tions such as macrovascular disease, need for hospitalization and 
predilection to certain infections, such as candidiasis. All of these 
may, in principle, contribute to the already very considerable risk.    

  Principles of treatment, prevention and 
general care 

  General principles 
 A high level of awareness is required in people with diabetes and 
in all health care providers, both to allow prevention and early, 
prompt recognition and diagnosis. Education, good glycemic 
control and general measures to maintain health and nutrition 
are all important measures aimed at minimizing risk. Careful 
attention to foot care is particularly emphasized. Vigilant meas-
ures should be instituted to prevent infection in patients with 
diabetes. When infections do occur, evolving antibiotic resistance 
patterns and other local factors must be considered, with CA -
 MRSA and tuberculosis both providing obvious examples of the 
importance of this. 

 The choice of antibiotic therapy follows the same general prin-
ciples as for any other individual. Use of empirical broad - spec-
trum antibiotics is generally recommended until microbiologic 
results can guide treatment. Due caution should be applied in the 
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ing interfere signifi cantly with oral food intake. In this situation, 
intravenous insulin - glucose regimens are recommended. While 
good glycemic control is important, it is also important to avoid 
hypoglycemia. Interaction between the diabetes care team and 
other involved specialists should be initiated as early as 
possible. 

 The importance of perioperative glycemic control in patients 
with diabetes undergoing surgery also needs to be emphasized in 
order to minimize negative impacts upon postoperative infection 
rates and wound healing (see Chapter 32). 

 Attention to other risk factors (e.g. neurologic and vascular 
complications) is also important in order to minimize the risk of 
infections and infection - related complications. The importance 
of the presence of microangiopathy and neuropathy in the risk 
of the more severe forms of infection is again emphasized. 

 For more detailed description of these aspects of care, readers 
are referred to clinical practice recommendations, for example 
those of the American Diabetes Association  [119]  or to other 
national or international guidelines, as well as to other relevant 
chapters in this book. 

 Awareness among physicians needs to be high, especially with 
regard to the unusual and severe forms of infection that may 
occur. The general approach to antibiotic treatment is the same 
as for patients without diabetes, but details may differ (e.g. doses 
and duration of therapy). Responses to vaccination are generally 
normal, and infl uenza and pneumococcal vaccination is recom-
mended. Careful attention to glycemic control and to other 
underlying factors is essential.   
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