Chapter 22

Infection and Diabetes
Edward J. Boyko, MD, MPH, and Benjamin A. Lipsky, MD

SUMMARY

T

o summarize the evidence for and against a
higher infection risk in diabetic subjects,
several terms will be used. "Probable"
means that the data support the presence of
this association, "possible" indicates that presence
or absence of an association cannot be established
from current data, and "doubtful" indicates that data
argue for no association.

temic immunologic defects probably account for
higher infection rates in diabetic patients. Autonomic and sensory neuropathy probably account for
higher bacteriuria and lower extremity infection
rates, while systemic immunologic effects of diabetes
may be responsible for the increased propensity to
surgical wound infection and tuberculosis reactivation. Population-based data support a probable
higher influenza/pneumonia mortality rate in patients with diabetes.

Diabetic subjects probably have a higher risk of the
following infections: asymptomatic bacteriuria,
lower extremity infections, reactivation tuberculosis
in American Indians, infections in surgical wounds
after sternotomy and total hip replacement, and
group B streptococcal. Support for these associations
comes from controlled observational studies in all
cases, except for lower extremity infections, where
the magnitude of the association between foot and
ankle infection and diabetes from hospital-based
data appears too great to be explained by detection,
selection, or other potential biases. Local and sys-

•

•

•

There is a possible association between diabetes and
prevalence of the following infections: cystitis,
pyelonephritis, candida vulvovaginitis and cystitis,
pneumonia, influenza, chronic bronchitis, bacteremia, primary tuberculosis, reactivation tuberculosis
in non-American Indians, mucormycosis, malignant
otitis externa, and Fournier’s gangrene. Doubtful associations exist between diabetes and prevalence of
chronic sinusitis or S. aureus colonization.

•

•

•

•

raise the suspicion that diabetic patients may be at an
overall increased risk for infection.

INTRODUCTION

Clinicians often express the belief that diabetic patients are at higher risk for various infections than
nondiabetic patients. Reviews of this subject have
concluded that data supporting a higher risk for many
infections in diabetes are inadequate1-3 . Immunologic
research has, however, demonstrated several defects
in host immune defense mechanisms in diabetic subjects. Phagocytic capabilities of polymorphonuclear
leukocytes (PMN) are adversely affected by hyperglycemia in rat models4. Several PMN defects occur in
diabetic subjects, including impaired migration,
phagocytosis, intracellular killing, and chemotaxis 5,
which may be due to decreased PMN membrane fluidity6. Generalized immunologic defects such as these

Besides generalized impairments of immunity, other
nonimmunologic, anatomically specific factors may
contribute to an increased infection risk. Macrovascular disease and microvascular dysfunction may result
in compromised local circulation leading to delayed
response to infection7 and impaired wound healing8.
Unawareness of lower extremity trauma due to sensory neuropathy may result in inadequate attention to
minor wounds and subsequent increased infection
risk9. Incomplete bladder emptying due to autonomic
neuropathy permits urinary colonization by microorganisms10,11 . High glucose concentration in the urine
promotes the growth of some microorganisms12.
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Although these immunologic and anatomical factors
would seem to put diabetic subjects at higher risk for
infection, only a few infectious diseases have been
shown to occur more frequently in diabetic subjects
on the basis of studies that used a nondiabetic control
group.

physematous pyelonephritis, and perinephric abscess.
Asymptomatic bacteriuria is usually considered to be
significant if ≥105 microorganism colonies per ml
grow in urine culture in the absence of cystitis symptoms (dysuria, frequency, urgency). Since upper urinary tract infection (pyelonephritis) is thought to
usually occur by bladder organisms ascending the
ureters, one would suspect higher rates of bladder
colonization or infection to be associated with higher
rates of pyelonephritis. Several severe and less common urinary tract infections are thought to occur
more frequently in diabetes. Emphysematous infections refer to those complicated by gas formation due
to bacterial fermentation13. This may occur in the
bladder (cystitis) or in the renal pelvis or parenchyma

GENITOURINARY INFECTION

Several types of urinary tract infections occur more
commonly in diabetic patients. These include, in increasing clinical severity, asymptomatic bacteriuria,
cystitis, emphysematous cystitis, pyelonephritis, emTable 22.1

Studies on the Association Between Diabetes and Bacteriuria
Outcome
definition
Asymptomatic
bacteriuria
Bacteriuria

Asymptomatic
bacteriuria
Bacteriuria

Asymptomatic
bacteriuria
Asymptomatic
bacteriuria
Asymptomatic
bacteriuria

Bacteriuria
Asymptomatic
bacteriuria
Asymptomatic
bacteriuria

Bacteriuria
Chemstrip LN

Description of subjects
Diabetic
Nondiabetic

Outcome prevalence (%) Adjustment
Diabetic
Nondiabetic
factors

Comments

Ref.

Outpatients;
F=54, M=37
Outpatients;
F=91, M=59

Outpatients;
F=337, M=102
Casualty dept.;
F=91, M=59

F=18.0
M=5.0
F=19.8
M=3.3

F=6.0
M=4.0
F=18.7
M=1.7

Outpatients;
F=81, M=67
Consecutive
outpatients;
F=128, M=141
Outpatients;
F=97, M=149

Outpatients;
F=81, M=67
Casualty dept.;
F=114, M=146

F=18.5
M=7.5
F=18.8
M=0.7

F=7.5
M=3.0
F=7.9
M=2.1

Outpatients;
n=100 (sex not
specified)
Outpatients;
Outpatients;
F=60, M=40
F=36 (all age
>60 years)
Outpatients;
Outpatients;
F=152, M=154 F=152, M=159

F=11.3
M=10.7

Combined
M&F=3.0 None

18

F>60yrs=20
F<60yrs=0
M=2.5
F=15.8
M=1.3

F=2.8

20

F=4.6
M=0.7

Outpatients;
F=111, M=87
Not specified;
F=47, M=53
Outpatients;
F=100, M=90

F=27.0
M=8.0
F=10.6
M=3.8
F=9.0
M=3.3

F=11.4
M=2.9
F=8.3
M=1.9
F=8.0
M=2.5

Outpatients;
F=79, M=68
Not specified;
F=48, M=52
Outpatients;
F=100, M=90

Outpatients;
Outpatients;
F=9.1
F=341, M=411 F=100, M=100
M=1.0
PopulationPopulationM&F= 5.8
based diabetic based nondiabetic
sample; n=206 sample; n=418
(sex not
(sex not
specified)
specified)

15
None
Similar age and Nondiabetic subjects presented to casualty
sex distribution department with minor trauma; friends
and relatives of nondiabetic subjects also
selected for the nondiabetic group
Age and sex
Subjects with recent antibiotic use were
matched
excluded
Similar age and
sex distribution

21

19
25

None
Matched on age Subjects with diastolic blood pressure
in decades, sex, ≥100mm were excluded; subjects with
and parity
known renal disease were excluded from
the nondiabetic group
Subjects with known urinary tract disease
None
were excluded from the nondiabetic group
Age and sex
Subjects with urinary symptoms were
matched
excluded
Matched on age Subjects with urinary complaints or known
by decade and
renal diseases were excluded from the nonsex
diabetic group; all subjects with antibiotic
use in the past month were excluded

F=5.0
M=0
None
M&F= 1.7 Age, ethnicity,
sex, county of
residence

Source: References are listed within the table
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23
26
17

24
Chemstrip LN used to assess presumptive
bacteriuria prevalence; antibiotic use was
an exclusion criterion

16

(pyelonephritis). Perinephric abscess occurs when
kidney infection extends into surrounding tissues.
Renal papillary necrosis may result from an infectious
etiology.

Several uncontrolled case series demonstrate a low
prevalence of bacteriuria in children with insulin-dependent diabetes mellitus (IDDM). In two such studies, bacteriuria prevalences of 1.6-2.0% were found in
266 girls age 6-15 years attending a diabetes summer
camp28, and 1% in 304 girls and 0% in 337 boys
attending regular follow-up appointments at a diabetes clinic29. Although these female rates may exceed
those of nondiabetic children, the data suggest that
bacteriuria in girls and boys with IDDM occurs very
infrequently.

BACTERIURIA
More controlled studies have examined the prevalence of bacteriuria in diabetic compared with nondiabetic subjects than any other infection (Table 22.1)14-26.
Bacteriuria (defined above) predisposes to cystitis and
upper urinary tract infection27. Of the 12 studies in
Table 22.1, 75% reported a higher (two- to fourfold
increase) bacteriuria prevalence in diabetic subjects.
Nearly all these studies chose cases from diabetic
subjects attending outpatient clinics. Since clinic attendance is probably related to underlying disease
severity, it is possible that these studies included diabetic subjects with more severe illness and comorbid
conditions, who were thus at higher risk for bacteriuria. One study that sampled diabetic (including
those previously undiagnosed) and control nondiabetic subjects from a defined community still found a
higher bacteriuria prevalence associated with diabetes16. These data therefore support a higher prevalence
of bacteriuria in diabetic subjects. No data exist on the
incidence of bacteriuria associated with diabetes.

Longer duration of diabetes, but not glucose control,
is associated with bacteriuria prevalence. A statistically significant longer diabetes duration was found
for diabetic subjects with bacteriuria than without
(9.9 versus 5.4 years)24. Bacteriuria prevalence increased 1.9-fold with each 10-year increase in diabetes
duration16. However, there was no association between long-term glucose control, as reflected by glycosylated hemoglobin level, and bacteriuria prevalence16,24 .

CYSTITIS
Significant bacteriuria associated with lower urinary
tract symptoms is thought to occur more commonly
in diabetic subjects, but few studies have addressed

Table 22.2

Frequency of Infectious or Possibly Infectious Conditions by Diabetes Status, U.S., 1989

Condition and age (years)

Nondiabetic
No.
%

All diabetic
No.
%

IDDM
No.

%

47

18.6

NIDDM, taking
insulin
No.
%

NIDDM, not
taking insulin
No.
%

≥1

urinary tract infection in past
12 months (women)
18-44
45-64
≥65
≥18

6,417
2,656
2,457
11,530

14.8
8.9
10.4
12.6

205
537
651
1,393

30.0
23.3
20.8
23.2

72
230
237
539

37.4
23.6
26.0
26.5

84
293
412
789

30.1
23.4
18.2
21.3

All NIDDM
Chronic sinusitis
18-44
45-64
≥65
≥18
Chronic bronchitis
18-44
45-64
≥65
≥18

No.

%

1,921
793
632
3,346

18.4
18.7
15.4
18.0

58
173
159
390

28.4
17.6
14.7
18.0

21

34.1

37
169
159
365

25.1
18.0
14.7
17.2

1,921
793
632
3,346

4.5
6.1
5.9
5.2

58
173
159
390

6.6
7.6
8.7
7.9

21

4.5

37
169
159
365

7.9
7.7
8.7
8.2

The table shows self-reported data from the 1989 National Health Interview Survey; No., total number of subjects surveyed; %, percentage reporting the condition, adjusted
for survey sampling scheme; nondiabetic subjects include people who reported no medical history of diabetes; IDDM includes people who reported a medical history of
diabetes diagnosed by a physician at age <30 years, who were taking insulin since diagnosis, and whose percent desirable weight was <120; all other subjects with
physician-diagnosed diabetes were classified as NIDDM; data for IDDM for age ≥45 years is not shown due to small numbers of subjects surveyed.
Source: 1989 National Health Interview Survey
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examined (18-44, 45-64, ≥65 years). Both women
with IDDM and women with non-insulin-dependent
diabetes mellitus (NIDDM) appeared to have higher
rates of urinary tract infection over the past 12
months, although the rate was highest in NIDDM
women. In the 1976-80 Second National Health and
Nutrition Examination Survey (NHANES II), diabetic
men and women age 20-44 years more frequently
reported bladder and urinary tract infections, compared with nondiabetic subjects (Table 22.3). At age

this question. The 1989 National Health Interview
Survey (NHIS) Diabetes Supplement obtained population-based self-reported data on the prevalence of
symptomatic urinary tract infection (Table 22.2). One
or more self-reported infections occurred more frequently over the previous 12 months in diabetic
women, compared with nondiabetic women. Since
most urinary tract infections occur in the lower tract,
these data probably reflect largely cystitis prevalence.
This difference was seen in each of the three age strata
Table 22.3

Prevalence of Self-Reported Medical History of Infections by Diabetes Status, U.S., 1976-80

Infection and diabetes status
Bladder infection
Diagnosed diabetes
Undiagnosed diabetes
IGT
Normal glucose tolerance

Age 20-44 years

Age 45-54 years

Age 55-64 years

Age 65-74 years

Age 45-74 years

Men

Men

Men

Men

Women

Women

Women

Men

Women

Percent with self-reported infection
20.3
6.7
16.4
5.3
9.1*
0.0*
35.5
0.0
17.2
3.0
22.1
4.4
20.3
4.5
22.5
5.4

Women

14.9
12.9
10.4
20.1

7.0
0.0
3.1
3.3

16.8
21.4
16.2
21.1

3.1*
0.0*
2.1
2.2

37.3
44.3*
27.1
21.0

9.7
0.0*
1.9
1.5

Bladder infection (physician diagnosed)
Diagnosed diabetes
3.2*
Undiagnosed diabetes
0.0*
IGT
2.1
Normal glucose tolerance
2.6

34.4
44.3*
32.5
21.9

11.2
0.0*
1.9
1.9

27.0
16.9*
15.8
21.4

6.0
2.2*
1.3
4.7

17.3
31.0
20.8
22.8

4.4
0.0
5.4
5.3

16.5
14.6
12.1
18.4

6.9
0.6
2.8
3.6

19.4
22.3
15.9
21.2

Urinary tract infection
Diagnosed diabetes
Undiagnosed diabetes
IGT
Normal glucose tolerance

24.0
0.0*
14.4
13.2

5.5
0.0*
1.9
3.3

14.2
16.9*
10.5
12.6

9.1
2.3*
2.6
5.3

11.3
8.0
4.2
8.9

2.4
7.0
5.3
5.1

10.6
7.2
4.8
8.6

5.6
3.8
3.2
4.4

11.8
10.1
6.7
10.4

Urinary tract infection (physician diagnosed)
Diagnosed diabetes
6.3*
Undiagnosed diabetes
0.0*
IGT
11.6
Normal glucose tolerance
4.6

26.7
24.9*
13.6
14.0

4.6
0.0*
1.9
2.9

17.4
13.7*
10.5
13.2

6.3
2.2*
1.2
4.7

8.5
14.9
5.6
8.5

4.0
6.9
8.1
5.5

14.4
4.8
5.0
6.6

4.9
3.8
3.7
4.0

12.9
11.5
7.2
10.0

Kidney infection
Diagnosed diabetes
Undiagnosed diabetes
IGT
Normal glucose tolerance

29.2*
0.0*
7.6
5.1

27.0
6.4*
15.9
17.8

3.1
21.6*
4.2
5.6

26.5
19.7*
8.7
13.4

6.8
2.6*
1.3
7.3

13.5
27.7
10.3
12.2

8.8
1.0
2.8
5.0

12.7
10.2
8.5
15.3

6.5
7.1
2.7
6.1

16.4
20.2
9.1
13.4

Kidney infection (physician diagnosed)
Diagnosed diabetes
18.4*
Undiagnosed diabetes
0.0*
IGT
7.6
Normal glucose tolerance
5.3

22.9
14.5*
22.3
19.7

8.4
21.6*
4.2
4.9

33.2
19.7*
11.9
17.1

4.2
2.8*
1.3
6.5

16.5
30.0
15.0
13.5

9.4
1.0
5.7
6.6

16.8
15.1
8.7
17.4

7.4
7.1
3.6
5.8

20.7
22.8
11.7
15.9

Bronchitis (physician diagnosed)
Diagnosed diabetes
Undiagnosed diabetes
IGT
Normal glucose tolerance

6.5*
0.0*
0.0
4.0

13.8
14.1*
6.0
6.7

21.5
0.0*
0.0
3.0

14.4
6.0*
11.9
7.1

4.5
2.8*
5.9
4.8

11.4
8.7
6.5
8.0

7.4
9.2
10.7
11.3

9.1
3.6
9.6
9.9

10.6
4.9
5.6
5.2

11.3
6.4
9.6
8.1

Tuberculosis (physician diagnosed)
Diagnosed diabetes
Undiagnosed diabetes
IGT
Normal glucose tolerance

0.0*
0.0*
0.0
0.2

4.2
0.0*
0.0
0.5

1.5
0.0*
3.7
0.2

5.6
0.0*
4.8
0.6

3.9
0.0*
0.6
2.4

1.6
6.1
0.0
1.0

1.5
3.5
2.6
1.5

0.6
0.0
1.8
0.5

2.3
1.6
2.2
1.2

2.2
2.7
2.4
0.7

9.1*
0.0*
11.6
5.1

*Indicates unstable prevalence estimate due to small number of subjects. Diagnosed diabetes defined as medical history of diabetes diagnosed by a physician; undiagnosed
diabetes defined as no medical history of diabetes with fasting plasma glucose ≥140 mg/dl or plasma glucose ≥200 mg/dl at 2 hours after a 75-g glucose challenge; IGT,
impaired glucose tolerance, defined as no medical history of diabetes and fasting plasma glucose <140 mg/dl and 2-hour plasma glucose 140-199 mg/dl; normal glucose
tolerance defined as no medical history of diabetes and fasting plasma glucose <140 mg/dl and 2-hour plasma glucose <140 mg/dl.
Source: 1976-80 Second National Health and Nutrition Examination Survey
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45-74 years, diabetic men more frequently reported
bladder and urinary tract infections than nondiabetic
men, while diabetic women reported a lower frequency of bladder infection but a higher frequency of
urinary tract infection, compared with nondiabetic
women (Table 22.3). Although validation of reported
urinary tract infection was not performed by medical
record review, these data support other evidence for a
higher cystitis prevalence in diabetic subjects. No prospective incidence data are available for cystitis in
diabetic subjects. Emphysematous cystitis is purported to occur more frequently in diabetic subjects,
but no direct comparison of the incidence or prevalence of this disorder in persons with and without
diabetes has been performed. A high proportion of
subjects with diabetes, ranging from 49%-79%, has
been noted in case series that have included more than
five patients13,30,31.

Other potential biases include overcounting of diagnoses when one person has multiple admissions in a
given year for the same problem, overascertainment of
diabetes status in patients presenting with infections
thought to be diabetes-associated, misclassification of
diabetes status based on discharge summary information, and different hospitalization rates for the condition of interest by diabetes status. As shown in Table
22.4, a higher proportion of diabetic, compared with
nondiabetic, discharge summaries noted acute
pyelonephritis (diabetic, 0.401%; nondiabetic, 0.295%).
The relative frequency of acute pyelonephritis as a proportion of all hospital discharges in diabetic patients
increased with increasing age, but the opposite trend
was noted for nondiabetic patients (Table 22.4). Because of the potential biases noted above, one cannot
conclude from these data that acute pyelonephritis
occurs more frequently in diabetic subjects.
Case series of subjects with emphysematous
pyelonephritis have reported that 72%-89% of these
subjects have diabetes33,34 . Similarly, 37% of subjects
with perinephric abscess have been reported to have
diabetes35. Renal papillary necrosis occurs as a result
of an infectious or noninfectious insult to the kidney
interstitium. It is thought to occur more frequently in
diabetes, with ~30% of subjects with this condition
reported to have diabetes36-42 . Whether diabetes predisposes to a higher risk for these conditions cannot
be determined from available data due to the lack of
controlled studies. Since detection of all these conditions requires imaging technology or direct inspection
via surgery or autopsy, seemingly higher proportions
of diabetes among persons with these conditions may
be the result of detection bias (when diabetes status is
known).

OTHER URINARY TRACT INFECTION
Few population-based data exist on pyelonephritis,
emphysematous pyelonephritis, perinephric abscess,
or renal papillary necrosis incidence or prevalence in
diabetic persons compared with a suitable nondiabetic
control group. Diabetic men and women in the
NHANES II survey reported a higher prevalence of
kidney infection than nondiabetic subjects in the 2044 year and 45-74 year age groups (Table 22.3). An
autopsy study found acute pyelonephritis in 6.8% of
diabetic subjects versus 1.6% of nondiabetic subjects,
suggesting a higher prevalence of this disorder in
diabetes32.
Hospital discharge data from the 1989-91 National
Hospital Discharge Surveys (NHDS) permit estimation of the proportion of hospitalizations due to a
particular diagnosis in persons who have and do not
have diabetes listed as a discharge diagnosis (Table
22.4). These data do not permit direct comparison of
disease prevalence by diabetes status, because no information is present in these data on the number of
persons with and without diabetes. The only denominator available in the NHDS is total number of hospitalizations by diabetes status. This denominator may
lead to biased estimates of relative disease prevalence
for several reasons. Higher number of hospitalizations
in diabetes, as would be expected in a group with an
important chronic disease, would bias comparisons of
prevalence by inflating the diabetic denominator.
Since ~10% of all hospital discharges have an associated diabetes mellitus discharge diagnosis, it is clear
that people known to have diabetes (who comprise
~6% of adults in the U.S. population) are admitted to
hospital more frequently than nondiabetic subjects.

CANDIDA VULVOVAGINITIS AND
CYSTITIS
Many physicians believe that diabetes increases the
risk of vulvovaginitis due to Candida albicans and
other Candida species43. Hyperglycemia promotes
yeast adhesion and diminishes its phagocytosis 44. Despite these laboratory-based results, no clinical data
demonstrate a higher risk for this condition in diabetes45. Incidence and prevalence of vulvovaginitis in
diabetic women are unknown. Vulvovaginal candidiasis would rarely cause hospital admission for treatment but might be listed on a discharge summary as
an associated condition. A discharge diagnosis of candida vaginitis occurred 5.6 times more frequently in
diabetic than nondiabetic hospital discharges in the
1989-91 NHDS (Table 22.4, 0.356% versus 0.064%),
with the greatest difference noted in the youngest age
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Table 22.4

Average Annual Frequency of Infection Diagnoses in Hospital Discharge Summaries, U.S., 1989-91
Diabetic hospitalizations
Infection diagnosis,
Unweighted Weighted
Weighted
ICD9-CM code and age (years)
no.
no.
%

Nondiabetic hospitalizations
Unweighted Weighted
Weighted
no.
no.
%

Relative
hospitalization
frequency

Acute pyelonephritis, 590.10
Total
Age 18-44
Age 45-64
Age ≥65

228
37
71
120

11,724
1,393
3,320
7,011

0.401
0.362
0.388
0.417

562
364
96
102

80,098
53,174
11,811
15,113

0.295
0.407
0.219
0.174

1.4
0.9
1.8
2.4

Candida vaginitis (females), 112.1
Total
Age 18-44
Age 45-64
Age ≥65

129
64
39
26

5,971
3,147
1,294
1,531

0.356
1.407
0.286
0.153

99
76
10
13

10,660
7,322
1,012
2,326

0.064
0.082
0.038
0.048

5.6
17.2
7.5
3.2

69
11
19
39

2,737
484
739
1,514

0.094
0.126
0.086
0.090

79
16
9
54

10,290
2,488
1,053
6,749

0.038
0.019
0.020
0.078

2.5
6.6
4.3
1.2

8
152
8
92
17
317

265
6,497
126
4,552
318
14,111

0.009
0.222
0.004
0.156
0.011
0.483

19
31
29
29
45
65

1,991
5,216
3,229
4,892
6,092
7,784

0.007
0.019
0.012
0.018
0.022
0.029

1.3
11.7
0.3
8.7
0.5
16.7

2,575
38
925
789
267

119,915
2,363
43,626
35,218
12,120

4.104
0.081
1.493
1.205
0.415

2,790
90
1,222
334
79

351,189
11,254
144,368
36,376
7,912

1.294
0.041
0.532
0.134
0.029

3.2
2.0
2.8
9.3
13.7

Viral (excluding influenza) and
bacterial pneumonias, 480-83, 485, 486
Total
3,148
Age 18-44
237
Age 45-64
698
2,213
Age ≥65

160,920
11,195
32,785
116,940

5.507
2.911
3.835
6.951

9,925
3,057
1,561
5,307

1,356,227
382,662
218,836
754,729

4.998
2.930
4.056
8.693

1.1
1.0
1.0
0.8

1,609
102
395
1,112

77,290
4,687
18,283
54,320

2.645
1.219
2.138
3.229

2,989
625
533
1,831

380,532
79,009
68,815
232,708

1.402
0.605
1.275
2.680

1.9
2.0
1.7
1.2

75
14
35
26

3,616
721
1,808
1,087

0.124
0.187
0.211
0.065

236
126
55
55

32,246
17,546
7,780
6,920

0.119
0.134
0.144
0.080

1.0
1.4
1.5
0.8

Mucormycosis, 117.7

3

48

0.0016

3

202

Malignant otitis externa, 380.14
Total
Total male
Total female
Age 18-44
Age 45-64
Age ≥65

6
5
1
0
3
3

97
91
6

0.003
0.007
0.000

68
29

0.008
0.002

4
2
2
3
1
0

1,098
304
794
781
317

Urogenital candidiasis, 112.2
Total
Age 18-44
Age 45-64
Age ≥65
Osteomyelitis
Acute, leg, 730.06
Acute, ankle or foot, 730.07
Chronic, leg, 730.16
Chronic, ankle or foot, 730.17
NOS, leg, 730.26
NOS, ankle or foot, 730.27
Cellulitis, 681.0-682.9
Finger, 681.00
Leg, 682.6
Foot, 682.7
Toe, 681.10

Bacteremia, 36.2-38.9
Total
Age 18-44
Age 45-64
Age ≥65
Tuberculosis, 10.0-18.9
Total
Age 18-44
Age 45-64
Age ≥65

0.0007
0.004
0.003
0.005
0.006
0.006

ICD9-CM, 9th Edition of the International Classification of Diseases, Clinical Modification; NOS, not otherwise specified; Diabetes hospitalizations are those in which any of
the following diabetes conditions were listed on the hospital record: ICD9-CM codes 250, 251.3, 357.2, 362.0, 366.41, 648.0, and 775.1. Nondiabetic hospitalizations were
hospitalizations in which these codes were not listed. Unweighted number refers to actual number of hospitalizations counted, while weighted number is adjusted to
represent all discharges from U.S. short-stay hospitals. The relative hospitalization frequency refers to the weighted frequency in diabetic versus nondiabetic hospitalizations. Diabetic discharges are pooled from 1989 through 1991 survey data, while nondiabetic numbers are derived from 1990 data only. Therefore "Diabetic weighted
number" has been divided by 3 to reflect an average annual number of discharges. Weighted total number of discharges are: diabetes, 8,766,194 in 1989-91 (3 years,
2,922,065 annually on average); nondiabetic, 27,137,276 in 1990. Note that the percent columns are percentages and not proportions. For example, 0.401% of diabetes
discharges had acute pyelonephritis recorded on the hospital discharge summary, compared with 0.295% of hospitalizations that did not mention diabetes. Where data are
not entered for relative hospitalization frequency, the ratio was not calculated due to the small number of discharges.
Source: 1989-91 National Hospital Discharge Surveys
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group (18-44 years, 1.407% versus 0.082%, Table 22.4).
Of the annual number of 16,631 discharges listing
candida vaginitis in women, 36% also listed diabetes.

isolated as the sole pathogen in 42% of cases, while
anaerobes and aerobic gram-negative bacilli were infrequently recovered9. Thus, infection severity appears related to number and type of infecting organism.

Candidal urinary tract infection due to Torulopsis
glabrata is frequently mentioned in the literature as an
infectious complication of diabetes. The proportion of
subjects with clinically important infection due to this
microorganism who have diabetes ranges from 1882%46,47. Comparative studies of the rate of this infection in diabetic and nondiabetic subjects have not
been performed. A discharge diagnosis of urogenital
candidiasis occurred 2.5 times more frequently in diabetic than nondiabetic hospital discharges in the
1989-91 NHDS (0.094% versus 0.038%). Differences
diminished with increasing age (Table 22.4). These
data suggest a higher candidal infection prevalence in
diabetes patients.

Hospital discharge data support more frequent lower
extremity skin and bone infections in diabetic subjects. Table 22.4 contains the number and relative
frequency of hospital admissions involving
osteomyelitis and cellulitis by whether diabetes was
mentioned on the discharge summary from the 198991 NHDS. Osteomyelitis at more distal lower extremity locations (ankle or foot) accounted for a greater
proportion of all diabetic hospitalizations, compared
with this infection at a more proximal location (leg).
For example, the relative proportion of all hospitalizations with mention of acute ankle or foot osteomyelitis was 11.7 times greater in diabetic than nondiabetic
hospitalizations, whereas acute leg osteomyelitis comprised a similar proportion of hospitalizations in diabetic and nondiabetic patients (relative frequency =
1.3, Table 22.4). Similarly, the relative hospitalization
frequency for cellulitis in diabetic compared with
nondiabetic patients increases in a seemingly linear
fashion as one proceeds from finger (relative frequency = 2.0) to toe (relative frequency = 13.7). These
data support higher osteomyelitis and cellulitis prevalence of the distal lower extremity in diabetic subjects.

LOWER EXTREMITY INFECTION

Diabetes results in a number of foot and lower extremity disorders that are described in greater detail in
Chapter 18. These disorders are believed to lead to a
higher risk of infection of skin, soft tissue, and bone.
Although no study has directly compared lower extremity skin, soft tissue, and bone infection incidence
or prevalence in diabetic versus nondiabetic subjects,
a plausible case for more frequent infection in diabetic
subjects can be made from available data. Diabetic
subjects have a ~15-fold higher rate of lower extremity amputation than nondiabetic subjects48. About
59% of diabetic lower extremity amputations are preceded by an infected foot ulcer8. Infection was the
second most frequent indication (next to gangrene)
for diabetic lower extremity amputation in a review of
31 published studies on the topic49. It was cited by
71% of authors as a criterion for amputation. Given
that diabetes increases risk of lower extremity amputation and that infection frequently leads to limb loss,
it is plausible that diabetes predisposes to lower extremity infection.

Colonization by pathogenic bacteria in diabetic patients has been investigated as a potential mechanism
for their probable higher rate of lower extremity skin
infection. Colonization, also referred to as carriage,
refers to the presence of microorganisms in specified
bodily locations. Most study has focused on Staphylococcus aureus carriage, which is associated with a
higher rate of postoperative infection, and infections
associated with peritoneal and hemodialysis50-53. Six
studies have compared the prevalence of S. aureus
Table 22.5

Staphylococcus aureus Carriage (Colonization)
Rates, by Diabetes Status
Diabetic,
Diabetic, not
insulin-treated insulin-treated
Ref. No.
%
No.
%

The microbiology of diabetic lower extremity infection varies depending on the patient population studied. Among hospitalized patients, infections are often
polymicrobial, with aerobic gram-positive and gramnegative organisms, as well as obligate anaerobes 9.
Most of these patients have limb- or life-threatening
infection and have received antibiotics prior to hospitalization. Among diabetic outpatients with lower extremity infection who have not received antibiotics,
cultures yielded a mean of only 2.1 different microorganisms per case9. Aerobic gram-positive cocci were

55
56
54
57
59
58

144
29
35
19
71
83

53
24
23
53
47
27

180
30
36
11
0
105

35
27
8
36
27

Source: References are listed within the table
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Nondiabetic
No.
%
254 healthy adults
44 clinic patients
55 medical students
30 clinic patients
116 medical students
363 population-based
nondiabetic subjects

34
9
4
17
50
21

carriage in the anterior nares or elsewhere in diabetic
subjects with nondiabetic subjects (Table 22.5)54-59.
Four outpatient clinic-based studies reported a significant 1.6- to 6.3-fold higher carriage rate in diabetes54-57. The only population-based study that addressed this question found no significant differences
in S. aureus nasal carriage in diabetic subjects, either
treated or not treated with insulin, and communitybased nondiabetic controls58. These data suggest that
diabetic clinic attendees have a higher carriage rate for
this microorganism. Thus, clinic-based studies of S.
aureus nasal colonization may lead to biased conclusions about carriage frequency. Since populationbased studies are generally more credible than studies
of clinic patients, the data do not support a higher S.
aureus colonization rate in persons who have diabetes.
Therefore, one would not expect diabetic subjects to
experience a higher rate of staphylococcal infections,
particularly of lower extremity skin, soft tissues, or
bone, due to higher colonization with this microorganism.

No direct comparison of influenza incidence in diabetic subjects versus nondiabetic controls has been
performed. The incidence of hospitalization for influenza has been compared for diabetic and nondiabetic
patients hospitalized for duodenal ulcer61. During influenza epidemic years, the relative risk of hospitalization for influenza was 5.7-6.2 times greater in diabetic than nondiabetic subjects. Higher in-hospital
mortality rates for influenza and ketoacidosis were
seen for diabetic patients during epidemic years, and
higher relative mortality in diabetic subjects occurred
during influenza epidemics62,63 . Whether this mortality increase is directly attributable to influenza or to
some other factor is not clear. Good evidence for
higher influenza and pneumonia mortality in diabetic
subjects comes from a Wisconsin prospective population-based study that established cause of death by
death certificate data64. Mortality due to pneumonia
and influenza for 1,772 subjects who had diabetes
diagnosed at age ≥30 years was 1.7 times higher than
for nondiabetic subjects. Younger-onset patients with
diabetes (age <30 years) were 7.6 times more likely to
die from these infections over an average follow-up
period of 8.5 years. It cannot be determined from
these data whether this increased mortality from
pneumonia/influenza is attributable to higher disease
incidence, higher case-fatality rate, or both.

RESPIRATORY INFECTION

PNEUMONIA AND INFLUENZA
Few controlled data exist comparing pneumonia incidence in diabetic and nondiabetic subjects. Diabetes
was examined as a potential risk factor for pneumococcal infection in a case-control study in male veterans60. Pneumonia was the most frequent type of pneumococcal infection (92% of cases), and pneumococcal
infection risk was virtually identical in diabetic and
nondiabetic subjects. Diabetic subjects were 15.825.6 times more likely to be hospitalized for pneumonia during the influenza season (the first 13 weeks) of
4 consecutive years61. These data suggest a higher
pneumonia incidence in diabetic patients but do not
exclude a lower threshold for hospitalization for treatment of complicated pneumonia in diabetic subjects.
Also, it is not clear whether the nondiabetic control
group, comprising patients with duodenal ulcer, reflects the population from which the diabetic subjects
were derived with regard to either pneumonia incidence or severity. In the 1989-91 NHDS, pneumonia
of bacterial or viral (excluding influenza) etiology
accounted for a nearly identical proportion of hospitalizations in patients discharged with diabetes, compared with nondiabetic hospitalizations (Table 22.4).
Relative hospitalization frequency ranged from 0.81.0 in diabetic versus nondiabetic patients. Thus, no
data strongly suggest a higher pneumonia incidence
or prevalence in diabetic versus nondiabetic subjects.

BRONCHITIS AND SINUSITIS
No controlled comparisons have been published on
the incidence or prevalence of acute bronchitis or
sinusitis in diabetic versus nondiabetic subjects. Data
from the 1989 NHIS and the 1976-80 NHANES II
included questions about the presence of chronic
bronchitis and sinusitis (Tables 22.2 and 22.3), which
may or may not be of infectious etiology. No validation was made of self-reported chronic bronchitis or
sinusitis. In the NHIS, 5.2% of nondiabetic subjects,
compared with 7.9% of diabetic subjects, reported a
history of chronic bronchitis. A higher self-reported
prevalence of this condition was also seen in persons
with diagnosed diabetes compared with persons with
normal glucose tolerance in the NHANES II survey
(Table 22.3). These data suggest a higher chronic
bronchitis prevalence in diabetes, but further research
is required to confirm these associations. These data
do not consider potential confounding by smoking
habit or increased medical surveillance and greater
likelihood of disease detection in diabetic subjects.
The overall prevalence of self-reported chronic sinusitis was identical for diabetic and nondiabetic subjects
age ≥18 years in the 1989 NHIS (18.0%), although at
age 18-44 years those with diabetes more frequently
reported this condition than nondiabetic subjects
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compared with 0.001 in nondiabetic patients71. It is
unclear whether accurate denominator data were used
to estimate incidence rates by diabetes status. A significantly higher (p=0.040) proportion of febrile patients admitted to an internal medicine inpatient service had bacteremia if they had diabetes (44%, 23/52)
than if they did not (6%, 12/192)72. The contribution
of diabetes became nonsignificant in a multivariate
model, but this was likely due to insertion of intervening variables in the regression model (urinary tract
infection, renal failure) that were likely to have been
related to diabetes. For 880 adults evaluated for acute
fever in an emergency room, diabetes was related to a
2.5-fold increased risk of bacteremia73. These studies
indicate that there is an increased risk of bacteremia
due to diabetes, but a relatively higher hospitalization
rate in febrile diabetic patients with bacteremia cannot be excluded as the source of the difference.

(28.4% versus 18.4%) (Table 22.2).

BACTEREMIA

Many reports have considered whether diabetes predisposes to a higher incidence or case fatality rate for
bacteremia, but few have employed adequate study
designs. In 1968, a diabetes prevalence of 14% was
found in a case series of 185 subjects with S. aureus
bacteremia65. It is not clear whether diabetic persons
were overrepresented in this series, since the proportion with diabetes in nonbacteremic subjects was not
stated. The mortality rate due to bacteremia in the
diabetic patients (69%) exceeded that of the nondiabetic patients (38%). A more recent study included all
cases of bacteremia in four major metropolitan hospitals, with diabetes status determined by medical record information66. The prevalence of bacteremia
caused by S. aureus and enteric organisms in diabetic
subjects exceeded that in nondiabetic subjects by a
large margin (3.0% versus 0.12% for S. aureus; 1.0%
versus 0.3% for enterobacteriaceae). Similar mortality
rates were seen in diabetic and nondiabetic patients
(13.0% versus 14.9%). This comparison is subject to
several potential biases, including reliance on the
medical record to assess diabetes status, which probably underestimated diabetes prevalence, and inability to include nonhospitalized cases of bacteremia that
occurred in the geographic area studied. Mortality
rates due to S. aureus bacteremia were compared in 27
diabetic and 34 nondiabetic patients at one medical
center67. Mortality rates were somewhat lower in
those with diabetes (25.9% versus 44.1%), but the
difference was not statistically significant. A significantly higher mortality in diabetic patients was found
in 612 bacteremic patients (p<0.05), but actual mortality rates were not provided68. Similar mortality rates
occurred in 124 episodes of bacteremia in diabetic
patients and 508 episodes in nondiabetic patients
(28% and 29%)69.

Bacteremia is found in a 1.9-fold higher proportion of
diabetic versus nondiabetic hospitalizations in the
1989-91 NHDS (Table 22.4). The greatest difference
was seen in the youngest age group (18-44 years,
relative frequency = 2.0), with a gradual decline as age
increased (Table 22.4).

TUBERCULOSIS

An extensive literature review indicates a higher risk
of tuberculosis (TB) in people with diabetes. Several
controlled studies of this subject have been conducted, but for the most part the choice of the nondiabetic control group was not optimal by current
standards for observational research. A cumulative
incidence for TB of 1.6% was found for 1,126 diabetic
patients age <15 years, compared with 0.12% in a
school survey of 140,000 children, for a relative prevalence of ~14. The selection process was not adequately
described for either diabetic or TB cases. It is not clear
if a defined cohort of diabetic subjects was followed,
or if diabetic subjects were added to a case series. In
the latter instance, the presence of TB might have
increased chances for inclusion and thereby falsely
elevated the prevalence. A survey of 3,029 diabetic
subjects in the Philadelphia, PA area was conducted in
1945-47 using chest radiography75. TB prevalence in
this group was compared with results of a survey of
71,767 Philadelphia industrial workers conducted in
1942-45, and TB prevalence in those with diabetes
was approximately twofold higher than nondiabetic
subjects. The definition of TB included fibro-calcific
pulmonary lesions that may have represented inactive
disease. The prevalence of radiographic features of
active pulmonary disease, present in only 30.7% of

A few studies have addressed relative rates of bacteremia by diabetes status using adequately controlled
study designs. A review was conducted of 18 months
of hospitalization data to identify all diabetic and
nondiabetic subjects undergoing an operative procedure70. Postoperative gram-negative shock developed
in 7.1% (7/98) of diabetic and 0.4% (17/4,207) of
nondiabetic subjects, for a relative risk of 18. Diabetic
and nondiabetic subjects had identical median age (72
years). Using NHDS data on 5,457 nosocomial infections that occurred in eight hospitals, the gram-negative bacteremia rate without a known primary site in
diabetic patients was 0.003 per hospital admission,
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diabetic subjects, was not provided for the nondiabetic controls. Also, the industrial worker control
group probably enjoyed better health and living
standards than the average population and may underrepresent TB prevalence.

infection. This could not explain the somewhat higher
TB prevalence in undiagnosed diabetes, who presumably would not have been more intensively scrutinized. In the 1989-91 NHDS, TB had an overall relative hospitalization frequency of 1.04 in diabetic compared with nondiabetic hospital discharges (Table
22.4). TB accounted for a higher proportion of diabetic hospitalizations in the younger age groups (Table 22.4).

Pulmonary TB prevalence by chest radiograph screening was 3.6% of all known diabetic subjects in a
defined community, compared with an overall rate of
0.88%76. The screening methods were similar for the
two groups, but the nondiabetic subjects had been
screened earlier. Screening was conducted in 96% of
the diabetic subjects but in an unspecified proportion
of those without diabetes. The higher prevalence in
diabetes may therefore represent an overestimate due
to differences in TB screening intensity.

In sum, no convincing data exist to argue that people
with diabetes are at higher risk for TB, except that
diabetic American Indians are at higher risk for TB
reactivation78.

MUCORMYCOSIS

In 1957, the TB prevalence in 1,851 diabetic first-time
clinic attendees at University College Hospital, London, UK who routinely received a screening chest
radiograph, was compared with nondiabetic control
subjects who were referred when entering the hospital
or from practitioners for a chest radiograph77. The
pulmonary TB rate in the controls was 4.9%
(290/58,867), compared with 18.2% (40/1,851) in
diabetic subjects. A higher TB prevalence was seen
across all age and sex strata. This control group may
overestimate TB prevalence because they may have
been referred for evaluation of symptoms. Even so,
the prevalence of TB in diabetic subjects was higher.
The literature therefore suggests a higher TB prevalence in association with diabetes, although optimal
study designs have not been used to address this
question.

Mucormycosis (also referred to as zygomycosis or
phycomycosis) is usually caused by the fungal species
Mucor or Rhizopsus, but Absidia and Cunninghamella
species are occasionally implicated. Several distinct
patterns of infection occur, including rhinocerebral
infection and invasive pulmonary or gastrointestinal
disease.
Diabetes, particularly ketoacidosis, is frequently mentioned as a risk factor for this disease, but incidence
and prevalence of mucormycosis in diabetic and nondiabetic populations is unknown and no controlled
research has been performed. Of all 33 cases of mucormycosis in the past 50 years at Johns Hopkins Hospital in Baltimore, MD, 42% had diabetes79. A comprehensive literature review found a total of 179 cases of
mucormycosis in 109 publications80. Prevalence of
diabetes in these cases was 70.4%. Overall mortality
was 50%, with a somewhat lower rate in the 126
subjects with diabetes (40.5%). An even lower mortality rate was observed in the 67 diabetic subjects who
received amphotericin B treatment (20.9%). Immunologic research has demonstrated that human alveolar macrophages from patients with diabetes have decreased ability to attach to the hyphae of the fungus
Rhizopsus oryzae, which might impair immune responses directed against this microorganism81. Data
strongly suggest an increased risk in diabetes for these
infections but do not exclude the possibility that selection bias may account for the high proportion of
diabetes in these subjects. Mortality due to this infection appears to be no greater, and perhaps may be
lower, in diabetic than nondiabetic subjects. In the
1989-91 NHDS, mucormycosis (zygomycosis) was
listed in only 16 per million diabetic hospitalizations
and 7 per million of nondiabetic hospitalizations (Table 22.4).

A recent case-control study examined diabetes as a
risk factor for reactivation of TB in tuberculin-positive
American Indians78. Forty-six active TB cases were
compared with an identical number of controls who
all tested tuberculin positive. A relative odds of 4.9
(95% confidence interval 1.3-15.5) was found for TB
reactivation in association with diabetes. This study
suggests that diabetes (or an associated condition) is
strongly related to higher risk of TB reactivation in
American Indians but does not address the question of
whether primary TB incidence differs by diabetes
status.
The NHANES II survey inquired about TB history and
determined diabetes status by medical history and
oral glucose tolerance test (Table 22.3). The interview
did not clearly distinguish between active tuberculosis and tuberculin skin test positivity. Rates of TB are
somewhat higher in those with diabetes, but this may
be due to more frequent skin testing in a group considered by clinicians to be at higher risk for this
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replacement was 11% of 42 diabetic patients, compared with 2% of 1,180 similarly aged nondiabetic
patients89. A higher combined sternal, leg, or vascular
access wound infection rate was found in 146 diabetic
patients who had undergone coronary artery bypass
grafting (CABG), compared with 565 nondiabetic
subjects (7.5% versus 0.9%)90. These two groups were
similar with respect to mean age, but mean body mass
index (a measure of obesity) was slightly higher in
diabetic subjects (28.7 versus 26.6). Other studies on
the increased incidence of leg and sternal infection in
diabetes following CABG or open heart surgery are
shown in Table 22.691-93 .

MALIGNANT EXTERNAL OTITIS

Extension of external ear infection to adjacent soft
tissue, mastoid bone, and central nervous system produces malignant or invasive external otitis. It is
caused almost exclusively by Pseudomonas aeruginosa
and rarely by Aspergillius82-84.
Incidence and prevalence of this condition in diabetic
and nondiabetic populations is unknown. In 151 reported cases, prevalence of diabetes was 89%83. The
mean age of infected patients was 68.5 years, and 65%
were male. Mortality ranged from 23%-75%85. Data
strongly suggest an increased risk in diabetes for this
infection but do not exclude the possibility of selection bias.

A twofold increased risk of median sternotomy infection associated with diabetes was reported in a casecontrol study of 1,704 patients matched on age and
type of operation94. A nonsignificant diabetes-associated increase (relative risk=1.24, p=0.80) in risk of
severe bacterial infection (mediastinitis, septicemia,
or pneumonia) was found in 162 patients (17% diabetic) who underwent CABG surgery95. Diabetes was
not reported to be related to the 29 cases of mediastinitis that occurred in 2,031 patients who underwent
median sternotomy at the National Heart, Lung, and
Blood Institute during 1956-81, but actual infection
rates in diabetic and nondiabetic patients were not
shown96.

Malignant external otitis accounted for a very small
proportion in the NHDS of diabetic hospitalizations
(3 per 100,000) and nondiabetic hospitalizations (4
per 100,000) (Table 22.4).

SURGICAL WOUND INFECTION

Unlike most infections, several controlled studies
have addressed the issue of whether patients with
diabetes experience higher surgical wound infection
rates. The National Academy of Sciences-National Research Council Cooperative Study found a similar
age-adjusted rate of surgical wound infection in 354
diabetic subjects (7.2%), compared with nondiabetic
subjects (7.1%)86. Similar infection rates were noted
for clean orthopedic operations performed on 203
diabetic and 3,414 nondiabetic subjects matched on
age, sex, and operation duration (3.4% versus 3.6%)87.
On the other hand, in a study of 23,649 surgical
wounds from a variety of operative procedures, the
unadjusted clean wound infection rate was 10.7% for
diabetes, compared with 1.8% overall88. The wound
infection rate for subjects who underwent total hip

Most controlled research supports a higher post-sternotomy wound infection rate in diabetic patients,
either of sternum or leg vein graft site, after operations requiring sternotomy. Controlled data also suggest a higher wound infection rate in diabetic individuals who undergo total hip replacement.

OTHER INFECTIONS

FOURNIER’S GANGRENE
This uncommon polymicrobial necrotizing infection

Table 22.6

Incidence of Sternal or Leg Wound Infection After Open Heart Surgery or Coronary Artery Bypass Grafting
Combined infections
Diabetic
Ref.
91
92
93

No.

35

%

17.1

Sternal infection

Nondiabetic
No.

135

%

Diabetic

Leg infection

Nondiabetic

Diabetic

Nondiabetic

No.

%

No.

%

No.

%

No.

%

21
412

19.0
2.4

288
3,295

2.1
0.5

21

14.3

288

12.8

5.9

Data from Reference 92 are for coronary artery bypass graft patients only.
Source: References are listed within the table
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of the genitalia, which occurs mostly in men (86% of
cases) is associated with a high mortality rate (22%)97.
Incidence and prevalence of this disorder by diabetes
status is not available. In 66 articles published during
1979-88, 449 cases were reported97. Of the 364 cases
in which an underlying medical condition was reported, diabetes was mentioned as the most frequent
condition (10%). Diabetic patients are thought to
have a higher mortality rate due to this infection, but
convincing data on either relative infection risk or
mortality in diabetes is not available98,99 .

mentioned as an underlying condition that increased
risk for bacteremia, although it was associated with
higher overall risk of serious infection (relative risk
3.7-30.0, depending on age). Diabetes was associated
as an underlying condition with skin, soft tissue, and
bone infection (grouped together) and with urosepsis.
These infections were the first and third most commonly occurring group B streptococcus infections
(36% and 14%, respectively), with bacteremia the second most common (30%). One review of the subject
concluded that group B streptococcus bacteremia frequently originated from the urinary tract or foot ulcers3. Therefore, the apparent higher group B streptococcus infection rate in diabetes103 may reflect higher
local infection rates by this microorganism, as opposed to a systemic immune defect that renders them
more susceptible to infections by this microorganism.

GROUP B STREPTOCOCCAL INFECTIONS
Group B streptococcal infections in adults unrelated
to pregnancy or the postpartum state have been reported to occur more commonly in diabetes 3. Case
series of persons with bacteremia due to this organism
have demonstrated varying proportions of associated
diabetes: 37.9% (11/29), 9.4% (3/32), and 45.8%
(11/24)100-102 . In a controlled study of group B streptococcus infection in eight metropolitan Atlanta, GA
counties with 2.3 million persons, 41 persons had
bacteremia due to this organism103. Diabetes was not

Dr. Edward J. Boyko and Dr. Benjamin A. Lipsky are Associate
Professors, Department of Medicine, University of Washington, and Staff Physicians, Veterans Affairs Medical Center,
Seattle, WA.
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