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Systemic lupus erythematosus (SLE), scleroderma, and polymyositis/derma-
tomyositis (PM/DM) are autoimmune diseases with high morbidity and mor-
tality. The important role infections play in these diseases has been documented
in the literature over the years [1—16]. This article reviews the role of
infections in these three disorders, emphasizing in each (1) the predisposing
factors for the development of infections, (2) the effect of infections on
mortality, and (3) the most common microorganisms involved in these infec-
tious processes.

Infections in systemic lupus erythematosus

Infections are responsible for 30% to 50% of the morbidity and mortality
in patients with SLE [1,2,4,10—12,16—19]. These infectious processes usually
result from common microorganisms [1,10,13,15,16,19—21], but opportunistic
infections may also occur and are important causes of death in patients who
receive corticosteroid and immunosuppressive therapy [8,17—20,22].
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Predisposing factors

Genetic predisposition to immune dysfunction

Systemic lupus erythematosus patients with inherited complement deficiencies
may present abnormalities of all complement proteins, particularly those of the
early classic pathway [23]. Systemic lupus erythematosus patients with early
complement deficiencies have a higher risk of infections caused mainly by
Streptococcus pneumoniae, whereas SLE patients with late complement defi-
ciencies show a greater susceptibility to infections by Neisseria meningitidis and
Neisseria gonorrhoea [23,24].

Variant alleles in the coding portion of the mannose binding lectin (MBL) gene
have been associated with lower levels of MBL, a protein that plays an important
role in the phagocytosis of microorganisms and has a similar function to Clq
[25]. Systemic lupus erythematosus patients homozygous for MBL variant alleles
also have a significantly higher risk of developing infections such as pneumonia
by S prneumoniae. It has been demonstrated, for example, that the annual
incidence of infections requiring hospitalization is four times higher in these
SLE patients than in those heterozygous for the variant allele or homozygous for
the normal allele [25,26].

Abnormalities in the immune system

Patients with SLE have lower levels of complement proteins as well as a
reduced number of cellular complement receptors (CR1, CR2, CR3) [27,28]; this
is particularly the case for B cells and polymorphonuclear leukocytes (PMNs)
[29]. These abnormalities may increase the risk of infections [24]. Petri et al [12]
described lower C3 levels 1 year later among lupus patients who required
hospitalization for infection, and Kim et al [30] reported reduced complement
levels among those patients who died of infection.

Systemic lupus erythematosus can affect a variety of cell functions, and PMNs
show many abnormalities. Chemotaxis, recognition of microorganisms, phagocy-
tosis, and oxidative metabolism are usually altered [27,28]. Also, in active SLE, a
decreased production of interleukin 8 (IL-8) by PMNs resulting in an altered acute
inflammatory response has been described [31]. These PMN abnormalities
predispose SLE patients to the development of infections [27,28,31].

Several macrophage and monocyte functions, including phagocytosis and
oxidative metabolism, are also impaired in patients with SLE, thus increasing the
risk of infections [28]. These abnormalities result from the presence of autoanti-
bodies directed against all three types of Fc gamma receptors (FcyR) [28,32] as
well as from a decrease in the production of tumor necrosis factor alpha (TNFo)
[28,33].

During exacerbations of SLE, patients present with decreased levels of T cells
as well as diminished activity of T-helper cells against viral antigens, toxoids, and
alloantigens [28,34]. Prolonged corticosteroid therapy also impairs T-cell immu-
nity producing redistribution of T cells, lymphopenia, and inhibition of T-cell
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activation and proliferation [35]. These T-cell abnormalities result in a higher risk
of infections particularly by intracellular microorganisms [18,34—36]. The
spleen, through its system of macrophages, is involved in the clearance of
microorganisms, thus preventing them from dissemination [36]. When splenic
function is impaired, as it is in some SLE patients, the risk of developing severe
infections caused by encapsulated microorganisms such as S prneumoniae,
N meningitidis, and N gonorrhoeae increases [24,36].

Disease activity

Disease activity (quantified by validated activity scores) has been found to be
an independent risk factor for the occurrence of infections [11,12,16,37—39].
Immune abnormalities, such as decreased complement levels and dysfunction of
PMNs, macrophages, monocytes, and T cells, seem to be more pronounced
during periods of SLE activity [27,28,31,34]. Duffy et al [37] found that disease
activity (quantified by the SLE disease activity index or SLEDAI) is associated
with infections independent of the duration of SLE and the dose of prednisone
used. Petri et al [12] demonstrated that SLE activity (quantified by the lupus
activity index and the SLEDALI) is a predictive factor for hospitalization because
of infections, even after carrying out statistical adjustment for corticosteroid use
[12]. There are, however, studies that dispute this association [21,40] and others
in which disease activity has not been found to be a risk factor for the occurrence
of infections after carrying out adequate multivariate analyses [4,10,22].

Corticosteroids and other immunosuppressive drugs

The use of corticosteroids has been associated with increased occurrence of
infections in patients with SLE [4,10,12,18,22,37—39]; it is not clear, however,
whether this risk relates to doses larger than 10 mg per day [12], incremental
doses of corticosteroids [22], or the use of the intravenous route [11,12]. Probable
reasons underlying this risk include decreased production of cytokines by
suppression of nuclear factor kappa B (NFxB) [41] and the inhibition of different
PMN, monocyte, and T-lymphocyte functions [35].

Cyclophosphamide is now commonly used for the treatment of diffuse
proliferative glomerulonephritis, as well as other serious manifestations of SLE
otherwise unresponsive to high doses of corticosteroids [42]. Unfortunately, the
use of cyclophosphamide increases the risk of severe infections in SLE patients
[10,43]. Risk factors strongly associated with infections in SLE patients who
receive cyclophosphamide are the sequential use of intravenous and oral cyclo-
phosphamide and a leukocyte count below 3000 cells/mL> [43]. These patients
have an increased risk of developing fatal opportunistic infections [18,43]. This
risk is greater when patients are also receiving high doses of corticosteroids [43].

Procedures

Certain procedures have been associated with increased risk of infections in
patients with SLE. Patients who receive both plasmapheresis and pulses of
cyclophosphamide are at greater risk of developing severe and fatal bacterial



Table 1
Mortality from infections in patients with SLE
Causal
Deaths microorganism, % 5-Year
Study Total patients Deaths (all causes)  (infection)  Common/ survival
Author/year characteristics® Place n Ethnicity % n % % unidentified Opportunistic %
Hellmann/ Chart review USA 44 Caucasian 57 44 100 30 53 47 NA
1987 [18] (1969-1985") (33 autopsies) Black 14
(deceased patients) Other 29
de Luis/1990 Chart review Spain 96 White® 100 12 13 50 50 50 NA
[17] (1979-1987)
Massardo/ Chart review Chile 159 Hispanic® 100 30 19 63 89 11 NA
1991 [8] (1978—-1990)
Ward/1995 Cohort USA 408 White* 51 144 35 22 75 25 82¢
[15,126] (1969-1983) African
Follow up: American® 49
~ 11 years
Huicochea/ Chart review Mexico 65 Hispanic® 100 14 22 29 NA NA 60°
1996 [50] (1970-1993) (2—18 years
of age)
Kim/1999 [30] Chart review Korea 544 Asian® 100 43 8 33 69 31 94
(1993-1997)
Cervera/ Multinational Europe 1000 White 97 45 5 29 85 15 95
1999 [2] cohort (1990) Black 2
Follow up: Other 1
5 years
Jacobsen/ Cohort Denmark 513 Caucasian® 100 122 24 21 88 12 91
1999 [55] (1975-1995)
Follow up:

~ 8 years
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Mok/2000 [52]  Cohort China 186
(1992-1999) (Hong Kong)
Follow up:
variable
Bellomio/ Chart review Argentina 366
2000 [47] (1990—1998)
Jindal/2000 [51]  Chart review India 25

(1984-1998)
(deceased patients)

(all autopsies)

Rodriguez/ Chart review Puerto Rico 662
2000 [53] (1960—-1994)
Hernandez-Cruz/  Case control Mexico 152
2001 [49] autopsy study
(1958—-1994)
Alarcon/2001 [1]  Cohort USA 288
(1993-1999)
Follow up:
variable
Iriya/2001 Chart review Brazil 113
[19,124] (1981-1994) (all autopsies)
(deceased patients)
No6el/2001 [10]  Chart review France 87

(1960—1997)

Asian®

Hispanic®

Asian
(Indian)®

Hispanic®
Hispanic®
Hispanic
African
American

White
Multiethnic®

White®

100

100

100

100

100

28

41

31

100

100

44

25

161

76
(all autopsies)

34

113

10

100

24

50

12

100

12

67

54

40

27

4

32

58

20

50

100

67

82

59

NA

71

100

50

33

41

NA

23

93

91

NA

95°

NA

86

NA

NA

Abbreviations: SLE, systemic lupus erythematosus; NA, not available or not applicable.

a

Length of follow up noted only for cohort studies.

® Closing date inferred.

c

d

Inferred based on country origin.
Inferred based on characteristics of cohort.

¢ At 5-10 years.
f Patients without renal involvement.
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and viral infections than patients with comparable clinical features receiving
cyclophosphamide alone [44]. The risk is increased because the levels of B cells,
T cells, and immunoglobulins, and consequently their functions, are markedly
decreased as a result of plasmapheresis, particularly when this therapy is
combined with immunosuppressive therapy [44]. Systemic lupus erythematosus
patients receiving chronic peritoneal dialysis have a greater risk of peritonitis or
catheter-related infections than non-SLE (and nondiabetic) patients with com-
parable clinical characteristics [45]. Immunoablation, with or without autolo-
gous stem cell transplantation, has emerged as an alternative treatment for
patients with SLE not responding to other treatment modalities [46]. Data are
scarce, and follow up is still short, but some severe infections such as herpes
zoster (HZ), herpes simplex, and Preumocistis carinii pneumonia (PCP) have
been reported in these patients, most likely resulting from profound immuno-
suppression [46].

Infections as a cause of death

Infection is the primary cause of death in SLE patients in developing countries
[19,47—-54]. In a Chinese cohort of SLE patients followed from 1992 to 1996,
66% of deaths were caused by infections [52]. In a series of autopsies performed in
SLE patients from Brazil, infections were responsible for 58% of all deaths; 34%
of deaths were attributed to active SLE [19]. In developed countries, infection is
also one of the most important causes of death among SLE patients and is
considered the first or second most common cause of mortality in several studies
[1,2,10,15,17,18,30,55,56]. In the multicenter European study of 1000 patients
followed for more than 5 years, infections and disease activity were found to be
responsible for over half of all deaths [2]. Similar data come from a study
performed in France between 1960 and 1997; in this study active SLE and
infections were responsible for 28% and 20% of deaths, respectively [10]. This
high rate of mortality from infections is probably the result of the more aggressive
use of corticosteroids, immunosuppressive drugs, and support therapy (including
dialysis and critical care) in controlling the activity and complications of SLE.

Opportunistic infections are emerging as important causes of death in patients
with SLE in both developed and developing countries. These infections are
frequently associated with the increased use of high doses of corticosteroids and
immunosuppressants and are often diagnosed only post mortem [8,17—19,43].
Table 1 summarizes the published data regarding infections as a cause of death in
SLE; however, the different studies summarized in this table are not directly
comparable, because as their methodologies vary significantly.

Dypes of infections occurring in systemic lupus erythematosus

Infections cause 25% to 50% of morbidity in SLE patients, and major
infections are important causes of hospitalization. These infections have been
described in different studies that are summarized in Table 2. The most frequent



Table 2

Morbidity from infections in patients with SLE

Patients Episodes of
Author/year Study characteristics® Country Patients n Ethnicity % infected % infections n
De Luis/1990 [17] Chart review (1979—1987) Spain 96 White® 100 55 102
Massardo/1991 [8] Chart review (1972—1990) Chile 159 Hispanic® 100 49 155
Petri/1992 [12,127] Cohort (1989—1990) USA 261¢ African American® 51 144 51
Follow up: 2 years White 48
Other 1
Oh/1993 [21] Chart review (1988 —1989) Singapore 28 Asian (Chinese) 78 100 38
Asian (Malay) 11
Asian (Indian or other) 11
Shyam/1996 [54] Chart review (1989-1994) India 309 Asian (Indian)® 100 27 NA
Paton/1996 [11] Chart review (1978—1993) Malaysia 102 Asian (Chinese) 47 NA 240
Asian (Malay) 46
Asian (Indian) 7
Cervera/1999 [2] Multinational cohort (1990) Europe 1000 White 97 27 389
Follow up: 5 years Black 2
Other 1
Zonana-Nacach/2001 [16] Cohort (1990—1996) Mexico 200 Hispanicb 100 32 65
Follow up: ~2 years
Al-Mayouf/2001 [40] Chart review (1990—1998) Saudi-Arabia 70 (children) Arab® 100 41 NA
No6el/2001 [10] Chart review (1960—1997) France 87 White” 100 40 57
Gladman/2002 [4,125] Cohort (1987-1992) Canada 363 White® 86 26 148
Follow up: 5 years African American 7
Asian 6
Other 1

Abbreviations: SLE, systemic lupus erythematosus; NA, not available.

? Length of follow up noted only for cohort studies.

® Inferred based on country of origin.
¢ Inferred based on characteristics of cohort.

4 354 Hospitalizations (number used as denominator).
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infection sites and most common microorganisms affecting SLE patients are
presented in Table 3. Like the studies summarized in Table 1, the studies
presented in these tables are not directly comparable, because their method-
ologies vary substantially.

Bacterial infections

Common bacteria are responsible for most infections in SLE patients [2,4,
8-10,12,15,16,19,30,40,43]. The most frequently described bacteria are gram-
negative bacilli [4,8,16,17,30] and gram-positive cocci [4,9,15]. Among the gram-
positive bacteria, Staphylococcus aureus is a common pathogen that often gains
entry through injured skin [9,10]. Infections with S aureus may be localized to the
integument [9], but severe and fatal infections such as bacteremia [15,17,18,43,],
pneumonia [13], and catheter-related infections [10] may also occur.

S pneumoniae in SLE patients typically causes pneumonia [10,15,16]; however,
meningitis [15] and sepsis [15,43] also occur. The more severe presentations occur
in those patients who either have associated inherited deficiencies of the early
complement pathway or splenic dysfunction [23,24,28,36].

Table 3
Sites of infection and infectious organisms in patients with SLE

Sites of infections (%)

Causal microorganisms

Urinary

Author/year Respiratory Skin tract CNS Blood Other Bacteria Virus Fungus Parasites

de Luis/ 26 18 31 0 17 8 90" 9 1 0
1990 [17]

Massardo/ 30 17 23 1 NA 29 74° 8 15 3
1991 [8]

Petri/1992 [12] NA NA NA NA NA NA 88§ 4* 8 0

Oh/1993 [21] 29 32 8 0 13 18 86° 11 3 0

Shyam/ 54 5 17 0 0 24 §2°P 7 1 0
1996 [54]

Paton/ 28 19 10 2 13 28 97 0° 3¢ 0°
1996 [11]

Cervera/ 19 20 29 1 6 25 NA NA NA NA
1999 [2]

Zonana-Nacach/ 12 23 26 0 0 39 717 13 16 0
2001 [16]

Al-Mayouf/ NA NA 28 NA 14 NA NA NA NA NA
2001 [40]

Noel/2001 [10] 40 NA NA NA 29 NA 82 16 2 0

Gladman/ 29 23 18 3 5 22 657 27 6 2
2002 [4]

Abbreviations: SLE, systemic lupus erythematosus; NA, not available.

? Inferred from data presented; includes patients in whom no pathogen was isolated but who
responded to antibiotic treatment.

° Mycobacterium tuberculosis the most frequent isolate.

¢ Only major infections included.
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Infections with Listeria monocytogenes are rare, but meningitis and sepsis
have been reported in patients receiving high doses of corticosteroids or
immunosuppressive therapy [43,57] and in those with active SLE [57]. There-
fore, listeriosis should be ruled out in critically ill SLE patients who present with
infections of the CNS [57].

Gram-negative bacilli (Escherichia coli, Klebsiella spp, Pseudomona spp,
among others) are often the cause of urinary tract infections [16,17,43], lower respi-
ratory tract infections [15,16,43], and severe and lethal bacteremias [15,17,18,
30,43].

Infections by Salmonella occur mainly in SLE patients with lower levels of
complement, splenic dysfunction, receiving immunosuppressive therapy, or
ingesting desiccated rattlesnake [S8—61]. The typical presentation is bacteremia
[10,17,58,59], and the most commonly isolated species are S choleraesius,
S enteritidis, and S arizona [58—60]. In fact, SLE is the most frequent underlying
disease in patients who present with salmonella bacteremia [58,59]. Infections
with encapsulated organisms such as N gonorrhoeae and N meningitidis are
infrequent in SLE patients unless there is an underlying complement deficiency
or splenic dysfunction [23,24].

Other less common bacteria also result in infection in SLE patients. Nocar-
diosis is a rare and fatal opportunistic infection that involves mainly the lungs and
the CNS [43,62,63]. The mortality rate in nocardial infections is 35%, but that
rate doubles when there is CNS involvement [63].

Mycobacterial infections, mainly M tuberculosis, are important opportunistic
infections in these patients, particularly in developing countries [19,54,64]. It is
thus important to suspect and rule out tuberculosis in patients with SLE living in
or coming from areas of the world where tuberculosis is endemic. Pulmonary
tuberculosis is the most common presentation [10,15,17,64], but cases of miliary,
urinary, osteoarticular, soft tissue, and CNS tuberculosis have also been described
[16,64].

Infections caused by atypical mycobacteria have been reported in SLE patients
receiving immunosuppressive therapy [43]. These infections are usually insidious
rather than acute and are often localized in the musculoskeletal system [65,66].
The authors recently have had the opportunity to diagnose and treat two SLE
patients with atypical mycobacterial infections. The first patient developed
osteomyelitis of the thoracic vertebrae but presented only with mild pleuritic
chest pain (thought to be related to lupus activity); chest and thoracic spine
radiographs were not informative at that time. A few months later she was found
to have Mycobacterium avium intracellulare on biopsy material obtained when
thoracic spine radiographs (Fig. 1), and MR imaging studies clearly demonstrated
vertebral and disc space involvement (Fig. 2). The second patient presented with
an extremely large and deep cutaneous ulceration of the left lower extremity,
initially thought to be related to active disease; deep tissue biopsies were taken
from which Mycobacteria chelonae was isolated. These cases illustrate the
difficulties usually encountered in diagnosing infections in the immunocompro-
mised SLE patient.
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Fig. 1. Lateral radiograph of the thoracic spine. There is loss of intervertebral disc space at T7-8 with
loss of the endplate cortex anteriorly and little reactive bone formation. (Courtesy of Dr. Robert
Lépez-Ben, Division of Diagnostic Radiology, Department of Radiology, The University of Alabama
at Birmingham, Birmingham, Alabama).

Viral infections

Herpes zoster is the most frequent viral infection [4,10,12,16,43,44,], occur-
ring mainly in SLE patients with previous histories of nephritis, hemolytic
anemia, thrombocytopenia, and previous use of cyclophosphamide [67]. Local-
ized HZ is the most common clinical presentation and generally occurs during
periods of disease quiescence and in patients receiving 20 mg or less of
prednisone/day [67]. Disseminated HZ and bacterial superinfection may also
occur and are usually related to the use of high doses of corticosteroids
(prednisone > 60 mg/day) or immunosuppressants [43,67].

Cytomegalovirus (CMV) is another opportunistic infection occurring in SLE
patients, especially in those receiving cyclophosphamide or high doses of
corticosteroids [15,17,43] or in patients receiving plasmapheresis [44]. Pneu-
monia and encephalitis produced by CMV are fatal in most cases [15,18]. Risk
behaviors leading to infection by retroviruses are not increased in SLE patients
[68]; thus, retroviral infections have not been described with increased frequency.
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Fig. 2. Magnetic resonance image of the thoracic spine. (A) Sagittal T1-weighted MR image of the
thoracic spine. There is marked marrow edema in T7 and T8 vertebral bodies. An epidural mass
bulges the posterior longitudinal ligament and compresses the spinal cord at this level. (B) Sagittal T1-
weighted MR image of the thoracic spine with fat suppression after intravenous administration of
gadolinium contrast. There is marked contrast enhancement of the vertebral bodies of T7 and T8.
There is rim enhancement of the epidural mass and the contiguous posterior disc space is better
appreciated. (Courtesy of Dr. Robert Lopez-Ben, Division of Diagnostic Radiology, Department of
Radiology, The University of Alabama at Birmingham, Birmingham, Alabama)

Nevertheless, infections with the human immunodeficiency virus need to be
distinguished from SLE, because the illnesses share some clinical characteristics
and some of the same autoantibodies [69].

Human parvovirus B19 DNA has been detected in patients with SLE, but its
clinical relevance is unclear to date [70].

Fungal infections

Fungal infections can occur frequently in SLE patients receiving high doses
of corticosteroids or immunosuppressive therapy [15,18,43]. The most common
fungal infections are produced by P carinii and Candida spp. The risk factors
for developing PCP are the use of high doses of corticosteroids or of
immunosuppressive drugs as well as lymphopenia [43,71-75]. Even though
PCP occurs infrequently, it has a high mortality rate [18,43,72,73]; therefore,
PCP prophylaxis may be indicated in SLE patients who have these risk factors.
Infections by Candida spp (mainly Candida albicans) are common in SLE
patients [10,16,18,19,43]. The clinical spectrum includes oral and esophageal
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mucosa infections as well as infections of the genitourinary tract [16].
Disseminated candidiasis, which is frequently fatal, occurs less often [15,17—
19,43].

Disease flares, immunosuppressive therapy, leukopenia, and associated bac-
terial infections are risk factors for the development of aspergillosis in SLE
patients [76]. There are only a few reported cases of aspergillosis; however, most
of them have been lethal [15,76].

Parasitic infections

Disseminated strongyloidiasis with massive pulmonary hemorrhage was
reported in a patient with SLE from Japan [77]. Visceral leishmaniasis was
reported in a German patient [78]. Encephalitis caused by Toxoplasma gondii has
been described in SLE patients [79]. The cases of strongyloidiasis and leish-
maniasis did not occur in areas where these infections are endemic , and it is
unclear how these patients became infected with these pathogens. It is important
to take appropriate diagnostic measures, because these parasitic infections can
simulate clinical presentations of active SLE when they include neurologic,
pulmonary, and gastrointestinal manifestations.

Infections in scleroderma

Predisposing factors

Risk factors associated with infections in scleroderma patients include
esophageal and pulmonary involvement, severe Raynaud’s phenomenon, severe
calcinosis, and the use of specific treatments for the management of the disease.
Scleroderma patients with smooth muscle involvement of the esophagus are at
increased risk of aspiration pneumonia, because these patients usually have lower
esophageal sphincter dysfunction and severe gastroesophageal reflux [13,80—82].
To avoid postoperative infections, esophageal involvement should be considered
and ruled out in patients with scleroderma lung selected to receive lung trans-
plants [81,83]. Pneumonia has been described in scleroderma patients with
pulmonary involvement, particularly in those with interstitial lung disease [5],
suggesting that pulmonary fibrosis may be a predisposing factor for the
development of pulmonary infections.

In scleroderma patients, severe Raynaud’s phenomenon with digital ischemia
and ulcerations increases the risk of localized superinfections, which may be
complicated by gangrene [81]. Severe calcinosis has also been associated with
bacterial infections, especially in the soft tissues around the calcific lesions [84].
Although there are no large studies from which to draw conclusive data, some
reported cases show that the risk of infection relates to specific treatments. For
example, the aggressive use of immunosupression and autologous stem cell
transplantation resulted in a lethal infection in a neutropenic scleroderma patient
[85]. Pneumonia has been reported with cyclophosphamide and corticosteroid
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use [86], and local infections have been reported in 10% of patients receiving
subcutaneous relaxin [87].

Infections as a cause of death

In scleroderma patients, pulmonary complications cause 17% to 24% of the
mortality [88,89]. Pneumonia has been described in scleroderma patients who
died of pulmonary involvement [5]. In the Swedish scleroderma cohort studied
by Hesselstrand et al [5], approximately 12% of deaths were caused by
pneumonia and severe lung fibrosis occurring simultaneously. Aspiration pneu-
monia has also been described as a cause of death in scleroderma patients with
esophageal involvement, often producing adult respiratory distress syndrome
[13,82]. Unlike SLE, however, there are no conclusive data regarding infections
as a predictive factor of mortality in scleroderma [5,88—91].

TBypes of infections ocurring in scleroderma

Bacterial infections

Data about common bacterial infections in patients with scleroderma are limited
to case reports. Group G streptococcus pyomyositis was described in a patient with
scleroderma who was receiving chlorambucil [92], and soft tissue S aureus
infection around multiple calcific lesions was reported in a patient with sclero-
derma and a long history of Raynaud’s phenomenon [84]. Another scleroderma
patient with lower gastrointestinal tract involvement was reported to have
developed bacterial peritonitis secondary to colon perforation [93].

M avium intracellulare, an opportunistic infection, was the cause of septic
arthritis in a scleroderma patient; he did not respond to medical treatment, refused
surgical intervention, and went on to develop osteomyelitis and subsequently Char-
cot’s arthropathy [94]. An ocular infection secondary to nocardia was described in
a scleroderma patient receiving a moderate dose of corticosteroids [95].

A report from Japan describes an increased frequency of Heliobacter pylori
infection in patients with scleroderma; a possible role of this infection in
esophageal dysfunction has been suggested but remains unproven for now [96].

Viral and fungal infections

There are no reported cases of viral infections complicating the course of
scleroderma. Nevertheless, Epstein-Barr virus and CMV have been described as
triggering the onset of scleroderma, particularly in pediatric patients [97,98], and
parvovirus B19 DNA has been detected in patients with scleroderma, but the
clinical correlate of this finding is unclear at the present [99]. P carinii pneumonia
has been reported in some patients with scleroderma. This infection is rare but
has a rapid and usually fatal course. Therefore, an early diagnosis in patients with
respiratory failure is important if the survival rate is to be improved [100].

Esophageal fungal infections have been described with the same frequency in
scleroderma patients with and without esophageal involvement [101]; treatment
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of these fungal infections, however, is not followed by improvement of
esophageal motility.

Infections in polymyositis/dermatomyositis

Predisposing factors

Patients with PM/DM have a host of predisposing factors placing them at risk for
developing infections. These factors include upper esophageal involvement, tho-
racic muscle myopathy, calcinosis cutis, and the use of immunosuppressive drugs.

Some patients with PM/DM have involvement of the striated muscle of the
hypopharynx and the upper third of the esophagus resulting in altered swallow-
ing, gastroesohageal reflux, and aspiration and a greater risk of developing
aspiration pneumonia [6,7,13,80,102,103]. Likewise, the myopathy affecting the
thoracic muscles, present in less than 5% to 10% of PM/DM patients, creates
difficulty in handling bronchial secretions [6,7,102]. This difficulty may lead to
the development of atelectasis and ventilatory insufficiency [7,103]. This
ventilatory compromise can worsen the course of aspiration pneumonia, thereby
increasing the risk of death from this complication [7,103].

Calcinosis cutis, frequently described in patients with juvenile dermatomyo-
sitis [6,102], is a known risk factor for the development of staphylococcal soft
tissue and dermal infections around calcinotic lesions [104—106]. This risk
probably results from the decreased granulocyte chemotaxis to S aureus that
has been described in these patients [106]. These infections may cause severe
growth retardation of the extremities and significant functional impairment, thus
worsening the course of the disease [105].

To date, there are no large-scale studies comparing the use of immunosup-
pressive drugs and the incidence of infections. Reported case studies, however,
suggest that the simultaneous use of corticosteroids and immunosuppressive
drugs in the treatment of PM/DM could increase the risk of infections [107]. For
example, a PM/DM patient treated with methotrexate (22.5 mg/week) and
prednisone (50 mg/day) developed PCP [107], and a pediatric patient with severe
dermatomyositis treated with methotrexate (25 mg/week) and prednisone
(150 mg/day) developed disseminated nocardiosis [108].

Infections as a cause of death

Malignancy [6,7,102,109] and pulmonary complications [6,7,102,109,110] are
the main causes of death among patients with PM/DM. Aspiration pneumonia is
one of the most common pulmonary complications [6,7,13,102,103,109,110] and
causes of death in PM/DM patients [7,103]. In the study published by Marie et al
[7], aspiration pneumonia was reported in 17% of all PM/DM patients and was
responsible for 30% of the mortality. Aspiration pneumonia has emerged as an
independent predictive factor for PM/DM deterioration and as a risk factor for
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death in PM/DM patients. Therefore, patients with esophageal and respiratory
compromise should be diagnosed and treated early to decrease the probability of
a fatal outcome [6,7,13,80,102,103].

Types of infections ocurring in polymyositis/dermatomyositis

Bacterial infections

Aspiration pneumonia, produced by Gram-positive and anaerobic bacteria,
is the most common infection, occurring in 15% to 20% of PM/DM patients
[7,103].

S aureus infections involving the soft tissue and skin around calcinotic lesions
are frequently described in patients with juvenile dermatomyositis and calcinosis
cutis [104,106]. Other bacterial infections in dermatomyositis constitute only
isolated reported cases. For example Strepfococcus pyogenes myositis has been
described in patients with juvenile and adult DM with or without calcinosis; in
these patients the myopathy probably favored the bacterial colonization of
muscle from bacteremia originating in dermal lesions [111,112].

Among the opportunistic infections, disseminated Nocardia brasiliensis
involving the skin and the lungs was reported in a pediatric patient receiving
immunosuppressive therapy with methotrexate and prednisone for severe derma-
tomyositis [108], and extra pulmonary infections produced by Mycobacterium
tuberculosis and generalized M avium intracellulare have been described in
patients with PM/DM [113,114]. Although opportunistic infections in these
patients are uncommon, early diagnosis and adequate treatment are essential to
improve survival.

Viral infections

Herpes zoster is a common viral infection in patients with PM/DM and usually
occurs during periods of disease inactivity [115]. Cytomegalovirus is an uncom-
mon opportunistic viral infection in patients with PM/DM; however, some cases
of severe and fatal infection, such as interstitial pneumonia, have been noted in
patients receiving corticosteroid or immunosuppressive therapy [116,117]. Some
studies have demonstrated a temporal relationship between coxsackie virus,
parvovirus B19, hepatitis C, and other enterovirus infections and the onset of
PM/DM; however, the role of these pathogens in the etiology of PM/DM remains
speculative [118—120].

Fungal infections

Preumocistis carinii pneumonia is frequently fatal in patients with PM/DM.
This infection has a rapid and severe course, and most patients require critical
care support [71,121]. Known risk factors for the development of PCP are
interstitial pulmonary disease [72], lymphopenia [71,72,121], and the use of
corticosteroids [71,121] and immunosuppressive drugs [71]. Based on the often
fatal course of PCP, patients with these risk factors can benefit from the initiation
of PCP prophylaxis although there are no definite published guidelines.
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Candidiasis is another fungal infection occurring in patients with dermato-
myositis. In a very large study of more than 40,000 patients with various skin
disorders, the frequency of mucocutaneous candidiasis was three times higher in
patients with dermatomyositis, bullous pemphigous, tinea inguinalis, or condy-
lomata acuminata than in the general population, suggesting that pre-existing
dermal involvement may increase the susceptibility of patients with dermato-
myositis to this infection [122].

Finally, disseminated histoplasmasis involving the muscles and fascia has
been reported in a patient with dermatomyositis being treated with corticosteroids
and methotrexate who was initially thought to have a disease flare [123].

Summary

In SLE, scleroderma, and PM/DM, infections are important causes of morbid-
ity and mortality. This increased risk of developing infections is the result of
immune abnormalities and of organ system manifestations associated with these
diseases and their treatments. Common bacteria are responsible for most mild and
lethal infections; however, opportunistic microorganisms cause death in some
patients, particularly in those receiving high doses of corticosteroid and immu-
nosuppressive therapy. Various viral and fungal infections also contribute to the
morbidity and mortality associated with these diseases. Regardless of the cause of
infections, adequate and prompt recognition and proper treatment of the infected
patient are imperative. Thus, patients with these diseases, especially when
receiving high doses of corticosteroids and immunosuppressive therapy, need to
be monitored closely for these infections. This care and concern is necessary to
ensure optimal patient outcomes, both in terms of morbidity and mortality.
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