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Abstract

Purpose of review—To describe the incidence and management of various infectious arthritides
in selected primary immunodeficiency states.

Recent findings—Joint complications have been a well recognized finding in patients with
primary immunodeficiencies for many years. Many are clearly infectious in etiology, but other
apparently noninfectious joint abnormalities similar to rheumatoid arthritis have been shown to be
due to an underlying infectious trigger. In humoral immunodeficiencies such as common variable
immunodeficiency and X-linked agammaglobulinemia, bacterial organisms are the most common
causes of infectious arthritis, but mycoplasmas and ureaplasmas are also of particular importance.
In nonhumoral immunodeficiencies, noninfectious inflammatory arthritides are more prevalent,
although microbiologic organisms have been reported in some cases of arthritis. Lack of appropriate
culturing techniques and documentation of infectious agents may underestimate the prevalence of
low-virulence infections in these patients.

Summary—Infectious arthritis is a significant comorbidity associated with primary
immunodeficiencies and can be the presenting feature for some patients. Prompt examination for
common as well as atypical organisms is not only important for the treatment but also crucial to the
understanding of the exact etiology of arthritides as a whole in these disorders.
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Introduction

Primary immunodeficiencies represent a heterogeneous group of genetically based immune
defects of the innate and adaptive immune system. The resulting diseases can be defined
broadly as disorders of T-cell immunity, B-cell (antibody) production, combined defects,
complement, or the phagocytic systems. Given the risk of invasive infections, delay in
diagnosing these diseases can have serious consequences including bacterial, fungal or viral
infections of the joints, bones, and supporting tissues. The present study will concentrate on
the infectious rheumatic complications of the primary immunodeficiencies, focusing on the
common infectious organisms involved in selected deficiencies (Table 1), and followed by
diagnostic and treatment considerations.
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Infectious arthridites in humoral immunodeficiencies

For somewhat unclear reasons, the majority of infectious complications that involve the joints
in immune deficiency are due to defects of antibody production. Humoral immunity is
characterized by antibody production against a variety of extracellular microbes that is
necessary for their neutralization and elimination. Although patients with primary antibody
deficiencies are most susceptible to recurrent infections of the sinopulmonary tract, other
infections also occur, including meningitis, osteomyelitis, cellulitis, conjunctivitis, hepatitis,
and gastroenteritis [1-4]. Compared with other congenital immune defects, bone and joint
infections are seen more commonly in patients with common variable immunodeficiency
(CVID) and X-linked agammaglobulinemia (XLA) [1-4]. Although occurrence of arthritis in
patients with immunoglobulin G (IgG) subclass deficiencies is not well documented, Beard et
al. [5] analyzed IgG subclass levels in a group of 15 children with septic arthritis and
osteomyelitis and discovered that four patients had 1gG subclass concentrations below the fifth
percentile for age despite normal total immunoglobulin levels, suggesting that minimally
impaired antibody production may still have predisposed a number of these children to develop
joint infections.

Common joint organisms

The same organisms that commonly infect the sinopulmonary tract in humoral immune
deficiency are those isolated from joints — Staphylococcus aureus and encapsulated organisms
such as Streptococcus pneumoniae and Haemophilus influenzae [3]. Bacterial infections of the
joint are the most likely reason for acute arthritis in patients with hypogammaglobulinemia
and, in some cases, are the presenting symptom that leads to the diagnosis of immune
deficiency. For example, Peters et al. [6] described a young boy who had two episodes of
pneumococcal arthritis with two different serotypes of S. pneumoniae at 3 and 5 years of age.
Given that streptococcal joint infections are uncommon in children over the age of 2 years, an
immunodeficiency was suspected and the child was subsequently diagnosed with XLA. In
another case, septic arthritis with H. influenzae, an uncommon invasive organism, was the
herald infection that led to the diagnosis of CVID in an adult patient reported by Hawkins et
al. [7].

Mycoplasma and Ureaplasma infections

Complicating the diagnosis of septic arthritis is the difficulty of culturing causative organisms
in each case. This difficulty in distinguishing actual infections from synovial or joint
inflammation can pose a problem for these congenital immune defects. With improved culture
methods and more advanced laboratory techniques, atypical agents such as mycoplasmas and
ureaplasmas, generally considered nonpathogenic organisms in immunocompetent
individuals, have been implicated as the responsible organisms in many cases of arthritis in
patients with CVID or XLA [8-14]. Furr et al. [10] reported observations on a cohort of 91
patients with hypoglobulinemia followed over 20 years. Twenty-one patients (23%) developed
septic arthritis during this time period and either mycoplasmas or ureaplasmas or both were
recovered from the joints of eight (38%) of these patients. Franz et al. [9] analyzed a cohort of
patients with primary antibody deficiency including CVID and XLA who were on regular
replacement immunoglobulin therapy. Although no patient developed an acute bacterial
arthritis when on treatment, 18 (5%) of the 358 patients developed a chronic arthritis, and
mycoplasmas were cultured from synovial fluid or tissue samples in most of these patients.
Mycoplasmal arthritis has also been reported as the presenting feature in XLA [9] and CVID
[11,13].

Of the 14 species of Mycoplasma known to cause human disease, five have been isolated from
the joints of patients with hypogammaglobulinemia and arthritis including Mycoplasma
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pneumoniae [8-11,14], M. salivarium [9,10,12], M. hominis [9,10,13,15], M. orale [16], and
M. felis [17]. Ureaplasmas are the most frequently isolated organisms and Ureaplasma
urealyticum has been implicated in numerous reported cases of septic arthritis in patients with
antibody deficiency [9,10,15,18-26]. Increased susceptibility to colonization with
mycoplasmas in patients with hypogammaglobulinemia has been demonstrated [10] and might
be explained by the lack of protective antibodies at mucosal surfaces. The possibility of better
mucosal colonization in patients lacking sufficient antibodies may also account for the
increased risk of dissemination from the respiratory and urogenital tracts to the joints and other
distant sites in these patients. It is not fully understood why Mycoplasma species have a
tendency to infect the joints of these patients, but in-vitro work has suggested that minor trauma
common to large joints attracts neutrophils. Neutrophils have been shown to take up
mycoplasmas into phagocytic vacuoles in the absence of specific antibodies where they remain
viable and are subsequently released into joint spaces [27]. Additionally, synovial fluid is
presumed to be a favorable environment in which mycoplasmas can grow.

Other pathogens

Chronic enteroviral meningoencephalitis used to be a well recognized complication in patients
with XLA,; in some cases, the chronic clinical syndrome included a dermatomyositis-like
illness with joint stiffness and skin changes [28,29]. The chronicity of this infection is
illustrated by one patient with XLA and echovirus 11-induced arthritis who developed
persistence of virus in joint effusions for 6 months and demonstrated evidence of central
nervous system involvement 30 months later [30]. The majority of published studies are on
patients who are on immunoglobulin replacement or only on intramuscular immunoglobulin;
the widespread use of intravenous immunoglobulin (1VV1g) is thought to have almost eradicated
enteroviral infections in these patients [31]. Other less common pathogens causing joint
infections have been described including Pneumocystis carinii (now jiroveci) osteomyelitis in
CVID [32], Chlamydia pneumoniae arthritis in a patient with CVID [33], and adenovirus type
1 joint infection in another patient with immunodeficiency [34].

Noninfectious arthritides in humoral immunodeficiencies

Classical rheumatoid arthritis (RA) may occur in hypogammaglobulinemia, but is uncommon.
Inan analysis of 248 patients with CVID, five patients had concurrent RA and four had juvenile
RA [1,2]. Classical RA is even more uncommon in XLA [35,36], a situation that has attracted
attention as removing B-cells by rituximab leads to improvement in RA in immunocompetent
individuals [37¢].

However, a form of joint inflammation that resembles RA has been seen in 10-30% of patients
with CVID of XLA prior to the institution of immunoglobulin therapy [38]. For unclear
reasons, immunoglobulin treatment rapidly resolves the joint abnormalities in many cases
[39], leading to the assumption that still unrecognized infectious causes are possible.
Alternatively, an anti-inflammatory effect of the immunoglobulin may also be responsible for
the rapid resolution of these joint arthritides.

Infectious arthritis in other immune deficiency syndromes

Although patients with humoral immunodeficiency are more likely to develop joint, bone and
connective tissue infections, and chronic arthritis, other immunodeficiency diseases associated
with a lack of sufficient antibody can lead to similar complications. However, as the cases of
arthritis in CVID and XLA have described, the infecting organisms have not always been
documented, leading to a potential overlap between infectious and noninfectious ases.
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Wiskott—Aldrich syndrome

Wiskott—Aldrich syndrome is an X-linked recessive disorder characterized by eczema,
thrombocytopenia, and immunodeficiency with decreased antibody production and T-cell
activation and regulatory cell dysfunction. Owing to lack of anticarbohydrate antibody and
appropriate regulatory controls, infections and autoimmune and inflammatory complications
are commonly noted [40]. In one study [41] of 55 patients, 29% developed arthritis, though
this arthritis was classified as nonbacterial joint edema and no organism was identified in this
patient group.

Hyperimmunoglobulin M syndrome

X-linked hyperimmunoglobulin M (hyper-IgM) syndrome is another uncommon primary
immunodeficiency caused by mutations in the CD40 ligand gene, resulting in defects in CD154
expression, CD40 signaling, and defective isotype switching. Owing to the lack of IgG
antibody, patients develop infections with encapsulated organisms similar to those found in
XLA and CVID; males with this immune defect are also subject to inflammatory arthritis, often
with no clear organism documented. In a study [42] of 56 patients with X-linked hyper-IgM,
six patients had arthritis with unclear microbial etiology. Aseptic arthritis has also been
described in patients with an autosomal recessive form of hyper-lgM due to mutations in the
gene encoding for activation-induced cytidine deaminase (AID) [43].

Interleukin-1 receptor-associated kinase-4 deficiency

Interleukin-1 receptor-associated kinase-4 (IRAK-4) deficiency is a more recently described
immunodeficiency affecting the toll-like receptor pathways that leads to increased risk of
recurrent invasive pyogenic infections such as S. pneumoniae [44¢]. Given the impaired
antibody-mediated and innate immunity, pneumococcus can be harbored in tissue
compartments and lead to septic arthritis. Szabo et al. [45¢] described a boy who developed
purulent arthritis of the hip joint at 3 years of age, and later developed meningitis at 5 years of
age with the same persistent strain of S. pneumoniae serotype 14.

Chronic granulomatous disease

Diagnosis

Chronic granulomatous disease (CGD) is an inherited disorder of the nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase system that leads to neutrophil dysfunction,
predisposing patients to pneumonia and skin infections. Osteomyelitis is another commonly
documented complication, affecting 25% of 368 patients in the United States CGD registry
and 16% of patients in a recent Italian study [46<]. Organisms common in CGD include S.
aureus, Aspergillus, Burkholderia cepacia, Candida spp, Serratia spp, Klebsiella, and
Salmonella [47]. In most cases, however, these are primarily skeletal versus joint infections,
although a predisposing joint infection may have been involved [48].

In patients with immunodeficiency, infectious arthritis can present as a monoarthritis or a
polyarthritis, though multiple joint involvement is usually associated with a delay in diagnosis
and treatment [26]. Large joints such as the knees, shoulders, elbows, and hips [9-15,17,18,
25,26] are most frequently affected, although involvement of small joints such as those in the
hands and feet has also been described [9-11,14,23]. A purulent effusion is often present in
cases with a bacterial etiology and patients are typically acutely ill. However, in mycoplasmal
arthritis, extra-articular findings are generally rare and a joint infection with Mycoplasma
frequently occurs without causing systemic symptoms or purulence in the joint. An interesting
feature that has been reported in patients with mycoplasmal arthritis is the presence of
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subcutaneous nodules that often occur on the ulnar regions of the forearm and regress when
the mycoplasmal arthritis is effectively treated [9,11,13,14].

Synovial fluid from affected joints should be promptly aspirated and cultured. In patients with
primary immunodeficiency, early suspicion of a mycoplasmal infection is crucial to ensure
that appropriate culture media for mycoplasmas and ureaplasmas are utilized, bearing in mind
that certain individual species necessitate special culture conditions. In fact, some mycoplasmal
species may require additional nonculture methods such as a polymerase chain reaction assay
[22], 16S rRNA sequence analysis [16], or DNA hybridization [23] to identify the particular
organism. Cultures may need to be incubated for a minimum of 6 weeks.

Treatment of infectious arthritis may necessitate a combination of appropriate antimicrobials,
immunoglobulin and, possibly, anti-inflammatory agents. Joint drainage is an important
component of treatment in bacterial arthritis and should be performed whenever possible.
Therapy should be initiated as soon as possible as a delay in diagnosis and treatment may result
in irreversible joint damage [11,13,23]. This complication was illustrated in a case of a woman
who initially presented with mycoplasmal arthritis [13]. As the patient had not yet been
diagnosed with an immunodeficiency, Mycoplasma and Ureaplasma were not considered.
Effective treatment was delayed and she progressed to develop radiographic evidence of
destructive changes of the wrists, carpal bones, knees, hips, shoulders, and ankles.

The initial choice of antibiotics for acute bacterial arthritis should be based on the most likely
organisms causing the infection and the result of the Gram's stain. If S. aureus is suspected,
treatment with vancomycin should be administered given the increasing incidence of
methicillin-resistant S. aureus. For other organisms, a third-generation cephalosporin would
be the antibiotic of choice until speciation and susceptibility results are obtained. Because
mycoplasmas are a common cause of infectious arthritis in patients with primary
immunodeficiency, antibiotic treatment against Mycoplasma should be initiated early in all
cases of bacteriologically negative cultures. The majority of Mycoplasma infections respond
to standard antibiotic therapy with tetracyclines [12,21]; if necessary, antibiotic treatment can
be continued for a prolonged period of 2—6 months in these patients [11,16,18].

Immunoglobulin therapy

Patients with immunodeficiency who are on regular replacement 1V Ig therapy are at decreased
risk of developing acute bacterial arthritis [9]. Nevertheless, published studies [23,26] suggest
that, while mycoplasmal arthritis can develop on inadequately dosed 1V1g therapy, it can also
be seen in patients on standard 1VIg [9,16,18,19,25], presumably because of inadequate
immune means of clearing these infections. Therefore, careful maintenance of 1gG levels
within the normal range on standard IVIg may not eliminate the risk of mycoplasmal arthritis
in these patients.

Other therapies

Recalcitrant cases of widespread mycoplasmal arthritis due to a delay in diagnosis or the
development of antibiotic resistance have been reported [9,15,25]. The rapid development of
resistant organisms was illustrated by Lehmer et al. [23], who reported an unusual case of U.
urealyticum arthritis in CVID that was resistant to multiple antibiotics and persisted for 5 years
before the patient finally responded to the macrolide antibiotic rosaramicin. However, in cases
where there is little or no response to longer courses of various combinations of antibiotics,
treatment with hyperimmune animal serum has been shown to be effective [9].
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The role of anti-inflammatory agents in infectious arthritis in immunocompromised patients
is unclear. Treatment with aspirin was attempted in a patient with XLA with echovirus 11-
induced arthritis who failed treatment with 1VIg and an intra-articular injection of 1VIg with
neutralizing titers of echovirus [30]. The patient did have resolution of his joint effusions 3—-4
months later, but it remained unclear whether this was due to aspirin, continued treatment with
IVIg, or the natural resolution of the disease. In rare instances, such as in patients with Wiskott—
Aldrich syndrome, short courses of oral steroids may be indicated, provided appropriate
antibiotics are already in place.

Conclusion

Our current knowledge of septic arthritis in patients with primary immunodeficiencies stresses
the importance of early detection and antimicrobial intervention. Bacterial organisms are
common etiologic agents, whereas nonbacterial organisms are less common but have been
reported. For those with antibody deficiency, mycoplasmal involvement is relatively frequent
and should be strongly considered in cases of bacteriologically negative cultures of synovial
fluid. An impaired immune system can lead to occult and prolonged joint infections, which
can cause erosive joint space destruction and possible invasive skeletal and systemic infection.
Therefore, an increased suspicion of infectious arthritis in patients with primary
immunodeficiency is essential.
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Organisms common in osteoarticular infections in immunodeficient patients
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Antibody deficiencies Staphylococcus aureus®
X-linked agammaglobulinemia Streptococcus pneumoniae"’1
Common variable immune deficiency Haemophilus influenzae®
1gG subclass defects Mycoplasmaa

Ureaplasmaa

Echovirus®

Chronic granulomatous disease Staphylococcus aureus
Aspergillusa
Burkholderia spp
Serratia spp?
Candida spp
Salmonella
Escherichia coli

Interleukin-1 receptor-associated kinase-4 deficiency Staphylococcus aureus

Streptococcus pneumoniae®

a . . - . . .
Documented isolation from joints and/or bone in published literature.

1gG, immunoglobulin G.
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