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Abstract Progress in the diagnosis and management of pe-
diatric rheumatic disease has improved complications from
underlying disease and the survival of children. However, as a
consequence, infection has now become one of the leading
causes of morbidity and mortality. Differentiating between
infections and disease flares in children with rheumatic con-
ditions can often pose diagnostic quandaries. Children with
rheumatic diseases are at risk of infection, not only because of
the use of immune-modulating medications but also because
of underlying immune dysfunction associated with their dis-
ease. Although bacterial infections are the most common, any
organism can potentially be a causative agent and, at times,
more invasive measures of diagnosis, for example bronchos-
copy and tissue biopsies may be necessary. Maintaining a high
index of suspicion of infection with prompt diagnosis and
treatment are important to further improve patient outcomes.
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Introduction

Infections that occur in childhood rheumatic diseases often
pose diagnostic and therapeutic quandaries. The immunologic
dysfunction inherent in these autoimmune diseases and use of
the immunosuppressive medication required for their treat-
ment increase the risk of infections in these patients. With
advances in treatment and improved survival, infection has
gained prominence as etiology for morbidity and mortality of
these diseases. As such, a high index of suspicion of infection
must be maintained at all times in their management. Disease
flare and infectious processes may mimic each other with
similar clinical presentations and laboratory findings and thus
be difficult to distinguish. Infection itself can aggravate the
underlying disease and the resulting disease flare can further
increase the risk of morbidity and mortality [1-3, 4e°].

The most frequent infections are bacterial, but any organ-
ism can potentially be a causative agent. Multiple factors are
important to consider when identifying a potential causative
organism, including travel history, residence in endemic
areas, exposure to sick contacts, environmental exposure,
and medication use.

There is limited literature, primarily case reports, on in-
fections in this patient population. This review will discuss
the risk factors, differential diagnosis, diagnostic tools, and
management of infections in pediatric rheumatic diseases.

Morbidity and Mortality

Complications from underlying disease and the survival of
children with rheumatic conditions have significantly im-
proved with the earlier recognition and diagnosis of disease,
use of a more aggressive therapeutic approach, and the intro-
duction of more effective medications. As a consequence
infection has now become one of the leading causes of
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morbidity and mortality [1, 2]. Several small cohort disease-
specific studies of patients before 1990 revealed high mortal-
ity of children with rheumatic conditions, with five-year sur-
vival of children with SLE ranging from 83-95 %, and 10-
year survival from 76-95 % [3]. However in a more recent
large systematic mortality outcome study of pediatric rheuma-
tology patients in the US, Hashkes et al. noted markedly
improved survival in several rheumatic conditions, for exam-
ple SLE, with 5 and 10 year survival of 99.6 % and 99.7 %
respectively. It was postulated these results were because of
improved treatment and the short follow-up time, but an
underestimate of mortality [4+¢]. Similarly, in their review of
systemic vasculitis, Phillip et al. [5] demonstrated falling
mortality. Adult studies suggest that intensive care unit
(ICU) mortality of patients with rheumatic conditions is pri-
marily attributed to infections [6]. A recent pediatric study
[7¢°] by Radhakrishna et al. analyzing 122 admissions of 90
critically ill pediatric rheumatology PICU (pediatric ICU)
patients at a single tertiary center emphasized the importance
of infection. Although most PICU admissions (50 %) were
rheumatic disease-related, 15 % were for combined infection
and rheumatic disease and 21 % were for infection alone. Nine
of the admissions involved multiple infections, with nearly all
of the infections occurring in patients with SLE. Fifty percent
of the 18 deaths were attributed to concomitant infection and
rheumatic disease and 22 % to infection. Although survival
has improved, morbidity and mortality resulting from infec-
tion remain a serious concern.

Infection Risk

Children with rheumatic diseases are at risk of infection, not
only because of the use of immune-modulating medications
but also because of underlying immune dysfunction associ-
ated with their disease, inadequate response to or inability to
receive immunizations, and organ damage from disease [8,
9]. In children with juvenile idiopathic arthritis (JIA) the rate
of infection is threefold higher than for healthy children.
Beukelman et al. compared infection risk in children taking
tumor necrosis factor (TNF) inhibitors against children tak-
ing only methotrexate, and no significant difference was
found amongst the two groups, irrespective of combined
use of methotrexate with the TNF inhibitors. In contrast,
glucocorticoid use at a dose >10 mgday ' resulted in a
significantly increased rate of infection [10¢]. In a large
adult cohort study of RA patients, significantly higher risk
of infection was demonstrated, with hazard ratios for objec-
tively confirmed infections, infections needing hospitaliza-
tion, and any documented infection of 1.70 (95 %
confidence interval (95 % CI) 1.42-2.03), 1.83 (95 % CI
1.52-2.21), and 1.45 (95 % CI 1.29-1.64), respectively
[11]. There may be a difference in the incidence of infection
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for anti-TNF agents. A Cochrane review in 2011 and the
Dutch Rheumatoid Arthritis Monitoring registry (DREAM)
both showed a lower risk of serious infections for RA
patients treated with etanercept compared with adalimumab
or infliximab, for which rates were similar [12, 13].
Additional risk factors for infection among RA patients
include high disease activity, leucopenia, comorbid condi-
tions, and use of corticosteroids [14, 15]. Among adult and
pediatric SLE (pSLE) patients, predictors of infection are a
high SLE disease activity index (SLEDAI) >12, C3 levels
below 90 mg dL ™', and positive anti-DsDNA. For children,
prednisolone dose, age, and disease duration do not seem to
be predictors of infection [16, 17] though infection was
more likely to occur in patients receiving cyclophosphamide
and a concomitant high dose of prednisolone [9]. Data for
adults is more compelling—the incidence of infection in-
creased from 0.43 to 1.63 per 100 hospital days with in-
creasing doses of steroid from zero to more than 50 mg
day ' [18].

Immune Dysfunction

Different aspects of the immune system are involved in the
increased susceptibility to infections of children with rheu-
matic conditions. Host immunity is affected by corticoste-
roids and immunosuppressive therapy, and by an innately
aberrant immune system. Children with juvenile arthritis
lack the ability to increase specific immunoglobulin levels
to respond to their disease, thereby supporting the concept
of immunodeficiency in these children [19]. Complement
consumption in SLE during active disease impairs bacteri-
olysis and opsonization, increasing the risk of infection with
encapsulated bacteria. Complement deficiency of C2 and
less commonly alleles of C4 or C3 have been found more
often in patients with SLE. These patients might present
with a milder form of disseminated infectious disease, as
complement is needed by bacteria to express fulminant
disease [20]. The reticuloendothelial system is also dysfunc-
tional in SLE, with overall decreased neutrophil function
(chemotactic migration, opsonification, and phagocytosis)
[21]. Fc receptor-mediated mononuclear phagocyte system
clearance is also impaired. Although Fc receptor ligand
binding is increased, Fc-mediated phagocytosis of the re-
ceptor ligand is reduced, with the latter seemingly acquired
with disease onset. This may contribute to the in-vivo clear-
ance defect seen for these patients [22].

Bacterial Infections

Infections caused by bacteria account for most reported
infections of patients with rheumatic conditions. Gram-
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positive cocci (Staphylococcus sp, Streptococcus sp,
Enterococcus) and Gram-negative bacilli (Salmonella sp,
Pseudomona sp, E. coli, Acinetobacter sp, Klebsiella sp)
are the more frequently reported etiologies with the urinary
and respiratory tracts the most commonly affected areas,
respectively. Bacteremia is the most serious infection fre-
quently reported and has led to sepsis and death of hospi-
talized pediatric lupus patients [1, 8, 17, 23]. There are no
guidelines or recommendations for management of fever in
pediatric rheumatology patients. Obtaining blood, urine, and
if indicated, throat cultures from these children before initi-
ating use of broad-spectrum antibiotics is important (per-
sonal communication). For high-risk individuals, in
particular, central line and peripheral cultures should be
obtained for a series of three consecutive blood cultures to
improve the likelihood of identifying an organism. If fever
spikes continue despite antibiotics, a blood culture drawn
daily for two or three days may be appropriate. An echocar-
diogram is essential in the event of unexplained fever of
children with rheumatic conditions, because, in our experi-
ence, bacterial and fungal endocarditis have been identified
in the absence of other findings. Prompt initiation of empiric
antibiotics that target the most common organisms can be
life saving. Antibiotic coverage can be discontinued after
72 h if cultures are negative, otherwise therapy should be
directed by culture results and sensitivity.

Soft tissue is another common site of infection, with
microorganisms such as Staphylococcus aureus,
Bacteroides sp and Enterococcus sp as causative agents
[17]. Direct tissue culture should assist in guiding ther-
apy accordingly.

Use of laboratory studies to differentiate disease flare
from infection is difficult. Erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) can both be elevated,
although high CRP with a moderately lower ESR, is con-
sidered more suggestive of an infection than a disease flare.
However, one must be mindful that this can also signify
macrophage activation syndrome (MAS). CRP is may be
lower in the presence of disease flare, because of defective
production of the protein, or in an SLE renal flare, reflective
of increased consumption by immune complexes [24, 25].
In a small study of children with fever, limping, and suspi-
cion of osteomyelitis and/or septic arthritis, procalcitonin
(PCT) was shown to be more specific than ESR and CRP
for identification of infection. Levels of PCT were not
elevated in patients ultimately diagnosed with either juve-
nile idiopathic arthritis (JIA) or reactive arthritis [26]. Larger
studies are needed to corroborate these findings. The
phagocyte-specific S100 protein family may help differen-
tiate disease flare in rheumatic conditions. In adult SLE,
elevated levels of phagocyte-specific SI00A8/A9 protein
correlate with disease flare and, when used in conjunction
with CRP, can assist in differentiating between disease flare

and infection [27]. Among children with systemic onset JIA
and FMF, S100A12 was 145 and 135-fold higher, respec-
tively, than in healthy controls. It was also comparatively
elevated in patients with systemic infections, childhood
leukemia, Muckle—Wells syndrome, and neonatal onset
multi-inflammatory disorder. It may be a useful tool for
differentiation of children with fever of unknown origin
[28].

Aspiration pneumonia, particularly in dermatomyositis and
limited and/or systemic scleroderma patients with esophageal
dysmotility or severe gastroesophageal reflux, should be con-
sidered [29]. The abrupt onset of respiratory symptoms with
prominent dyspnea, low-grade fever, and infiltrates on chest
radiograph, raise suspicion of this entity. Treatment should
cover upper airway and gastric bacteria, for example anaer-
obes and streptococci sp.

Involvement of the central nervous system (CNS) can be
particularly difficult to differentiate from a disease flare in
patients with different forms of vasculitis, because both can
present with seizures, psychosis, headaches, and vomiting
[30]. Most cases of meningitis have a bacterial etiology.
Several organisms have been implicated, including
Mpycobacterium tuberculosis, Kingella kingae, Listeria
monocytogenes, S. pneumonia, and S. intermedius [1, 5, 6,
7ee, 30]. Cerebral spinal fluid (CSF) analysis with Gram stain
and culture is critical for diagnosis, although additional CSF
studies may be necessary to differentiate between bacterial
infection and a disease flare. Analysis of antibodies and cyto-
kines, for example serum anti-ribosomal P, CSF anti-neuronal
antibodies, IgG synthesis, oligoclonal bands, IL-6, and IL-
8 may be elevated in patients with autoimmune mediated CNS
disorders [31]. Lactate levels may also be helpful in differen-
tiating bacterial meningitis from immune-mediated manifes-
tations, because they can be elevated by bacterial etiologies
whereas immune-mediated manifestations do not affect serum
levels of lactate. However levels in children can vary with age,
and studies of reference values are limited [32].

Pericarditis and pleural effusions are indicative of several
rheumatologic conditions and infections can sometimes be
overlooked. Worsening chest pain, shortness of breath, and
unresponsiveness to standard anti-inflammatory therapy
should make one suspect an infectious etiology. S. pneumo-
nia, S. aureus, and Klebsiella are some of the more com-
monly reported microorganisms causing pericarditis in
children with rheumatic conditions [1, 5, 7¢¢]. In sexually
active patients, Neisseria gonorrheae should be considered.
Neisseria pericarditis and endocarditis have seldom been de-
scribed in the literature [33, 34], but disseminated disease in
young women with SLE is well reported. Young females aged
19-25 with renal disease and low complement levels are more
commonly affected by Neisseria sp. irrespective of cortico-
steroid dosing. Routine immunization against Neisseria men-
ingitides is recommended [21].
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Infection with Mycobacterium tuberculosis has been as-
sociated with the use of several medications used in pediat-
ric theumatology, but more notably with anti-tumor necrosis
factor (TNF) therapy [35]. As such the American College of
Rheumatology (ACR) recommends screening of all patients
for M. tuberculosis before initiation of therapy. Tuberculin
skin test is the recommended screening test for tuberculosis
(Tb) although, given rates of false negativity in patients with
immune dysregulation, other tests, for example the
QuantIFERON-TB Gold test and the T spot TB may prove
useful aids in further identification of active or latent
TB. M. tuberculosis can mimic rheumatic diseases and
confound diagnosis, especially when the affected organ
is extrapulmonary. There are a handful of reports of
tuberculosis presenting as oligoarticular arthritis in children
without evidence of systemic disease [36, 37]. Sayarlioglu et
al. reported that 45 % of their SLE patients with tuberculosis
presented with extrapulmonary disease (vertebral, joint, soft
tissue, and meningeal [38], suggesting that almost half of
patients that present with tuberculosis, can present with atyp-
ical manifestations.

Listeria monocytogenes has been reported in several pa-
tients with SLE and other forms of vasculitis, for example
granulomatosis with polyangiitis. Tobon et al. described five
cases of Listeria monocytogenes in an SLE cohort of 174
patients with a mean age of 19 years. All patients were well
controlled on immunosuppressive therapy with glucocorti-
coids and a steroid-sparing agent. Two of the five patients
presented with headache and nuchal rigidity and one patient
presented with new onset seizures without nuchal rigidity. Two
presented with fevers and chills only, and L. monocytogenes
grew on routine blood cultures [39]. History of ingestion of
unpasteurized milk or soft cheeses should increase one’s sus-
picion of this infection and prompt empiric antibiotic coverage
with ampicillin, or trimethoprin-sulfamethoxazole if the patient
is allergic to ampicillin.

Viral Infections

Similar to bacterial infections, new onset viral infections are
a concern in pediatric rheumatic diseases. In addition, the
potential for exacerbating an underlying viral infection with
immunosuppressive therapy exists and may result in recur-
rent or chronic infections. The advent of biological agents,
many of which target pro-inflammatory cytokines, has made
an impact in further heightening concern about these infec-
tious complications [40].

Chronic hepatitis B and C infections are worldwide prob-
lems that can lead to cirrhosis, hepatocellular carcinoma, and
death [40]. Hepatitis A has been reported with macrophage
activating syndrome (MAS) in systemic JIA [41]. In theumat-
ic patients higher prevalence of infectious hepatitis is seen in
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those living in endemic areas [40]. There is limited literature
on the effects of immunosuppression on hepatitis infections in
rheumatic diseases in general and pediatric rheumatic diseases
in particular, although it has been well described in neoplastic
conditions and in transplant patients [40, 42]. Although the
occurrence of hepatitis is of most concern with use of biolog-
ical agents, particularly anti-TNF agents [40, 44], hepatitis B
reactivation has also been noted with disease-modifying anti-
rheumatic drug (DMARD) use [43, 44] and before the start of
therapy [45]. In the 2011 American College of Rheumatology
(ACR) safety monitoring recommendations for treatment of
JIA, antibody testing for infection with hepatitis B or hepatitis
C was advocated for high-risk patients before initiation of
methotrexate or TNF-« inhibitors [46¢]. General recommen-
dations for hepatitis screening of patients with rheumatic
conditions include HBsAg, anti-HBs, anti-HBc, HBeAg,
HBYV viral load, anti-HVC, and HCV viral load [44, 45, 47].
In addition, because transaminitis can be seen in reactivation
of disease before clinical symptoms or increased viral load,
this also must be closely monitored [45, 47]. Treatment has
traditionally been with IFN-« though newer oral anti-viral
therapy (lamivudine, telbivudine, entecavir, adefovir, and
tenofovir) is now available [44, 45, 47]. Prophylaxis to pre-
vent reactivation for patients on immunosuppressive therapy
is of crucial importance [44]. The importance of prevention by
immunization cannot be underemphasized. Hepatitis A and B
vaccination is safe for JIA patients and an adequate response is
not affected by immunosuppression except for those with
active systemic JIA on anti-TNF treatment [48, 49].

Similar to adults with rheumatic diseases [40], varicella
zoster infections that can cause chickenpox or shingles in
pediatric rheumatic diseases can be quite devastating.
Patients with juvenile-onset SLE seem at most risk. A retro-
spective review by Lee et al. of 49 children with SLE reported
incidence of 58.7 episodes/1000 patient-years and noted that
renal involvement and lupus activity, but not high-dose ste-
roids or other immunosuppressive agent use, conferred a
higher risk [50]. Although Wu et al. also noted high suscep-
tibility in pediatric SLE, with incidence of 35.7 %, they
observed that patients who had received steroids, particularly
a high cumulative dose, and cyclophosphamide were more
likely to develop the infection [51]. Opastrakul et al. in their
study of pediatric SLE patients with lupus nephritis receiving
oral and pulse IV cyclophosphamide noted a higher risk for
those receiving oral cyclophosphamide (15 %) than IV pulse
therapy (5 %) [9]. Infection has also been seen in long-term
studies of JIA patients receiving anti-TNF medications, with
two of these seen in unvaccinated children [52, 53]. The
purpose of therapy is to limit extensive cutaneous involve-
ment or systemic dissemination that could lead to life-
threatening complications. Ideally anti-viral therapy should
commence within a week of the development of the rash.
Intravenous acyclovir is indicated for those with disseminated
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disease and ophthalmic complications and for those who are
significantly immunosuppressed or unable to take oral medi-
cations. Oral acyclovir, valacyclovir, and famciclovir are usu-
ally sufficient for localized disease if close outpatient follow-
up is possible. In acyclovir-resistant cases foscarnet is
recommended. Traditional analgesics and medications to spe-
cifically address neuropathic pain are important in the man-
agement of varicella zoster infections [54]. Novel VZV
treatments (bicyclic nucleoside analog FV-100, helicase-
primase inhibitor ASP2151, and valomaciclovir) which have
been evaluated in adult clinical trials, may be more effective
and be future treatment options for pediatric theumatic dis-
eases [55]. Vaccination is not recommended for patients re-
ceiving immunosuppressive medications as the live attenuated
virus may pose a risk of infection. Measurement of serum
antibody levels and, when possible, varicella immunization of
un-immunized or seronegative children and adolescents
should be attempted three weeks before the start of immuno-
suppressive therapy.

Primary infection of Epstein—Barr virus (EBV) occurs in
childhood and adolescence and reactivation in children with
rheumatic diseases is of concern for several reasons. EBV
infections can have a clinical course that itself can lead to
significant morbidity, exacerbate the underlying rheumatic
disease, and be associated with MAS [43, 56, 57].
Immunosuppressed patients are also at increased risk of
EBV-associated lymphoproliferative disorder. An increased
viral load has been demonstrated for adult patients with RA
and SLE, suggesting impaired T-cell-mediated control of
EBYV infection [40, 56]. In contrast, an increased viral load
was not seen during prospective monitoring of EBV among
JIA patients treated with methotrexate and tocilizumab or
among adolescents with SLE on immunosuppressive medi-
cations [58, 59]. EBV-associated lymphomas have been
reported for RA patients primarily receiving methotrexate
[40, 60]. Similarly there are case reports of EBV-associated
lymphomas in JIA patients treated with methotrexate and
other immunosuppressive medications [61, 62]. Diagnosis
of primary EBV infection is defined by a serologic response
of a positive IgM antibody titer to the viral capsid antigen
(VCA) or an elevated IgG antibody titer >1:320 in the
setting of a negative EBNA (Epstein—Barr nuclear antigen)
antibody. Antibodies to early antigens (EA) can also be
observed. The serologic response in EBV reactivation in-
cludes elevated IgG antibody to VCA, EA, and EBNA.
Individuals with past infection have a positive EBNA titer
with a low positive VCA antibody titer [63]. However,
traditional serologic testing for EBV infections may be
difficult to interpret for pediatric SLE patients [59, 64] for
whom an altered immune response to EBNA 1 has been
demonstrated [64] and for whom serologic patterns are
indicative of primary or reactivated EBV infection without
a corresponding increased viral load [59]. Because EBV

infection and active SLE may present with similar symp-
toms, establishing the appropriate diagnosis is imperative.
Increasing immunosuppressive therapy to address SLE dis-
ease activity could result corresponding aggravation of EBV
infection [59]. EBV detection by quantitative DNA PCR
measurements on serum, plasma, and tissue, or RNA PCR
in lymphoid cells or tissue, provides more definitive diag-
nosis in pediatric rheumatic conditions [63]. Although ces-
sation or decrease of immunosuppressive medications is
important when addressing EBV infections, this may often
be difficult because EBV infections precipitate flares in
disease [56, 63]. Additional therapeutic strategies include
corticosteroids, anti-viral therapy (acyclovir, ganciclovir, or
valacyclovir) and passive antibody therapy with IVIG.
Monoclonal antibodies (anti-CD20, anti-CD21, anti-CD24,
anti-IL6, and antiTNF), cyclosporine, and etoposide may
sometimes be necessary [56, 63].

The exact involvement of parvovirus B19 in chronic
arthritis and the pathogenesis and onset of JIA [65, 66] is
uncertain, although its association with acute juvenile ar-
thritis and with other autoimmune conditions is well de-
scribed. Severe persistent anemia, thrombocytopenia,
neutropenia, and papulopurpuric gloves-and-socks syn-
drome can also be seen with infections [67]. It has also been
postulated that persisting viral infection, as evidenced by
amplifiable parvovirus DNA in sera years after the acute
infection, in children with rheumatic diseases may per-
petuate immune dysfunction in the infected child [68].
Furthermore there are reports of parvovirus B19-
associated antiphospholipid antibodies in JIA [69, 70].
In the immunocompetent host the preferred diagnostic
test for acute infection is detection of parvovirus B19
IgM in the serum. In the immunocompromised patient,
however, the optimum way of detecting chronic infection is
by nucleic acid hybridization or by parvovirus B19 DNA PCR
assays [67]. Supportive care is important for treatment and at
times a severe aplastic crisis may require transfusion. IVIG is
indicated and can be effective for immunocompromised in-
dividuals [67, 71].

Children and adolescents with rheumatic disease, partic-
ularly those receiving immunosuppressive medication, are
at great risk of serious complications of influenza infections
[72, 73]. Upper respiratory infections are common adverse
events [45, 52, 72, 73] and infection with influenza has been
noted with anti-TNF use. Of greater concern, influenza
pneumonia in a pediatric SLE patient was one of the 11
deaths noted in the 15 year PICU study of pediatric rheu-
matic diseases [7]. A heightened index of suspicion, partic-
ularly during the flu season is imperative, although vigilance
even before reported cases of influenza infection is impor-
tant. Particular attention must also be paid to the develop-
ment of an influenza pandemic, which is the emergence and
global spread of a new influenza sub-type, because this is a
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significant cause of morbidity and mortality [74]. During the
first 72 hours of illness nasopharyngeal secretions, nasal
specimens, or endotracheal aspirate should be obtained for
viral cultures, immunofluorescent, rapid diagnostic tests,
and/or RT-PCR (reverse transcription-polymerase chain re-
action) [74, 75]. Serologic testing may also be performed
but is of limited benefit in the acute setting when rapid
diagnosis and initiation of appropriate treatment is vital.
Supportive measures and surveillance for invasive sec-
ondary infections, especially group A streptococcus,
MRSA, and Streptococcus pneumoniae are integral to
the plan of care [74]. Anti-viral medications for influ-
enza include the adamantanes (amantadine, rimantadine)
and neuroaminidase inhibitors (zanamivir, oseltamivir). Drug
resistance has been noted and recommendations for prophylac-
tic and treatment medication choices for the season are updated
and can be reviewed at www.cdc.gov/flu. Vaccination with
inactivated trivalent influenza vaccines is recommended and
has been found to be safe and efficacious in pediatric rheumatic
diseases [72-75].

Opportunistic Infections

Opportunistic infections pose a unique risk for children with
rheumatic conditions. They are often diagnosed late in their
course when dissemination has already occurred, leading to
greater mortality. In addition, they can be difficult to identify
with routine tests and at times require more invasive studies
to establish diagnosis. The use of multiple immunosuppres-
sive drugs increases the risk of development of these types
of infections.

Aspergillosis has become one of the most common invasive
fungal infections [76, 77]. Since 1980, a 357 % increase in
invasive aspergillosis (IA) has been observed in individuals
with malignancy, organ transplant, primary immunodefi-
ciencies, and rheumatic conditions [78]. In a report of five
cases of IA in SLE by Silva et al., leucopenia, primarily
lymphopenia, and immunosuppressive medications led to a
higher risk of aspergillosis [79]. Retrospective analysis of 139
cases of A (malignancy, organ transplant, immunodeficiency,
and other) in six medical centers by Burgos et al., also noted
that immunosuppressive medications and neutropenia were a
major risk factor [77]. In another retrospective study of lupus
nephritis pediatric patients with treated with IV cyclophospha-
mide, Laoprasopwattana et al., noted opportunistic infections in
12/31 patients, with seven contracting fatal Aspergillosis infec-
tion [80]. The lungs are the most common site of infection, but
any organ system can be affected [77, 79, 80]. Patients with A
often present with non-specific symptoms that are easily con-
fused with disease activity. Clinicians should have heightened
suspicion of continued pulmonary symptoms and infiltrates on
chest X-ray (CXR) after treatment of patients with broad-
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spectrum antibiotics. IA mortality is 50 % [77], and prompt
diagnosis may lead to improved outcomes. Evaluation of TA
often begins with noninvasive studies, for example chest com-
puted tomography, which may reveal nodules and/or cavities
[81]. In 2003, the US Food and Drug administration approved
the galactomannan enzyme immunoassay (GM EIA) for detec-
tion of IA [81]. Bronchoalveolar lavage may yield a positive
culture or a positive GM EIA. If CT is suggestive of IA, but
cultures and detection of antigen are negative, a lung biopsy
may be needed to confirm the diagnosis. Current recommen-
dations from the Infectious Disease Society of America (ISDA)
is treatment with 7 mgkg ' IV voriconazole every 12 h.
Duration of therapy has yet to be established but the IDSA
guidelines recommend a minimum of 6—12 weeks liposomal
amphotericin B, caspofungin, posaconazole, or itraconazole for
patients who are unable to tolerate or who are refractory to
voriconazole [82].

Cryptococcal infection has been reported among pediatric
and adult patients with SLE [83, 84]. In a retrospective review
by Jeng-Juh Hung et al., 17/3165 inpatient SLE patients were
found to have proved CNS infections, 10 of which were
Cryptococcus neoformans [83]. Abnormalities of cell-
mediated immunity and immunosuppressive medications con-
ferred an increased risk of cryptococcal infection [83]. A case
report by Liou et al. also confirmed that immunosuppressive
medications and possibly cell-mediated immunity posed an
increased risk of cryptococcal infection [84]. Most patients
who developed Cryptococcus were receiving glucocorticoids
[83—85]. The common presenting symptoms of headache,
vomiting, seizures, and altered mental status are similar to
those of active SLE CNS disease and can delay diagnosis.
Mortality is 54 % for SLE patients with cryptococcal menin-
gitis. Suspicion should be a high for patients with CNS symp-
toms, persistent fever, and elevated CRP [83, 84]. A lumbar
puncture for CSF analysis should be obtained. Diagnosis of
Cryptococcus can be made by India ink stain and/or cryptococ-
cal antigen test. Amphotericin B with or without flucytosine or
fluconazole has been used in the treatment of cryptococcosis.
For immunocompromised patients the National Institute of
Allergy and Infectious Diseases mycoses study group recom-
mends treatment with amphotericin B for 2 weeks followed by
fluconazole 400-800 mg for 8-10 weeks and fluconazole
200 mg for 612 months [86].

Norcardia has been documented in children with SLE and
JDMS. Similar to other opportunistic infections, multiple
immunosuppressive agents (glucocorticoids in combinations
with DMARDs and/or cytotoxic agents) and intrinsic immu-
nological defects, seem to confer increased risk of developing
norcardiosis [8§7—-89]. Common presenting symptoms are
cough, chest pain, dyspnea, and fever. The primary site of
infection is the lung, followed by the skin and brain. Although
rare, widespread dissemination may occur [88, 90]. Diagnosis
requires the isolation of the species from sputum, blood, CSF,
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or abscess material. Current treatment is trimethoprim—sulfa-
methoxazole for 12 months [91].

Pneumonia secondary to Pneumocystis jiroveci (PCP) is
a common opportunistic infection of immunocompromized
individuals with rheumatic conditions. PCP occurs in pedi-
atric patients with SLE, scleroderma, vasculitis, arthritis,
and myositis [92-96]. There may be an increased risk of
granulomatosis with polyangiitis (GPA) compared with oth-
er rtheumatic conditions [96]. Other risk factors for the
development of PCP are immunosuppressive medications
(cyclophosphamide, glucocorticoids, methotrexate, azathio-
prine, and TNF agonists ) and lymphopenia [92-95]. Most
individuals who develop PCP have recently been or are
currently receiving glucocorticoids [97]. PCP mortality
ranges from 30 to 60 %, and is highest for GPA and inflam-
matory myopathies [98]. Symptoms that should induce high
suspicion include significant respiratory distress, hypox-
emia, and fever. Prompt diagnosis may lead to improved
outcomes. CXR may reveal infiltrates that can be difficult to
distinguish from other bacterial and fungal infections where-
as chest CT reveals ground glass opacifications. Diagnosis
occurs with isolation of Pneumocystis via bronchoalveolar
lavage (BAL). Treatment of PCP depends on disease sever-
ity. Mild to moderate disease is treated with oral trimetho-
prim—sulfamethoxazole for 3 weeks. Severe disease requires
IV trimethoprim—sulfamethoxazole. Currently the effect of
PCP prophylaxis on patients with connective tissue disor-
ders is unclear and there are no guidelines. In clinical
practice, many rheumatologists use prophylaxis for patients
receiving high doses of glucocorticoids and immunosup-
pressive agents.

Endemic Mycosis

Histoplasma capsulatum is endemic to the Midwest and
Southeastern United States. Histoplasmosis has been
reported in individuals with RA, JIA, and SLE [99, 100].
In a retrospective review by Olson et al., individuals who
developed histoplasmosis tended to be on multiple immu-
nosuppressive medication [101].

Coccidiodes is endemic to the deserts of the western hemi-
sphere, particularly the American Southwest, and infection
develops after inhalation of coccidioidal arthroconidia. Initial
clinic presentation includes fever, malaise, cough, and dys-
pnea. Pulmonary involvement with pneumonia is the most
common site but dissemination to the skin, bones, joints and
CNS may occur [102]. Bergstrom et al. [103] evaluated adult
RA patients treated with TNF therapy for development of
coccidioidomycosis and found an increased risk, particularly
in those receiving infliximab rather than with etanercept.
Yorgin et al., reported two adolescents with lupus nephritis
treated with IV cyclophosphamide and glucocorticoids who

developed coccidioidomycosis [104]. Prednisone itself has
also has been shown to be associated with an increased risk
of coccidioidomycosis [102]. In our personal experience dis-
seminated coccidioidomycosis has presented as monoarticular
and polyarticular arthritis in children without systemic symp-
toms. Visual loss occurred in another patient with systemic
onset JIA with disseminated coccidioidomycosis. Diagnosis
of endemic fungal infections requires laboratory and tissue
testing. Methods of detections are serology, culture, and urine
antigen. Biopsy of an affected area can lead to rapid diagnosis.
Amphotericin B, fluconazole, or itraconazole, for 6—
12 months, are used for treatment of symptomatic coccidioi-
domycosis and histoplasmosis. In a recent study of
coccidiomycosis in adult patients receiving biological re-
sponse modifiers (BRMs) and DMARDs, Taroumian et al.
proposed a treatment strategy in which all patients with pul-
monary or disseminated coccidiomycosis were treated with
antifungal therapy for 6-12 months for the former and indef-
initely in the latter. For patients with pulmonary involvement
it was believed prudent to discontinue BRM and DMARD
therapy, with the decision to restart therapy when the
coccidiomycosis was asymptomatic and rheumatic disease,
only, was active. Although guidelines for treatment in pediat-
ric theumatic disease are not defined, disseminated infection
will require life-long treatment [105¢].

Because of increased risk of endemic fungal infections
with TNF antagonists, Crum et al. recommend screening for
histoplasmosis and coccidioidomycosis before initiation of
treatment. The authors recommend CXR and antigen testing
every 3—4 months for those living in endemic areas [106].

Conclusions

With advances in the management of pediatric theumatic
diseases, morbidity and mortality of the underlying condi-
tions have improved and infections have gained further
prominence. Differentiating between infections and active
disease flare can be challenging and requires a high suspi-
cion of both common and uncommon pathogens. A detailed
history of exposure and diagnostic laboratory and imaging
studies are important to obtain a diagnosis. If suspicion of
infection is high, more invasive measures, for example
bronchoscopy and tissue biopsies are warranted for identi-
fication of a pathogen. Early treatment that targets the spe-
cific etiologic agent is paramount, although immunization to
prevent or attenuate disease is also important.

Conflict of Interest Rhina D. Castillo declares that she has no
conflict of interest.
Wendy De la Pena declares that she has no conflict of interest.
Katherine A.B. Marzan declares that she has no conflict of interest.

@ Springer



322, Page 8 of 10

Curr Rheumatol Rep (2013) 15:322

References

Papers of particular interest, published recently, have been
highlighted as:

* Of importance

*« Of major importance

L.

10.

11.

12.

13.

14.

15.

16.

17.

Petri M. Infection in systemic lupus erythematosus. Rheum Dis
Clin N Am. 1998;24:440-7.

. Shulman Al, Punaro M. Critical care of the pediatric patient with

rheumatic disease. Curr Opin Pediatr. 2011;23:263-8.

. Lacks S, White P. Morbidity associated with childhood systemic

lupus erythematosus. J Rheumatol. 1990;17:941-5.

. *« Hashkes P, Wright B, Lauer M, Worley S, Tang A, Bowyer S.

Mortality outcomes in pediatric theumatology in the US. Arthritis
Rheum. 2010;62:599-608. This is one of the most recent studies to
analyze mortality for all pediatric rheumatic diseases since the
nineteen ninefies.

. Phillip R, Lugmani R. Mortality in systemic vasculitis: a system-

atic review. Clin Exp Rheumatol. 2008;26(51):S94—-104.

. Godeau B, Boudjadja A, Dhainaut JF, et al. Outcome of patients

with systemic rheumatic disease admitted to medical intensive
care units. Ann Rheum Dis. 1992;51:627-31.

. s Radhakrishna S, Reiff A, Marzan K, et al. Pediatric rheumatic

disease in the intensive care unit: lessons learned from 15 years of
experience in a tertiary care pediatric hospital. Pediatr Crit Care
Med. 2012;13(3):e181-6. Identifies infections in pediatric rheu-
matic patients requiring critical care.

. Lee P, Lee T, Ho M, et al. Recurrent major infections in juvenile-

onset systemic lupus erythematosus-a close link with long-term
disease damage. Rheumatology. 2007;46:1290-6.

. Opastirakul S, Chartapisak W. Infection in children with lupus

nephritis receiving pulse and oral cyclophosphamide therapy.
Pediatr Nephrol. 2005;20:1750-5.

» Beukelman T, Xie F, Chen L, et al. Rates of hospitalized bacterial
infection associated with juvenile idiopathic arthritis and its treat-
ment. Arthritis Rheum. 2012;64(8):2773-80. This is one of the

largest and broadest pediatric-based studies of the incidence of

bacterial infections in children, and includes comparative analysis
of the use of TNF medications with methotrexate.

Doran M, Crowson C, Pond G, Fallon M, Gabriel S. Frequency
of infection in patients with rheumatoid arthritis compared with
controls. A population-based study. Arthritis Rheum. 2002;46(9):
2287-93.

Van Dartel S, Fransen J, Kievit W et al. Difference in the risk of
serious infection in patients with rheumatoid arthritis treated with
adalimumab, infliximab and etanercept: results from the Dutch
Rheumatoid Arthritis Monitoring (DREAM) registry. Ann Rheum
Dis. 2012 August 11. doi:10.1136/annrheumdis-2012-201338.
Singh JA, Wells GA, Christensen R, et al. Adverse effects of
biologics: a network meta-analysis and Cochrane overview.
Cochrane Database Syst Rev. 2011 February 16. doi:10.1002/
14651858.CD008794.pub2.

Au K, Reed G, Curtis J, et al. High disease activity is associated
with an increased risk of infection in patient with rheumatoid
arthritis. Ann Rheum Dis. 2011;70:785-91.

Doran M, Crowson C, Pond G. Predictors of infection in rheu-
matoid arthritis. Arthritis Rheum. 2002;46(9):2294-300.

Jeong SJ, Choi H, Lee HS, et al. Incidence and risk factors of
infection in a single cohort of 110 adults with systemic lupus
erythematosus. Scan J Infect Dis. 2009;41(4):268-74.

Chen YA, Yang YH, Lin YT, et al. Risk of infection in hospital-
ized children with systemic lupus erythematosus: a 10 year
follow-up. Clin Rheumatol. 2004;23(3):235-8.

@ Springer

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Staples PJ, Gerding DN, Decker JL, et al. Incidence of
infections in systemic lupus erythematosus. Arthritis Rheum.
1974;17:110.

Cassidy JT, Petty RE, Sullivan DB. Abnormalities in the distri-
bution of serum immunoglobulin concentrations in juvenile rheu-
matoid arthritis. J Clin Invest. 1973;52:1931-6.

Ross SC, Densen P. Complement deficiency states and infection:
epidemiology, pathogenesis, and consequences of neisserial and
other infections in an immune deficiency. Medicine. 1984;63:243.
Mitchell SR, Nguyen PQ, Katz P. Increased risk of neisserial
infections in systemic lupus erythematosus. Semin Arthritis
Rheum. 1990;20:174-84.

Salmon JE, Kimberly RP, Gibofsky A, et al. Defective mononu-
clear phagocyte function in systemic lupus erythematosus: disso-
ciation of Fc-receptors ligand binding and internalization. J
Immunol. 1984;133:2525-31.

Al-Mayouf SM, Al-Jumaah S, Bahabri S, et al. Infections asso-
ciated with juvenile systemic lupus erythematosus. Clin Exp
Rheumatol. 2001;19:748-50.

Vigushin DM, Pepys MB, Hawkins PN. Metabolic scintigraphic
studies of radioiodinated human C-reactive protein in health and
disease. J Clin Invest. 1993;91:1351-7.

Sturfelt G, Sjoholm AG. Complement components, complement
activation, and acute phase response in systemic lupus
erythematosus. Int Arch Allergy Appl Immunol. 1984;75:75-83.
Butbul-Aviel Y, Koren A, Halevy R. Procalcitonin as a diagnostic
aid in osteomyelitis and septic arthritis. Pediatr Emerg Care.
2005;21(12):828-32.

Wittowski H, Frosch M, Wulffraat N, et al. SI00A12 is a novel
molecular marker differentiating systemic-onset juvenile idio-
pathic arthritis from other causes of fever of unknown origin.
Arthritis Rheum. 2008;12:3924-31.

Soyfoo M, Johannes R, Vogl T. Phagocyte-specific SI00A8/A9
protein levels during disease exacerbation and infections in sys-
temic lupus erythematosus. J Rheumatol. 2009;36:2190—4.
Marie I, Hachulla E, Cherin P, et al. Opportunistic infections in
polymyositis and dermatomyositis. Arthritis Rheum. 2005;53:155—
65.

McLean BN, Miller D, Thompson EJ. Oligoclonal banding of
IgG in CSF, blood-brain barrier function, and MRI findings in
patients with sarcoidosis, systemic lupus erythematosus, and
Bechet’s disease involving the nervous system. J Neurol
Neurosurg Psychiatry. 1995;58(5):548.

West SG, Emlen W, Wener MH et al. Neuropsychoiatric lupus
erythematosus: A 10-year prospective study on the value of
diagnostic tests. Am J Med. 1995;99(2):153-63.

Benoist JF, Alberti C, Leclerg S, et al. Cerebrospinal fluid lactate
and pyruvate concentrations and their ratio in children: age-
related reference intervals. Clin Chem. 2003;49(3):487-94.

Coe MD, Hamer DH, Levy CS, et al. Gonococcal pericarditis
with tamponade in a patient with systemic lupus erythematosus.
Arthritis Rheum. 1990;33:1438-41.

Tikly M, Diese M, Zannettou N. Gonoccocal endocarditis in a
patient with systemic lupus erythematosus. Br J Rheumatol.
1997;36:270-2.

Gea-Banacloche J, Weinberg G. Monoclonal antibody therapeu-
tics and risk for infection. Pediatr Infect Dis J. 2007;26(11):1049—
52.

Guillou-Debuisson C, Salanne S, Marechal C, et al. Osteoarticular
tuberculosis. A differential diagnosis of juvenile idiopathic arthritis.
Arch Pediatr. 2010;17:1553-8.

Rajakumar D, Rosenberg AM. Mycobacterium tuberculosis
monoarthritis in a child. Pediatr Rheumatol Online J. 2008;18:6—15.
Sayarlioglu M, Inanc M, Kamali S, et al. Tuberculosis in Turkish
patients with systemic lupus erythematosus: increased frequency
of extrapulmonary localization. Lupus. 2004;13:274-8.


http://dx.doi.org/10.1136/annrheumdis-2012-201338
http://dx.doi.org/10.1002/14651858.CD008794.pub2
http://dx.doi.org/10.1002/14651858.CD008794.pub2

Curr Rheumatol Rep (2013) 15:322

Page 9 of 10, 322

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Tobon GJ, Serna MJ, Canas CA. Listeria monocytogenes infec-
tion in patients with systemic lupus erythematosus. Clin
Rheumatol. 2010. doi:10.1007/s10067-010-1416-4.
Vassilopoulos D, Calabrese LH. Risks of immunosuppressive
therapies including biologic agents in patients with rheumatic
diseases and co-existing chronic viral infections. Curr Opin
Rheumatol. 2007;19(6):619-25.

Russo RA, Rosenzweig SD, Katsicas MM. Hepatitis A-associated
macrophage activation syndrome in children with systemic juvenile
idiopathic arthritis. J Rheumatol. 2008;35(1):166-8.

Kohrt HE, Ouyang DL, Keeffe EB. Systematic review:
lamivudine prophylaxis for chemotherapy-induced reactivation
of chronic hepatitis B virus infection. Aliment Pharmacol Ther.
2006;24(7):1003-16.

Durmus O, Tekin L, Carli AB. Hepatitis B virus reactivation in a
Juvenile Rheumatoid arthritis patient under treatment and its
successful management: a complicated case. Rheumatol Int.
2011 Nov 16. doi:10.1007/s00296-011-2244-9.

Vassilopoulos D, Calabrese LH. Management of rheumatic dis-
ease with comorbid HBV or HCV infection. Nat Rev Rheumatol.
2012;8(6):348-57. doi:10.1038/nrrheum.2012.63.

Suwannalai P, Auethavekiat P, Udomsubpayakul U. The infec-
tious profiles of anti-tumor necrosis factor agents in a Thai
population: a retrospective study a the university-based hospital.
Int J Rheum Dis. 2009;12(2):118-24.

* Beukelman T, Patkar NM, Saag KG. 2011 American College of
Rheumatology recommendations for the treatment of juvenile
idiopathic arthritis: initiation and safety monitoring of therapeutic
agents for the treatment of arthritis and systemic features.
Arthritis Care Res. 2011;63(4):465-82. Reviews the 2011 ACR
safety monitoring recommendations for JIA patients on immuno-
suppressive therapy.

Calabrese LH, Zein NN, Vassilopoulos D. Hepatitis B virus
(HBV) reactivation with immunosuppressive therapy in rheumat-
ic diseases: assessment and preventive strategies. Ann Rheum
Dis. 2006;65(8):983-9.

Erguven M, Kaya B, Hamzah OY, Tufan F. Evaluation of immune
response to hepatitis A vaccination and vaccine safety in juvenile
idiopathic arthritis. ] Chin Med Assoc. 2011;74(5):205-8.
Kasapcopur O, Cullu F, Kamburoglu-Goksel A, et al. Hepatitis B
vaccination in children with juvenile idiopathic arthritis. Ann
Rheum Dis. 2004;63(9):1128-30.

Lee PP, Lee TL, Ho MH, et al. Herpes zoster in juvenile-onset
systemic lupus erythematosus: incidence, clinical characteristics
and risk factors. Pediatr Infect Dis J. 2006;25(8):728-32.

Wu S-A, Yeh K-W, Yao T-C, et al. Association of herpes zoster
infection with clinical characteristics and MBL2 gene polymor-
phisms in Chinese children with systemic lupus erythematosus.
Pediatr Infect Dis J. 2011;30:656-60.

Mori M, Takei S, Imagawa T, et al. Safety and efficacy of long-
term etanercept in the treatment of methotrexate-refractory
polyarticular-course juvenile idiopathic arthritis in Japan. Mod
Rheumatol. 2012;22:720-6.

Bracaglia C, Buonuomo PS, Tozzi AE, et al. Safety and efficacy
of etanercept in a cohort of patients with juvenile idiopathic
arthritis under 4 years of age. J Rheumatol. 2012;39:1287-90.
Ahmed AM, Brantley JS, Madkan V, et al. Managing herpes zoster
in immunocompromised patients. Herpes. 2007;14(2):32—6.
Andrei G, Snoeck R. Emerging drugs for varicella-zoster virus
infections. Expert Opin Emerg Drugs. 2011;16(3):507-35.
doi:10.1517/14728214.2011.591786.

Toussirot E, Roudier J. Epstein—Barr virus in autoimmune dis-
eases. Best Pract Res Clin Rheumatol. 2008;22(5):883-96.
Kashiwagi Y, Kawashima H, Sato S. Virological and immuno-
logical characteristics of fatal virus-associated haemophagocytic
syndrome (VAHS). Microbiol Immunol. 2007;51(1):53-62.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.
76.

Kawada J, Iwata N, Kitagawa Y, et al. Prospective monitoring of
Epstein—Barr virus and other herpes viruses in patients with
juvenile idiopathic arthritis treated with methotrexate and
tocilizumab. Mod Rheumatol. 2012;22(4):565-70.

Katz BZ, Salimi B, Kim S, Nsiah-Kumi P, et al. Epstein—Barr
virus burden in adolescents with systemic lupus erythematosus.
Pediatr Infect Dis J. 2001;20(2):148-53.

Balandraud N, Maynard JB, Auger I, et al. Epstein—Barr virus
load in the peripheral blood of patients with rheumatoid arthritis:
accurate quantification using real-time polymerase chain reaction.
Arthritis Rheum. 2003;48:1223-8.

Cleary A, McDowell HP, Sills J. Polyarticular juvenile idiopathic
arthritis treated with methotrexate complicated by the development
of non-Hodgkin's lymphoma. Arch Dis Child. 2002;86(1):47-9.
Takeyama J, Sato A, Nakano K. Epstein—Barr virus associated
Hodgkin lymphoma in a 9-year-old girl receiving long—term
methotrexate therapy for juvenile idiopathic arthritis. J Pediatr
Hematol Oncol. 2006;28(9):622—4.

Pickering LK, Baker CJ, Long SS et al. American Academy of
Pediatrics. Epstein—Barr virus infections. Red Book: 2006 Report
of the Committee of Infectious Diseases. 27" ed. Elk Grove
Village, IL: American Academy of Pediatrics. 286—88.

McClain MT, Poole BD, Bruner BF, et al. An altered immune
response to Epstein—Barr nuclear antigen 1 in pediatric systemic lupus
erythematosus (pages 360-368). Arthritis Rheum. 2006;54:360-8.
Weissbrich B, Sii3-Frohlich Y, Girschick HJ. Seroprevalence of
parvovirus B19 IgG in children affected by juvenile idiopathic
arthritis. Arthritis Res Ther. 2007; 9(4): R82. Published online
2007 August 30. doi: 10.1186/ar2281PMCID: PMC2206386
Oguz F, Akdeniz C, Uniivar E, et al. Parvovirus B19 in the acute
arthropathies and juvenile rheumatoid arthritis. J Paediatr Child
Health. 2002;38(4):358-62.

Pickering LK, Baker CJ, Long SS, et al. American Academy of
Pediatrics. Parvovirus B19. Red Book: 2006 Report of the
Committee of Infectious Diseases. 27™ ed. Elk Grove Village,
IL: American Academy of Pediatrics. 484-87.

Lehmann HW, Kiihner L, Beckenlehner K, et al. Chronic human
parvovirus B19 infection in rheumatic disease of childhood and
adolescence. J Clin Virol. 2002;25(2):135-43.

Von Landenberg P, Lehmann HW, Knoll A, et al. Antiphospholipid
antibodies in pediatric and adult patients with rheumatic disease are
associated with parvovirus B19 infection. Arthritis Rheum.
2003;48(7):1939-47.

Lehmann HW, Plentz A, von Landenberg P, et al. Different
patterns of disease manifestations of parvovirus B19-associated
reactive juvenile arthritis and the induction of antiphospholipid-
antibodies. Clin Rheumatol. 2008;27(3):333-8.

Lehmann HW, Plentz A, Von Landenberg P, et al. Intravenous
immunoglobulin treatment of four patients with juvenile
polyarticular arthritis associated with persistent parvovirus B19
infection and antiphospholipid antibodies. Arthritis Res Ther.
2004;6(1):R1-6.

Dell' Era L, Esposito S, Corona F, et al. Vaccination of children
and adolescents with rheumatic diseases. Rheumatology
(Oxford). 2011;50(8):1358-65.

Ogimi C, Tanaka R, Saitoh A, et al. Immunogenicity of influenza
vaccine in children with pediatric rheumatic diseases receiving im-
munosuppressive agents. Pediatr Infect Dis J. 2011;30(3):208-11.
Pickering LK, Baker CJ, Long SS. American Academy of
Pediatrics. Influenza, Red Book: 2006 Report of the Committee
of Infectious Diseases. 27" ed. Elk Grove Village, IL: American
Academy of Pediatrics. 401-11.

www.cdc.gov/flu

Groll AH, Shah PM, Mentzel C, et al. Trends in the postmortem
epidemiology of invasive fungal infections at a university hospi-
tal. J Infect. 1996;33(1):23-32.

@ Springer


http://dx.doi.org/10.1007/s10067-010-1416-4
http://dx.doi.org/10.1007/s00296-011-2244-9
http://dx.doi.org/10.1038/nrrheum.2012.63
http://dx.doi.org/10.1517/14728214.2011.591786
http://dx.doi.org/10.1186/ar2281PMCID
http://www.cdc.gov/flu

322,

Page 10 of 10

Curr Rheumatol Rep (2013) 15:322

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.
92.

Burgos A, Zaoutis TE, Dvorak CC, et al. Pediatric invasive
aspergillosis: a multicenter retrospective analysis of 139 contem-
porary cases. Pediatrics. 2008;121:¢1286.

McNeil MM, Nash SL, Hajjeh RA, et al. Trends in mortality due
to invasive mycotic diseases in the United States, 1980-1977.
Clin Infect Dis. 2001;33(5):641-7.

Silva MF, Riberio AS, Fiorot FJ, et al. Invasive aspergillosis: a
severe infection in juvenile systemic lupus erythematosus patient.
Lupus. 2012;21:1011-6.

Laoprasopwattana K, Dissaneewate P, Vachvanichsasong P. Fatal
infection in children with lupus nephritis treated with intravenous
cyclophosphamide. Pediatr Nephrol. 2009;24:1337—43.
Steinbach W. Invasive aspergillosis in pediatric patients. Curr
Med Res Opin. 2010;26(7):1779-87.

Walsh TJ, Anaissie EJ, Denning DW, et al. Treatment of asper-
gillosis: clinical practice guidelines of the Infectious Diseases
Society of America. Clin Infect Dis. 2008;46:327—-60.

Hung J-J, Ou L-S, Lee W-I, et al. Central nervous systemic
infections in patients with systemic lupus erythematosus. J
Rheumatol. 2005;32:40-3.

Liou J, Chiu C, Tseng C, et al. Cryptococcal meningitis in
pediatric systemic lupus erythematosus. Mycoses. 2003;46:153—
6.

Sabetta JR, Andriole VT. Cryptococcal infection of the central
nervous system. Med Clin North Am. 1985;69:333-43.

Saag MS, Graybill RJ, Larsen RA, et al. Practice guidelines for
the management of cryptococcal disease. Clin Infect Dis.
2000;30:710-8.

Mills JA. Systemic lupus erythematosus. N Engl J Med.
1994;330:1871-9.

Lee A, Ogershok P, Weisse M. Persistent pneumonia in a boy
with systemic lupus erythematosus. Clin Pediatr. 2002;41:443—6.
Klein-Gitelman MS, Szer IS. Disseminated Norcardia brasiliensis
infection: an unusual complication of immunosuppressive treatment
for childhood dermatomyositis. J Rheumatol. 1991;18(8):1243-6.
Warnatz K, Shumacher M, Wiese L, et al. Infectious CNS disease
as a differential diagnosis in systemic rheumatic disease: three
case reports and a review of the literature. Ann Rheum Dis.
2003;62:50-7.

Lerner PI. Norcardiosis. Clin Infect Dis. 1996;22:891-905.
Porges AJ, Beattie SL, Ritchlin C, et al. Patients with systemic
lupus erythematosus at risk for Pneumocystis carinii pneumonia.
J Rheumatol. 1992;19(8):1191-4.

@ Springer

93.

94.

95.

96.

97.

98

99.

100.

101.

102.

103.

104.

105.

106.

Tsai M-J, Chou C-W, Lin F-C, et al. Pneumoncystis jiroveci
pneumonia in patients with systemic lupus erythematosus after
rituximab therapy. Lupus. 2012;21:914-8.

Li J, Huang X-M, Fang W-G, et al. Pneumocystis carinii pneu-
monia in patients with connective tissue disease. J Clin
Rheumatol. 2006;12:114-7.

Foster HE, Malleson PN, Petty RE, et al. Pneumocystis carinii
pneumonia in childhood systemic lupus erythematosus. J
Rheumatol. 1996;23(4):753-6.

Hugle B, Solomon M, Harvey E, et al. Pneumocystis jiroveci
pneumonia following rituximab treatment in Wegener’s
granulomatosis. Arthritis Care Res. 2010;62(11):1661—4.

Ward M, Donald F. Pneumocystis carinii pneumonia in patients
with connective tissue disease. Arthritis Rheum. 1999;42(4):708—
89.

. Gerrard J. Pneumocystis carinii pneumonia in HIV-negative im-

munocompromised adults. Med J Aust. 1995;162:233-5.

Smith J, Kauffman C. Endemic fungal infections in patients
receiving tumor necrosis factor-alpha inhibitor therapy. Drugs.
2009;69(11):1403-15.

Giles J, Bathon J. Serious infections associated with anticytokine
therapies in the rheumatic diseases. J Intensive Care Med.
2004;19:320-34.

Olsen T, Bongartz T, Crowson C, et al. Histoplasmosis infection
in patients with rheumatoid arthritis, 1998-2009. BMC Infect
Dis. 2001:23;11:145.

Ampel N. Combating opportunistic infections: coccidioidomyco-
sis. Expert Opin Pharmacother. 2004;5(2):255-61.

Bergstrom L, Yocum D, Ampel N, et al. Increased risk of
coccidiomycosis in patients treated with tumor necrosis factor
alpha antagonists. Arthritis Rheum. 2004;50:1959—-66.

Yorgin P, Rewari M, Al-Uzri A, et al. Coccidioidomycosis in
adolescents with lupus nephritis. Pediatr Nephrol. 2001;16:77-81.
e Taroumian S, Knowles SL, Lisse JR, et al. Management of
coccidiomycosis in patients receiving biologic response modifiers
or disease-modifying antirheumatic drugs. Arthritis Care Res.
2012;64:1903-9. Although this primarily reviews patients with
adult rheumatic disease, it also provides the first guidelines on
the management of coccidiomycosis and the use of DMARDS and
biological response modifiers.

Crum N, Lederman E, Wallace M. Infections associated with
tumor necrosis factor-alpha antagonist. Medicine. 2005;84:291—
302.



	Diagnosis and Management of Infectious Complications of Childhood Rheumatic Diseases
	Abstract
	Introduction
	Morbidity and Mortality
	Infection Risk
	Immune Dysfunction
	Bacterial Infections
	Viral Infections
	Opportunistic Infections
	Endemic Mycosis
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



