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Metagenomic next-generation sequencing restores the diagnosis
of a rare infectious complication of B cell depletion
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Abstract

A 45-year-old female patient receiving rituximab for B cell non-Hodgkin follicular lymphoma presented unexplained recur-
rent fever, abdominal discomfort, and pollakiuria. We performed shotgun metagenomic sequencing from peri-kidney col-
lection that identified a co-infection with Mycoplasma hominis and Ureaplasma urealyticum. The patient recovered with

sequelae after appropriate antibiotic treatment was given.
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Introduction

Therapeutic B cell depletion can occasionally lead to long-
lasting immune deficiency with rare infections. Progressive
multifocal leukoencephalopathy was the first opportunistic
infection described after rituximab [1]. Since then, various
opportunistic infections including enteroviral meningo-
encephalitis and disseminated mycoplasma infections [2,
3] have been reported in the context of B cell depletion.
These infections are typically encountered in patients suf-
fering from primary immune deficiency such as X-linked
agammaglobulinemia (XLA) and are difficult to diagnose
with conventional microbiological tools. Metagenomics
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analysis with next-generation sequencing enables to search
unexpected microorganisms [4]. Here, we report a case of
a patient with extragenital Mycoplasma hominis and Urea-
plasma urealyticum infection consecutive to a secondary B
cell aplasia, diagnosed with metagenomics analysis.

Patient

A 45-year-old female patient was diagnosed and treated
for a grade II B cell non-Hodgkin follicular lymphoma
in January 2018 with 6 cycles of chemotherapy com-
bining cyclophosphamide, doxorubicin, vincristine, and
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prednisone (CHOP) with the monoclonal anti-CD20 anti-
body rituximab. Thereafter, she underwent a maintenance
therapy with rituximab every 2 months.

In May 2019, while rituximab injections were still
ongoing, she complained about recurrent fever, abdomi-
nal discomfort, pollakiuria, and vaginal ulcers. Cytobac-
teriologic examination of the urine showed microscopic
hematuria and leukocyturia with altered neutrophils but
failed to identify any pathogens. C-reactive protein level
was 64 mg/L. Neutrophils count was within the normal
range and lymphocytes count was 600 lymphocytes/mm?>.
Peripheral blood lymphocyte phenotyping revealed B
cell aplasia. Moreover, serum electrophoresis and neph-
elometry assessment of immunoglobulin levels showed
severe hypogammaglobulinemia with 2.78 g/L, 0.29 g/L,
and 0.14 g/L levels for IgG, IgA, and IgM, respectively.
Computed tomography (CT) of the abdomen demon-
strated disseminated thickening of bladder wall and right
ureter consistent with urinary tract inflammation, as well
as dilated right ureter and renal abscesses, leading to the
placement of a double J ureteric stent. Urethrocystoscopic
evaluation showed highly inflamed bladder wall. Biopsy
revealed intense inflammation with granuloma and neutro-
philic infiltration, without sign of tumoral or lymphocytic
lesion. 16S ribosomal RNA sequencing on biopsy did not
identify any bacterial component, and conventional bacte-
rial culture remained negative. Several lines of antibiotics
including cefotaxime, piperacillin-tazobactam, and imi-
penem failed to improve the patient’s condition. There-
fore, main hypotheses were Sweet syndrome with visceral
involvement or aseptic abscesses syndrome. Rituximab
was discontinued and corticosteroids were started, lead-
ing to rapid improvement of fever and pain, but persis-
tence of systemic inflammation, with clinical relapses at
any attempt of steroid tapering. Interleukin-1 receptor
antagonist and colchicine failed as corticosteroids-sparing
therapies. Anti-TNFa (infliximab) was started on Febru-
ary 2020.

After two infliximab injections, she complained
about fever and worsening pain. CT scan revealed a
large collection located in the posterior side of the right
kidney with perirenal infiltration (Fig. 1A), associ-
ated with whole bladder wall calcification (Fig. 1B).
CT-guided paracenthesis of the collection drained
off purulent fluid. Bacterial and fungal cultures pro-
vided negative results. Metagenomic next-generation
sequencing (mNGS) from collection was then per-
formed and identified M. hominis and U. urealyticum.
Torque Teno virus was also detected. Among 25.6 mil-
lions total sequencing reads, 121,596 belonged to M.
hominis enabling an excellent genome coverage (92%,
Fig. 1C) and 972 reads belonged to U. urealyticum.
These two results were confirmed by a specific PCR
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[5], in both fluid aspiration of the collection and the
patient’s urines. Despite the use of specific culture
media, both M. hominis and U. urealyticum failed to
grow in culture preventing the achievement of an anti-
biogram. Near complete genomes of M. hominis was
recovered by mNGS allowing antibiotic susceptibil-
ity prediction. No acquired antibiotic resistance was
reported. Due to the low coverage of U. urealyticum,
antibiotic susceptibility prediction was not possible.
Treatment with moxifloxacin and doxycycline started
in April 2020 and drainage of the abscess rapidly led
to apyrexia. Polyvalent immunoglobulin substitution
was started. Presence of M. hominis and U. urealyticum
in urines was monthly monitored with specific PCR.
U. urealyticum was no longer detected after the first
month of treatment. M. hominis was cleared since the
third month of treatment. Treatment was stopped after
3 months with sustained bacterial clearance. Although
abdominal CT evaluation confirmed abscess healing,
urinary urgency and pollakiuria remain as sequelae
of the bladder calcification requiring insertion of an
indwelling urinary catheter.

Discussion

M. hominis and U. urealyticum are opportunistic pathogens
which belong to the class of mollicutes commonly referred
to as mycoplasmas, and are part of the normal flora of the
genitourinary tract. While infections due to these microor-
ganisms have been reported secondary to genitourinary tract
disruption (post-partum or perioperative setting) [6], most
cases of disseminated infections occur in immunocompro-
mised patients [2, 3].

Our case raises the question of the exact nature of
the underlying immunosuppression favoring dissemi-
nated mycoplasmal infections. The link between humoral
immunity and mycoplasmal infection is not clear. Previ-
ous reports suggested hypogammaglobulinemia to be the
main predisposing factor [3]. This hypothesis is further
supported by various observations: (i) hypogammaglobu-
linemia has been found to be frequently associated with
disseminated mycoplasmal infections [2]; (ii) infections
induce a raise of mycoplasmal-specific immunoglobulins
which have been shown to be crucial in the clearance
of some species of Mycoplasma in a mouse model [7];
and (iii) increased mucosal colonization is observed in
patients with hypogammaglobulinemia [8], which could
increase the risk of dissemination. However, these infec-
tions remain a rare complication among patients with
primary or secondary hypogammaglobulinemia, suggest-
ing that loss of immunoglobulins itself is not enough to
predispose to mycoplasmal infections. Of note, 15 cases
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Fig.1 Pretreatment CT scan. CT scan showing a large collection in the posterior side of the right kidney (A) and bladder calcifications (B). C

Genomic coverage of Mycoplasma hominis and Ureaplasma urealyticum

of mycoplasmal or ureaplasmal infections in the context
of B cell aplasia (due to XLA (n=4), CVID (n=7), and
post-rituximab deficiency (n=4)) are described in the
literature [9-20]. All cases were mono or polyarthritis,
except for two cases of M. hominis chronic cystitis [9],
one case of disseminated abscesses [16] and one case
of meningitis [17]. Ureaplasma spp was reported in 8
infections including 7 U. urealyticum whereas Myco-
plasma spp was involved in 7 infections including five
M. hominis. In two cases [9] and in an additional case of
a chronic infection due to Spiroplasma apis [21] (a hon-
eybee specie of Mollicutes) in a patient with XLA, these
infections occurred despite polyvalent immunoglobulin

substitution with normal level of residual IgG, support-
ing the hypothesis that B cell aplasia alone is the major
risk factor for disseminated infection.

There are 17 described cases of disseminated infec-
tion with Mycoplasma spp or Ureaplasma spp in pri-
mary or secondary hypogammaglobulinemia, without
mention of the B cell count [2, 22-37]. Cases were due
to Ureaplasma spp (n=10, including 7 U. urealyticum)
and Mycoplasma spp (n="1, including three Mycoplasma
salivarium, two Mycoplasma orale, one M. hominis, and
one Mycoplasma pneumoniae). As in B aplastic patients,
the majority of infections were osteo-articular infec-
tions (n=12) [22-30, 35, 37]. There were also three
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disseminated abscesses [2, 32, 33], a renal abscess [36],
a brain abscess [34], and an endocarditis [31]. Finally,
only one case of disseminated infection with Ureaplasma
infection in a hypogammaglobulinemic patient with a
normal B cell count has been reported [38].

Diagnosis can be challenging as standard bacterial cul-
tures are frequently unable to identify the pathogen, due to
their fastidious nature even on enriched blood agar plates.
Moreover, the serological tests that can be helpful in chronic
Mycoplasma infections [39] are often negative in case of
profound hypogammaglobulinemia. Negative bacterial
workup may lead to non-infectious misdiagnosis and inap-
propriate immunosuppressive therapy as in our case. Clini-
cal metagenomics (CMg) is an emerging diagnostic tool in
infectious diseases allowing to identify unexpected microor-
ganisms with no prior assumption [40]. In addition to diag-
nosis, CMg enables infer their susceptibility to antimicrobi-
als by antibiotic resistance genes (ARG) analysis.

In our case, CMg provided a diagnosis where traditional
methods failed, including 16S Sanger sequencing. The failure
of 16S ribosomal RNA Sanger sequencing may be explained not
only by the difference in sampling and timing compared to CMg
diagnosis but also by the polymicrobial nature of the infection
[41]. Thanks to a sufficient genomic coverage, the antibiotic
sensitivity of M. hominis could be predicted, allowing the imple-
mentation of an adapted treatment. Although the place of CMg
is not well established especially in plasma [42], given the after-
effects of our patient, CMg in sterile fluids should be rapidly
performed in immunocompromised patients with unexplained
and persistent infectious signs.

Conclusion

Secondary B cell aplasia may be complicated by specific and
rare infections, such as disseminated mycoplasma infections,
replicating in some extent the phenotype of primary immu-
nodeficiencies with absence of mature B cells. Diagnosis
of these rare infections is challenging. Our identification of
a rare infectious complication of B cell depletion by clini-
cal metagenomics highlights the utility of this approach and
supports its development as a second-line diagnostic tool in
these populations, to allow earlier diagnosis and avoid non-
infectious misdiagnosis.
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