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Abstract. Ocrelizumab — a monoclonal anti-CD20 antibody used in treatment of multiple sclerosis (MS) —
marks significant progress in treating autoimmune diseases but raises susceptibility to opportunistic infections
due to hypogammaglobulinemia. A young MS patient developed osteomyelitis from persistent Ureaplasma ure-
alyticum urethritis, which was diagnosed with specialized polymerase chain reaction and resolved with targeted
antibiotics. A multidisciplinary approach is crucial for managing such infections.

1 Introduction

The introduction of monoclonal antibodies has caused a rev-
olution in the management of autoimmune diseases. These
therapies tend to be associated with a range of adverse effects
that are typically related to their effect on the immune system
and immune cells. Ocrelizumab — a recombinant human anti-
CD20 monoclonal antibody used in the treatment of multi-
ple sclerosis (MS) — is typically associated with prolonged
B-cell depletion and hypogammaglobulinemia that increases
the risk for (mainly respiratory) bacterial or viral infections
(Mikulska et al., 2018).

Ureaplasma urealyticum belongs to the Mycoplasmat-
aceae family. The Ureaplasma genus hydrolyzes urea to gen-
erate adenosine triphosphate with ammonia as a byproduct.
Ammonia increases pH and limits growth in culture (Huang

and Shah, 2023a). U. urealyticum is considered one of the
smallest known prokaryotic genomes. The bacteria has an
average size of 350 nm (diameter) and is, therefore, impossi-
ble to see with a light microscope (Huang and Shah, 2023a).
Thus, its small size and fastidious growth make it challenging
to diagnose using traditional growth media and microscopy.
Nowadays, diagnosis is made through polymerase chain re-
action (PCR) assays targeting 16S ribosomal ribonucleic acid
(rRNA), which is a pan-bacterial molecular diagnostic test
(Cunliffe et al., 1996; Nelson et al., 1998).

U. urealyticum is an important cause of non-gonococcal
urethritis (40 %—60 % of cases) (Huang and Shah, 2023a).
Infections caused by this pathogen are typically uncompli-
cated and often asymptomatic. In certain instances, e.g., in
the immunocompromised who are more susceptible to col-
onization of their mucous membranes by Mycoplasma and
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Ureaplasma species (Furr et al., 1994), it can be the cause of
invasive infections such as osteomyelitis or infectious arthri-
tis (Gremark and Axelsson, 2022).

In this article, we report on a case of a 26-year-old
male with ocrelizumab-induced hypogammaglobulinemia
who developed U. urealyticum osteomyelitis of the greater
trochanter.

2 Case report

A 26-year-old male with a history of MS treated with ocre-
lizumab was referred to our tertiary center due to acute os-
teomyelitis of the left hip, likely linked to a complicated uri-
nary tract infection with ongoing fever and positive urinalysis
(pyuria, positive leukocyte esterase), despite antibiotics and
consistently negative cultures.

Approximately 1.5 months prior, the patient was hospital-
ized twice in the urology department of the referring hospital
due to recalcitrant urethritis with persistent fever and posi-
tive urinalysis despite empirical antimicrobial therapy with
ciprofloxacin for 20 d. Multiple urine cultures were obtained
before and during antibiotic therapy, but they all remained
negative. Following the second hospitalization, fluconazole
was added to the treatment regimen for 10d after the de-
tection of Candida parapsilosis in a urethral swab culture.
Repeated urine and blood cultures all came back negative.

A total of 3 weeks after initial hospitalization, the pa-
tient’s urological symptoms worsened, and his fever con-
tinued. A painful periurethral abscess developed that re-
quired drainage. Cultures remained negative; Gram staining
revealed only the presence of white blood cells; and, sub-
sequently, a urethrocutaneous fistula developed. A total of
2 weeks later, the patient presented with a painful left hip,
persistent fever, and ongoing dysuria and hematuria. An ul-
trasound of the hip revealed joint effusion. This prompted
the patient’s transfer to the orthopedics department of the re-
ferring hospital, where a diagnostic hip arthroscopy was per-
formed. Surprisingly, no aberrant findings were found during
the procedure, and both tissue biopsy and fluid samples from
the hip came back culture negative.

An MRI confirmed the presence of osteomyelitis in the
greater trochanter (see Fig. 1a), leading to the patient’s trans-
fer to our tertiary orthopedic department. Throughout this pe-
riod, the patient’s inflammatory laboratory values remained
consistently elevated.

Upon referral, a multidisciplinary team (MDT) meeting
was called that included orthopedic surgeons, microbiolo-
gists, pharmacists, infectious disease specialist, and radiol-
ogists. The team decided to modify the patient’s antimicro-
bial therapy to piperacillin-tazobactam and vancomycin ad-
ministered intravenously. Next, an 18F-fluorodeoxyglucose
positron emission tomography/computed tomography (FDG
PET/CT) scan was carried out that identified increased
metabolic activity in the greater trochanter region and an-
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other hypermetabolic area along the path of the urethrocuta-
neous fistula (Fig. 1b).

An open surgical debridement of the greater trochanter
was performed to obtain tissue biopsies for cultivation. Ad-
ditionally, broad-spectrum 16S rRNA PCR and amplicon se-
quencing (SepsiTest™-UMD; Molzym, Bremen, Germany)
analysis was requested on a tissue biopsy. Secondary, micro-
array analysis for detection of sexual transmitted diseases
(STDs) was performed on a urethral swab. Over the next
few weeks, the patient continued to experience fever and
elevated inflammatory markers. As a result of ongoing pu-
rulent wound drainage, three additional surgical wound de-
bridements were performed, yet all tissue biopsy cultures re-
mained negative.

After 1 week, the STD panel showed a “weak positive”
signal for U. urealyticum. After a 21d period, the results
of the 16S rRNA PCR assay returned positive for U. ure-
alyticum. The prolonged analysis time was due to limi-
tations of the Molzym 16S rRNA assay. The 16S rRNA
PCR products were sequenced using sequencing primers (Se-
qGN16 and SeqGP16), supplied in the UMD Universal kit.
However, it was stated in the manual that additional spe-
cific PCR assays are necessary for identification of U. ure-
alyticum. Therefore, sequencing was repeated with mod-
ified primers to detect U. urealyticum. In response, van-
comycin and piperacillin—tazobactam were replaced with
doxycycline. Remarkably, within just a few days, all symp-
toms vanished, and inflammatory markers in the laboratory
tests dropped significantly (normalization of white blood cell
count and near-normalization of C-reactive protein within
5d).

The patient was hospitalized for additional time due to
dehiscence of the arthroscopy portal wounds. Luckily, this
complication was promptly managed with negative-pressure
wound therapy and localized wound care.

After 6 weeks of doxycycline treatment, the patient was
symptom-free with normal hip exams and stable inflamma-
tory markers. Further investigations suggest that ocrelizumab
may have precipitated the rare infection by depleting B-cells
and leading to hypogammaglobulinemia. Laboratory tests
validated this, showing a complete lack of B-cells as evi-
denced by the absence of the CD19 marker on multiple blood
samples. Due to the infection, ocrelizumab was discontin-
ued, and intravenous immunoglobulin therapy started for the
duration of B-lymphocyte depletion (ongoing at the time of
writing).

3 Discussion

Ocrelizumab is a humanized monoclonal antibody target-
ing CD20+ B-cells that has been proven to reduce the fre-
quency of relapse and disability progression in MS (Jhaveri
and Lasalvia, 2019). Rituximab is an older and more avail-
able chimeric monoclonal antibody targeting CD20+ cells
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Figure 1. (a) MRI suggests osteomyelitis in the left greater trochanter (white arrow) and two small abscesses near the prostate with peri-
urethral fluid infiltration (red arrow). (b) FDG PET/CT shows high metabolic activity at the trochanter (white arrow) and along the urethro-

cutaneous fistula’s path (red arrow).

that is used for a variety of autoimmune disorders includ-
ing MS (McGinley et al., 2017; Roos et al., 2023). B-cell-
targeting medications, such as these agents, have been linked
to serious infections via mechanisms such as prolonged B-
cell depletion and hypogammaglobulinemia (Mikulska et al.,
2018; Jhaveri and Lasalvia, 2019).

Patients with hypogammaglobulinemia, compared with
immunocompetent individuals, are at increased risk of mu-
cous membrane colonization by Mycoplasma and Ure-
aplasma spp., particularly in the urogenital tract. Increased
colonization of mucosal membranes can escalate the like-
lihood of infection dissemination to distant sites, either
through hematogenous or contiguous spread, potentially af-
fecting bone and joints. This was shown in a study by Furr
et al. (1994) that tracked 91 individuals with hypogamma-
globulinemia. Out of these, 21 contracted infectious arthri-
tis, with Mycoplasma and Ureaplasma spp. accounting for
38 % of the cases (Furr et al., 1994). In this case, we sus-
pect hematogenous seeding of the greater trochanter result-
ing from the development and drainage of the periurethral
abscess.

A 2019 literature review revealed a total of six cases in
which invasive Ureaplasma infections were reported in pa-
tients who developed hypogammaglobulinemia during rit-
uximab treatment (Jhaveri and Lasalvia, 2019). Our litera-
ture search revealed six other recent case reports of inva-
sive Ureaplasma infections in patients treated with Ritux-
imab (El Zein et al., 2023; Garzaro et al., 2022; Harold et al.,
2021; Verhagen et al., 2021; Kvalvik et al., 2020; Poulsen
et al., 2023). Multiple other invasive Ureaplasma infections
were reported in patients with hypogammaglobulinemia due
to other causes (Jhaveri and Lasalvia, 2019). We found only
one other reported case of a severe Ureaplasma infection in
a patient with hypogammaglobulinemia resulting from ocre-
lizumab treatment (Poulsen et al., 2023).

Ureaplasma infections often see diagnostic delays due to
the organism’s small size and complex growth requirements,
evading traditional detection methods (Friberg, 1985). Spe-
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cialized media or PCR is recommended for quicker iden-
tification. An MDT approach involving various specialties
can expedite diagnosis and treatment. Thus, it is advisable
to treat these patients in centers comprising multiple medical
specialties (e.g., orthopedic surgeons, microbiologists, phar-
macists, infectious disease specialist, and radiologists) expe-
rienced in the diagnosis and management of these rare cases
(Walter et al., 2022).

Ureaplasma and other genital Mycoplasma species ex-
hibit intrinsic resistance to B-lactam antibiotics and gly-
copeptides, as they lack a cell wall. This explains the lack
of a therapeutic response after initiating vancomycin and
piperacillin—tazobactam therapy. Furthermore, Ureaplasma
spp. are naturally resistant to lincosamides except in
high concentrations. Historically, Ureaplasma species have
shown susceptibility to antibiotics belonging to the tetracy-
cline, fluoroquinolone, and macrolide classes (Waites et al.,
2005). Recent research indicates that antibiotic resistance
to ciprofloxacin in Ureaplasma species is rising, reaching
up to 59.8 %. On the other hand, resistance to other flu-
oroquinolones, such as levofloxacin and moxifloxacin, re-
mains comparatively low, at 7.3 % and 5.3 %, respectively
(Fernandez et al., 2016; Wu et al., 2024). Meanwhile, resis-
tance to macrolides and tetracyclines is still infrequent, with
macrolide resistance at near 0 % and tetracycline resistance
around 10 % (Ferndndez et al., 2016; Wen et al., 2023). Given
the patient’s prior ciprofloxacin treatment and the potential
for fluoroquinolone resistance, the MDT chose to proceed
with tetracycline therapy. The appropriate duration of antibi-
otic therapy for invasive Ureaplasma spp. infections is not
well understood. The MDT decided on 6 weeks as is general
practice for treatment of osteomyelitis.

4 Conclusion
Clinicians should be aware of the possibility of rare Ure-

aplasma or Mycoplasma infections in patients undergoing
humoral immunosuppressive therapy, such as ocrelizumab
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or rituximab, in the presence of persistent urethritis despite
broad-spectrum antimicrobial therapy. This population is at
risk of more invasive infections, including osteomyelitis or
infectious arthritis, particularly when the diagnosis is de-
layed. Early diagnosis can be established through special-
ized PCR assays, and consulting a microbiologist is recom-
mended in such instances. A multidisciplinary approach is
crucial for achieving an early diagnosis and developing an
adequate treatment strategy.
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