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A B S T R A C T

β-D-glucan is extensively employed as a supplementary diagnostic tool for Pneumocystis pneumo-
nia (PCP) and typically yields positive results in most cases.

We present a case of a 73-year-old woman with a history of rheumatoid arthritis, who was re-
ceiving biological agents and was admitted due to pneumonia.

Initially, the β-D-glucan test was negative. However, as the disease progressed, it eventually
turned positive, leading to the diagnosis of PCP. The patient was treated with corticosteroids and
trimethoprim-sulfamethoxazole, resulting in pneumonia resolution.

Our findings suggest that repeated assessment of β-D-glucan levels holds diagnostic value in
patients without human immunodeficiency virus infection.

1. Introduction
Recently, the utilization of biological agents has become extensive in the treatment of immune-inflammatory disorders, including

rheumatoid arthritis (RA). A significant consequence associated with their administration is the occurrence of pulmonary infections
[1]. Specifically, Pneumocystis pneumonia (PCP) exhibits an accelerated disease progression and presents a higher mortality rate in
patients without human immunodeficiency virus (HIV) infection than in those with HIV infection [2], necessitating prompt diagnosis
for timely intervention. Serum β-D-glucan demonstrates good sensitivity for detecting PCP and serves as an adjunct diagnostic tool
[3]. A patient with a negative serum β-D-glucan level is regarded as improbable for PCP due to the test's high negative predictive
value [4]. In this report, we present a case wherein the initial serum β-D-glucan level was low at the onset of the disease but subse-
quently escalated during the disease course, ultimately leading to the diagnosis of PCP.

2. Case presentation
A 73-year-old woman presented to our hospital with a recent medical history indicating a mild febrile state. She had a 30-year his-

tory of RA, initially managed with the administration of disease-modifying anti-rheumatic drugs, supplemented with the introduction
of etanercept treatment 16 years ago. However, owing to adverse effects, the treatment regimen was modified, replacing etanercept
with oral methotrexate and salazosulfapyridine. Nevertheless, due to inadequate control of her arthritic condition, she was subse-
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quently initiated on biological agents 13 years ago, transitioning through infliximab, tocilizumab, abatacept, and most recently, cer-
tolizumab pegol (200 mg/2 weeks) as of 2 months ago. Furthermore, since that time, methotrexate was switched to subcutaneous in-
jection (7.5 mg/2 weeks) due to inadequate compliance with oral medication, and it was concurrently administered with oral pred-
nisolone (5 mg/day). Additionally, she had a history of moderately controlled diabetes mellitus with the administration of
teneligliptin. The patient had no prior history of pulmonary disease and was admitted with pneumonia, presenting symptoms of low-
grade fever and general malaise.

Overall, the physical examination findings were unremarkable. Her lungs were clear upon auscultation. Blood tests revealed ele-
vated levels of C-reactive protein (CRP) at 9.84 mg/dL and lactate dehydrogenase (LDH) at 396 U/L, with a white blood cell (WBC)
count of 10,200/μL. The β-D-glucan levels measured using the Fungitec G Test MK Ⅱ “Nissui” (Nissui Pharmaceutical Co., Ltd., Tokyo)
were 12.1 pg/mL (<20.0), and the Krebs von den lungen-6 (KL-6) levels were 384 U/mL (<500), both falling within the normal
range. Arterial blood gas analysis showed slight hypoxemia (PaO2 of 68.7 mmHg while receiving 1.0 L/min oxygen via nasal can-
nula). Chest radiography showed normal findings, whereas chest computed tomography (CT) (Fig. 1) showed ground-glass opacities
and infiltrative shadows in both the upper lobes and the right lower lobe.

Polymerase chain reaction (PCR) test for severe acute respiratory syndrome coronavirus 2 infection was negative. Bacterial cul-
ture of the sputum sample revealed the presence of methicillin-susceptible Staphylococcus aureus (MSSA). PCR testing for Pneumocystis
jirovecii DNA in the sputum sample was not conducted. Therefore, the patient was diagnosed with bacterial pneumonia and received
antibiotic therapy with tazobactam/piperacillin. Certolizumab pegol and methotrexate were discontinued.

However, the patient continued to have persistent pyrexia following admission, and on the eighth day of hospitalization, her oxy-
gen requirements increased. The chest CT scan (Fig. 2) revealed worsening of the ground-glass opacities and infiltrative shadows,
spreading throughout both lungs and surpassing the initial observations upon admission.

The patient presented with antibiotic-refractory pneumonia, prompting contemplation of bronchoscopy for conclusive diagnosis;
however, its execution was precluded by the rapid progression of respiratory failure. In response, we modified the antibiotic regimen,
transitioning from tazobactam/piperacillin to a combination therapy consisting of meropenem and levofloxacin. Additionally, con-
sidering the possibility of methotrexate-associated pneumonia and PCP, the patient received corticosteroid therapy and trimetho-
prim-sulfamethoxazole (TMP-SMX) at 960 mg/4800 mg per day for 3 weeks (Fig. 3).

Subsequently, the β-D-glucan levels, measured 11 days after admission, elevated to 40.0 pg/mL, providing clinical evidence sup-
porting the diagnosis of PCP.

Following the initiation of PCP therapy, the patient has transitioned to an afebrile state, her oxygen requirements have dimin-
ished, and her CT findings have shown improvement. Following the completion of PCP treatment, we gradually reduced the dosage of
prednisolone while maintaining it as a therapeutic regimen for RA. As a prophylactic measure, we administered TMP-SMX 80 mg/400
mg per day. Currently, we have not decided whether to reintroduce methotrexate or other biological agents.

Fig. 1. Findings of chest computed tomography (CT) on admission. Ground-glass opacities and infiltrative shadows in both the upper lobes and the right lower lobe.

Fig. 2. Findings of chest computed tomography (CT) on the eighth day of hospitalization. Worsening of the ground-glass opacities and infiltrative shadows, spreading
throughout both lungs and surpassing the initial observations upon admission.
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Fig. 3. Therapeutic course of Pneumocystis pneumonia. TMP-SMX, trimethoprim-sulfamethoxazole; CZP, certolizumab pegol; MTX, methotrexate; m-PSL, methylpred-
nisolone; PSL, prednisolone; CRP, C-reactive protein; LDH, lactate dehydrogenase.

3. Discussion
We present a case of PCP in a patient with RA who was receiving biological therapy. Initially, the patient exhibited low levels of β-

D-glucan; however, subsequent repeated measurements led to the diagnosis of PCP. This case highlights two important findings. First,
PCP in non-HIV-infected patients may initially present with negative β-D-glucan levels, which can later increase. Second, repeated
measurements of β-D-glucan levels are crucial in diagnosing PCP in non-HIV-infected patients.

PCP is commonly diagnosed using serum β-D-glucan as an adjunct diagnostic tool [3]. A previous study reported a cut-off value of
31.1 pg/mL using the Fujifilm Wako assay, which exhibited a sensitivity of 92.3% and a specificity of 86.1% for PCP diagnosis [5].
This test has a high negative predictive value, indicating that PCP is unlikely in patients with negative serum β-D-glucan [4]. How-
ever, precise cut-off values for the test remain undefined, and its sensitivity may be lower in non-HIV-infected patient populations
with lower Pneumocystis burden [6,7]. A recent study proposed a cut-off value of 8.5 pg/mL using the Fujifilm Wako assay for PCP di-
agnosis in non-HIV-infected patients [8]. In this case, β-D-glucan levels were measured using the Fungitec G Test MK Ⅱ, known to
yield approximately twice as high levels as the Fujifilm Wako assay [9]. Consequently, the β-D-glucan levels were notably low at the
onset of PCP in this patient. Presumably, the diminished β-D-glucan levels observed during the initial phases of the disease were a
consequence of a low Pneumocystis burden. The subsequent increase in β-D-glucan levels after a few days was likely due to an escala-
tion in the Pneumocystis burden resulting from delayed PCP treatment.

Repeated measurements of β-D-glucan levels are crucial in the diagnosis of PCP in non-HIV-infected patients. Pneumonia in pa-
tients with RA who receive methotrexate or biological agent therapy can encompass not only bacterial pneumonia but also
methotrexate-associated pneumonia or PCP. Distinguishing between these conditions can be challenging. In this case, despite empiri-
cal antibiotic therapy with tazobactam/piperacillin, the pneumonia worsened, and the possibility of methotrexate-associated pneu-
monia and PCP could not be definitively ruled out. Therefore, the patient received corticosteroids and TMP-SMX, while re-evaluating
β-D-glucan levels to confirm the diagnosis of PCP. Even if the initial β-D-glucan levels yield negative results, conducting multiple β-D-
glucan measurements in patients receiving biological agents with persistent pneumonia is advisable.

In the present case, the confirmation of Pneumocystis jirovecii through microscopic identification was not achieved. The micro-
scopic identification of Pneumocystis jirovecii poses challenges due to the reduced organism burden and severe conditions, such as hy-
poxemia, observed in non-HIV-infected patients [10]. Although Pneumocystis-specific PCR assays are available for the detection of
Pneumocystis, these results are not covered by insurance in Japan, and the patients did not provide consent for the test. Given the
rapid deterioration of the patient's condition and the alteration of antibiotic therapy and corticosteroid therapies, it is difficult to com-
pletely rule out bacterial pneumonia, drug-induced pneumonitis (such as methotrexate-associated pneumonia), or connective tissue
disease-associated interstitial disease, as potential causes, all of which may exhibit response to the aforementioned treatments. How-
ever, the sputum culture indicated the presence of MSSA and no other identifiable microorganisms. Considering the inefficacy of
tazobactam/piperacillin, conventional bacterial pneumonia was unlikely. Other pathologies also present challenges in explaining the
elevated levels of β-D-glucan. β-D-glucan exhibits positive results in the context of fungal infections, including candidiasis and as-
pergillosis, in addition to PCP. Nonetheless, no findings suggestive of these fungal infections were observed apart from PCP. It is
worth noting that β-D-glucan can produce false-positive results due to various factors, such as hemodialysis with cellulose membrane
filters, use of fungal-derived antimicrobial agents, infusion of blood products containing immunoglobulins or albumins, significant
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mushroom consumption, and certain bacterial infections [11–14]. Although the patient received antibiotic therapy with tazobactam/
piperacillin, it has been reported that this treatment has no impact on β-D-glucan levels [15]. In the absence of any other identifiable
causative factor for the elevated β-D-glucan levels and considering the subsequent improvement of clinical symptoms following PCP
treatment, a consistent diagnosis of PCP was established.

4. Conclusions
We describe the case of a patient with RA who developed PCP while receiving biological agents. Despite initially low β-D-glucan

levels, subsequent measurements confirmed the diagnosis of PCP. It is important to recognize that negative β-D-glucan results do not
exclude the possibility of PCP in non-HIV-infected patients with pneumonia. Microscopic identification of Pneumocystis jirovecii in
non-HIV-infected PCP cases can be challenging. Therefore, repeated assessment of β-D-glucan levels may serve as a more reliable di-
agnostic approach for PCP.
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