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Abstract: Currently, atovaquone is not recommended for treating severe Pneumocystis jirovecii pneumonia (PCP) due to insufficient
evidence in clinical studies. This report describes a case of severe PCP in a human immunodeficiency virus (HIV)-negative
immunosuppressed patient who was successfully treated with oral atovaquone and corticosteroids. A 63-year-old Japanese woman
complained of fever and dyspnea for 3 days. She had been treated with oral prednisolone (30 mg/day) for interstitial pneumonia for 3
months without PCP prophylaxis. Although we could not confirm P. jirovecii from the respiratory specimen, a diagnosis of PCP was
indicated by marked elevation of serum beta-D-glucan levels and bilateral ground-glass opacities in the lung fields. Based on the
arterial blood gas test results (alveolar-arterial oxygen difference >45 mmHg), the disease status of PCP was defined as severe.
Trimethoprim-sulfamethoxazole (SXT) is the first-line drug for treating severe PCP. However, given the patient’s history of SXT-
induced toxic epidermal necrolysis, she was administered atovaquone instead of SXT. Her clinical symptoms and respiratory condition
gradually improved, with a 3-week treatment showing a good clinical course. Previous clinical studies on atovaquone have only been
conducted in HIV-positive patients with mild or moderate PCP. Accordingly, the clinical efficacy of atovaquone for severe PCP cases
or PCP in HIV-negative patients remains unclear. There is a rising incidence of PCP among HIV-negative patients, given the
increasing number of patients receiving immunosuppressive medications; moreover, atovaquone has less severe side effects than
SXT. Therefore, there is a need for further clinical investigation to confirm the efficacy of atovaquone in cases of severe PCP,
especially among HIV-negative patients. In addition, it also remains unclear whether corticosteroids are beneficial for severe PCP in
non-HIV patients. Thus, the use of corticosteroids in cases of severe PCP in non-HIV patients should also be investigated.
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Introduction

Pneumocystis jirovecii pneumonia (PCP), first described as a human pathogen in 1942 by van der Meer and Brug,' is
a potentially life-threatening pulmonary infectious disease that generally occurs in immunocompromised individuals.? In
individuals with human immunodeficiency virus (HIV) infection, the PCP incidence decreased from 29.9 per 1000 per-
son-years during 1994 to 1997 to 3.9 per 1000 person-years during 2003 to 2007,> whereas approximately 5-15% of
HIV-negative immunocompromised individuals developed PCP in the absence of prophylaxis.*’ Established risk factors
for PCP include HIV infection, chemotherapy treatment for a malignant disease, and reception of hematopoietic cells or
solid organ transplants.® The incidence of PCP among patients with HIV has dramatically decreased after the introduc-
tion of antiretroviral therapy and PCP prophylaxis with trimethoprim-sulfamethoxazole (SXT). However, there is an
increasing incidence of PCP among HIV-negative patients receiving immunosuppressive medications, including corti-
costeroids and biological products, such as tumor necrosis factor-a inhibitors and methotrexate.”'® There remain no
initiation criteria for PCP prophylaxis among HIV-negative patients receiving immunosuppressive agents.
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Currently, 21-day treatment with SXT is the most common therapeutic strategy for PCP in both HIV-infected and
HIV-negative patients;'""'* however, some patients cannot tolerate this treatment due to severe allergies, including
Stevens—Johnson syndrome and toxic epidermal necrolysis (TEN). Atovaquone is an alternative drug for PCP treatment
and is better tolerated than SXT; however, it is currently not recommended for severe PCP due to insufficient evidence.'?
This report describes a case of severe PCP in an HIV-negative immunosuppressed patient with a history of SXT-induced
TEN who was successfully treated with oral atovaquone alone.

Case Report

A 63-year-old Japanese woman complained of fever, dyspnea (especially on exertion), and a non-productive cough that had
developed 3 days earlier. She had undergone a 3-month treatment with oral steroids for interstitial pneumonia related to mixed
connective-tissue disease. She had a history of life-threatening TEN caused by SXT administered for PCP prophylaxis 2 months
earlier, which was treated using two courses of steroid pulse therapy and several plasma exchanges. Subsequently, she was started
on atovaquone for PCP prophylaxis; however, it was discontinued due to gastrointestinal side effects (nausea and anorexia).
Therefore, she did not receive chemoprophylaxis for PCP. Moreover, she had a medical history of anaphylactic shock caused by
ganciclovir treatment for cytomegalovirus (CMV) enteritis. Upon presentation to our hospital, her consciousness was clear
(Glasgow Coma Scale, E4V5M6)." Her vital signs were as follows: blood pressure, 117/78 mmHg; heart rate, 90 beats/min; body
temperature, 37.8°C; respiratory rate, 26 breaths/min; and SpO,_85% in room air. With nasal oxygen ventilation at 2 L/min, the
findings of arterial blood gas analysis were as follows: pH, 7.464; pCO,, 33.4 mmHg; pO,, 94.7 mmHg; and HCO; *22.4 mEq/L;
PaO,/FiO, ratio, 326 mmHg, and alveolar-arterial oxygen difference (A-aDO,), 70.3 mmHg. Physical examination revealed no
wheezes or crackles on chest auscultation. Blood tests revealed a normal leukocyte count of 6700 cells/puL (normal range: 3300—
8600 cells/uL), an elevated C-reactive protein level of 3.75 mg/dL (normal: <0.04 mg/dL), lactate dehydrogenase level of 499 IU/
L (normal range:124-222 TU/L), and KL-6 level of 595 IU/L (normal: <500 IU/L). Chest radiography revealed a bilateral, diffuse,
and symmetric reticular interstitial shadow (Figure 1A). Additionally, chest computed tomography revealed a bilateral, asym-
metric, and patchy mosaic appearance, as well as ground-glass opacities in the lung subpleural peripheral regions
(Figure 1B and C). Based on these findings, the following differential diagnoses were considered: PCP, CMV pneumonia, and
pulmonary edema due to heart failure. An additional blood test showed an increased level (155 pg/mL, normal: <20 pg/mL) of
beta-D-glucan (a cell wall component of most fungi, including Pneumocystis jirovecii), but negative results for CMV antigenemia
and IgM antibodies. The HIV antibody test results were negative, and the CD4 count was normal. Transthoracic echocardiography
revealed normal cardiac function. These findings were strongly suggestive of PCP. Due to hypoxemia, she did not undergo
bronchoscopy for bronchoalveolar lavage (BAL) to identify Preumocystis jirovecii. Based on the A-aDO; level (>45 mmHg), the

Figure | Chest X-ray image showing a bilateral diffuse symmetric reticular interstitial shadow (A). A chest computed tomography scan showing bilateral asymmetric patchy
mosaic appearance and ground-glass opacities in the lung subpleural peripheral regions (B and C).
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Figure 2 Clinical course of the patient in the present case.

disease status of PCP was considered severe. As primaquine is not registered for treating PCP in Japan, we initially recommended
intravenous pentamidine, which is a recommended second-line drug for PCP treatment, given her history of SXT-induced TEN.
However, she refused to receive pentamidine, given its potential side effects, including kidney damage, hypotension, and
ventricular arrhythmias. This could be attributed to her previous experience with adverse reactions to various medications,
which increased her anxiety regarding therapeutic agents. Given her severe respiratory status, the attending physician again
persuaded the patient to receive PCP treatment. Finally, she agreed to take atovaquone, which had been previously discontinued
due to nausea and anorexia; however, we explained that atovaquone is recommended as a first-line drug for mild, rather than
severe, PCP. Additionally, we recommended administering methylprednisolone (mPSL) for hypoxia, which she accepted.
Accordingly, atovaquone 750 mg twice a day and mPSL 80 mg/day were started. She gradually recovered and gained a stable
respiratory condition (nasal oxygen was discontinued on the fifth day of treatment). There were no gastrointestinal symptoms
caused by atovaquone. She received intravenous mPSL and oral atovaquone for 21 days at a therapeutic dose. At discharge, oral
atovaquone was switched to a prophylactic dose (1500 mg once daily), while mPSL was switched to oral prednisolone, which was
gradually tapered off (Figure 2).

Discussion

We encountered a case of severe PCP successfully treated with oral atovaquone alone in an HIV-negative immunosuppressed
patient. The incidence of PCP among HIV-negative patients is increasing, given the rising number of individuals receiving
immunosuppressants.'®> In Norway, the regional incidence rate of PCP among immunocompromised HIV-negative patients
doubled from 5.0 cases per 100,000 person-years in 2007 to 10.8 in 2017.'® Moreover, from January 2010 to December 2016,
>90% of patients with PCP in Japan were HIV negative (n=4293)."” Among these patients, the most common comorbidity was
hematologic malignancy (31%), followed by rheumatic/collagen diseases (26%) and solid organ tumors (18%); additionally,
corticosteroids were the most commonly used drugs preceding PCP occurrence (81.2%).'” The most critical risk factor for PCP
among HIV-negative patients is glucocorticoid treatment.” We assumed that our patient developed PCP since she did not take
prophylactic medication for PCP for 3 months while receiving oral glucocorticoids for treating interstitial pneumonia.

The disease status of PCP can be graded as mild, moderate, or severe based on the A-aDO, level (mild, A-aDO, <35
mmHg; moderate, 35 < A-aDO, < 45 mmHg; and severe, A-aDO, >45 rang).ll SXT is the first-line treatment of
choice for PCP regardless of the disease status or HIV status; however, there remains no sufficient evidence to
recommend it for HIV-negative patients.'® Selection of alternative treatment regimens for patients with PCP who cannot
take SXT is partly dependent on the disease severity.'” Alternative therapeutic agents for severe PCP include intravenous
pentamidine, clindamycin plus primaquine, and atovaquone.’®?' However, atovaquone is not recommended for severe
PCP due to insufficient evidence. A double-blind, multicenter trial conducted in the United States found no difference in
the clinical efficacy of atovaquone and SXT for PCP treatment; however, the study population only comprised patients
with mild-to-moderate PCP who had acquired immunodeficiency syndrome (AIDS).?* In addition, the clinical efficacy of
atovaquone and SXT is comparable (99 of 160 patients [62%] in the atovaquone cohort and 103 of 162 patients [64%] in
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the SXT cohort, p = 0.751). Moreover, although there were more deaths overall after 8 weeks of treatment in the
atovaquone group (13 patients [8.1%] vs 4 patients [2.5%], p = 0.023), the proportion of deaths due to PCP was not
different between the two groups (4 patients [2.5%] vs 1 patient [0.6%], p = 0.171). Thus, atovaquone could be the first-
line drug not only in severe cases, as in the present case, but also in mild and moderate cases. Another study showed that
atovaquone had a non-significantly higher successful treatment rate than intravenous pentamidine (57% vs 40%, p =
0.085); however, this study only included patients with mild-to-moderate PCP who had AIDS.? Further studies are
warranted to determine whether atovaquone can be used for patients with severe PCP, especially HIV-negative patients.

In our case, glucocorticoids were administered in addition to atovaquone for PCP treatment; however, it is still unclear
whether corticosteroids are beneficial for HIV-negative patients with PCP."® Glucocorticoids adjunctive to the anti-
Pneumocystis agents are recommended for moderate or severe PCP in patients with HIV since this treatment regimen
improves clinical outcomes and mortality without increasing the risk of other opportunistic infections by reducing pulmonary
inflammation and preventing oxidative deterioration.”* However, the efficacy of adjunctive glucocorticoids for PCP treatment
in HIV-negative patients remains unclear. Nonetheless, given the fulminant course and high mortality of PCP among HIV-
negative patients, some researchers have recommended glucocorticoid therapy for patients with PaO, <70 mmHg or A-aDO,
gradient >35 mmHg.>* *° A meta-analysis of 16 retrospective observational studies on PCP in HIV-negative patients found
that corticosteroids in addition to anti-Pneumocystis agents were associated with decreased mortality among patients with
respiratory failure (odds ratio, 0.63; 95% confidence interval, 0.41—0.95).27 Therefore, corticosteroids should be considered
for severe PCP in HIV-negative patients, depending on their condition and background.

To our knowledge, only one report has described the use of oral atovaquone to treat severe PCP.?® The patient was a 64-year-
old woman with glucose-6-phosphate dehydrogenase (G6PD) enzyme deficiency who complained of fever, deteriorating
exertional dyspnea, and non-productive cough for 2 days. She developed PCP due to the long-term use of corticosteroids for
brain tumors. She was started on atovaquone instead of SXT, given the risk of hemolytic anemia in patients with G6PD
deficiency upon exposure to SXT. The patient was completely cured (Table 1). Therefore, atovaquone may be a safe alternative
treatment regimen for patients with a severe allergy to SXT or G6PD deficiency. In addition, SXT often involves adverse

Table | Clinical Characteristics of the Present Patient and an Earlier Patient with Severe PCP

Present Case Previously Reported Case?’

Age 63 64

Sex Female Female

Underlying disease Mixed connective tissue, Glucose-6-phosphate dehydrogenase
interstitial pneumonia enzyme deficiency, brain tumor

Reasons for developing Pneumocystis Long-term use of corticosteroids | Long-term use of corticosteroids without

pneumonia without prophylaxis prophylaxis, chemotherapy

Serum lactate dehydrogenase (mg/dL) | 499 855

Serum KL-6 (IU/L) 595 Unknown

Serum beta-d-glucan (pg/mL) 155 Unknown

O, saturation (%) 85 88

PaO, (mmHg) 94 (nasal oxygen 2L/min) 56

Regimen of atovaquone 750 mg twice per day 750 mg three times per day

Adjunctive corticosteroid Yes Yes

Duration of treatment (days) 21 Unknown

Side effect of atovaquone None None

Previous use of other anti-Pneumocystis | None None

agents for treatment

Previous use of other anti-Pneumocystis | None None

agents for prophylaxis

Prognosis Survive Survive
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events, such as nephrotoxicity, bone marrow depression, and skin rash, which could impede treatment completion. Compared
with SXT, atovaquone has several advantages, including tolerable side effects and fewer adverse reactions, and thus clinical
studies are warranted to examine the efficacy of atovaquone against severe PCP.

This study had some limitations. First, this is a single case report with minimal data; nonetheless, it is important to report such
cases. To our knowledge, this is the second case report describing the successful use of atovaquone as a first-line agent in an HIV-
negative patient with severe PCP (A-aDO; level >45 mmHg). Further studies are warranted to confirm the efficacy of atovaquone
against severe PCP. Second, we did not perform a BAL to identify Prneumocystis jirovecii. Therefore, this was a presumptive PCP
case. However, a diagnosis of PCP was strongly indicated by the long-term administration of glucocorticoids, elevation of serum
beta-D-glucan, a typical computed tomography image of PCP, and an improved clinical course with atovaquone treatment.

Conclusion

We encountered a case of severe PCP in an HIV-negative patient treated with oral atovaquone alone, which yielded
favorable outcomes. Since atovaquone has fewer severe side effects than SXT, further evidence is required to establish its
efficacy against severe PCP, especially in HIV-negative patients. Moreover, further studies are warranted to confirm the
efficacy of adjunctive corticosteroids against severe PCP in HIV-negative patients.
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