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its diagnosis, polymerase chain reaction has been shown to have a high sensitivity, detecting Preumocystis DNA in induced sputum or oropharyngeal wash.

Serum B-p-glucan is useful as an adjunctive tool for the diagnosis of PCP. High-resolution computed tomography, which typically shows diffuse ground-

glass opacities, is informative for the evaluation of immunocompromised patients with suspected PCP and normal chest radiography. Trimethoprim—

sulfamethoxazole (TMP-SMX) is the first-line agent for the treatment of mild to severe PCP, although it is often complicated with various side effects.

Since TMP-SMX is widely used for the prophylaxis, the putative drug resistance is an emerging concern.
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Introduction

Preumocystis jirovecii pneumonia (PCP) is a potentially life-
threatening fungal infection seen in immunocompromised
individuals. In 1940s, Pneumocystis was recognized as a patho-
gen for pneumonia in malnourished or premature infants.
'Then, prior to 1980s, PCP was recognized as a rare but fatal
infection primarily among patients with acute leukemia and
other hematological malignancies.! In 1980s, the worldwide
epidemic of human immunodeficiency virus (HIV) dramati-
cally increased the prevalence of PCP. Because of the prog-
ress in the antiretroviral therapy (ART) and the use of routine
prophylaxis against PCP, the incidence of PCP in HIV-
infected population was reduced in most of the industrialized
countries. However, PCP still remains to be the most com-
mon opportunistic infection among patients with acquired
immunodeficiency syndrome (AIDS) in many countries.?
This article will review the current understanding and future
directions of the diagnosis, treatment, and prophylaxis of
PCP in HIV-infected adults and adolescents. Because of the
economic and health-care disparities among countries, some
part of this review, especially epidemiology and diagnostic

tools, may refer to developed countries but not be applicable
to emerging ones.

Mycology

Preumocystis was initially classified as a protozoa based on
the histological characteristics of the two identified life-cycle
forms, the small trophozoite and the larger cyst form, and the
response of the infection to treatment with the antiprotozoa
medication pentamidine.’ Based on DNA sequence analyses,
Preumocystis is now classified as a fungus, although it is dif-
ficult to culture in a standardized system. In 2012, the first
fully assembled P. jirovecii genome from a single isolate was
reported.* The genome lacks virulence factors and most amino
acid biosynthesis enzymes, suggesting that P. jirovecii is an
obligate pathogen specialized in the colonization of human
lungs and causes disease only in immunodeficient individu-
als.* Although the whole-genome analysis of Preumocystis has
been completed, the life cycle and drug susceptibility of Preu-
mocystis were hindered by the difficulty in isolating it in pure
culture.>® A recent comparative genomic study by Almeida
et al suggested that primary homothallism is the system of
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reproduction of Pneumocystis species.® In addition, Schildgen
et al recently reported that P. jirovecii could be cultured in a
permanent three-dimensional air-liquid interface culture sys-
tem formed by CuFi-8 cells, a differentiated pseudostratified
airway epithelial cell line.” These advances in mycology are
expected to provide a great advantage in understanding the
characteristics of Preumocystis.

Pneumocystis jirovecii lives almost exclusively in the
pulmonary alveoli in human. Morphological studies have
revealed three distinct stages: the trophozoite (trophic form),
in which it often exists in clusters, the sporozoite (precystic
form), and the cyst, which contains several intracystic bodies
(spores).® The trophic form, which adheres tightly to alveolar
type I epithelial cell, is 1-4 um in diameter and the mature
cyst is 810 um in diameter. During infection of the lung, the
trophic forms predominate over the cyst forms by ~10:1.8?

Colonization and Transmission
Based on serologic testing, most children acquire infection
with P. jirovecii by age 411! In HIV-infected patients, the
rates of colonization were reported to be as high as 69%.12 In
addition, evidences showed frequent colonization of Preumo-
cystis also in non-HIV population.!314

It is still controversial whether PCP occurs after reac-
tivation of latent infection or colonization or is due to de
novo acquisition. Earlier expert opinions suggested that PCP
develops after reactivation of latent infection, but a grow-
ing body of evidence indicates that de novo exposure from
individuals with PCP or those colonized with Preumocystis
may result in person-to-person transmission.!>!¢ In HIV-
infected patients who experienced two or more episodes of
PCP, genetically distinct isolates were associated with each
episode, which suggests that the recurrent episodes of PCP
were caused by reinfection rather than by reactivation of latent
infection.”” In addition, in a large outbreak of PCP in renal
transplant recipients, genotyping of the P. jirovecii isolates
indicated airborne transmission from an index case at the
outpatient clinic and ward.’®! The results of these genetic
epidemiological studies with genotyping support the person-
to-person spread of Preumocystis.>**?° Recently, Le Gal et al
reported that P. jirovecii DNA was detected in the air samples
collected at 5 m from the head of colonized patients, which
suggested P. jirovecii exhalation from colonized patients and
risk of nosocomial transmission.?! Pneumocystis-colonized
individuals may not only pose a risk for developing PCP but
also serve as a reservoir for disease transmission. To prevent
transmission, placement of a patient developing PCP in the
same room with an immunocompromised patient should be
avoided.?? Furthermore, it may be reasonable to extend this
measure to colonized patients.?!

Host Response to Pneumocystis
A growing body of knowledge on the host response to Preu-
mocystis species has been accumulated based on the findings

from rodent and human studies. The host immune response
during PCP involves complex interactions between CD4*
T cells, CD8* T cells, neutrophils, alveolar macrophages,
and soluble mediators that facilitate the clearance of the
infection.?>?* Alveolar macrophages serve as the primary
host defense against P. jirovecii, playing an important role in
the recognition, phagocytosis, and degradation of the organ-
isms.? In response to proliferation of Pneumocystis, the uptake
of the organisms by macrophages occurs through multiple
receptor systems, including the action of mannose receptors
that interact with glycoprotein A or major surface glycopro-
tein (MSG) on the surface of Pneumocystis, and the interac-
tion between (1—3)-B-p-glucan (B-p-glucan) of Preumocystis
and the macrophage surface receptors, dectin-1 and Toll-like
receptor 2.%23 IgG and other opsonic proteins in the alveolar
spaces also participate in this uptake process. In addition, vari-
ous proinflammatory cytokines and chemokines released from
activated macrophages and epithelial cells are essential for
the optimal elimination of the organisms.>2%2” Despite their
important roles in the host defense, alveolar macrophages in
patients with PCP are defective in phagocytosis and fewer
in number.?%? Recently, Lei et al reported that, in a mouse
model of PCP, myeloid-derived suppressor cells (MDSCs)
accumulate in the lungs and impair the phagocytic activity
of alveolar macrophages through activation of programmed
death 1 protein pathway, which may be the key mechanism of
the pathogenesis of PCP.%0

CD4* T lymphocytes, the count of which decreases in
HIV infection, are essential to eradicate P. jirovecii infection
and contribute to inflammatory lung damage. CD4" T cells
proliferate in response to Pnreumocystis antigens and gener-
ate interferon (IFN)-y, which induces further recruitment of
macrophages. interleukin-8 (IL-8), which is released from epi-
thelial cells and macrophages, strongly enhances the recruit-
ment of neutrophils that not only contribute to the organism
clearance but also mediate lung injury through the release of
proteases and oxygen radicals. Severe PCP is characterized
by neutrophilic lung inflammation that may result in dif-
fuse alveolar damage, impaired gas exchange, and respiratory
failure. The increased percentage of neutrophils in broncho-
alveolar lavage (BAL) fluid has been shown to be predictive
of 90-day mortality.3! The IL-8 level in BAL fluid, which is
lower in PCP patients with HIV infection than in those with-
out, also correlate closely with neutrophil accumulation in
the alveolar space, impaired oxygenation, and mortality.32-33
These findings indicate that, once host immune response to
Preumocystis infection is excessive, pulmonary inflammation
potently contributes to lung injury.>?° The extent of the host
immune response, especially neutrophilic lung inflammation,
could be the determinant of the disease severity.

During PCP, pulmonary inflammation more potently
contributes to lung injury than the direct effects of the organ-
ism. Mice with severe combined immunodeficiency (SCID)
lacking functional T and B lymphocytes have spontaneous
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Pneumocystis infection by 3 weeks of age. In spite of the pro-
gressive infection, the SCID mice show normal oxygenation
and lung function until the late stages of the disease.>* When
the immune systems in these animals are reconstituted with the
use of intact spleen cells, an intense T-cell-mediated inflam-
matory response ensues, resulting in substantially impaired
gas exchange. Similarly, in HIV-infected patients, the ini-
tiation of ART during the course of PCP treatment is often
associated with a paradoxical worsening of PCP with a relapse
in their symptoms and deterioration in their respiratory status.
This phenomenon, which is known as the immune reconstitu-
tion inflammatory syndrome, is a consequence of the recovery
of immune function resulting from ART. These observations
indicate that the development of lung injury requires cellular

immune response besides Preumocystis infection.

Differences in Clinical Features of Pneumocystis
Pneumonia Between Patients with HIV Infection

and those without

PCP develops in patients with immunosuppression or immu-
nomodulation due to the underlying disease or its treatment,
such as anti-tumor necrosis factor (TNF) drugs for rheumatoid
arthritis. Early in the AIDS epidemic, PCP occurred in 46% of
the AIDS patients who did not receive chemoprophylaxis for
PCP? Nowadays, AIDS-related PCP occurs primarily among
individuals unaware that they have HIV infection and is an
AIDS-defining illness.?> PCP usually develops in HIV-infected
patients when the CD4* lymphocyte count decreases to fewer
than 200 cells/mm? and particularly to fewer than 100 cells/
mm?®.% Nevertheless, HIV-infected patients with CD4* counts
greater than 200 cells/mm? account for 10%-15% of cases of
PCP?° Although decreasing CD4* count is the strongest pre-
dictor of risk for opportunistic infection, increasing viral load
(ie, HIV-RNA in plasma) is independently associated with
increased risk.%

The clinical features of PCP are quite different between
HIV-infected patients and those without HIV infection.3’=
In most case of PCP in HIV-infected patients, respiratory
failure develops gradually and BAL fluid contains a large
number of organisms, which facilitate precise diagnosis.®”
The outcome of PCP is more favorable in HIV-infected
patients than in those without HIV infection. The mor-
tality rates of PCP range from 10% to 20% among HIV-
infected patients, while it is 30%—60% among the non-HIV
population.”373% These differences in clinical features of
PCP are thought to be due to the differences in the immune
response of the host.

Presentation and Diagnosis

PCP may be difficult to diagnose owing to its nonspecific
symptoms. Radiological presentation is also nonspecific or
even normal in case of mild disease. Therefore, the single most
important diagnostic tool for PCP is a high clinical suspi-
cion. Because PCP is one of the most frequent opportunistic

infection, physicians should consider it when an HIV-infected
patient or a patient with oropharyngeal candidiasis or other
signs suggestive of HIV infection complains of fever, short-
ness of breath, and/or cough. Microscopic demonstration of
the organisms in a clinically relevant source such as speci-
mens of induced sputum, BAL fluid, or lung tissue has been
the golden standard for the diagnosis of PCP but a positive
polymerase chain reaction (PCR) result in combination with
an elevated level of serum B-p-glucan may be enough to start
anti-PCP treatment.

Clinical presentation. In HIV-infected patients, PCP
classically presents with low-grade fever, nonproductive or
minimally productive cough, dyspnea, and malaise, which
are not specific to PCP. Symptoms may be subtle at first but
gradually progress and may be present for several weeks before
diagnosis, and up to 7% of the patients can be asymptomatic.?®
Physical examination is also nonspecific. The pulmonary aus-
cultation is often normal, but, when abnormal, inspiratory
crackles are the most common finding. Patients may have signs
of respiratory compromise, including tachypnea, tachycardia,
and cyanosis. Extrapulmonary manifestations of Pneumocystis
infection are not common, but retinitis, thyroiditis, bone
lesions, and pneumocystosis of brain, liver, spleen, and kidney
have been described as rare manifestations.*** These findings
tend to occur more frequently in patients who have been on pro-
phylaxis with aerosolized pentamidine or who were extremely
immunocompromised, generally from advanced AIDS.?

Microbiological diagnosis. Because Pneumocystis can-
not readily be cultured in the laboratory, the microscopic
demonstration of the organisms in respiratory specimens
has been the golden standard for the diagnosis of PCP.2>2
Cysts can be stained with Grocott-Gomori methenamine-
silver, toluidine blue O, or calcofluor white. Trophic forms,
which predominate over the cyst forms during development
of PCP, can be detected with Wright-Giemsa and Diff-
Quik staining. The visualization of the organism may not
be steady depending upon the skill and experience of the
observer. Monoclonal antibodies for detecting Preumocys-
tis have a higher sensitivity and specificity in induced spu-
tum samples than conventional tinctorial stains, but the
difference is much less in BAL fluid.*®*” In HIV-infected
patients, microscopic visualization of BAL specimens has
a reported sensitivity of 98% or greater.*® Because bron-
choscopy requires specialized personnel and equipment and
carries an associated risk of complications, sputum induc-
tion with hypertonic saline, which has a diagnostic yield of
50%-90%, could be the initial procedure used to diagnose
PCP.# The sensitivity may be lower in patients receiving
aerosolized pentamidine for prophylaxis.

Molecular diagnosis. The detection of Pneumocystis
DNA in clinical specimens by using PCR assays is leading to
important advances in the clinical diagnosis of PCP.>? Nested
or conventional PCR, which uses PCR primers for the gene
for Preumocystis mitochondrial large-subunit ribosomal RNA,
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is a technically established method and is now widely used in
clinical practice.”* PCR has 94%-100% sensitivity and 79%—
96% specificity in the diagnosis of microscopically positive
PCP.*>>* A meta-analysis by Lu et al showed a sensitivity of
99% and a specificity of 91% for PCP in AIDS population.*
Positive and negative likelihood ratios of PCR analysis in the
diagnosis of PCP were 11.5 and 0.01, respectively.”> Although
BAL fluid is the optimal specimen for PCR analysis, induced
sputum has been shown to be acceptable, particularly in HIV-
infected patients. Harris et al showed that the use of PCR
technologies, when combined with less-invasive patient speci-
mens such as induced sputum, represent more cost-effective
options than any diagnostic procedure using BAL.* It has
been shown that Preumocystis DNA can be detected by PCR
in oropharyngeal washes and nasopharyngeal aspirates.’
In HIV-infected patients, PCR of oropharyngeal wash had
a diagnostic sensitivity of up to 88% and a specificity of up
to 90% for PCP, which is comparable to that of microscopic
observation of BAL fluid and may exceed that of microscopic
observation of induced sputum.>” In a recent report, de Leeuw
et al showed that when targeting a small DNA fragment
P. jirovecii, real-time PCR can be performed on formalin-
fixed paraffin-embedded samples of BAL fluid with sensi-
tivity up to 83.3%.°® This method will be useful in case the
suspicion of PCP arises late after a patient starts to deterio-
rate rapidly.

Conventional PCR is known to often produce false-
positive results. The imperfect specificity of conventional PCR
for PCP likely relates to the highly sensitive nature of these
assays and the fact that HIV-infected patients may have colo-
nization of Pneumocysz‘is.59 In case an HIV-infected patient
colonized with Preumocystis has bacterial pneumonia, PCR
may show positive P. jirovecii DNA, leading to an incorrect
diagnosis. In patients with positive PCR results in BAL fluid,
sputum, or oropharyngeal wash but with negative smears,
clinical management of the disease remains a challenge.
Recently, Tasaka et al reported that, in patients with positive
PCR, B-p-glucan is useful for differentiating between PCP
and colonization.®® Considering the disease severity, positive
results of PCR and a serum marker in immunocompromised
patients with hypoxemia and typical radiological findings
could be a good rationale for initiating treatment of PCP. As
conventional PCR is highly sensitive, negative PCR results of
BAL fluid may allow for the withdrawal of anti-Preumocystis
therapy in HIV-infected patients.

Quantitative real-time PCR assays have been reported
to be more promising for the diagnosis of PCP than con-
ventional PCR assays that lack specificity in distinguishing
the disease from colonization.®® Multiple protocols that use
various Pneumocystis gene targets have been developed. The
main targeted genes include mitochondrial ribosomal large-
subunit,®? heat shock protein gene (HSP70),%! dihydrofolate
reductase gene (DHFR),% dihydropteroate synthase gene
(DHPS),>* and cell division cycle 2 gene (CDC2).%* Flori et al

compared the sensitivity and specificity of standard staining,
conventional PCR, and real-time PCR for MSG gene using
173 BAL fluid specimens from 150 patients (19 HIV-infected
and 131 non-HIV patients).>? They described that the sensi-
tivity and specificity of the techniques were 60% and 100% for
staining, 100% and 87.0% for conventional PCR, and 100%
and 84.9% for real-time PCR, respectively. The use of a con-
centration of 103 copies of DNA per capillary of BAL fluid
as a cut-off increased the specificity to 98.6% without reduc-
ing the sensitivity of the real-time PCR.*?> Matsumura et al
described that the sensitivity and specificity for discriminat-
ing definite PCP from colonization were 100% and 80.0%,
respectively, at a cut-off value of 1,300 copies/mL, while the
values for discriminating probable PCP from colonization
were 66.7% and 73.3%, respectively, at a cut-off value of 340
copies/mL.% False negatives are still possible with PCR-based
approaches if fewer copies are present than the lower limit of
detection for a given assay. Although real-time PCR displayed
high accuracy for discriminating colonization from PCP, the
DNA sequences targeted for PCR and the cut-off values used
in these assays remain to be standardized.

Despite increased sensitivity and specificity, these assays
continue to have difficulty in discriminating between coloni-
zation and infection. New techniques that detect messenger
RNA (mRNA) have been proposed as surrogate markers for
organism viability.®® The rationale is that mRNA is less stable
than DNA. Therefore, if the patient is not actively infected
with viable organisms, the mRNA should be largely degraded
and no longer detected. In contrast, DNA is far more stable
and may still be present even if the organisms are dead.
de Oliveira et al reported that in HIV-positive patients with
suspected Preumocystis pneumonia, reverse-transcriptase PCR
targeting a heat shock protein of Preumocystis mRNA (Phsb1)
yielded a diagnostic sensitivity and specificity of 100% and
86%, respectively, in BAL specimens.®®

'The inability to culture Preumocystis in a standardized cul-
ture system prevents routine susceptibility testing and detection
of drug resistance. Because trimethoprim—sulfamethoxazole
(TMP-SMX) is widely used not only for treatment but also for
prophylaxis, the emergence of drug resistance is anticipated.
PCR was recently used to detect mutations in the therapeu-
tic target genes potentially responsible for drug resistance.
In some microorganisms, sulfa drug resistance has resulted
from specific point mutations in the DHPS gene. Similar
mutations have been observed in P. jirovecii, and its association
with prior sulfa prophylaxis failure was suggested.®”*8 Preva-
lence of these mutations has been increasing, although there
have been no data showing significant association between the
DHPS gene mutations and TMP-SMX efficacy, that is, treat-
ment failure.%2%%

Serum markers for diagnosis. Because of invasiveness of
BAL and imperfect specificity of PCR, the utility of serological
diagnosis of PCP has been investigated. 3-p-glucan is derived
from the cell wall of several fungi, including Preumocystis.”
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Although the assay is not specific for Pneumocystis, the mea-
surement of serum P-p-glucan level has been used as an
adjunctive tool for the diagnosis of PCP.”27¢ There remain,
however, a couple of issues to be solved.”! First, at least four
different methods of measurement are commercially available
and not always compatible with each other.”? Fungitec G-Test
MK™, a kinetic chromogenic assay using the serum of 7achy-
pleus tridentatus as the lysate, and B-p-glucan Test Wako™, an
endpoint chromogenic assay using the serum of 77 #ridentatus
as the lysate, are widely used in Japan. When the same sample
is assayed, the former method usually produces a higher value
than the latter. In Western countries, Fungitell™, a kinetic
chromogenic assay using the serum of Limulus polyphemus as
the lysate, is widely used. Second, false-positive results due to
factors such as the administration of immunoglobulin, bacte-
remia, histoplasmosis, hemodialysis, surgical gauze exposure,
and certain antibiotics are known. Third, serum B-p-glucan
levels are elevated in various fungal infection, and this test
cannot distinguish among fungal etiologies (eg, PCP and
Aspergillus species). Fourth, the cut-off value for the diagno-
sis of PCP still remains to be determined. In a retrospective
case—control study of 295 patients with suspected PCP who
had microscopy of BAL fluid for PCP and serum B-p-glucan
assay with B-p-glucan Test Wako™, Tasaka et al described
a cut-off value of 31.1 pg/mL with a sensitivity of 92% and
a specificity of 86% for detecting PCP.”® On the other hand,
Watanabe et al evaluated the diagnostic value of the assay in
111 patients with AIDS and described a cut-off value of 23.2
pg/mL with a sensitivity of 96.4% and a specificity of 87.8%.7*
Because a meta-analysis revealed high sensitivity for PCP,
the B-p-glucan assay could be useful at least for screening of
the disease.”” It remains controversial whether or how serum
B-p-glucan assay is utilized for the assessment of treatment
response or prediction of the outcome of PCP.7”

Krebs von den Lungen-6 (KL-6), a high-molecular
weight mucin-like glycoprotein, is strongly expressed on type
2 alveolar pneumocytes and bronchiolar epithelial cells, and
the serum KL-6 level is a sensitive indicator of various types of
interstitial pneumonitis. Nakamura et al described that serum
KL-6 levels were significantly higher in patients with AIDS-
related PCP than in non-HIV patients with PCP.” It was also
shown that the detection rate of serum KL-6 in PCP patients
with HIV infection was higher than that in those without
HIV infection (88% vs. 66%).7° In a case—control study by
Tasaka et al, elevated serum levels of KL.-6 were observed in
the patients with PCP, although the diagnostic significance of
KL-6 was inferior to that of B-p-glucan.” Since KL-6 is more
a generalized marker for alveolar epithelial injury, its elevation
in Pneumocystis is thought to be related to injury and regenera-
tion of alveolar epithelium.

Lactate dehydrogenase (LDH) is a nonspecific biomarker
and also goes up in bacterial pneumonia, histoplasmosis, and
idiopathic interstitial pneumonia, as well as lymphoma. An
elevated serum LDH level has been noted in patients with

PCP; it is likely to be the result of the lung inflammation
and injury rather than a specific marker for the disease.”>””
Whereas its diagnostic significance was inferior to that of
B-p-glucan, serum LDH level showed a significant inverse
correlation with the oxygenation index, indicating that serum
LDH might reflect lung tissue injury.”®

Although these biomarkers are promising, the diagnos-
tic performance of the testing should be further evaluated to
determine the predictive values in patients at risk for this infec-
tion. At present, the serum markers may be used as aids for the
PCP diagnosis only in combination with the microbiological
examination. Since this field has been intensely investigated,
a standard for serological diagnosis of PCP will be established
in the near future.

Radiological presentation. On chest radiograph, PCP
typically presents with bilateral or diffuse ground-glass
opacities (GGO). Chest radiograph can be normal, and
other less common patterns have been reported, including
lobar infiltrates, pulmonary nodules, and pneumatoceles and
other cystic changes.”® PCP may also present with pneu-
mothorax or bilateral pneumothoraces. Although relatively
uncommon, pneumothorax presents a difficult problem,
often requiring prolonged chest drainage. These less com-
mon patterns are more frequently observed in very severely
immunocompromised individuals and those treated with
aerosolized pentamidine.*

High-resolution computed tomography (HRCT) typi-
cally shows diffuse GGO with patchy distribution, reflecting
accumulation of intra-alveolar fibrin, debris, and organisms
(Fig. 1).7%80 Although the presence of GGO is nonspecific for
PCP, their absence strongly argues against the diagnosis of
PCP in HIV-infected patients, and no further diagnostic test-
ing for PCP is generally warranted in these cases.’! In some
patients with PCP, GGO is distributed in subpleural lung
parenchyma, whereas peripheral sparing of GGO occurs in
others.?28 A study involving 32 patients with AIDS-related

Figure 1. High-resolution computed tomographic image of Pneumocystis
Jirovecii pneumonia in a 45-year-old male patient with AIDS, showing
diffuse GGO with inhomogeneous distribution unrelated to secondary
lobules and with spared peripheral lung parenchyma.
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PCP showed a central distribution of GGO with relative
peripheral sparing in 41% of patients, a mosaic pattern in
29%, and a diffuse distribution in 24%.% A predilection
for the upper lobes has also been described.”®# With more
advanced disease, septal lines with or without intralobular
lines superimposed on GGO (crazy paving)®® and consolida-
tion may develop.”®%2

With widespread use of chemoprophylaxis, other
HRCT manifestations of AIDS-related PCP are more
commonly reported. Pulmonary cysts of varying shape, size,
and wall thickness occur in as many as one-third of patients
with PCP.788283 Cysts are associated with an increased fre-
quency of spontaneous pneumothorax, although spontane-
ous pneumothorax can occur in the absence of definable
lung cysts (Fig. 2).8* Cysts may resolve after treatment and
clearing of infection.”® It remains controversial whether
cyst formation is a characteristic CT finding of PCP in
AIDS patients.’3%

Granulomatous inflammation occurs in approximately 5%
of patients (Fig. 3), usually early in the course of HIV infec-
tion while immunodeficiency is more limited, and can become
evident at HRCT as a solitary nodule or mass mimicking lung
carcinoma or as multiple nodules ranging from a few milli-
meters to more than 1 cm.”® However, small nodules and tree-
in-bud opacities are uncommon in AIDS patients with PCP
and usually indicate the presence of infectious bronchiolitis
from other organisms.3 Patients recovering from PCP may
have residual interstitial fibrosis.”®$%81 In addition, although
rare, interstitial fibrosis can occur in AIDS patients with low-
grade chronic PCP, a condition termed chronic PCP.8¢

Differential Diagnosis

AIDS patients can have a wide variety of pulmonary com-
plications, such as bacterial pneumonia, pulmonary tuber-
culosis, invasive pulmonary aspergillosis, cytomegalovirus
pneumonitis, lymphoma, and interstitial pneumonia. Because
these pulmonary complications are developed with atypical

Figure 2. High-resolution computed tomographic image of Pneumocystis
Jirovecii pneumonia, showing diffuse GGO with interlobular septal lines
and cyst formation.

Figure 3. High-resolution computed tomographic image of Pneumocystis
jirovecii pneumonia, showing small nodular lesions surrounded by diffuse
GGO.

presentation, a confident diagnosis requires a combination of
clinical, radiological, and laboratory findings. HRCT is more
sensitive than radiography for detecting parenchymal abnor-
malities in patients with AIDS and is superior to radiography in
the differential diagnosis of the pulmonary complications.®°

The HRCT findings of CMV pneumonitis are usually
heterogeneous, including bilateral GGO and patchy consoli-
dation, which resemble those seen in PCP.8” CMV is com-
monly detected in BAL fluid in AIDS patients. In most
cases, it is an incidental finding, there being no associated
pulmonary complication. In addition, the HRCT findings of
AIDS-related lymphoma and nonspecific interstitial pneumo-
nia, which are rarely developed in AIDS patients, may mimic
those of PCP.8% In such cases, serum B-p-glucan assay and
Pneumocystis PCR of induced sputum should be useful for the
differential diagnosis.

Severity Assessment and Prognostication

Severity of PCP is not associated with radiological presentation
or white blood cell count. Multivariate analysis identified fac-
tors associated with risk of death, including increasing patient
age, prior receipt of PCP prophylaxis, poor oxygenation at
hospitalization, elevated serum LDH levels, low hemoglobin
and serum albumin levels, neutrophilia in BAL fluid, pneu-
mothorax, presence of medical comorbidity, and the need
for mechanical ventilation.3®# The first episode of PCP causes
more severe oxygenation impairment than the second or third
episode of PCP, but mortality among patients with the first
episode of PCP was lower than mortality among patients with
subsequent episodes of PCP.88 Armstrong-James et al reported
usefulness of a prognostic scoring tool (PST) to aid prediction
of outcome from HIV-associated PCP.”® PST was calculated
from repeat episode of PCP, patient’s age, hemoglobin and
oxygen partial pressure on admission, and presence of medi-
cal comorbidity and pulmonary Kaposi sarcoma. Although it
requires validation in patient cohorts from other health-care
institutions, PST may facilitate rapid identification of patients
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who have severe HIV-associated PCP and are at high risk
of in-hospital death.?® Although a trend toward increased
mortality was observed in episodes of PCP containing
mutant DHPS genotypes,* it remains to be determined in a
larger study whether DHPS mutation is associated with a

worse outcome. 825,69

Treatment

Anti-Pneumocystis agents. Because of the high efficacy
and the availability of oral and parenteral forms, TMP-SMXis
the first-line agent for the treatment of mild to severe PCP.%2°
Empiric treatment should be considered in severe patients
who have risk factors and clinical manifestations for PCP
including elevated serum B-p-glucan level. All severe cases
should be treated intravenously in hospital. Oral administra-
tion of TMP-SMX is considered in mild cases or after initial
improvement. For patients with AIDS, the duration of treat-
ment is generally 3 weeks but longer if necessary. This ther-
apy, however, is often complicated with adverse events, which
include hepatotoxicity, nephrotoxicity, bone marrow depres-
sion, and skin rash, that sometimes become an obstacle to the
completion of the treatment. The recommended daily dose is
TMP 15-20 mg/kg plus SMX 75-100 mg/kg.® Because this
dose recommendation is not based on a randomized controlled
trial, the optimal dose of TMP-SMX remains unclear. A ret-
rospective investigation by Thomas et al revealed a good out-
come with TMP 10 mg/kg/day plus SMX 50 mg/kg/day for
PCP in HIV-infected patients.”! The efficacy of lower dose of
TMP-SMX may be worth confirming in a randomized con-
trolled trial.

Intravenous pentamidine isethionate is the most studied
drug as an alternative to TMP-SMX. Although pentamidine
is about as effective as TMP-SMX, the incidence of adverse
events, such as nephrotoxicity and dysglycemia, during treat-
ment with pentamidine is even higher compared to TMP-
SMX. Atovaquone, which is less effective but better tolerated
than TMP-SMX, is one of the oral treatment alternatives for
mild and moderate PCP (alveolar-to-arterial oxygen differ-
ence of 45 mmHg or less).”> Oral atovaquone was shown to
be as effective as intravenous pentamidine for the treatment
of mild and moderate PCP and was associated with signifi-
cantly fewer treatment-limiting adverse events.” It remains to
be determined whether atovaquone is effective for the treat-
ment of severe PCP, partly because an intravenous formula-
tion is not available. Clindamycin-primaquine is the salvage
regimen of choice for those patients who fail standard therapy
with TMP-SMX or pentamidine.”* Caspofungin, a lipopep-
tide antifungal agent, inhibits the synthesis of B-1,3-glucan,
a major component of P. jirovecii cell wall. There have been
several reports about severe PCP successfully treated with a
combination of caspofungin and low-dose TMP-SMX.%

Treatment failure with an accepted regimen is uncom-
mon. Although mutations in the DPHS and DHFR genes
have been reported,®”%®% such mutation is not consistently

associated with clinical resistance and treatment failure.’
Therefore, changing antimicrobial agents other than for toxic-
ity is not generally indicated. In general, those patients who
need to be switched from TMP-SMX to pentamidine or other
agents have worse survival rates than those who can tolerate
14-21 days of treatment. In patients with minor intolerance,
such as minor rash and gastrointestinal intolerance, desensiti-
zation to TMP-SMX is preferred to the switching of agents
for moderate to severe PCP.8%7

Adjunctive corticosteroid. In the guidelines, the addi-
tion of corticosteroids is recommended for HIV-infected
patients with PCP.® Adjunctive corticosteroid therapy is
advocated for moderate to severe PCP patients with arterial
oxygen pressure less than 70 mmHg while breathing on room
air or an alveolar—arterial oxygen gradient greater than 35 mm
Hg because it could attenuate lung injury by blunting the
inflammatory response initiated by the degradation and clear-
ance of the organisms.”® A systematic review showed a signifi-
cant mortality-risk reduction with adjunctive corticosteroids
in HIV-infected patients with PCP when substantial hypox-
emia exists.”” It was also reported that, with corticosteroids,
the mortality risk of severe PCP could be reduced by half, and
significantly fewer patients require mechanical ventilation.!%

Intensive care. Patients with the most critical forms of
PCP often need intensive care. In France, PCP accounted
for 35% of cases with respiratory failure among HIV-infected
patients admitted to the ICU.1%! In a recent cohort study by
Barbier et al, however, the overall prevalence of PCP and
other AIDS-defining diseases at ICU admission and of AIDS
as the primary ICU diagnosis decreased steadily over time.!%?

When hospitalized in the ICU, at least two-thirds of
PCP patients need mechanical ventilation, which generally
is associated with a high in-hospital mortality.1®® A prospec-
tive, case—control study by Confalonieri et al revealed that use
of noninvasive positive pressure ventilation (NPPV) avoided
intubation in 67% of patients, and avoidance of intubation
was associated with a lower incidence of pneumothoraces and
improved survival.!®* NPPV might be considered as a first-
line therapeutic choice for respiratory failure in AIDS patients
with severe PCP.

Extracorporeal membrane oxygenation (ECMO) is
becoming an accepted salvage therapy for respiratory and/or
circulatory failure refractory to maximal medical treatment.
Favorable outcomes in severe ARDS have been reported
with ECMO use, which led to increased interest and use of
ECMO for refractory respiratory failure. There have been sev-
eral reported cases of respiratory failure due to PCP that were
successfully managed with ECMQ.105:106

Appropriate timing of ART initiation. Optimal tim-
ing of ART initiation for individuals presenting with AIDS-
related opportunistic infections has not been defined. The
AIDS Clinical Trials Group conducted a randomized trial
comparing early ART — given within 14 days of starting anti-
microbial treatment and deferred ART — given after completion
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of antimicrobial treatment.!’” The early-ART arm had sig-
nificantly fewer AIDS progression/deaths and no increase
in adverse events, which supported the early initiation of
ART in patients presenting with acute AIDS-related oppor-

tunistic infections.1%”

Prophylaxis
Despite intensive treatment, the mortality of PCP remains
high, which is the rationale for chemoprophylaxis.

Primary prophylaxis. HIV-infected adults and adoles-
cents, including pregnant women and those on ART, should
receive chemoprophylaxis against PCP if they have CD4*
counts less than 200 cells/mm? or a history of oropharyngeal
candidiasis.’?®1% Persons who have a CD4" cell percent-
age less than 14% or a history of an AIDS-defining illness,
but who do not otherwise qualify, should be considered for
prophylaxis.1%®1%% Tnitiation of chemoprophylaxis at CD4*
counts between 200 and 250 cells/mm?3 also should be consid-
ered when frequent monitoring of CD4* counts, such as every
3 months, is impossible.!% Primary prophylaxis should be
discontinued for HIV-infected patients who have responded
to ART with an increase in CD4" counts to or more for
>3 months. In addition, data from a 12-cohort collaboration
suggests that, in HIV-infected persons with CD4* counts of
100-200 cells/mm? and HIV-RNA levels less than 400 cop-
ies/mL, PCP incidence is low irrespective of PCP prophylaxis
use, suggesting that it may be safe to stop prophylaxis earlier,
though additional data are needed.!®

TMP-SMX s the recommended prophylactic agent.0%111
One double-strength tablet daily is the preferred regimen, but
one single-strength tablet daily also is effective and may be
better tolerated than the double-strength tablet. One double-
strength tablet three times weekly is also effective.'? For
patients who cannot tolerate TMP-SMX even after desensi-
tization, alternative prophylactic regimens include aerosolized

111,113,114 In a large
’

pentamidine, atovaquone, and dapsone.
open-label trial by Bozzette et al, the estimated 36-month
cumulative risks of PCP in HIV-infected patients with CD4*
counts fewer than 200 cells/mm3 were 18%, 17%, and 21%
in the TMP-SMX, dapsone, and aerosolized-pentamidine
groups, respectively.!!! Atovaquone is as effective as aero-
solized pentamidine but substantially more expensive.!** Tt
was reported that cytochrome b coenzyme Q-binding site
mutations were observed in 33% of isolates from patients pre-
viously exposed to atovaquone, compared with 6% from those
who were not. Cytochrome b mutations, which are associated
with resistance to atovaquone, are more common in AIDS
patients with atovaquone exposure.ns

Secondary prophylaxis. Patients who have a history of
PCP should be given chemoprophylaxis for life with TIMP-
SMX unless immune reconstitution occurs as a result of
ART.16 For patients who are intolerant of TMP-SMX even
after desensitization, the alternatives are atovaquone and aero-

solized pentamidine. Secondary prophylaxis is recommended

to be discontinued for adult patients whose CD4" count has
increased from <200 cells/mm?3 to > 200 cells/mm? for more
than 3 months as a result of ART.%8

Conclusion

At the present time, the microscopic demonstration of the
organisms in BAL fluid or other respiratory specimens is
still the golden standard of the diagnosis of PCP. However,
recent advances in the molecular techniques are chang-
ing the situation. Nested or conventional PCR, which can
detect Pneumocystis DNA in induced sputum or oropharyn-
geal wash, has a high negative predictive value. Although
the targeted DNA sequences and the cut-off values remain
to be standardized, quantitative real-time PCR is promis-
ing for discriminating PCP from colonization. In addition,
PCR-based assays may be applied for the evaluation of drug
resistance. The measurement of B-p-glucan and other serum
markers is useful as an adjunctive tool for the diagnosis of
PCP. HRCT is also informative for evaluation of immuno-
compromised patients with suspected PCP and normal chest
radiography. These advances in the diagnostic tools have
made (or even are making) the diagnosis of PCP less invasive
and more accurate.
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