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Abstract Pneumocystis jirovecii pneumonia is an opportunistic fungal infection that was mainly
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associated with pneumonia in patients with advanced human immunodeficiency virus
(HIV) disease. There has been a decline in Pneumocystis jirovecii pneumonia incidence in
HIV since the introduction of antiretroviral medications. However, its incidence is
increasing in non-HIV immunocompromised patients including those with solid organ
transplantation, hematopoietic stem cell transplantation, solid organ tumors, autoim-
mune deficiencies, and primary immunodeficiency disorders. We aim to review and
summarize the etiology, epidemiology, clinical presentation, diagnosis, and manage-
ment of Pneumocystis jirovecii pneumonia in HIV, and non-HIV patients. HIV patients
usually have mild-to-severe symptoms, while non-HIV patients present with a rapidly
progressing disease. Induced sputum or bronchoalveolar lavage fluid can be used to
make a definitive diagnosis of Pneumocystis jirovecii pneumonia. Trimethoprim-sulfa-
methoxazole is considered to be the first-line drug for treatment and has proven to be
highly effective for Pneumocystis jirovecii pneumonia prophylaxis in both HIV and non-
HIV patients. Pentamidine, atovaquone, clindamycin, and primaquine are used
as second-line agents. While several diagnostic tests, treatments, and prophylactic
regimes are available at our disposal, there is need for more research to prevent and
manage this disease more effectively.
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Introduction

Pneumocystis jirovecii pneumonia (PJP) or Pneumocystis pneu-
monia formerly known as Pneumocystis carinii pneumonia is
an opportunistic fungal infection that was mainly associated
with pneumonia in patients with advanced human immuno-
deficiency virus (HIV) disease. However, its incidence has been
on the decline ever since the implementation of antiretroviral
therapies (ART) in the treatment of HIV disease. PJP also affects
non-HIV immunocompromised patients such as those after
solid organ transplantation (SOT) and hematopoietic stem cell
transplantation (HSCT), malignancy, and chronic inflammato-
ry conditions treated with immunosuppressive medications
including high dose steroids. The incidence trend in the latter
group is consistently on the rise.

In the following review, we present a comprehensive review
of PJP infection, describing the history, nomenclature, epide-
miology, transmission, clinical manifestations, management,
and the use of prophylaxis in at-risk adult population.

Methodology

This review was conducted by researching relevant articles
using PubMed, Cochrane, and Google Scholar databases using
various combinations of keywords such as, PJP, Pneumocystis
carinii, Pneumocystis carinii pneumonia, PJP, immunocompro-
mised, treatment, prophylaxis, HIV, non-HIV, epidemiology,
symptomatology, risk factors, diagnosis, SOT, malignancy, au-
toimmune disorders, pregnancy, prophylaxis, and prognosis.

Etiology

The Pneumocystis carinii organism was first identified by
Chagas in 1909, who mistook it for Trypanosoma cruzi.
Initially considered to be a protozoan, P. carinii was recate-
gorized as a fungus, based on genomic evidence.' Variations
were also found between Pneumocystis organisms isolated
from different host species, showing that PJP is not a zoonotic
disease. This led to nomenclature changes, with the organ-
ism responsible for causing disease in humans being
renamed Pneumocystis jirovecii.

Pneumocystis jirovecii is a unicellular, obligate fungus that
has two morphological forms: the cyst, a thick-walled spheri-
cal or ovoid structure; and the trophozoite, a thin-walled
excysted sporozoite. Pneumocystis was initially misclassified
as a protozoan because of its atypical characteristics. It lacks
chitininits cell wall and its cell membrane contains cholesterol
instead of ergosterol, making it resistant to antifungal drugs
that target ergosterol, such as azoles and amphotericin B.?

Epidemiology

PJP has been known to cause disease mostly in immunocom-
promised individuals. The first clinical case of pneumocystis
was reported during World War 2 among premature and
malnourished children. In 1981, pneumocystis was initially
reported among persons who inject drugs and men who have
sex with men with HIV/AIDS.3
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Pneumocystis jirovecii can colonize the lungs without
causing pneumonia that may be associated with increased
risk of transmission. Prophylaxis use in colonized individuals
may lead to drug-resistant mutations. Moreover, low level of
Pneumocystis jirovecii may stimulate inflammatory response
in lungs that can lead to chronic obstructive pulmonary
disease.* Asymptomatic or subclinical infection of infants
is common.” Studies of Pneumocystis jirovecii colonization
among healthy adults in published studies are fraught with
contradictions, but it clearly occurs in HIV infected and other
immunosuppressed individuals.

Various studies have described the incidence of PJP with
different underlying conditions some of which are shown
in =Table 1. In developed countries, the use of prophylactic
drugs has decreased PJP infections in HIV patients, but it is
still increasing in non-HIV patients treated with immuno-
suppressive medications and chemotherapy.

Pathophysiology

PJP organisms enter the alveoli through the respiratory pas-
sages. They adhere to type 1 pneumocytes, causing diffuse
alveolar damage by eroding the pneumocytes.® Normally, the
host immune response eradicates the fungus, particularly by
the action of alveolar macrophages. In immunocompromised
patients; however, a decline in CD4 T-lymphocytes is associ-
ated with a CD8 T cell mediated immune response, which
causes tissue damage and impairs gaseous exchange without
eliminating the fungus.” Inhibition of phospholipid secretion
by a surface antigen, known as MSG antigen, has also been
implicated in pathogenesis of PJP, producing surfactant
changes and leading to impaired gas exchange.® Histological
examination of lung tissue infected by Pneumocystis jirovecii
shows the presence of an eosinophilic amorphous exudates in
the alveolar spaces, giving the tissue a honeycomb appearance.
Lymphocytic infiltration of the interstitium is also seen.

Clinical Presentation and Risk Factors

The signs and symptoms of PJP infection are non-specific.
Due to the overlapping nature of symptoms, obtaining a
thorough history plays a pivotal role in establishing the
diagnosis promptly. A relevant history of HIV disease, malig-
nancy, high dose steroid use, and/or immunosuppressive
drugs utilization is important.’ The triad of PJP symptoms
(dry cough 95%, progressive dyspnea 95%, and low-grade
fever 80%) is well established in HIV patients.'® Similar
symptoms could present with severe and rapid onset (5-6
days compared with 25-28 days in HIV patients) in non-HIV
patients.” PJP can also present as pneumothorax with chest
pain and shortness of breath in 2 to 4% of the patients.'?
Severe PJP disease causes significant hypoxia with a higher
alveolar-arterial (A-a) gradient and respiratory failure with
overall poor outcome. Non-HIV patients may present with a
rapidly progressing disease likely due to an intense immune
response to PJP in the lungs than in HIV patients.® Mortality
in severe cases in non-HIV immunocompromised patients is
30 to 60% versus 10 to 20% in HIV patients.13
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Table 1 Incidence of PJP with different underlying conditions
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Method and duration
of study

Author(s) Year

Number of Risk factors

PJP cases

Gaborit et al®’ 2019 Prospective cohort study

(Jan 2012-Jan 2017)

107

HIV positive (n=21, 20%)
Hematological malignancy (n=37, 35%)
Solid organ transplant (n =27, 25%)

Systemic disease (n=13, 12%)
Solid tumors (n=12, 11%)

Primary immune deficiency (n=6, 8%)

Pereira-Diaz et al® 2019 Observational, descriptive
transversal study

(2008-2012)

4,554 HIV positive (n=3350, 73.5%)

HIV negative (n=1204, 26.4%)
Hematological malignancies (n =349, 29%)
Chronic lung diseases (n =192, 15.9%)
Other malignancies (n =179, 14.9%)
Autoimmune diseases (n =93, 7.7%)
Chronic nephropathies (n =68, 5.6%)
Chemotherapy (n=59, 5%)

Transplant (n =54, 4.5%)
Hematological disorders (n =21, 1.7%)
Chronic liver disease (n=14, 1.2%)
Unknown (176, 14.5%)

Ricciardi et al®’ 2017 Retrospective cohort study

(Jan 2011-Jan 2015)

116 HIV positive (22.4%)
Hematological and HSCT (37.9%)
Chronic lung disease (16.4%)
Solid cancer (7.8%)

Solid organ transplant (3.4%)

Others (12%)

Roux et al %8 2014 | Prospective cohort study

(Jan 2007-Dec 2010)

544 HIV positive (n =223, 41%)

HIV negative (n =321, 59%)

Solid organ transplant (n =99, 30.8%)
Hematological malignancy (n =84, 26.2%)
HSCT (n =27, 8.4%)

Autoimmune (n =65, 20.5%)
Solid organ malignancy (n=46, 14.3%)

Abbreviations: HSCT, hematopoietic stem cell transplantation; HIV, human immunodeficiency virus; PP, Pneumocystis jirovecii pneumonia.

Multiple risk factors are known to increase the risk of PJP
infection. Since its discovery, PJP is believed to be the disease of
the immunocompromised. In HIV patients, CD4 counts of less
than 200, high HIV viral load, recurrent bacterial pneumonia,
prior history of PJP infection, and weight loss are considered as
risk factors.' Cellular immunity defects, severe combined
immunodeficiency, X-linked hyper-immunoglobulin M syn-
drome, Good’s syndrome, hematological malignancies (CLL),
hematopoietic stem cell transplant (HSCT), SOT, rheumatologi-
cal disease (polyarteritis nodosa, granulomatosis with
polyangiitis, dermatomyositis/polymyositis, ulcerative colitis,
rheumatoid interstitial lung diseases), steroids use, utilization
of Rituximab, Alemtuzumab, and tumor necrosis factor inhib-
itors are also known risk factors.'>"1?

Differential Diagnosis

The differential diagnosis of PJP includes acute respiratory
distress syndrome, tuberculosis, cytomegalovirus (CMV),

Legionella pneumonia, mycoplasma pneumonia, other viral or
bacterial pneumonias, pulmonary embolism, lymphocytic in-
terstitial pneumonia, and coronavirus disease 2019infection.2°

Diagnosis

Early diagnosis of PJP is an absolute imperative when it
comes to its management and disease outcomes. For this
purpose, various imaging and laboratory tests are used to
establish diagnosis.

Characteristic findings of PJP on a chest radiograph
include bilateral interstitial pattern characterized by finely
granular, reticular or ground-glass opacities. When the chest
radiograph is inconclusive, but the history and clinical
presentation are suggestive of PJP, chest computed tomogra-
phy (CT) imaging is recommended as it has a higher sensi-
tivity for diagnosing PJP. Ground-glass attenuation is a
characteristic finding on chest CT. Even though the absence
of ground-glass opacities on CT chest can exclude the PJP
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infection, there are there are case reports showing PJP
presenting with diffuse nodular patterns, unilateral infil-
trates and, rarely, as solitary pulmonary nodules.?’?2 While
non-HIV immunocompromised patients mostly present
with typical ground-glass opacities, cystic pulmonary
lesions can also be seen in HIV immunocompromised
patients.23

Cultures are not commonly used in the diagnosis of PJP
due to limitations in growth of Pneumocystis jirovecii
through these techniques. Therefore, definitive diagnosis of
PJP requires application of molecular and genetic or direct
visualization techniques on induced sputum or bronchoal-
veolar lavage (BAL) fluid for the detection of Pneumocystis
jirovecii. Induced sputum may be initially used first for
microscopy with staining or molecular and other testing
and if not diagnostic then BAL fluid may be utilized, although
more invasive but with a better diagnostic yield.

Nested polymerase chain reaction (PCR) has a sensitivity and
specificity of close to 100 percent in detecting PJP in HIV/AIDS
patients; while in non-HIV immunocompromised patients, it
may not be an ideal tool for diagnosis. This has been illustrated
instudies that sensitivity and specificity of nested PCR reduce to
25 and 44%, respectively, in immunocompromised patients
with lymphoma and leukemia.?* Azoulay et al showed PCR
sensitivity of 87.2% and specificity of 92.2% with positive and
negative predictive values of 51.5 and 98.7%, respectively.?®
However, it cannot always distinguish infection from coloniza-
tion. Hence, in clinical practice, physicians are always encour-
aged to correlate respiratory symptoms, radiological and
laboratory findings for diagnosing suspected cases of PJP.

Clinical specimens can also be subjected to immunofluo-
rescence and standard staining techniques (Grocott methe-
namine silver stain) for detecting Pneumocystis jirovecii. Both
direct and indirect fluorescent antibody tests can be used for
the detecting Pneumocystis jirovecii in induced sputum or
BAL fluid.

Serum 1-3 B D Glucan testing can be used for diagnosing P]P
and can be a good diagnostic test for patients who cannot
undergo invasive procedures for specimen collection required
for a definitive diagnosis.?® Serum 1-3 B-glucan levels have
higher false-positive results especially in certain conditions
such as use of cellulose membranes for hemodialysis, applica-
tion of glucan-containing gauzes, administration of albumin,
intravenous (IV) immunoglobulin and blood products pro-
duced, presence of gram-negative endotoxemia, and use of
certain antimicrobials, such as cephalosporin and -lactam-f3-
lactamase inhibitor combinations. Moreover, elevated serum
1-3 B-glucan can also be present in various fungal infections
such as invasive aspergillosis and systemic candidiasis further
decreasing its speciﬁcity.27 Metagenomic next-generation se-
quencing is relatively a newer modality for diagnosing PJP and
has shown promising results.?®

Management

Management of PJP is a well-researched topic. Many clinical
trials, retrospective, or case-control studies have been done
since the 1990s to look further into different drug regimens
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suited for treating PJP. PJP can best be managed by an
interdisciplinary team consisting of pulmonologists, infec-
tious diseases experts, pharmacists, intensive care special-
ists, nurses, and respiratory therapists. The first-line therapy
for PJP is trimethoprim-sulfamethoxazole (TMP/SMX),
regardless of the underlying comorbidity. Alternative regi-
mens available include pentamidine, atovaquone, clindamy-
cin, and primaquine and vary according to response to the
first-line agent, and the severity of disease, which also
determine the use of corticosteroids. Since Pneumocystis
jirovecii does not contain ergosterol in the cell wall, polyenes
or azoles antifungals are not effective. The following under-
lying conditions are associated with PJP and on whom most
of the research has been focused.

HIV Infection

First-line and alternative therapies available are outlined
in ~Table 223! The duration of therapy is usually
21 days, though longer courses may be required depending
on the response and severity.13

Corticosteroids have shown to be efficacious in HIV-
infected individuals with moderate-to-severe disease. A
meta-analysis by Wang et al, which included 548 cases of
HIV—PJP across six randomized controlled trials (RCTs) used
adjunctive corticosteroids along with TMP-SMX or pentami-
dine for the treatment of PJP in HIV patients. The risk of
mortality in the experimental group was half as compared
with the control group, and hence showing that use of
adjunctive corticosteroids may reduce mortality.32 In the
three-center study of 82 patients by Benfield et al, treatment
response rates were almost comparable between TMP-SMX
(73%) and clindamycin-primaquine (68%). The response rate
was significantly lower with pentamidine with increased
mortality at 3 months and atovaquone showed no significant
benefit as a second-line treatment.>? In a multicenter, retro-
spective cohort study at nine hospitals in Taiwan, the clinical
effectiveness and safety of echinocandins were evaluated
over 5 years. The in-hospital mortality rate was similar
between patients receiving echinocandins only vs those
receiving echinocandins and TMP-SMX, although this is a
small study and has not impacted clinical practice.>*

Solid Organ Transplantation

SOT patients are particularly at risk of PJP due to immuno-
suppressive therapies. Also, acute T cell-mediated rejection
(requiring prolonged and stronger immunosuppression be-
yond steroids) and treatment with rituximab significantly
increase the risk of PJP3°=37 One retrospective study ana-
lyzed the correlation of serum biomarkers in the clinical
course of PJP, and found that serum surfactant protein-D
values increase when there is failure in non-HIV PJP, but no
such correlation was found with B-D glucan, Krebs von den
Lungen-6 antigen levels.®

A study comparing low-dose TMP (<15 mg/kg/day) with
the standard dose of TMP (15-20 mg/kg) found no difference
in the mortality rates, but significantly reduced adverse
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Table 2 Summary of the first- and second-line treatment for PJP in different disease population

Solid organ transplan

30 Malignancy?'

e TMP-SMX: IV TMP 15-20 mg/kg/
day + SMX 75-100 mg/kg/day giv-
en every 6-8 hour, can convert to
PO after improvement.

* PO primaquine 30 mg OD + Clin- OR
damycin:lV 600 mg q6h or 900 mg
q8h or PO 450 mg g6h or 600 mg
q8h.

PJP (mild-to-moderate)

First-line treatment:

« TMP-SMX: PO TMP 15-20mg/kg/ | OR
day + PO SMX 75-100 mg/kg/day,

e TMP-SMX double strength—2 tabs
PO TID

Alternative:

* PO dapsone 100 mg OD + PO TMP
15 mg/kg/day or

* PO primaquine 30 mg OD + clin-
damycin PO - 450 mg q6h or
600 mg q8h, or

* PO atovaquone 750 mg BID

Adjunctive corticosteroids

PJP (moderate-to-severe) infection

meeting criteria:

* Pa02 <70 mm Hg in RA or

* Aa DO2 gradient >35mm Hg

Regimen:

* Prednisone (within 72 hours of PJP
treatment or as soon as possible)

« Day 1 to 5: PO 40 mg BID

* Day 6 to 10: PO 40 mg OD

e Day 11 to 21: PO 20mg OD

¢ IV methylprednisolone can also be
used, alternatively

HIVZ®
Treatment | PJP (moderate-to-severe) (Preferred)
First-line treatment: TMP-SMX:

IV TMP 15-20 mg/kg/day

+ SMX 75-100 mg/kg/day or P.O.
(divided in TID/ QID dosing)
(alternative therapies)

Alternative: Pentamidine: * IV pentamidine: 4 mg/kg/day

* |V pentamidine 4 mg/kg OD; dose | IV 4 mg/kg/day. OR
reduction to IV pentamidine 3 OR * Primaquine + clindamycin:PO
mg/kg OD in case toxicity develops | Atovaquone: 30 mg/day +I1V/PO 600 mg TID
or PO 750 mg BID/ TID OR

Clindamycin and primaquine:
PO primaquine 15-30mg OD

+
IV clindamycin 600mg QID/ PO
350-400 mg TID/QID OR

PO dapsone 100 mg OD (single OR
or agent) or combined with PO TMP
15 mg/kg/day TID.

First line:

e TMP-SMX:15-20 mg/kg of
TMPalong with 75-100 mg/kg
of SMX per day for
>14 days (preferred)

OR

* Atovaquone:PO 750 mg
BID/TID

Second-line options (salvage):

* Primaquine 30 mg daily + clin-
damycin 600 mg TID

* |V pentamidine 4 mg/kg/day

e TMP/SMX 15-20 mg/kg/day
+caspofungin 70-50 mg/day

Abbreviations: Aa, alveolar-arterial; BID, twice daily; IV, intravenous; LD, loading dose; OD, once daily; P|P, Pneumocystis jirovecii pneumonia; PO, per
oral; g6h, every 6 hours; q8h, every 8 hours; RA, room air; TID, three time a day; TMP-SMX, trimethoprim-sulfamethoxazole.

effects.3° IV pentamidine is avoided in pancreas and islet cell
transplants to avoid potential islet cell necrosis.3%40

The duration of treatment is a at least 14 days in mild-
to-moderate and 21 days for severe disease. In SOT
patients, corticosteroid use is controversial. Cases that
are moderate-to-severe in intensity, prednisone 40 to
60 mg given twice daily for a total of 5 to 7 days started
within 72 hours of diagnosis is recommended, reducing
dose slowly over the next 7 to 14 days.30 One retrospective
study compared mortality rates between high-dose, low-
dose, and no steroids in PJP-affected patients with malig-
nancies and organ transplant and found no mortality
benefits.*" A retrospective cohort study of 323 HIV-nega-
tive PJP patients at the Mayo Clinic over 10 years showed
that the use of steroids within 72 hours did not have any

impact on intensive care unit (ICU) admission or length of
stay, mortality, or intubation rates.*?

Hematological Malignancies and Solid
Tumors

Recommendations for the treatment of PJP in hematology
patients have been provided by European Conference on
Infections Leukemia as detailed in ~Table 2.

The PJP severity grading system of Miller et al*? is used in
non-HIV patients as the usual CURB-65, pneumonia severity
index underestimates the severity.3! This grading not only
uses oxygen saturation values, but also other parameters like
respiratory rate, age, comorbidities, or additional organ
dysfunction. In the absence of improvement after 8 days of
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treatment, this could likely be treatment failure and consid-
eration should be given to repeat investigations including CT
chest and bronchoscopy to identify coinfections.?>*' How-
ever, persistent Pneumocystis jirovecii PCR positivity in re-
peat BAL sample is not suggestive of treatment failure.?%-31:44
Mechanical ventilation may be required for patients present-
ing with acute hypoxic respiratory failure, which is not
uncommon with underlying malignancies.

As with SOT recipients, adjunctive corticosteroids are con-
troversial, due to the varying results of retrospective observa-
tional studies and scarcity of RCTs in HIV-negative patients. A
meta-analysis showed that although individual studies
reported shorter intensive care unit stay and duration of
mechanical ventilation with adjunctive corticosteroids, there
was no statistically or clinically significant association
between corticosteroids and survival in non-HIV-PJP patients.
Fishman and Gans>® and McKinnell et al*” also suggested using
corticosteroids in severe non-HIV PJP based on their findings of
shorter ICU stay and shorter clinical course.

Autoimmune Disorders

The use of immunosuppressive drugs in the treatment of
rheumatological disorders is on rise with an increase in the
incidence of PJP infection. Unlike other non-HIV patients,
factors establishing the severity and mortality of PJP infec-
tion in this group are not well known. It was noticed that
high-dose steroids (>40mg/day) along with cyclophospha-
mide use in systemic lupus erythematosus and dermatomy-
ositis/myositis patients had led to increased PJP infections.
Need for mechanical ventilation, hemodynamic instability,
and low oxygenation were found to be poor prognostic
factors.*® Rheumatoid arthritis patients who had developed
PJP infection while taking infliximab were found to have
lower serum albumin, lower serum immunoglobulin G lev-
els, and had been treated with steroids.*’ Patients with
glomerulonephritis, treated with immunosuppressive ther-
apy who developed PJP, tended to have higher blood urea
nitrogen (BUN), higher serum creatinine, and lower hemo-
globin levels.*® About 29% mortality was reported in giant
cell arteritis patients taking high-dose steroids (50mg/day)
who developed PJP infection treated with TMP/SMX as first-
line therapy.*®

Primary Immunodeficiency Disorders

Primary immune deficiencies such as hyper-immunoglobu-
lin E (IgE) syndrome are known to be associated with PJP
along with other spectra of infections. The response of
TMP/SMX treatment on PJP infection in hyper-IgE syndrome
was found to be good with four out of five patients living after
treatment with TMP/SMX with follow-up ranging from
4 months to 15 years.>”

Pregnancy
Pregnant patients are at mildly increased risk of PJP infection

due to cellular immunity modifications during pregnancy.’’
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It was found that up to 15.5% of pregnant patients are
asymptomatic colonizers.>® In a case series of HIV pregnant
patients, 60% of the patients treated with TMP/SMX as first
line or IV pentamidine as second line were able to be
discharged from the hospital.>3

Pediatric Patients

There is not much difference in the clinical manifestations,
complications, and mortality between pediatric and adult
populations. PJP infection tends to occur more commonly in
the setting of malignancy and transplant versus malignancy
and HIV in adults.>® PJP infection is not seen frequently in
children who are treated with chronic steroid therapy and
when prophylaxis is used but hypersensitivity reactions and
bone marrow suppression are commonly encountered.>
Radiological findings in children are similar to adults with
the CT scan remaining as the imaging modality of choice.”®
Other diagnostic utilities are the same as in adults with BAL
the preferred method. Limited data are available on other
molecular and genetic tests in children.”’” While in adults,
use of alternative anti-PJP drugs is common, children have
less reports of receiving alternative medications for treat-
ment.>* Similarly, CMV infection incidence is also less com-
mon in children.>® According to the Centers for Disease
Control and Prevention recommendations, HIV-infected
infants/children aged between 1 to 5 and 6 to 12 years
with CD counts less than 500 cells/mm3 and less than 200
cellsf/mm3 should receive prophylaxis in the form of
TMP/SMX 150/750 mg/m? BSA per day into two divided
doses, while dapsone and atovaquone are the alternatives.
The treatment of choice is TMP/SMX dosed as TMP 15 to
20 mg/kg per body weight, SMX 75 to 100 mg/kg per body
weight IV, or per oral in 3-4 divided doses. Alternative
therapies consist of Pentamidine and atovaquone.”’ Caspo-
fungin in combination with TMP/SMX has shown good
results in pediatric immunocompromised patients.”® The
criteria for steroids use are similar to adults. Dapsone and
primaquine, though used in adults, have limited data avail-
able in pediatric populations.®” In pediatric patients infected
with HIV, factors such as age less than 6 months, respiratory
rate more than 59/min, O2 saturations less than or equal to
92%, and the absence of vomiting are independently associ-
ated with the diagnosis of PJP and warrant empirical treat-
ment with antipneumocytosis antibiotics.”®

Treatment Resistance

Antimicrobial resistance during treatment has been reported
in PJP infections. A potential reason for resistance is thought
to be the polymorphism in genes targeting anti-PJP thera-
pies. Mutation at dihydrofolate reductase and dihydropter-
oate synthase (DHPS) can cause resistance to TMP/SMX
treatments.®? However, a 144V mutation in cytochrome b
can cause resistance to atovaquone. Prior exposure to sulfa
and sulfonamides and prior history of PJP infection increase
the risk of having mutations in the DHPS genotype.®’ DHPS
mutation was found in 48% of the HIV patients with PJP
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infection. It was noted that patients who had DHPS mutation
had longer stay on mechanical ventilators. It was also found
that patients with mutations had longer lengths of stay in
hospital.®?

Prophylaxis

Prophylaxis for PJP is recommended in patients with im-
paired immunity. Decision to start prophylaxis depends on
the risk stratification of patients. According to a study, PJP
prophylaxis should be started in adults with greater than
3.5% risk of contracting PJP.>3

It is recommended that chemoprophylaxis be started in
HIV patients with CD4 cell count less than 200/mm?>. Pro-
phylaxis against PJP in autoimmune and/or inflammatory
diseases is recommended in case of absolute peripheral
lymphopenia, high doses of corticosteroids, combination
with other immunosuppressive agents, and concomitant
lung diseases.®*

Patients with lymphoma that were treated with rituxi-
mab containing regimens frequently developed PJP and
prophylaxis in these patients have proven to be very benefi-
cial.®® Similarly, PJP has been reported in solid tumor malig-
nancies. According to a study in lung cancer patients,
radiotherapy, concurrent chemo radiotherapy, lymphopenia,
and high-dose steroid (20mg prednisolone equivalent for
greater than or equal to 3 weeks) were associated with PJP
development prompting PJP prophylaxis initiation.%® In
patients receiving SOT, chances for developing PJP are high-
est during the first 6 months in cases with following risk
factors: low lymphocyte counts, CMV infection, hypogam-
maglobulinemia, treated graft rejection or corticosteroids,
and advancing patient age (>65). Therefore, PJP prophylaxis
with TMP-SMX is recommended.>°

TMP-SMX is considered to be first-line drug and has
proven to be highly effective for PJP prophylaxis in both
HIV and non-HIV patients.®”-%8 Dapsone can also be used for
primary prophylaxis of PJP, but its safety for secondary
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prophylaxis has not been established.®® Aerosolized pent-
amidine has a better safety profile than TMP-SMX but has not
been as successful in preventing P]P.70 Atovaquone can also
be considered for PJP prophylaxis in patients that cannot
tolerate TMP-SMX.”! It is worth mentioning that break-
through infections are reported in patients taking atova-
quone for the treatment or prevention of PJP infection.”?

Many outbreaks of PJP have been reported particularly in
transplant patients. To prevent these outbreaks, PJP prophy-
laxis is recommended in transplant patients that are exposed
to PJP cases (~Table 3).73778

Outcomes and Prognosis

With the advent of effective antiviral therapy, the number of
PJP cases have decreased in HIV patients. Early initiation of
PJP treatment improves outcomes, while some patients
continue to develop severe disease and respiratory failure.
Mortality is high in patients who need intensive care or
mechanical ventilation. The degree of hypoxemia (A-a Gra-
dient) correlates with response to treatment and outcomes
of PJP infection in HIV patients. The adjunctive corticoste-
roids have proven improved clinical outcomes in HIV
patients.”® Other factors that are associated with poor out-
comes include age, history of previous PJP infection, an
elevated lactate dehydrogenase (LDH) level, a low CD4 cell
count, and coinfection with CMV.8%8! Qutcomes are poor in
patients who develop pneumothorax spontaneously or with
use of mechanical ventilation.? The genotyping profile of PJP
has shown that DHPS mutations is associated with worse
outcomes and development of severe PJP infection.®3

In comparison to HIV patients, PJP infection in non-HIV
patients is associated with a high mortality and morbidity
even after treatment initiation (10-20% vs. 30-60%).2* Many
studies have reported prognostic factors, but due to hetero-
geneity in patient’s baseline, the data results are divergent. In
a meta-analysis conducted by Liu et al, the mortality in non-
HIV patients depends on the underlying risk. Among them,

Table 3 Chemoprophylaxis regimens for Pneumocystis jirovecii pneumonia

Chemoprophylaxis for Pneumocystis pneumonia’>

Drugs Mechanism of action Dosage

Adults

Children

Trimethoprim-
sulfamethoxazole

These two drugs act synergistically
to inhibit folic acid synthesis’47>

80 mg/400 mg once daily or 160 mg/800 mg
once daily or 160 mg/800 mg three times a

In children older than 1 month, 75 mg/m?|
dose or 2.5 mg/kg/dose (maximum 160

cytochrome b in Pneumocystis
jirovecci mitochondria’®

week mg/dose) orally, Q8H, three times per week
Dapsone Inhibits dihydrofolic acid synthesis | 100 mg daily In children older than 1T month, 2 mg/kg/dose
in Pneumocystis jirovecci once per day or 4 mg/kg/dose once per week
Pentamidine Inhibits glucose metabolism, 300 mg inhaled once every 28 days In children older than 2 years, 4 mg/kg/dose
protein synthesis and amino acid (maximum dose 300 mg) IV every 28 days.
transport in Pneumnocystis jirovecci’’ In children older than 5 years, 300 mg inhaled
once every 28 days
Atovaquone Inhibits ubiquinone binding to 1,500 mg once per day In children between age of 1-3 months,

30 mg/kg/dose once every day

In children 4-24 months old, 45 mg/kg/dose
(maximum 1,500 mg) once per day

In children older than 24 months, 30 mg/kg/
dose (maximum 1500 mg) once per day

Abbreviation: IV, intravenous.
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patients with malignancy have higher risk than transplants
recipients or populations with connective tissue disorders.
Factors such as age, body mass index, coinfections, mechani-
cal ventilation, development of pneumothorax, LDH levels,
and lymphocyte count are all related to the prognosis of PJP
infections.®®

Low peripheral lymphocyte subset counts have unfavorable
outcomes in non-HIV patients. CD8+ T cell count less than 300/
uLis considered an independent predictor for mortality.86 The
presence of alveolitis (>10% lymphocyte and 5% neutrophils in
BAL fluid cytology) is a favorable predictor of 90-day mortality
and suggestive of less severe infection.” Other laboratory
parameters such as LDH levels are a useful predictor for
survival and can aid clinicians in early recognition of severe
PJP infection, but specific values are not determined. Beta-
glucan level is a reliable marker for PJP infection and can be
performed before BAL, but the prognostic value is low and not
specific for PJP infections.?

The high rates of hospitalization and intensive care unit
admission are common in non-HIV PJP patients. Also, non-
invasive mechanical ventilation fails in a higher proportion
of HIV-negative cases compared with HIV-positive cases.%?
Prediction scores used in ICU such as A-Drop, as well as
BUN/albumin ratio help assess 30-day mortality.90 Festic
et al described APACHE III score, intubation delay, longer
duration of positive predictive value, and pneumothorax as
unfavorable outcomes in patients admitted to ICU.°' The
radiologic evidence of crazy paving ground-glass opacities
on high-resolution CT has also been associated with a poor
prognosis.92 Among non-HIV oncological patients, the risk of
PJP is increased in hematological malignancy but patients
with solid tumors have a much worse prognosis and
increased mortality. Coinfection with aspergillus species is
common in immunocompromised patients and associated
with severe disease in such patients.®> The role of early
adjunctive glucocorticoids in non-HIV hematology and
oncology patients has not shown a great benefit in decreas-
ing 30-day and 1-year mortality rates. With regard to intu-
bation and mechanical ventilation, risk reduction with the
use of adjunctive glucocorticoids is still inconclusive.®> Older
age and coexisting interstitial lung disease are poor prog-
nostic factors in patients with connective tissue disorder. The
treatment is standard TMP-SMX, but atovaquone has shown
better outcomes than pentamidine.®*

A risk nomogram (graphical models that enable users to
calculate the overall probability of a specific outcome for an
individual patient) is developed to predict the incidence of
severe PJP in HIV and non-HIV patients. The nomogram could
optimally assist in reducing poor outcomes and can be used
for efficient estimation of prognosis of patients in PJP
infections.”?

Future Directions

~Tables 4 and 5 describe ongoing clinical trials of PJP
infection. There are three drug trials (TMP-SMX, steroids,
and caspofungin) in non-HIV patients that will assess the
mortality within 28 days and response to treatment with
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Table 4 Ongoing trials involving different aspects of P|P. Not applicable (N/A) is used to describe trials without FDA-defined phases, including trials of devices or behavioral interventions
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et al.

Description/end point/outcome

Safety and efficacy of caspofungin and corti-

costeroids in non-HIV patients with Pneumo-

cystis pneumonia

Effect of steroids during pneumocystis infec

tion among non-HIV immunocompromised

patients (PIC)

Short-term steroid in patients with moderate

and severe PJP in HIV patients

Low-dose TMP-SMX for the treatment of PJP

on the base of sulfanilamides with caspofun-
gin and without caspofungin group and cor-
ticosteroids and without corticosteroids

Methylprednisolone vs. placebo

Conventional 21 day scheduled vs. shortened

Reduced-dose TMP-SMX (10mg/kg/day) vs.

standard dose (15 mg/kg/day)
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study drugs. The next two drug trials are investigating the
duration of steroids and dosing strategy of TMP-SMX for the
PJP infections in the immunocompromised patients (includ-
ing HIV and non-HIV patients). The rest of them are focused
on new trails primarily targeting diagnostic tools.

Conclusion

PJP is a serious infection primarily of the lungs that can result
in death if not treated in timely fashion. Even the incidence of
PJP in HIV infection has decreased, a greater percentage of
patients with PJP infection is comprised of individuals with
non-HIV immunocompromising conditions. HIV patients
have mild-to-severe symptoms, while non-HIV patients
present with a rapidly progressing disease. TMP/SMX is
first-line drug for treatment and has proven to be highly
effective for PJP prophylaxis in both HIV and non-HIV
patients. While several diagnostic tests with treatment and
prophylactic regimes are available at our disposal, there is
need for more research to prevent and manage this disease
more effectively.
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