
Fungi
Journal of

Review

Therapy and Management of Pneumocystis
jirovecii Infection

P. Lewis White *, Jessica S. Price and Matthijs Backx

Public Health Wales Microbiology Cardiff, UHW, Heath Park, Cardiff CF14 4XW, UK;
jessica.price2@wales.nhs.uk (J.S.P.); Matthijs.backx2@wales.nhs.uk (M.B.)
* Correspondence: lewis.white@wales.nhs.uk; Tel.: +44-(0)29-2074-6581; Fax: +44-(0)29-2074-2161

Received: 10 October 2018; Accepted: 11 November 2018; Published: 22 November 2018 ����������
�������

Abstract: The rates of Pneumocystis pneumonia (PcP) are increasing in the HIV-negative susceptible
population. Guidance for the prophylaxis and treatment of PcP in HIV, haematology, and solid-organ
transplant (SOT) recipients is available, although for many other populations (e.g., auto-immune
disorders) there remains an urgent need for recommendations. The main drug for both prophylaxis
and treatment of PcP is trimethoprim/sulfamethoxazole, but resistance to this therapy is emerging,
placing further emphasis on the need to make a mycological diagnosis using molecular based
methods. Outbreaks in SOT recipients, particularly renal transplants, are increasingly described,
and likely caused by human-to-human spread, highlighting the need for efficient infection control
policies and sensitive diagnostic assays. Widespread prophylaxis is the best measure to gain control
of outbreak situations. This review will summarize diagnostic options, cover prophylactic and
therapeutic management in the main at risk populations, while also covering aspects of managing
resistant disease, outbreak situations, and paediatric PcP.
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1. Introduction

The incidence of Pneumocystis pneumonia (PcP) is rising as a result of an increase in the susceptible
patient population. This has occurred outside of the usual HIV-positive cohort, with data from
recent studies showing that PcP is now more prevalent in the HIV-negative at-risk population [1–6].
Susceptible non-HIV infected patients include those with solid tumours, recipients of solid organ
transplant (SOT), particularly renal transplants, and patients suffering from haematological malignancy,
especially those receiving a haematopoietic stem cell transplant or those with a lymphoproliferative
condition [6]. Although cases in renal transplant recipients exceed those in other SOT recipients,
rates of infection are greatest in heart, lung, and combined heart-lung recipients [7]. With more
patients receiving immune-modularity therapies (e.g., high dose corticosteroids or anti-TNF therapy)
for autoimmune and inflammatory conditions and improvements in the recognition of primary
immune deficiencies, the at-risk population continues to expand, with PcP being diagnosed in patients
considered, typically, at lower risk (Table 1) [8,9].
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Table 1. A selection of Pneumocystis Pneumonia cases involving patients with less typical underlying conditions.

Underlying Disease Number of Cases/ Medical History Treatment Outcome Reference

Severe alcoholic hepatitis 2 Not available Both died [10]

Giant cell arteritis
7

F = 5
M = 2

All on prednisone at diagnosis of PcP
No PcP prophylaxis

All received trimethoprim/sulfamethoxazole for
PcP

5 recovered
2 died [8]

Crohn’s disease.

1
M, 19 y

Post-marketing surveillance through
June 2001, ntified 10 cases of PcP during

infliximab treatment, 3 of which died

For Crohn’s disease—
Azathioprine and infliximab

For PcP—
Steroids and trimethoprim-sulfamethoxazole

Follow up 2 weeks later
confirmed clinical response to

therapy.
[11]

Pustular psoriasis with an
IL-36RN deficiency.

1
M, 54 y

PCP developed after infliximab

For pustular psoriasis—
Cyclosporin which was unresponsive then

Infliximab
For PcP IV

trimethoprim/
sulfamethoxazole

Mutation found in the IL36RN
gene compatible with IL-36RN
deficiency anakinra started and

psoriasis improved

[12]

Diabetes mellitus with
pneumoconiosis and interstitial

pneumonia

1
M, 75 y

Carcinoma of the buccal mucosa

Corticosteroids for interstitial pneumonia
Trimethoprim/sulfamethoxazole and voriconazole

for PcP and Aspergillus fumigatus
Died [13]

Systemic lupus erythematosus.
5 cases

Study of 858 hospitalized lupus patients.
ID from lung biopsy in 2 and BAL in 3

Prednisolone and concomitant biologics or
immunosuppressants 3 died [9]

Hyper-IgM syndrome 1
M, 4 months

IgM syndrome diagnosis made after PcP was
detected.

trimethoprim/sulfamethoxazole for PcP
Recovered [14]

Membranoproliferative
glomerulonephritis

1
M, 50 y

Corticosteroids for underlying condition
For PcP

Trimethoprim/sulfamethoxazole
Recovered [15]
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Table 1. Cont.

Dermatomyositis associated
with anti-MDA-5 autoanti

bodies

2
M, 56 y

Initially had interstitial lung disease
without infection

M, 52 y

Both treated with corticosteroids for underlying
condition.

Both had specific treatment for PcP
M, 52 y also received cyclophosphamide bolus

Both died [16]

Cushing’s Syndrome
15

13 developed PcP after initiation of
cortisol blocking therapy.

Cushing’s syndrome—Cortisol blocking therapy
PcP therapy—Not stated 11 of the 15 patients died [17]

Pneumocystis jiroveci pneumonia
after infliximab therapy: a

review of 84 cases.
84 Cases 23 of the 84 patients died [18]

M: Male; F: Female; y: years; BAL: Bronchoalveolar lavage fluid; IV: Intravenous.
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The historical difficulties in diagnosing PcP has resulted in many cases being treated on clinical
suspicion alone. In a recent 10-year audit of PcP in the UK, reported deaths due to PcP regularly
exceeded the number of laboratory confirmed cases. With the advent of modern diagnostic techniques
(Real-time PCR and (1-3)-β-D-Glucan (BDG)) this discrepancy should be reconciled to some degree [1].
PcP in HIV-negative patients often presents non-specifically and follows a more fulminant course.
Since timely treatment improves prognosis, clinicians should commence antimicrobials based on
clinical suspicion whilst awaiting the results of mycological investigations. PcP is associated with
the significant morbidity and mortality, but remains relatively uncommon across most at-risk groups
(<5%) [3–5]. In HIV-positive patients PcP usually presents as a sub-acute progressive deterioration over
a period of weeks, whereas in HIV-negative patients an acute presentation over a few days is more
typical [7]. PcP severity can be stratified into mild, moderate or severe disease, depending on presenting
symptoms, oxygen saturation, and chest radiology (Table 2) [19]. Extra-pulmonary disease is unusual.
The classification of disease severity is applicable regardless of the patient’s predisposing underlying
condition [19,20]. Symptoms are generally non-specific, typically pneumonia, other symptoms,
include fever, non-productive cough, worsening chest pain, shortness of breath (especially on exertion).
Low arterial-oxygen tension may lead to respiratory failure, requiring mechanical ventilation and
vasopressor, which is a poor prognostic feature.

Table 2. Classification of Pneumocystis pneumonia [19].

Clinical factor
Disease Classification

Mild Moderate Severe

Dysnoea On exertion On minimal
exertion/possibly at rest At rest

Resting arterial tension PaO2 of > 11.0 kPa PaO2 8.1–11.0 kPa PaO2 < 8.0 kPa

Oxygen saturation SaO2 > 96% SaO2 of 91–96% SaO2 < 91%

Radiology Normal/Minimal
changes on CXR

Diffuse interstitial
changes on CXR

Extensive interstitial changes with
potential diffuse alveolar

shadowing on CXR

Other Possibly Fever Tachypnoea at rest, fever, cough

PaO2: Partial pressure of oxygen in blood; SaO2: Oxygen saturation; CXR: Chest radiograph.

Risk factors associated with PcP are well described (e.g., CD4 count <200/µL, graft versus host
disease, corticosteroids), but are continually amended to reflect advances in medical therapies [7,21,22].
A meta-analysis of risk-factors associated with increased mortality from PcP include age, sex, delay in
diagnosis, respiratory failure, solid tumours, high lactate dehydrogenase, low serum albumin,
and bacterial, Aspergillus or Cytomegalovirus co-infection [23]. A range of co-infections associated
with PcP is shown in Table 3.
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Table 3. A selection of Pneumocystis Pneumonia cases involving co-infection with other pathogens.

Underlying Disease Coinfection Number of Cases/Medical History Treatment Outcome Reference

COPD and chronic hepatitis C PcP and Aspergillosis
1

M, 95 y, treated for lung injury caused by
Chlamydophila pnemonia

Ceftriaxone and Methylprednisolone Then alternating
prednisolone and methylprednisolone
Then meropenem and azithromycin.

Then sulfamethoxazole/ trimethoprim for PcP
Then levofloxacin, minocycline, liposomal amphotericin B

along with PcP treatment

Died of multiple organ
failure [24]

Crescentic IgA nephropathy
and Non-Hodgkin lymphoma PcP and Aspergillosis

2
M, 29 y with crescentic IgA nephropathy

on immunosuppressive drugs
F, 72 y with non-Hodgkin lymphoma on

chemotherapy

Both—
Intravenous trimethroprim/sulphamethoxazole combined

with voriconazole
Prophylaxis

M—Moxifloxacin and Ganciclovir
F—Moxifloxacin and Valaciclovir

M—Recovered
F—Died [25]

Alcoholic hepatitis and
cirrhosis PcP and cytomegalovirus 1

M, 40 y

Initially broad spectrum antibiotics then prednisolone.
Amphotericin B syrup dissolved in water gargled for oral and

esophageal candidiasis
No treatment for PCP, found during autopsy

Died of circulatory
insufficiency [26]

Allopurinol-induced
Stevens-Johnson syndrome

and toxic epidermal
necrolysis

PcP, parainfluenza virus
type 3, CMV and

Aspergillus fumigatus.

1
F, 63 y

Presented with mucocutaneous macular
skin rash with bulla.

3 months prior had an acute myocardial
infarction.

1-month prior essential thrombocytosis
30 years previous had, surgery for
intestinal TB and was a hepatitis C

carrier.

High-dose systemic corticosteroids and intravenous
immunoglobulin for Stevens-Johnson syndrome / toxic

epidermal necrolysis
100 mg/day aspirin

1 mg/day anagrelide
200 mg/day allopurinol

Anti-TB treatment 30 years ago.
For co-infections

Trimethroprim/sulphamethoxazole, voriconazole, ganciclovir
and oral ribavirin.

Recovered [27]

Probable plasma cell
myeloma

Streptococcal meningitis
and PcP

1
F, 64 y

Intravenous acyclovir, ceftriaxone and fluconazole for the
meningitis

Trimethroprim-sulfamethoxazole for PcP
Unclear [28]

HTLV-1 Associated Adult
T-cell leukemia/lymphoma

PcP and Cryptococcus
neoformans 1 Trimethroprim-sulfamethoxazole, corticosteroids and

fluconazole Recovered [29]

HIV PcP and Strongyloides
stercoralis

1
M, 43 y

Trimethroprim-sulfamethoxazole, ivermectin and amphotericin
B Died [30]
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Table 3. Cont.

Allogeneic hematopoietic
stem cell transplantation

recipient
PcP and Influenza A

1
M, 53 y

Immunosuppresive therapy for
treatment of GVHD

For underlying condition - daily mycophenolate mofetil,
tacrolimus and prophylactic Trimethroprim-sulfamethoxazole.

Treated with high-dose corticosteroids for GVHD
PCP prophylaxis switched to inhaled pentamidine due to

pancytopenia attributed to Trimethroprim-sulfamethoxazole.
PcP treated with Trimethroprim-sulfamethoxazole.

Recovered [31]

Infantile spasm Legionella pneumophila and
PcP

1
8 month old infant Not Stated Died [32]

HIV Mycobacterium tuberculosis
and PcP 1

Trimethroprim-sulfamethoxazole prophylaxis for PcP
Antituberculosis medication and
Trimethroprim-sulfamethoxazole

Recovered [33]

COPD: Chronic obstructive pulmonary disorder; GVHD: Graft versus host disease; TB: Mycobacterium tuberculosis.
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A study evaluating PcP in Spanish HIV-positive patients confirmed the reduction in the
incidence of PcP, but also showed a reduction in the rates of mortality [34]. It identified associated
colder climatic conditions and higher levels of air pollutants as risk factors for PcP and mortality.
However, evidence linking environmental conditions with PcP is conflicting [35,36]. Various prognostic
markers have been determined in both HIV-positive and HIV-negative cohorts [37,38].

Using the various guidelines this review will summarize diagnostic options, cover prophylactic
and therapeutic management in the main at risk populations, while also covering some specific,
recent considerations for the management of PcP [39–44].

2. Diagnosis

Computerized tomography (CT) is a sensitive modality for the diagnosis of PcP and should be
considered in the early stages of disease when chest X-rays may be normal [45]. Using CT, early PcP can
present with diffuse ground glass shadowing (GGO) (Figure 1), which progresses to GGO and patchy
consolidation, with predominant consolidations in the latter stages of disease [45]. Other findings can
occur, including nodules, pneumothoraces and rarely cavities [21]. The aforementioned radiological
findings are not specific to PcP and are therefore not pathognomonic. A normal CT may be useful for
excluding PcP [46].
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Figure 1. A computerized tomography (CT)-Thorax image showing centrilobular ground glass
opacification in an HIV-infected patient with Pneumocystis pneumonia.

Non-mycological laboratory investigations may prove beneficial. Elevated lactate dehydrogenase
(LDH > 500 mg/dL) is associated with lung damage, and may be a useful adjunct test in the
HIV-positive patient, where high concentrations may indicate severe disease [47]. If levels are normal
it can be used to exclude PcP, but limited specificity requires any elevated level to be confirmed with
a mycological assay [48]. The use of LDH in the HIV-negative population appears limited, with poor
sensitivity and specificity. Procalcitonin levels are raised during pneumonia and levels associated with
PcP are comparable to other pathogens capable of causing atypical pneumonia (e.g., Mycoplasma sp.)
However, levels associated with PcP are significantly lower than those encountered with bacterial
pneumonia and tuberculosis [49]. C-reactive protein may be normal in PcP and can therefore not be
used to rule out infection [47]. The development of highly sensitive, non-culture based tests have
enabled laboratories to diagnose PcP more readily. Although axenic culture of Pneumocystis has proven
possible, its applicability to a routine diagnostic laboratory is minimal [50]. Microscopy is useful
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for confirming a diagnosis, and immuno-fluorescent (IF)-microscopy using fluorescently labelled
monoclonal antibodies targeting both ascus and trophic forms is recommended [41]. IF-Microscopy
performance is more accurate when testing deeper respiratory samples (e.g., bronchoalveolar lavage
(BAL) fluid) as compared to superficial samples such as sputum [51].

PcP PCR provides enhanced sensitivity over conventional methods, with meta-analyses
demonstrating a sensitivity of ≥97% and negative predictive value (NPV) ≥ 99% [52–54]. While there
are concerns over the detection of Pneumocystsis colonization, the positive predictive values are good
(given the low prevalence of the disease) and confirmed by the positive likelihood ratios (≥10).
A negative PcP PCR on BAL fluid can be used to exclude disease. Positivity when testing upper airway
samples was once thought to represent detection of colonization; it likely reflects a significant burden
lower in the respiratory tract. There is no requirement for nested-PCR assays and conventional PCR
should be replaced with real-time assays that can be used to quantify burden to determine clinical
significance and differentiate colonization from infection. The significance of lower levels of PcP,
as detected by PCR, need to be interpreted in conjunction with the clinical context in which the sample
was obtained and the quality of the sample on which the assay was performed. The availability of
commercial real-time assays will help address the current lack of assay standardization [55].

The detection of (1-3)-β-D-Glucan (BDG) in serum/plasma allows PcP to be confidently
excluded if negative, with meta-analyses demonstrating a sensitivity and NPV of ≥ 90% and ≥97%,
respectively [56–58]. BDG is not specific to PcP and can positive as a result of other fungal pathogens
to which these patients may be susceptible. Although BDG concentrations are typically high in
patients with PcP (> 500 pg/mL), low positive concentrations may occur [59]. BDG has been shown
to differentiate PcP from Pneumocystis colonization, with BDG levels associated with latter generally
below <90 pg/mL, while with disease levels were >100 pg/mL [59]. Although BDG testing of BAL
fluid has been performed, it adds little to the testing of serum, with reduced specificity as a result of
the presence of respiratory tract commensal organisms, such as Candida species or non-Pneumocystis
colonizers [60,61]. Positive BDG concentrations have been documented in haematology patients
and those undergoing haemodialysis in the absence of fungal disease, and needs to be taken in to
consideration when evaluating test results in these cohorts [62].

Combination testing (IF-Microscopy with PcP PCR and BDG) has been proposed for the optimal
diagnosis of PcP in the haematology setting. It is reasonable for this strategy to be applied to other
cohorts, particularly HIV-positive patients, where the fungal burdens are often greater, simplifying
detection [41]. The high sensitivity of BAL fluid PcP PCR and serum/plasma BDG may obviate the
need for IF-microscopy, particularly if the PCR test is quantifiable. However, given the current lack
of standardization of both BAL fluid sampling and PCR amplification, IF-microscopy does enhance
specificity when positive. Sensitive molecular and biomarker assays are detecting patients with
minimal symptoms or who are asymptomatic. Clinically, where a symptomatic patient is BDG and
PcP PCR positive but microscopy negative, it is likely that the patient has PcP. IF-Microscopy remains
the gold standard for the diagnosis of PcP, but guidelines recognize the utility of both PCR on BAL
fluid and BDG on serum, where negativity can be used to exclude infection [39,41,42,44]. This will
likely change once PCR is standardized and PCR cycle threshold values (Cq) are correlated to a burden
equating to positivity by IF-Microscopy [41].

3. Primary Prophylaxis

Prophylaxis of at risk patients is considered a mainstay for the prevention of PcP.
However, with a rapidly-growing and diverse at risk population certain patient populations may not receive
the necessary prophylaxis, due to the absence of guidelines and current limitations on the knowledge of risk.
This includes patients receiving disease modifying drugs and aggressive chemotherapeutic regimens
for an array of inflammatory and malignant diseases; patients receiving TNF blockade (infliximab,
adalimumab, and etanercept), CD-52 antibodies (alemtuzamab), calcineurin inhibitors (cyclosporin and
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tacrolimus), B-cell blockade (Rituximab) and selective T cell blockade therapies, in addition anti-purine
drugs, bendamustine, nucleoside analogues, and high-dose steroids for prolonged periods [63–66].

Systematic review and meta-analysis has shown significant benefit in preventing PcP and reducing
PcP related mortality, although individual trials primarily focusing on haematology and solid organ
transplant patients and tended to be uncontrolled with limited numbers, impacting quality [66].
A variety of different prophylactic regimens have been used (Table 4) and the optimum regimen
in many patient groups has not been determined. In general, trimethoprim/sulfamethoxazole
(TMP/SMX) remains the drug of choice for prophylaxis, with second line choices considered to
provide inferior protection, albeit with potentially fewer side-effects. An overview of prophylactic
choices and administration is shown in Table 4.

3.1. HIV-Positive Population

In HIV-positive patients, PcP prophylaxis is recommended when CD4 counts are less than
200 cells/mm3 or if previously diagnosed with oropharyngeal candidiasis [39]. Prophylaxis should
also be considered in patients previously diagnosed with an AIDS defining illness or if the CD4 cell
percentage is less than 14%. If it is not possible to perform regular CD4 counts, then prophylaxis
should be initiated when counts are between 200–250 cells/ mm3. The primary prophylactic agent is
one single-strength TMP/SMX (80 mg TMP/400 mg SMX) daily or one double strength tablet (160 mg
TMP/800 mg SMX)/daily [39]. Alternative prophylaxis includes one double strength TMP/SMX
tablet three times per week, dapsone alone or in combination with pyrimethamine and leucovorin,
pentamidine aerosols or atovaquone (Table 4).

It is recommended that prophylaxis in adults and adolescents be continued until CD4 T-cell
counts are sustained at > 200 cells/mm3 for more than 3 months, but CD4+ cell percentage of ≥14%,
and a sustained undetectable HIV plasma RNA levels can also be considered [39]. The European
Collaboration of Observational HIV Epidemiological Research in Europe (COHERE) study provided
evidence that it may be safe to cease prophylaxis in HIV-positive patients with a suppressed viral load
and a CD4 count between 100-200 cells/mm3, reducing pill burden, drug toxicity and interactions,
inconvenience and cost, and the potential development of bacterial resistance. [67] Prophylaxis should
be recommenced if the CD4 count decreases to < 200 cells/mm3 [39]. If PcP was diagnosed when the
patient’s CD4 count was >200 cells/mm3 life-time prophylaxis could be considered [39].

Prophylaxis for PCP during pregnancy is the same as for other adults and adolescents, with the
caveat that prophylaxis might be withheld during the first trimester due to theoretical concerns
regarding teratogenicity associated with drug exposures [39]. Due to the absence of systemic absorption
and limited risk to the embryo, aerosolized pentamidine may be considered.
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Table 4. Prophylactic and therapeutic options for the management of Pneumocystis pneumonia in HIV, haematology, and solid organ transplant recipients.

Strategy Population [Ref]

HIV-Positive [39] Haematology [20,43] Solid Organ Transplantation [44]

Prophylaxis

Front line: Trimethoprim/sulfamethoxazole one
single-strength (80 mg TMP/400 mg SMX) daily or one

double strength tablet (160 mg TMP/800 mg
SMX)/daily.
Second line:

Trimethoprim/sulfamethoxazole one double strength
tablet (160 mg TMP/800 mg SMX) three times per week

Dapsone (50 mg twice daily)
Dapsone (200 mg) + pyrimethamine (75 mg) +

leucovorin (25 mg) weekly
Dapsone (50 mg daily) + pyrimethamine (50 mg

weekly) + leucovorin (25 mg weekly)
Pentamidine aerosols (300 mg per month)

Atovaquone 1500 mg daily

Front line:
Trimethoprim/sulfamethoxazole one
single-strength (80 mg TMP/400 mg

SMX)/day or double strength tablet (160
mg TMP/800 mg SMX)/day or three per

week.
Second line:

Dapsone (50 mg twice daily)
Pentamidine aerosols (300 mg per

month)
Atovaquone (1500 mg daily)

Front line: Trimethoprim/sulfamethoxazole
one single-strength (80 mg TMP/400 mg

SMX)/day or double strength tablet (160 mg
TMP/800 mg SMX)/day or three per week.

Second line:
Dapsone (50–100 mg once a day)

Atovaquone (>1000 mg daily)
Third Line:

Pentamidine aerosols (300 mg every 3–4
weeks)

Treatment

Frontline: Trimethoprim/sulfamethoxazole (15–20
mg/kg TMP; 75–100 mg/kg SMX per day)

For moderate to severe disease (i.e., hypoxemia)
adjunctive corticosteroids should be used

Second line for severe disease:
Primaquine and clindamycin (30 mg/(600 mg × 3)) per

day
Pentamidine IV (4 mg/kg/day)

Second line for mild/moderate disease:
Dapsone (100 mg daily) + trimethoprim (15 mg daily)

Atovaquone (750 mg BID)

Frontline:
Trimethoprim/sulfamethoxazole (15–20

mg/kg TMP; 75–100 mg/kg SMX per
day)

Second line:
Primaquine and clindamycin (30

mg/(600 mg × 3)) per day
Pentamidine IV (4 mg/kg/day)

Atovaquone (750 mg/ 2–3 per day)

Frontline: Trimethoprim/sulfamethoxazole
(15–20 mg/kg TMP; 75–100 mg/kg SMX per

day) with TMP administered by IV every
6–8 h.

For hypoxemic patients potentially in
combination with 40–60 mg of prednisolone

(twice daily)
Second line:

IV Pentamidine (Initially 4 mg/kg/day over
1–2 h) Recipients of pancreas/islet

transplants should receive an alternative
second line therapy.

IV: Intravenous.
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3.2. Solid Organ Transplant Recipients

In SOT recipients PcP prophylaxis is recommended for patients where the local incidence of
disease is ≥ 3% [44,68]. The risk is greatest during the first six months’ post-transplant, where rates
of 5–15% have been documented [7]. The duration for prophylaxis ranges from 3 months to > 1 year,
but is generally 6–12 months. However, prolonged risk periods are likely in patients suffering
from graft rejection, CMV infection (both chronic or recurrent), prolonged neutropenia, autoimmune
disease or those treated with prolonged corticosteroid therapy (> 20 mg/day > 2 weeks) [22,44].
A minimum of six weeks’ prophylaxis has been recommended during and post therapy for renal graft
rejection [69]. Lifelong prophylaxis may be considered in lung, heart, and small bowel transplant
recipients, or those with a prior diagnosis of PcP or chronic CMV. Lifelong prophylaxis may also
be considered in renal transplant recipients due to the frequent occurrence of PcP outbreaks in this
setting [70]. While short-term prophylaxis is satisfactory for controlling an individual outbreak,
the contagious nature of PcP and prolonged risk period of these patients may warrant the additional
prophylaxis to prevent further outbreaks. The exact dose of TMP/SMX used for life-long prophylaxis
is unclear as hyperkalaemia, a result of graft dysfunction, may necessitate dose adjustment [70].
Attempts to stratify the need for additional PcP prophylaxis in SOT patients have been made [7,71].
A recent study evaluated risk factors 6 months post renal transplantation and multivariate analysis
showed that induction therapy mediated by anti-thymocyte globulin, steroid therapy, high doses of
calcineurin inhibitors (tacrolimus ≥ 0.5 mg/kg/day and cyclosporine ≥ 2.1 mg/kg/day) and CMV
were associated with late PcP [71].

As with PcP in HIV-positive individuals the primary prophylactic choice is oral or intravenous
TMP/SMX, one single-strength (80 mg TMP/400 mg SMX)/day or double strength tablet
(160 mg TMP/800 mg SMX), although prophylaxis can be administered daily or three times per
week [44]. The efficacy of the double strength appears similar whether daily or thrice weekly, but daily
administration is required to protect against other post-transplant infections (e.g., Toxoplasmosis) [22,44].
A meta-analysis showed that the risk reduction using TMP/SXM prophylaxis in SOT (0.09, 95% CI:
0.02–0.48) was similar to that for the overall HIV-negative at risk population (0.15, 95% CI: 0.04–0.62) and
adverse events were rare [72]. Oral dapsone (50–100 mg once a day or 100 mg weekly) may be used as a
second-line prophylactic agent, although intolerance to TMP/SMX increases the likelihood that this will
occur with dapsone [22,44]. Once weekly dapsone prophylaxis has been successfully used to prevent
PcP in renal and liver transplant patients with contraindications or intolerance to TMP/SMX [73].
While there were no cases of PcP in the dapsone or TMP/SMX arms, there were more breakthrough
(mainly bacterial) infections and more hospitalized patients when using dapsone prophylaxis [73].
Intolerance to dapsone can arise more regularly in SOT recipients [74]. Oral atovaquone has also
been used as an alternative prophylaxis in SOT. While it as effective as dapsone in HIV-positive, there
is less evidence in SOT patients and an optimal dose has not been determined, but is likely >1000
mg (likely 1500 mg) daily [22,44]. Mutations in Pneumocystis have been associated with failure of
atovaquone prophylaxis [75,76]. In a recent study, a mutation in the mitochondrial Cytochrome b gene
possibly altered the atovaquone binding pocket, leading to prophylaxis failure and a PcP outbreak in a
cardiac transplant unit. [77] Inhaled (nebulized) pentamidine (300 mg every 3–4 weeks) is considered
a third-line agent, requiring experienced staff to administer the drug and has been associated with
higher rates of break-through infections and disseminated disease [22,44]. While there is anecdotal
evidence of combination approaches and other routes of administration the evidence limited.

3.3. Haematology Patients

Comprehensive recommendations for PcP prophylaxis for patients with haematological
malignancies and those undergoing SCT have been made by the European Conference of Infections
in Leukaemia (ECIL) [43]. PcP prophylaxis should be commenced in acute lymphoblastic leukaemia
patients, allogeneic stem cell transplant recipients, patients being treated with alemtuzumab,
fludarabine/cyclophosphamide/rituximab combinations and patients on prolonged (≥20 mg/day
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>4 weeks) corticosteroids treatment. Additional indications include lymphoma patients receiving
R-CHOP14 or escalated BEACOPP, patients receiving alternative lymphocyte depleting compounds
(e.g., nucleoside analogues), or radiotherapy for brain tumours/metastasis in conjunction
with steroid therapy [43]. Evidence is lacking for patients diagnosed with acute myeloblastic
leukaemia, cerebral lymphoma, certain lymphoproliferative disorders, autoimmune cytopenia and
haemophagocytic syndromes. The introduction of immune-modulators (anti-TNF-α) and delayed
T-cell recovery post transplantation (e.g., cord blood transplants/haplo-identical transplants) will
likely increase the haematology population at risk of PcP [43].

The recommended primary prophylaxis is TMP/SMX one single-strength tablet (80 mg
TMP/400 mg SMX)/day or one double strength tablet (160 mg TMP/800 mg SMX)/day or
thrice weekly, but this recommendation has not been fully validated in a randomized control
trial [43]. Secondary prophylaxis includes dapsone, pentamidine aerosols, or atovaquone (Table 4).
Again, no randomized control trials have been performed to compare performance or determine
optimal dosage. In a large retrospective cohort study of primary prophylaxis in stem cell transplant
recipients, aerosolized pentamidine had the highest probability of PcP but lower probability of
toxicity, although another study showed higher rates of toxicity [78]. While rates of breakthrough
PcP in stem cell transplant recipients receiving dapsone have been shown to be higher than those
receiving TMP/SMX, rates are lowered if dapsone is administered daily compared to thrice weekly,
although rates remain greater than when using TMP/SMX [79]. A randomized control trial of
atovaquone versus TMP/SMX as primary prophylaxis in autologous stem cell transplant recipients
resulted in no cases of PcP in either arm, but more intolerance to TMP/SMX [80]. The use of these
second-line agents removes any protection from toxomplasmosis and bacterial infections, and may
require specialized equipment and training (pentamidine), additional drug costs (atovaquone),
and may result in other toxicities [43].

There is no definitive evidence on when to commence, or the duration of PcP prophylaxis
in the haematological population. Initiation of prophylaxis during the pre-engraftment period in
HSCT recipients (with the possible exception of the conditioning period) is not recommended, due to
the potential for marrow toxicity when using TMP/SMX. Primary prophylaxis is recommended
for the period of treatment-induced immunosuppression or until the CD4+ cell count increases to
>200 cells/mm3.

In allogeneic stem-cell recipients, prophylaxis from engraftment until ≥6 months after transplant is
recommended, but longer may be necessary in patients receiving continued immunosuppressive drugs
and/or in those that have chronic graft versus host disease [43]. In patients receiving alemtuzumab or
fludarabine/cyclophosphamide/rituximab combinations prophylaxis is recommended for at least six
months’ post completion of treatment. Unlike in patients living with HIV, there is no robust evidence
supporting stopping prophylaxis when the CD4+ cell count >200 cells/mm3. This is likely due to the
presence of additional risk factors, such as the use of steroids to manage GVHD [43].

3.4. Other Populations

There is a need for guidance regarding PcP prophylaxis for several cohorts outside the
aforementioned groups. In particular, patients with rheumatological and other autoimmune diseases
are receiving more intense therapy for management of their underlying conditions, resulting in
impairment of cell-mediated immunity that increases risk of PcP, but knowledge on individual
risk factors and predictors of PcP is sparse. A recent attempt to evaluate the incidence and
risk factors for the development of PcP in patients diagnosed with connective tissue disorders
confirmed the limited availability of data and subsequent exclusion of this cohort from systematic
reviews [81]. Currently, evidence based recommendations specific to rheumatology cannot be provided,
but prophylaxis should be considered in patients receiving intense immunosuppressive therapy,
particularly in individuals with lymphopenia and a low CD4 count. Similar prophylaxis should
be used in patients with ANCA-positive vasculitis (granulomatosis with polyangiitis) undergoing
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intense induction therapy [81]. Risk factors for PcP in rheumatology include older age (>65 years
old), coexisting pulmonary disease and the use of glucocorticoids [82]. When initiating prophylaxis in
patients with two or three risk factors for PcP the incidence of PcP was reduced to 0.00 from 0.93 per
100 person-years prior to implementation, with no severe adverse events associated with TMP/SMX
treatment. [82] In a second large study investigating the efficacy and safety of TMP/SMX as primary
prophylaxis for PcP in rheumatology patients receiving high-dose steroids, the incidence of PcP and
related mortality after 1 year was reduced using prophylaxis. Prophylaxis was well tolerated with
the number needed to treat to prevent one case of PcP (52, 95% CI:33–124) lower than the number
needed to harm through serious adverse event (131, 95% CI:55–∞) [65]. Although CD4 counts play
a significant role in determining risk from PcP in other cohorts (HIV, Haematology, and SOT), its role
in autoimmune and inflammatory disease is less well defined, and the median CD4 count in PCP
patients with this syndrome was 302/mm3 compared to 19/mm3 in HIV-positive patients [83].

An evaluation of PcP prophylaxis in patients treated with systemic corticosteroids, or other
immunosuppressive agents, for immune-mediated dermatologic conditions indicated there was no
support for routine administration of universal PcP prophylaxis in patients taking immunosuppressive
medications, with each case requiring individual consideration [84]. There have also been calls for
guidance on PcP prophylaxis in patients suffering from endocrine conditions, such as Cushing’s
syndrome and patients being treated for inflammatory bowel disease [17,85].

4. Therapy

Trimethoprim, sulfa drugs, and pentamidine form the main stays of treatment. Irrespective of
underlying condition, the first-line therapy for PcP is TMP/SMX. Alternative regimens may depend
on the severity of disease and the underlying condition, with these factors also determining whether
corticosteroids are used. Despite Pneumocystis jirovecii being classified in the fungal kingdom on
the basis of DNA sequence similarity and cell wall composition, it does not contain ergosterol
in the cell wall. Consequently, polyenes (Amphotericin B/liposomal Amphotericin) or azoles
(fluconazole, itraconazole, voriconazole, posaconazole, and isavuconazole) antifungals cannot been
used for prophylaxis or treatment. The different morphological forms also show varying susceptibility
to echinocandins (e.g., caspofungin) with in vitro inhibition of the cyst but not trophic forms [86].
An overview of treatment choices and administration is shown in Table 4.

4.1. HIV-Positive Population

The recommended treatment for PcP in HIV is intravenous TMP/SMX with dose adjustment
required in renal dysfunction [39]. For mild-moderate disease oral administration may be considered.
Corticosteroids are of proven benefit in HIV-infected individuals with severe disease. A meta-analysis
on the use of steroids for PcP in HIV-positive patients reported that their use was associated with
reduced mortality, particularly in the early phase of disease [87]. In moderate to severe disease
corticosteroids should be initiated within 72 h.

In mild/moderate disease alternative second-line therapies include dapsone/trimethoprim,
primaquine (oral only) plus clindamycin (IV) and atavquone suspension, although the latter
is less effective than TMP/SMX, and dapsone/trimethoprim has better efficacy while limiting
side-effects [39]. Second-line therapy for moderate/severe disease includes intravenous pentamidine
or clindamycin/primaquine, the latter being better tolerated although less efficacious. Aerosolized
pentamidine is not recommended for treatment [39].

Treatment duration is three weeks, but longer may be necessary, dependent on disease
severity, drug choice, immunodeficiency, previous infection and early initiation of therapy.
Mechanical ventilation and ICU care can be used, dependent on functional status [39]. Improvement
should be expected within 4–8 days, but without steroids it is not unusual to see a deterioration in
the first 3–5 days, likely associated with an inflammatory response. Investigations (BAL fluid) for
concomitant respiratory infections (See Table 4) should be performed if there is no clinical improvement
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or worsening symptoms. Changing to parenteral pentamidine or clindamycin/primaquine is
recommended if there is TMP/SMX toxicity or treatment failure [39].

The most effective way of preventing PcP in people living with HIV is by immune-reconstitution,
through the administration of effective anti-retroviral therapy. Additive or synergistic toxicities
associated with anti-PcP and antiretroviral therapies, may lead to a delay in the initiation of
antiretroviral therapy until after initiating anti-PCP therapy or, in some cases, until after the completion
of anti-PcP therapy. However, a large multi-centre trial of opportunistic infections in 282 newly
diagnosed HIV patients compared immediate anti-retroviral therapy with therapy delayed until
completion of treatment for the opportunistic infection, supported the initiation of anti-retroviral
therapy alongside PcP treatment [88]. Immediate initiation of both therapies was not associated with
increase in side-effects or a reduction in the efficacy of anti-retroviral therapy but was associated with
a reduction in AIDS progression and mortality rates. The risk of immune reconstitution inflammatory
syndrome (IRIS) in PcP/HIV-positive patients who are treated for both infections has been deemed
low [47]. In the previous multicenter trial, the rates of IRIS were 5.7% and 8.5%, for immediate
treatment of opportunistic infection and HIV versus deferred antiretroviral therapy, respectively [88].

4.2. Solid Organ Transplant Recipients

Daily intravenous TMP/SMX (15–20 mg/kg TMP; 75–100 mg/kg SMX) is the most efficacious
treatment for mild to severe PcP in SOT [22,44]. A recent study compared performance of low dose
trimethoprim (<15 mg/kg/day) with the conventional dose (15–20 mg/kg/day) in combination with
sulfamethoxazole for treatment of PcP in SOT recipients [89]. There was no difference in mortality
rates between the groups (p = 0.76), but adverse effects were significantly reduced with the lower
dose (42% compared to 17%; p = 0.02). As with HIV-positive patients, IV pentamidine is the preferred
second-line agent, although for pancreas and islet cell transplants alternatives to pentamidine should
be sought to avoid potential pancreatic dysfunction and islet cell necrosis [44]. Oral TMP/SMX has
excellent bioavailability and may be considered in patients with mild-moderate disease [22]. It is
recommended to reduce immunosuppression when managing PcP in kidney transplant recipients [69].

Duration of therapy is a minimum of 14 days, up to 21 days for severe disease [44]. While many
other PcP therapy combinations have potential for use in SOT, data is limited and evidence extrapolated
from studies in the HIV-positive population. Patients usually show clinical improvement within 4–8 days,
although, as with HIV-positive, deterioration can occur during the first few days of therapy [22].

In SOT patients with moderate to severe disease, twice-daily 40–60 mg prednisone for 5–7 days
within 72 h of diagnosis has been recommended, with a gradual reduction in dose over a further
7–14 days in order to prevent immune reconstitution pneumonitis [44]. One study associated prolonged
survival with the administration of steroids, but generally there is little evidence to support their use
in SOT and the optimal dose is not known [22,90]. Retrospective small studies of heterogeneous
populations provide conflicting findings, even associated with an increased mortality rate and
a meta-analysis and systematic review did not support an association with steroid use and improved
survival in SOT [91,92]. A retrospective cohort study of 323 HIV-negative patients showed the use of
early steroids did not alter mortality, length of stay, ICU admission of the requirement for mechanical
ventilation, but was associated with less improvement in the respiratory component of the sequential
organ failure assessment score [93]. Given that corticosteroid use may be a risk factor for the SOT
patient developing PcP, the use of such therapy as a treatment appears rather conflicting.

4.3. Haematology Patients

Recommendations for the treatment of PcP in haematology patients have been provided by ECIL
and may be generally applicable to all on HIV-negative patients with PcP [20].

Again, IV TMP/SMX (15–20 mg/kg TMP; 75–100 mg/kg SMX) is the treatment of choice.
Initiation should be prompt as disease is regularly severe in presentation and delays increase the need
for intensive care and mechanical ventilation, leading to higher mortality. Treatment is recommended
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in at-risk patients with clinical signs, including dyspnoea, cough, fever, hypoxaemia, and chest pain, in
the presence of typical chest radiology (preferably Chest CT) and an elevated, yet unexplained,
serum LDH concentration [20]. Pulmonary toxicity associated with therapies used to treat the
underlying condition can present in manner that resembles PcP. Nevertheless, an attempt to achieve
a diagnosis should be prompt, but should not delay initiation of treatment, particularly as bronchoscopy
is often contraindicated in this patient population. This highlights the difficulty in managing these
patients and the importance of diagnostic approaches testing non-invasive samples such BDG on
serum or PCR on upper airway samples [41].

Duration of therapy is a minimum of 14 days, with three weeks usually required for severe or
non-responsive cases. As with SOT recipients, haematology patients with PcP can be slow to respond
and may deteriorate clinically in the first few days of treatment. Assessment of treatment failure cannot
be made confidently during the first week of treatment. If there is no clinical improvement after eight
days of therapy, treatment failure should be suspected and repeat investigations (e.g., Bronchoscopy
and chest CT) should be performed to identify co-infections, which can occur in approximately one
in five patients (Table 3) and PcP complications (e.g., pneumothorax) [91,94]. The use of serial BDG
monitoring to determine clinical response is not recommended. Persistent PcP PCR positivity in repeat
BAL fluid is not suggestive of treatment failure as this may indicate prolonged persistence of the
organism in the respiratory tract [20,95].

Recommended second-line therapy includes IV pentamidine (4 mg/kg/day), oral atovaquone
(750 mg/2–3 per day), or oral primaquine (30 mg/day) plus IV or oral clindamycin (600 mg/3 per
day) [20]. The efficacy of second-line regimens is not well validated and should only be used in
severe intolerance, or when primary treatment failure is documented in the absence of other causes
(e.g., co-infection). Primaquine/clindamycin is the preferred second-line option [20].

Prompt intensive care support is recommended for haematology patients with PcP as there
is a high incidence of acute respiratory failure and an associated increase in mortality rates with
delays in transfer to critical care [20]. Non-invasive ventilation may be used as a primary strategy
for hypoxic acute respiratory failure, but failure rates with PcP can be high [20,96]. Monitoring for
non-invasive ventilation failure is essential, with poor tolerance, an unidentified cause of respiratory
failure, clinical or respiratory deterioration, limited clinical and arterial blood gas improvement
within six hours, persistent high respiratory rate (>30/min), prolonged (>3 days) dependency on
non-invasive ventilation all indications for intubation and mechanical ventilation [20,97]. As with
SOT recipients, adjunctive corticosteroids can be considered on a case to case basis, due to
the heterogeneity and conflicting evidence of retrospective observational studies and absence of
controlled trials in HIV-negative patients. Of 11 studies investigating corticosteroid use for PCP
HIV-negative patients, including haematology, only four reported a reduced mortality rate when using
corticosteroids, leading to the decision not to recommend the use of corticosteroids when treating PcP
in haematology [20]. The fact that corticosteroids are widely used in the management of haematology
malignancies and are in themselves a risk factor for PcP, complicates the administration of these drugs
and highlights the need for controlled investigations.

5. Secondary Prophylaxis

HIV-positive patients diagnosed with PCP should be administered secondary prophylaxis
with TMP/SMX until immune reconstitution is achieved [39]. In a randomized controlled trial
in HIV-positive patients comparing the secondary prophylactic use of TMP/SMX versus inhaled
pentamidine, the risk of PcP recurrence was 3.3 fold higher using pentamidine (p < 0.001) [98].

Second-line regimens include dapsone, dapsone combined with pyrimethamine, atovaquone,
or aerosolized pentamidine [39]. All HIV-negative patients successfully treated for PcP should receive
secondary prophylaxis following the same guidelines for primary prophylaxis. The duration of
secondary prophylaxis in the HIV-negative has not been determined and should be judged on
a case-by-case basis, following primary prophylaxis protocols [20].
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6. Side-Effects and Interactions

Many of the drugs used to manage PcP are associated with adverse events with higher rates
reported in haematology patients [43]. Adverse events with TMP/SMX are relatively frequent,
and include rashes, fever, gastrointestinal upset, cytopenia, marrow suppression, electrolyte disorders
(hyperkalemia), hepatoxicity, interstitial nephritis, aseptic meningitis, anaphylaxis, renal insufficiency
and pancreatitis. These side effects occur more frequently when using therapeutic TMP/SMX doses
and may require use of second-line agents [72]. Allergies to sulfa-based drugs are a contraindication to
their use. TMP/SMX can alter levels of creatinine and cyclosporine. Although the use of secondary
agents may be associated with less side-effects the rate of breakthrough cases using second-line
prophylaxis can be higher than TMP/SMX [99]. When adverse events resolve, and in the absence of
anaphylaxis, it may be possible to reintroduce TMP/SMX.

Dapsone can trigger methaemoglobinaemia and haemolytic anaemia in susceptible individuals
and patients should be screened for glucose-6-phosphate dehydrogenase (G6PD) deficiency prior to use.
Other serious side-effects include a potentially fatal idiosyncratic dapsone-hypersensitivity syndrome
causing fever, skin rash, eosinophilia, and major organ dysfunction. Other side-effects include
desquamation, neutropenia, anaemia, agranulocytosis, gastrointestinal upset, interstitial nephritis,
and hepatitis [21]. Atovaquone is generally well tolerated and it is likely as efficacious as the other
second line agents, although its use may be limited by higher drug costs. Common side-effects include
rash and gastrointestinal issues. Absorption of atovaquone is improved by the presence of fatty foods in
the gut, with diarrhea having a detrimental effect. To monitor the variable gastrointestinal absorption,
it has been proposed that concentration in the blood should be assessed through therapeutic drug
monitoring [100].

Inhaled pentamidine has the advantage that it is administered monthly, but requires a jet nebulizer
and side-room facilities for effective and safe administration. Common side-effects associated with
inhaled pentamidine include bronchospasm and cough. For both IV and oral administrations
interaction with other nephrotoxic drugs (e.g., cyclosporine) has been noted, enhancing renal
toxicity. Other side-effects include hypo/hyper glycaemia, insulin-dependent diabetes mellitus,
pancreatitis, hepatitis, cardiac arrhythmia (Q-T prolongation), hypotension, bone-marrow suppression,
and electrolyte disorders.

Clindamycin/primaquine have been associated with nausea and vomiting, Clostridioides
difficile infection, neutropenia, and haemolysis in patients with glucose-6-phosphate dehydrogenase
deficiency [20].

A range of drug-drug interactions has been reported, including other PcP medications and other
antibiotic therapies (rifampicin, rifabutin, and macrolides). Of importance when treating PcP in
HIV-positive patients is the reduction in atovaquone concentration associated with the anti-retroviral
therapy efavirenz [101]. In a single centre open-label, parallel-sequence, pharmacokinetic study,
approximately 50% of patients receiving efavirenz had lower atovaquone concentrations compared to
those in patients not receiving antiretroviral therapy. Only 50% of patients obtained sufficient average
treatment concentrations (>15 µg/mL), indicating that a dose of 750 mg BID may be insufficient
for treating mild-moderate PcP. All co-medications should be scrutinized for interactions with PcP
therapy [20].

7. Resistance

Resistant PcP disease has been documented for more than a decade but it is difficult to determine
the scale of the issue due to the limitations of conventional microbiological approaches. Polymorphisms
in the genes targeted by anti-PcP therapies are increasingly recognized as reason for resistant PcP
(Table 5). Mutations in dihydrofolate recuctase (DHFR) and dihydropteroate synthase (DHPS) are
commonly reported as inferring resistance to TMP/SMX [102]. The A144V mutation in cytochrome
b has been associated with resistance to atovaquone, resulting in prophylaxis failure and a PcP outbreak
in cardiac transplant recipients, but other cytochrome b mutations have been noted (Table 5) [77].
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Table 5. A selection of clinical cases reporting resistant Pneumocystis pneumonia.

Underlying Disease Number of Cases/
Medical History Mechanism of Resistance Alternative Treatment Outcome Reference

HIV 1
M, 50 y

Mutations at codons 55 and 57 of the,
associated with resistance to

Trimethoprim/sulfamethoxazole.
Clindamycin-primaquine Recovered [103]

HIV

13
M = 11
F = 2

Each patient had 2
episodes

3 patients had no PCP prophylaxis for both
episodes only one had PcP mutations.

4 patients had no DHPS genotype mutations
in their Positive PcP samples

9 patients had at least one of the mutations
described below in their PcP samples

M1, mutant 1 (Ala55 Pro57); M2, mutant 2
(Thr55 Ser57); M3, mutant 3 (Ala55 Ser57

double mutant).

Of the 11 patients who recovered, 9
received prophylaxis and all needed

alternative therapy.

1 with no prophylaxis
died on

Trimethoprim/sulfamethoxazole
treatment, PcP mutations

present.
1 with prophylaxis on 2nd

presentation died
after alternative therapy of
Trimethoprim/sulfamethoxazole

then pentamidine only
had wild type PcP.

11 recovered.

[104]

HIV 152

31 of the 152 had Pnuemocystis carinii DHPS
mutations

These mutations were more common in
patients who had previous exposure to

sulpha drugs

Not available
Survival of patients with

mutations was
significantly lowered

[105]

HIV and Non-HIV
Immuno-suppressed

56
46 HIV

10 Non-HIV
Immuno-suppressed

Mutations in the DHPS gene Not available

All HIV patients
recovered

5 of the 10 Non-HIV
patients died

[106]

HIV

1
M, 50 y

No previous exposure to
Trimethoprim/sulfamethoxazole

DHPS gene mutations at codon 55 and 57
(Thr55Ala and Pro57Ser) Clindamycin-primaquine Recovered [107]
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Table 5. Cont.

Non-HIV
Immunocompromised

Patients
18

Substitution mutations:
At DHPS codon 98—glutamate replaced by

lysine.
At DHPS codon 90—aspartate replaced by

asparagine.

All patients received
immunosuppressive agents but none of

them received PcP prophylaxis
For PcP—

Trimethoprim/sulfamethoxazole
Trimethoprim/sulfamethoxazole +

Caspofungin
Primaquine + clindamycin

Approximately 65%
mortality [108]

HIV 8
Cytochrome b substitutions in the Qo region:
T121I, L123F, T100I, I120V, S125A, P239L and

L248F

5 patients received Atovaquone
prophylaxis, but 3 were Atovaquone

naïve

84% overall survival:
87% of patients with
mutations survived

[76]

DHPS: dihydropteroate synthase gene.
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Identifying resistance may be complicated by the difficulty in culturing PcP which may preclude
in vitro susceptibility testing. Equally, low fungal burdens can limit the efficiency of molecular
techniques. Rates of mutation can vary and their association with treatment failure remains uncertain.
In a German study, 63% and 75% of 128 PcP cases had the DHPS and DHFR genes sequenced,
respectively [102]. There was no correlation between mutations in either gene and treatment failure.
In a South American study, the rate of DHPS mutations in sulfa-prophylaxis-naïve adults was
investigated, along with the effect of these mutations on patient management [106]. Mutations
were detected in approximately 50% of patients, irrespective of underlying disease (HIV-positive
and negative). The presence of mutations was associated with a longer requirement for mechanical
ventilation, but was not associated with increased mortality. The high rates of mutation have not been
replicated in other Latin American countries [106]. Inter-human transmission may be predictor for
rates of DHPS mutations in PcP sulfa-naïve patients [106,109,110]. In a study across two European
centres, rates of DHPS mutations were significantly higher in the French centre, possibly as a result of
more stringent isolation of cases and more aggressive prophylaxis in Switzerland [109].

Molecular investigations to identify polymorphisms include sequencing and real-time PCR
assays [102,111]. The development of a commercial real-time PCR for both the detection of organism
and dihydropteroate synthase (DHPS) point mutations helps provide methodological standardisation,
widespread access to such tests and rapid results [111]. While, the sensitivity (70%) and specificity (82%)
of the PneumoGenius® assay were less than would be expected from a PCR assay, the performance
may have been influenced by disease classification that lacked mycological evidence and was based on
risk factors, clinical presentation and response to therapy. The assay determined that 4.5% of samples
contained a DHPS mutation likely inferring sulfa-resistance [111].

While, the presence of mutations is clinically concerning, there is no guidance on whether
to change therapy when present and this decision should be made on an individual case basis.
The presence of a mutation in a case failing to respond, or who is deteriorating, certainly supports the
need to change therapy.

8. Outbreaks

PcP outbreaks are well documented, particularly in the SOT setting, especially in renal transplant
recipients. Transmission is likely through person-to-person spread via airborne dispersal from PcP
cases, prodromal patients, or asymptomatic carriers (including other at-risk patients, but possibly
health-care workers) [112,113]. This transmission need not be direct, with infected hosts contaminating
both proximal (within 1 m) and distal (8 m) environments around the patient [114]. Outbreaks caused
by a single predominant strain indicate recent inter-human transmission or a common environmental
source, rather than reactivation of historical infection [115]. Patients with heavy fungal burdens in
BAL fluid (e.g., early Cq value by real-time PCR) could be “hyper-spreaders” and considered a greater
infection control risk [114].

A meta-analysis and systematic review evaluated 30 PcP outbreaks that were globally distributed,
but mainly limited to the adult population. [112] The largest outbreak involved 97 SOT cases and was
spread across 23 centres making identifying a single source difficult [116]. Local transmission events
were associated with asymptomatic carriers of Pneumocystis sharing clinical waiting rooms, including
outpatient areas. Inter-hospital spread occurred due to the transfer of PcP infected patients. Again the
de novo development of infection through patient-to-patient transmission, as opposed to reactivation
of latent disease, was supported by phylogenetic analysis [112]. Air sampling of rooms occupied by
patients with PcP have been shown to contain Pneumocystis, supporting infection control measures such
as isolation of infected patients and the use of facemasks capable of filtering out microbes [117,118].
Formal recommendations for the management of PcP outbreaks are not available due to limited data,
but recommendations for the control of other respiratory pathogens (e.g., Respiratory viruses) may be
prove useful in the interim. The confounding factor in most outbreaks is the use of suboptimal, or the
absence of PcP prophylaxis [112]. Effective control of outbreaks is gained through the administration
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of prophylaxis to prevent further cases [20]. Patients diagnosed with PcP should not share facilities
with other immunocompromised patients [39]. Screening by molecular tests to identify asymptomatic
carriers attending rheumatoid arthritis clinics has been performed to prevent inadvertent introduction
and exposure, and could be applied to enhance infection control in other clinical scenarios [119].
The meta-analysis of Yiannakis and Boswell provides excellent guidance on outbreak identification,
environmental monitoring, and infection control measures for managing known cases and out-patient
environments, and procedures for managing contacts [112].

Although environmental conditions have been associated with increased rates of PcP, data is
conflicting. Environmental sampling during outbreak investigation has proven limited, with only one
study finding the same strain of P. Jirovecii in the clinical environment and the outbreak, albeit this
was post occupation with an outbreak case [120]. The evidence for the environment being the
source of PcP outbreaks is limited and much less convincing than that supporting human-to-human
transmission [112]. Genotyping is limited by the inability to culture the organism, and it is difficult
to successfully apply molecular techniques to low burdens that may be evident in HIV-negative
PcP disease. While most outbreaks that utilize genotyping confirm a predominant strain and likely
spread between individuals, it is not always the case. More than 60 genotypes of P. Jirovecii have
been identified and it was initially proposed that 30% of PcP cases were infected with multiple types,
hampering the ability to investigate transmission and clusters [121,122]. More recent research utilizing
next generation sequencing deemed PcP was caused by a mixture of different genotypes and not
a single strain, supporting this theory [123]. Conversely, geographically linked renal cohorts have been
shown to be infected by a dominant strain [124].

9. Paediatrics

It is well known that children are exposed to Pneumocystis at an early age, yet in the
immuno-competent host infection is generally asymptomatic, at worst presenting as a mild respiratory
illness. PcP is a common AIDS-defining illness in paediatrics, with the highest incidence in the first
year of life. There has been a reduction in rates during the anti-retroviral era, complemented with
interventions to prevent mother-to-child HIV transmission and PcP prophylaxis [42]. Transmission is
usually human-to-human, through inhalation of air contaminated with by PcP case, but intrauterine
cases have been reported [125]. CD4 count and CD4 percentage remain the most significant risk
factors. Sign and symptoms vary in both presence and severity, but typically include fever, tachypenia,
dyspnea, hypoxia, and cough, while extra-pulmonary disease is rare [42]. Diagnosis is similar to that
in adults and can be made on clinical grounds (CD4 <200 cells/mm3, low arterial O2, and raised
LDH) combined with radiology (e.g., ground glass opacification), but definitive diagnosis requires
the demonstration of the organisms in respiratory tissue or fluid, preferably using monoclonal IF
antibody staining. PCR testing provides enhanced sensitivity, potentially at the expense of specificity.
Diagnosis can be complicated by the difficulty in attaining deep respiratory samples in paediatrics,
but BAL fluid remains the preferred specimen. Trans-bronchial biopsy has been recommended, if BAL
fluid is inconclusive in cases with a typical clinical presentation, but this procedure has not been widely
implemented due limited numbers of trained physicians [42].

As with PcP in the adult population TMP/SMX is the recommended choice for both prophylaxis
and treatment. Prophylaxis is recommended for HIV-positive infants aged ≥ 6 years with CD4 < 200
cells/mm3 or CD4 < 15%, infants aged 1–5 years with CD4 counts <500 cells/mm3 or CD4 < 15% and
all infants until 1 year of age irrespective of CD4 risk [42]. Infants born to HIV-positive mothers should
receive prophylaxis from 4–6 weeks until HIV-infection can be excluded, at which point prophylaxis is
not required. Trimethoprim (150 mg/m2 body surface area/day)/sulfamethoxazole (750 mg/m2 body
surface area/day) prophylaxis can be administered orally, twice daily, or three times a week, with dose
adjustment required for renal impairment, and total daily dose should not exceed trimethoprim
(320 mg)/sulfamethoxazole (1600 mg) [42].
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Oral atovaquone (dose dependent on age), oral dapsone (2 mg/kg/day or 4 mg/kg/week)
and aerosolized pentamidine (300 mg/month) are alternative choices. IV pentamidine is not
recommended. [42] Prophylaxis should continue in HIV-positive newly born infants for the first
year of life, and if required until CD4 recovery. In older children prophylaxis duration is governed by
recovery of CD4 count or percentage, usually requiring six months of anti-retroviral therapy initiation,
with regular monitoring of CD4 levels to identify new period of risk.

For treatment of infants >2 months old, the dose is IV trimethoprim (15–20 mg/kg/day)/sulfamethoxazole
(75–100 mg/kg/day), administered over 3–4 doses, infused over 1 h per day and duration of therapy is
21 days [42]. Oral TMP/SMX can be used for mild/moderate disease in the absence of gastrointestinal
issues. The recommended second-line therapy in infants intolerant to TMP/SMX is IV pentamidine,
if clinical improvement is evident after 7–10 days, a switch to oral pentamidine can be pursued for
the remainder of the 3 weeks [42]. The other second line therapies have limited or no data for use
in paediatrics. Short courses of corticosteroids are recommended for the management of PcP in
HIV-positive children, but dose varies between studies [42].

Monitoring temperature, respiratory rate, arterial O2 saturation and chest radiology is
recommended to determine response, which would be expected between 5–7 days, noting that
deterioration can occur in the first 3-5 days. If there is no clinical improvement or worsening of
symptoms after 4–8 days of therapy and other infections have been ruled-out, treatment failure should
be considered. Side-effects to anti-PcP therapy have been noted, but are usually less frequent than in
adults, usually reversible upon treatment cessation and rarely life threatening. [126] Re-challenging
may be considered unless the preceding adverse event was severe. Secondary prophylaxis is required
for all treated cases, following the guidance for primary prophylaxis. Intensive investigations are
required should typical symptoms return post prophylaxis.

PcP in HIV-negative at-risk paediatric patients is less well studied. Connective tissue disease,
haematological malignancy, kidney disease, and immunodeficiency increase the risk of PcP [127].
Mortality is high (>40%), and is, in the absence of PcP prophylaxis, significantly associated with
the use of corticosteroids. Elevated LDH, mechanical ventilation and co-infection increase mortality.
The CD4/CD8 ratio has been used a biomarker for predicting and diagnosing PcP in HIV-negative
infants [127].

10. Concluding Remarks

The incidence of PcP is increasing in an ever-diverse at-risk population, which will continue to
expand with advancements in clinical care. While guidelines are available for the management of
well recognized at-risk cohorts, there is a growing need for guidance in other patient populations.
In these populations, the absence of PcP prophylaxis, due to limited awareness of risk, may be
detrimental to the individual and could result in outbreak scenarios. Infection control guidance for the
management of outbreaks is also required. TMP/SMX is the drug of choice for both prophylaxis and
therapy, across all at-risk groups, including paediatrics. The sequencing of the Pneumocystis genome
should be used to identify novel targets for the treatment of PcP, which is particularly important
with the emergence of resistant disease [128]. The availability of BDG and PCR tests will likely
enhance diagnosis. Molecular diagnostics may also play a vital role in identifying resistant PcP cases,
although the impact of mutations in the genes encoding proteins targeted by anti-PCP therapy is not
yet clear, but is of concern. The scale of resistant disease is difficult to accurately determine, with most
centres lacking the ability to identify resistance. Currently, intolerance to treatment is likely more
problematic in the management of PcP, but this could change if the incidence of resistance is more
precisely determined through the widespread introduction of novel molecular technologies, which also
aid outbreak investigations.
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