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Abstract

Purpose of Review The purpose of this study is to provide an understanding of the increased range of patient cohorts at risk of

Pneumocystis jirovecii pneumonia (PCP) and describe typical clinical presentations together with advances in diagnostic assays

and strategies.

Recent Findings The range of immuno-compromised patients at risk of PCP continues to expand. Apart from human immuno-

deficiency virus (HIV)-positive patients, those with solid tumours or suffering from haematological malignancy, solid organ

transplant recipients or with autoimmune and inflammatory conditions receiving immuno-modulating therapies and patients

diagnosed with primary immune deficiencies are all at increased risk of PCP. The clinical presentation of respiratory distress may

be mild/moderate in the HIV-positive patient, but fulminant in HIV-negative. While typical clinical signs of PCP, along with

underlying risk factors and the absence of alternative diagnoses, may be sufficient to commence therapy, every effort should be

made to achieve a mycological diagnosis.With the advent of modern diagnostics techniques (real-time polymerase chain reaction

(PCR) and (1-3)-β-D-Glucan), a laboratory-based diagnosis should always be attempted, although microscopic identification of

Pneumocystiswithin respiratory samples remains the reference method. By combining different assays, it may be possible to both

exclude and confirm PCP, without the need for invasive samples.

Summary This review will summarize the epidemiology, clinical manifestations and diagnostic options for PCP, and also briefly

cover therapeutic management, the emerging issue of resistance and PCP in paediatric age group.
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Introduction

With an ever-increasing susceptible HIV-negative popula-

tion, the overall number of cases of Pneumocystis jirovecii

pneumonia (PCP) continues to rise [1–6]. Patients with

solid tumours or suffering from haematological malignan-

cy, solid organ transplant recipients (SOT) or with auto-

immune and inflammatory conditions receiving immuno-

modulating therapies (e.g. high-dose corticosteroids or

anti-tumour necrosis factor (TNF) therapy) and patients

diagnosed with primary immune deficiencies are at in-

creased risk of PCP [6, 7].

The difficulties in diagnosing PCP have resulted in many

cases being diagnosed on clinical suspicion [1]. Clinically,

patients present with bilateral chest infection, respiratory signs

of distress can be mild in the HIV-positive but typically more

severe in the HIV-negative. Radiological signs are generally

non-specific, but are typical of PCP, and when combined with

risk-factors for PCP are usually sufficient to commence ther-

apy (trimethoprim/sulfamethoxazole (TMP/SMX)), while a

definitive diagnosis is attempted. With the advent of modern

diagnostic techniques (real-time PCR and (1-3)-β-D-Glucan

(BDG)), there is no reason for a laboratory-based diagnosis

not being achieved, although microscopic identification of

Pneumocystis within respiratory samples remains the refer-

ence method for confirming a diagnosis. Resistance to sulfa-

based therapies is emerging, but identifying this is difficult

due to the lack of a cultured organism for susceptibility test-

ing. However, molecular-based assays are now available to
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identify mutations in genes encoding the proteins targeted by

frontline therapy and likely result in identifying resistance to

therapy [8].

Epidemiology of Pneumocystis Pneumonia

In the 1980s, during the HIV pandemic, PCP was one of the

most prevalent Acquired Immunodeficiency Syndrome

(AIDS) defining diseases in the developed world [9]. More

recently, due to the use of prophylaxis and the initiation of

effective, early anti-retroviral therapy, irrespective of CD4

count, the incidence of PCP inHIV-positive patients continues

to fall [10]. However, it remains a common AIDS-associated

manifestation in undiagnosed HIV-positive ‘late-presenters’,

or those not receiving on-going care for HIV, whether through

individual choice/financial restrictions or as a result of the

resource limitations of a particular country. The use of more

aggressive immunosuppressive (e.g. cyclophosphamide,

fludarabine, glucocorticoids, vincristine, rituximab,

infliximab, ibrutinib, etc.) and immuno-modulatory ap-

proaches (TNF-α antagonists) in managing other conditions

means the epidemiology of PCP is changing. In developing

countries, the incidence of PCP has increased concurrently

with increase in gross domestic product [11].

Solid-organ transplant recipients (risk greatest in heart and

heart lung transplants, but total number of cases is highest in

post-renal transplant patients, due to the frequency of this

procedure), haematopoietic (allogeneic over autologous) stem

cell transplant (HSCT) recipients, patients with haematologi-

cal malignancy (acute leukaemia and lymphoproliferative dis-

orders) and those with autoimmune conditions are at signifi-

cant risk of infection. In Northern Ireland, the burden of PCP

is greatest in the HIV-negative group (78%), particularly can-

cer patients, where chemotherapy and immunosuppressive

drugs were significant risk factors [2]. The day 30 all-cause

mortality was 28%, which usually ranges from 10 to 62%,

depending on the underlying condition. PCP in HIV-positive

patients in England also fell between 2000 and 2010, but

increased by 30 and 25% in patients with haematological ma-

lignancy and renal transplant recipients, respectively [1]. A

15-year review of PCP cases at a Korean tertiary care hospital

confirmed that the number of cases was increasing annually,

and was driven by cases of PCP in HIV-negative patients, with

cases of PCP in HIV-positive patients actually falling [12].

Three hundred and sixty-two (85.4%) of the 424 PCP patients

were HIV-negative, 35% with haematological malignancy,

33% were SOT recipients, 15% with autoimmune disorders

and 12% with solid tumours.

Patients with connective tissue disorders receiving more

intensive immunosuppressive treatment and those diagnosed

with ANCA-positive vasculitis (in particular granulomatosis

with polyangiitis) should receive PCP prophylaxis, and this

may be extended to patients with lymphopenia or with a low

CD4 count post-intense immunotherapy [13]. A review of the

literature for PCP in 18 patients treated with rituximab for

auto-immune diseases other than rheumatoid arthritis showed

rituximab to be a risk factor for PCP whether used alone or in

combination with corticosteroids in patients with CD4 >350/

μl, with a most likely onset 3–6 months post-rituximab infu-

sion [14]. However, the incidence of PCP in 801 patients with

autoimmune blistering disease was 0.1%, below that recorded

previously for immunosuppressed dermatology patients

(1.3%) and significantly below the recommended threshold

for initiating PCP prophylaxis (3.5%) [15].

Despite this increasing at-risk susceptible population, PCP

remains relatively uncommon across most at-risk groups (in-

cidence <5%), but with more patients receiving combinations

of immunosuppressive therapies, the actual incidence could

vary significantly [3–5, 16, 17]. The estimated incidence of

PCP in the UK in SOT recipients was 5.8, 5.5, 1.2 and 0.3%

for lung/heart and lung, heart, liver and kidney transplants,

respectively [3]. The global incidence of PCP in patients with

haematological malignancy post-allogeneic and autologous

stem cell transplantation between 1995 and 2005 was 0.63

and 0.28%, respectively [5]. The incidence of PCP in the

USA in HIV-infected patients over the last decade was 0.7%

[4].

The timing of PCP onset can vary. In HIV-positive patients

presenting with PCP as an AIDS defining disease, it is not

possible to predict how long that patient has been at risk for

PCP (i.e. how long the patient has had CD4 <200). However,

in patients with haematological malignancy, post-HSCT, it is

known that disease can occur between 5 and 587 days post-

HSCT, with 50% of patients presenting between 60 and

270 days after allogeneic transplant [5]. In renal transplant

recipients, the risk period is greatest 12 months post-trans-

plant, but cases have been documented much later than this

period [16] In a Swiss study of 2842 SOT recipients, the mean

onset was 493 days post-transplantation, and early onset was

associated with the lack of PCP prophylaxis [17]. The broad

duration of possible PCP onset post-HSCT can make it diffi-

cult to initiate or maintain prophylaxis post-transplant [18].

Clinical Manifestation

In all cohorts, the symptoms of PCP are generally non-specific

and are typically indicative of pneumonia. Extra-pulmonary

disease is rare. The underlying condition of the patients, their

immune status and other potential risk factors heightens sus-

picions of the disease, especially when other more typical

bacterial and viral pathogens have been excluded.

Symptoms include fever, non-productive cough, worsening

chest pain and dyspnoea (particularly on physical exertion).

Dyspnoea and cough can be less evident in the HIV-negative
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[10]. Hypoxia and respiratory failure can occur, particularly in

the HIV-negative patients, and mechanical ventilation may be

required to manage fulminant disease, associated with lower

fungal burden but a strong immune response, leading to severe

symptoms within days. In certain HIV-negative populations

(e.g. patients with haematological malignancy), management

of PCP in an intensive care unit (ICU) is recommended [19].

In HIV-positive patients, PCP usually presents as a progres-

sive deterioration over a period of weeks despite typically

being associated with a significant respiratory burden [7]. In

a comparison of HIV-negative rheumatology patients (n=25)

with HIV-negative connective tissue disorders (n=10), the on-

set of PCP was significantly later in rheumatology patients

(132 vs. 19 months) [20].

Depending on the presenting symptoms and blood oxygen

levels, PCP can be stratified into mild, moderate (typically in

HIV-positive) or severe disease. Mild disease presents with

dyspnoea on exertion, with a resting arterial oxygen tension

(PaO2) of >11.0 kPa, oxygen saturation (SaO2) >96%, with

normal or minimal changes on chest X-ray [21]. Moderate

disease presents with dyspnoea on minimal exertion, possibly

at rest, fever, a PaO2 8.1–11.0 kPa, SaO2 of 91–96% and

diffuse interstitial changes on chest X-ray. During severe dis-

ease, there is dyspnoea and tachypnea at rest, with fever and

cough, PaO2 is below 8.0 kPa and SaO2 is below 91%, and

chest radiography usually demonstrating extensive interstitial

changes with a potential for diffuse alveolar shadowing [21].

The classification of disease severity is generally applicable

regardless of the patient’s predisposing underlying condition

[19, 21].

For certain populations (HIV-positive, haematological

malignancy, SOT), risk factors associated with PCP are

well described (e.g. CD4 count <200/μl, graft-versus-

host disease (GVHD), corticosteroids), but are continually

amended due to the increasing diversity of the susceptible

population and advances in the treatment of the underly-

ing condition [7, 22–24]. In the study of 362 HIV-

negative patients, previous steroid treatment was used in

95% of patients with a range of underlying conditions

[12]. The mean CD4 counts were approximately sixfold

higher in the HIV-negative group. A longer administration

of high-dose steroids (≥20 mg/day for ≥3 weeks) was a

risk factor for PCP in patients with underlying lung cancer

[25]. Treatment of solid cancer with radiotherapy and/or

combined chemo-radiotherapy and lymphopenia were

more common in PCP patients [12]. In a study comparing

patients with rheumatological disease and patients with

connective tissue disorders, the former received less glu-

cocorticoids but more methotrexate [20].

In recipients of kidney and/or kidney/pancreas transplants,

cytomegalovirus (CMV) viremia (median viral load 3685 IU/

ml) was a risk factor for PCP, with 90% of patients having

CMV 1 year prior to PCP and 89% had active CMV infection

when diagnosed with PCP [26]. The association with CMV

was not seen in HSCT patients, where lymphopenia, acute

graft-versus-host disease and the use of immunosuppressive

agents were significantly associated with PCP post-allogeneic

HSCT [5].

A meta-analysis of risk-factors associated with increased

mortality from PCP include age, sex, delay in diagnosis, re-

spiratory failure, solid tumours, high lactate dehydrogenase

(LDH), low serum albumin and bacterial, Aspergillus or

CMV co-infection [24]. Other prognostic markers have been

described in both HIV-positive and HIV-negative cohorts [27,

28].

Computerized tomography (CT) is the optimal radio-

logical investigation to assist in the diagnosis of PCP and

should be considered in the early stages of the disease,

even if chest X-rays are normal [29]. Using CT of the

chest, PCP typically presents as bilateral ground glass

opacification (GGO) with a central distribution, but mo-

saic and diffuse GGO can occur. Early PCP can present

with diffuse GGO, which progresses to GGO and patchy

consolidation, with predominant consolidations in the lat-

ter stages of disease [29]. A recent study of PCP lung

cancer cases found that 67% of patients had diffuse in-

terstitial infiltrates on radiograph, whereas CT showed

more typical bilateral GGO in 66% of patients [25].

Other findings include nodules, cystic lesions, pneumo-

thorax and pneumomediastinum, while cavities and uni-

lateral presentation can occasionally occur [10, 22, 30].

A normal CT may be useful for excluding PCP, particu-

larly in HIV-positive patients [31, 32]. Recently, PCP

granulomatous disease was described in a HIV-positive

patient who presented, 6 months post-initial successful

treatment for PCP, with consolidating lung lesions caused

by bronchial obstructions, possibly a result of granulo-

matous immune reconstitution inflammatory syndrome

(IRIS) in response to persistent PCP antigens [33].

While certain radiological evidence (e.g. bilateral GGO)

may be typical of PCP in certain populations, they may vary

dependent on the HIV status [10]. However, no radiological

findings are specific to PCP and are therefore not pathogno-

monic and efforts should be made to achieve a mycological

diagnosis; however, treatment of high-risk cohorts should be

initiated while awaiting results. In rheumatoid patients, inter-

stitial lung disease may be a result of rheumatoid arthritis,

methotrexate use or PCP and these factors can be additive or

even synergistic for interstitial lung injury, the symptoms and

radiology of which is very similar to PCP [34]. In a HIV-

positive PCP patient, CT chest demonstrated diffuse nodular

opacities and not GGO, and clinicians should not be reliant on

the expected radiology when managing possible cases [35].

The recent review by Cereser and colleagues provides an ex-

cellent overview of the typical radiology, but also the alterna-

tive causes in HIV-negative patients [36•].
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Diagnosis

When PCP is clinically suspected, treatment should not be

delayed while awaiting diagnostic confirmation. Obtaining

bronchoalveolar lavage (BAL) fluid is beneficial, and nega-

tivity, particularly by PCR, can be used to exclude PCP, but

the specimen can also be investigated for other infections. The

incorporation of non-classical mycological investigations (e.g.

BDG) has permitted the testing of less invasive specimens. It

is important to consider the impact of the available fungal

burden on test performance. In HIV-positive patients, burdens

will be high and subsequent sensitivity should be optimal,

irrespective of the test format. In symptomatic HIV-negative

patients, burden will invariably be less and this can impact

negatively on assay sensitivity. In rheumatoid arthritis patients

with PCP, a potential lower fungal burden results in reduced

PCP PCR positivity, lower plasma BDG and serum LDH con-

centrations, yet higher C-reactive protein (CRP) concentration

[20]. A summary of the options and performance of the my-

cological and non-mycological investigations for PCP is

shown in Fig. 1 and Table 1.

Non-mycological Laboratory Investigations

Being associated with lung damage, a high LDH concentra-

tion (>500 mg/dL) is a useful adjunctive test in the HIV-

positive patient, where high concentrations can be associated

with severe disease, but due to limited specificity every effort

should be made to confirm LDH positivity with a mycological

assay (microscopy, PCP PCR or BDG) [10, 45]. With a high

sensitivity associated with PCP in the HIV-positive, normal

LDH levels can be used to exclude PCP [45]. Outside the

HIV-positive population, the use of LDH is associated with

variable sensitivity (50% in solid tumours; 89% in connective

tissue disorders) and specificity (29% in haematological ma-

lignancy; 77% in solid tumours), and is not a useful test [45].

A recent meta-analysis of LDH accuracy for the diagnosis of

PCP generated sensitivity of 80–100%, dependent on under-

lying condition, but showed wide ranging specificity (6–

85%), and confirmed that overall performance was superior

in HIV-positive patients [46].

While procalcitonin levels associated with PCP

(1.13 ng/ml) can be lower than bacterial pneumonia

(19.47 ng/ml) and tuberculosis (TB) (4.16 ng/ml), they are

comparable to other causes of atypical pneumonia (e.g.

Mycoplasma sp. 1.32 ng/ml) [47]. Being a pro-inflammatory

marker, procalcitonin levels will likely be proportional with

the severity of disease. Consequently, lower concentrations

could be expected in the HIV-positive patient presenting with

mild disease. A recent comparison of procalcitonin and CRP

to discriminate PCP fromTB and bacterial pneumonia in HIV-

positive patients showed that while the median concentrations

for both tests differed significantly between diseases, there

was considerable overlap in results, making differentiation

difficult [48]. CRP may also be normal in PCP and can there-

fore not be used to rule out infection [10]. The optimal use of

non-mycological markers will likely be as part of a multi-

component diagnostic algorithm to provide a clinical predic-

tion strategy.

Classical Mycological Investigations

Culture of P. jirovecii has proven difficult and does not form

part of routine diagnostic investigation. Although axenic cul-

ture of Pneumocystis is feasible, it was not possible to repli-

cate this procedure and its application is limited to research

projects [49, 50].

The current gold standard for confirming a diagnosis re-

mains histological and/or microscopic identification of ascus

(cysts containing ascospores) and trophic forms of

Pneumocystis in clinical specimens, usually respiratory sam-

ples using conventional (Wright’s-Giemsa, toluidine blue O,

calcofluor white/blue or Grocott-Gomori) or immuno-

fluorescent antibody stains. The stains can be generic (tolui-

dine blue/ calcofluor white), not specific to Pneumocystis,

staining nucleic acids or cellulose/chitin and the latter is not

readily produced by Pneumocystis. Others stain the cell wall

of the ascus (Grocott-Gomori stains) or the nuclei of both

ascus and trophic forms (Giemsa). Standard microscopic in-

vestigation is highly subjective and this can influence speci-

ficity and sensitivity. These are dependent on the fungal bur-

den, which will vary with underlying condition and the quality

of the sampling. Immuno-fluorescent (IF)-microscopy using

fluorescently labelled monoclonal antibodies targeting both

ascus and trophic forms has superseded conventional micros-

copy and is recommended, providing superior sensitivity

[51•]. In a meta-analysis comparing conventional staining

and IF-microscopy the sensitivity, when testing induced spu-

tum was significantly higher using IF-microscopy (67.1%)

than with conventional staining (43.1%) [52]. IF-microscopy

performance is more accurate when testing deeper respiratory

samples (BAL fluid) as compared to upper respiratory tract

samples [52].

Novel Mycological Investigations

Molecular Approaches

The development of highly sensitive, non-culture based tests

has enabled laboratories to diagnose PCP more readily, but

more so exclude disease when tests are negative. Meta-

analytical review of PCP PCR generates excellent sensitivity

≥97% and the subsequent negative predictive value (NPV)

≥99% is sufficient to rule-out PCP when PCR is negative

(Table 1) [41–43]. Despite the detection of Pneumocystis col-

onization, positivity readily confirms disease as shown by the
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positive likelihood ratios (LR+≥10, see Table 1). While the

positive predictive value (PPV) has been described as moder-

ate, this value is significantly affected by the incidence of

disease, which for PCP is low and makes obtaining a high

PPV difficult [53•]. PCR false-positivity is also a consequence

of using sub-optimal reference methods that lack sensitivity

and imply PCR false positivity that could equally be micros-

copy false negativity.

Respiratory Sample 

Upper (Sputum, 

oropharyngeal 

wash) 

Deep (e.g. BAL, NBL 

fluid) 

Induced Sputum

Diagnostic Options: Microscopy (conventional and IF staining), Real-time PCR, BDG 

Assay Performance: 

Microscopy: High Sp, 

Low Se. IF staining  

> Se without 

compromising Sp  

PCR: High Se  

Slight reduction in Sp, 

compared to 

microscopy 

BDG: High Se,  

Poor Sp, compared to 

microscopy and PCR 

Interpretation: 

Microscopy: 

Positivity: Indicative 

of PcP 

Negativity: No utility 

PCR: Positivity:  

High likelihood of PcP 

(dependent on 

burden) 

Negativity: PcP 

excluded 

BDG: Positivity: 

Cannot confirm PcP 

Negativity: PcP 

excluded 

Assay Performance: 

Microscopy: High Sp, 

Low Se. IF staining > 

Se without 

compromising Sp  

PCR: High Se, lower 

than deep samples 

Minor reduction in 

Sp, higher than deep 

samples 

BDG: Not validated 

Assay Performance: 

Microscopy: High Sp, 

Low Se, < deeper 

samples. IF staining > 

Se without 

compromising Sp  

PCR: Moderate Se  

Minor reduction in 

Sp, compared to 

microscopy, higher 

than deep samples 

BDG: Not validated 

Interpretation: 

Microscopy: 

Positivity: Indicative 

of PcP 

Negativity: No utility 

PCR: Positivity:  

High likelihood of PcP 

Negativity: PcP 

excluded 

BDG: No utility 

Interpretation: 

Microscopy: 

Positivity: Indicative 

of PcP 

Negativity: No utility 

PCR: Positivity:  

High likelihood of PcP 

Negativity: PcP 

cannot be excluded 

BDG: No utility 

Fig. 1 a A summary of the potential diagnostic options for the

investigation of respiratory samples and their associated performance,

clinical interpretation and limitations for the diagnosis of Pneumocystis

jirovecii pneumonia. b A summary of the potential diagnostic options for

the investigation of blood-based samples and their associated

performance, clinical interpretation and limitations for the diagnosis of

Pneumocystis jirovecii pneumonia
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PCR testing of BAL fluid is preferred, but upper airway

samples (sputum, induced sputum, oral washes and nasopha-

ryngeal aspirates) have been tested. Positivity when testing

upper airway samples was once thought to represent detection

of transient colonization. It likely reflects a significant burden

lower in the respiratory tract and is specific for PCP [51•]. A

recent study investigated the PCR detection of Pneumocystis

in oral rinses from asymptomatic HIV-positive patients; 4/100

HIV-positive patients were PCR positive, none developing

PCP after 6 months, indicating that colonization needs to be

consideredwhen testing this specimen type [54]. The presence

of Pneumocystis DNA in blood samples is a poor prognostic

Blood Sample 

Diagnostic Options: LDH, PCT, Real-time PCR, BDG 

PCR Performance: 

Se: Low/Moderate 

Sp: High 

Interpretation: 

Limited validation  

Positivity:  

Implies PcP and is a 

poor prognostic 

marker. 

Negativity:  

should not be used to 

exclude PcP 

BDG Performance: 

Microscopy: High Se 

Moderate Sp  

LDH/PCT 

Performance: 

LDH HIV+tive:  

High Se  

Low Sp 

LDH HIV-tive: 

Low Se 

Low Sp 

PCT:  

Moderate Se 

(dependent on 

threshold) 

Poor Sp 

Interpretation: 

Positivity: 

used to support a 

diagnosis in 

symptomatic at-risk 

patients, but every 

effort should be 

made to rule other 

fungal infections and 

confirm PcP using a 

specific test. 

Negativity:  

PcP highly unlikely 

Interpretation: 

LDH Positivity: 

Requires additional 

mycological testing 

LDH Negativity: 

Excludes PcP in HIV 

+tive. In HIV- tive it 

has no utility 

PCT Positivity:  

Requires additional 

mycological testing 

PCT Negativity: PcP 

unlikely, but cannot 

be excluded 

Fig. 1 (continued)
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marker. Detection of DNA in the plasma of HIV-positive pa-

tients was significantly higher in deceased patients (79%)

compared to survivors (14%), as was the burden of the disease

(deceased 54610 copies/ml vs. survivors 935 copies/ml) [55].

PCR has been used to determine prognosis. In a study

of 81 HIV-negative PCP patients with respiratory failure

that were initially PCR positive, weekly PCR testing was

performed to determine clearance of infection and predict

prognosis [56]. The overall PCR negative conversion rate

was 71%, taking between 1 to 2 weeks to convert. Ninety-

seven percent of survivors converted compared to 64%

non-survivors. By multivariate analysis, PCP PCR nega-

tive conversion was associated with a good prognosis,

generating a hazard ratio of 0.433 (95% CI 0.203–0.928,

P:0.031) [56]. However, persistent PCP PCR positivity in

repeat BAL fluid is not necessarily suggestive of treat-

ment failure [19, 57].

Nowadays, all PCR testing should be in a real-time

format, allowing quantification of burden and a threshold

to differentiate colonization from infection, although this

might be difficult in the HIV-negative population. Fully

automated PCP PCR have been developed using plat-

forms such as the BD-MAX and GENECUBE systems,

the latter generating comparable performance to the local

‘in-house’ real-time assay, with sensitivity and specificity

of 92.3 and 85.7%, respectively [58].

PCP PCR suffers from a lack of standardization. However,

the Fungal PCR Initiative (working group of the International

Society for Human and Animal Mycoses) is currently evalu-

ating PCP PCR methods and together with the availability of

commercial real-time assays will help address the current lack

of assay standardization [59].

The application of PCR, in particular real-time PCR and

fully automated systems, is not technically and financially

viable for resource-limited settings where the electricity sup-

ply may be problematic, shipping of kits and reagents is com-

plicated and technical support is limited [11]. The recent re-

view by Guegan and Robert-Gangneux provides an excellent

summary of the molecular diagnosis of PCP [53•].

The number of reports documenting PCP outbreaks is

ever increasing, likely representing the increasing and

prolonged susceptible population, coupled with limited

infection and outbreak control guidance. Genotyping can

be useful, but it is difficult to apply molecular techniques

to low burdens. When performed, most outbreaks confirm

a predominant strain suggesting a possibility of human-to-

human transmission but some patients with PCP were

infected with multiple genotypes, hampering outbreak in-

vestigation [60, 61]. Next-generation sequencing con-

firmed that PCP can be caused by a mixture of different

genotypes, and outbreaks caused by a single dominant

strain in renal transplant patients [62, 63].

Table 1 Comparison of the performance of PCR and (1-3)-β-D-Glucan for the diagnosis of Pneumocystis pneumonia as derived by meta-analyses

(Updated from White et al. [37])

Parameter (1-3)-β-D-Glucan studies Pneumocystis PCR studies

Karageorgopoulos [38] Onishi [39] Li [40] Summah [41]a Fan [42] Lu [43]

Cases/total (n/N) 357/2080 286/2331 433/2195 506/2330 606/1793 416/2505

Sensitivity (%) 94.8 95.5 90.8 97 98 99

Specificity (%) 86.3 84.3 78.1 94 91 90

PPV (%) 54.3 46.0 50.5 82 85 66

NPV (%) 99.0 99.3 97.2 99 99 >99

LR +ve 6.9 6.1 4.1 16.2 10.9 9.9

LR −ve 0.06 0.05 0.12 0.03 0.02 0.01

DOR 115 122 34.2 540 545 990

Considerations Multiple commercial kits available, with varying degrees in

validation. When positive, it is not possible to differentiate fungal

pathogens, although PcP typically provides high concentrations

(>500 pg/mL). Large number of false positive sources:

Semi-synthetic b-lactam antibiotics; human blood products,

including immunoglobulins, albumin, plasma, coagulation factor

infusions, filtered through cellulose membranes, cellulose

haemodialysis/haemofiltration membranes; exposure to (surgical)

gauze; bacterial bloodstream infections (e.g. Pseudomonas

aeruginosa) [44]

Specificity improved through confirmatory testing

Positivity should be confirmed with a Pneumocystis specific test

Limited methodological standardization, various gene

targets, DNA or DNA/RNA detection, variable positivity

thresholds between assays and different patient cohorts

makes differentiation of colonization from disease difficult

and often individual to centres Commercial assays

available, although performance is not superior to

‘in-house’ methods

In the absence of culture provides the only method to detect

markers of resistance to sulfa-based medication associated

with potential treatment failures

To be included as mycological criterion for Pneumocystis

pneumonia in the second revision of the EORTC/MSG

definitions for invasive fungal disease

aDue to incomplete information, the case and total population were calculated using sample numbers
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Detection of (1-3)-β-D-Glucan

BDG is a cell wall polysaccharide of most fungi, including

Pneumocystis cysts that can be detected in serum/plasma

using a number of commercial protease zymogen-based col-

orimetric assays. A recent study compared the performance of

the Fungitell (well-established in the Western hemisphere)

with the Wako β-glucan test (recently available in Europe)

for the detection of PCP [64]. The mean BDG concentrations

were markedly different (Fungitell 963 pg/ml; Wako 58 pg/

ml), a result of the differing reaction kinetics. The sensitivity

of the Fungitell assay for PCP was 100%, compared to 89%

for the Wako assay, although this was improved to 95% by

lowering the positivity threshold [64]. Another study com-

pared these assays and confirmed the previous performance

parameters, including the sensitivity benefits of reducing the

positivity threshold of the Wako assay (3–4 pg/ml) [65]. The

performance of the Fungitell was compared with another as-

say recently made available in Europe, the Dynamiker Fungus

(1-3)-β-D-Glucan assay which generated sensitivity and spec-

ificity for PCP of 87 and 70%, respectively, again lowering the

positivity threshold (45 pg/ml) greatly improved sensitivity

(96%) [66].

While the performance of BDG assays for the detection of

overall invasive fungal disease is satisfactory (Se 77%; Sp

85%), PCP meta-analyses of BDG provide excellent sensitiv-

ity, NPVand negative likelihood ratio of ≥90, ≥97 and<0.12,

respectively, allowing PCP to be confidently excluded if neg-

ative [38–40, 67]. BDG positivity alone is not sufficient to

confirm disease. Specificity derived through meta-analyses

ranges from 78 to 86%, subsequent PPVand LR+tive ranging

from 46 to 54% and 4.1–6.9, respectively [38–40]. Ideally,

BDG positivity should be combined with a Pneumocystis-

specific assay, but this is not always feasible and positivity

will often be interpreted in relation to the underlying condition

and clinical presentation in the absence of an alternative diag-

nosis. Although BDG concentrations are typically high in pa-

tients with PCP (>500 pg/ml), other fungal infections can

provide high BDG concentrations. Conversely, to maintain a

high sensitivity, a threshold of approximately 100 pg/ml is

required [68]. A positive correlation between serum BDG

concentrations and Pneumocystis DNA levels in BAL fluid

has been shown [69].

BDG testing of BAL fluid adds little to the testing of se-

rum, with specificity influenced by the presence of respiratory

tract commensal organisms, such asCandida species or fungal

colonizers [70, 71]. In a comparison of serum and BAL fluid

BDG testing, sensitivity was comparable (BAL 95%; Serum

91%), but specificity was significantly lower when testing

BAL fluid (BAL 39%; Serum 92%) [71]. False positivity for

BDG has beenwidely documented (see Table 1), but also been

seen in particular patient cohorts at risk of PCP. In patients

with haematological malignancy and cystic fibrosis, there can

be a low background level and post-haemodialysis, the con-

centration can be high (>500 pg/ml), and needs to be taken

into consideration when evaluating results [44, 72]. The latter

of these could be explained by the fact that high rates of

Pneumocystis colonization have been documented in

haemodialysis patients [73]. BDG concentrations can be slow

to return to normal, so determining clinical response through

serial BDG monitoring is not recommended.

Combination Testing and Predictive Modelling

It is unusual for a single test to be both highly sensitive

(>95%) and highly specific (>95%). Indeed, high sensitivity

usually compromises specificity, and vice versa. By combin-

ing multiple tests, it is hoped that disease can be confidently

excluded if all tests are negative, but also confirmed if more

than one test is positive. In patients with haematological ma-

lignancy, but likely applicable to most at-risk populations, the

combination of IF-microscopy with PCP PCR has been pro-

posed for the testing of BAL fluid [51•]. If both are negative,

disease can be excluded, and if both are positive, PCP is con-

firmed. If the results are discordant, then the PCR result is

favoured, which raises the question why IF-microscopy is

incorporated, but reflects the current lack of standardization

of both BAL fluid sampling and PCR amplification, and IF-

microscopy enhances specificity when positive. If it is not

possible to obtain BAL fluid, BDG testing of serum is recom-

mended as the front-line test, and if negative, PCP is excluded,

and if positive, confirmatory PCR/IF-microscopy testing of an

upper airway sample is required [51•].

BDG testing has been combined with LDH levels, using

thresholds of 400 pg/ml for BDG and 350 U/L specificity for

PCP was 84% [74]. Combining BDG with Krebs von den

Lungen-6 antigen (KL-6, a potential marker of interstitial

pneumonitis) sensitivity for PCP was 94% and specificity

was 90% [75]. In the same study combining BDG with

LDH, enhanced sensitivity (97%) but specificity was compro-

mised (72%). The absence of an organism-specific assay com-

promises confidence in these strategies, and incorporation of a

Pneumocystis-specific PCR is required. Consequently, com-

bining PCR/BDG is preferable to using another non-specific

serological biomarker.

Two clinical prediction rules have been developed to diag-

nose PCP in HIV-positive patients in resource-limited settings

[76]. The multivariable models included haemoglobin (≥9 g/

dL), chest radiography typical of PCP, low CD4 count and

positive BDG as predictors of PCP in patients with low oxy-

gen saturation (<94%) or high respiratory rates (≥30). Both the

oxygen saturation and respiratory rate predictive rules showed

similar performance. Scores of zero excluded PCP and while

scores of ≥5 were associated with excellent LR+tive (>10), the

probability of PCP was at best 62% and model sensitivity was

<50%, highlighting the need for the inclusion of sensitive
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Pneumocystis/mycological-specific predictors in the model.

As PCP PCR was used as reference test, this was not feasible

and BDG was not included in the final model due to its ex-

pense [76]. A second multivariable predictive model for PCP

in patients with haematological malignancy has been pro-

posed [77]. Variables included chest radiography, lymphopro-

liferative disease, PCP prophylaxis, and duration of chest

symptoms and intensive care unit (ICU) admission. The opti-

mal threshold generated sensitivity and specificity of 87 and

68%, respectively [77]. Together with the previous clinical-

driven HIV-positive model, this highlights the need for the

incorporation of specific diagnostics rather than a solely

clinical-driven rule-based system.

Management of PCP

With prevention better than a cure, primary prophylaxis of at-

risk patients is beneficial. Systematic review and meta-

analysis have shown significant benefit in preventing PCP

and reducing PCP-related mortality [78]. With a diverse at-

risk population, the absence of guidelines and limited under-

standing of risk in certain populations (e.g. patients receiving

disease-modifying drugs and aggressive chemotherapeutic

regimens for inflammatory conditions), all patients do not

receive preventative therapy [78–81].

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. 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 [82]. An overview of prophylactic and treatment

choices and administration is described in a recent review of

PCP [37].

Front-line treatment for PCP, irrespective of underlying

condition, is intravenous TMP/SMX (15–20 mg/kg TMP;

75–100 mg/kg SMX per day) usually for up to 3 weeks, albeit

governed by the recovery of the patient. Patients with haema-

tological malignancy and SOT recipients with PCP can be

slow to respond and may deteriorate clinically in the first

few days of treatment. If there is no clinical improvement after

8 days of therapy, then treatment failure should be considered.

Alternative regimens may depend on the severity of disease

and the underlying condition, and these factors also determine

whether corticosteroids are used [37].

Corticosteroids are beneficial in HIV-infected individuals

with severe PCP, their administration associated with reduced

mortality, particularly when initiated within 72 h (i.e. in the

early phase of disease) [83]. 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.

Generally, there is little evidence to support their use in SOT

recipients and the optimal dose is not known [23, 84]. A meta-

analysis and systematic review of did not support an associa-

tion with steroid use and improved survival in SOT recipients

[85, 86].

With a limited infection control guidance and an ever in-

creasing susceptible population, PCP outbreaks continue to be

documented [87••]. Human-to-human transmission is more

likely over infection from an environmental source, and

sources include PCP cases, prodromal patients and asymp-

tomatic carries, including health-care workers [87••, 88].

While cross infection from cases in close proximity is an ob-

vious infection control risk, the organism has been detected up

to 8 m from cases, and is more likely in potential ‘hyper-

spreaders’, infected with a high fungal burden [89].

Although environmental conditions have been associated with

increased rates of PCP, data implying environmental sources

of infection is conflicting [87••, 90].

A meta-analysis and systematic review evaluated 30 global

PCP outbreaks and associated outbreaks with asymptomatic

carriers of Pneumocystis sharing clinical facilities and the de

novo development of infection through patient-to-patient

transmission [87••]. The confounding factor in most outbreaks

is limited, or the absence of PCP prophylaxis [87••]. Effective

control of outbreaks is gained through the administration of

prophylaxis [19]. Despite the lack of formal international

guidelines, patients diagnosed with PCP should not share fa-

cilities with other immunocompromised patients [82]. The

meta-analysis of Yiannakis and Boswell provides excellent

guidelines on outbreak management [87••].

Resistant Disease

Management of PCP is being increasingly complicated by

the emergence of resistant disease. Mutations in

dihydrofolate reductase (DHFR) and dihydropteroate syn-

thase (DHPS) infer resistance to TMP/SMX, and the

A144V mutation in cytochrome b has been associated

with resistance to atovaquone [91, 92]. Determination of

resistance is difficult with the lack of PCP culture exclud-

ing in vitro susceptibility testing. Direct molecular detec-

tion of resistance mutations in genes encoding the en-

zymes targeted by PCP therapy is the optimal diagnostic

approach, and the development of real-time PCR assays

has significantly improved turn-around time compared to

sequence-based identification [8]. Nevertheless, low fun-

gal burdens, occasionally encountered in HIV-negative

patients can even limit the applicability of PCR-based

detection. Rates of mutation can vary and their presence

is not definitively associated with treatment failure [92,

93]. Inter-human transmission may be predictor for rates

of DHPS mutations in PCP sulfa-naïve patients, and to-

gether with less stringent case isolation and prophylaxis

regimens lead to higher rates of resistant disease [93–95].
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Currently, there is no guidance on the management of

patients where mutations-associated with resistance have

been identified; the decision to change therapy should be

made on an individual case basis.

Considerations in Paediatric Patients

Children are exposed to Pneumocystis at a young age; yet

in the immuno-competent host, infection is generally

asymptomatic or self-limiting. In HIV-positive children,

PCP is a common AIDS-defining illness usually in the

first year of life [96]. Outside the HIV-positive cohort,

PCP is rare, even in those receiving long-term steroid

therapy (0.53–0.61 per 10,000 patient yeas) [97]. The

use of TMP/SMX prophylaxis in patients receiving steroids

for complications in conditions other than HIV, cancer and

transplant has to be balanced against the risk for cutaneous

hypersensitivity reactions and myelosuppression [97]. As in

adults, transmission is usually human-to-human, and low

CD4 count is a major risk factor to disease. Clinical presen-

tation varies, but includes fever, tachypnea, dyspnoea, hyp-

oxia and cough, while extra-pulmonary disease is rare [96].

Diagnosis can be made on clinical grounds (CD4 <200 cells/

mm3, low arterial O2, raised LDH) combined with radiology,

preferably CT, where bilateral diffuse patchy ground glass

opacification and thickening of the interlobular septa may

be demonstrated. Chest radiograph findings include bilateral

perihilar interstitial infiltrates, consolidations, nodules, cavi-

ties, pneumothorax and pneumomediastinum, but findings

can be unilateral and radiographs can be normal in appear-

ance [98•].

Definitive diagnosis requires the demonstration of the or-

ganisms in respiratory tissue or fluid, usually using monoclo-

nal IF antibody staining. BAL fluid remains the preferred

specimen [96]. The use of other tests has received only limited

validation in the paediatric scenario.

As with PCP in the adult population, TMP/SMX is

the recommended choice for both prophylaxis and treat-

ment. Prophylaxis with TMP/SMX is recommended for

HIV-positive infants with low CD4 counts or those at

risk from maternal HIV transmission [96]. Primary treat-

ment duration with TMP/SMX is 21 days [96]. Short

courses of corticosteroids are recommended for the

management of PCP in HIV-positive children, but dose

varies between studies [96].

Improvements in temperature, respiratory rate, arterial

O2 saturation and chest radiology are expected between

5 and 7 days, with clinical deterioration possible in the

first 3–5 days. If no clinical improvement is evident or

symptoms worsen after 4–8 days of therapy, treatment

failure or secondary infection is to be considered.

Concluding Remarks

The incidence of PCP is increasing in an ever-diverse at-risk

population, which, in certain cohorts, has clinical implications

due to lack of awareness and limited guidance in relation to

the use of prophylaxis and infection control. The continued

documentation of PCP outbreaks, most likely through human-

to-human transmission, demands up-to-date infection control

and outbreak management guidance. With the incorporation

of PCR and BDG, diagnosis of PCP is relatively easy to

achieve, and combination testing negates the need for invasive

sampling. Molecular diagnostics can identify genetic markers

of resistance, although the impact of resistance on clinical

outcome is yet to be established. The development of clinical

prediction rules, should they incorporate mycological diag-

nostics, could provide individualized patient management.
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