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Introduction

Invasive fungal infections such as candidaemia and invasive
aspergillosis remain a significant cause of morbidity and
mortality.' Recent surveillance data confirms the year-
on-year increase of candidaemia cases with an incidence
of 3.1 per 100,000 population in England, Wales and North-
ern Ireland and 4.8 per 100,000 population in Scotland (i.e.
around 2000 cases annually, a 40% rise over 5 years).*®
Although the development of new anti-fungal agents has
improved treatment options, the outcome of such serious
infections remains poor, especially for candidaemia
(32—50% morality)"®” and invasive aspergillosis in non-
haematology settings such as in ICU (>50%)® and COPD pa-
tients (95%).° Improvements in outcome will greatly depend
on early diagnosis and appropriate multidisciplinary man-
agement.®7 10713

In 2003 the British Society for Medical Mycology (BSMM)
published a set of proposed standards of care for patients
with invasive fungal infections that included best practice
guidance for microbiology and histopathology laboratories,
radiology and clinical specialists (Table 1).'* This national
audit is the first multidisciplinary United Kingdom (UK)
wide survey involving key specialties (microbiology, histo-
pathology, radiology and specialist clinical units) to mea-
sure the quality of care provided for patients with
invasive fungal infections. The aim was to assess the labo-
ratory and clinical aspects of services provided to manage
such infections and to identify problem areas.

Table 1

Summary of BSMM 2003 standards recommendations.

Methods

In April 2007 the BSMM, jointly with the Royal College of
Pathologists (RCPath), invited members to participate in
a national audit to assess the compliance with the
published standards of care for patients with invasive
fungal infections."® A questionnaire based on the four
main specialty standards was piloted in hospitals in East An-
glia. The questionnaire (Fig. 1) was subsequently published
in the RCPath Bulletin, the RCPath website (www.rcpa-
th.org/index.asp?PagelD=1321) and, in addition, an invita-
tion was sent via e-mail to UK RCPath members and regional
RCPath chairmen including 200 registered microbiology
laboratories. '

The questionnaire requested basic information on the
type of hospital, presence of specialist units (HIV/infectious
disease unit (ID), intensive care unit (ICU), special care baby
unit (SCBU), burns unit, bone marrow (BMT)/stem cell (SCT)
or solid organ transplant unit (SOT)) and awareness of the
published standards. The core of the audit form contained
standards of care questions for the four main areas namely
microbiology, histopathology, radiology and clinical medi-
cine requiring a yes or no answer. An option for free text
feedback was also provided. In brief, the microbiology
section required information on microscopy, culture and
fungal speciation from a number of different specimens
(blood, intra-vascular (V) line tips, continuous ambulatory
peritoneal dialysis (CAPD) fluid, bronchoscopy specimens,
urine and cerebrospinal fluid (CSF)) as well as information on

Microbiology standards

e Yeasts and moulds from sterile sites and line tips should be identified to species level
e Fungi from urine of patients in ITU, SCBU, burns unit and transplant patients should be speciated
e Bronchoscopy fluids from patients suspected of infection should have microscopy to look for hyphae and be cultured

on specialized media
e Clinical isolates of Aspergillus should be speciated

e CSF from immunocompromised, HIV, transplant and sarcoidosis patients or those with abnormal CSF glucose, protein
or lymphocytes should be tested for cryptococcal antigen and cultured for Cryptococcus (30 °C for 21 days),

and bacteria (5 days).
Histopathology standards

e Tissues from immunocompromised patients with suspected infection should have fungal stains and positive results

telephoned immediately

e A report should describe fungal presence/absence and morphology (fungal structures, presence of septae, melanin,

relative size, cellular location)
Radiology standards

e Profound neutropenic haematology patients with new cough, chest pain, haemoptysis, abnormal chest X-ray,

new mould culture, hyphae seen in sterile specimens or unresolved fever should receive a high resolution CT within 48 h
e Transplant patients with new mould culture should receive CT within 48 h
e Immunocompromised patients with new neurological features (including signs of meningitis) should have a CT or

MRI scan of the brain
Clinical standards

e Request cards should state whether patient is immunocompromised

e Patients with candidaemia should have their central line removed within 48 h of diagnosis and be
treated systemically with an anti-fungal agent at an appropriate dose

e Transplant or profoundly neutropenic patients with new mould culture, pulmonary or cerebral abnormalities consistent with
fungal infection should receive a systemic anti-fungal agent active against moulds within 6 h of diagnosis/culture

e Cryptococcal meningitis should be treated with conventional amphotericin B(>0.7 mg/kg/d) or lipid based formulation

(>4 mg/kg/d) plus flucytosine (75—100 mg/kg/d)
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(N/A if not applicable)

A | Type of hospital (circle): DGH or University Hosp. or other (state): Your Region:
Specialties served (tick): BMT/SCT [, Solid organ transplant [, Haematology/oncology [, ID/HIV [, ITU [, Burns [J, SCBU [
yes | no
Are you aware of the BSMM standards (Lancet Infect Dis 2003)?
C_| MICROBIOLOGY STANDARDS OF CARE -
1 Do you routinely speciate all yeasts and moulds isolated from the following sites?:
a | Blood cultures
b | CAPD fluids
c | IV line tips
d | Bronchoscopy specimens (except for Candida )
2 | Do you speciate all fungi isolated from urines of the following patients?: I
a | Intensive care patients
b | Special care babies
c | Burns patients
d | Transplant patients
3 If any of the answers to question 2 is ‘'no’ do your refer isolates to the reference lab for ID?
4 Do you perform the following tests 'in house' in your laboratory? _
a Candida speciation on clinically relevant isolates
b | Speciation of clinically relevant moulds
c Serology - Candida antibodies
d Serology - Galactomannan
e Serology - Aspergillus precipitins
f Molecular tests for the detection of fungal infections
g Antifungal-sensitivity testing
h Antifungal serum levels ( e.g. itraconazale, 5-FC)
5 If any of the answers to question 4 is no, do you refer those tests to a reference laboratory? (if yes please specify a-h)
6 Does your laboratory perform the following tests on bronchoscopy specimens from suspected infected patients: _
a | Microscopy for fungal elements
b | Culture on specialised media (e.g. Sabouraud media)
7 Do you routinely speciate Aspergiflus from all clinical specimens?
8 | Do you test GRAM stain negative CSF for cryptococcal antigen in the following patients: |
a | HIV positive patients
b | Transplant recipients
¢ | Sarcoidosis patients
d | Immunocompramised patients other than the above
e | Any patient with abnormal CSF glucose, protein or leucocytes
f | Is the cryptococcal antigen test done in your laboratory?
9 | Does your laboratory culture all CSFs for Cryptococcus in: | ]
a | Immunocompromised patients
b | Sarcoidosis patients
c_| Any patient with abnormal CSF glucose, protein or leucocytes without an adequate explanation
10 | On CSF samples of patients in Q8 and 9, does your laboratory incubate: H
a | All bacterial plates for at least 5 days
b | All fungal plates at 30°C for up to 21 days \
D | HISTOPATHOLOGY STANDARDS IN SYSTEMIC FUNGAL DISEASE
11 | All tissues from immunocompromised patients with suspected infection:
a | get a fungal stain (e.g. PAS, silver, fluorescent) in parallel with regular stains
b | Paositive results are phoned to treating clinician immediately
12 | Reports on specimens containing fungal elements always include the following:
a | Presence or absence of yeast forms
b | Presence or absence of hyphae and whether they are septate or not (if possible)
¢ | Presence of melanin
d | Relative size of fungi
e | Cellular location of the fungi
f | Any specialised structures or forms of the fungi
E | RADIOLOGICAL STANDARDS OF CARE [ |
13 | Stem-cell transplant, leukaemic or neutropenic (<500 Neutr./uL) patients receive a high resolution (or spiral) CT of the chest if:
a | New cough, chest pain or haemoptysis
b | Abnormal chest radiograph
¢ | New positive Aspergillus.or other mould cultured from any site
d | Hyphae seen on microscopy in any invasive sample
e | Unresolved fever after 7 days antibiotics or anti-fungal agents
f | CT is performed within 48hours (if not, please state average time it takes o get a CT)
g | CT image is immediately reviewed by the relevant consultant
14 | All transplant patients with a positive Aspergillus or other mould culture receive a chest CT within 48h
15 | All immunocompromised patients with new neurological features (e.g. seizures, stroke, persistent headache) or signs of meningitis
get a CT or MRI of the brain
F | CLINICAL STANDARDS OF CARE
16 | Most request cards for microbiology, histology and radiology state clearly whether the patient is immunocompromised
17 | Patients with candidaemia have their central venous catheter removed/changed within 48h of documented infection
18 | Candidaemia is treated with a systemic anti-fungal agent at an 'appropriate’ dose
19 | All transplant or neutropenic patients receive a systemic anti-fungal agent active against moulds within 6 h if: —
a | A new Aspergillus or other mould is cultured
b | A new pulmonary or cerebral abnormality consistent with fungal infection is noted
20 | Cryptococcal meningitis is initially treated with conventional amphotericin B >0.7 mg/kg/d or lipid based AmB
>4mg/kg/d with flucytosine 75-100 mg/kg/d (adjusted for renal function)

Thank you for your participation. Anonymised results will be available through the RCPath and BSMM.
Please let us know any comments and also areas that you think should be included in a set of standards

Version 4; 150207

Figure 1  Questionnaire on behalf of the BSMM and RCPath: Survey on the British Society for Medical Mycology (BSMM) proposed
standards of care for patients with invasive fungal infections. Lancet Infect Dis 2003;3:230—40.
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the use of specific tests for the detection of fungal infection
including cryptococcal antigen, galactomannan antigen and
molecular assays. Many of the questions sought information
on current practice that was not in the proposed 2003
standards, to inform a revision of those standards.

The histopathology section required information on the
routine use of fungal stains, communication of positive
results and reporting of fungal morphology.

The radiology section required information on the timely
request of computer tomography (CT) and other imaging in
high-risk patient groups and speed of scan review.

The clinical standards required information on the
quality of patient information on request cards, manage-
ment of candidaemia, treatment of suspected invasive
fungal infection in the transplant or neutropenic patient
and appropriate treatment of cryptococcal meningitis.

The questionnaire was completed by a senior scientist or
consultant medical microbiologist, histopathologist or hae-
matologist and returned to the RCPath standards unit
within two months. Replies were analyzed in Microsoft
Excel and results are presented nationally for England,
Wales, Scotland and Northern Ireland combined. Not all
questions were answered by all participants. The results
are presented as a percentage of the total responses
received for each specific question or section.

Results and analysis

The overall UK response rate to the questionnaire was 35%
(70/200). This response rate should ideally, have been
higher but reflects a common return rate in such surveys.
The majority of forms were returned by staff from
microbiology departments who liased with other specialties
(histopathology, haematology, radiology and lead clinicians
for transplantation and HIV/ID medicine where necessary).
Four returns were submitted by histopathology depart-
ments and one by a haematology department who filled
in their respective sections only.

Thirty-nine (56%) of the returns were from district
general hospitals, 27 (38%) from University hospitals and
four (6%) returns did not specify the hospital type.

All UK constituent countries were represented, including
Northern Ireland (n = 3), Scotland (n = 4), Wales (n = 14),
and all regions of England (n = 47). The majority of partic-
ipants (81% (42/52)) demonstrated awareness of the previ-
ously published standards.

Microbiology standards

An average of 64 responses were received regarding the
microbiology testing of specimens. A number of microbiology
departments provided a service for specialist units, which
included BMT/SCT unit (n = 18), SOT unit (n= 11), ICU
(n = 48), SCBU (n = 40), burns unit (n = 12) and HIV/ID unit
(n = 28).

The majority of departments identified Candida (94%
(58/62)), Aspergillus (75% (49/62)) and other moulds
(91% 57/63) to species level from clinically relevant iso-
lates in their own laboratory. All laboratories not speciat-
ing fungi locally sent their isolates to a reference
laboratory.

The overall mycology service provided by microbiology
departments varies in the UK. Adherence with the recom-
mended standards is shown in Table 2. Overall compliance
with the speciation of fungi from sterile sites including
blood cultures, CAPD fluid, IV line tips and bronchoscopy
specimens (excluding Candida) was 89% (Table 2 a). Micro-
biology departments that served high-risk units speciated
Candida isolates and other fungi from vascular line tips in
73% (ITU 77% (37/48), SCBU 78% (31/40), BMT/SCT units
71% (12/17) and SOT units 67% (8/12)).

The overall rate of speciation of Candida and other
fungi from urine of high-risk ICU, SCBU, burns and trans-
plant patients from all participating hospitals was 66%
(range 42—75%) but varied depending on the type of unit

Table 2  Microbiology standards of care.

Specimen (specialty) Laboratories who speciate
fungi from specific

specimens/respondents (%)

63/64 (98%)
53/55 (96%)
46/64 (72%)
56/63 (89%)
44/63 (70%)
44/59 (75%)
13/31 (42%)
38/51 (75%)

a Blood cultures
CAPD fluid
intra-vascular line tips
Bronchoscopy specimens
Urine (ICU)
Urine (SCBU)
Urine (burns unit)
Urine (transplantation)

b Bronchoscopy specimens  Laboratories who perform
test/respondents (%)
49/62 (79%)

65/66 (99%)

Microscopy for fungi
Culture on ‘fungal’ media

c Patient type Laboratories that perform
cryptococcal Ag test

on CSF/respondents (%)
52/63 (83%)

34/58 (59%)

18/58 (31%)

31/66 (47%)

HIV patients

Transplant patient

Sarcoidosis patient

Immunocompromised
(other)

Patient with
abnormal CSF Glc*,
protein, leucocytes

8/65 (12%)

Laboratories that
perform cryptococcal CSF
culture/respondents (%)
49/65 (75%)

23/58 (40%)

25/65 (39%)

Patient type

Immunocompromised
Sarcoidosis patient
Any patient
with abnormal CSF Glc*,
protein, leucocytes

CSF set up for culture on: Laboratories who perform
culture/respondents (%)
Fungal agar 30 °C up 20/65 (31 %)
to 21d
Bacterial agar

incubated for >5 days

32/66 (48 %)

*Glc = glucose.
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(Table 2 a). Urine isolates were least commonly speciated
from burns patients.

Only 49/62 (79%) of laboratories performed direct mi-
croscopy for fungal elements on bronchoscopy specimens,
despite convincing data showing a substantially higher yield
from microscopy combined with culture in patients than
culture alone, and the essential need for microscopy to
diagnose Pneumocystis pneumonia. Almost all participants
used specialized fungal media for the culture of these spec-
imens in order to maximize fungal growth (Table 2 b).

The decision to test CSF for cryptococcal antigen greatly
depended on the type of risk group (Table 2c). The test was
most commonly used in HIV positive patients followed by
transplant patients. The majority of laboratories (89%
(25/28)) providing a direct service to an HIV/ID unit in their
hospital use the cryptococcal antigen test on CSF samples
of HIV positive patients although it remains unclear
whether the decision to test was protocol driven or based
on clinical request. The test was least commonly performed
on patients diagnosed with sarcoidosis or those with an
abnormal CSF glucose, protein and leukocyte count (Table
2c). Interestingly the majority of microbiology laboratories
sent their CSF specimens away for cryptococcal antigen
testing and only 23% (15/64) performed the test on site.
Even those laboratories, who provide a direct service to
an HIV/ID unit were only able to offer the test on site in
29% of hospitals. This was also reflected in the choice of
routine CSF culture for Cryptococcus neoformans.

There are a number of other laboratory tests, which
have a direct impact on the management of invasive fungal
infections. The timely knowledge of the anti-fungal sus-
ceptibility for some anti-fungal drugs is highly desirable in
order to guide effective therapy. Only 38% (24/63) of
microbiology laboratories provide such service on site and
5% (3/63) of all laboratories do not provide sensitivity
testing at all whether at a local level or via referral to
a reference center. Even less common is the onsite
monitoring of anti-fungal serum levels to assure a thera-
peutic range of agents (e.g. itraconazole) or to minimize
drug toxicity (e.g. flucytosine). Only a minority (6% (4/62))
of participating UK laboratories currently undertake these
tests in their own hospital and 23% (14/62) do not refer
serum samples to a reference laboratory for testing.

The testing of galactomannan has become part of the
criteria for defining invasive fungal infections.'® Based on
the data provided by the participating laboratories this
test is currently used in 72—75% of high-risk patients but
only 2—17% of those laboratories are able to offer this
test on site (Table 3). Molecular techniques for the detec-
tion of fungal DNA have also advanced in recent years but
such techniques are still rarely (4% (9/64)) applied routinely
in the UK."”

Histopathology standards

An average of 50 questionnaires were returned, which
included a response to the histopathology standards. The
overall compliance with the absolute histology standards
was poor at 58%. The majority of histology departments
routinely include fungal stains such as periodic acid Schiff or
silver-based (Grocott) stain on tissue sections from immu-
nocompromised patients when infection was suspected

Table 3  Galactomannan test performed by hospitals serv-
ing specific high-risk units.

Specialty or Laboratories who Laboratories who
high-risk unit  offer galacto- perform galacto-
mannan test/ mannan test in house/
respondents (%) respondents (%)
BMT/SCT* 13/18 (72%) 3/18 (17%)
Unit
Transplant 9/12 (75%) 1/12 (9 %)
Unit
Haematology/ 31/42 (74%) 1/42 (2%)
oncology

*BMT/SCT = haematopoietic stem cell transplantation.

(Table 4) and positive results are immediately communi-
cated to the clinicians in 71% (34/48).

The reporting on fungal morphology and their cellular
location varied amongst the received responses. Most
(82—84%) of histopathology departments provide a com-
ment on the presence or absence of yeast forms or
septate/non-septate hyphae in specimens that contained
fungal elements (Table 4). Such information is critical to
the mycological differential diagnosis and choice of anti-
fungal therapy. Very few reports include comments on
the presence of melanin, the relative size of fungi or
special structures/forms, all features which contribute
to the mycological differential diagnosis (Table 4). The
cellular location of fungi such as intracellular position is
reported by just over half of all respondents (Table 4).

Radiology standards

An average of 43 audit forms were returned, which included
a response to the radiology standards. The overall compli-
ance with the absolute radiology standards was 75%. A
summary of the responses is shown in Table 5. The majority
of BMT/SCT, leukaemic or neutropenic patients receive

Table 4 Histopathology standards: Laboratories that test
and provide information on tissues from immunocompro-
mised patients with suspected infection.

Standard of care Histology laboratories
reporting specific feature/all

laboratories responding (%)
41/50 (82%)

Routine use of
‘fungal’ stains
Report on absence/presence of:

Yeasts 42/50 (84%)

Hyphae and septae 42/51 (82%)

Melanin 9/51 (18%)
Comment on:

Size of fungus
Cellular location
of fungus
Special fungal
structures/forms

12/50 (24%)
28/48 (58%)

22/49 (45%)
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Table 5

Standard of care

Radiological standards.

Hospitals that perform
radiology investigation n (%)

Table 6

Standard of care

Clinical standards of care.

Appropriate
management n (%)

HRCT of chest is performed on BMT/SCT*, leukaemic or
neutropenic patients if:

New cough, chest pain or
haemoptysis

Abnormal chest X-ray

New Aspergillus/mould
cultured

Hyphae seen on microscopy
in invasive specimen

Unresolved fever after 7d
antibiotics or anti-fungal
agent

32/44 (73%)

37/43 (86%)
31/43 (72%)

34/42 (81%)

38/44 (86%)

Transplant patients receive CT within 48 h if:
New positive Aspergillus or  32/40 (80%)
mould culture

*BMT/SCT = haematopoietic stem cell transplantation.

high-resolution computerised tomography (HRCT) of their
chest if there is a new cough, chest pain or haemoptysis,
abnormal chest X-ray, new Aspergillus or mould culture or
when hyphae are seen on microscopy in normally sterile
sites. It has been known for over 10 years that a HRCT
provides critical information for management including
the potential for immediate surgery if invasive aspergillosis
is localized adjacent to critical mediastinal structures. In
91% (42/46) of cases the CT scan is obtained within 48 h
of the request and the result is reviewed by a consultant
immediately in 87% (39/45) of cases. Likewise, the majority
of SOT patients receive a chest CT within 48 h of a new
positive Aspergillus or mould culture (Table 5). All partici-
pating UK hospitals provide a magnetic resonance image
(MRI) or CT scan for immunocompromised patients that
develop new neurological features or signs of meningitis.

Clinical standards of care

An average of 60 questionnaires were received regarding the
clinical standards of care. In 52% (31/60) of hospitals, labora-
tory request cards for microbiology, histopathology or radiol-
ogy do not state clearly if a patient is immunosuppressed.

The overall compliance with the management of candi-
daemia including vascular line removal and appropriate use
of anti-fungal agents was 91%. Surprisingly 16% of central
venous catheters were not changed within 48 h despite nu-
merous data showing improved survival. While a positive
culture of Aspergillus in immunocompromised patients
prompted immediate therapy in 98% of cases, consistent ra-
diology only led to treatment in 85% of cases. (Table 6). In
the majority of responding hospitals, clinicians provide ap-
propriate anti-fungal combination treatment and dosing for
the management of cryptococcal meningitis (Table 6).

Discussion and prospects for improved practice

Over the past decades there has been an increase in
invasive fungal infections and mycoses caused by rarer

Management of candidaemia
CVC line
removed/changed
within 48 h
Systemic anti-fungal
agent given at
appropriate dose

53/63 (84%)

60/62 (97%)

Anti-fungal treatment
of mould infection
in neutropenic or transplant
patient within 6 h if:

New Aspergillus/mould
culture positive

New pulmonary/CNS
abnormality consistent
with
fungal infection

54/55 (98%)

55/65 (85%)

Management of cryptococcal meningitis
Conventional 47/54 (87%)

amphotericin

B >0.7 mg/d or lipid

based >4 mg/kg/

d plus 5FC*

75—100 mg/kg/d is

given

*5FC = flucytosine.

moulds and non-Candida albicans species are emerging par-
ticularly in the severely immunocompromised patient.* '8~
20 The management of such infections involves expertise
from many different disciplines including microbiology, his-
topathology, radiology and specialists looking after immu-
nocompromised patients. The BSMM addressed this issue
and published a set of multidisciplinary standards of care
for the management of invasive fungal infections to pro-
mote best practice.’ The purpose of this national audit
was to assess how widely these standards have been em-
ployed and to identify problem areas or possible barriers
for their implementation.

The audit was designed to reflect the current working
practice of a range of different types of hospitals including
district general and teaching hospitals across the UK. The
majority of hospital specialists recognize the importance of
invasive fungal infections, which is reflected by the growing
awareness of the BSMM standards over the years (82% in
2007 compared to 56% in the 2004 pilot audit study,
unpublished data). However, the recent audit has shown
that whilst many of the standards are implemented there
are particular areas of concern in certain specialties that
require further improvement in order to assure optimal
patient care.

In the UK there are currently 187—208 microbiology
laboratories that participate in one or more aspects of the
UK NEQAS mycology scheme. Most of the surveyed labora-
tories provide a good basic mycology service particularly for
the local speciation of yeasts and moulds from important
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clinical sites including blood cultures, CAPD fluids and
bronchoscopy specimens but less from IV line tips of at-
risk patients. The speciation of yeasts from IV line tips is of
clinical importance as they can be a cause of infection that
may not be apparent at the time of culture, e.g.
endogenous endophthalmitis. Speciation is critically impor-
tant for the selection of appropriate therapy and tracking
nosocomial infections.

Similarly, yeasts cultured from urine may be significant
in high-risk (ICU, SCBU or SOT) patient groups. Approxi-
mately three quarters of participating laboratories identify
and speciate fungal isolates from urines in these patients,
but less in burns patients (50%). This is surprising as these
patients should also be considered to be a high-risk group
due to the fact that extensive burns can lead to an impaired
cellular immunity.?" Urinary isolates may be representative
of a bloodstream infection strain, which may not be
cultured from blood. It is therefore recommended that
burns patients, in particularly those receiving late wound
coverage, artificial dermis and multiple broad spectrum
antibiotics, are monitored for Candida infections.??

While knowledge of the species of fungi is important for
the choice of treatment because of intrinsic anti-fungal
resistance, acquired resistance also plays a role. Surveil-
lance of anti-fungal drug resistance is therefore encour-
aged both locally and nationally. Only 38% of participating
laboratories performed anti-fungal susceptibility testing
locally. A recent laboratory audit from the northwest of
England has identified that there is general willingness to
introduce in house sensitivity testing on yeasts but staff
feel they require more training and guidance.?® Although
laboratories can purchase international standardized proto-
cols for anti-fungal susceptibility testing and a UK NEQAS
scheme has been introduced, there is no UK guidance on
the choice, use and interpretation of results of simple
methods such as disk diffusion or E-testing for the routine
implementation in general diagnostic microbiology labora-
tories. This may explain why few hospitals currently per-
form susceptibility testing in their own laboratories.
Shared UK wide standard operating procedures on cost ef-
fective, easy to perform methods may help to encourage
and increase local testing in future.

The use of non-culture methods such as antigen and
antibody detection can often aid the diagnosis of certain
invasive fungal infections. A good example is cryptococcal
meningitis. This infection can be diagnosed by prolonged CSF
culture at both 37 °C and 25—30 °C to improve recovery of
Cryptococcus neoformans and Cryptococcus gattii, respec-
tively. Only one-third of microbiology laboratories currently
perform fungal culture on CSF with extended incubation to
maximize the chance of recovering small numbers of this
pathogen. Reliance is placed on the cryptococcal agglutina-
tion latex test performed on CSF which the majority of par-
ticipating laboratories use on abnormal CSF samples of
symptomatic HIV positive patients. However, the test is
rarely performed on other vulnerable risk groups such as
transplant, sarcoidosis or other immunocompromised pa-
tients presenting with abnormal CSF parameters. Laborato-
ries may mistakenly believe that a serum cryptococcal
antigen is adequate to exclude cryptococcal meningitis,
but it is falsely negative in 15% of cases, especially in non-
AIDS patients.?* Interestingly compared with a laboratory

survey in 1994, there seems to be very little change in the
number of laboratories who currently perform this test on
site (21% in 1994 versus 23% in 2007).2° Some of the reasons
could be that since the introduction of anti-retroviral
therapy for HIV, the numbers of cryptococcal infections
have decreased and the test is no longer cost effective for
single laboratories to perform.2® However, the need to
send CSF specimens away for testing is likely to cause
significant delay in making a diagnosis and in initiating
appropriate treatment for patients suffering from a
potentially life threatening infection.

A similar observation can be made for the galacto-
mannan antigen test, which can guide the diagnosis of
invasive aspergillosis but is currently only offered on site by
2—-27% of the surveyed laboratories and who are mainly
reference mycology centers.

Overall, the audit has shown that microbiology labora-
tories that participated in the audit are providing a good
basic mycology service but more specialist tests are less
established. However, we do not know the level of service
provided by the remaining 70% of laboratories that did not
respond. The barriers to implementing some of the stan-
dards are likely to be multi-factorial such as low incidence
of invasive fungal infections in individual hospitals and lack
of resources (cost and manpower). With the introduction of
the UK Clinical Mycology Network (UKCMN) under the
umbrella of the Health Protection Agency (HPA) this
difficulty may be overcome by concentrating already scarce
resources and expertise at regional level in the form of
regional reference laboratories with good infrastructure to
local hospitals.?”

The audit also reviewed the reporting practice of
histopathology departments. A tissue diagnosis is often
vital in confirming invasive fungal disease, which may be
clinically suspected, or may be a chance finding particularly
when conventional fungal culture or serology is negative.
The majority of histopathology laboratories use fungal
stains such as PAS or Grocott routinely on tissues of
immunocompromised patients suspected to have an
infection. Although it is generally not possible to identify
the fungus at species level, the structure, form and
appearance of fungal elements can provide useful informa-
tion about the class of fungus (e.g. dichotomous branching
septate hyphae are unlikely to be zygomycosis), which may
guide appropriate treatment. However, most histopatholo-
gists infrequently (18—46%) report on fungal characteristics
such as melanin, size, location and structures or forms. This
may be because of the rarity of such infections and the
variable knowledge and experience of individual histopa-
thologist. Regular training and guidance on the specific
tissue appearance of invasive fungi or even standard
operating procedures for reporting fungal elements may
help to increase the knowledge and awareness of such
infections and the quality of reporting.

In many symptomatic high-risk patients, radiological
imaging is used to assess whether a patient has any
abnormal signs suggestive of invasive fungal infection.
Although these signs are often non-specific or indistinguish-
able from other infectious agents, some changes, e.g. halo
sign in HRCT have been particularly associated with in-
vasive pulmonary aspergillosis.?® The use of anti-fungal
agents is often guided by imaging signs in combination
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with clinical symptoms. It was reassuring to see that the
majority of participating hospitals are able to perform
and report radiological investigations such as HRCT or MRI
in a timely manner on high-risk patients.

The clinical management of patients with invasive
fungal infections also depends on the early and appropriate
use of anti-fungal agents. The audit has shown that the
majority of participating hospital patients with invasive
fungal infections are appropriately managed. In candidae-
mia, intra-vascular lines are removed within 48 h of diagno-
sis in 84% of hospitals, which will help to improve morbidity
and mortality."" Similarly patients with febrile neutropenia
or transplant patients are treated promptly with appropri-
ate anti-fungal agents if they have pulmonary or neurolog-
ical signs of infection suggestive of a serious fungal
infection or if a new fungus has been isolated. This demon-
strates that there is a high UK wide clinical awareness of
the importance of invasive fungal infections in the ‘high
risk’ group of patients.

Nevertheless good clinical management depends on the
confirmation of the diagnosis based on positive microbio-
logical, histopathological or radiological reports. The test
selection, processing and interpretation of pathology or
radiology results depend greatly on the quality of the
clinical information provided. Unfortunately, this audit
has identified that there is a significant problem with such
information. This may lead to missed or delayed diagnosis,
increased morbidity and mortality of patients with an
invasive mycosis and under reporting of the infection. The
introduction of electronic information technology request-
ing systems by hospitals is an opportunity to design
‘compulsory’ clinical information codes that will help to
guide laboratory test selection and reporting in future.
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