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plus the two previous surveys showed that 
1812 cases of C. auris were reported by 15 
countries from 2013 to 2021. Most cases 
(n=1377) were reported in Spain, followed 
by Italy (n=292) and Greece (n=74). The 
number of cases and number of countries 
reporting cases both increased sharply 
between 2020 and 2021, from 335 cases in 
eight countries in 2020 to 655 cases in 13 
countries in 2021. Carriage was reported 
for most cases (n=1146, 63.2%), while a 
bloodstream infection was reported for 277 
(15.3%) and another type of infection for 
186 (10.3%); there were no data on infec‑
tion or carriage for the remaining 203 cases 
(11.2%). Information on whether cases of 
C. auris infection or carriage were imported 
or locally acquired was available for only 
54 cases (3%). Of these, 44 (2.4% of total 
cases) were reported as imported and 10 
(0.6%) were reported as being locally 
acquired. At the time of the most recent 
survey, C. auris infection or carriage was a 
notifiable disease in six countries. Twelve 
countries had prospective or retrospective 
surveillance systems in place, while 23 had 
a laboratory with reference capacity for 
identifying and testing C. auris. 

CONCLUSION: This survey identified an 
increasing number of C. auris cases in an 
increasing number of European countries 
from 2020 to 2021.

BACKGROUND & AIM: Candida auris is 
an emerging fungal pathogen that globally 
has been reported to cause outbreaks of 
invasive healthcare‑associated infections. 
The European Centre for Disease Preven‑
tion and Control has previously conducted 
surveys on the epidemiological situation, 
laboratory capacity and preparedness for C. 
auris in Europe for the periods 2013–2017 
and January 2018–May 2019. The aim of 
this study was to conduct a new survey to 
collect updated information on C. auris in 
Europe.

STUDY DESIGN: Epidemiological survey. 

ENDPOINTS: Number of C. auris cases; 
national surveillance systems; laboratory 
capacity. 

METHOD: National bodies concerned with 
healthcare‑associated infections in 30 Euro‑
pean countries were invited to complete 
a 14‑question survey in April 2022. The 
survey asked about the number of cases of 
C. auris infection or carriage and outbreaks 
per year from June 2019 to December 
2021, the national laboratory capacity for 
identifying C. auris, and national prepared‑
ness for C. auris.

RESULTS: Replies were received from all 30 
countries. Combining data from this survey 

AUTHORS: Kohlenberg A, Monnet DL, Plachouras D, for the Candida auris survey collaborative group

CENTRE: European Centre for Disease Prevention and Control (ECDC), Stockholm, Sweden

Eurosurveillance, 2022 November; 27(46):2200846

INCREASING NUMBER OF CASES AND OUTBREAKS 
CAUSED BY CANDIDA AURIS IN THE EU/EEA,

2020 TO 2021



4

4

framıngham on systemic fungal infections

https://doi.org/10.1111/apm.13317

RESULTS: Among 295 lung transplant 
recipients included in the study, 128 (43%) 
were diagnosed with CMV infection and 
48 (16%) were diagnosed with IA. The 
incidence rate for CMV during the first 3 
months after diagnosis of IA was 98 per 
100 patient‑years of follow‑up (95% con‑
fidence interval 47–206), and the incidence 
rate for IA during the first 3 months after 
diagnosis of CMV infection was 30 per 
100 patient‑years of follow‑up (95% CI 
15–60). The risk of CMV was not increased 
significantly during the first 3 months after 
diagnosis of IA compared with the period 
without IA (aIRR 1.42, 95% CI 0.65–3.10). 
However, the risk of IA was significantly 
greater in the first 3 months after diag‑
nosis of CMV infection compared to the 
period without CMV (aIRR 2.91, 95% CI 
1.32–6.44). Overall, seven patients needed 
to be screened to diagnose one case of CMV 
infection in the first 3 months after IA, and 
eight patients needed to be screened to diag‑
nose one case of IA after CMV infection.

CONCLUSIONS: Among lung transplant 
recipients, there was an increased risk of 
IA following CMV infection, and a non‑
significant tendency towards an increased 
risk of CMV infection after IA. Therefore, 
after diagnosis of one of these infections, 
systematic screening for the other infection 
may be warranted.

BACKGROUND & AIM: Lung transplant 
recipients need to receive lifelong immuno‑
suppressive therapies to prevent graft rejec‑
tion. However, this puts them at increased 
risk of opportunistic infections, particularly 
cytomegalovirus (CMV) and invasive asper‑
gillosis (IA), both of which are associated 
with an increased risk of graft rejection and 
mortality. Timely diagnosis and treatment 
of these infections could help to improve 
outcomes for lung transplant recipients. The 
aim of this study was to evaluate the inci‑
dence of CMV after IA and vice versa, to 
determine whether screening for one infec‑
tion would be warranted after detection of 
the other.

STUDY DESIGN: Retrospective nationwide 
cohort study.

ENDPOINTS: Incidence rate of CMV after 
IA and vice versa; incidence rate ratios 
(IRRs).

METHOD: The study included all patients 
who received a lung transplant in Denmark 
between 2010 and 2019. Participants were 
followed for 2 years after transplantation 
for CMV infection and IA (with the latter 
defined according to International Society 
for Heart and Lung Transplantation crite‑
ria). Poisson regression analysis, adjusted 
for time after transplantation, was con‑
ducted to provide adjusted IRRs (aIRRs) for 
the two infections.

AUTHORS: Wulff SM, Perch M, Helweg-Larsen J, Bredahl P, Arendrup MC, Lundgren J, Helleberg M, 

Crone CG

CENTRE FOR CORRESPONDENCE: Centre of Excellence for Health, Immunity and Infections (CHIP), 

Copenhagen University Hospital, Rigshospitalet, Copenhagen, Denmark

Acta Pathologica, Microbiologica, et Immunologica Scandinavica, 2023 April 6; Epub ahead of print

ASSOCIATIONS BETWEEN
INVASIVE ASPERGILLOSIS AND CYTOMEGALOVIRUS 

IN LUNG TRANSPLANT RECIPIENTS:
A NATIONWIDE COHORT STUDY
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of at least two of 15 perioperative risk fac‑
tors. These patients received echinocandins 
(micafungin or anidulafungin) for 7–14 
days, with the option to prolong for up to 
28 days. 

RESULTS: Overall, 109 patients (49%) 
were classified as high risk for IFI, of whom 
90 (83%) received antifungal prophylaxis. 
A total of 26 patients (12%) developed 
an IFI, with 23 IFIs occurring in the high‑
risk group (23/109; 21%) and three in 
the low-risk group (3/115; 2.6%). The 
algorithm used to identify high‑ versus low‑
risk patients had sensitivity of 89% and 
specificity of 57%. Factors associated with 
an increased risk of IFI within 90 days are 
shown in the table. IFI‑related mortality in 
the 90 days after transplantation was 53%, 
and none of the five patients with invasive 
aspergillosis survived to discharge. There 
were seven drug‑related adverse events, all  
associated with micafungin; none were seri‑
ous or dose‑limiting.

CONCLUSIONS: In this single‑centre study, 
the 90‑day incidence of IFI among first‑time 
orthotopic liver‑transplant recipients was 
12%. Patients who received targeted echi‑
nocandin prophylaxis based on the presence 
of prespecified risk factors for IFI remained 
at risk of IFI and death.

BACKGROUND & AIM: Targeted prophy‑
laxis against invasive fungal infections 
(IFIs) is recommended for high-risk liver-
transplant recipients, but there is a lack of 
consensus on the definition of a high-risk 
patient and on the agent and duration 
of antimycotic prophylaxis that should 
be used. This study investigated the inci‑
dence of IFIs in high-risk liver-transplant 
recipients receiving targeted echinocandin 
prophylaxis. 

STUDY DESIGN: Retrospective, single‑
centre study. 

ENDPOINTS: Primary: 90‑day incidence of 
IFI. Secondary; risk factors for IFI, 90-day 
mortality for a diagnosed IFI, adverse 
events related to antifungal prophylaxis. 

METHOD: Medical records for all 224 
adults who underwent an orthotopic, first‑
time liver transplant, with or without kid‑
ney transplant, between 2017 and 2020 at a 
single centre were reviewed. Targeted anti‑
mycotic prophylaxis was given to high-risk 
liver recipients, as defined by the presence 

AUTHORS: Breitkopf R, Treml B, Simmet K, BukumiriĆ Z, Fodor M, Senoner T, Rajsic S

CENTRES: Department of Anesthesiology and Intensive Care Medicine; Department of Visceral, 

Transplantation and Thoracic Surgery, Medical University of Innsbruck, Innsbruck, Austria; and 

Institute of Medical Statistics and Informatics, Faculty of Medicine, University of Belgrade,

Belgrade, Serbia

Journal of Clinical Medicine, 2023 February 14; 12(4):1520

INCIDENCE OF INVASIVE FUNGAL INFECTIONS
IN LIVER TRANSPLANT RECIPIENTS

UNDER TARGETED ECHINOCANDIN PROPHYLAXIS

Variables associated with an increased risk of invasive fungal infection within 90 days 
after liver transplantation (multivariable analysis)

Variable Hazard ratio  p

Recipient age 0.97 0.027

Split liver transplantation 5.18 0.014

Massive intraoperative blood transfusion 24.08 0.004

Donor‑derived infection 9.70 <0.001

Re‑laparotomy 4.62 0.003
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RESULTS: Participants were followed for 
a median of 3.4 years (interquartile range 
0.9–7.7 years) from enrolment, and 78% of 
the total follow‑up time was after ART ini‑
tiation. A total of 3857 participants (0.7%) 
were diagnosed with CM during follow‑
up, giving an incidence of 1.54 per 1000 
person‑years. The unadjusted incidence of 
CM (per 1000 person‑years) was highest 
in Latin America (2.17), followed by East 
Africa (2.08), South Africa (1.69), North 
America (0.89) and Asia‑Pacific (0.58). The 
incidence of CM decreased over time, from 
2.56 per 1000 person‑years in 2005 to 0.97 
per 1000 person‑years in 2015. Overall 
mortality for participants diagnosed with 
CM was 31.6% over a median follow‑up of 
2.6 years from CM diagnosis (IQR 0.3–7.0 
years), although 1121 participants (29%) 
were lost to follow‑up. A total of 2478 par‑
ticipants (64%) were diagnosed with CM 
after starting ART (median 253 days from 
ART start to CM diagnosis). In adjusted 
analyses, older age, lower CD4 count and 
earlier year of CM diagnosis were associ‑
ated with a higher risk of death. 

CONCLUSIONS: PWH were found to have 
a high rate of mortality after CM diagnosis. 
CM commonly developed after the start of 
ART.

BACKGROUND & AIM: Cryptococcal 
meningitis (CM) remains a major cause 
of morbidity and mortality among people 
with HIV (PWH), despite the availability of 
combination antiretroviral therapy (ART). 
However, there is incomplete knowledge 
about the full impact of CM on PWH glob‑
ally, particularly since ART became widely 
available. The aim of this study was there‑
fore to examine CM incidence and mortal‑
ity, both before and after ART initiation, in 
a large global cohort of PWH. 

STUDY DESIGN: Observational, retrospec‑
tive cohort study. 

ENDPOINTS: CM incidence; all‑cause mor‑
tality after CM diagnosis. 

METHOD: Data were retrieved on PWH 
aged ≥16 years who were enrolled in the 
International Epidemiology Databases to 
Evaluate AIDS (IeDEA) cohort between 
1996 and 2017 (n=518,852). Data from 
PWH in the North America, Latin America, 
Asia‑Pacific, East Africa and Southern 
Africa regions were included. Participants 
were followed from enrolment until death, 
loss to follow‑up or the database closure 
date. CM diagnosis was obtained from clin‑
ical records. The incidence of CM diagnosis 
and incidence rate ratios were estimated 
using univariate and multivariable models, 
and mortality after CM diagnosis was esti‑
mated using Kaplan–Meier curves. 

AUTHORS: Person AK, Ramirez BC, Kim A, Veloso V, Maruri F, Wandeler G, Fox M, Moore R, Gill MJ, 

Imran D, Van Nguyen K, Nalitya E, Muyindike W, Shepherd BE, McGowan CC

CENTRE FOR CORRESPONDENCE: Division of Infectious Diseases, Department of Medicine, Vanderbilt 

University Medical Center, Nashville, Tennessee, USA

Clinical Infectious Diseases, 2023 February 23; Epub ahead of print

CRYPTOCOCCAL MENINGITIS
AND CLINICAL OUTCOMES IN PERSONS WITH HIV:

A GLOBAL VIEW
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Index, SCOPUS, Africa‑Wide Information, 
LILACS and WHO Global Health Library. 
Fixed‑effect meta‑analysis was used to esti‑
mate the diagnostic sensitivity and specific‑
ity of IMMY CrAg® LFA versus alternative 
cryptococcal diagnostic tests, including 
clinical composite endpoints.

RESULTS: Nine studies met the inclusion 
criteria and a total of 528 HIV‑negative 
participants were analysed. The mean num‑
ber of patients per study was 59, partici‑
pants were aged 8–88 years, and 50–73% 
were male. Seven studies included some 
immunosuppressed patients (12–55% per 
study). Eight studies compared the diag‑
nostic performance of IMMY CrAg® LFA 
versus eight other tests/composites using 
serum, yielding a pooled median sensitivity 
of 96% (95% credible interval 68–100%) 
and a pooled median specificity estimate of 
96% (95% CrI 84–100%). Six studies com‑
pared the diagnostic performance of IMMY 
CrAg® LFA versus 10 other tests/compos‑
ites using CSF, yielding a pooled median 
sensitivity of 99% (95% CrI 95–100%) and 
a pooled median specificity of 99% (95% 
CrI 95–100%).

CONCLUSION: Based on a small number 
of studies, this systematic review found high 
sensitivity and specificity for IMMY CrAg® 
LFA in identifying cryptococcosis in HIV‑
negative adults and children using serum or 
CSF.

BACKGROUND & AIM: Cryptococcal 
infection mostly affects people living with 
HIV, but cases in HIV‑negative patients are 
increasing in high‑income countries. This 
is partly due to greater use of immunosup‑
pressive therapies for cancer and organ 
transplantation, although cases of crypto‑
coccal disease have also been reported in 
apparently immunocompetent individuals. 
Cryptococcal antigen (CrAg) detected using 
a lateral flow assay (LFA) is a cornerstone 
of the diagnosis of cryptococcal infection, 
but its performance in serum or cerebrospi‑
nal fluid (CSF) from HIV‑negative cohorts 
has not been systematically evaluated. The 
aim of this review was to characterize the 
diagnostic performance of IMMY CrAg® 
LFA (the most sensitive commercially avail‑
able cryptococcal diagnostic test) compared 
with other cryptococcal diagnostic tests in 
HIV‑negative populations. 

STUDY DESIGN: Systematic review.

ENDPOINTS: Sensitivity and specificity.

METHOD: Studies reporting on the diag‑
nostic performance of the IMMY CrAg® 
LFA for the diagnosis of cryptococco‑
sis using serum or CSF in HIV‑negative 
populations (adults and children), writ‑
ten in English and published from 2009 
onwards, were identified using a system‑
atic search of Medline, Embase, Global 
Health, CENTRAL, WoS Science Citation 

AUTHORS: Macrae C, Ellis J, Keddie S, Falconer J, Bradley J, Keogh R, Baerenbold O, Hopkins H, Jarvis JN

CENTRES: Infectious Diseases Unit, NHS Lanarkshire, University Hospital Monklands, Airdrie, UK; 

London School of Hygiene and Tropical Medicine, London, UK; Infectious Diseases Institute, Makerere 

University, Kampala, Uganda; Botswana Harvard AIDS Institute Partnership, Gaborone, Botswana

BMC Infectious Diseases, 2023 April 6; 23(1):209

DIAGNOSTIC PERFORMANCE
OF THE IMMY CRYPTOCOCCAL ANTIGEN LATERAL 

FLOW ASSAY ON SERUM AND CEREBROSPINAL 
FLUID FOR DIAGNOSIS OF CRYPTOCOCCOSIS

IN HIV-NEGATIVE PATIENTS:
A SYSTEMATIC REVIEW
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2017. An episode was defined as the time 
between first dose of antifungal prophylaxis 
agent and day 100, new chemotherapy 
treatment (reinduction or consolidation), 
haematopoietic stem‑cell transplantation, 
death or last day of contact, whichever 
occurred first. 

RESULTS: Overall, 233 patients experi‑
enced 299 episodes (201 involving posacon‑
azole and 98 involving fluconazole), 67.9% 
of which were first inductions. AML/MDS 
were the most common underlying haema‑
tological malignancies (88% of episodes), 
with acute lymphoblastic leukaemia (9%) 
and other types of acute leukaemia (3%) 
making up the remainder. There were 20 
probable/proven IFIs overall, comprising 17 
cases of invasive aspergillosis and three of 
invasive candidiasis; 14 cases were break‑
through IFIs. The incidence of IFI was sig‑
nificantly lower in the posaconazole group 
compared with the fluconazole group (3.5% 
versus 13.2%, p=0.001), whereas the inci‑
dence of IFI‑related mortality did not differ 
significantly (0.5% versus 3.1%, p=0.1047). 
Use of empirical or targeted antifungal ther‑
apy was reduced in the posaconazole group 
(24.4% versus 48.0%, p<0.001).

CONCLUSION: Among patients undergo‑
ing remission‑induction chemotherapy for 
acute leukaemia or MDS in a real-life set‑
ting, primary antifungal prophylaxis with 
posaconazole significantly reduced the inci‑
dence of IFI compared with fluconazole.

BACKGROUND & AIM: Individuals with 
acute leukaemia who undergo remission-
induction intensive chemotherapy are at 
high risk of life-threatening invasive fungal 
infections (IFIs), which can be challenging 
to diagnose in a timely manner. Therefore, 
primary antifungal prophylaxis with a 
mould‑active agent such as posaconazole 
may be a suitable strategy. In clinical trials, 
posaconazole was superior to fluconazole 
for reducing the incidence of IFIs in patients 
receiving remission‑induction chemotherapy 
for acute myelogenous leukaemia (AML) 
or myelodysplastic syndrome (MDS). 
However, real‑world efficacy data for posa‑
conazole in the broader acute leukaemia 
population are limited. Therefore, the cur‑
rent study compared, in a real‑life setting, 
the efficacy of posaconazole prophylaxis 
with that of fluconazole in patients under‑
going remission‑induction chemotherapy 
for acute leukaemia or MDS.

STUDY DESIGN: Retrospective cohort 
study.

ENDPOINTS: Primary endpoint: incidence 
of probable/proven IFI. Key secondary end‑
point: IFI‑related mortality.

METHOD: The study included all adults 
who received primary antifungal prophy‑
laxis with posaconazole or fluconazole 
while undergoing remission‑induction 
chemotherapy for acute leukaemia at a 
single Canadian centre between 2008 and 

AUTHORS: Dufresne SF, Bergeron J, Beauchemin S, Abou Chakra CN, Vadnais B, Bouchard P, Labbé AC, 

Laverdière M

CENTRE FOR CORRESPONDENCE: Division of Infectious Diseases and Clinical Microbiology, 

Department of Medicine, Hôpital Maisonneuve-Rosemont, Montréal, Quebec, Canada

Journal of the Association of Medical Microbiology and Infectious Disease Canada, 2023 
March 1; 8(1):18–28

REAL-LIFE COMPARISON OF POSACONAZOLE 
VERSUS FLUCONAZOLE FOR PRIMARY ANTIFUNGAL 

PROPHYLAXIS DURING REMISSION-INDUCTION 
CHEMOTHERAPY FOR ACUTE LEUKEMIA
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meta‑analyses included 70 studies of ocular 
candidiasis and 66 studies of Candida 
endophthalmitis (35 using the concordant 
definition and 31 the discordant definition), 
representing a total of 8599 patients with 
candidaemia who underwent ophthalmo‑
logical screening. 

RESULTS: Amongst candidaemia patients 
who were screened, the pooled prevalence 
of ocular candidiasis was 10.7% (95% con‑
fidence interval 8.4–13.5%) and the overall 
pooled prevalence of  Candida endophthal‑
mitis was 3.1% (95% CI 2.1–4.5%). The 
pooled prevalence of concordant endoph‑
thalmitis was 1.8% (95% CI 1.3–2.6%) 
while that of discordant Candida endoph‑
thalmitis was 7.4% (95% CI 4.5–12%). 
The prevalence of concordant Candida 
endophthalmitis was significantly higher 
(p<0.01) in Asian countries than in Euro‑
pean or American countries (table). Factors 
associated with Candida endophthalmitis 
included total parenteral nutrition (pooled 
odds ratio 6.92, 95% CI 3.58–13.36) and 
the presence of Candida albicans (OR 3.02, 
95% CI 1.67–5.46).

CONCLUSIONS: This analysis found a 
higher prevalence of concordant Candida 
endophthalmitis in patients with candi‑
daemia than reported previously, and a 
higher prevalence in Asian countries than 
elsewhere. Optimized screening protocols 
are needed to detect ocular involvement in 
patients with candidaemia.

BACKGROUND & AIM: The 2016 Infec‑
tious Diseases Society of America guidelines 
recommend routine ophthalmological 
examination for all patients with candidae‑
mia, in order to detect Candida endophthal‑
mitis. However, the American Academy of 
Ophthalmology recommends against such 
routine screening because of the low quality 
of supporting evidence and the poor cost‑
effectiveness of this strategy. The prevalence 
of concordant Candida endophthalmitis 
(i.e. the most stringent definition) has previ‑
ously been estimated at <0.9%. The aim of 
the current study was to evaluate current 
evidence on the prevalence of ocular can‑
didiasis and Candida endophthalmitis in 
patients with candidaemia, and to explore 
associated factors.

STUDY DESIGN: Systematic review and 
meta‑analysis.

ENDPOINTS: Prevalence of ocular candidi‑
asis and Candida endophthalmitis.

METHOD: PubMed, Embase and SCOPUS 
were searched for observational studies 
providing data on the prevalence of ocu‑
lar candidiasis or Candida endophthal‑
mitis in patients with candidaemia. The 

AUTHORS: Phongkhun K, Pothikamjorn T, Srisurapanont K, et al.

CENTRE FOR CORRESPONDENCE: Department of Medicine, Johns Hopkins University School of 

Medicine, Baltimore, Maryland, USA

Clinical Infectious Diseases, 2023 May 24; 76(10):1738–49

PREVALENCE OF OCULAR CANDIDIASIS
AND CANDIDA ENDOPHTHALMITIS IN PATIENTS 

WITH CANDIDEMIA:
A SYSTEMATIC REVIEW AND META-ANALYSIS

Pooled prevalence of concordant Candida endophthalmitis by region

Region Pooled prevalence among screened patients
 (95% confidence interval)

Asian countries 3.6% (2.9–4.6%)

European countries 1.4% (0.4–5.0%)

American countries 1.4% (1.0–2.2%)
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it was safe and reduced the duration of anti‑
fungal therapy. 
 The main host-response markers used 
in critically ill patients in routine clini‑
cal practice are procalcitonin (PCT) and 
C‑reactive protein (CRP). Studies in criti‑
cally ill patients have shown that PCT is a 
poor predictor of sepsis in the intensive care 
unit. There is no agreed PCT cut‑off value 
for diagnosing sepsis, and several non‑
infectious inflammatory states are also asso‑
ciated with elevated PCT levels. However, 
PCT may have use in guiding antibiotic 
therapy, and this strategy has been associ‑
ated with a shorter duration of therapy and 
improved survival. 
 Changing CRP levels have been reported 
to predict sepsis. CRP has been well studied 
as a biomarker of response to therapy for 
several severe infections, and CRP trajec‑
tory after the start of antibiotics has been 
shown to correlate with clinical course and 
prognosis. Of note, the ratio of each day’s 
CRP concentration relative to the day 0 
level (i.e. the CRP‑ratio) is more informa‑
tive than absolute change.

CONCLUSIONS: Pathogen‑specific and 
host-response biomarkers of infection or 
sepsis can be useful tools that provide addi‑
tional information on a patient’s health 
status. Serial measurements provide more 
information than single values.

BACKGROUND & AIM: It has been sug‑
gested that biomarkers might be able to 
provide clinicians with additional informa‑
tion to help with predicting and diagnosing 
sepsis, deciding which antibiotics to use 
and assessing response to therapy. More 
than 250 potential biomarkers have been 
studied to date. The aim of this review was 
to provide clinicians with guidance on the 
use of pathogen‑specific and host‑response 
biomarkers of infection or sepsis. 

ARTICLE TYPE: Narrative review.

FINDINGS: Pathogen-specific biomark‑
ers are already used in routine practice 
in critically ill patients. One example is 
(1,3)‑β‑d‑glucan (BDG), which detects inva‑
sive Candida infection with a high sensitiv‑
ity of 0.81 (although this varies by fungal 
species) but a poor specificity of 0.60. The 
sensitivity and specificity of this test is 
increased by using two consecutive posi‑
tive samples, increasing the cut‑off value 
or combining the test with another specific 
Candida biomarker (e.g. mannan). 
 Pathogen-specific, biomarker-guided 
algorithms have been developed and tested, 
including a BDG‑guided strategy for dis‑
continuing empirical antifungal therapy in 
critically ill patients with suspected invasive 
candidiasis. Two randomized controlled 
trials investigating this algorithm found that 

AUTHORS: Póvoa P, Coelho L, Dal-Pizzol F, Ferrer R, Huttner A, Conway Morris A, Nobre V, Ramirez P, 
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metabolism of agents, extensive drug–drug 
interactions among azoles, and substantial 
systemic toxicities. It was noted that no sin‑
gle agent acts against all pathogenic fungi, 
underscoring the need for novel or com‑
bination therapies. Barriers to conducting 
large randomized controlled trials in IFIs 
were examined, including the relative rarity 
of IFIs and the exclusion of many patients 
because of other infections or antifungal 
pretreatment. Trial enrichment strategies 
and statistical considerations (e.g. using 
surrogate endpoints and external/historical 
controls) were discussed. 
 The final session was on the current 
state of Candida auris and emerging resist‑
ant Candida species. The increasing number 
of Candida species with high minimum 
inhibitory concentrations and resistance 
to azoles, polyenes and echinocandins was 
noted. The industry perspective in this area 
was represented by speakers who presented 
on the lessons learned from the develop‑
ment of fosmanogepix, ibrexafungerp and 
rezafungin. 

CONCLUSIONS: IFIs are a major threat to 
public health, and there are few new prod‑
ucts in development to combat them. Chal‑
lenges for development programmes include 
a lack of diagnostics, identifying acceptable 
patient populations, and difficulties in 
creating feasible trial designs with relevant 
endpoints and durations.

BACKGROUND & AIM: In 2020, the 
US Food and Drug Administration (FDA) 
invited experts from academia, industry, 
patient groups and government agencies 
to participate in a public workshop on the 
unmet needs in treating invasive fungal 
infections (IFIs) and strategies for develop‑
ing antifungal therapies. The aim of this 
paper was to summarize key discussions 
from the workshop. 

ARTICLE TYPE: FDA workshop review. 

FINDINGS: The first session of the 
workshop was on preclinical and clinical 
considerations with respect to antifungal 
products. It was highlighted that regulatory 
authorities such as the FDA and European 
Medicines Agency are aware of the scien‑
tific and economic challenges in develop‑
ing antifungal agents, and offer incentives 
and accelerated regulatory pathways to 
encourage their development. It was noted 
that both oral and intravenous formula‑
tions should be considered so as to allow 
therapeutic flexibility, and that drug–drug 
interactions should be fully assessed for 
any new products because of the frequent 
coadministration of antifungals with other 
therapeutic agents. 
 The second session concerned current 
therapies and antifungal drug develop‑
ment considerations. Limitations of current 
agents include unpredictable absorption and 
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Flucytosine concentrations were deter‑
mined using liquid chromatography‑mass 
spectrometry. PK estimates were calculated 
using a four‑compartment model assuming 
first‑order distribution and elimination. 
Monte Carlo modelling was used to simu‑
late drug exposure with different regimens 
for the same overall flucytosine dose.  

RESULTS: The PK dataset comprised 595 
plasma and 209 CSF flucytosine measure‑
ments, equivalent to 9.2 plasma and 3.5 
CSF samples per patient. In the optimized 
PK model, apparent volumes of the central 
and CSF compartments were estimated at 
17.50 L and 41.73 L, respectively, with 
mean apparent clearance of 5.88 L/h and 
a plasma elimination half‑life of approxi‑
mately 14.5 hours. Individual patients’ 
plasma and CSF drug exposure at steady 
state (days 6–7) were found to vary con‑
siderably; median values with interquartile 
range are shown in the table. Monte Carlo 
simulations showed that for a total dose 
of 100 mg/kg/day, different regimens (split 
doses every 6 or 12 hours or one dose 
every 24 hours) resulted in almost the same 
steady‑state flucytosine exposure. 

CONCLUSIONS: While marked interin‑
dividual variation in flucytosine plasma 
and CSF PK parameters was found, the 
estimates obtained may help to design more 
rational flucytosine dosing regimens for 
patients with HIV‑associated cryptococcal 
meningoencephalitis.

BACKGROUND & AIM: Flucytosine has 
long been used to treat cryptococcal menin‑
goencephalitis, in part because of its good 
penetration into the cerebrospinal fluid 
(CSF). However, the best dosing strategy to 
balance toxicity with drug exposure is not 
well understood. This study aimed to obtain 
population-level estimates of key flucytosine 
pharmacokinetic (PK) variables, including 
CSF penetration, and the extent of variabil‑
ity around these estimates.

STUDY DESIGN: Single‑centre, PK model‑
ling study. 

ENDPOINTS: Population PK parameter 
estimates. 

METHOD: The study recruited 64 patients 
with HIV‑associated cryptococcal menin‑
goencephalitis who were given flucytosine 
100 mg/kg/day (split into 25 mg/kg every 
6 hours) for 7–14 days. On days 1 and 7, 
peripheral blood samples were taken at 0, 
2, 4, 7, 12 and 23 hours after flucytosine 
administration and CSF was collected by 
lumbar puncture on days 1, 7 and 14. 
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POPULATION PHARMACOKINETICS
AND CSF PENETRATION OF FLUCYTOSINE

IN ADULTS WITH HIV-ASSOCIATED CRYPTOCOCCAL 
MENINGOENCEPHALITIS

Estimates of flucytosine exposure and penetration into CSF in patients with HIV-associated 
cryptococcal meningoencephalitis (flucytosine 100 mg/kg/day in four split doses)

Parameter Median value (interquartile range)

Plasma AUC24 at steady state (days 6–7), mg.h/L 890.38 (603.81–1213.70)

CSF AUC24 at steady state (days 6–7), mg.h/L 595.66 (425.69–776.64)

CSF AUC24/plasma AUC24 ratio (days 6–7) 0.69 (0.58–0.82)

AUC24=area under the concentration–time curve over 24 hours; CSF=cerebrospinal fluid.
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RESULTS: Forty‑five countries were rep‑
resented, with most CAM cases (88.1%) 
occurring in low‑ and middle‑income 
countries (LMICs). Median patient age 
was 53 years, the most common comor‑
bidity was diabetes mellitus (77.9%), and 
most patients had received corticosteroids 
(78.5%). CAM developed a mean of 22 
days after COVID‑19 onset. Overall CAM 
mortality was 38.9%. The mortality rate 
was higher in CAM patients aged >65 
years (p=0.001), and in those with dia‑
betic ketoacidosis (p<0.001), malignancy 
(p<0.001), renal disease (p<0.001), underly‑
ing pulmonary disease (p=0.017), hyperten‑
sion (p=0.040) or body mass index >30 kg/
m2 (p<0.001). Mortality was also higher in 
CAM patients who had severe COVID‑19 
(p<0.001), received tocilizumab (p=0.018), 
had hospital‑onset mucormycosis (p<0.001) 
or had Aspergillus co‑infection (p=0.037). 
The mean time until mucormycosis diagno‑
sis was longer for patients with Aspergillus 
co‑infection versus those without (15.4 
versus 5.1 days). Independent predictors 
of mortality included diabetic ketoaci‑
dosis (p<0.001), mechanical ventilation 
for COVID‑19 (p=0.002) and pulmonary 
mucormycosis (p=0.002).

CONCLUSIONS: CAM‑associated mortal‑
ity was high. Most reports of CAM came 
from LMICs and novel risk factors identi‑
fied for CAM included older age, various 
comorbidities and Aspergillus co‑infection.

BACKGROUND & AIMS: Mucormycosis 
is an infection caused by fungi that are 
ubiquitous in the environment, with known 
risk factors including a variety of condi‑
tions that result in impaired immune func‑
tion. Mucormycosis requires immediate 
treatment with systemic antifungals and 
adjunctive surgery. Although usually rare, 
the number of reported mucormycosis cases 
increased with the onset of the COVID‑19 
pandemic. The aim of this study was to 
provide a comprehensive overview of the 
characteristics of COVID-19–associated 
mucormycosis (CAM).

STUDY DESIGN: Systematic review and 
meta‑analysis.

ENDPOINTS: Clinical characteristics; pre‑
dictors of mortality.

METHOD: A systematic literature search of 
MEDLINE, PubMed, Scopus, Web of Sci‑
ence, Cochrane Library and CINAHL for 
the period January 2020 to December 2022 
identified 298 studies involving adults with 
CAM for whom individual patient data 
were available. Fifty‑six cases provided by 
the collaborators were added to 902 eligi‑
ble cases identified by the literature search 
(total n=958). The chi‑squared test and 
t‑test were used in univariate analyses, and 
multivariate logistic regression was used 
to determine independent determinants of 
mortality.
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when trough plasma concentration was <2 
or >5 mg/L). All patients received standard 
treatment for the first 3 days. Trough con‑
centrations were measured after 3 days and 
at intervals for 12 weeks (samples for the 
non‑TDM group were analysed after treat‑
ment was completed). Treatment response 
was defined as success (complete/partial 
response) or failure (stable disease/progres‑
sion or death) after 28±10 days.

RESULTS: Among 170 participants (142 
evaluable for the primary endpoint), 80.6% 
had initial voriconazole trough concentra‑
tions within therapeutic range, with no 
difference between the groups. During treat‑
ment, 60/83 (72.3%) patients in the TDM 
group had their dose adjusted. Overall, 
more trough concentrations were within 
therapeutic range in the TDM group than 
in the non‑TDM group (74% versus 64%, 
p<0.001). Rates of the composite endpoint, 
successful treatment response and mortal‑
ity did not differ significantly between the 
TDM and non‑TDM groups (table), and 
nor did the proportion of patients discon‑
tinuing voriconazole because of adverse 
reactions (20.5% versus 20.7%, p=0.658). 
In the non‑TDM group, plasma voricona‑
zole trough concentrations were de‑blinded 
for 17 patients for clinical reasons.

CONCLUSIONS: This study did not show 
TDM‑guided voriconazole therapy for IA 
to be more effective or less likely to lead to 
adverse effects than standard dosing.

BACKGROUND & AIM: Although thera‑
peutic drug monitoring (TDM) is recom‑
mended to guide dosing of voriconazole 
when treating invasive aspergillosis (IA), 
there is scant evidence supporting this 
practice and much of it stems from small 
or retrospective trials. This study evaluated 
whether TDM‑guided therapy improved out‑
comes and reduced toxicity in patients with 
IA when compared with standard dosing.

STUDY DESIGN: Prospective, multicentre, 
cluster‑randomized, crossover study. 

ENDPOINTS: Primary: composite of treat‑
ment response and voriconazole discontinu‑
ation due to drug‑related adverse events 
within 28 days. Secondary: mortality within 
28 and 84 days, percentage of trough drug 
concentrations within therapeutic range, 
and de‑blinding of plasma voriconazole 
trough concentration in non‑TDM patients. 

METHOD: Adults with proven/probable/
possible IA were randomized to standard or 
TDM‑guided voriconazole therapy (adjusted 
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THERAPEUTIC DRUG MONITORING-GUIDED 
TREATMENT VERSUS STANDARD DOSING

OF VORICONAZOLE FOR INVASIVE ASPERGILLOSIS 
IN HAEMATOLOGICAL PATIENTS:

A MULTICENTRE, PROSPECTIVE, CLUSTER RANDOMISED, 
CROSSOVER CLINICAL TRIAL

Outcomes in patients with invasive aspergillosis treated with voriconazole with or without 
therapeutic drug monitoring (TDM)

 TDM group Non‑TDM group Adjusted effect sizec

 (n=83) (n=87) (p value)

Composite endpointa,b, %  – – 1.149 (p=0.681)

Successful responseb, %  54.4 60.8 0.724 (p=0.381)

Death within 28 days, % 12.0 10.3 1.336 (p=0.574)

Death within 84 days, % 20.5 26.4 0.782 (p=0.477)

a Treatment response or voriconazole discontinuation due to drug‑related adverse 
events within 28 days. b Response assessed after 28±10 days. c Adjusted for potential 
confounders.
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