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Abstract

Background: An increasing number of cases of invasive pulmonary aspergillosis (IPA)
complicating influenza have been described. We performed a meta-analysis to esti-
mate the incidence, risk factors and outcomes of IPA in patients with influenza.
Methods: A systematic search was conducted in the PubMed, EMBASE and Cochrane
Library databases from their inception to 31 August 2021 for eligible studies. Data
on the incidence and risk factors of and mortality due to IPA in influenza patients
were pooled using a random-effects model. Sensitivity analyses restricted to severe
influenza requiring intensive care unit (ICU) support and multiple subgroup analyses
were performed.

Results: Fourteen studies involving 6024 hospitalised patients with influenza were in-
cluded. IPA was estimated to occur in 10% of influenza patients, with a mortality rate
of 52%. Similar incidence (11%) and mortality (54%) estimates for IPA were observed
in the sensitivity analysis including severe cases requiring ICU support. Subgroup
analysis by geographical location showed a similar IPA rate between European (10%)
and non-European (11%) studies. The IPA rate in the subset of nine studies using the
modified AsplCU criteria was 13%. Most subgroup analyses showed 250% mortal-
ity in IPA patients. Several predictors for IPA susceptibility were identified, including

male sex, smoking history, chronic lung disease, influenza A (H1N1), severe conditions
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1 | INTRODUCTION

Influenza is a common but serious threat to public health, with sig-
nificant associated morbidity and mortality. In Europe, laboratory-
confirmed influenza accounts for 33% of acute respiratory infections
during the influenza season in medical care patients.! In the USA, an
estimated 4.3-21 million medical visits and 14-81 thousand hospi-
talisations were attributed to influenza annually from 2010-2020.2
Amongst hospitalised patients with influenza, approximately 15%-
19% required intensive care unit (ICU) support.3 Globally, more than
291 thousand influenza-related deaths are estimated to occur each
year.

Secondary infection is an important concern in the manage-
ment of influenza. Bacterial coinfection, most frequently with
Streptococcus pneumoniae and Staphylococcus aureus, has been well
documented in patients with influenza.’ Regarding fungal coinfec-
tion, the Infectious Diseases Society of America (IDSA) guidelines
for the management of seasonal influenza, released in 2018, states
that invasive fungal coinfection is rare in adults with influenza.®
However, the Public Health England guidance for adults with sea-
sonal influenza states that invasive aspergillosis, including invasive
pulmonary aspergillosis (IPA), has been increasingly recognised as
a complication of influenza.” In recent years, an increasing number
of cases of influenza-associated pulmonary aspergillosis (IAPA) has
been described, especially in ICU settings.®"?® The incidence of IPA
in patients with influenza has been reported to be more than 10% in

numerous studies,4"16:1819.21,22

indicating that this condition is not
uncommon in influenza populations. Thus, there is currently a gap in
knowledge about the frequency of influenza-related IPA.

The prognosis of influenza patients with IPA is generally poor,

with mortality rates >50%,10:1316.18-21

although accurate estimates
based on sufficient sample sizes are lacking. A previous study iden-
tified IPA as an independent predictor of mortality in critically ill
patients with influenza.'? To help improve clinical outcomes, early
identification of individuals at high risk for developing IPA is import-
ant and necessary. At present, only a limited number of variables,

1 male sex?

such as advanced age, and systemic corticosteroid
use!1*1? have been identified to be associated with an increased
IPA rate. However, these findings were not sufficiently robust due to
limited sample sizes and retrospective study designs.

Notably, in an international survey of mainly critical care physi-

cians, 63% of respondents were unaware of or had not seen a patient
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requiring supportive therapy, corticosteroid use before admission, solid organ trans-
plant and haematological malignancy.

Conclusions: The IPA is common in individuals with severe influenza, and the prog-
nosis is particularly poor. Influenza patients, especially those with high-risk factors,
should be thoroughly screened for IPA.

incidence, influenza, invasive pulmonary aspergillosis, meta-analysis, mortality, risk factors

with IPA related to influenza in the last 5 years.?* Similarly, a survey
in the USA reported that only 26% of infectious disease special-
ists were familiar with influenza-associated IPA and less than 10%
frequently used galactomannan (GM) testing in influenza patients
admitted to the ICU.%° These survey findings reflect a lack aware-
ness of influenza-associated IPA in clinical practice. Therefore, we
conducted a comprehensive systematic review and meta-analysis
to estimate the incidence, risk factors and clinical outcomes of IPA

amongst patients with influenza.

2 | METHODS
This present study was registered with PROSPERO
(CRD42021274990) and conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.?®

2.1 | Literature search strategy

A comprehensive literature search was performed using the elec-
tronic PubMed, EMBASE and the Cochrane Library databases from
their inception to 31 Aug 2021. The search terms included invasive
pulmonary aspergillosis, aspergillus, aspergillosis, influenza and
influenza-associated pulmonary aspergillosis. The search strategies
are provided in detail in Table S1. No language restriction was ap-
plied. Review articles and references listed in each identified study

were also screened to identify additional literature.

2.2 | Inclusion criteria and study selection

Two authors independently selected studies based on the follow-
ing inclusion criteria: (1) the study populations were hospitalised
patients with influenza, (2) the data for calculation of the inci-
dence or risk factors of or mortality due to IPA were available,
(3) the study design was a randomised controlled trial (RCT) or
observational; and (4) the diagnostic criteria for IPA was clearly
provided, including but not limited to the criteria established by
the European Organization for Research and Treatment of Cancer/
Invasive Fungal Infections Cooperative Group and the National
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Institute of Allergy and Infectious Diseases Mycoses Study Group
(EORTC/MSG) in 2008%7 and 2020,%® the AsplCU criteria,?’ the
modified AsplCU criteria’” and the novel criteria developed by
Verweij et al.%% Details of above diagnostic criteria are described
in Table S2. Considering the lack of transparency in the diagnostic
process and the high risk of misclassification, we did not include
studies using International Classification of Diseases (ICD) codes
to define IPA. The exclusion criteria were as follows: (1) age less
than 18 years; (2) sample size of less than 50; (3) reviews, case
reports and non-peer-reviewed studies including conference ab-
stracts, letters and correspondences; or (4) duplicated studies. For
studies enrolling overlapping populations, we included only the

study with the largest sample size.

2.3 | Data extraction and quality assessment

Two authors independently extracted the data from the included
studies, and discrepancies were resolved by discussion. The fol-
lowing data were extracted from the included studies: first author,
publication year, study design, country or region, study period,
sample size, age, sex, type (or subtype) of influenza, healthcare set-
ting, number of IPA cases, diagnostic criteria of IPA, potential risk
factors and mortality. We rated the quality of the included studies
using version 2 of the Cochrane risk-of-bias tool®! for RCTs and the

Newcastle-Ottawa scale (NOS)®? for observational studies.

2.4 | Statistical analysis
The pooled incidence and mortality rates of IPA in patients with influ-
enza were calculated using double arcsine transformation, with 95%
confidence intervals (Cls). Multiple subgroup analyses were performed
based on geographical location (Europe vs. non-Europe), diagnostic
criteria of IPA (the most commonly used criteria vs. other criteria), set-
ting (mixed hospitalised patients vs. ICU patients), study design (sin-
gle centre vs. multicentre), sample size (2100 vs. <100), proportion of
bronchoalveolar lavage (BAL) fluid GM testing performed (230% vs.
<30%) and proportion of influenza A (280% vs. <80%). Pooled esti-
mates for each potential risk factor were generated if data from at least
three studies were available, and the risk ratios (RRs) with 95% Cls are
presented. Because of the limited number of studies included in the
analysis of each predictor, subgroup analyses were not performed.
Sensitivity analyses restricted to severe influenza requiring ICU
support were performed. Heterogeneity was assessed by the;(2 test
and the I? statistic. p < .10 or 1> > 50% indicated significant het-
erogeneity.33 Since a priori heterogeneity was expected, we used
a random-effects model in all the analyses. Publication bias was
examined by Egger's test. A p-value <.05 was considered statisti-
cally significant. We performed all analyses using RevMan version
5.3 (the Cochrane Collaboration) and R statistical software 4.1.0 (R
Foundation for Statistical Computing).

3 | RESULTS

3.1 | Study selection

We initially identified 1623 records, and 1288 studies remained
after duplicates were removed. After screening the titles and ab-
stracts, 29 studies were selected for full-text review. Fifteen stud-
ies were excluded for the following reasons: studies contained
duplicate patients (n = 7), studies were not peer-reviewed (n = 4),
studies had no clear IPA diagnostic criteria or used ICD codes to
define IPA (n = 3), and studies had sample sizes of less than 50

10-23 \vith 6024 patients were in-

(n = 1). The remaining 14 studies
cluded in the current meta-analysis. The literature search process
is summarised in Figure S1.

All studies were observational studies, except for one RCT.?

The studies were conducted in Europe (n = 7),101217-1921.22 pgjq

(n = 6)111312 and North America (n = 1).2° The number of hos-
pitalised patients with influenza per study ranged from 77 to 2901,
with a median of 156. The mean or median ages of the patients re-
ported in individual studies ranged from 52 to 65 years, and the pro-
portions of males ranged from 50.6% to 69.3%. Across the included
studies, 5255 (87.2%) included critically ill patients admitted to the
ICU, and 5587 (93.1%) included patients infected with influenza A
virus. The modified AsplCU criteria was most commonly used to de-
fine IPAI011.13.1416,18-22 (1110 1)

A total of 397 influenza patients were diagnosed with IPA. IPA
cases predominantly occurred in males with a history of diabetes
mellitus and chronic obstructive pulmonary disease (COPD). The
proportion of immunocompromised patients with EORTC/MSG host
factors was 24.2% (64/264), and the proportion of patients with typ-
ical radiological features, including cavities, halos and air-crescent
signs was 23.4% (59/252). Positive culture, BAL fluid GM tests and
serum GM tests were observed in 59.1% (166/281), 80.4% (176/219)
and 50% (106/212) of the patients, respectively. The mean (or me-
dian) times between admission and diagnosis of IPA ranged from 2 to
7 days. Voriconazole was the most commonly used agent for initial
antifungal therapy (Table 2 and Table S3).

Amongst the observational studies, the median NOS score was
6, ranging from 4 to 8. The included RCT in the meta-analysis was
found to have a high risk of bias. A full assessment is presented in
Table S4.

3.2 | Meta-analyses of the incidence of invasive
pulmonary aspergillosis

Thirteen studies!01214-23

involving 5868 hospitalised patients
with influenza reported the incidence of IPA, ranging from 1.21%
to 31.1%. Meta-analysis demonstrated that the pooled incidence of
IPA was 10% (95% Cl: 5%-16%). The sensitivity analysis limited to
the patients admitted to the ICU (n = 5164) showed that the pooled

IPA rate was 11% (95% Cl: 6%-18%; Figure 1).
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FIGURE 1 Forest plot of the incidence Study Event Total Incidence (95% Cl) Weight (%)
of invasive pulmonary aspergillosis in All hospitalizd patients
patients with influenza Bellelli 2020 5 77 +—8— 0.06 [0.02, 0.15] 7.2
Chen 2020 21 693 @~ 0.03[0.02, 0.05] 8.1
Coste 2021 10 524 0.02[0.01, 0.03] 8.0
Huang 2020 41 132 —=s—— 0.31[0.23, 0.40] 76
Ku 2017 21 124 —_— 0.17[0.11, 0.25] 7.5
Lin 2021 18 157 —— 0.11[0.07, 0.18] 7.7
Martin—Loeches 2017 35 2901 m 0.01[0.01, 0.02] 8.1
Nyga 2020 35 213 —— 0.16 [0.12, 0.22] 7.8
Schauwvlieghe 2018 83 432 —— 0.19[0.16, 0.23] 8.0
Schwartz 2020 8 111 ——— 0.07 [0.03, 0.14] 7.5
Vanderbeke 2021 21 88 —_— 0.24[0.15, 0.34] 7.3
Waldeck 2020 9 81 0.11 [0.05, 0.20] 7.3
Zou 2020 18 335 +m— 0.05[0.03, 0.08] 7.9
Overall (12 = 97%) 325 5868 0.10 [0.05, 0.16] 100
All ICU patients
Chen 2020 15 176 0.09 [0.05, 0.14] 8.4
Coste 2021 10 524 0.02[0.01, 0.03] 8.6
Huang 2020 41 132 —— 0.31[0.23, 0.40] 8.2
Ku 2017 21 124 —— 0.17[0.11, 0.25] 8.2
Lin 2021 18 157 —— 0.11[0.07, 0.18] 8.3
Martin-Loeches 2017 35 2901 m 0.01[0.01, 0.02] 8.7
Nyga 2020 35 213 —a— 0.16 [0.12, 0.22] 8.4
Schauwvlieghe 2018 83 432 —.— 0.19[0.16, 0.23] 8.6
Schwartz 2020 8 111 ——— 0.07 [0.03, 0.14] 8.1
Vanderbeke 2021 21 88 —_— 0.24[0.15, 0.34] 8.0
Waldeck 2020 9 81 — 0.11 [0.05, 0.20] 7.9
Zou 2020 12 225 —Hi— 0.05[0.03, 0.09] 8.4
Overall (12 = 97%) 308 5164 —— 0.11 [0.06, 0.18] 100
Random effects model | : : |

0 0.1 0.2 0.3 0.4

FIGURE 2 Forest plot of the Risk factors N n/total RR (95% Cl) P alue 12 (%) Egger
risk factors for invasive pulmonary Demographic factors
. .. . L. Smoking history 6 557/1641 - 1.57[1.19, 2.08]0.001 59 0.551
aspergillosis in patients with influenza Male sex 11 1486/2386  |m 1.18[1.07, 1.30]< 0.001 12 0.239
Adwanced age 3 188/445 1.09[0.79, 1.49]0.61 43 0.883
Obesity 3 131/629 0.88[0.60, 1.29]0.51 0 0.617
Comorbid conditions
Chronic lung disease 3 110/400 —a— 1.70 [1.16, 2.50]0.006 0 0.130
COPD 8  246/1987 H—=— 1.83[0.90, 3.72]0.1 82 0.861
Chronic kidney disease 8 157/2031 — — 1.71[1.02,2.87]0.04 32 0.488
Liver cirrhosis 4 32/721 +—1—8— 1.46[0.66, 3.21]0.35 O 0.487
Diabetes mellitus 9 4152119 —p—8— 1.39[0.62, 3.14]0.43 92 0.127
Solid organ malignancy 8 95/1784 = 1.34[0.79,2.25]0.28 O 0.252
Influenza type
Influenza A 9 1167/1432 w 0.99[0.94,1.03]0.55 2 0.959
Influenza A (H1N1) 5 347/666 - 1.44[1.12, 1.85]0.005 62 0.231
Influenza A (H3N2) 3 56/465<—8—— 0.80[0.28, 2.29]0.67 13 0.250
Influenza B 9 272/1437 +yE 1.17[0.82, 1.67]0.39 30 0.818
Medication use
Neuraminidase inhibitor 5 912/1500 [ ] 1.06 [0.98, 1.15]0.12 36 0.461
Suppadive therapy
Vasopressor use 4 414/1285 ——=&—> 2.77 [1.40, 5.48]0.004 96 0.105
Renal replacement therapy 5 158/801 —=—  2.73[1.91, 3.89]< 0.001 22 0.026
ECMO 7 158/1256 —a— 2.27[1.28, 4.03]0.005 61 0.478
Invasive mechanical ventilation 8 800/1770 —a— 2.17 [1.51, 3.13]< 0.001 95 0.058
Classic risk factors
Any EORTC/MSG host factor 5 214/915 —— 1.90 [1.41, 2.56]< 0.001 11 0.031
Solid organ transplant 3 35/644 ——a—— 2.45[1.28,4.71]0.007 0 0.127
Hematological malignancy 4 79/733 —u— 2.01[1.30, 3.10]0.002 0 0.630
Corticosteroid use before admission7 ~ 464/1787 —s—  1.89[1.06, 3.38]0.03 92 0.256
1 1

3.3 | Meta-analyses of risk factors for invasive
pulmonary aspergillosis

Twenty-three potential risk factors for IPA amongst patients with
influenza were evaluated in the present meta-analysis (Figure 2).
Smoking history (RR: 1.57; 95% Cl: 1.19-2.08; I? = 59%) and male sex
(RR: 1.18; 95% ClI: 1.07 to 1.30; I> = 12%) were associated with an

050 1.0 20 5.0

increased risk of IPA. Patients with chronic lung disease (RR: 1.70;
95% Cl: 1.16-2.50; I?> = 0%) and chronic kidney disease (RR: 1.71; 95%
Cl: 1.02-2.87; I> = 32%) were more susceptible to IPA than those with-
out. Influenza A subtype H1N1 was associated with an increased risk
of the development of IPA (RR: 1.44; 95% Cl: 1.12-1.85; I? = 62%).
Supportive therapy, including vasopressor use (RR: 2.77; 95% Cl:
1.40-5.48; > = 96%), renal replacement therapy (RR: 2.73; 95% Cl:
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1.91-3.89; P = 22%), extracorporeal membrane oxygenation (ECMO;
RR: 2.27;: 95% Cl: 1.28-4.03; I? = 61%) and invasive mechanical venti-
lation (RR: 2.17; 95% Cl: 1.51-3.13; P?= 95%), was applied more often
in patients with IPA than in patients without IPA. Patients with any
EORTC/MSG host factor had a 1.9-fold higher risk of IPA than pa-
tients without host factors (RR: 1.90; 95% Cl: 1.41-2.56; 1> = 11%).
Solid organ transplant (RR: 2.45; 95% Cl: 1.28-4.71; I? = 0%), hae-
matological malignancy (RR: 2.01; 95% Cl: 1.30 to 3.10; I? = 0%) and
corticosteroid use before admission (RR: 1.89; 95% CI: 1.06-3.38;
12 = 92%) were associated with an increase in the IPA rate. We found
no significant relationship between IPA susceptibility and the follow-
ing variables: advanced age, obesity, COPD, solid organ malignancy,
diabetes mellitus, liver cirrhosis, neuraminidase inhibitor use and
other types (or subtypes) of influenza. All individual forest plots and
further details are provided in Tables S5-527 and Figures S2-524.

All the tested risk factors except chronic kidney disease showed
consistent results in the sensitivity analyses. No significant relation-
ship between IPA susceptibility and chronic kidney disease was ob-
served in the sensitivity analysis of ICU patients (RR: 1.51; 95% Cl:
0.83-2.75; I? = 42%; Table $28).

3.4 | Meta-analyses of mortality due to invasive
pulmonary aspergillosis

Thirteen studies!0-16:18-23
tients with IPA, with mortality rates ranging from 22.2% to 100%.
Meta-analysis demonstrated that the pooled mortality of IPA was
52% (95% Cl: 45%-60%; Figure 3). Influenza patients with IPA had a
2.4-fold higher risk of mortality than patients without IPA (RR: 2.40;
95% Cl: 1.76-3.28; I* = 69%; Figure $25).

reported mortality amongst influenza pa-

The sensitivity analysis limited to patients admitted to the ICU
showed that the pooled mortality rate was 54% (95% Cl: 48%-61%;
Figure 3). Significantly higher mortality was observed in ICU patients
with IPA than in ICU patients without IPA (RR: 2.23; 95% Cl: 1.73-
2.89; I?> = 35%; Figure 526).

3.5 | Subgroup analyses and publication bias
Subgroup analyses based on location showed that the IPA rates in
Europe (10%) and non-European regions (11%) were similar to those
in the main analysis. A significantly higher IPA rate was observed in
the subset of studies enrolling ICU patients exclusively (12%) com-
pared with the subset of studies enrolling mixed hospitalised pa-
tients (4%). The incidence of IPA was significantly higher in studies
using the modified AspICU criteria (13%) than in studies using other
diagnostic criteria (5%). A significantly higher incidence of IPA was
observed in the subset of studies in which 230% of patients under-
went BAL fluid GM testing (18%) than in the subset of studies in
which <30% of patients underwent BAL fluid GM testing (5%). Most
subgroup analyses showed a >250% mortality rate (Table 3).

No significant publication bias was observed for any risk factor
except the following: renal replacement therapy, invasive mechani-
cal ventilation and any EORTC/MSG host factor (Figure 2).

4 | DISCUSSION
To our knowledge, this is the first meta-analysis to provide compre-
hensive insight into the incidence, risk factors and clinical outcomes

of IPA amongst patients with influenza. Our meta-analysis estimated

Study Event Total Mortality (95% CI)  Weight (%)
All hospitalized patients
Bellelli 2020 5 5 ————— > 1.00[0.48, 1.00] 2.6
Chen 2020 9 21 —_— 0.43[0.22, 0.66] 75
Coste 2021 3 10 «——8%—71—— 0.30[0.07, 0.65] 4.5
Duan 2021 38 72 —— 0.53[0.41, 0.65] 13.6
Huang 2020 24 41 — 0.59[0.42, 0.74] 10.8
Ku 2017 14 21 — 0.67 [0.43, 0.85] 7.5
Lin 2021 10 18 —_— 0.56 [0.31, 0.78] 6.8
Nyga 2020 20 35 0.57[0.39, 0.74] 10.0
Schauwvlieghe 2018 42 83 '—J—' 0.51[0.39, 0.62] 14.2
Schwartz 2020 4 8 0.50[0.16, 0.84] 3.8
Vanderbeke 2021 13 21 —_— 0.62[0.38, 0.82] 7.5
Waldeck 2020 3 9 = 0.33[0.07, 0.70] 4.2
Zou 2020 4 18 «—8—— 0.22[0.06, 0.48] 6.8
Overall (12 = 42%) 189 362 —— 0.52 [0.45, 0.60] 100
All ICU patients
Coste 2021 3 10 = 0.30[0.07, 0.65] 42
Huang 2020 24 41 —_— 0.59 [0.42, 0.74] 16.6
Ku 2017 14 21 — 0.67[0.43, 0.85] 8.6
Lin 2021 10 18 —_— 0.56 [0.31, 0.78] 7.4
Nyga 2020 20 35 — 0.57[0.39, 0.62] 14.2
Schauwvlieghe 2018 42 83 '—J—' 0.51[0.39, 0.62] 33.3
Schwartz 2020 4 8 0.50[0.16, 0.84] 3.4
Vanderbeke 2021 13 21 — 0.62[0.38, 0.82] 8.6
Waldeck 2020 3 9 L 0.33[0.07, 0.70] 3.8
= 0% e
Ra(r:;’s:gf(flezcts(r’n/oozel 133 246 0.54[0.48, 0.61] 100 FIGURE 3 Forest plot of mortality
I T T T 1 due to invasive pulmonary aspergillosis in
0.1 0.3 0.5 0.7 0.9 patients with influenza
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TABLE 3 Subgroup analyses of the incidence and mortality rates of invasive pulmonary aspergillosis in patients with influenza

Incidence Mortality
No. of No. of patients Proportion (95% No. of influenza Proportion (95%
Subgroups studies with influenza %% Cl No. of studies patients with IPA 12, % Cl)
Overall 13 5868 97 0.10(0.05, 0.1¢6) 13 362 42 0.52(0.45, 0.60)
Location
Europe 7 4316 98 0.10(0.03,0.19) 6 163 54 0.55(0.40, 0.68)
Non-Europe 6 1552 95 0.11 (0.05, 0.19) 7 199 38 0.51(0.41, 0.61)
Asia 5 1441 96 0.12 (0.04, 0.22) 6 191 49 0.51 (0.40, 0.62)
North America 1 111 NA 0.07 (0.03, 0.13) 1 8 NA 0.50(0.15, 0.85)
Definition of IPA
Modified AspICU 9 1984 95 0.13(0.07,0.21) 10 313 11 0.54(0.48,0.61)
Others 4 3884 95 0.05(0.01, 0.10) 3 49 76 0.40(0.13,0.70)
Setting (study level)
Included mixed S 1105 58 0.04 (0.02, 0.07) 4 116 78 0.51(0.27,0.75)
hospitalised
patients
Included ICU 10 4763 98 0.12(0.05, 0.21) 9 246 0 0.54(0.48, 0.61)
patients
exclusively
Design
Single centre 5 601 88 0.14 (0.07,0.23) ) 165 29 0.60(0.49,0.70)
Multicentre 8 5267 98 0.08(0.03,0.15) 7 197 39 0.46(0.36,0.56)
Sample size (study level)
2100 10 5622 98 0.09 (0.05, 0.16) 10 327 24 0.51 (0.44, 0.58)
<100 3 246 81 0.13(0.05, 0.24) 3 35 73 0.67 (0.29, 0.96)
Proportion of influenza A
280% 9 5062 98 0.11(0.05,0.19) 317 13 0.52(0.45,0.58)
<80% 4 806 93 0.08(0.02,0.18) 4 45 73 0.59 (0.27,0.87)
Proportion of BAL fluid GM testing performed
230% 3 601 59 0.18(0.12, 0.24) 113 0 0.51(0.42,0.61)
<30% 5 4195 94 0.05(0.02, 0.09) 4 65 32 0.41(0.26, 0.57)
Missing 5 1070 97 0.13(0.03,0.27) 184 48 0.59 (0.47,0.70)

Abbreviations: BAL, bronchoalveolar lavage; Cl, confidence interval; GM, galactomannan; ICU, intensive care unit; IPA, invasive pulmonary

aspergillosis; NA, not available.

that the combined incidence of IPA in patients with influenza was
10%, with a pooled mortality rate of 52%. Several risk factors for
the occurrence of IPA were identified, including male sex, smoking
history, chronic lung disease, influenza A subtype H1N1, severe con-
ditions requiring supportive therapy, corticosteroid use before ad-
mission, solid organ transplant and haematological malignancy.

The reported occurrence of IPA in influenza patients varied
widely across studies, which may be partly explained by differences
in illness severity. The subgroup analysis based on setting showed
that the pooled IPA rate in the subset of studies enrolling only ICU
patients was significantly higher than that in the subset of studies
enrolling mixed hospitalised patients (12% vs. 4%), indicating that pa-
tients with severe influenza are more likely to develop IPA. Notably,
the patients enrolled in the meta-analysis had mainly severe cases
requiring ICU admission. We combined study data limited to severe
influenza requiring ICU admission, and a similar IPA rate (11%) was

observed. Therefore, our estimation of the IPA rate may be specific
to the severe influenza population and not the mild influenza or gen-
eral influenza population.

The diagnosis of IPA remains difficult, especially in influenza
patients. Unlike patients with immunosuppression, most influenza
patients with IPA showed no typical radiological features (eg clas-
sic halo or the air-crescent sign). Because influenza itself is not con-
sidered a classic host factor for IPA, the established EORTC/MSG

criteria®”%®

are not suitable for influenza patients. To address this
issue, a clinical algorithm (also known as AsplCU criteria) was de-
signed for critically ill patients.?’ The AsplICU criteria includes an
Aspergillus-positive lower respiratory tract specimen culture as an
alternative criterion for host factors.?’ However, numerous studies
have demonstrated that sensitivity of culture from lower respiratory
tract specimen is not satisfactory.34ln 2018, Schauwvlieghe et al¥?

further added GM testing of serum or BAL fluid to the mycological
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criteria and proposed modified AsplCU criteria to define IPA. More
recently, a consensus case definition of IPA specific to influenza
patients was developed by a panel of international experts.30 Host
factors are not necessary in the novel definition. Instead, an entry
criterion, defined as a patient requiring ICU management for respira-
tory distress with a positive influenza test, was introduced.*°

The IPA diagnostic criteria applied to influenza patients are vari-
able, which may also impact the estimation of IPA occurrence. The
modified AsplCU criteria was the most commonly used across stud-
ies in the present meta-analysis. We conducted a subgroup analysis
based on the definition of IPA, and a similar IPA rate was observed
amongst the studies using the modified AsplCU criteria (13%). At
present, epidemiological data based on the latest definition of IPA
are still limited. Moreover, differences in the application of BAL fluid
GM testing and whether or not BAL fluid is performed as part of pro-
tocolised care for all ICU patients or only a subgroup of patients will
heavily impact the incidence of IPA. Subgroup analysis showed the
incidence of IPA was significantly higher in the subset of studies in
which 230% of the patients underwent BAL fluid GM testing (18%)
than in the sunsets of studies in which <30% of patients underwent
BAL fluid GM testing (5%).

Geographical region may be an important factor affecting the re-
ported IPA rate due to differences in climates, economies and health
services. Nevertheless, the subgroup analysis showed a similar IPA
rate between studies conducted in Europe (10%) and non-European
regions (11%). Notably, the majority of the included studies were
from Europe, followed by Asia. Studies from other regions are
limited, which could be attributed to low awareness of influenza-
associated IPA. An international survey demonstrated that 58% of
participants in Europe were familiar with influenza-associated IPA,
but the proportion outside Europe was only 39%.2* We recommend
that additional studies from other regions obtain accurate global es-
timates of the IPA rate in influenza patients.

The mechanisms that contribute to the high occurrence of IPA
in influenza patients are not completely understood. Direct damage
to the respiratory epithelium has been described in influenza,®>3¢
which may facilitate Aspergillus spore penetration into the body.
Neutrophils have been shown to play an important role in prevent-
ing the development of IPA.%7 Arecent study showed that neutrophil
recruitment was significantly induced by influenza through STAT1
signalling, which may partly explain why influenza hosts are suscep-
tible to IPA.3® Moreover, several factors might be involved in IPA

39,40

susceptibility, such as alveolar macrophage dysfunction, mu-

cociliary clearance inhibition,*! interleukin-10 overexpression,“z'44

T-helper cell differentiation dysregulationg'45

and pulmonary micro-
biome alterations.*¢

Historically, IPA has been considered an opportunistic disease
primarily affecting immunocompromised patients. Not surprisingly,
we found that influenza patients with any EORTC/MSG host fac-
tors were at increased risk for IPA in the present meta-analysis.
Specifically, we identified that both haematological malignancy and
solid organ transplant were associated with increased IPA suscep-

tibility. However, other host factors, such as neutropenia, T-cell

immunosuppression and acute graft-versus-host disease, could not
be validated in the meta-analysis due to the limited number of stud-
ies providing data on these variables.

It is well known that corticosteroid use can lead to susceptibility
to opportunistic infection, primarily though damage to macrophages
and neutrophil function.*”*® A relationship between corticosteroid
use and IPA has been well established in influenza patients,“’”'19
and this is further supported by our findings. The significant het-
erogeneity in the pooled analysis of the effect of corticosteroid use
on IPA susceptibility could probably be attributed to the large vari-
ations in corticosteroid dose and treatment course duration across
the included studies. In influenza populations, a dose of greater than
0.1 mg/kg/day prednisone’® and an accumulated corticosteroid
dose greater than 200 mg'* may be suitable predictors for the de-
velopment of IPA. Notably, a considerably large number of patients
received corticosteroid treatment in the included studies, although
corticosteroids as adjunctive therapy for influenza are currently
discouraged because of their correlation with hospital-acquired in-
fection and an increased mortality rate.*” Our findings suggest that
corticosteroid treatment should be considered cautiously in influ-
enza patients.

Influenza patients diagnosed with IPA were predominantly male.
Our study showed that the incidence of IPA was significantly higher
in males than in females, consistent with previous studies.'? Several
factors may explain the sex disparity in the IPA rate, including dif-
ferences in exposure to sex hormones.’® Influenza patients with a
smoking history were more likely to develop IPA, which is consistent
with the findings in non-selected populations.’® Cigarette smoking
may have an impact on the inhibition of mucociliary clearance and
suppression of immunity, which makes patients who smoke more
susceptible to IPA.

Three studies investigated the association between chronic lung
disease and the incidence of IPA. The types of chronic lung dis-
eases may have included asthma, COPD or other lung diseases, but
the specific lung diseases of interest were not mentioned in these
studies. Not surprisingly, we found that patients with chronic lung
disease were more likely to develop IPA, as these populations com-
monly have impaired respiratory function and tend to use cortico-
steroids. COPD is one of the most frequently reported chronic lung
diseases associated with increased IPA risk.>2 In an autopsy study,
IPA was confirmed in 2.8% of patients, whilst as many as 44% of
patients had COPD.>® The present study showed a trend towards an
increased IPA rate in patients with COPD compared with patients
without COPD, although the difference did not reach statistical
significance. Moreover, no significant associations between other
underlying diseases (such as solid organ malignancy, diabetes mel-
litus and liver cirrhosis) and IPA susceptibility were observed in the
present study.

Neuraminidase inhibitors (Nls), including oseltamivir, zanami-
vir and peramivir, are commonly used in the management of influ-
enza. Several in-vivo studies demonstrated that neuraminidase
plays an important role in the anti-Aspergillus immune response
and that NIs may render patients vulnerable to IPA by blocking
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neuraminidase.’**> However, ample evidence has demonstrated
that early use of Nls could improve the prognosis of patients with
influenza.>®%” Recently, Seldeslachts et al.’® established a double-hit
mouse model and confirmed that the early use of oseltamivir could
reduce the severity of influenza and decrease the risk of influenza-
associated IPA. In the present meta-analysis, we did not identify an
association between the use of NlIs and IPA risk in influenza patients.
This finding is difficult to interpret, as most of the included studies
did not provide information about the timing of NI administration.
Future studies should consider that the timing of NI treatment may
affect the role of Nis in the development of influenza-associated IPA.

A previous study found that the severity of illness, as reflected
by the acute physiology and chronic evaluation score, was positively
related to the risk of IPA.Y It is no surprise that patients with IPA
were more likely to require vasopressor use, renal replacement ther-
apy, ECMO and invasive mechanical ventilation than patients with-
out IPA, as supportive therapy generally indicates a more severe
condition.

Influenza was mainly caused by influenza A (H1IN1 and H3N2)
and influenza B viruses in the included studies. No significant dif-
ference in the risk for the development of IPA between influenza
A and B groups was observed. However, we found that patients
with influenza A subtype H1N1 had a 1.44-fold higher risk of IPA
susceptibility than those with other types (or subtypes) of influ-
enza. The reasons behind this interesting finding are still unclear.
We observed that patients with influenza A (HIN1) were more
likely to require ICU support than those with either influenza A
(H3N2) or influenza B.>?"¢! Therefore, it is plausible that influenza
A (HIN1) may reflect more severe illness, which could partly ex-
plain the higher risk of IPA in this influenza subtype population.
Our findings underline the important role of rapid identification of
the influenza virus type, and individuals infected with influenza A
subtype H1N1 should be monitored closely for the development
of IPA.

Despite the antifungal use, IPA-associated mortality in influ-
enza populations remains high. Our study demonstrated that the
pooled IPA mortality rate was 52%. Moreover, patients with IPA
had a nearly 2.4-fold higher risk of mortality than patients who did
not develop IPA. Delayed IPA diagnosis may lead to a poor progno-
sis. Therefore, we recommend that severe influenza patients who
have progressive features with a poor response to antibiotic therapy
be screened as rapidly as possible for IPA. Once secondary IPA is
confirmed, appropriate antifungal agents should be initiated imme-
diately. However, early diagnosis alone is unlikely to substantially im-

prove the outcome. In the study by Vanderbeke et al.?t

the mortality
rate remained high despite early diagnosis and treatment. Therefore,
other interventions (eg combination therapy or inhalation therapy)
may be required to improve outcomes.

Considering the high probability of the development of IPA in
influenza patients, primary prophylaxis may be considered in se-
lect populations with high-risk conditions. Unfortunately, partly
due to the limited sample size, no apparent survival benefit was

found in the recently published RCT evaluating posaconazole

Diagnosis,Therapy and Prophylaxis of Fungal Diseases

for the prevention of IPA in critically ill patients with influenza.?*

Nevertheless, the authors state that their findings support prompt
initiation of empirical therapy with antifungal agents in influenza
patients requiring ICU support and a timely mycological diagnostic
work-up within 24-48 h.?! Environmental controls, such as the in-
stallation of high-efficiency air filters, have been proposed to pro-
tect immunocompromised patients from exposure to Aspergillus
spores.62 However, the effect of these measures on the reduction
in the IPA risk in influenza populations needs to be validated in the
future studies.

The strength of the present meta-analysis is that it provides ag-
gregate estimates of the incidence and risk factors of and mortality
due to IPA in hospitalised patients with influenza. These findings
can alert healthcare providers to consider the high frequency and
poor outcomes of IPA in influenza patients. Several limitations of
the current meta-analysis should be addressed. First, most of the
included studies were retrospective, which increases the potential
for bias. Second, most of the included studies were from Europe
and Asia, making the generalisability of the conclusions limited.
Additional studies from other regions are required to obtain more
accurate global estimates. Third, although a total of 6024 hospital-
ised patients with influenza were included in the meta-analysis, the
sample size within each analysis of potential risk factors was limited.
To achieve a more comprehensive understanding of the predictors
of IPA, additional large-scale studies are needed. Fourth, the inci-
dence observed in this meta-analysis may underestimate the actual
incidence of IPA. Indeed, it is likely that the implementation of a
protocolised diagnosis strategy that includes BAL sampling and GM
testing will increase the incidence. This was illustrated in the recent
study by Vanderbeke et al.,?*
24% incidence of IPA.

in which such a strategy resulted in a

5 | CONCLUSION

Secondary IPA is common in patients admitted to the ICU for se-
vere influenza and is associated with a high mortality rate. Special
attention should be given to individuals with high-risk factors that
predispose them to IPA, including male sex, smoking history, chronic
lung disease, influenza A subtype H1N1, severe conditions requiring
supportive therapy, corticosteroid use before admission, solid organ
transplant and haematological malignancy.
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